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1

Background and Purpose

The Pilchuck River, a tributary to the Snohomish River, has been identified as a high-priority watershed
for the recovery of salmonids in the Snohomish River basin. The Pilchuck River provides documented
spawning and rearing habitat for Endangered Species Act (ESA)–listed Chinook salmon, steelhead, and
bull trout as well as other important salmonids. The Snohomish Basin Ecological Analysis for Salmonid
Conservation (Snohomish Basin Salmonid Recovery Technical Committee [SBSRTC] 2004) identified the
Lower Pilchuck River sub-basin as part of the “Mainstem Secondary Restoration” sub-basin strategy
group. This assignment stands in contrast to the Middle Pilchuck River sub-basin immediately upstream,
which is in the “Primary” strategy group, due to the lower reach’s greater degradation and lower level of
use by Chinook for spawning. While the Lower Pilchuck River is a lower priority for Chinook recovery
efforts, all Chinook that spawn in the Middle Pilchuck River must also navigate through the lower reaches
as returning adults and out-migrating juveniles. Additionally, as steelhead recovery planning progresses,
habitat conditions in the Lower Pilchuck River could become more important to the overall success of
salmon recovery.
The overall goals of this Lower Pilchuck River Assessment are to identify the primary impairments to
salmonid habitat and to identify potential project types and locations that could lead to the subsequent
design and implementation of capital projects and other actions beneficial to salmon recovery. Identifying,
designing, and implementing sustainable restoration actions depend on understanding alterations to
natural watershed and riverine processes (Beechie et al. 2010), which include the delivery of water and
sediment into stream channels from the watershed, the movement and deposition of that sediment within
those channels, and the interactions of the channel with its riparian zone and adjacent floodplain.
Characterizing the influences of alterations to watershed and riverine processes, and the resulting habitat
losses and/or deficiencies within developed and constrained river reaches, provides guidance for setting
realistic restoration goals and remedial actions that would be sustainable over time (Beechie et al. 2008).
Uncertainty exists, however, because a reach-scale assessment can identify the in-channel expression of
impaired processes but will not always identify the ultimate causes of degradation nor necessarily guide
meaningful solutions. This can be particularly challenging in the case of a limited assessment of the
lowermost reach of a river, such as the Lower Pilchuck River, because the entire watershed contributes to
the conditions that are assessed over just a subset of the channel, and some potential actions with the
greatest long-term benefit may be needed far outside of the area of current investigation.
In the case of the Lower Pilchuck River (Figure 1-1), however, prior work suggests that watershed-scale
impairments are relatively modest. The SBSRTC (2004) found both the Middle and Upper Pilchuck River
sub-basins to be “intact” with respect to hydrology, and “degraded” only with respect to the potential for
increased mass wasting in the upper watershed. Thus, the somewhat limited focus of this report on
channel–riparian–floodplain processes and reach-scale impairments is appropriate here and likely to yield
meaningful guidance for restoration.
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Within the lower, highly modified areas of the river, the level of disturbance is substantial and pervasive,
and the removal of this disturbance to restore pre-European-contact conditions river-wide is not feasible.
However, more feasible local- to reach-scale project types and actions offer opportunities to create locally
better conditions. In such areas, small actions can result in significant results—restoring connectivity
longitudinally, laterally, and vertically, by promoting channel migration, sediment transport and deposition,
wood deposition and storage, and riparian health, all as means to increasing habitat diversity and
complexity.
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This report integrates two primary elements. The first is a summary of the instream and watershed
conditions and processes that affect the Lower Pilchuck River, which combines fieldwork and geographic
information system (GIS)–based analysis to identify the geomorphic characteristics of each reach and the
geomorphic processes favorable and/or unfavorable to the creation and support of salmon habitat. This
information supports the second element of this report, which is the objective identification of the most
effective types of habitat-restoration actions and the general locations where they would be most
effective.
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2

Overview

2.1

Study Area

The Lower Pilchuck River is defined as the 8.6 miles of channel from OK Mill Road to the mouth of the
Pilchuck River, at its confluence with the Snohomish River (Table 2-1). For purposes of characterizing the
variety of conditions and restoration opportunities, this “Study Area” has been divided into eight reaches
on the basis of relative geomorphic homogeneity within each reach, adjacent land use, and prominent
road crossings. Within this framework, effort was also made to maintain a rough equivalency in reach
length.
Throughout the Study Area, the overall form of the river is broadly constant. Although incision and bank
armoring have made the identification of a geomorphically meaningful “bankfull channel” difficult (and
commonly impossible), local indicators suggest that the typical bankfull width is on the order of 100 feet,
and the bankfull depth is between 4 and 5 feet. These dimensions change little over these last miles of
channel to the Snohomish River (except where levee confinement forces narrowing), an anticipated result
given the lack of significant additional drainage area. Channel confinement, a measure of incision and
floodplain disconnection, is also uniformly rather high in comparison with other, less modified lowland
rivers.

Reach

River Mile
(RM)

Reach
Length
(mile)

Confinement

Average
Slope
(ft/ft)

Percentage of
Intact 150-ft
Riparian Buffer

Percentage
of Modified
Bank

Distinguishing
Characteristics
▪

8

7.23–8.58

1.35

Medium

0.004

55%

33%

7

6.49–7.23

0.74

Medium

0.003

59%

31%

6

5.83–6.49

0.66

Medium

0.003

59%

22%

5

4.56–5.83

1.27

High

0.003

40%

34%

4

4.01–4.56

0.55

Low

0.003

36%

31%

3

2.90–4.01

1.11

Low

0.003

25%

▪
▪

Limited floodplain

▪

Historical gravel
mining
Dubuque Rd
bridge (RM 5.83)

▪
▪

Active meander
bend (RM 4.3)

▪

US Highway 2
bridge (midreach)

▪

US Geological
Survey gage
12155300 at
Three Lakes Rd
bridge (midreach)

▪

6th St bridge
crossing (RM 2.2)
2nd St bridge
crossing (RM 1.8)

47%

2

1.80–2.90

1.10

Medium

0.002

31%

27%

1

0–1.80

1.80

High

0.002

17%

63%

OK Mill Rd bridge
(RM 8.58)
Riviera Slide (RM
7.3)

▪
▪

Confluence with
Snohomish River
(RM 0.0)

Source: Data compiled from Appendices A and B.
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2.2

Geologic Setting

The general surface geology of the Study Area is displayed by US Geological Survey (USGS) geological
mapping conducted by Minard (1985). The near-surface deposits throughout the lower river valley consist
of glacial deposits from the latest continental ice-sheet advance, which occurred about 16,000 to 19,000
years ago in this area when the Puget lobe of the Cordilleran ice sheet flowed southward from southwest
British Columbia into the Puget Sound lowlands (Porter and Swanson 1998). As it advanced, it deposited
sediments in a broad outwash plain via braided stream channels. The glacier then overrode this and prior
deposits from past glacial events, depositing a relatively thin layer of till across this landscape. In the
Study Area, ice was over 3,000 feet thick during the maximum southward advance of this ice-sheet (about
18 miles south of Olympia, Washington). The weight of this ice mass consolidated underlying materials
below the glacier until the ice retreated northward, out of the area into British Columbia. Following ice
retreat from the area, fluvial and mass-wasting processes slowly reestablished their activity across the
landscape, reworking the glacial-age deposits by erosion and redeposition that continues to the present
day.
During both ice-sheet advance and retreat, the Pilchuck River likely received flows from the South Fork
Stillaguamish River west of the present location of Granite Falls due to ice blocking the westward flow of
the Stillaguamish River. Due to this legacy of a temporarily larger drainage area, the current valley of the
Pilchuck River is geomorphically “oversized” relative to modern climate and riverine flow patterns. Once
the ice sheet had fully retreated, modern fluvial drainage patterns established on the exposed sediments,
returning the Stillaguamish River to a more northerly path and leaving the Pilchuck River to reestablish a
floodplain eroded into a somewhat “oversized,” post-glacial landscape.
Minard (1985) identified only one portion of the Study Area with visible exposures of bedrock—the
western valley wall in the vicinity of Machias, consisting of shale, siltstone, and pebblestone conglomerate
likely of Oligocene age (about 30 million years old). Sediments to the east of the river, underlying Machias
Ridge, are heterogeneous and expose glacial till, outwash sands and gravel, and glacial lake silts and
clays. Similar glacial and fluvial sedimentary deposits are located on the western valley limits between
Lake Stevens and Snohomish throughout the lower river valley. The sediments underlying the modern
river floodplain consist of the materials found at the margin of the valley and areas upstream that have
been reworked and transported by the river’s meandering.

