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EXECUTIVE SUMMARY
The Snohomish County (County) Public Works Department, Surface Water Management
Division (SWM) has conducted a screening level analysis of flood hydraulics and potential river
restoration alternatives in a reach of the upper Snohomish River called the Confluence Reach.
This reach extends approximately 4.3 miles downstream of the SR 522 bridge, just below the
confluence of the Snoqualmie and Skykomish rivers. The Confluence Reach is controlled less
by diking and riverbank hardening than the majority of the Snohomish River downstream and
encompasses large areas of public land. The reach was accordingly identified by SWM as an
important opportunity for the County to enact proactive river restoration measures addressing
endangered species, land use, flooding, and infrastructure mitigation issues.
Specific goals of the work documented in this report were to:
1. Develop a set of screening tools for preliminary assessments of feasibility and effects of
restoration and infrastructure actions and alternatives in the Confluence Reach (i.e., the
analyst can start with a pool of candidate projects and use the analysis tools to help
identify the best and most feasible projects through a technical analysis of hydraulic and
geomorphic processes);
2. Provide, where appropriate, recommendations and technical support for mitigation
measures that will serve the dual purpose of addressing infrastructure impacts and
restoring river processes that sustain suitable fish habitat over time, subject to constraints
imposed by flooding; and
3. Develop analysis and modeling protocols that provide the necessary detail regarding risks
associated with alternative river reach scale enhancement projects, including the noaction alternative, and that can be applied more broadly in other large river reaches
within Snohomish County.
The Confluence Reach analysis was developed to meet the above goals, and consisted of seven
components:
1. Collection of detailed physical and biological field data needed by the subsequent
analysis components, including aerial photography and photo-interpretation, and
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bathymetric, geomorphic, fish habitat, and riparian condition data. All but the aerial
photography information were collected by County staff to supplement existing data;
2. A geomorphic analysis that evaluated physical constraints to restoration in the reach,
including current and historic characterizations of river bank stability and other
geophysical attributes influencing river morphology for comparison with published
restoration guidelines.
3. A hydrologic analysis to determine flood frequency characteristics for the reach (an
important river engineering design constraint);
4. Initial development of a detailed 2-dimensional (2D) hydrodynamic model of the reach to
evaluate: hydraulic forces acting under baseline conditions and on selected restoration
designs; impacts of selected restoration alternatives and infrastructure-related activities
on channel processes, fish habitat quantity, and on downstream flooding; and the
likelihood of fish using selected restoration designs;
5. A characterization of baseline biological resources and fish habitat capacity and quality,
for evaluating potential production gains associated with future restoration alternatives;
6. An analysis of land ownership and floodplain riparian vegetation characteristics, to
indicate where restoration measures may be possible and needed, and the potential for
recruitment of Large Woody Debris (LWD); and
7. A sample preliminary analysis of selected restoration alternatives for the reach, to
demonstrate the utility of the overall analysis.
Analysis Details
After data collection and reduction were completed, the geomorphic analysis indicated that levee
breaching and riparian planting may be the best course for active restoration in the Confluence
Reach, based on channel type and long term channel stability evaluations. The reach was found
to be relatively stable in most locations because of diking, riverbank armoring, and measures
implemented to protect the SR 522 bridge. This present configuration of anthropogenic
structures, combined with the river's sediment transport and flood regime, has promoted
deposition of gravel and sand sized material in the vicinity of Thomas' Eddy, which in turn has
led to the channel moving about most actively in that portion of the Confluence Reach over time.
That section of the reach would consequently be most difficult to implement fish habitat
structures in because of the relative instability of the channel there.

ix
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The hydrodynamic analysis focused on modeling a 5-year flood event, because levees
downstream are overtopped at higher discharges. The hydrologic analysis determined the
magnitude of the 5-year flood event, and of larger floods with longer recurrence intervals. The
Confluence Reach itself is not completely diked so the floodplain is inundated at relatively low
flood flows in various locations. The hydrodynamic model predicted velocity and depth patterns
in the reach that generally reflected visual observations and water surface elevation data.
Velocity data were not collected to specifically test the predictions, however, so the analysis
results should be considered preliminary pending additional model fine-tuning.
A review of land ownership, land use, and riparian cover conditions, combined with the
hydraulic and geomorphic analysis, provided the information needed in future work indicating
public lands where restoration alternatives might be implemented in the near term, and private
lands where restoration alternatives might be considered. The resulting information may also be
useful for identifying private lands where conservation easements might be most beneficial for
meeting restoration goals.
To demonstrate its capabilities for this report, the hydrodynamic model was used to evaluate
likely hydraulic patterns associated with breaching five sections of the Beck Dike and lowering
two sections of the Crabb Dike in the vicinity of Thomas' Eddy. Removal lengths ranged from
300 to 700 feet. The simulations predicted that the actions would result in a lowering of the
flood water surface elevation in the upstream two-thirds of the Confluence Reach. This result
reflected the increased storage volume and conveyance associated with increased flood flow
access to the floodplain afforded by the selected measures. The model predictions indicated
further where velocities would be highest, and what the likely velocities would be in the vicinity
of selected locations where future riparian planting and fish habitat structures might be
considered. This information is important with respect to determining feasibility and risks to
infrastructure.
The fish habitat analysis indicated that much of the Confluence Reach can be classified as "Not
Properly Functioning" with respect to providing and maintaining good quality fish habitat. The
metrics used included pool frequency, LWD frequency, degree of bank hardening, and bank
stability. The extent to which these metrics indicate degraded conditions suggests that
restoration alternatives that address pool formation, LWD-related habitat, and river bank
condition can lead to improvements in fish habitat and restoring natural river processes.

x
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Possible Restoration Alternatives
A number of alternatives were identified for possible implementation in the Confluence Reach
prior to the analysis that would be suitable for future evaluation using the tools described in this
report (the locations of these alternatives are presented in Figures 3 and 10 of this report). Fish
habitat capacity was estimated for chinook and coho salmon juveniles under baseline conditions
and after implementation of selected alternatives. The analysis indicated that increases in
capacity would occur in response to implementation of most alternatives under consideration. A
set of habitat-based criteria were also developed for evaluating baseline conditions and the
potential benefits of selected alternatives. Alternatives included restoration and riparian planting
projects. Restoration projects included: Dike breaching at Thomas’s Eddy (Beck dike) and
reconnection of Lake Beecher; Twin Rivers slough reconnection; Bank armor removal along
Twin Rivers park riparian area; Removal/breaching of Crabb’s dike; and placement of LWD in
strategic locations. Several opportunities were identified for riparian planting on the floodplain
below the SR 522 bridge, with greatest benefits to LWD recruitment and habitat formation
expected in the vicinity and upstream of Thomas' Eddy. Potential project locations included:
Twin Rivers Slough and Park; Thomas’s Eddy; Crabb’s Dike; French Creek (Zyllstra property)
Dike; and Marshland Dike. The Twin River's Slough and Thomas's Eddy locations are on public
land, while the remainder are on private land.
Next Steps
The tools described in this report will be used in the design and completion of capital projects
that enhance river function, protect or support infrastructure, and create fish and wildlife habitat.
Some of the projects considered in this document can be completed next year, while others will
require additional detailed design work and engineering analyses. The ultimate timeline for
specific projects depends on their scale and complexity.
Several tasks remain that should be considered follow-up activities. The most important task
remaining is to calibrate and complete hydrodynamic model runs for baseline conditions and
selected restoration alternatives. Agreements have been made with the Washington Department
of Wildlife and the US Army Corps of Engineers to complete this modeling work as mitigation
requirements for projects the COE is conducting on the Snoqualmie River. In addition, the
Washington Department of Transportation is initiating efforts to supplement the engineering and
modeling efforts in response to agency requests during the course of obtaining permits for scour
protection work on the Highway 522 bridge, road widening on the approaches, and outfall
xi
1286.03/SnohomishRivConfluenceAnal_071603

Phase 1 Feasibility Study Final Report
July 16, 2003

Snohomish River Confluence Analysis

construction work. In addition, the Salmon Recovery Funding Board, (SRFB) has awarded a
$690,000 grant (pending Snohomish County Council review and approval) for engineering
design work and riparian planting in the reach. Once the modeling is completed, preliminary
engineering analysis and design work can be completed for the various projects, and funding to
implement projects selected for completion can be spent most effectively. In addition, the
modeling results will provide important support for pursuing additional funding if needed.
There is interest outside of SWM in completing additional modeling and calibration work on the
rivers that form the confluence, specifically, the Skykomish and the Snoqualmie. Linking the
existing modeling to future modeling efforts would add significant predictive and analysis
capabilities that currently do not exist at SWM, and would foster similar, collaborative efforts in
other reaches of each river.
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1. INTRODUCTION AND BACKGROUND
This report documents the initiation of a study conducted by the Snohomish County (County)
Public Works Department, Surface Water Management Division (SWM) to develop technical
tools for evaluating and screening fish habitat restoration options in a 4.3 mile long reach of the
upper Snohomish River, below the confluence with the Skykomish and Snoqualmie rivers. The
reach under study is accordingly referred to as the "Confluence Reach,” and extends
approximately between River Mile (RM) 15.8 and the State Route (SR) 522 bridge (RM 20.1;
Figure 1). Other secondary (but also important) goals of the study concern issues related to flood
control and public infrastructure that may be potentially influenced by future restoration
activities within the reach. The study involved analyses of river hydraulics, river bank stability,
riparian vegetation condition, and related physical characteristics that will influence the
successful implementation of future measures by the County. The analysis is based on
examining the reach from a restoration and mitigation potential perspective, with the related goal
of protecting substantial public investment and ownership in the reach.
There is considerable interest and benefit to the County in evaluating the Confluence Reach for
opportunities to enhance fish habitat. The Confluence Reach was identified as a critical and
strategic focus area in the Snohomish River system as part of the County's Near Term Action
Agenda (NTAA; Snohomish Technical Work Group 1999). The need for fish habitat
enhancement is driven under the regulatory context of the Endangered Species Act (ESA) of
1973, as well as by general goals of the Snohomish River Comprehensive Flood Control
Management Plan (SWM 1991). With respect to the ESA, the Puget Sound chinook salmon
(Oncorhynchus tshawytscha) Evolutionarily Significant Unit (ESU) was listed as threatened by
the National Marine Fisheries Service (NMFS; now called NOAA Fisheries) under the
Endangered Species Act (ESA) on March 24, 1999 (64 FR 14308). Critical habitat was
designated for Puget Sound chinook salmon on February 16, 2000 (65 FR 7764). On July 10,
2000, the NMFS published final rules governing take for Puget Sound chinook salmon, in which
actions taken or authorized by Federal agencies must avoid adverse modification of critical
habitat (65 FR 42421). In addition to chinook salmon, bull trout (Salvelinus confluentus) were
listed as threatened by the U.S. Fish and Wildlife Service under the ESA on November 1, 1999
(64 FR 58910). Puget Sound coho salmon (O. kisutch) remain under consideration for listing
under the ESA. All three species are known to use the Confluence Reach to varying extents for
spawning, rearing, foraging, and migration, and could potentially benefit from actions intended
to restore fish habitat and natural riverine complexity and function.
1
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Figure 1.

