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Introduction
This project studied the extent to which low flow (either volumetric flow rate or depth) or fine sediment
intrusion into spawnable gravel limit production of ESA-listed Chinook salmon that use lower Pilchuck
Creek. Objectives and alternatives were identified for addressing the problems, alternatives were
evaluated, and a selection was made.
The project study area is shown in Figure 1. Endangered Species Act (ESA)-listed Chinook salmon and
winter steelhead use Pilchuck Creek for adult migration, spawning, incubation, juvenile rearing, and
migration. Adult migration and access to suitable spawning habitat can be thwarted by flow and channel
conditions that leave insufficient water depth for adult migration (Healy, 1991; Bjornn and Reiser,
1991). Spawning and incubation success can be greatly reduced by fine sediment deposition in spawning
and incubation habitat (Chapman, 1988; Bjornn and Reiser, 1991) and/or scour resulting from high
flows combined with low channel roughness.
Pilchuck Creek was chosen for this study because:
• this sub-population of the South Fork Stillaguamish population 1 of ESA-listed Chinook salmon
has become geographically separated from the rest of the population. The South Fork population
is at extremely low abundance levels and is thus subject to a high risk of extirpation from natural
or human-induced catastrophe, making spatial and life history diversity resident in the Pilchuck
Creek sub-population even more critical;
• Pilchuck Creek was identified as having low flow issues in the Stillaguamish Watershed
Chinook Salmon Recovery Plan (SIRC, 2005); and
• observations of stream substrate during stream inventory in 2006 showed high levels of fine
sediment intrusion into redds.
Flow-related threats to Chinook salmon in Pilchuck Creek include inadequate depths for adult migration.
Depths are related to both the volumetric flow rate (discharge) and the shape of the channel. Generally,
when flows are low there is risk of low dissolved oxygen and high temperature. These would both
exacerbate the challenge of migrating through shallow water. Finally, high flows can lead to scour of
redds prior to emergence as a result of excessive stream power (Bjornn and Reiser, 1991).
Sediment-related threats to Chinook salmon eggs and juveniles in Pilchuck Creek include suffocation of
eggs from greatly reduced dissolved oxygen conditions in the redd and entombment through burial by
fine sediment. Reducing sediment delivery to spawning areas, providing for more frequent deposition of
transported fine sediments in the floodplain and channel margins, and increasing channel roughness (by
adding large woody material) to reduce stream power can reduce threats to eggs and juveniles by
reducing erosion and facilitating sediment storage in discrete channel and floodplain features.

1

Also called “fall run” or “late timing.”
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Input from local stakeholders and technical staff indicated a need to determine:
• whether low flow depths prohibit adult Chinook salmon (fall population) migration, access to
holding habitat (deep pools greater than 1 m deep), or even the existence of holding habitat 2
during the migration period in Pilchuck Creek;
• whether fine sediment intrusion is reducing survival of Chinook salmon (fall population) and
summer steelhead eggs and juveniles in Pilchuck Creek; and
• whether bed scour is reducing production through erosion of salmon redds.
By designing site-specific projects and/or programmatic actions to “fix” flow and/or sediment
constraints to access and/or productivity, Chinook salmon and winter steelhead spawning in Pilchuck
Creek can be more successful. It should be noted that factors other than low flow and sediment affect the
production of Chinook salmon and winter steelhead in Pilchuck Creek.
1. Description of the project site and the problem (limiting factors)
Project Area Description
The project is located in the Lower Pilchuck Creek subbasin. Figure 1 illustrates the Pilchuck Creek
Watershed, mapped wetlands, sampling locations, and the location of the Washington State Department
of Ecology (Ecology) stream flow monitoring gage. This reach encompasses the majority of the
Chinook salmon and steelhead spawning area in Pilchuck Creek. Sampling locations were selected for
potential to impede migrating adult salmon (critical riffles), potential suitability for spawning (pool
tailout habitat), feasibility of access and even distribution along this reach.
The Pilchuck Creek watershed is divided into two subbasins (Upper Pilchuck Creek and Lower Pilchuck
Creek) for purposes of assessment for fish use and habitat. The lower basin is predominately used by
people for forestry and rural residential purposes; the upper basin is dominated by forestry land use, both
private and state. About 3% of the watershed has forest stands greater than 100 years old. Forest cover is
less than 50% hydrologically mature forest in the upper basin and less than 30% in the lower basin
(Purser and Simmonds, 2008). Riparian forest cover is similar. This creates a challenge in providing the
stream with sufficient large woody material to create high quality fish habitat. There is little impervious
area other than the road system, but the road system is not trivial in that Interstate 5 and State Route 9
both cross Pilchuck Creek.
The Pilchuck Creek watershed generally has shallow soils over glacial till; bedrock is also found at the
surface throughout the upper watershed (NHC, 2012). This situation allows little infiltration and
subsurface accumulation of precipitation for outflow during the low flow season. Removal of riparian
forests (Purser and Simmonds, 2008) and large woody material (Purser, et al., 2012) from streams
throughout the watershed increase stream power and reduce the ability of the stream to provide new
woody material inputs to the stream.
Habitat conditions in Pilchuck Creek were inventoried in 2006-2007 and again in 2011 by Snohomish
County (Table 1). This work strongly indicates a dearth of large woody material throughout the
surveyed reaches, channel sections with high width/depth ratios, and high levels of unstable banks.