2.3

Prior Work

Prior work on the Pilchuck River provides a useful framework for understanding and evaluating the
current data sets. Collins (1991) made a comprehensive evaluation of gravel mining along the river over
the decades preceding his report, focusing on extraction activities at multiple sites along the Lower
Pilchuck River. This work is particularly relevant to the present assessment because of the profound
impacts that this activity has had on the river. Collins documented significant bed degradation associated
with these mines, contributing to widespread disconnection of the modern river from its historical
floodplain that is recognizable to this day. Savery and Hook (2003) evaluated the condition of salmon
habitat upstream of Three Lakes Road bridge (the middle of this report’s “Reach 3”), and so covering
about two-thirds of the present Study Area. They emphasized the need to reduce bank armoring, replant
the riparian zone with suitable tree species, and add substantial quantities of instream woody material.
Snohomish County Surface Water Management (Snohomish County Public Works and Washington State
Salmon Recovery Funding Board 2012a, 2012b) produced a report describing conditions and identifying
potential habitat-enhancement projects along the Middle Pilchuck River, immediately upstream of the
Lower Pilchuck River. They found types of impairment rather similar to those documented in this report,
with conditions problematic to salmon associated with high instream temperatures, insufficient numbers
and quality of pools and large woody debris, disconnected or inactive floodplain side channels, and
degraded riparian conditions from both bank armoring and vegetation removal.
As a whole, this prior body of work demonstrates that the Lower Pilchuck River has been highly disturbed
by a variety of human activities. The primary disturbances have been (1) gravel mining, which has
resulted in severe imbalances in the flux of sediment downriver, which has greatly impacted instream
habitat; (2) channel confinement and bank armoring, which has limited the processes of erosion and
sedimentation that create and sustain fish habitat (but which also can encroach on developed property
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and infrastructure); and (3) riparian vegetation clearing, with long-term consequences for stream
temperature, aquatic food supply, and delivery of large woody debris into the channel. These conditions,
in total, have resulted in a substantially negative impact on the quality and availability of salmon habitat
necessary to support multiple life stages of these species.

2.4

Gravel Mining

The geologic setting of the Pilchuck River has resulted in a modern-day channel with abundant nearchannel sources of sand and gravel, flowing within a relatively unconstrained, oversized valley. Due to the
ubiquitous presence of gravel deposits in the river channel, gravel mining has been persistent throughout
the Study Area. These gravel sources were likely used for infrastructure embankments and assembly of
the Burlington Northern rail line (now Centennial Trail), and more recent road-building activities by private
logging companies, Washington State Department of Transportation (WSDOT), and Snohomish County
Public Works. Gravel mining has been an intermittent public and private industry in the valley since
development began in the late 1890s near the city of Snohomish.
A comprehensive gravel mining history of the Pilchuck River was compiled by Collins (1991) on behalf of
the Pilchuck River Coalition. Within a few years of this report being written, the Washington State
Department of Natural Resources (DNR) implemented a statewide prohibition on instream gravel mining
due to concerns related to instream habitat conditions for salmon.
As reported by Collins (1991), the Snohomish River confluence with the Pilchuck River was a gravel
mining area managed privately from 1972 to 1992 under county and DNR surface mining permits, with
annual removal of 5,000 cubic yards (cy) of gravel under this allowed use. At River Mile (RM) 2, the
Pilchuck Sand and Gravel Mine annually excavated a pool in the channel 6 to 10 feet deep just upstream
of the old US Highway 2 bridge during the summer low-flow season. This operation excavated up to
12,000 cy from the river bed annually under this allowed use from the county and the state from 1983 to
1991. Prior to the Pilchuck Sand and Gravel Mine operation, this RM 2 site was mined by Associated
Sand and Gravel. Extraction rates were higher than bedload, and so channel degradation occurred such
that the Snohomish County Public Works Bridge Group expressed concerns about pier and abutment
scour risks related to the gravel mining permits. Later, Public Works Surface Water Management staff
conducted scour monitoring and analysis to evaluate the public safety of bridge users throughout the mid1990s. Since instream mining ceased, this site has aggraded to the point where scour is of only minor
concern.
The Misich gravel mine is a 38-acre site located at RM 3.7, between the Three Lakes Road Bridge and
the new US Highway 2 bridge, now owned and operated by WSDOT. It was operated for 30 years along
what is now 118th Drive SE. Gravel removal was estimated by Collins (1991) to be roughly 1,000 cy
annually from the early 1960s to the early 1990s. This area is currently constrained by US Highway 2 and
the City of Everett potable water crossing, as well as by the Snohomish County Public Utility District
overhead power crossing that limits native tree growth in this area. On the east side of US Highway 2,
WSDOT still maintains a storage yard for materials and equipment in a remnant of an old upland gravel
pit.
At RM 4.5 near the intersection of Old Machias Road and S Machias Road, a 25-acre parcel on the east
side of the river looks to be an old gravel borrow pit, currently accessed by a private bridge. Discussion of
this site was missing from the Collins report; however, it was documented as a borrow pit in the 1973
USGS topographic quadrangle, although the pit was smaller than the current riverside lake feature. This
feature did not appear on the 1953 USGS quadrangle or on 1969 aerial imagery, so mining began on the
site some time in the interval from 1969 to 1973.
Riverside Sand and Gravel operated an instream gravel mine at RM 6.2 located above the Dubuque
Road Bridge. Adjacent and just upstream, Marysville Construction and Paving operated a gravel mine at
RM 6.4 from 1985 to 1991; Marysville Sand and Gravel operated a surface mine at this same location
from 1972 to 1984. Gravel removals fluctuated with the construction economy, but as much as 75,000 cy
were removed in 1969 from the RM 6.2 pit. Annual removals are estimated to be 5,000 to 10,000 cy from
1965 onward for the Riverside Sand and Gravel operation. Marysville Sand and Gravel removed 10,000
cy when the pit was established in 1972, and averaged 5,000 cy annually thereafter.
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Of critical relevance to the current condition of the river are the rates of gravel extraction and
replenishment. Collins (1991) estimated that between 1,500 and 7,500 cy of bedload sand and gravel
enter the Study Area annually from the upstream watershed. During the period of active gravel mining in
the Lower Pilchuck River, extraction rates exceeded replenishment rates by many-fold. The geomorphic
consequences of this imbalance, most obviously expressed by systemic channel lowering, remain evident
to this day and are discussed in greater detail in the sections that follow.
From review of the DNR Earth Resource Permit database, two gravel pits near the Lower Pilchuck River
still have active permits. DNR mine permit number 10143 is off of Three Lakes Road and US Highway 2;
the commodity mined is sand and gravel and the operator is CEB Limited Partners LLC. Mine permit
number 10260 is located above Dubuque Road and is operated by Riverside Sand and Gravel.

2.5

Fish Habitat

The Pilchuck River provides documented spawning and rearing habitat for ESA-listed Chinook salmon,
steelhead, and bull trout as well as other important salmonids. Although the Study Area is recognized as
a lower priority for restoration (SBSRTC 2004), it nonetheless must provide support for up- and
downstream migrating fish. Habitat for spawning and rearing in the Study Area remains important for the
overall health of the fish populations. A comprehensive survey of fish habitat throughout the Lower
Pilchuck River was conducted for the present study (see Appendix A); the following summary provides a
useful overview of how conditions vary along the Lower Pilchuck River (Table 2-2).

Reach

Reach
Length
(miles)1

Chinook
Redd
Density
(redds/mile/
yr)

Steelhead
Redd
Density
(redds/mile/
yr)

Pool
Frequency
(pools/mile)

Percentage
of Intact
150-foot
Riparian
Buffer

Percentage
of Modified
Bank

7-day Avg
Daily Max
Temp
Mainstem)
(oC)

LWD Jam
Frequency
(jams/mile)

8

1.35

1.4

6.7

0.8

12.1

55%

33%

22.4

7

0.74

0.5

3.3

0.0

11.7

59%

31%

6

0.66

3.0

10.8

4.0

13.4

59%

22%

5

1.27

2.6

7.6

2.3

19.0

40%

34%

4

0.55

2.4

6.8

0.0

11.5

36%

31%

3

1.11

1.1

5.0

1.0

21.1

25%

47%

2

1.10

0.3

2.6

0.0

19.9

31%

27%

1

1.80

0.1

0.2

0.6

19.1

17%

63%

Note that the shaded colors (green = “better,” tan = “worse”) are relative to the Lower Pilchuck River only—none of these attributes
would rate as “Properly Functioning Conditions” on an absolute scale (e.g., National Oceanic and Atmospheric Administration 1996)
but they do highlight those reaches where impairments are least and most severe. The data are organized by this study’s defined
reaches.
1

Reach length is determined from the channel profile provided by Snohomish County (Appendix C). Summary results may be
slightly different between appendix and report tables.