Snohomish River valley diking and flood control districts, Snohomish County,
Washington.
2
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To accommodate the listings and initiate a proactive approach to habitat restoration, several sites
have been identified by the County on the Snohomish River and its tributaries through the
NTAA that have a high potential for restoration, including the Confluence Reach. Potential
measures include restoring riverine function and reinitiating natural processes that have been
interrupted by historic land-use activities, including: infrastructure and dike construction; repair
and maintenance activities; residential and commercial development; and railroad building
(Snohomish Work Group 1999; Haas and Collins 2001).
The purpose of this study is to address the feasibility of various restoration opportunities that
may be identified in the Confluence Reach, through technical hydraulic engineering and sciencebased analyses. This is an important step before considerable public funds are spent on
implementation. The success of large-scale habitat enhancement and restoration activities in the
Snohomish River will be contingent on first addressing limiting factors for fisheries production
and consider the dominant physical processes influencing channel form, before focusing on sitespecific projects. Of all reaches in the Snohomish River, SWM has determined that the
Confluence Reach represents one of the best opportunities to address habitat restoration needs of
the County.
At the same time, restoration goals and projects must also reflect flood control and infrastructure
needs. The County developed the Snohomish River Comprehensive Flood Control Management
Plan (Plan) to address flooding in the Snohomish River valley below the confluence of the
Skykomish and Snoqualmie rivers within County boundaries. The Plan defines specific goals for
flood protection. The Plan was developed under the recognition that the Snohomish River levee
system could not be built to protect against all floods, and that over-topping and bypassing of
levees should occur in a safe manner without compromising levee integrity. In addition to
developing standards for levee design and construction, the Plan’s major elements include
developing recommendations for flood control options for specific areas of the valley that may
also enhance the environment, establishing levee improvement priorities and implementation
processes, and identifying flood control needs for specific infrastructure areas.
There were until recently nine organized diking and flood control districts within the Snohomish
River valley, extending below approximately RM 16.5 (Figures 1 and 2). The former Drainage
District 6 was dissolved in 2002, leaving eight districts currently. There is no organized district
upstream of RM 16.5 to the confluence of the Skykomish and Snoqualmie rivers. Private and
public lands are not managed for flood control within this reach to the same extent as downriver,
and consequently there is relatively less diking upstream of RM 16.5 than downstream. The
3
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Figure 2.

Public land holdings in the Confluence Reach of the Snohomish River.
4
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French Slough and Marshland flood control district dikes, which extend to the lower segment of
the Confluence Reach, up to approximately RM 15.5 and RM 16.5, respectively, are protective
up to approximately the 5 year flood level (SWM 1991). In the majority of the Confluence
Reach, flooding occurs on a more frequent basis because the dike system is not continuous
(Figure 3). Flooding downstream occurs at varying levels because of a variable-height and
condition levee system depending on the drainage district, which has led to conflicts in the past
between districts. Recent improvements to levees and the continued oversight of the
Coordinated Diking Council have led to a reduction in conflicts between districts. Nevertheless,
the County continues to search for ways to further address flood control opportunities upstream.
The analysis tools presented in this document provide a means for evaluating the feasibility of
direct or indirect flood control alternatives.
Proposed infrastructure modifications will also influence the dynamics of the Confluence Reach.
The State of Washington State Department of Transportation (WSDOT) is proposing to widen
SR 522 and build a new bridge in the vicinity of the existing bridge. This action has the potential
to influence flooding patterns and bank and levee stability downstream, depending on the design
and location of the new bridge. Related actions proposed by WSDOT include protecting the
footings of the existing SR 522 bridge from scour, and widening of the north- and southbound
lanes on the south side of the river corridor. These are large-scale projects that are likely to
require environmental mitigation measures in the vicinity of the work. Permitting for the
widening activities, as well as scour protection efforts are currently underway. WSDOT has
indicated that they intend to begin construction of the widening project on the south side of the
river in 2003 and 2004, and wish to complete scour protection efforts on the bridge in the
summer of 2003. It is anticipated that widening efforts on the north side of the bridge will
commence within the next five years. The Confluence Reach analysis reported in this document
will provide appropriate analysis tools for evaluating the feasibility and effects of construction
and mitigation measures proposed for the SR 522 project.
Other important infrastructure and landownership issues that have been identified in the
Confluence Reach include: the question of maintaining the dike surrounding the Bob Heirman
Wildlife Park, (Beck Dike); the status of an abandoned (Crabb’s) dike across the river from the
wildlife park; the County's acquisition of the Kent Quarry site (floodplain property at the
southwest end of Lords Hill Park) and subsequent preparation of stewardship plans for the park;
and the establishment of conservation easements on the river meander at Lake Beecher
(Figure 3).

5
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Figure 3.

Important infrastructure, public and private land features located in the Confluence Reach of the Snohomish River. Many of
these features are possible subjects of future restoration efforts.
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1.1 NEED FOR CHANNEL, FLOODPLAIN, AND HABITAT RESTORATION IN THE
CONFLUENCE REACH
The scientific literature indicates that habitat restoration in larger, low gradient rivers like the
Snohomish River requires a more comprehensive treatment than has been the case in the past
when efforts involved implementing scattered, independent projects (e.g., Ward et al. 2001).
Successful large-scale habitat enhancement and restoration projects in the Snohomish River will
be based on addressing limiting factors for fisheries production and considering the dominant
physical processes influencing channel form. This level of knowledge is needed before focusing
on site-specific habitat, flood control, and infrastructure projects. Of all reaches in the
Snohomish River, the Confluence Reach represents the single best opportunity for the County to
address habitat restoration needs, while also accounting for flood control and infrastructure
needs. Downstream of RM 15.8, there are fewer opportunities because of the more developed
nature of the floodplain there, and those opportunities that do exist are expected to be more
expensive than measures that could be implemented in the Confluence Reach.
Limiting factors to salmonid production have been identified qualitatively in the Snohomish
River. Production is influenced by hydraulic, sediment transport, other physical processes, and
biological characteristics such as riparian forest condition (Haas and Collins 2001; Snohomish
Work Group 1999; WSCC 1999; Pentec 2000). Limiting factors and processes that have been
identified include:
•

Lost juvenile salmonid rearing and adult holding habitat, which appears to be one of the
most significant contributors to chinook and coho salmon population decline in the
Snohomish River system. For example, the numbers, sizes, and complexity of holding
pools are thought to be below historic values, and anthropogenic effects on the processes
that form and maintain such pools is considered a severe limiting factor on chinook
salmon production. A substantial length of the Confluence Reach appears to have been
affected. Also, there have been large losses of wetlands and beaver ponds that
historically provided significant salmonid rearing opportunities.

•

A paucity of large woody debris and large riparian tracts that can contribute LWD. There
have been substantial reductions over time in forest area on the floodplain, and in larger
tree densities in general.

•

Increased peak flow timing and duration, concomitant flood control efforts, and
sedimentation inputs from upriver have influenced river planform, sediment transport,
and flooding, which in turn have adversely affected fish habitat quality in the Confluence
Reach and elsewhere in the system.
7
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•

Channel simplification has occurred in the form of reduced braiding, riparian function
and complexity, side channel and slough habitat area, and increased bank hardening.
This simplification has contributed substantially to aquatic and riparian habitat
degradation and loss.

Through strategic planning, it may be possible to address these limiting factors and improve river
processes while meeting flood control and infrastructure needs and constraints.
1.2 OVERVIEW OF CONFLUENCE REACH ANALYSIS
This analysis addresses critical data and information gaps faced by County planners and
managers as they attempt to resolve the problem of near- and long-term salmon recovery actions
in the Snohomish River basin. Currently, they must rely on limited technical information and
frequently must base decisions on more subjective information. This analysis has been designed
to provide critical hydraulic and geomorphic information in a cogent, useable format that can be
used to make more effective resource management decisions involving restoration, mitigation,
and protection efforts in the Snohomish River.
It must be noted that the Confluence Reach analysis is presently incomplete. This report
describes the current status of the analysis and what more is needed. In addition, the analysis
does not independently identify specific restoration opportunities or estimate the costs associated
with those alternatives – those must be identified through additional means. However, analyses
building on this work can indicate whether the decision was correct as implemented or needs to
be adjusted accordingly, as well as provide the basis for subsequent cost estimation of
alternatives. Once finalized, the Confluence Reach analysis will provide the necessary tools for
assessing and comparing different alternatives that may be proposed and will therefore lead to
the identification of the best, most feasible projects based on an understanding of relevant
hydraulic and geomorphic processes in the reach.
Specific, primary goals of the Confluence Reach analysis are thus currently to:
•

Develop analysis tools and modeling approaches to evaluate risks and design constraints
associated with alternative river reach scale enhancement projects (including the noaction alternative).

•

Provide a technical basis for screening selected restoration alternatives in terms of
feasibility, potential benefits, and design issues, so that County decision makers can
select the best route(s) for proceeding with restoration.
8
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•

Provide an overview of infrastructure projects that are likely to impact and therefore
require mitigation in the Confluence Reach, and conversely, ensure that activities in the
Confluence Reach do not adversely affect other facilities.

•

Provide focus to mitigation efforts such that opportunities can be identified, and the
highest benefits are achieved in the process of fulfilling regulatory mitigation
requirements.

•

Provide a technical basis for examining actions that have the highest potential of
restoring physical riverine processes to provide suitable holding pools, high flow refuge,
large woody debris, scour protection, and channel complexity in the study reach.

The analysis is based on a foundation of hydrodynamic modeling and geomorphic data
evaluations. The results provide an indication of the dominant forces and physical processes
influencing river bank integrity and form, the extent of flooding in the Snohomish River valley,
and the biological (floral and faunal) community therein. This knowledge is needed in order to
assess the effectiveness of different restoration alternatives, as well as the influence of WSDOT
plans for State Route 522 expansion and bridge construction on County owned or managed
property downstream.
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2. SNOHOMISH RIVER WATERSHED AND STUDY AREA DESCRIPTION
The Snohomish River basin is the second largest watershed providing habitat for the Puget
Sound chinook salmon ESU, with an area of 1,856 square miles. The basin includes three major
rivers draining the west slope of the Cascade Mountains: the Skykomish River, the Snoqualmie
River, and the Snohomish River. Mean monthly flows are generally similar in magnitude in the
winter and spring in the Snoqualmie River, indicating it is influenced to similar extents by
snowmelt runoff and winter rains. Conversely, the Skykomish River hydrograph is mostly
influenced by snowmelt with higher mean flows in late spring than in winter. More than 1,730
tributary rivers and streams have been identified in the basin, totaling approximately 2,718 miles
in length (Figure 4) (Williams et al. 1975). The Snohomish River estuary, although highly
altered by development of commercial, industrial and port facilities, plays a major fish habitat
role as the freshwater-marine ecosystem interface. The Snohomish River basin is also the major
source of municipal water for Everett and southwest Snohomish County, and contributes to water
supplies in Seattle, Bellevue and elsewhere in King County.
The Snoqualmie and Skykomish Rivers join to form the Snohomish River at approximately RM
20.4. The Snohomish River flows westward through the City of Everett into Port Gardner Bay.
The river and its floodplain have been shaped into a network of channels, dikes, and sloughs,
with the most significant including Steamboat, Union, and Ebey sloughs. The lower mile of the
river mainstem is dredged by the U.S. Army, Corps of Engineers (USACE) on an annual basis.
The river gradient gradually declines in the downstream direction from 0.04% to 0.006% in the
estuary. Tidal backwater effects extend approximately to RM 18.1, a point approximately in line
with the downstream end of Lake Beecher.
The 4.3 mile long Confluence Reach is confined at the upper end by a natural floodplain
constriction. The reach has been constricted further by the approach fill for State Route 522,
which forms the upstream boundary of the reach at RM 20.1. The downstream end of the reach
is confined by levee systems on either side. In the middle portion of the reach, the river flows
through a floodplain ranging from approximately 3,200 ft to 5,400 ft wide. The main channel
width averages between 400 ft and 500 ft and flows downstream from the bridge in a nearly
straight alignment for more than 12,000 ft. The channel then curves into Thomas’ Eddy, a large
meander bend.
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Figure 4.