2

Holding habitat is deep pools (generally greater than 1 m deep) that provide places for adult Chinook salmon to rest on their
upstream migration journey. Since they are not eating, are dying and losing large chunks of flesh, and must still compete for
optimum spawning habitat, holding habitat is critical for the continued survival of the population.
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Table 1. 2011 Physical Habitat and Bank Condition Inventory data for Pilchuck Creek
Reach ID
Reach
% Wet
Wood >60cm
%
Width-toDescription
Sidediam. & 15.2 % Pool
Unstable Depth
Channel
m long
Area
Bank
ratio 3
Area
(pieces/km)
50062_1
u/s of I-5 to
32
14.7
0
1.1
73
Nursery
50062_92 Nursery
15
14.7
6.3
8.3
87
50062_3
Nursery to S-B
40
32.4
14
12.2
75
bridge
50062_92x u/s of S-B
27
32.4
0
1.7
63
bridge
50062_5
Pacific
27
32.4
0.8
1.1
38
Denkmann reach
50062_82 d/s of SR 9
5
32.4
7.1
0
48
50062_82x u/s of powerline
above SR 9
Regional
NMFS, 1996
criteria

4

34.6

0

3.3

42

< 10%

<10%

n/a

50 pieces/km

>50%

Limiting Factors
The goal of this project is to examine whether flow, sediment, or streambed erosion (scour) are limiting
recovery of Chinook salmon. Flow hypotheses, criteria for fish passage, sampling methods and results
are introduced and discussed. To provide context for the data, descriptions and displays of critical riffle
flow, critical passage flow, and width-based criteria are made. Sources of data used to understand the
low flow regime in Pilchuck Creek include Snohomish County field measurements, Ecology gage data,
historical USGS data from the Bryant gage (near State Route 9), and flow measurements from a
“seepage run” analysis performed during low flow. Field measurements made under this project are
graphed to show how flows meet or do not meet criteria. Measurements of sediment intrusion into
spawnable gravel are compared to local and regional criteria to display the nature and magnitude of the
problems. Measurements of streambed scour are presented and the probability of scour limiting
production is discussed. Finally, the combined effects of the identified problems on fish populations are
discussed.
Flow
Two questions related to flow were examined in this study:
• whether the volumetric flow rate in Pilchuck Creek during the summer spawning season has
decreased from historic values; and
• whether current stream depth conditions impede adult migration in August, September and
October.
The distribution of flow across the channel section is of interest, since Table 1 shows that width-to-depth
ratios in Pilchuck Creek are much greater than NMFS (1996) found to be properly functioning. All other
3

Reach mean from 2006-2007 data compiled by Ecosystem Diagnosis and Treatment reach (SIRC, 2005)
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things being equal, a narrower, deeper channel would meet passage criteria for more time during the
adult migration season than would a wider, shallower channel.
To address the question of change in historic flow rate, Northwest Hydraulic Consultants (NHC)
examined available USGS official flow records and basin characteristics of Pilchuck Creek watershed,
and the characteristics and flow records of comparable basins (NHC, 2012). The records for Pilchuck
Creek flow measured at the United States Geologic Survey (USGS) gage at Bryant since 1929 are
presented in Figure 2. NHC concluded that the lowest summer low flow values have not significantly
changed during the period of record. Further, in all but a few years for which records are available, flow
dropped below 10 cubic feet per second (cfs), a value that will be shown later in this study to be well
below the flow associated with adequate depth for upstream migration of spawning Chinook salmon.
NHC examined four hypotheses to explain this phenomenon.
1. Low water depths from low flows are the result of surface leakage from Pilchuck Creek to a
different basin;
2. Low water depths from low flows are the result of groundwater loss (loss to deep groundwater or
outside the basin in deep groundwater);
3. Drainage features and rapidly growing industrial forestlands evapotranspired more water than the
original wetland features that were converted to working forest (Pat Stevenson, Environmental
Manager, Stillaguamish Tribe, personal communications, 2008) and/or;
4. Direct groundwater contribution to summer low flows in lower Pilchuck Creek is minor, and
summer low flow is controlled by surface contributions from the upper reach of Pilchuck Creek
and of surface tributaries to lower Pilchuck Creek.
NHC (2012) updated 4 and calibrated the HSPF 5 model for Pilchuck Creek. They were able to reject
hypotheses 1 and 2 using simple water balance analysis. Testing hypotheses 3 and 4 required more
sophisticated modeling.

4
5

This consisted of extending the meteorological and other flow data time series. More detail can be found in NHC (2012).
Hydrologic Simulation Program Fortran (HSPF)
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Fig. 2. Historical Daily Discharge Data from Bryant Gage (USGS water data).
Figure 2 shows data from a gage previously located near Bryant (believed to have been located at or
near the SR 9 bridge). Low flows were less than 10 cfs in all but a few years during the period of
approved data.
Modeling the effect on streamflow of wetland conversion to tree farms
NHC tested whether drainage and conversion of wetlands to tree farms could dramatically change
streamflow (hypothesis 3) by modeling the reverse: converting all 1200 acres of area in the Pilchuck
Creek watershed that had slope values of less than 1% in the 500-1499 feet elevation range 6 to wetlands
in HSPF. Modeling this condition produced higher baseflow during “wetter” summers 7. This translates
to an increase of less than 2 cubic feet per second (cfs) at the mouth of Pilchuck Creek when flows are
normally greater than 4 cfs (“wet years”). In dry years 8, however, wetland baseflow is much lower than
forest baseflow. This trend is accentuated in the lower elevations (less precipitation), but holds true at all
elevations tested. The reason this occurs is that while wetlands have higher storage values and higher
infiltration rates, they also have higher evapotranspiration losses than forests (NHC, 2012). The
increased flow from conversion of all upper basin potential wetlands to future wetlands in wet years is
less than 2 cfs. This result, coupled with the apparent lack of change in historic summer low flows