This summary suggests that fish have found the best spawning opportunities in the middle portion of the
Study Area, with particularly unfavorable conditions in the lowermost reaches. Fully two-thirds of all
salmon redds were found in reaches 5, 6, and 8. Measured geomorphic and riparian conditions are
largely (but not entirely) consistent with this finding, pointing to potential causes for the observed spatial
variability in spawning activity. Note, however, that none of these conditions are particularly “good,”
emphasizing the degree to which improvements in the conditions and processes of the Lower Pilchuck
River would need to occur if full restoration were to occur.
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A single year’s worth of temperature data adds some additional insight into overall fish-habitat conditions
through the Study Area. Water temperature was measured in 2016 at four mainstem locations (along with
two tributaries) with continuously recording temperature probes. Each site’s running 7-day average daily
maximum (7DADMax) temperatures during this sampling period were recorded (Figure 2-1) and
compared to the Washington State water-quality standard of 16°C. From late June through late August,
every site exceeded the preferred temperature limit, suggesting an additional significant impairment to
habitat conditions that will prove challenging to correct without broad-scale efforts both in and upstream of
the Study Area. Two slightly cooler tributaries, Dubuque Creek (at RM 8.1) and Sexton Creek (at RM 2.7),
do little to change the overall pattern. Not surprisingly, the Lower Pilchuck River is on the state’s 303(d)
list of impaired water bodies for temperature.
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3

Restoration Planning and Prioritization

3.1

Approach

The approach to aquatic restoration planning taken in this report embraces the principles of processbased restoration articulated by Beechie et al. (2010), who recommended “…reestablish[ing] normative
rates and magnitudes of physical, chemical, and biological processes that sustain river and floodplain
ecosystems,” emphasizing that “restoration actions should address the root causes of degradation…”
(Beechie et al. 2010: 209). However, the current level of existing channel and watershed modifications
requires a modified approach to setting and identifying river restoration priorities that also acknowledges
substantial limitations to many potential actions (Beechie et al. 2008).
A habitat restoration recovery program guided by the principles of process-based restoration needs to
adopt a multi-scalar approach, placing a higher priority on protecting and restoring the natural functions of
key watershed, valley, and riverine zones than on efforts to rebuild those structures at single, site-specific
locations. Specifically, such an approach should identify:
Watershed areas with a disproportionate influence on the key watershed processes (in particular, the
delivery of water and sediment) that sustain rivers and streams,
Valley segments that express dynamic habitat-forming processes (e.g., channel migration zones) and
sustain channel–floodplain interactions, and
Reaches with component features that hold particularly high actual or potential for biological use in
both the channel and the riparian zone.
In the application of these principles to the Lower Pilchuck River, identification of large-scale processes
and features has already been partly accomplished through Snohomish County’s prior identification of the
Middle Pilchuck River, immediately upstream of the present Study Area, as a relatively unimpacted and
productive 14-mile-long segment of the Pilchuck River (Snohomish County Public Works and Washington
State Salmon Recovery Funding Board 2012a). As noted in Section 1 above, watershed-scale
impairments affecting the Pilchuck River as a whole are relatively limited (SBSRTC [2004]), with the
middle and upper watersheds “intact” with respect to hydrology, and “degraded” only with respect to the
potential for increased mass wasting in the upper watershed.
The Lower Pilchuck River constitutes the next finer, “valley scale” of Beechie et al.’s spatial hierarchy, and
its present altered condition highlights the fundamental challenge facing any future restoration program
here. The setting of this river segment within the landscape, in an oversized glacial-age valley up to 0.5mile-wide, should support a dynamic valley segment of the river that undoubtedly once expressed
dynamic channel processes and channel–floodplain interactions through regular overbank flooding and
active channel migration. Human settlement of this same valley has progressively limited these
processes, however, even more so through diking, bank armoring, and instream gravel mining. Thus, a
reach of a river that should intrinsically express the very processes that a restoration program seeks to
support is instead severely constrained, by mostly permanent alterations, from ever broadly (re)attaining
this outcome.
What remains, however, is an effort to consider the restoration needs and opportunities along individual
reaches. This is the focus of the present analysis, recognizing that (1) full watershed-scale processes are
largely intact and should help maintain any local benefits that are achieved; and (2) the natural, habitatsupporting processes across the Study Area itself are broadly compromised, likely limiting the magnitude
of systemic improvements. The recommendations presented in this report are intended to provide a
planning-level overview of the types of restorative actions judged most likely to be effective within each
reach. These restoration types have been prioritized by those most likely to address the particular habitat
limiting factors within each of the project reaches, and they are accompanied by some representative
examples from other areas around western Washington where they have been successfully implemented.
Specific project recommendations within the Lower Pilchuck River have been deferred to future efforts by
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Snohomish County and other partners supporting and implementing restoration actions in the Snohomish
River basin.

3.2

Reach-By-Reach Conditions and Potential Actions

For purposes of presenting the field- and map-based data collected for this project, and the restoration
needs that arise from these data, the following discussion is organized by the eight reaches that make up
the Lower Pilchuck River. Detailed descriptions of data-collection methods, observed conditions, and
tabulated data for the fish habitat and geomorphic assessments are provided in Appendix A and Appendix
B, which reflect the efforts of multiple Snohomish County Surface Water Management staff between 2016
and 2018. A map folio of key floodplain and channel attributes is provided as Appendix D; background
information on the methods of data collection and analysis is provided in Appendix E.
The following sections of this report comprise a synthesis of those findings, together with information and
observations gleaned from additional synoptic field visits over the same period by scientists from Cardno,
Inc. These sources have been integrated into reach-based discussions intended to encourage an
integrated perspective on the river.
Each section below is introduced with two overview maps. The right-hand panel is a Google Earth view of
the specified reach, with yellow lines demarking the reach boundaries. The left-hand panel is a Height
Above Water Surface (HAWS) map covering the same area, based on 2005 Snohomish County LiDAR
(Light Detection and Ranging) data downloaded from the Puget Sound LiDAR Consortium, which shows
the relative elevation of the land surface in comparison to the adjacent low-water river elevation. Areas of
modern or only recently abandoned floodplain access by the river are in shades of yellow or green; higher
terraces are in shades of blue and magenta; and land areas more than 15 feet above the water level are
unshaded. The water level itself (i.e., HAWS ≈ 0 feet) is displayed in shades of orange. Circled numbers
on the HAWS maps denote locations mentioned in the text that follows.
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The color scheme for the following reach-specific HAWS maps is as follows:

3.2.1

Reach 8
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⑥
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③
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Reach 8, the most upstream of the Lower Pilchuck River reaches, is 1.35 miles long and mostly consists
of a plane-bed morphology with some forced riffle/pool sections (Figures 3-1 and 3-2). One of its main
features is the Riviera Slide originating from the bluffs above the downstream end of the reach, which is a
large source of sediment to the river here and downstream. Anthropogenic influences on this reach are
ubiquitous, including the OK Mill Road bridge crossing and fairly widespread bank armoring (33 percent
armored banks). Bank armoring prevents lateral migration, reduces sediment input into the stream, and
impairs the development of a riparian vegetation community, all of which have negative effects on fish
habitat. The riparian corridor is a narrow band of woody vegetation in this reach, typically no more than 30
feet wide, and is only about 50 percent intact (low by the standard of properly functioning conditions, but
among the highest to be found along the Study Area). Fish use within this reach is fairly limited, with
moderate to low redd densities relative to the Study Area as a whole and few pools (Table 2-2).
This reach displays a narrow, active floodplain, best developed in the upper one-quarter of the reach. Of
note are the right bank (henceforth RB, with orientation based on a downstream-facing perspective) relict
meander loops that are variously attached (at ①), cut off by Machias Road at ②, or just stranded too high
by subsequent channel downcutting for current reoccupation (at ③). None of these features were shown
to be occupied on the 1953 USGS topographic map, and so they all presumably predate this time.
Virtually the entire reach has had a stable position for the last 65 years, with only minor, local shifting of
the channel to the northwest at ④ in response to deposition at the base of the high left-bank (LB) cliff. In
contrast, the channel at ⑤ appears to have maintained its position against the cliff and even migrated a
modest distance to the south since 1991, despite sediment input from the adjacent Riviera Slide. From
just below RM 8 downstream, this reach receives an abundant supply of sand and gravel from the
adjacent cliff (Figure 3-3).
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The HAWS mapping shows that the river is confined to a relatively narrow modern floodplain, with only
modest areas of lateral floodplain expansion adjacent to the modern channel at the very head of the
reach and at a few scattered locations farther downstream. A much more extensive area of low ground,
however, is present along the northwest side of the 100-year floodplain at ⑥, bisected by the Centennial
bicycle trail and separated from the modern river by relatively higher ground with no evidence of
progressive past migration through this area from northwest to southeast. The present path of the river
may therefore reflect an avulsion to the southeast, initiated upstream of the present Study Area, at some
prehistorical time. As a consequence, the zone of modern floodplain that might potentially be reoccupied
is rather limited in this reach, independent of the degree of bank armoring and riparian modification that
has also occurred.
Identifying the dimensions of a “modern bankfull channel” along the Lower Pilchuck River, useful for
identifying potentially accessible floodplain areas and designing in-channel restoration projects, is difficult
in most localities. Armoring of the banks and confinement of flow tends to obliterate most indicators of this
key geomorphic parameter. However, some credible indicators are present in this reach, particularly
along both banks below the first bend in the river below the OK Mill Road bridge. A bankfull channel depth
of ~4 feet is suggested, although even here the features are of limited extent and constrained by LB
armoring (e.g., Figure 3-2).
Just upstream of the Riviera Road end, a property owner reports common flooding over the bars that also
show a consistent ~4-foot bankfull depth. The last major flood (2009) reached to a level shown as +11
feet on the HAWS map. This property owner also reported significant sand deposition following that
event, which is also evident from changes in both deposition and channel position displayed on airphotos
from 2007 and 2009 below the large slide at the downstream end of this reach. Otherwise, however,
these photo pairs do not show much change in the channel as a result of this flood.
Two prominent LB gullies, part of the Riviera Slide complex (one in the lower right-hand corner of the
HAWS image, the other just off the map to lower left), deliver sediment, wood, and potentially some
additional groundwater discharge and cooler water temperature to the mainstem. The river profile is
irregularly steep through the lower slide reach and shows a narrow, confined active channel area.
Snohomish County staff report that the reach is a plane-bed stream type with some forced pool/riffle
sections and a gravel/cobble substrate (Appendix B). The river valley overall is relatively wide; the
channel is slightly incised below the level of the previously active floodplain, suggesting that the influence
of downstream gravel mining, log/snag clearing, and/or channelization has resulted in a lowering of the
overall bed elevation. High bluffs flanking the LB through much of this reach provide abundant sediment
to the river. Sediment aggradation occurring along the particularly prominent Riviera Slide at RM 7.3
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appears to be sufficient to limit the degree of incision along this reach relative to what is observed farther
downstream.
Given channel incision in the upper part of this reach, a moderate degree of bank armoring, and a
relatively narrow modern floodplain, opportunities to reestablish channel–floodplain connections are
limited. The greatest restoration needs in this reach are for increasing sediment retention and channel
complexity via instream wood placement projects, which may reduce channel incision issues in the long
run and create opportunities for floodplain reactivation at a later date. The areas near the Riviera Slide
have a locally good level of geomorphic diversity and therefore may present an opportunity for protecting
the ongoing geomorphic process of sediment delivery, acknowledging the challenge of also protecting
adjacent private property both above and below the ravine and its deposited slide material.
3.2.2
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Reach 7 is a relatively short reach (0.74 mile) and is similar to Reach 8 in terms of stream type, sediment
gradation, and riparian-zone conditions (Figure 3-4). This reach was extensively leveed, with historical
channels on the RB floodplain now isolated from the mainstem. The Machias training levee, a 3,500-foot
privately owned levee adjacent to the RB in the middle of the reach at ①, is a major constraint to
floodplain reconnection activities. Fish use and habitat conditions are rather poor, with very limited
historical spawning and minimal rearing habitat.
An active floodplain is almost nonexistent along the upper one-third of this reach. Some broadening of the
floodplain is present in the middle third, and a rather extensive floodplain is present along its lower third
(Figure 3-5). A levee along the middle RB of the reach cuts off what had been a 500-foot-amplitude
meander bend visible in the 1953 topographic map and which continued downstream to (and beyond) the
lower reach boundary. The meander occupied what is now a low-lying forested area at ②, a pond and/or
mining pit at ③, and a low-lying residential neighborhood with several residential structures at ④. The
truncation of this meander post-1953 by the Soil Conservation Service reduced the channel length of this
reach from over 4,500 feet to 3,200 feet. Other low floodplain areas lie farther downstream on both the LB
and RB, with a mix of forested and rural-residential land uses now occupying these areas. The river
profile steepens significantly near the bottom of this reach as it approaches a major historical gravel
mining area in Reach 6.
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The channel itself has been fairly stable even in response to the 2009 flood, with some recent deposition
along the single “kinked” bend at ⑤. Some limited channel migration has occurred along the RB at the
very head of this reach, mainly associated with the 2009 flood; otherwise, minimal change is evident in
airphotos spanning the last two decades.
Snohomish County staff report that the reach is similar in stream type and sediment gradation to Reach 8
(Appendix B). The floodplain here, however, is approximately 30 percent narrower than along Reach 8,
and so the channel is somewhat more confined within its valley as a result. The river widens by about 30
percent from the upstream to the downstream extent of this reach. Greater cementation of the bed
gravels occurs in this reach than was recorded upstream in Reach 8.
This reach has largely recovered from the historical gravel mining that led to incision of the channel bed in
this reach, likely aided by the relatively abundant sediment delivered by the Riviera Slide located just
upstream at RM 7.3 (in Reach 8). This sediment supply also would also support the creation of
geomorphic diversity and improved habitat from the installation of large woody material, although the
minimal fish use of this reach at present, aside from providing passage to better habitat elsewhere along
the Pilchuck River, does not motivate immediate attention.
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3.2.3
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Reach 6 (Figure 3-6) is the widest, most dynamic portion of the presently active floodplain along the entire
Lower Pilchuck River. Even though river access to the RB is limited by levees, the unconstrained width
across the floodplain is over 400 feet at the lower end of the reach, substantial by comparison to
elsewhere along the river. The most important anthropogenic impacts have been extensive leveeing on
the RB for the purpose of gravel mining, which has disconnected the river from large parts of its
floodplain. This reach has become mostly depositional after the cessation of gravel mining in the 1990s.
The bridge crossing at Dubuque Road constricts the floodplain, enhancing upstream deposition but
limiting the potential for floodplain reconnection downstream. Prior to gravel-mining activities through this
reach, the 1953 topographic map suggests an active floodplain up to 1,000 feet wide across which the
channel could migrate. Fish use within this reach is amongst the highest in the entire Study Area, with
both abundant spawning and a reasonable variety and quantity of rearing habitat. These conditions
decline only modestly over the next two reaches downstream.
LB opportunities for side-channel reoccupation are present in low areas without significant development
(e.g., ①); nearby roads and houses are well above the active floodplain. Substantial channel migration
throughout the years of airphoto record is demonstrated in the lowermost 800 feet of this reach, just
above the bridge at ② (Figure 3-7). Farther upstream, however, the channel has been rather stable over
the past half-century, where it is more constrained between the LB hillslope and RB levees.
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Collins (1991) documented this reach as marking the upstream end of a mile-long segment of significant
channel degradation between 1972 and 1991, with documented bed lowering of as much as 3 feet (and
probably more in total, given the even earlier onset of gravel extraction). This reach showed some of the
greatest extent and magnitude of bed-elevation changes anywhere in the Study Area upstream of Reach
1. This trend likely has reversed in the decades following reduction or cessation of mining. Thus, bed
aggradation, almost certainly not yet fully recovering pre-mining levels, likely remains the dominant
process affecting the channel gradient in this and downstream reaches. Evidence of this recovering
gravel storage process presents itself immediately upstream of the Dubuque Road bridge, which
artificially constrains the channel within its floodplain and has promoted localized sediment storage
following cessation of in-river gravel mining.
Snohomish County staff report that the reach is a similar stream type and sediment gradation as Reaches
7 and 8 (Appendix B). The floodplain in this reach widens out to its greatest extent of 3,300 feet upstream
of the Snohomish River Valley. The channel in this reach is also the widest throughout the Study Area at
150 feet, and shallowest at 3.3 feet. A large width-to-depth ratio (45.5) and a low ratio of bank height to
bankfull depth (1.12) are indicative of the recovering depositional process mentioned above. The
historical processes in Reach 6 (and portions of Reach 7) were predominately sediment deposition and
large wood material storage, creating complex habitat consisting of multiple channels. Wood jam
frequency is highest in this reach; spawning density for Chinook salmon and steelhead also appears to be
highest here (Table 2-2).
Anthropogenic influences on geomorphic processes have limited floodplain interaction in this reach,
although the overall magnitude of modified banks and floodplain disconnection is the lowest of any reach
in the Study Area. Where present, historical gravel mining has been the dominant process limiting
floodplain connectivity. Diking the RB of the river to protect the floodplain pits from breaching has
restricted the river from a portion of its historical lateral range (Collins 1991), and so the 100-year
floodplain is now disconnected from approximately half its 3,300-foot-wide valley. At the Dubuque Road
bridge it is further confined to an opening only 250 feet wide.
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Between 1991 and 2012, the LB eroded up to 180 feet at RM 6.2. This LB erosion has been attributed to
the diking of the RB (Collins 1991). Riprap was placed along at least one-third of the LB in an attempt to
limit bank erosion. Since the year 2000, airphotos suggest that active bank erosion and/or lateral channel
migration processes have shifted downstream, removing 300 feet of the LB immediately upstream of the
Dubuque Road bridge.
Gravel mining in the channel was estimated at 100,000 cy in the late 1960s near RM 6.0, resulting in
downstream effects (Collins 1991) that included incision both upstream due to headcutting and
downstream due to sediment starvation. The effects of previous sediment extraction have since
decreased; a comparison of cross sections between 1991 and 2017 (see Appendix B) shows that the
thalweg at RM 6.4 has aggraded by 7 feet.
Projects to provide Instream structural enhancement appear to be the highest priority in this reach, due to
the existing depositional zones and the considerably wider floodplain over which the channel has
relatively unimpeded access. Less than one-quarter of the riverbanks have been modified along this
reach, although existing levees nonetheless limit floodplain access. Riparian vegetation is in better
condition here compared to other reaches, although it is still not ideal. A small area of intact habitat just
upstream of the Dubuque Road bridge at ② has resulted from relatively unconstrained channel migration,
creating dynamic habitats that merits preservation and enhancement.
3.2.4