Snohomish River basin and sub-basins, Snohomish and King Counties, Washington.
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Further downstream, the channel splits into several threads that flow around a series of wooded
islands before rejoining into a single channel where the levees on both sides converge.
Most of the lower river is bordered by dikes. The Confluence Reach itself is not extensively
diked, although rip-rap is present in many locations. Much of the land in the reach has been in
agricultural production since the late 1800’s, with extensive diking occurring in the mid 1930’s.
Public lands were acquired incrementally, starting in the late 1980’s, through the 1990’s, with
the addition of Lords Hill Park in 2001 and Lake Beecher in 2002. Most public ownership is in
the form of easements and County park lands (SBSRF 2001).
Land uses in the basin have included: timber production; urban, suburban, and rural residential;
light industrial; infrastructure (e.g., federal, state, county, and private roads; railroads, gas, water,
and power lines); recreational; and agricultural. Primary infrastructure concerns in the
Confluence Reach consist of the SR 522 bridge and a gas line. In certain portions of the
Snoqualmie, Snohomish and lower Skykomish river sub-basins, fish habitat, riparian habitat, and
floodplain conditions have been altered significantly after more than a century of human
activities. In other areas, the watershed and riparian processes that affect chinook salmon habitat
are relatively intact. Conversion of forest and agricultural land to residential, commercial and
infrastructure uses is a significant land use change that continues to occur in the watershed
(Snohomish Work Group 1999).
Topography of the area is typical of western Washington floodplains, with low-lying hills, some
steep rock “balds” in the uplands, mixed conifer/deciduous forests, and mixed land-uses. Soils
of the area include Alderwood-Everett and Puget-Sultan-Pilchuck complexes (USDA 1989). On
the north bank of the river, soil units consist of isolated pockets of Pilchuck loamy sand, Puget
silty clay loam, Puyallup fine sandy loam, river wash, Sultan silt loam, and Tokul-Ogarty-Rock
outcroppings (0-65% slopes). On the south side of the river, soil units consist of Alderwood
gravelly sandy loam, Alderwood-Everett gravelly sandy loams, Pilchuck loamy sand, Puget silty
clay loam, Puyallup fine sandy loam, river wash, Sultan silt loam, Norma loam, and Cathcart
loam.
2.1 FISHERIES RESOURCES
The Confluence Reach is a biologically important segment of the Snohomish-SkykomishSnoqualmie network. All species of West Coast salmon and a number of other salmonid species
spend at least a portion of their life cycle in the Confluence Reach (Table 1). Chinook salmon
and bull trout are probably the most important from a regulatory perspective, but the other
12
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species are also important. The Salmon and Steelhead Stock Inventory (SASSI) recognizes four
naturally spawning chinook stocks in the Snohomish system, (WDFW and WWTIT 1993):
Snohomish River summer chinook, Wallace River summer/fall chinook, Snohomish River fall
chinook and Bridal Veil Creek fall chinook. The Puget Sound Technical Review Team (TRT)
has combined these stocks into two independent populations: Snohomish-Skykomish and
Snoqualmie (WDFW 1999; TRT 2001). The delineation is based on differences in geographic
spawning distribution, timing and genetics. Both populations have a stream-type rearing life
history strategy, where they depend on river habitat for much of their juvenile existence.
Approximately one-quarter to one-third of returning adults likely exhibited this rearing strategy
(SBSRTC 1999). It is uncertain whether chinook spawning in the mainstem Snohomish and the
Pilchuck River are part of the Skykomish or Snoqualmie populations, which also use the
confluence reach for rearing and migration (TRT 2001). Opportunities exist within the
Confluence Reach to increase this critically needed habitat.
Table 1.

Salmonid use of the Confluence Reach of the Snohomish River, by species and life history
stage.
Species

Chinook Salmon

Spawning

Rearing

X

X

X

X

X

Coho Salmon

Foraging

Migration

Chum Salmon

X

X

Pink Salmon

X

X

Steelhead Trout

X

X

X

Cutthroat Trout

X

X

X

Native Char

X

X

X

Pink salmon (O. gorbuscha) and steelhead (O. mykiss) are also known to spawn in the reach.
Other salmonids inhabiting the reach include coho salmon, chum salmon (O. keta), cutthroat
trout (O. clarki), rainbow trout (O. mykiss). Native char (bull trout and its close relative, the
Dolly Varden, S. malma) have been documented frequently in recent sampling between
December and February from RM 12 to RM 16, and the area from Thomas’s Eddy downstream
to the city of Snohomish is thought to be at minimum an overwintering area for sub-adults
(Pentec 2002). Sockeye salmon (Oncorhynchus nerka) have also been observed, but it is not
known whether they represent a small population of river-rearing sockeye or adult strays from
the Baker River and Cedar/Lake Washington River basin. Other recreationally important native
freshwater species include mountain whitefish (Prosopium williamsoni). Non-native species
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include brook trout (S. fontinalis) and smallmouth bass (Microterus dolomieui) (Wydoski and
Whitney 1979; Haas and Collins 2001).
All of the species listed in Table 1 make use of available off-channel ponds, side-channels, deep
pools and gravel/cobble riffles as habitat and flood refuge areas. While the reach still contains
some of this habitat diversity, bank armor and dikes have isolated the river from its floodplain in
many locations, resulting in the disconnection of substantial off-channel habitats and reduction in
quantity and quality of mainstem edge habitat. Habitat losses have been even greater
downstream due to diking and channelization, so the Confluence Reach represents an
opportunity to provide critical habitat that is missing in much of the Snohomish River. While the
reach currently contributes to salmonid production and thus supports an important recreational
and commercial fishery in the Snohomish River, it has the potential to support more. The
Confluence Reach is furthermore a strategically located segment of the river network for
restoration activities that have the potential to benefit a large number of salmonid and other fish
species originating from all parts of the basin.
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3. METHODS
The analysis relied on a multidisciplinary approach that integrated physical and biological data to
identify and define the processes controlling river form and habitat quality in the reach. This
approach is fundamental to a reach-scale assessment of restoration options. Standard
engineering and geomorphology methodologies and basic ecological principles were followed.
County staff performed the majority of this work, with support from vendors and consultants to
supplement in-house capabilities. There were seven components to the analysis:
1. Surveying, Mapping, Data Collection: Detailed topographic, bathymetric, other physical,
and biological field data were needed specific to the Confluence Reach to support the
analyses described below.
2. Geomorphic Analysis: The purpose of this analysis was to identify and determine the
large- and small-scale physical constraints to restoration in the reach. These constraints
included: river bank properties, states, and susceptibility/resistance to erosion; sediment
transport regime characterization; and general characterization of selected geophysical
attributes influencing river morphology for comparison with published restoration
guidelines. These guidelines are based on the performance of previous projects in similar
river systems. The analysis also relied on identifying historic, current, and future trends
in each of these processes to provide an independent framework for projecting future
success of selected restoration projects.
3. Hydrologic Analysis: Flood characteristics are an important controlling factor in the
design and long term success of riverine restoration projects. Flood frequencies and
durations must be factored into river engineering design so that the success and longevity
of the final product are assured. This analysis compiled and analyzed available
hydrologic data to determine design and hydraulic modeling inputs.
4. Hydrodynamic/Hydraulic Modeling: The purpose of this analysis was to develop a basic
analytic model of the Confluence Reach bathymetry and velocity field that could be used
to predict current and future forces acting on selected restoration designs, and flooding
impacts downstream. Velocity predictions also help assess the likelihood that fish will
use existing habitat or selected restoration designs. A two-dimensional (2D)
hydrodynamic model was developed that allows prediction of water surface elevations
and velocities within the river channel and over the floodplain. The model can serve as
the framework for future analyses directed at evaluating alternatives, and for analyzing
15
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and addressing the potential for introducing new flow patterns downstream of a project.
The model requires additional refinement, but the initial modeling results are presented in
this report to demonstrate its capabilities and provide a preliminary screening of different
restoration approaches and their likelihood for success.
5. Biological/Habitat Analysis: Current fish habitat conditions were characterized to
establish baseline (i.e., pre-restoration) habitat capacity and quality. This provides a
metric against which benefits of selected restoration measures can be estimated. The
hydraulic modeling results will be integral to determining benefits through comparisons
of model predictions with known habitat requirements to quantify fish habitat availability
after a project has been completed.
6. Riparian Analysis: The purpose of this analysis was to characterize the current condition
of the riparian corridor and floodplain vegetation. This information indicates where
restoration measures may be needed, how well certain measures may perform (e.g.,
ability to trap large woody debris or sediments originating upstream), and how existing
vegetation will be affected by selected restoration, flood control, and infrastructure
activities.
7. Preliminary Alternatives Analysis: Selected restoration alternatives were evaluated in a
screening-level analysis for feasibility and potential benefits, using the information and
results derived in the preceding components. Sources for alternatives included the Near
Term Action Agenda, the County’s Six Year Annual Construction Plan (ACP), and the
work completed by Haas and Collins (2001).
These seven components are described in greater detail below.
3.1 SURVEYING, MAPPING, DATA COLLECTION
Survey data were collected to generate a high resolution topographic and bathymetric
representation, or coverage, of the reach. This coverage supported all other analyses and was
used in the development of conceptual design drawings. Topographic data were generated
through aerial photography and subsequent photogrammetric analyses. The aerial photographs
were also used in the geomorphic and riparian analyses. Bathymetric data were collected using
hydroacoustic depth-finding equipment. All data were surveyed with respect to established
geographic coordinates using Global Positioning System (GPS) equipment. The topographic and
bathymetric data were combined into a single, consistent Digital Elevation Model (DEM).
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3.1.1 Topography/Photogrammetry
Aerial photography and photogrammetric data reduction were performed for the County by
Walker and Associates, Inc. in 2001. An area of approximately 2792 acres was photographed
(Figure 5). Aerial photography was obtained using a 6-inch focal length gyroscopically
stabilized, precision serial mapping camera equipped with forward motion compensation. David
Evans and Associates provided field and office personnel for the establishment of 26 photo-ID
control targets (Figure 5). Both datasets were converted from the local datum into Snohomish
County’s State Plane coordinate system to be compatible with the County’s GIS. This
conversion entailed subtracting 328,083 feet (100,000 m) from both the northing and easting
coordinates of the ground control data and the aerial photography, and applying the reciprocal
(0.9999524633) of the Combined Grid Factor (Snohomish River CGF = 1.0000475389) to both
datasets scaling around the base point of 0, 1,640,416 (Note: the County has consistently scaled
around the base point of (0, 0) for the last five years, which makes this step unusual compared
with regular procedures). Coordinates and elevations for the control targets were provided in
North American Vertical Datum of 1988 (NAVD 88), and North American Datum 1983/1991
(NAD 83/91), Washington North Zone State Plane Coordinates projected to Snohomish County
project datum.
Standard photogrammetric compilation methods were employed to produce orthocorrected
photographs ("orthophotographs") and GIS maps with a scale of 1:6000 (1" = 50’), 2’ contour
intervals (contours in obscured areas were dashed), and 6" pixel resolution. Imagine software
(ERDAS, Inc.) was used to perform the orthocorrection. The horizontal and vertical accuracy of
the mapping complied with the National Standard for Spatial Data Accuracy (NSSDA).
3.1.2 Bathymetry
Bathymetric data were obtained using a Hydrotrac sonar depth sounder (Odom Hydrographic
systems) linked to a Trimble ProXR sub-meter accuracy GPS data logger. A Trimble centimeter
level precision, real-time kinematic GPS unit (RTK-GPS) was run simultaneously. The output
files from the two GPS units were combined to obtain a bathymetric data set with sub-meter
horizontal and centimeter level vertical precision. The coordinate values were established with
respect to the NAVD Datum of 1988 and NAD 83/91 in Washington State Plane Coordinates
North Zone. Depths were recorded every five seconds while operating the boat at slow speeds.
Bathymetric soundings were restricted to water deeper than about 2 feet. The instrument could
not accurately measure depth when the distance between it and the river bed was less than
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Figure 5.