6

in Upper Pilchuck Creek subbasin; lower elevation, low gradient areas had not been converted from wetlands to industrial
forest
7
“wetter” summers are those when baseflow is greater than 4 cfs
8
i.e., when baseflow is less than 4 cfs
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(based on examination of historic data), leads to the conclusion that conversion of wetlands to tree farms
has not significantly reduced these flows.
Calculation of groundwater inputs to streamflow by performing a seepage run
The fourth hypothesis for the cause of low summer base flows in lower Pilchuck Creek is that direct
groundwater contribution to summer low flows in lower Pilchuck Creek is minor, and summer low flow
is controlled by surface contributions from the upper reach of Pilchuck Creek and of surface tributaries
to lower Pilchuck Creek. This is logical because the Pilchuck Creek basin is dominated by shallow soils
underlain by low permeability bedrock, resulting in naturally rapid drainage and little subsurface storage
or attenuation of groundwater inflow to sustain summer base flows.
The original plan to test this hypothesis in this project was to install piezometers to measure the
elevation of the free groundwater surface and thus calculate the direction and rate of groundwater flow
to Pilchuck Creek. These measurements would be used to determine, at various locations, the amount of
groundwater flowing into Pilchuck Creek, or conversely, the amount of surface water in Pilchuck Creek
flowing to groundwater. After this project was initiated, Ecology issued a Centennial Clean Water Fund
grant to Snohomish County to address the Stream Temperature Total Maximum Daily Load (TMDL) in
the Stillaguamish River. The TMDL project included seepage runs, in which surface water flow was
measured at different locations in Pilchuck Creek and other streams in order to calculate groundwater
discharge or recharge. Project staff for the Pilchuck Creek Low Flow Assessment project decided to use
the TMDL project seepage run results rather than deploying piezometers. Flow was measured at
numerous cross-sections in Pilchuck Creek and its tributaries on September 1, 2011. The contribution of
groundwater seepage to surface water within each reach was calculated as:
Groundwater seepage = Downstream measured discharge - Upstream measured discharge
- measured tributary discharge(s) – sum of irrigation or other diversion outflows
The results of the seepage run are presented in Table 2. More than 76% of groundwater entering
Pilchuck Creek entered downstream of Stanwood-Bryant Road. Groundwater inputs totaled a little over
2 cfs and constituted about 23% of measured surface water at Jackson Gulch Road. These results
support hypothesis 4, that direct groundwater contributions to summer low flows in Pilchuck Creek is
minor, and are consistent with the analysis by NHC.
Limitations to upstream salmon migration caused by flow depth
To develop site-specific, time-specific evidence of barriers to migration, field data were collected and
low flow conditions were assessed at four riffle locations in lower Pilchuck Creek:
• Downstream of the Highway 9 bridge (Hwy 9);
• The Pilchuck (Pacific Denkmann) Tree Farm (PD/Tree Farm)
• Downstream of the Stanwood-Bryant Road bridge (SB); and
• Immediately upstream of the Interstate 5 bridge (I5).
Flow (volumetric discharge) during the summer low flow periods in 2010, 2011, and 2012 was
calculated by measuring flow velocity and taking associated water depth measurements, as discussed in
Purser, et al. (2012). Measured flows for the summer low-flow period of 2011 are shown in Figure 3.
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Table 2. Pilchuck Creek seepage run results, September 1, 2011. Flow measurements shaded green were made with Pygmy meter. Bolded location
names are mainstem creek x-sections. Frank Leonetti, Snohomish County, personal communication, 4/24/13
Distance,
Flow
Timed flow/
Avg. rate GW
downFlow
Visual Flow difference,
Increase,
Station
Location (upstream to downstream)
crossincrease,
stream
(cfs)
est.
GW seepage (cfs)
GW
section area
(cfs/mi)
(miles)
seepage, %
1
State Highway 9 Mainstem
0.0
5.42
NA
Left bank trib downstream Highway 9
2
crossing
0.06
Yes
3
Trib 80
0.29
4
Downstream Trib 80 Mainstem
0.4
5.94
0.17
3.1
0.43
Left bank trib upstream of tree farm
5
access
0.01
Yes
Right bank trib upstream of tree farm
6
access
0.02
Yes
7
Tree Farm access Mainstem
1.3
6.21
0.24
4.0
0.27
Left bank trib downstream tree farm
8
access
0.05
Yes
10
11
12
13
14
15

16

Trib upstream left bank Stanwood
Bryant - used 9/15/11 value
Stanwood Bryant Rd. Mainstem
LB trib from Beaver Terrace - used
8/9/11 measured value
Tribe Plant Nursery Mainstem
Right bank trib @ Tribe Plant Nursery,
WID# 50065-50067
Seeps from high sandstone terrace
I-5 Mainstem
Tiny left bank inflow - not measurable
over broken rubble
Jackson Gulch Rd. Mainstem
Total (Difference from SR9 to Jackson
Gulch)

3.6

0.48
6.82

4.9

0.2
7.58

0.08

1.3

0.04

0.56

8.2

0.43

0.47

6.2

0.39

0.57

6.8

0.89

2.09

59.5

0.31

Yes

0.31
No

6.1

?
8.36

No

6.7

?
8.93

6.7

3.51
11

Figure 3. 2011 Daily Mean Discharge
Pilchuck Creek 2011 Daily Mean Discharge
Stream Discharge (cfs)

140
120
100
80
60
40
20
0

WDOE Gage (rm 0.61)

I - 5 (rm 0.74)

Stan-Bry (rm 3.27)

Tree Farm (rm 5.36)

Hwy-9 (rm 6.63)

Passage Flow (~20 cfs)