Reach 5

X

RM 5

1000 ft

②
④
③

①

December 2018, Final

Cardno

Restoration Planning and Prioritization 3-9

Lower Pilchuck River Assessment

This reach (Figure 3-8) is located immediately downstream of the historical (and locally still active) gravel
mining sites in Reach 6. Depletion of in-channel sediment flux is further amplified by the constriction of
the Dubuque Road bridge, resulting in substantial channel incision over time. In combination with
extensive bank armoring, the floodplain is almost completely disconnected from the main channel over all
but the downstream-most third of the reach, and significant impairments to both the riparian zone and
channel complexity are evident. Nonetheless, spawning density in this reach is second only to that
immediately upstream, with a reasonable variety and quantity also reported for rearing habitat. This level
of fish use suggests a level of attention to future restoration efforts beyond what the existing physical
conditions might otherwise indicate.
Substantial incision and a fully inaccessible floodplain are evident by observation at the top of this reach,
downstream of Dubuque Road bridge, and are presumably consequences of both upstream gravel mining
and bridge constriction (Figure 3-9). This reach also hosts a very active, persistent bend at the bottom of
the reach at ①, with a large jam brought in on the 2009 storm that has persisted, collected more wood,
and stabilized the central part of the bar in its lee (Figure 3-10). In this area the channel has shown net
migration of over 500 feet to the east since the 1953 topographic map, although airphotos since 1991
show that the channel position has also oscillated between its eastern and western positions at least
twice during the last 25 years. Elsewhere in the reach, little to no significant shifting of channel position
has occurred.
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This reach contains an example of streambank stabilization implemented with large woody debris,
included in the (relatively high) total woody debris count in this reach. This structure provides cover and
stabilization for bank vegetation, and creates some bed scour, all without impinging on the cross section
of the channel. This structure does contribute to the total length of bank modifications and does act to limit
channel migration, however.
A private quarry bridge at ②, 60 percent of the way down the reach, provides access to a floodplain pit on
the LB. A low floodplain area is present at ③ just south of the pit, in an area almost completely forested
with no sign of development or infrastructure, but with traces of abandoned channel scars whose
occupation predates the airphoto record. There is also a very low area west of S Machias Road at the
lower end of this reach, at ④, that likely represents a prehistorical position of the active channel. No direct
record of historical channel migration beyond the active bend at ① is evident in this area, however,
perhaps obscured in part by agricultural uses and reworking of the surface topography.
Snohomish County staff report that the reach exhibits a plane-bed stream type with some forced pool/riffle
sections and a gravel/cobble substrate similar to the upstream Reaches 6 through 8 (Appendix B). The
floodplain is constricted to a width of approximately 1,000 feet at RM 5. The primary difference between
this reach and those upstream is the degree of incision, with ratios of the bank height to bankfull channel
depth greater than 2 at measured cross sections.
Anthropogenic influences on geomorphic processes in Reach 5 include the noted private bridge crossing,
riprap, a limited riparian zone, and downstream effects of historical gravel mining. In RM 5.7 to 4.6 (but
excluding the deposition at RM 4.5), the downstream effects of gravel mining lowered the channel
thalweg approximately 2.5 feet between 1972 and 1991 (Collins 1991). Approximately 70 percent of
Reach 5 has bank armoring on either side of the river. Approximately half of the reach has one or more
streambank with a riparian zone limited to no more than 30 feet in width.
This reach marks a transition from the less heavily modified upper reaches to the more broadly impacted
lower reaches. Riparian vegetation is diminished, with only 40 percent of the zone remaining intact.
Riparian vegetation enhancement and control of noxious species such as Himalayan blackberry and
Japanese knotweed should be feasible along this reach. This reach could also benefit from installation of
large wood pieces and structures to promote local channel complexity and sediment deposition, and
potential reconnection of previously occupied channel traces in relatively undeveloped portions of the
adjacent floodplain. A potential thermal refuge has been identified by the county on the LB at about RM 5,
which if reconnected to the main channel could provide fish habitat benefits. A single area of relatively
intact habitat in this reach at ①, created by unconstrained channel migration at the downstream end of
the reach, has potential to be maintained as a protected area.
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3.2.5
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Reach 4 is the shortest defined segment in the Study Area (0.55 mile) (Figure 3-11). Its conditions and
dynamics are strongly influenced by Machias Road and the Centennial Trail along the RB floodplain, and
the US Highway 2 crossing and its extension along the LB, which together constrict almost half of the
floodplain width. This constriction has created a deep reach with an armored bed.
This reach is poorly connected with its modern floodplain, with only the LB expressing adjacent floodplain
elevations that are sufficiently low to suggest any possibility of reoccupation. Functionally, this reach is a
canal (Figure 3-12), in no small measure because of the bank armoring that protects US Highway 2 and
the RB road/rail-bike trail, coupled with a reduction in sediment flux downstream of the depositional zone
at the bend in lower Reach 5. The 1953 topographic map shows no significant change in channel position
over the past 65 years, although the HAWS map suggests prior channel locations both west (at ①) and
east (at ②) of its present location.
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Snohomish County staff report that the reach is a plane-bed reach with a forced pool/scour hole under the
US Highway 2 bridge (Appendix B). Channel complexity, sediment storage in bars, and sinuosity are
minimal. The substrate is covered with large amounts of algae, suggesting that the bed gravels have
been relatively static for long periods.
Despite the apparent impairments throughout the reach—a paucity of large woody material, limited pools,
static bed sediment, and the extensive levels of riparian-zone impacts and floodplain disconnection—the
density of observed redds is relatively high and the quality of available rearing habitat is reported as
moderately good. This provides compelling motivation to prioritize actions in this reach.
The highest priority for this reach is to enhance instream structure, most feasibly by introducing large
woody debris. Riparian enhancement would also be highly beneficial, with the condition of riparian
vegetation here continuing to express the near-monotonic downstream impairment throughout the Study
Area. There is also need for floodplain and side channel reactivation in this reach, but these actions would
require significant changes to both roadways that may be challenging to implement. This may impose an
immutable constraint on restoration opportunities, but one that is not explicitly incorporated into this
assessment.
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3.2.6
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Within the valley and floodplain of the Lower Pilchuck River, Reach 3 (Figure 3-13) has the highest
density of people and development, and therefore it has experienced significant anthropogenic impacts,
particularly extensive armoring (nearly half of the banks) through use of riprap and a severely
compromised riparian zone. The bridge crossing at Three Lakes Road divides the floodplain into two
completely different sections and creates a bottleneck in the flow. In addition, the channel was
significantly realigned during construction of US Highway 2. Spawning density here is rather low and
rearing habitat is minimal.
Amongst the four reaches that constitute the lower half of the Study Area, however, Reach 3 retains some
degree of in-channel geomorphic diversity. The meander bend at the top of the reach, depicted in the
HAWS map from 2005 at ① (Figure 3-13; field view at Figure 3-14), dramatically expanded in amplitude
over the following 12 years. It showed particularly significant changes between 2007 and 2009 (LB
erosion at the top of the bend) and 2010 to 2011 (downstream migration along the RB), followed by
progressive migration of the RB in every successive year through 2017 (2017–2018, however, was
quiescent). From 2010 to 2017, the river exploited a relatively low portion of the surrounding
terrace/floodplain complex, with the RB migrating up to 200 feet (in the area of ②). This migration has
now largely consumed the available low ground in this part of the reach, although the channel position
has maintained stability in the vicinity of an underground utility crossing just downstream of ②. Narrow
active bars are present between this site and the Three Lakes Road bridge in the middle of the reach.
Downstream of Three Lakes Road bridge, the channel is well-confined except immediately downstream of
the bridge on the LB, in a low area at ③ immediately adjacent to the modern channel, where the channel
was apparently located in 1953 prior to subsequent rebuilding of the bridge in the 1990s. A low area off
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the RB at ④, presumably an abandoned meander scar that predates the 1953 topographic map, is
separated from the modern river by a terrace but could likely be inundated in a large flood; this area
experienced residential development during the 1990s. The river’s efforts to reoccupy the downstream
end of this meander have required a significant bank-armoring effort to protect Orchard Avenue at ⑤. A
fairly persistent gravel bar has occupied the lower part of this reach just upstream of the bank repair
project at ⑥. Much confinement between moderate/high terraces exists downstream to the end of this
reach, where oily runoff from US Highway 2 enters from the LB at ⑦ (Figure 3-15).