Aerial photograph mosaic taken in 2001 of the Confluence Reach of the Snohomish
River, and locations of ground control points used for orthorectification.
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approximately 1.8 feet because of signal backscatter limitations. The bathymetric data collection
was performed by a field crew of three County personnel using a jet-sled, over a three-day
period. The minimum depth measurement limitation corresponds to the selected contour interval
used to generate the complete three-dimensional DEM of the Confluence Reach river channel
and floodplain.
Water surface elevation and depth-averaged velocity measurements were not taken for
calibrating the 2D hydrodynamic model (see Section 3.4 for details related to model calibration).
3.1.3 Fish Habitat and Riparian Mapping
SWM field crews mapped distributions of habitat units within the Confluence Reach in the field,
including characterizing lengths and depths of pools. The locations of Large Woody Debris
(LWD) aggregations were mapped and quantified in the reach, using standardized protocols
developed at SWM (SWM 2002). The majority of riparian mapping was performed using the
aerial photographs. However, field surveys were also conducted over public lands to groundtruth the office-based mapping results. Further methodological details are provided in sections
3.5 and 3.6.
3.2 GEOMORPHIC ANALYSIS
The geomorphic analysis was based on channel classification and using the results to identify
project categories having a reasonable potential for success based on experience with projects
done in other, similar river channel types. The approach also involved interpretation of historic
changes in channel location and form, using the results to infer projected future conditions with
and without selected restoration alternatives.
3.2.1 Channel Classification
Stream classification was performed on the Confluence Reach and its environs using the Level I,
II, and III methodologies of Rosgen (1996). The classification is an empirical approach based on
describing physical metrics of river channel attributes that are thought to be related to, or
correlated with, its function, stability, and response potential.
The Level I ("geomorphic") classification and delineation was based on measures of channel
(and valley) slope, sinuosity, cross-section shape (e.g., narrow vs. wide), and pattern (e.g., single
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thread, multiple thread, or anastamosed). These measures were determined using the aerial
photographs, the DEM, and topographic and geologic maps.
The Level II ("morphological") classification and delineation was based on the DEM and field
data describing local channel slope, channel substrate size range, width:depth ratio at bankfull,
and an "entrenchment ratio" (ratio of wetted channel width at twice the bankfull depth to width at
bankfull depth). Pebble counts (Wolman 1954; Bunte and Abt 2001) were performed to
determine grain size distributions on all gravel bars present in the Confluence Reach. 100 stones
were selected randomly at each sampling location by walking a zigzag path along the exposed
bar. Distribution D50 and D84 values (intermediate axis) were derived from plots on semi-log
paper.
The Level III classification characterized site-specific attributes of streamflow regime, stream
size and order, meander patterns, riparian vegetation, sediment deposition patterns, overall
channel stability, bank erosion potential, and indications of whether alteration in channel type
has occurred through an examination of historic reach channel width, sinuosity, pool frequency,
planform, location changes and channel migration zone. Stream size and depositional patterns
were determined using the aerial photographs and USGS 1:24,000 scale topographic maps.
3.2.2 Historic Change Assessment
Several reach characteristics were evaluated for changes over time using available historic aerial
photography. Metrics included channel width, sinuosity, pool frequency, planform, location
changes and channel migration zone. The Imagine software (ERDAS, Inc.) used to orthocorrect
the aerial photography was also used to measure changes in mainstem morphology over the time
span represented by the photographs. In addition to the aerial photographs created specifically
for this project in 2001, photographs were available for the Confluence Reach from 1933, 1938,
1947, 1955, 1965, 1974, 1984, 1990, 1991, and 1998. These photographs were also scanned and
orthocorrected. The metrics listed above were measured directly on the resulting
orthophotographs, at twelve cross-channel reference lines established on the photographs
(Figure 6). Channel locations were delineated, and changes in magnitude computed, over time to
identify the apparently more stable areas within the reach.
3.3 HYDROLOGIC ANALYSIS
The hydrologic analysis involved determining flood frequency and flow duration curves, and
mean monthly and seasonal flow magnitudes for the Confluence Reach. Standard hydrologic
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Figure 6.

Locations of cross-sections used to determine river widths as part of the review
of historic aerial potography of the Confluence Reach of the Snohomish River.
Approximate river mile location is indicated.
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methodologies (Log-Pearson Type III fit, Weibull plotting position) were used to calculate
recurrence intervals and peak flows for the 2-, 5-, 10-, 50- and 100-year flood events. This
information was used in the hydraulic modeling to evaluate restoration alternatives.
Data were compiled for three USGS gages: Station No. 12150800 on the Snohomish River near
Monroe (located at the State Route 522 Bridge), Station No. 12134500 on the Skykomish River
near Gold Bar, and Station No. 12149000 on the Snoqualmie River near Carnation.
The study also relied on information provided by WEST Consultants, Inc. (2001), who were
under contract to the County to produce an updated Flood Insurance Study. As part of that
study, they developed synthetic hydrographs using the USGS gage data and included historic
peak flow data from 1898, 1907, 1918 and 1922.
3.4 HYDRAULIC ANALYSIS
A 2D hydrodynamic model was developed to model the complex channel and floodplain flow
paths associated with flood hydraulics in the Confluence Reach. Specifically, Surface Water
Modeling System (SMS) version 8.0.06 was used to develop an RMA2 version 4.35 model of the
reach (BYU 2002). RMA2 is a finite element model that simulates the 2D, depth-averaged
equations of conservation of mass and momentum across the model topographic domain, which
was generated using the DEM data. The model simulates water surface elevations and water
velocity vectors spatially within the model domain, allowing important hydraulic features such
as major eddy patterns, areas of high velocities, and depth of flooding to be analyzed.
The model's domain extended from just upstream of the Highway 522 Bridge at the confluence
of the Skykomish and Snoqualmie River, downstream to the French Slough Flood Control
District Pump Plant, located at approximately RM 14.7. Two areas of shallow flooding at
mouths of west side tributaries were excluded from the model domain in order to improve model
stability. Floodplain topography was simulated by importing 2-foot contour data from the DEM
and interpolating model mesh elevations. Side boundary nodes of the model domain along the
valley walls were adjusted where necessary to ensure that nodes remained wetted during model
runs. The resulting model domain was represented by a mesh consisting of 4,236 elements and
12,282 nodes (Figure 7). The resulting topography of the model domain is depicted in Figure 8.
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Figure 7.

Two-dimensional (2D) hydrodynamic model representation of the Confluence
Reach of the Snohomish River, showing mesh used to predict depths and
velocities during overbank flooding. The mesh coverage defines the model
"domain." Light blue areas are outside the 100 year floodplain.
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Figure 8.

Topography of the Confluence Reach of the Snohomish River as represented
by the 2D hydrodynamic model.
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Sub-areas of the model domain were delineated according to areas with different substrate
materials using the orthophotos (Figure 9). Each substrate was associated with a specific
hydraulic roughness. The model requires specification of a roughness index (Mannings n) for
each element to simulate spatial distributions of local friction losses on the riverbed. Each model
element was assigned a specific material according to the information depicted in Figure 9, and a
corresponding value of Manning's n was assigned per Table 2.
Table 2.

Substrate materials, and channel roughness values used in the 2-D hydrodynamic modeling
of the Confluence Reach of the Snohomish River.

Material

Description

Manning's n value

Brush

Dense brush

0.075

Forest

Forested areas

0.150

Wetland

Well vegetated wetlands & tall grass/light brush areas

0.050

Poplar

Commercial Poplar Plantation

0.100

Pasture

Short grasses

0.030

Water

Open water in side channel/pond areas

0.025

Channel

Main river channel

0.025

Steady state simulations were conducted for the 5-year flood (93,000 cfs). This flow level
reflects the maximum capacity of the Marshland and French Slough flood control district dikes
prior to overtopping. This magnitude flood is contained within the downstream levee system,
occurs relatively frequently, but still results in complete inundation of the Confluence Reach
floodplain. Inflow at the upstream boundary was set to the 93,000 cfs simulation flow
magnitude and water surface elevation at the USGS gage (Station No. 12150800). The
downstream water surface elevation boundary condition was set at 28.5 ft NGVD, which was
determined from previous 1-D hydraulic modeling conducted by the County (FEQ model
documented in SWM 1991).
The baseline condition and a single levee breach alternative were modeled. The model output
provided graphic depictions and animations of depth variation, velocity vector magnitudes and
direction, and large scale eddy patterns. This stage of the modeling did not involve calibration
and validation, which will require field measurements of depths and velocities at low flow (and
ideally at the 5-year flood). Similarly, a sensitivity analysis was not conducted to determine
parameter sensitivity (roughness and eddy viscosity) or if the mesh as constructed was of
sufficiently high resolution to analyze alternatives adequately (related to numerical modeling
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Figure 9.