Graphs displaying weekly cross-sectional measurements of wetted width and depth for HWY9, PD/Tree
Farm, and I5 riffles for 2011 are found as figures 12-14 in Appendix A.
Critical Riffle Description
The maximum depth was used across the shallowest cross-section at each riffle (Riffle Controlling
Depth) to build a relationship between discharge and the passage depth to determine a “passage flow”
(Chartrand, et al., 2002).
Critical Riffle Flow
Critical Riffle Flow is the flow at which Chinook salmon begin to experience difficulty migrating
upstream, while Critical Passage Flow is the flow at which most Chinook salmon are unable to migrate
upstream. The passage criterion for returning adult Chinook is 0.8 feet minimum depth and a maximum
velocity of 8.0 feet per second. The critical flow at each riffle transect represents conditions where at
least 25% of the total riffle width is useable (<0.8 ft) and where at least 10% of the width is passable in
one contiguous portion of the width (Thompson, 1972). This is depicted in Figure 4.
There are two commonly-used critical riffle flow criteria. The first is the flow at a riffle cross section at
which the portions of the cross section with a flow depth greater than 0.8 feet total 25% or more of the
entire wetted cross-section width (Total Width or TW; see Figure 4). This criterion will be referred to as
the “25% TW flow.” The second critical riffle flow criterion is the flow at which the widest single
contiguous portion of a riffle with a flow depth greater than 0.8 is 10% or greater of the entire wetted
cross section width (the 10% CW flow). Violation of either criterion is considered a limitation to
adequate fish passage.
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Figure 4. Critical Riffle Depiction
Criterion 1: 25% or more of riffle total wetted width must meet passage depth (0.8 feet)
Criterion 2: 10% or more of riffle total wetted width that meets passage depth must
be contiguous
Riffle Total Wetted Width
Total width > 0.8 feet deep
Contiguous width of > 0.8 feet
Mean Water Surface

Passage Depth 0.8 feet

For the four riffles studied, the 25% TW flow was greater than the 10% CW flow. The 25% TW flow
could not be determined for the I5 site due to the unusually wide and shallow channel shape. Without
this value, the 25% TW flow for three of the four sites was between 45 and 50 cubic feet per second
(cfs) with an average of 47 cfs. The 10% CW flow was more variable, ranging between 21 and 70 cfs
with an average of 34 cfs. Critical Riffle Flow graphs for HWY9, PD/Tree Farm, and I5 riffles for 2011
are found as Figures 15-17 in Appendix B.
Critical Passage Flow
Washington Administrative Code (WAC) 220-110-070 establishes the minimum flow depth for
upstream salmon passage in culvert design as 0.8 feet. Using this depth and the criteria for width set
forth by Chartrand et al. (2002), the “critical passage flow” for upstream adult salmon passage was
estimated for each riffle studied. The critical passage flow is the flow at which most salmon of the target
species (in this case, Chinook salmon) are unable to migrate upstream. The measured flow was less than
the critical passage flow for the four riffles assessed during the low flow period in each year for which
data were collected. This affected a large part of the fall Chinook salmon spawners and a smaller
fraction of the summer steelhead that use Pilchuck Creek, due to timing of use by the two species. MidOctober is the peak spawning period for fall-run Chinook salmon in the Stillaguamish River (Mike
Chamblin, WDFW Watershed Steward, personal communications, 2004). The delay of passable flow is
assumed to reduce the number of successful spawners.
The maximum water depth along the measured riffle cross section was plotted against the recorded
discharge at each of the four riffles, SR 9 riffle, the Tree Farm access riffle, Stanwood – Bryant riffle
and the I-5 riffle (Figure 5). A power trend line 9 was applied to logarithmic scale discharge and depth.
Where the trend line crossed the depth axis of 0.8 feet, the discharge axis shows a corresponding stream
flow of about 17 cfs (blue dashed line; all riffles included). In 2011, the Tree Farm riffle was altered by
9

A power trend line is a curved line that is best used with data sets that compare measurements that increase at a specific rate
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local recreationists, as in 2010, configuring the low flow to be constrained in a narrower, deeper
channel. Excluding the measurements from the Tree Farm riffle, the trend was about 20 cfs (Figure 5;
red line; SR 9, Stanwood-Bryant, and I-5 riffles only).
Fig. 5. Passage Flow (cfs) Determination Graph
2011 Pilchuck Creek All Riffles
Measured Discharge vs. Riffle Controlling Depth

10

Depth (feet)

y = 0.3475x0.2732
R² = 0.949

Excluding Tree Farm

y = 0.385x0.2623
R² = 0.7998

1

Controlling Depth vs.
Discharge

Passage Flow
Excluding Tree Farm riffle
~20 (cfs)

Passage Flow
~17+ (cfs)
(including treefarm)
0.1
1

10

Power (Excluding
Tree Farm )
Power (Controlling
Depth vs. Discharge)

100

Measured Discharge (cfs)

Ecology gage data
Stream discharge data for Pilchuck Creek were downloaded from the Washington State Department of
Ecology for years 2001 and 2004-2012. Daily average flow was compared to passage flow (23 cfs in
2010 10) to determine when migration would have been impeded (Table 3). Table 3 also shows that 2011
was the latest start to the “passage-limited” season of the years in the table. Chinook salmon escapement
estimates and redd counts from Washington State Fish and Wildlife are listed for years prior to 2010;
escapement estimates are not available for 2010-12. The 2009-10 spawners had to contend with a late
start to the spawning system and may have lost half of the spawners. This could be true because
upstream passage was not available until “normal” date of peak spawning (Mike Chamblin, WDFW
Watershed Steward, personal communication, 2004). At the peak date, it is assumed that half the fish
have spawned and half are yet to spawn. Thus, the early spawners might have died before being able to
reach the spawning grounds.