This reach has most of the repetitive flood damage claims reported by Snohomish County. They correlate
well with low-lying areas of the floodplain that were once connected more directly with the river in an
earlier channel configuration but still retain the legacy of past riverine occupation. These include the low
areas north and south of Three Lakes Road on the east side of the river, along 118th Drive SE and
Sexton Road. On the 1953 topographic map, the river followed the lowermost 1,200 feet in this reach
along a channel at ⑧ and ⑨, still visible as a low point in the topography along Sexton Road (and which
now hosts about a half-dozen residential properties). Another prior location of the river is evident just
downstream at ⑨, on the west side of the river at Orchard Avenue, along an older meander scar that
predates the 1953 topographic map.
USGS gage 12155300 has been in operation at the Three Lakes Road bridge since 1992, with
simultaneous discharge and stage height measurements reported since 1999. This data set can provide
an estimate of long-term changes in bed elevation, because changes over time in the stage associated
with the same low-flow discharge (which is not sensitive to local, and temporary, changes in hydraulics)
may show a systematic pattern. Here, discharges within 5 percent of 64.5 cubic feet per second (cfs) (the
flow exceeded on 90 percent of all days in the record) show a systematic correlation with rising stage
(Figure 3-16), indicating that the bed has been aggrading at a rate of about 0.5 feet per decade (with
associated loss of in-channel flood capacity). This is likely an ongoing response to the cessation of
instream gravel mining, and it shows no evidence of stopping in the immediately foreseeable future.
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Snohomish County staff report that the reach is a plane-bed channel with gravel and cobble substrate
(Appendix B). It has a bankfull width of approximately 110 feet and a ratio of bank height to bankfull depth
of 1.5, both of which are typical dimensions for the Lower Pilchuck River. The width of the floodplain is
fairly uniformly confined throughout this reach to approximately 1,200 feet. Active processes in this reach
include limited but notable locations of bar formation and lateral channel migration, which may provide
site-specific opportunities for protection and preservation.
As the most densely populated reach within the valley of the Lower Pilchuck River, Reach 3 has been
significantly modified by anthropogenic influences. Most of Reach 3 has riprap on at least one side of the
river bank; the gravel bar at the upstream end of the reach was mined at a rate of approximately 1,000 cy
per year between 1961 and 1991 (Collins 1991). Other physical disturbances to the channel include the
underground utility crossing (below ②) and areas of wholesale channel relocation associated with the
Three Lakes Road bridge and US Highway 2.
The presence of US Highway 2 along the LB severely constrains the restorative actions that can be taken
in this reach, especially along the downstream end of the reach. A historical channel identified by the
county at about RM 3 has potential to be reconnected as off-channel habitat, but this opportunity would
have a significant impact on already-developed floodplain areas. The addition of large woody debris and
riparian vegetation enhancement are more feasible options that would also increase channel complexity
in this reach, but the relative paucity of fish use suggest a lower level of priority relative to other needs in
the Study Area as a whole.
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As with Reach 3, Reach 2 is also highly populated (Figure 3-17). This reach is transitional between the
valley morphology of the Pilchuck River upstream (Reaches 3 through 8) and the much wider and gently
sloping Snohomish River floodplain that contains Reach 1. Most of the RB in Reach 2 is bounded by
steep bluffs below a high terrace (Figure 3-18) on which the city of Snohomish is built. Steelhead redds
were uncommon during the years of survey and Chinook redds virtually absent; rearing habitat is of only
moderate quality and quantity.
In this reach the incised upstream channel recovers the expression of a LB floodplain about a third of the
way down at ①, but river–floodplain connectivity is blocked by the continuous French Slough levee,
protecting scattered residences and farmland accessed by Sexton Road from low to moderate flood
events. The levee appears to follow an abandoned channel in the upper part of the reach.
Three sites along the river (at ②, ③, and upstream of ④) (Figure 3-19) show history of localized channel
shifting and bar development, but in general the high RB terrace and the lower LB terrace (at the
upstream end of the reach) and levee (at ① and extending to south) have greatly minimized channel
activity. Field notes from Snohomish County suggest RB erosion at ④. The riparian survey of this reach
found less than one-third of the riparian zone has remained intact, and much of that is dominated by
invasive species.
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The RB terrace and LB levee have held the river through nearly all of this reach at essentially the same
location at least since 1953. At ②, approximately 100 feet of erosion along the RB has apparently
occurred in the last 60 years. At the very upstream end of the reach (and including downstream-most
portion of Reach 3), however, the channel was relocated about 200 feet to the west in the 1980s to make
room for US Highway 2. An even earlier channel position is recorded by a remnant scar across the
floodplain at ⑤.
Snohomish County staff report that the reach is a plane-bed reach with gravel, cobble, and fine sediment
(Appendix B). Bankfull width and bank height to bankfull depth ratios are similar to Reach 3
(approximately 100 feet and 1.6, respectively). The historical floodplain widens from 1,200 feet at the
upstream end to approximately 5,500 feet at its downstream end, but riverine access to the LB broad
floodplain is severely limited by the adjacent levee. The reach has not exhibited significant channel
migration since 1947, remaining along the east edge of the older high terrace along the RB and the levee
along the LB. Reach 2 is the straightest of all the reaches, with a very low sinuosity (the ratio of channel
length to valley length) of 1.08.
Anthropogenic influences in Reach 2 include historical gravel mining, a levee, riparian zone clearing, and
riprapped banks. Snohomish Sand and Gravel took over operation of the mine upstream of the 2nd Street
bridge in 1983. The offtake was estimated to be 12,000 cy per year (Collins 1991). At the bottom of
Reach 2 (and continuing into Reach 1), this mining lowered the channel thalweg up to 5 feet between
1947 and 1972, and an additional four feet between 1972 and 1991 (Collins 1991).
The LB of this reach is hydrologically disconnected from its floodplain for flows less than the 10-year flood
by the levee system, although repetitive flood damage claims have been noted in this area between 92nd
Street SE and 86th Street SE where the low topography of the historical floodplain is extensive (at ⑥).
The riparian zone is limited to a narrow band of trees and shrubs along the dike. Approximately 60
percent of the reach is currently armored.
The most straightforward restoration need in this reach is for riparian enhancement. Although this reach
also has the potential for large-scale floodplain reconnection projects (assuming private landowner
willingness), the present level of biological use would likely relegate such major efforts to a lower priority.
In the downstream portions of the reach, however, where multiple flood claims have been registered,
projects to integrate flood damage reduction might offer a more promising combination of potential
benefits. A Snohomish County Parks area, one of the few public land holdings along the river, could also
provide potential for a levee setback and floodplain reconnection project.
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3.2.8

Reach 1
1000 ft
②

①

X

RM 1
③

Reach 1 is the downstream-most reach of the Pilchuck River and is tidally influenced through the
Snohomish River (Figure 3-20). It is isolated from its extensive floodplain area, which it shares in part with
that of the Snohomish River, by continuous levees. The channel is flanked by a terrace about 10 feet
above the modern river level, likely the historical floodplain of the river, that ranges from several hundred
to nearly 1,000 feet wide; beyond it lies even lower-lying ground, particularly to the east where it merges
with the more extensive floodplain of the Snohomish River. A modern floodplain, expressing a bankfull
channel depth of about 6 feet, is locally expressed in a few inside bends where gravel has accumulated
(e.g., at ①), but in general the river is static and with only limited sites of deposition. One localized area of
bank erosion at ②, at the very head of the reach where the channel is forced to take a sharp left bend in
part by the positioning of the 2nd Street bridge, is a site of persistent wood accumulation (Figure 3-21).
Spawning density is the lowest of the entire Study Area, reflecting its low gradient and fine sediment size;
conversely, rearing opportunities in this reach and the adjacent Snohomish River floodplain are somewhat
elevated.
Comparison with the 1953 topographic map shows essentially no lateral changes in river location over the
last 65 years, a testament to the age (and effectiveness) of levees along the river that predate at least
1953.
The USGS made spot measurements of bed elevation and water levels at the 2nd Street bridge between
1972 and 1991, which were reported by Collins (1991). These showed about 2 feet of degradation; an
even greater overall degradation rate, more than 2 feet per decade from 1947 through 1991 throughout
much of Reach 1, was expressed by successive surveyed longitudinal profiles. Collins (1991) ascribes
these changes to ongoing gravel mining immediately upstream in Reach 2 throughout this period, which
largely ceased shortly after publication of that report. Although the mining occurred in Reach 2, its
influence on bed degradation was even greater and more extensive here in Reach 1.
Snohomish County staff report that the reach is the most sinuous reach of the Lower Pilchuck River (with
a sinuosity value of 1.7) as it meanders across the wider Snohomish River floodplain (Appendix B).
Bankfull widths average approximately 70 feet. There is one significant oxbow at about the mid-span of
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this reach, associated with an area of increased lateral migration and geomorphic complexity. Historically,
a channel cutoff removed 1,500 feet of channel that at one time flowed parallel to the Snohomish River at
the mouth of the Pilchuck River.
Anthropogenic influences along this reach include levees, extensive riprap armoring, and channelization
(Figure 3-22). The levees extend along the full reach on both sides of the river. Extensive amounts of
riprap cover most of the riverbanks. Riprap has also removed the channel’s hydrologic connection to
abandoned oxbow channels, some of which have been extensively filled and/or reworked for agricultural
uses. Riprap along the Burlington Northern rail line crossing limits downstream meander migration, and
large riprap beneath the railroad trestle has the potential for blocking fish passage and wracking large
woody debris.
A mid-floodplain relic of an abandoned Milwaukee Road rail line (visible in 1930s-era airphotos) is evident
in the HAWS image at ③. This former footprint of the rail prism is located within the current levee system,
and so its removal would represent one action to improve channel processes without obvious risk or
hazard to adjacent floodplain uses.

This reach has been extensively armored and channelized, with both the highest percentage of modified
banks (almost two-thirds) and almost no intact riparian buffer (less than one-fifth of the total bank length).
Given the degree of channel modification and the declining channel gradient, Chinook and steelhead
redds are essentially non-existent. Reconnecting historical channel meanders, however, could result in
off-channel habitat for juvenile fish. Floodplain activation could be achieved by setting back levees in
feasible areas, for example in the area owned by Snohomish County upstream of the Old SnohomishMonroe Road bridge crossing. Riparian enhancement is an obvious restoration need for this reach, as
would any identified sites with opportunities for floodplain–channel reconnection. As with nearly all of the
Study Area, introduction of large woody debris to the reach would also be beneficial in restoring fish
habitat and the geomorphic functionality of the reach.
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4

Implications for Restoration

4.1

Conditions of Geomorphic Process Functions and Fish Use in the
Study Area

To identify and prioritize restoration opportunities at a reach scale along the Lower Pilchuck River in an
objective and reproducible manner, and in alignment with the Snohomish River Basin Salmon
Conservation Plan (National Oceanic and Atmospheric Administration [NOAA] Fisheries 2005), available
information on the existing conditions of the river system was synthesized to assign a rating for each key
process function significant at a reach scale (Table 4-1). From the data summarized on Table 2-1 (as
documented in Appendix A and Appendix B) and the information presented in the preceding sections,
ratings of high, medium, and low (H, M, and L) were assigned to discriminate the (relatively) highfunctioning reaches from those with low function (and thus significant impairment). For purposes of this
summary assessment, geomorphic process functions were grouped into three categories:


Riparian zone function ratings were based on the percentage of intact riparian vegetation along the
Lower Pilchuck River. Greater discrimination could be achieved by detailed characterization of native
and non-native riparian species, but for reach-scale discrimination the present data set is sufficient.