Substrate material assignments to mesh elements of the 2D hydrodynamic
model of the Confluence Reach of the Snohomish River.
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error, a mathematical concern). The model presented in this report was used as a feasibility
screening tool in order to identify important flood paths, depths and any key issues that would
need to be looked at during detailed design of a specific restoration project. The ultimate goal
for using this model is to predict hydraulic conditions under specific alternative (i.e., “what if”)
scenarios. Additional model runs and refinement, including calibration, validation and
sensitivity runs will be needed for design purposes.
3.5 BIOLOGICAL/HABITAT ANALYSIS
The habitat analysis in this report is based on data collected previously by Haas and Collins
(2001) and more recent data collected by County SWM staff in 2002.
Pool, LWD and bank cover data were collected at low flow between August and October in 1998
(Haas and Collins 2001, Collins et al. 2002). Wood debris abundance, longitudinal distribution,
cross-sectional location and physical characteristics were documented through two inventories
during the low flow period (August – October 1998; Haas and Collins 2001; Collins et al. 2002).
In the first inventory, diameter, length and decay class were measured or visually estimated. All
pieces greater than 0.15 m in diameter at breast height (dbh) and 2 m in length were inventoried
along sample reaches (RM 20.0 – 21.1, 16.8 – 17.8 and 10.6). In the second inventory, a
continuous tally was taken of LWD pieces throughout the river and its estuary. In addition, the
location was noted of LWD within the channel cross-section (i.e., bank, bar, low flow margin,
thalweg).
Additional bank condition data were collected for this project on June 12th and 17, 2002 by
SWM staff. The survey was designed to classify, characterize and map bank modifications and
streambank instability. Definitions and criteria for bank type, toe material classes and instability
are provided in SWM (2002). TrimbleTM Pathfinder® ProXR GPS receivers with TSC1TM data
collectors were used in the field to record locations and bank condition attributes for each
streambank. Two crews in separate boats conducted the survey, with each focusing on one bank.
Bank modifications and instability were characterized along the outside banks only in braided
channel sections. Stream bank instability was recorded at the beginning and end of each feature.
Bank modifications identified in the field were drawn on the field maps as a backup reference for
post-survey processing. Pool depths were also measured from the boat using a hand-held depth
finder. Pool lengths and widths were measured using a laser rangefinder. The dominant poolforming factor was also noted; pool forming factors include: free formed; LWD jam, individual
LWD piece and bedrock.
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Analyses focused on existing fish use, fish habitat quality, and an inventory of potential
problems and deficiencies observed in the reach. Results were compared to regional habitat
conditions benchmarks when applicable (Table 3). The criteria in Table 3 will also ultimately
serve as a guide in alternatives analyses.
Table 3.

Large river physical habitat criteria used in the habitat analysis of the Confluence Reach of
the Snohomish River.

Measured
Characteristic
Pool Frequency
(NMFS 1996)

LWD Frequency
(SBSRTC 2000)

Bank Stability
(NMFS 1996)
Bank
Modifications
(NMFS 1996)

1

“Not Properly
Functioning”

“Properly Functioning”

“At Risk”

Meets pool frequency
standards (23 pools/mile
@ Wbf = 75’; 18 pools
per mile @ Wbf = 100’)
and meets large woody
debris (LWD)
recruitment narrative
criteria (see below)

Meets pool frequency
standards (23 pools/mile @
Wbf = 75’; 18 pools per mile
@ Wbf = 100’) and does not
meet large woody debris
(LWD) recruitment
narrative criteria (see
below)

Does not meet pool
frequency standards (23
pools/mile @ Wbf = 75’;
18 pools per mile @ Wbf
= 100’) and does not
meet large woody debris
(LWD) recruitment
narrative criteria (see
below)

2-4 pieces LWD/channel
width greater than 20m
wide2

1-2 pieces LWD/channel
width greater than 20 m
wide2

Less than 1 piece
LWD/channel width
greater than 20 m wide2

On average, < 10% of
banks are actively
eroding

On average, 10-20% of
banks are actively eroding

On average, > 20% of
banks are actively
eroding

Shoreline hardening or
overwater structures
affect <10% of
shorelines

Shoreline hardening or
overwater structures affect
10-20% of shorelines

Shoreline hardening or
overwater structures
affect >20% of shorelines

1

The names of the SBSRTC (2000) categories are “intact,” “degraded,” and “moderately degraded.”

2

From WDFW and Western Washington Treaty Tribes (1999), WDNR (2001), and WFPB (1997).

3.6 RIPARIAN ANALYSIS
The riparian assessment included describing current conditions in the Confluence Reach and
identifying potential riparian management objectives in the watershed. The analysis was
performed using GIS software (Arc-Info), and involved digitizing layers using the aerial
photographs as a base layer. Some work had already been completed by Haas and Collins
(2001). That work was supplemented by this analysis using the aerial photographs to further
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define and quantify riparian conditions in the reach. The analysis was based in part on protocols
detailed in WFPB (1997). Refinements were made to the protocol based on discussions with the
Tulalip Tribe (J. Michalak, personal communication, 2002).
Polygons representing different land uses on the 100-year floodplain were delineated in a GIS
layer. The polygons were assigned unique letter codes and identifiers corresponding to
presumed land use/cover type (Table 4). Linear bank segments were delineated that extended
within 150 feet and 300 feet of the bankfull width. Proximity to river was represented in terms
of whether the location was within or near the bankfull waterlines, or in a side channel.
Vegetation and buffer width and condition, large woody debris recruitment potential, and extent
and nature of bank modifications were detailed for each segment. Roads, railroads, hydrography
(water bodies), contour lines, zoning, and shoreline designations were also delineated in the GIS
analysis.
Table 4.

Land use/cover categories mapped in the Confluence Reach of the Snohomish River.

Category

Code

Agriculture

A

Ag/poplar

AP

Forested

F

Forested island

FI

Island

I

Open water

O

Park

PK

Pasture

P

Residential development

RD

Land use and habitat parameters were derived by overlaying and analyzing the different layers
developed using GIS. Attributes that were evaluated included polygon size, location in the
floodplain, LWD recruitment potential, and public land holdings. Limited ground-truthing was
performed on public lands. Percentages were assigned to dominant vegetation types found in
each polygon. LWD recruitment was judged on a relative, low-medium-high scale, with highest
potential accorded to vegetation in the vicinity of active meanders and areas of scour in the
reach. A low rating assigned to a polygon indicated that the riparian stands were located where
the river is not likely to actively migrate, whereas a high rating indicated that the river was
actively migrating and riparian stands are likely to contribute LWD to the system in the
foreseeable future. An intermediate rating was reserved for cases that did not clearly fall under
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the low or high categories. A deciduous:coniferous ratio was also developed to facilitate
comparing management objectives and targeting long-term riparian management efforts.
3.7 ALTERNATIVES ANALYSIS
The alternatives analysis was based on estimating the physical and biological changes resulting
from a sample restoration scenario. The methods below can also be applied to other scenarios in
subsequent modeling. They are presented here to demonstrate the nature of analyses needed for
evaluating restoration alternatives.
The restoration projects selected for analysis in this report were derived originally from a
compilation of suggested projects from documents cited in this report, specifically Haas and
Collins (2000), the Near Term Action Agenda (SBSRF 2001), and the Chinook Recovery Plan
(SBSRTC 1999). In addition, the projects were selected primarily to occur on public land where
they would have the greatest chance of completion, since attendant land ownership issues have
already been substantially resolved.
3.7.1 Hydraulic Modeling
The 2D hydrodynamic model was used to simulate and compare hydraulics associated with
existing conditions, and with an example of a partial levee removal scenario involving dike
breaches in the lower part of the Confluence Reach. The particular levee scenario selected was
considered representative of the type of project that may be evaluated using the model, to
demonstrate its analytical capabilities. To that end, the alternative was formulated to maximize
effects that extensive dike removal might have, and thus provide a sense of the feasibility of
other alternatives that are similar or less extensive in scope. The scale of the partial levee
removal scenario was also selected to match the resolution of the present model, which is best
used to evaluate larger scale changes associated with landscape processes (e.g., lowering or
breaching of existing dikes and effects on floodwater hydraulics). The model was not designed
to evaluate effects of small projects, such as removal of a single piece of LWD for example.
In the example simulation, five sections of the Beck Dike and two sections of the lower end of
the Crabb Dike were lowered, as well as a section of road fill blocking a floodplain swale
northeast of the Crabb Dike (Figure 10). Removal lengths ranged from 300 to 700 feet. To
simulate dike removal, the ground topography was lowered at the dike location (cf. Figure 11).
In addition, the floodplain was also lowered behind the dike in some locations where higher
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Figure 10.

Potential CIP restoration alternatives identified in this report that can be
evaluated using the 2-D hydrodynamic model of the Confluence Reach of the
Snohomish River. Transect cross-section profiles are depicted in Figure 11.
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ground existed. Whether this step would actually be taken in an actual restoration process would
depend in part on the goals of the levee removal, and whether the surface was natural high
ground or imported fill.
3.7.2 Salmon Production Potential Estimation
Estimates were made of fisheries production increases potentially resulting from selected habitat
improvements. Juvenile chinook and coho rearing capacity was estimated for proposed
restoration actions at three sites along the confluence reach: Twin Rivers, Crabb Bend and
Thomas’ Eddy (Figure 10). Estimates were calculated for several conceptual alternatives at each
site. Results were reported as a mean and a range based on lower and higher bound estimates of
usable area. Maximum density data were unavailable for freshwater off-channel habitats in the
Snohomish River basin, so density estimates were applied from other basins to the estimated
usable habitat area.
Current production was estimated from data collected by Haas and Collins (2001) regarding
bank cover type along natural and modified banks. Type was characterized as boulder, cobble,
vegetation, riprap, rubble, and/or wood (bankroots, debris piles, single logs, rootwads). Juvenile
chinook salmonid density capacity was estimated for each type based on data developed in the
Skagit River (Beamer and Henderson 1998). Chinook salmon rearing capacity estimates in sidechannels and ponds were based on an average rearing density of 0.08 chinook/ft2 observed in offchannel ponds along the Coldwater River, British Columbia. Distinctions between summer and
winter rearing were restricted to varying estimates of usable area accordingly. No distinction
was made between 0+ and 1+ chinook. Coho rearing density estimates were derived from
recommendations for Oregon and Washington west of the Cascades by Reeves et al. (1995).
Summer coho parr density was taken as 0.139 parr/ft2 of usable area in ponds and 0.158 parr/ft2
in all other off-channel habitat types. In winter, coho parr rearing density was taken as 0.465
parr/ft2 in all off-channel habitats (Reeves et al. 1995).
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4. RESULTS
4.1 SURVEY, MAPPING, DATA COLLECTION
The resulting topography of the Confluence Reach is depicted in Figure 8. The greatest
difficulties that were encountered included data interpretation and merging of different datasets
into a topographic representation of the Confluence Reach based on a common datum.
4.2 GEOMORPHIC ANALYSIS
4.2.1 Level I Classification and Delineation
Two general Level I channel types occur within the Confluence Reach, which is of low gradient
overall. The downstream reach (RM 15.8-17.9) is currently a single threaded, meandering
stream and is termed a "C"-type channel using Rosgen's (1996) terminology. The upstream
reach (RM 17.9-20.0) is a multi-threaded channel with vegetated islands and some bars evident
at low flow, and could potentially be delineated as a "DA"-type, or anastomosing, channel.
However, the side channels were not formed through natural river channel forming processes.
According to anecdotal evidence, several shingle mills operated in the vicinity of the Ricci Island
complex during the late 1800’s (e.g., piers are visible in the channel at low flows). The existing
side channel was dredged to accommodate use as water and log supply flumes and served as
temporary storage areas for logs that were processed into shakes for transport to commercial
centers downstream. Consequently, the upper segment of the Confluence Reach would
otherwise also be classified as a "C"-type channel in its unmodified state. For purposes of this
analysis, the entire Confluence Reach can therefore be classified as a single channel type at
Rosgen's (1996) Level I.
4.2.2 Level II Classification and Delineation
Figure 12 depicts the locations where pebble counts were conducted and the resulting D50 and
D84 estimates. The dominant riverbed material on bar surfaces within the Confluence Reach are
from the gravel size range (2-62 mm) in both channel types. The morphometric data collectively
lead to classifying the Confluence Reach as a "C4c-" type channel overall (Table 5).
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Figure 12.