10

Passage flow will vary slightly from year to year. It is not so important whether it is 23 cfs (as in 2010) or 20 cfs (as in
2011). The important thing is that the need is much greater than flows have been to provide passage under current channel
conditions.
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Year

2012
2011
2010
2009
2008
2007
2006
2005
2004
2001

Table 3. Passage Days and Dates at Ecology Gage 2001-2012.
Date Flow Drops
Date of Sustained
Mid Season
Escapement estimate by
to less than 23 cfs Flow greater than
Passage Events
WDFW (r=redds, f=fish)
23 cfs
greater than 23 cfs
8/1/12
10/13/12
None
Not available
8/8/11
9/19/11
1 day
Not available
7/17/10
9/7/10
4 days
Not available
6/17/09
10/15/09
5 days
0 r, 0 f
7/16/08
10/5/08
24 days
26 r, 65f
7/10/07
9/28/07
12 days
4 r, 10 f
7/1/06
10/16/06
11 days
0 r, 0 f
7/29/05
9/29/05
None
3 r, 7.5 f
7/9/04
8/22/04
None
5 r, 12.5 f
7/24/01
8/22/01
13 days
8 r, 20 f

To summarize the results presented above:
• historical records indicate that relatively low stream discharge has been the norm for Pilchuck
Creek since 1929;
• modeled restoration of 1200 acres from commercial forest to wetland showed that conversion of
wetland to commercial forest has resulted in only about a 2 cfs reduction in the amount of
groundwater input to Pilchuck Creek during the summer low flow season, with that level of
reduction only in drier years (streamflow less than 4 cfs);
• recent measurements of flow at cross-sections of Pilchuck Creek and all flowing tributaries
downstream of State Route 9 show that while groundwater-derived streamflow constitutes about
23% of total streamflow, this amounts to only about 2 cfs;
• measured flow was less than the critical passage flow for the four riffles assessed during the low
flow period in each year for which data were collected; and
• passage barriers due to flow depth exist at all riffles measured.
Sediment
This study also tested the hypotheses that fine sediment is intruding redds to such an extent that it is
greatly reducing salmon survival-to-emergence through suffocation or entombment, and that redds were
being damaged or destroyed by streambed scour during high flow events. Scour of stream substrate
containing redds can prove disastrous as it may be strongly related to regional flow patterns and thus
could affect all redds in a stream, not just discrete locations within the stream.
Fine sediment intrusion into redds
Properly functioning conditions are defined as less than 12% concentrations of fine sediment (<6.4mm)
in spawning areas (SIRC, 2005; Bjornn and Reiser, 1991). Fine sediment impacting eggs is generally
represented as less than 0.85mm while the fine sediment less than 6.4mm considers the additional
concern of entombing alevins and emergent fry. Figure 6 is an illustration of two studies showing the
decline of fry emergence as fine sediment (<6.4 mm) increases (Bjornn and Reiser, 1991). Steelhead are
less resilient to higher fine sediment percentages in spawning gravel than Chinook salmon (Bjornn and
Reiser, 1991). This illustrates the rapid decline in percent emergence with increasing fine sediment
percentage (<6.4 mm in diameter) in the redd.
15

Using this criterion as a basis to test the hypothesis that fine sediment intrusion into redds is reducing
survival-to-emergence, particle size distribution was measured in sediment samples collected in
sampling containers buried in spawnable gravel, in accordance with methods developed by Lisle and
Eads (1991) and slightly modified by Rhodes and Purser (1998) and Purser, et al. (2009). Sediment
sampling was performed at multiple riffle locations in 2009-2010, 2010-2011, and 2011-2012 as
described in Purser et al. (2012).
In each year and at each sampling location, six two-gallon plastic containers were filled with coarse
sediment (diameter > 25 mm) taken from the channel bed and placed in excavations in the channel bed.
The project plan called for installation of all samplers immediately after spawning, late in the calendar
year. The plan was to retrieve samplers in December or January to help identify, more specifically, when
the majority of fine sediment is deposited. The remaining samplers were retrieved in late March to May.
This corresponds to the time of emergence of the juveniles (late March in most years).
Figure 6. Percent fry emergence vs. fine sediment (<6.4mm) percentage in redd
(from Bjornn and Reiser, 1991)

Tables 4-6 show the sediment data collected in this study. In all years, amounts of fine sediment filled
the interstices of the generally gravelly substrate in exceedence of established criteria. Table 4 shows the
sampling locations at which samplers were installed in the first week of December 2009. The midseason (first) retrieval was accomplished on January 19, 2010 and the final retrieval was March 24,
2010. Sediment finer than 6.4 mm intruded into the gravel in all samplers by the time of collection at
concentrations exceeding the 12% criterion, indicating that fine sediment deposition in redds may well
have inhibited properly functioning conditions at the sample locations in that sampling period. As shown
by the highlighted data in Tables 4-6, the uppermost site, HWY9, consistently had the highest level of
intrusion of sediment less than 6.4 mm. This indicates that the sediment is most likely coming from the
part of the watershed upstream of the HWY9 location.
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Table 4. Artificial Redd fine sediment results, installed December 2009
Location

Date Collected

% <6.4 mm

HWY9
PD
SB
I5

1/19/2010
1/19/2010
1/19/2010
1/19/2010

16.5
16.13
15.41
13.56

HWY9
PD
SB
I5

3/24/2010
3/24/2010
3/24/2010
3/24/2010

Local
Criteria

SIRC, 2005

18.9
15.9
14.08
15.75
<12% by weight =
Properly
Functioning

In 2010, samplers were installed at three locations during the first week of November. Two of the 2009
sites (PD & I5) were not used due to poor accessibility, and the Nursery site was added. The mid-season
retrieval was accomplished on December 7, 2010. Retrieval of the remaining samplers was attempted in
March 2011, but all of the samplers were gone, presumably as a result of a high-flow event in January
2011 that caused significant channel scour.
Table 5 shows the 2010-2011 incubation season fine sediment percentage results for the mid-season
retrieval. As with the data from the previous year, sediment finer than 6.4mm intruded into the gravel in
all samplers at concentrations exceeding the 12% criterion, indicating that fine sediment deposition in
redds may well have inhibited properly functioning conditions at the sample locations in that sampling
period.
Table 5. Artificial redd fine sediment results, installed October 2010 (mid-season retrieval)
Location