Floodplain–channel connectivity function ratings were based on the percentage of modified banks
(revetments and levees), reflecting the degree to which the channel is still able to maintain active
interaction with the floodplain through channel migration and overbank flow. The degree of observed
channel migration over the period 2001 to 2015 for each reach was also evaluated in developing
these ratings, since bank modifications should limit channel shifting; the correlation between modified
banks and channel migration was perfect at a site scale and nearly so even when averaged along
each reach.



Channel complexity function ratings express the interacting processes of wood recruitment and
transport, sediment transport and deposition, and bedform development. They were based on the
tallies of large woody debris, the variability in channel bedforms and planform, and the magnitude of
sediment storage in lateral bars and point bars.

Reach
Process Function Indicator

8

7

6

5

4

3

2

1

Riparian zone (intact vegetation)

M

H

H

M

M

L

L

L

Floodplain–channel connectivity
(levees, revetments, migration)

M

L

H

L

L

L

M

L

Channel complexity (LWD, bedform
variability, sediment storage)

L

L

M

M

L

M

M

M

“H” indicates relatively high function; “L” indicates low function (ratings based on data from Appendices A and B, as summarized on
Table 2-1). Note that even the “H”-rated conditions here do not achieve “Properly Functioning Conditions” (National Oceanic and
Atmospheric Administration 1996).

A “naïve” prioritizing of restoration efforts by reach could be generated by simply reversing the process
function scores shown in Table 4-1, wherein (for example) a low level of function would suggest the need
for a high level of restoration. Such an approach, however, would not incorporate physical and logistical
constraints that are invariably imposed on any restoration program in a developed landscape. Such
confounding factors include large-scale infrastructure (e.g., highways and other major roads, bridges),
extensive residential or industrial development, and more generally a lack of public property for which
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gaining easements or fee-simple acquisition for restoration work is normally (but not always) more
straightforward than for privately held land.
A second factor that should inform the priorities inferred from the conditions summarized in Table 4-1 is
the actual biological conditions being expressed along the river. Although theory anticipates that such
conditions should closely track indicators of (physical) process functions, biological indicators themselves
surely provide the most faithful expression of biological condition (see Karr and Chu 1999).
There is no established methodology for incorporating physical and logistical constraints into prioritization
methodology, particularly with a reach-scale summary of opportunities and needs such as this—most
such assessments are made on a site-by-site, project-by-project basis, because some constraints can
change with the crossing of a single property boundary, change in ownership, or flood event. Thus, this
factor is acknowledged but not incorporated into the present stage of restoration planning. Biological
conditions, however, provide key information for a restoration program such as this one, and they can be
rated at a reach scale making use of the abundance of observations and data collected by county staff
and other fisheries managers over the past decades (Table 4-2).

Factor

Reach
8

7

6

5

4

3

2

1

Fish use: spawning density

M

L

H

H

H

M

L

L

Fish use: rearing benefit

L

L

H

H

M

L

M

M*

The assigned rating for spawning density is the sum of Chinook and steelhead redds/mile/year (see Table 2-2). Rearing benefit is
based on county staff’s evaluation of woody debris quantity, pool frequency, intact buffer, reach position, and proximity to spawning
and the value of early rearing colonization within reaches used more heavily for spawning.
* Reach 1 rearing benefit also reflects proximity of rearing benefit for mainstem Snohomish River rearing salmonids.

4.2

Conceptual Restoration Project Types

From this discussion, three broad categories of restoration actions, subdivided into seven project “types,”
appear to be most suited to the conditions and needs of the Lower Pilchuck River (Table 4-3). Although
these restoration categories are presented as one-to-one responses to the impairments listed in Table 41, a single project might incorporate elements from more than one of these categories. For example, a
revetment removal project combined with riparian vegetation restoration may result in optimal habitat
improvement.

Restoration Category

Project Type
Interplanting of existing revetment

Riparian enhancement

Revetment replacement with
bioengineering
Riparian community restoration

Floodplain reconnection
Off-channel habitat reconnection

Revetment removal
Levee setback/removal
Small-scale LWD installation

Instream structural enhancement
Engineered log jam installation
1

Terminology modified in part from NOAA Fisheries (2005).
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These project types are described below, with example project designs provided in Appendix F based on
Cardno’s experience in their design and construction at other, analogous locations. At this stage in the
restoration planning process for the Lower Pilchuck River, no site-specific project designs are included.
4.2.2

Riparian Enhancement

The riparian corridor is degraded throughout all of the reaches in the Lower Pilchuck River. A wellestablished riparian community can provide shade and woody debris for the stream while stabilizing the
streambank. Artificially stabilized banks and clearing of riparian vegetation have increased the presence
of invasive species (particularly Japanese knotweed and Himalayan blackberry). Successful
reestablishment of native riparian communities depends on control (and removal) of the invasive species.
Degradation of riparian zone vegetation is also linked to previous bank stabilization efforts that have
limited native riparian vegetation growth.
Depending on the condition of the bank and riparian zone, three different types of riparian zone
restoration project can be identified (with progressive increases in the level of effort needed to implement
them).
4.2.2.1

Interplanting of Existing Revetment

In areas where the existing revetment is necessary for protection of housing or other infrastructure, or
where its disturbance might compromise the protection being provided, improvement to the riparian
corridor will be limited to planting native riparian species in between existing rocks, with the potential for a
narrow strip of replanted vegetation at the top of the revetment. Planting would most likely be limited to
willows and shrubs that can be planted without much disturbance to the existing structure, and can be
accomplished most efficiently with equipment designed for this purpose. Benefits are limited but this
action may increase shading, provide an additional source of organic material to the channel, and provide
additional low-velocity refuge for salmonids during high flows.
4.2.2.2

Revetment Replacement with Bioengineered Revetment

In areas where a robust bank is desired but there are also opportunities to enhance habitat value, a
bioengineered revetment can be an optimal solution for providing both bank stability and the benefits of
riparian vegetation. Bioengineered revetments serve the same purpose as a rock revetment of stabilizing
a previously eroded bank, but they also provide greater habitat value by allowing riparian vegetation
establishment. One such example, under construction in the middle of Reach 3 as of summer 2018, is
shown in Figure 4-1.
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4.2.2.3

Riparian Community Restoration

Areas of riparian vegetation degradation with no artificial bank armoring are a consequence of
widespread invasive species presence, which limits the growth of native riparian species. The best
approach for restoration in these areas constitutes the wholesale removal of invasive species and their
replacement with native riparian communities. Regular maintenance of these plantings is typically
mandatory to ensure the long-term sustainability of these projects. Commonly, these projects are
accompanied by exclusion fencing or other methods of buffering against impacts from adjacent land uses.
4.2.3

Floodplain and Off-Channel Habitat Reconnection

Floodplains provide crucial benefits for fish and wildlife habitat. A well-connected, functional floodplain
can store and slow down floodwaters and therefore reduce scour and channel incision during high flows.
They also provide foraging opportunities for juvenile fish during extended periods with overbank flooding.
Widespread development of the Lower Pilchuck River floodplain has led to extensive bank armoring and
levees that have disconnected the river channel from its floodplain. Removal of these structures, where
feasible, aligns with the Salmon Conservation Plan strategies that include the removal of instream
barriers, riparian enhancement, and off-channel habitat reconnection and enhancement.
4.2.3.1

Revetment Removal

Revetments are constructed banks that prevent channel migration, usually to protect roads or buildings.
In areas where there is landowner consent and willingness, such bank armoring can be removed to allow
the channel to migrate across its floodplain and restore sediment-transport processes. It can also
potentially reduce aggradation in high hazard areas farther downstream.
4.2.3.2

Levee Setback/Removal

Levees usually protect residential and agricultural areas from floods. In some locations along the Lower
Pilchuck River there may be opportunities to remove or set back levees, assuming landowner consent.
Setting back a levee can reintroduce episodic high flows into areas of the floodplain and possibly
reactivate side channels, all of which provide substantial habitat benefits and reduce flooding risks farther
downstream.
4.2.4

Instream Structural Enhancement

Instream structure provides a variety of instream habitats, through increases in channel complexity and
sediment storage, that are critical to overall salmonid habitat quality. The most feasible and effective
approach to its improvement is through the introduction of large woody debris. Low existing levels of
wood in the Lower Pilchuck River offer widespread opportunities to increase channel complexity, address
water quality impacts, and enhance instream structural composition through the reintroduction of such
material. This goal can be achieved via installation of both small-scale and large-scale wood structures.
4.2.4.1