Locations of river bed substrate pebble count samples in the Confluence Reach of
the Snohomish River, and selected resulting grain size distribution percentiles.
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Table 5.

Morphometrics used for the Level II channel classification of the Confluence Reach of the
Snohomish River.

Segment
(RM)

Channel
Gradient

Average
Bankfull
Width (feet)

Average
Valley
Width (feet)

15.8-17.9

0.00037

518

17.9-20.0

0.00066

486

Entrenchment
Ratio

Dominant
Substrate

Rosgen
Channel Type
(Level II)

4890

9.44 (not
entrenched)

gravel (2-62
mm diam.)

C4c- (slope is
<0.001)

3558

7.32 (not
entrenched)

gravel (2-62
mm diam.)

C4c-

4.2.3 Level III Analysis
The seasonal variation in flow observed in the Confluence Reach reflects both storm (November
to March) and snowmelt (April to June) runoff from a large watershed. The flow regime is also
influenced by an altered environment that includes managed forestlands, agricultural and urban
development in its floodplain and along its banks, and associated impervious and 'hardened'
areas including bridges, dikes, levees, revetments, and bulkheads. Many of these 'hard' features
were constructed in the early 1930’s and have strongly influenced the channel pattern, stability,
sediment deposition and depositional features of the reach since that time.
Construction of the Marshland and French Slough flood control district levees within the
downstream vicinity of the Confluence Reach, and of Highway 522 at the upstream end, have
had the greatest influence on local channel hydraulics, form, and stability. These actions resulted
in constricting the channel at both locations. The net effect was to result in a lower energy slope
for transporting gravel during high flows in the vicinity of Thomas' Eddy and increasing the
slope in the upstream portion of the reach. This has facilitated in-channel deposition of gravel,
particularly in the vicinity of Thomas' Eddy.
Other structures constructed within the Confluence Reach have also influenced channel stability,
such as the Beck and Crabb’s dikes, and revetment on each side of the channel at the upstream
end of the reach. The river's energy has been effectively re-directed to a much smaller portion of
the reach where the banks are not artificially protected, including in the vicinity of Thomas’
Eddy in the Bob Heirman County Wildlife Park.
Dikes and channel edges of the lower C4c- channel type are associated with a 30-300 ft wide
strip of low density deciduous vegetation with a brush /grass understory (primarily Himalayan
blackberry and reed canary grass). Reed canary grass dominates the inland portions of the
36
1286.03/SnohomishRivConfluenceAnal_071603

Phase 1 Feasibility Study Final Report
July 16, 2003

Snohomish River Confluence Analysis

riparian zone. The bankfull width is approximately 500 ft. The channel meander and
depositional patterns are characterized by confined meander scrolls with diagonal and point bars,
and main channel branching with mid-bars. Local anthropogenic influences on river form
consist primarily of dikes and levees.
The riparian zone of the upper C4c- channel type consists of a 300-600 ft wide strip of high
density perennial conifer overstory, with part of the area influenced by a mobile home park and
agriculture adjacent to the Ricci Islands side channel. The bankfull width is also approximately
500 feet. The channel meander and depositional patterns are characterized by limited regular
meanders and side bars. Local anthropogenic influences on river form consist primarily of
revetment (bank hardening).
The Level III assessment provided a rating of channel stability for the two different channel
types present within the Confluence Reach (Table 6). The bank erodibility rating for the C4cchannel type in Table 6 reflects the non-cohesive nature of the gravel and sand bank material
present, a low density of vegetation roots, low levels of bank surface protection, and relatively
steep bank angle.
Table 6.

Channel stability characteristics determined in the Level III channel classification of the
Confluence Reach of the Snohomish River.
NearBank
Stress

Bank
Erosion
Potential

High – Very High
(in non-hardened
portions of reach)

High

High

Low –Moderate

Low

Low

Segment

Sediment
Deposits

Vertical
Stability

Width/Depth
Condition

Bank
Erodibility

Lower
C4c-

HighVery High

Aggrading

Unstable
(relatively high
width/depth)

Upper
C4c-

LowModerate

Stable

Stable (relatively
low width/depth)

The historic analysis determined that most of the Confluence Reach has not changed location
significantly over the past 70 years (Table 7; Figure 13). This reflects the effects of bank
hardening in the reach. The bank condition surveys determined that there are several miles of
riverbank within the Confluence Reach that have been modified by construction of spurs, dikes,
revetments, setback dikes, rip-rap (Figure 14; Table 8). Almost half (44%) of the total river bank
length has been diked or armored within the Confluence Reach. Bank modifications are
concentrated just downstream of the SR 522 bridge and downstream of RM 18.4; banks were
classified as being unmodified between RM 18.4 and 19.7. With the exception of a few
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Panel 13A

Figure 13.

Historic changes in channel location in the Confluence Reach of the Snohomish
River, based on a review of previous aerial photography. Water's edge is
delineated for the following years in each panel: Panel a - all years; Panel b – 1933,
1938, 1947, 1955; Panel c – 1965, 1974, 1984, 1990; Panel d – 1991, 1996, 2001.
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Panel 13B

Figure 13 (continued)
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Panel 13C

Figure 13 (continued)
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Panel 13D

Figure 13 (continued)
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Figure 14.

Categorization of river bank condition and stability in the Confluence Reach of
the Snohomish River.
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revetments and grades, modified banks are present primarily in the form of dikes.
Approximately one-quarter of banks are unstable. Significant erosion was noted to be occurring
along the left bank upstream of Bob Heirman County Park and downstream of Thomas’s Eddy
along the right bank. Riprap and rubble comprise 18% and 11% of all bank materials,
respectively, with the remainder of banks comprised of parent soil material. The level of bank
modification and instability in the reach generally fell within the “Not Properly Functioning”
(i.e., degraded) category (Table 3).
Table 7.

Channel width and related morphologic measurements determined through review of historic
aerial photographs of the Confluence Reach of the Snohomish River*.

Year of Photo

1933

1938

1947

1955

1965 1974** 1984

1990

1991

1998

2001

Channel Width Measurements (ft)
Transect SR 15.8
Transect SR 16.4
Transect SR 16.7
Transect SR 17.2
Transect SR 17.6
Transect SR 17.9
Transect SR 18.2
Transect SR 18.6
Transect SR 19.1
Transect SR 19.6
Transect SR 20.0
Transect SR 20.2

816
704
350
499
1123
838
744
845
323
807
383
455

814
715
320
494
1261
850
739
837
346
765
442
426

716
680
345
468
1258
912
749
827
279
NA
NA
NA

712
792
729
698
695
592
662
561
631
628
532
488
351
360
324
788
344
604
1135 1522
672
612
416
493
514
574
498
333
363
332
326
268
1261 1250 1277
391
495
519
547
559
890
589
427
464
420
427
426
440
973
705
528
637
603
603
632
607
1108 1108
704
753
735
749
511
525
430
455
792
397
349
371
366
366
473
455
442
497
428
413
608
589
486
461
397
465
399
558
452
440
NA
460
409
459
417
430
428
439
Sinuosity
Reach #1 (upper)
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
Reach #2 (lower)
1.7
1.8
1.8
1.5
1.6
1.4
1.4
1.4
1.5
1.4
1.5
Meander Belt Length (ft)
Reach #1
4312 4322 4687 4100 3801 3462 3616 3551 3507 2611 3583
Reach #2
3999 4352 4023 3903 3880 3887 3694 3640 3827 3426 3926
Meander Width (ft)
Reach #1
3125 3012 3311 3149 3073 3020 2969 2875 2932 2897 3099
Reach #2
3152 3146 3081 3270 3207 3189 2966 3074 2906 2931 3022
Meander Radius of Curvature (ft)
Reach #1
1500 1483 1110 1432 1280 1258
782
768
720
799
714
Reach #2
1236 1204 1224 1190 1225 1312 1153 1244 1181 1218 1120
Meander Amplitude (ft)
Reach #1
2538 2641 2784 2513 2403 2256 2443 2478 2473 2336 2283
Reach #2
2776 2719 2662 2540 2495 2145 2366 2468 2464 2369 2487
* Measurement locations/reaches depicted in Figure 6; also see changes in channel and bar locations in Figure 13
** 1955 & 1974 images appear to have noticeably more water than other years, which may have influenced data
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Table 8.

Summary of river bank conditions mapped in the Confluence Reach of the Snohomish River.

Total Bank Condition (%)__ __Stability (%)__ _____________Bank Modification (%)_____________ _____Material (%)______
Length
Dike/
Mapped
Natural Modified Stable Unstable Bulkhead Levee Revetment Grade Berm None Riprap Rubble Natural
(mi)

11

56

44

74

26

0

45

2

6

0

47

18

11

71

4.3 HYDROLOGIC ANALYSIS
Figure 15 depicts mean monthly flows for the three gages evaluated. The Snohomish River
experiences greater than sixty percent of maximum river flows between November through
January, indicating that high-intensity rainfall and rain-on-snow events are the primary sources
of flooding in the system. Updated estimates of observed peak flow values in the Confluence
Reach are presented in Table 9. The highest value recorded at the Snohomish River gage over
the period of record (1964-present) was approximately 150,000 cfs during the November flood
of 1990.
A sample flood flow hydrograph is presented in Figure 16, as measured at the gage in the
Snohomish River. This hydrograph reflects approximately the 5-year event flood level, and may
be used to model unsteady flows in subsequent hydraulic analyses evaluating fish habitat
availability during flooding.
Table 9.

Estimated peak flow values for the Snohomish, Skykomish, and Snoqualmie Rivers, based
on period of record. Snohomish results are from West Consultants (2001); Snoqualmie
and Skykomish results computed by SWM using USGS website data.
Peak Flow Estimate (cfs)

Flood
Recurrence
Interval
(years)
2
5

Snoqualmie River Near
Carnation
(Station No. 12149000)

Skykomish River Near
Gold Bar
(Station No. 12134500)

30,100
43,500

Snohomish River Near
Monroe
(Station No. 12150800)

39,200

62,800

59,300

92,500

10

52,800

73,000

114,000

50

72,600

104,000

173,000

100

81,000

118,000

204,000
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Figure 15.

Jul

Aug Sep Oct Nov Dec

Mean monthly flows at USGS gages in the Snohomish (12150800),
Skykomish (12134500), and Snoqualmie (12149000) rivers.
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Figure 16.