Date Collected

% <6.4mm

HWY9

12/07/2010

20.0

SB

12/07/2010

16.6

Nursery

12/07/2010

15.5

Local
Criteria

SIRC, 2005

<12% by weight =
Properly
Functioning

Table 6 shows the sediment data for sampling in the 2011-2012 spawning season. Samplers were
installed in the third week of October, 2011. Sites PD and I-5, which were not included in the previous
year, were both reoccupied. The first set of samples was collected the week of 12/13/2011 (Table 6). All
samplers at site SB were gone, presumably as a result of a high flow event that caused significant
channel scour. Chains were found on the streambed, by use of a metal detector, but no buckets were
found. Final retrieval of samplers in April and May revealed that the Nursery and I-5 sites had both been
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scoured and no samplers were recovered at these sites. Both of these sites are located in portions of the
reach where eroding banks, gravel and sand deposition, and active meandering are occurring.
Table 6. Artificial redd fine sediment results, installed October 2011
Location
Date Collected
%<6.4 mm
HWY9
12/13/11
27.8
PD
12/15/11
19.9
Nursery
12/15/11
16.2
I-5
12/13/11
19.4
HWY9
PD
Local
Criteria

4/16/12
5/17/12
SIRC, 2005

27.9
22.4
<12% by weight =
Properly
Functioning

Scour
Scour chains were installed in accordance with methods set forth by Lisle and Eads (1991) at each
sediment sampling site to measure scour (bed erosion) in spawnable gravel. Chains were attached to
rebar and led under the sediment samplers, then laid over the top of the substrate. If scour does not
occur, the chain will remain in place on top of the sampler. If scour occurs, the chain will be displaced.
For the 2009 – 2010 incubation period, chain position at all locations indicated that scour did not occur.
In the 2010-2011 incubation period, a January 2011 flow event caused significant scour and apparently
removed all remaining samplers. In the 2011-2012 incubation period, a flow event prior to mid-season
sampler retrieval caused significant scour and removed all samplers at site SB; chains were found by use
of a metal detector. A subsequent flow event caused additional scour at the Nursery and I-5 sites and all
samplers were either missing or out of place.
The following points summarize the data gathered related to sediment and scour in the redds studied:
• the 2009-10 redds were not scoured, and the juveniles had a survival-to-emergence chance of 7095% based on fine sediment data collected compared to Figure 6;
• the 2010-11 samplers were completely scoured, therefore juveniles had a 0% chance of survivalto-emergence regardless of fine sediment intrusion;
• 40% of the 2011-12 redds were not scoured, and intrusion of fine sediment into redds would
have allowed survival-to-emergence of 40-60% of those not scoured (per Bjornn and Reiser
(1991), thus yielding an overall survival-to-emergence rate of 16-24% 11;
• the percentage of larger sand sizes and fine gravel (greater than 6.4mm) that intruded into redds
increased during the short time span of the study.
2. Identification of specific objectives for addressing the problems
As discussed in section 1 and shown in Table 1, Pilchuck Creek currently has a lack of high-quality fish
habitat within the reaches that were inventoried. Three variables are unambiguously not properly
functioning: eroding or unstable streambanks, width-to-depth ratios, and large and medium size woody
11

40% survival from scour (i.e., 60% of redds were lost) times 40% to 60% survival to emergence of juveniles that survived
scouring equals 16-24% survival to emergence of eggs emplaced in the fall.
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material. It has further been shown that while flows are not significantly lower than they were
historically, current stream depths during adult migration are not sufficient to readily pass spawners.
Finally, the amounts of fine sediment deposited in spawnable gravel exceeded regional criteria for
properly functioning conditions set forth by NMFS (1996), and bed erosion (scour) regularly impairs or
destroys salmon redds.
One goal for improving habitat conditions would be to provide the creek with adequate flow depth
during adult Chinook salmon migration. Since increasing the amount of water in the stream is not
feasible, this can only be done by changing the cross-sectional shape of the channel. This shape is
influenced by large woody material in the channel, the makeup and stability of the streambanks and the
substrate, and the sediment being transported into, through, and out of the reach of concern.
A further goal for improving habitat conditions would be to reduce the potential for suffocation and
entombment of Chinook salmon eggs and juveniles caused by fine sediment intrusion into redds. This
may be done by locating sources of upland and nearstream erosion and bank erosion, and taking
collaborative, incentive-based actions to reduce sediment inputs. We also know that putting more
sediment in the stream can directly cause bank and/or bed erosion (Jackson and Beschta, 1984), so
reducing sediment inputs to the stream from off-channel sources should reduce sediment inputs to the
stream from bank and bed erosion. In a natural forest, sediment erosion is moderated by: overstory cover
from trees, which reduces streambank detachment (i.e., sloughing); logs, branches, and leaves on the
surface, which reduce surface erosion; and the loose, porous nature of the soil itself, which reduces or
prevents overland flow (Dunne and Leopold, 1978).
Large woody material frequency does not currently meet regional criteria in lower Pilchuck Creek.
Standing trees, fallen trees and parts of trees lying on and in the ground in the project area, as well as
trees and parts of trees incorporated into stream channels, all have a role in both increasing the depth of
the low flow channel and reducing sediment input to the channel. Therefore, the following three
objectives are proposed to help meet the above goals:
1. Add large wood to lower Pilchuck Creek;
2. Locate sources of sand and fine gravel upstream of lower Pilchuck Creek; and
3. Protect and plant riparian vegetation to provide for future large wood in the stream, since natural
recruitment of wood is the longer-term solution to having more wood in the stream.
Objectives
Objective 1): Install or accumulate large woody material in geomimetic 12 structures utilizing
consideration of infrastructure, land ownership, hydraulics, and large wood frequencies enumerated in
SIRC (2005), NMFS (1996), Fox, et al. (2003) and Fox and Bolton (2007) compared with field data
collected in 2011 (Table 1). Strategic location and configuration of structures will help to trap wood and
sediment in discrete accumulations and help to better define a thalweg and thus improve upstream adult
migration. The effect of adding structures should be monitored and the program should be adaptively
managed to meet the above goals. A minimum of 12 structures would need to be constructed between
State Route 9 and I-5 in order to meet criteria for large wood, fish passage, and sediment capture and
storage.