Small-scale Large Woody Debris Installation

Small-scale wood introduction can add local flow complexity and habitat benefit, while not requiring much
earthmoving or cost. These projects are also most suitable in constrained channels, where significant
expansion of the width through flow diversion is neither feasible nor desirable.
4.2.4.2

Engineered Log Jam Installation

Larger-scale engineered log jams could be installed in areas of the Lower Pilchuck River that already
show geomorphic activity and would not create significant threat to adjacent developed property. These
structures could add substantial channel complexity, improve sediment dynamics, and enhance a variety
of fish habitat types.
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4.3

Reach-Scale Priorities

The variety of restoration project types described in the previous section could be applied almost
anywhere throughout the Lower Pilchuck River to good effect, given the relatively high degree of
impairment that has been documented in this and prior studies. Prioritization of those efforts, however,
should be informed by the status of conditions and processes summarized in Section 4.1. Those ratings
could be combined in almost any desired fashion to identify and rank restoration priorities, by reach,
because there is no established procedure for doing so. For this report, a hierarchy was established to
combine these ratings into a singular scale of prioritization (Table 4-4):
Highest priority level: Restoration of those process functions that are presently most impaired (i.e.,
an “L” on Table 4-1) in reaches with the greatest present fish use (i.e., an “H” in both rows of Table 42). Only one such combination exists (namely, severely impaired floodplain–channel connectivity in
the high-fish-utilized Reach 5).
Highest priority level (cont.): Restoration of those process functions that are presently at least
moderately impaired (i.e., an “L” or “M” on Table 4-1) with a high rating for at least one of the two
categories of present fish use (i.e., an “H” in one or both rows of Table 4-2).
Five additional combinations are included with these criteria, including the remaining process
functions of Reach 5 and improvement in channel complexity in the two adjacent reaches. Note that
this approach does not highlight restoration needs where fish use is (already) high and the processes
are less impaired than elsewhere along the Study Area (e.g., riparian zone restoration and floodplain
reconnection in Reach 6). Note also that the one example of “mixed” levels of fish use (i.e., one “H”
and one “M” in Table 4-2) and only moderate process impairment shown on Table 4-1, namely the
riparian zone condition in Reach 4, is also not included in this level of prioritization.
Moderate priority level: This is defined by those combinations of process impairments and fish use
that are neither at the highest levels (#s 1 and 2 above) nor the lowest (#4 below).
Lowest priority level: Restoration of those process functions that are at a (relatively) moderate or
high level of existing function (i.e., an “M” or “H” on Table 4-1), and in reaches with a low level of fish
use (i.e., an “L” in one or both rows of Table 4-2).

Reach
Restoration Actions

8

7

6

5

4

Riparian zone restoration

*

Floodplain reconnection/reactivation

*

*

*

*

LWD introduction—piecewise and ELJs

*

3

2

1

Notes:
 = local preservation opportunities identified in Section 3

* = highest priorities for restoration
 = additional restoration priorities

Several caveats should accompany any application of this prioritization approach, both here and
elsewhere:


Its primary value is as a transparent, objective tool for directing the focus of a restoration program to
areas where both the needs and the potential for biological benefit are greatest. But as previously
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noted, there is little precedent for implementing any such methodology. Thus, if it does not serve the
intended purposes of the restoration or habitat managers of a river or region, there should be no
hesitation about changing it (of course, there are no established guidelines for alternative
approaches, either).


Particularly at the “boundaries” of the different categories, assignment to one level or another can be
subjective. For example, Reach 4 riparian zone restoration is not included in the highest level despite
having moderate impairment and high + medium ratings for fish use.



Not every combination of ratings is found in the eight reaches of the Lower Pilchuck River, and so not
every possible combination is explicitly addressed in the prioritization approach as presently
described. For example, no reaches show low + high ratings for the two dimensions of fish use, and
so the prioritizing of restoration actions in a reach with such a condition is not addressed here.



Other combinations of current conditions (i.e., the white spaces of Table 4-4) all merit enhancement
as well, but their immediate need falls short of the reach/process combinations that have been
highlighted.



As previously noted, logistical and financial considerations often determine what restoration projects
can be implemented, exerting a level of influence that can equal or exceed the primary considerations
of habitat needs and biological benefits. This factor is not incorporated here but is fully recognized
within the county’s overall restoration program.

Not directly addressed by this approach but evident in the reach assessments of Section 3 are specific
areas where riverine processes appear to be functioning particularly well relative to the Lower Pilchuck
River as a whole. These areas are not necessarily under any particular threat of future impairment, but
they are recognized as areas meriting preservation due to their potential long-term contribution to
maintaining key processes and habitats. They are found in Reaches 8, 6, 5, and 3 (and highlighted in
Table 4-4 as “local preservation opportunities”).

4.4

Summary of Restoration Needs and Opportunities

Severe impairments to the conditions and processes within the Lower Pilchuck River render the prospect
of widespread, systemic restoration of the Study Area implausible over almost any meaningful time frame.
Extensive instream gravel mining throughout much of the mid-twentieth century has extracted so much
bed sediment that many decades of sediment transport and deposition under typical transport rates will
be required to recover conditions that might approach a pre-mining state. The resulting lowering of the
bed has isolated the channel from its historical floodplain, facilitating the common tendency in humanoccupied riverine landscapes to encroach upon the channel by armoring banks to limit channel erosion
and raising levees to minimize flooding of adjacent land. Although nearly all of the riparian zone and
valley bottom of the Study Area remains within the 100-year floodplain of the river, the frequency of
overbank flooding has been progressively reduced in most areas, encouraging further development even
in areas that, geomorphically, “should” be active floodplains subject to inundation and reworking multiple
times per decade. Such locations, normally the most opportune targets for restoring natural fluvial
processes to support sustainable fish habitat, now host residences and infrastructure that largely preclude
such actions.
Although fish use in the Lower Pilchuck River is presently limited (except, primarily, as a migration
corridor to more favorable upstream habitat), both spawning and rearing of salmonids do occur
throughout the eight reaches despite impaired conditions. Nearly 100 steelhead redds and up to two
dozen Chinook redds have been observed in favorable years (Appendix A), with potential for significant
improvement if better habitat conditions were created. In the Study Area, the most promising prospective
localities for restoration are:
those (limited) sites where the river has retained a dynamic character with minimal lateral constraints,
inviting preservation and protection of these already-utilized habitats and refuge areas;
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areas where channel incision has been minimal (or has recovered in the last few decades) and the
adjacent floodplain remains largely undeveloped, providing opportunities for channel–floodplain
reconnection and potential enhancement of channel migration with instream structures; and
riparian zones with a significant buffer width between the river and developed land, where active
restoration of a riparian plant community could proceed.
The restoration strategy for each of these settings should reflect their intrinsic opportunities and
constraints:
Where the river is already functioning, preservation (and, if possible, expansion) of the active-channel
zone is critical and is likely to be the most cost-effective action presently available throughout the
entire river corridor. Examples of this include the bend above Dubuque Road (site ② of Reach 6) and
sites ① and ② of Reach 3.
Pervasive degradation of riparian zone vegetation communities by invasive species, particularly
Japanese knotweed, poses a significant, long-term challenge to recovering plant communities with
greater habitat value. Spot removal of invasive plants without intensive replanting and long-term
maintenance is rarely successful at transforming an invasive-dominated riparian zone. Although
almost everywhere along this reach would benefit from treatments, the most promising locations are
those with a sufficient lateral and longitudinal extent to support a systematic approach to removal and
revegetation of a true riparian plant community, on public property or in collaboration with
landowners. Other types of less intensive riparian-zone restoration that could provide some additional
benefits include interplanting within and immediately above existing armored banks, or the rebuilding
of current bank armoring using bioengineering techniques.
Where the adjacent floodplain approaches a natural relationship to the active channel and
development does not require protection, active efforts to reconnect and reengage the floodplain with
the channel may be feasible and yield sustainable benefits to instream habitat. Such areas are limited
in the Study Area; one such example is site ③ of Reach 5.
This assessment of restoration needs and opportunities of the Lower Pilchuck River has been based on a
suite of retrospective data: as of the completion of this report, those data characterizing geomorphic
conditions are no more than a few years old, but those characterizing fish use in part span almost a
decade. The next one or more decades are likely to bring further changes to the Study Area that will alter
the assessment of “current” conditions, and thus the determination of priority restoration needs and
opportunities. Potential changes in the river’s flow regime owing to climate change, deterioration of
existing infrastructure, population-scale changes in fish abundance, and additional human development
along the river corridor may all result in changing conditions, changing restoration priorities, and/or
changing overall river-management priorities. A future iteration of the Lower Pilchuck River Assessment
therefore may require an altered prioritization method to avoid rating every reach “high priority” (in which
case no true “prioritization” has occurred), or it may elect to incorporate a broader range of biological or
social criteria on which to base its recommendations.
Thus, the present report is not intended to function as a static document, and neither its approach nor its
recommendations should be considered immutable. Its goals are to identify the primary impairments to
salmonid habitat at the time of its preparation, and to identify potential project types and locations that
could lead to the subsequent design and implementation of capital projects and other actions beneficial to
salmon recovery. Although the conditions may change under which the present project identification has
been conducted, the basis and framework for those recommendations are likely to retain their relevance
for many years to come.
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