Sample hydrograph for the Confluence Reach of the Snohomish River
(Gage No. 12150800, depicting a flood of the 5-year recurrence
interval magnitude.
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4.4 HYDRAULIC ANALYSIS
The 2D model predicted water surface elevations and velocity vectors associated with the
modeled 5-year event flood magnitude. The predicted water surface profile drops through the
reach relatively steeply at the upstream end of the Confluence Reach near the SR 522 bridge,
flattens out where flow expands over the floodplain, and steepens again at the lower end (Figure
17), reflecting the confinement that exists at either end of the reach at the 5-year flood level. In
the middle third of the reach, the predicted water surface slope was uniform and relatively flat,
with a value around 0.008% (~0.4 ft/mile). From the fixed lower boundary condition of 28.5 ft,
the water surface profile increases to around 34.5 ft upstream of the SR 522 bridge. Predicted
channel depths ranged from near 20 ft to more than 50 ft in the deepest areas (Figure 18). The
model predicted that flood depths in both the channel and floodplain generally increased in the
lower portion of the reach, which reflects the influence of the downstream levee systems and
related constriction causing upstream flood waters to backwater. Predicted flood velocities
ranged from near zero to 9.6 ft/s (Figure 19). Mean channel velocities were predicted to be
greatest in the upper reach, averaging 7-8 ft/s through most of the straight segment. The model
predicted velocities to slow down substantially in the vicinity of Thomas’ Eddy, reducing to less
than 4 ft/s. Predicted velocities increased over the lower portion of the reach where the river
becomes confined again.
The model predicted that flow paths were generally in the downstream direction at the 5-year
flood level. No large eddies or reverse flows were predicted. The model predicted that the high
velocity core diverged from the channel, cutting though the cutoff chute at the Eddy and then
crossing the channel and passing over the right floodplain downstream (Figure 20). Predicted
velocities in the main channel in this region were under 2 ft/s (Figure 19). As mentioned
previously, no observed water surface elevation or velocity data was available for verification.
The downstream velocity changes from pre-project conditions generally matched previous 1-D
modeling performed by SWM.
4.5 BIOLOGICAL/HABITAT ANALYSES
Eighteen pools were documented between RM 15.2 and RM 20.5 (Haas and Collins 2001). This
pool frequency of 3.5 pools per mile was well below evaluative criteria for pool frequency,
indicating a reach that is "Not Properly Functioning" with respect to providing quality habitat for
fish (cf. Table 3). Pools against riprap banks were the most common type, followed by bedrockformed and free-formed pools. Only one pool was formed by LWD. The work of Haas and
Collins (2001) and this study indicate that pool habitat is relatively limited in the Confluence
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Figure 17.

Predicted longitudinal water surface and river bed profiles of the Confluence Reach
of the Snohomish River using the 2D hydrodynamic model. The 5-year flood event
is depicted.

Reach and that benefits could be accrued through creation of additional pool habitat. Pools were
located in roughly the same places in the two studies. Pools appear to be formed primarily as a
result of scour along diked or riprapped segments. Although there are several large pools
present, few appear to be maintained through unaltered riverine processes (e.g., through meander
migration and around LWD deposits). Two pools in the upper reach, however, also appear to
have formed as a result of scour around natural rock outcroppings. Other measures of habitat
quality similarly indicated degraded habitat conditions exist throughout much of the reach when
compared with criteria presented in Table 3 (see sections 4.2.3 and 4.6.2).
4.6 RIPARIAN ANALYSIS
4.6.1 Land Use and Cover Type
Riparian conditions in the Confluence Reach reflect landownership patterns. Of the 1,357 total
acres in the reach, (not including the river itself), park lands form the majority of land holdings
(25.0%), followed by softwood agriculture (cottonwood/poplar; 20.1%), with pastureland,
(15.6%), forested lands (14.4%), and other agriculture (e.g., corn, hay and grass production;
12.6%), comprising the majority of the remainder (Table 10; Figure 21). Forested islands,
islands, open water, and some residential development, make up the remainder of the reach,
though they comprise only 12.3% of the land base in the entire reach. Public land holdings are
associated primarily with parklands. There is negligible impervious area in the reach.
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Baseline Water Depth (ft)
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Figure 18.

Water depths predicted by the 2-D hydrodynamic model of the Confluence
Reach of the Snohomish River for the 5-year flood event magnitude, current
conditions.
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Baseline Velocity Magnitude (ft/s)
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Figure 19.

Depth-averaged water velocities predicted by the 2-D hydrodynamic model
of the Confluence Reach of the Snohomish River for the 5-year flood event
magnitude, current conditions.
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Figure 20.

Depth-averaged water velocities predicted by the 2-D hydrodynamic model of
the Confluence Reach of the Snohomish River for the 5-year flood event
magnitude in the vicinity of Thomas' Eddy, current conditions.
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Figure 21.

Distribution of land use category areas in the Confluence Reach of the Snohomish
River. These areas are summed in Table 10. Codes are presented in Table 4.
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Table 10.

Land use category areas, represented as percentages of the total area of the Confluence Reach
of the Snohomish River.
CLASS

ACRES

PK

Park

25.04%

AP

Ag/poplar

20.11%

P

Pasture

15.57%

F

Forested

14.39%

A

Agriculture

12.61%

FI

Forested island

7.97%

O

Open water

2.05%

Residential development

1.15%

Island

1.11%

RD

I

Private development in the reach is rural and consists primarily of scattered buildings and a
mobile home park located immediately downstream of the SR 522 bridge. The mobile home
park experiences inundation on a regular basis, with the result that many residents have floodproofed their dwellings. There is one active dairy and several horse/small animal farms.
4.6.2 Riparian Zone and Large Woody Debris Characteristics
Trees in forest lands are generally hardwood (mostly cottonwood) with some mixed conifers. A
relatively large fraction of forested land occurs outside of the 150 ft and 300 ft buffer zones,
which were selected for consistency with work conducted by the Tulalip Tribes in the
Skykomish River. In addition, the buffer widths represent those required for a Native Growth
Protection Easement under Snohomish County’s Critical Areas ordinance. Of the forested lands
within these two buffer zones, the majority consist of deciduous species with a low or moderate
potential for contributing LWD to the river system (Table 11; Figure 22). Wooded agricultural
lands (e.g., poplar plantations) in the Confluence Reach are expected to provide negligible
amounts of LWD in the future, because most trees are expected to be cut at age twelve or
younger.

52
1286.03/SnohomishRivConfluenceAnal_071603

Phase 1 Feasibility Study Final Report
July 16, 2003

Snohomish River Confluence Analysis

Table 11.

Dominant riparian community composition of 150 and 300-foot buffers in the Confluence
Reach of the Snohomish River. The first column reflects land use/cover categories listed in
Table 4, and polygon numbers depicted in Figure 22.
Vegetation Species Composition

Land Use/Cover
Subcategory

150 Foot Buffer

300 Foot Buffer

LWD Recruitment Potential

FI1

Deciduous

Deciduous

M

FI2

Deciduous

Deciduous

M

FI3

Deciduous

Deciduous

M

FI4

Deciduous

Deciduous

M

FI5

Deciduous

Deciduous

M

FI6

Deciduous

Deciduous

M

FI7

Deciduous

Deciduous

M

FI8

Deciduous

Deciduous

M

F1

Deciduous

Deciduous

L

F2

Deciduous

Deciduous

L

F3

Deciduous

Deciduous

L

F6

Deciduous

Deciduous

L

Pk(P)1

Deciduous

Deciduous

L

Pk(P)2

Deciduous

Deciduous

L

Pk(P)3

Deciduous

Deciduous

L

Pk(P)4

10% conifer

20% conifer

M

Pk(P)5

Deciduous

Deciduous

L

Pk(P)6

Deciduous

Deciduous

L

P2

Deciduous

Deciduous

L

P3

Deciduous

Deciduous

L

P4

Deciduous

Deciduous

L

P5

Deciduous

Deciduous

L

P6

Deciduous

Deciduous

L

P7

Deciduous

Deciduous

L

AP6

Deciduous

Deciduous

L
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Figure 22.

Land use/cover sub-category areas and their location relative to the 150- and 300-ft
buffer zones of the Confluence Reach of the Snohomish River. Also see Table 11.
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There were only five locations in the Confluence Reach where LWD was observed to
accumulate (Figure 23). What wood that was present was either decayed conifer, deciduous
species, or relatively small in diameter (Table 12). There were several areas noted where river
migration could potentially favor recruitment of LWD, but there were only three specific sites
where wood is being actively recruited at the present time, reflecting the influence of
anthropogenic bank modifications in much of the reach.
The most upstream debris jam occurs on a gravel bar apex, and appears to contribute to the
maintenance of a side channel running the length of the Ricci Islands complex. The next
downstream jam is located midway along the Ricci Islands complex. It is relatively small and
maintains scour conditions at an old overflow channel that connects the side channel to the
mainstem at medium to high flow conditions. The third jam is located at the apex of a large
gravel bar in the midst of Thomas’ Eddy. This is a very large jam with several very large key
members (including a large spruce) that is likely to be maintained over time, with a high
potential to grow larger by trapping additional LWD. This jam is in a strategic location where it
causes flow division at medium to high flows, directing most flow to river left, thereby
maintaining a high flow channel there that may continue to grow in size. The two most
downstream debris jams are located on an island complex adjacent to a large gravel bar
downstream from Thomas’ Eddy. Both are relatively small size bar apex jams that are composed
almost entirely of deciduous drift, and thus may have relatively short life spans.
The numerous forested islands and open bars in the reach are important morphologic river
features from a habitat standpoint. The islands provide biologic and hydraulic complexity and
diversity. Water currents surrounding the islands create eddies, upwellings, and a complex
hydraulic picture that provides cover, feeding opportunities, escape, and refuge for salmonids
and other river dwelling organisms. The islands also trap large woody debris accumulations,
especially within and downstream of Thomas’ Eddy. The forested islands contribute woody
debris to downstream as well, although the amount of wood contributed is expected to be
negligible over the long term given the age class structure and species present (Table 11;
Figure 2).
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Figure 23.

Locations of significant large woody debris jams and pools in the Confluence
Reach of the Snohomish River.
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Table 12.