12

Geomimetic structures are those that result from mimicking the constituent elements of natural log jams (Parrish and
Jenkins, 2012).
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Objective 2): Locate sources of sediment that are being detached, transported and delivered at rates in
excess of historical rates (see above; SIRC, 2005; Purser, et al., 2012; and Purser, et al., 2009). Reduce
sediment inputs to stream and monitor spawning habitat to provide feedback to future source abatement
efforts.
Objective 3): Provide for future large trees in the riparian area to produce future large woody material
in the stream (SIRC, 2005; Purser and Simmonds, 2008) using a mix of conservation, forest practices,
projects, and incentives. The criterion for riparian reserves is stated as greater than 80% “intact” for
properly functioning condition (NMFS, 1996).
3. Identification of various alternatives for achieving the stated objectives
The outcome of the conceptual design evaluation process is the selection of one or more project
alternatives that will subsequently be developed in more detail during the later project development
stages. From the perspective of salmon recovery, four alternatives will possibly lead to improved adult
migration and survival to emergence (see also Fig. 7.)
Alternative 1: Develop and implement projects that add large wood in strategic locations and
configurations to trap sediment, to trap mobile wood 13, and to add the habitat and hydraulic diversity
necessary to provide for adequate stream depths for migrating adult salmon. This alternative focuses on
actions that will contribute to near-term changes in stream depth, and addresses Objective 1.
Alternative 2: Develop and implement a project to identify sources of fine sediment, focusing on those
sources upstream of State Route 9 (see Tables 3-5). This alternative focuses on locating sediment
sources but does not propose actions to minimize or eliminate sediment inputs to Pilchuck Creek, and
thus only partially addresses Objective 2.
Alternative 3: Develop and implement programs, projects and incentives for increasing forest cover in
the riparian zone, and build on the ongoing efforts of Stillaguamish Tribe and Snohomish County to
plant strategic riparian areas to specifically address wetlands and stream temperature issues. This
alternative provides for future riparian forest and large woody material in the stream by focusing on
riparian protection and restoration, and addresses Objective 3.
Alternative 4: Fund and implement the actions in Alternatives 1-3 in order to address Objectives 1-3.
Given realistic funding sources and amounts available, compared to the need, this type of alternative
appears beyond the ability of the region to fund at this time.

13

“mobile wood” is wood transported by the stream; such wood will accumulate on natural or constructed features
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Figure 7. Design Alternatives
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4. Evaluation of the various alternatives and discussion of the pros and cons of each alternative
Table 7 shows the activities undertaken depending on Alternative selected. Discussion of the pros and
cons follows.
Alternative 1
Alternative 1 focuses on Objective 1 by constructing large woody material structures intended to alter
the stream channel in order to provide adequate water depth for upstream salmon passage. These
structures may also ameliorate fine sediment intrusion into redds. This will entail need for survey,
designs, permits, materials and construction in the stream.
Pro: Objective 1 is achievable over time, through collaboration, partnerships, and incentives for
conservation. Snohomish County is currently funded to prepare designs for woody material installations
at three locations along Pilchuck Creek.
Con: This alternative does not clearly address Objectives 2 and 3, which are also critical for the recovery
of salmon populations in Pilchuck Creek.
Alternative 2
Alternative 2 focuses on Objective 2, identification of sources of excess sediment detachment, transport,
and deposition. The range of future expenses, should sponsors and willing landowners take on actual
sediment reduction, will be directly correlated to the complexity, resources required, and maintenance
needs of potential sediment reduction actions.
Pro: Locating sediment sources prior to or without adding a lot of large wood to the channel reduces the
chance that such wood is simply buried and not of use for near-term habitat improvements.
Con: This alternative would locate sediment sources, but does not in itself contain actions to reduce
sediment input to the stream. Further, this alternative does not address Objectives 1 and 3, which are
also critical for the recovery of salmon populations in Pilchuck Creek.
Alternative 3
Alternative 3 focuses on Objective 3, through riparian protection and restoration (e.g., planting). Under
this alternative, no improvements are made directly in the stream. Compared to other alternatives, this
reduces expenses, need for permits, and need for designs, survey, materials and construction in the
stream. The changes are likely to take longer to occur and the result is less predictable.
Pro: Objective 3 is achievable over time, through collaboration, partnerships, incentives for
conservation, and minimal acquisitions for conservation. The lack of active instream restoration reduces
potential risk of unforeseen responses to in-channel work, e.g., bank erosion. This alternative builds on
ongoing efforts by the Stillaguamish Tribe and Snohomish County to plant strategic riparian areas to
address wetlands and stream temperature issues.
Con: Riparian protection and restoration takes 70 or more years to provide large woody material to
streams. Stream temperature and overland runoff would be ameliorated in the 5-25 year time period, but
stream depths will not be affected until wood enters the stream. Further, this alternative does not
address Objectives 1 and 2, which are also critical for the recovery of salmon populations in Pilchuck
Creek.
22

Objectives
1) Install or accumulate
large woody material in
geomimetic structures

2) Locate sources of fine
and coarse sediment

3) Provide for future large
wood in the riparian area
to achieve mature
evergreen forest to supply
future instream woody
material needs

Table 7. Evaluation of Alternatives to Achieve Objectives
Alternative 1
Alternative 2
Alternative 3
Develop and implement
n/a
n/a.
projects that add large
wood in strategic
locations and
configurations to trap
sediment, to trap mobile
wood and to add the
habitat and hydraulic
diversity necessary to
provide for adequate
stream depths for
migrating adult salmon.
n/a
Develop and implement a
n/a
project to identify sources
of fine sediment, focusing
on those sources upstream
of State Route 9
Develop and implement
programs, projects and
incentives for increasing
forest cover in the riparian
zone, and build on the
ongoing efforts of
Stillaguamish Tribe and
Snohomish County to plant
strategic riparian areas to
specifically address wetlands
and stream temperature issues
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Alternative 4
See Alternative 1

See Alternative 2

See Alternative 3

Alternative 4
Alternative 4 contains all the actions listed above intended to achieve Objectives 1 – 3, which include all
the elements necessary to address low flow depth conditions and high sediment loads being experienced
by the ESA-listed Chinook salmon in Pilchuck Creek.
Pro: The advantage of this alternative is that it provides for “action on all fronts.” Large wood is added,
riparian restoration is implemented, and discrete sources of habitat degradation are also addressed.
Con: This will require the most labor, management, long-term vision, materials, etc. and is the most
expensive alternative.
5. Selection of the preferred alternative(s)
Specific evaluation criteria
Evaluation criteria include availability of funding, availability of staff, fit of alternative with strengths of
sponsor, and support from Snohomish County management.
Alternative Selected
Alternative 1 is selected. In addition, Snohomish County will plant strategic areas as a part of an
Ecology-funded project to address stream temperature, which partially addresses Alternative 3.
Views of stakeholders
Peers, the State and its paid consultants, local landowners, agency representatives, and local citizens
were consulted from the original proposal of the Low Flow project through the funding of the Final
Design project. Local technical staff strongly encouraged the consideration of low flow barriers to adult
migration, in addition to high levels of fine sediments in spawning grounds. They further recognized
Pilchuck Creek as an important part of the habitat of Stillaguamish Chinook salmon. They joined with
the Stillaguamish Watershed Council members in expressing concern about the costs of feasibility
studies and design.
The State and its agents also encouraged the feasibility work presented in this report as well as
upcoming design work for the installation of woody material in the channel. They further encouraged
the sponsor to make efficient use of upcoming design work. They have encouraged consideration of
analytical and design techniques, the documentation of site specific details, and moving the design
project even closer to implementation at each step. Their practical approach encourages early contact
with regulatory agencies responsible for permitting, as the final check on feasibility, far in advance of
actual construction.
The response from landowners, large and small, has been generally positive. Pacific Denkmann
Company, the largest private landowner in the watershed, has participated in stream inventories, capital
improvement projects and the current feasibility work. They are further allowing consideration of the
construction of large wood accumulations on their property. Agency staff have supported this project
from the beginning although they have expressed concern about project costs (e.g., feasibility studies).
Support for the current recommendation was confirmed through the successful submittal of a design
project for adding large wood to Pilchuck Creek in numerous, strategic locations. The reviewers
(Stillaguamish Technical Advisory Group, Stillaguamish Watershed Council, Snohomish County,
Recreation and Conservation Office Project Manager, Salmon Recovery Funding Board technical panel,
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and the Board itself) agreed that there is compelling historical and current evidence of the low flow
problem and the basis for adding large wood.
6. Rough construction cost estimate
The final report must include the preliminary site plans, cost data, and other technical evaluations, and
outlines the starting point for the next stage, the preliminary project design. For this report, the figures
have been created by NHC (2012) to display a section of the reach from above the Stillaguamish Tribe
nursery property to above the County property at Stanwood-Bryant Road (see Figure 8) and three (3)
conceptual site designs (see Figures 9-11). Figure 8 demonstrates the type, spacing, size, and number of
large wood structures that are needed to meet river, reach, and site criteria for passable, productive
habitat.
Figures 9-11 display examples of the types of design concepts that could be suitable for installation in
the sample reach (Figure 8). Concept 1 (Figure 9) is a wood structure design for use in the vicinity of a
gravel bar. Concept 2 (Figure 10) is designed to work when moderate or steep banks are encountered.
Concept 3 (Figure 11) builds on Concepts 1 and 2, adding aggressive riparian planting where extensive
bare ground/sandy bar is encountered. These concepts provide a context for the data collection (i.e., site
survey), analysis, discussion, and design work that must occur for this project to move to submittal of
final designs.
Costs will be affected by the final site(s) selected for construction, easements and access, transportation,
material costs, permitting, and cultural resources monitoring. These costs will vary by site and likely
will vary by each of the three design types to be developed in the Final Design phase. Overall costs
(including design) can be mitigated somewhat by developing designs that are more generic and may be
useful for more than one site.
The 2012 construction by Snohomish County of small structures built of large wood pieces in Pilchuck
Creek demonstrated that three small structures could be constructed for a total of about $70,000. These
structures used approximately the same number of pieces of wood that might be used in a single, larger
wood structure. Access, transportation, permitting and cultural resources monitoring were relatively easy
and the structures were small. Design was accomplished in-house. Due to increase in size of structure,
and changes in the factors affecting costs listed above, construction costs on future, larger structures
(that have not been sited or designed) are likely to roughly triple. Thus, an approximate estimate of
future construction costs in 2012 dollars is $70,000-100,000 per larger wood structure, though again,
this could change due to individual site condition and the size of the structure.
Contact has been made and documented with landowners who are eager to participate in the design and
construction phases. Site selection, survey, and preliminary designs are the next activities planned under
the new Final Design project.
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Fig. 8. Overview of portion of the overall restoration reach.

Figure 9. Site design concept 1.
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Figure 10. Site design concept 2

Figure 11. Site design concept 3.
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Appendix A
Riffle Crossection
For Each Monitoring Site
Fig 12. Riffle Crossection

Fig 13. Riffle Crossection
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Fig 14. Riffle Crossection
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Appendix B

Critical Riffle Flow Graph
For Each Monitoring Site
Fig 15. Critical Riffle Flow Graph

Fig 16. Critical Riffle Flow Graph
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Fig 17. Critical Riffle Flow Graph
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