Summary of large woody debris characteristics counted in the Confluence Reach of the
Snohomish River. All measurements were of individual pieces not associated with a debris
jam.
Diameter

Length Class
(m)

Class (cm)

Distance From
Rootwad (m)

Decay Class 1

Wood Type

Rootwad
Present

<7.6

30 – 59

3.5

5

Unknown

Y

<7.6

< 30

7.6

3

Deciduous

Y

<7.6

< 30

7.6

3

Deciduous

Y

7.6 – 15

30 – 59

7.6

1

Deciduous

Y

7.6 – 15

30 – 59

7.5

3

Deciduous

Y

7.6 – 15

30 – 59

7.6

3

Deciduous

Y

>15

30 – 59

7.6

1

Deciduous

Y

>15

30 – 59

7.6

1

Deciduous

Y

>15

30 – 59

7.6

1

Deciduous

N

>15

30 – 59

7.6

1

Deciduous

Y

>15

30 – 59

7.6

1

Deciduous

Y

>15

30 – 59

7.6

3

Deciduous

Y

>15

30 – 59

7.6

1

Deciduous

Y

>15

30 – 59

7.6

1

Deciduous

Y

>15

60 – 89

7.6

1

Deciduous

Y

>15

60 – 89

7.6

5

Deciduous

Y

>15

60 – 89

7.6

1

Deciduous

Y

>15

< 30

7.6

5

Deciduous

Y

>15

< 30

7.6

1

Deciduous

Y

>15

< 30

7.6

1

Deciduous

Y

>15

< 30

7.6

1

Deciduous

Y

>15

< 30

7.6

1

Deciduous

Y
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4.7 ALTERNATIVES ANALYSIS
4.7.1 Hydraulic Modeling
The model predicted relatively small changes in flood depths and velocities in the case of the
simulated levee removal. This result appears to reflect drowning of the Beck and Crabb’s dikes
under existing conditions, such that they partially obstruct but do not prevent water surface
equalization and cross floodplain flows to occur. Predicted water surface elevations were
generally reduced by about 0.1 ft upstream of the dike breach area, whereas predicted
downstream water levels remain virtually unchanged compared with existing conditions (Figure
24). The predicted maximum local increase in water level was 0.09 ft, which is similar to
measurement error. Predicted velocities were not substantially different from existing
conditions, except in the Thomas' Eddy area (Figure 25). Small, localized increases in velocities
were predicted around all breaches.
The most significant changes in velocity was predicted to occur as a result of the main Beck
Dike breach as depicted in Figure 25. The measure was predicted to result in increased
velocities through the breach and over the floodplain behind it, and reduce velocities on the
opposing point bar. The reduced velocity was predicted to persist downstream through the cutoff
chute near Thomas' Eddy and onto the downstream right overbank. Predicted flow paths
generally did not change from existing conditions, with only this breach having a noticeable
effect on flow paths by drawing water into the Shadow Lake area.
The hydrodynamic model can also be used to estimate spatial distributions of bed shear stress,
which influences riverbed stability. In this example, shear stress was calculated using an average
channel roughness Manning's n value of 0.025 that is representative of floodplain hydraulics
overall in the Confluence Reach (Chow 1959; this value can be adjusted for different locations of
the floodplain in future modeling of alternatives). Figure 26 shows the predicted change in shear
stress distributions from existing conditions. The predicted reduction in shear stress generally
reflected the reduction in velocity because depths were predicted to remain similar between the
two model scenarios.
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Delta Water Surface Elevation (ft)
0.100
0.075
0.050
0.025
-0.000
-0.025
-0.050
-0.075
-0.100
-0.125
-0.150

Breach (typ)

-0.175
-0.200

Figure 24.

Predicted changes in water surface elevations associated with the 5-year flood
event magnitude in the Confluence Reach of the Snohomish River, after
implementation of the sample levee removal alternative simulated in the
current analysis.
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Delta Velocity Magnitude (ft/s)
1.50
1.00
0.50
0.00
Breach (typ)

-0.50
-1.00
-1.50
-2.00
-2.50
-3.00
Velocity Vector
9.74 ft/s
0.00 ft/s

Main Beck
Dike Breach

Figure 25. Predicted changes in depth-averaged velocities associated with the 5-year flood event
magnitude in the Confluence Reach of the Snohomish River, after implementation of
the sample levee removal alternative simulated in the current analysis.
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diff_Shear025
0.0200
0.0154
0.0108
0.0062
0.0016
-0.0030
Breach (typ)

-0.0076
-0.0122
-0.0168
-0.0214
-0.0260

Area A

Area B

Figure 26.

Predicted changes in average bed shear stresses associated with the 5-year flood event
magnitude in the Confluence Reach of the Snohomish River, after implementation of
the sample levee removal alternative simulated in the current analysis.
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4.7.2 Salmon Production Potential Estimation
Table 13 presents usable area estimates and assumptions for each alternative at each site.
Capacity estimates were calculated by multiplying the usable area estimates by rearing density
estimates, specific to species and season (Table 14). Rearing capacity estimates are roughly
comparable for the Twin Rivers and Crabb Bend sites, while restoration at Thomas’s Eddy is
predicted to provide twice the capacity of the other sites. Juvenile chinook estimates range from
approximately 800 to 2000 parr per site per year at Twin Rivers and Crabb Bend, and from 1700
to 5100 par per site per year at Thomas’s Eddy. Coho estimates are proportionate but several
orders of magnitude greater than the chinook capacity estimates. Usable area assumptions are
listed in Table 13. It should be noted capacity estimates rely on extrapolated data and are based
on assumptions of future conditions under proposed restoration scenarios. The primary utility of
these calculations are to provide coarse-scale estimates and to assess the relative benefits of
restoration actions.
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Breach to create second channel

Option 2 (additive)
37785

438425

400640

400640

Option 1

Reconnect slough

438425

6631

Current Conditions

Excavate a second channel
connection

339245

301124

Forested wetlands

Option 2 (additive)

31490

332614

Option 1

Long side channel

339245

Current Conditions

Option

Wetted
Area
ft2

0

0

0

0

0

0

7873

0

7873

7873

7873

pool
ft2

0

0

0

0

0

0

23618

0

23618

23618

23618

riffle
ft2

0

100160

100160

100160

100160

0

75281

75281

0

75281

75281

pond or
slough
ft2

Summer usable rearing
area estimate (low)

9446

9446

0

0

9446

1658

17403

0

15745

15745

17403

pool
ft2

28339

28339

0

0

28339

4973

20718

0

15745

15745

20718

riffle
ft2

63

0

300480

300480

300480

300480

0

225843

225843

0

225843

225843

pond or
slough
ft2

9446

9446

0

0

9446

1658

9530

0

7873

7873

9530

pool
ft2

28339

28339

0

0

28339

4973

28591

0

23618

23618

28591

riffle
ft2

0

300480

300480

300480

300480

0

169382

169382

0

169382

169382

pond or
slough
ft2

18893

18893

0

0

18893

3316

19061

0

15745

15745

19061

pool
ft2

18893

18893

0

0

18893

3316

19061

0

15745

15745

19061

riffle
ft2

Assumptions
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0 Channel will run dry in summer.

400640

Remains wet enough and cool enough to
400640 provide summer rearing.

400640

400640

0 Channel will run dry in summer.

301124

Usable area estimates based on field
301124 observations.

No current rearing in side-channel. In
0 reality there may be limited rearing.

301124

301124

pond or
slough
ft2

Summer usable rearing Winter usable rearing area Winter usable rearing area
area estimate (high)
estimate (low)
estimate (high)

Estimates of available rearing habitat in the Confluence Reach.

1286.03/SnohomishRivConfluenceAnal_071603

Crabb
Dike

Twin
Rivers

Site

Table 13.

Snohomish River Confluence Analysis

Current Conditions

1286.03/SnohomishRivConfluenceAnal_071603

Total

Connection between mainstem and
existing side-channel connection
north of Shadow Lake

Option 4 (additive)

Connection between mainstem and
Shadow Lake

Option 3 (additive)

Connection between Lake Beecher
and Shadow Lake

Option 2 (additive)

0

20159

0

20159

6590

20159

13569

13569

20159

pool
ft2

1460742 28032

69810

683072

16070

613262

26360

597192

570832

570832

Option 1

Riparian enhancement and removal
of non-native predatory species
from existing drainage network.

683072

Option

Wetted
Area
ft2

84095

0

60478

0

60478

19770

60478

40708

40708

60478

riffle
ft2

304580

0

129139

0

129139

129139

129139

0

0

129139

pond or
slough
ft2

Summer usable rearing
area estimate (low)

riffle
ft2

12053

52371

13180

40319

27139

27139

52358

0

516555

0

516555

387416

516555

129139

129139

516555

pond or
slough
ft2

64

88638 153786 1042878

17453

61789 104729

4018

44336

13180

40319

27139

27139

61789 104729

pool
ft2

riffle
ft2

12053

72530

19770

60478

40708

40708

52358

0

774833

0

774833

387416

774833

387416

387416

774833

pond or
slough
ft2

60606 181817 1244695

17453

41629 124888

4018

24177

6590

20159

13569

13569

41629 124888

pool
ft2

121212

34905

83259

8035

48354

13180

40319

27139

27139

83259

pool
ft2

Assumptions

0 Channel will run dry in summer.

903971

0 Channel will run dry in summer.

903971

No current smolt production capacity due
to high level of predation by non-native
516555 fish.

903971

No current smolt production capacity due
to high level of predation by non-native
387416 fish.

387416

903971

pond or
slough
ft2
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121212 1605735

34905

83259

8035

48354

13180

40319

27139

27139

83259

riffle
ft2

Summer usable rearing Winter usable rearing area Winter usable rearing area
area estimate (high)
estimate (low)
estimate (high)

Estimates of available rearing habitat in the Confluence Reach.

Thomas's
Current Conditions
Eddy

Site

Table 13.

Snohomish River Confluence Analysis
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Breach to create second channel

Option 2 (additive)

Reconnect slough

Option 1

Crabb Dike Current Conditions

Excavate a second channel connection

0.008

0.008

0.008

0.008

0.008

0.008

0.008

0.008

Forested wetlands

Option 2 (additive)

0.008

0.008

0.008

0.158

0.158

0.158

0.139

0.158

summer
(parr/ft2)

summer and
winter
(parr/ft2)

Long side channel

Option 1

Option

Coho rearing
density
estimate

Chinook
rearing
density
estimate

0.465

0.465

0.465

0.465

0.465

winter
(parr/ft2)

Coho
rearing
density
estimate

Potential smolt capacity estimates for the Confluence Reach.

Twin Rivers Current Conditions

Site
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65

0

795

795

795

795

0

847

598

250

854

854

low
(parr)

300

3480

3180

3180

3480

53

2693

2390

250

2661

2714

high
(parr)

150

2137

1987

1987

2137

26

1770

1494

250

1758

1784

mean
(parr)

Chinook juvenile rearing
capacity estimate

0

15825

15825

15825

15825

0

15439

10464

4975

15439

15439

low
(parr)

5970

53446

47476

47476

53446

1048

37415

31392

4975

36368

37415

high
(parr)

17570

157293

139723

139723

157293

3083

96489

78763

14643

93406

96489

low
(parr)

17570

203868

186298

186298

203868

3083

157749

140023

14643

154666

157749

high
(parr)

17570

180580

163010

163010

180580

3083

127119

109393

14643

124036

127119

mean
(parr)

Coho juvenile rearing capacity
estimate in winter
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2985

34636

31651

31651

34636

524

26427

20928

4975

25904

26427

mean
(parr)

Coho juvenile rearing capacity
estimate in summer

0.008
0.008

0.008
0.008
0.008
0.008
0.008
0.008

0.008
0.008

Option 1

Riparian enhancement and removal of
non-native predatory species from existing
drainage network.

Option 2 (additive)

Connection between Lake Beecher and
Shadow Lake

Option 3 (additive)

Connection between mainstem and Shadow
Lake

Option 4 (additive)

Connection between mainstem and existing
side-channel connection north of Shadow Lake

Current Conditions

0.158

0.158

0.158

0.139

summer
(parr/ft2)

summer and
winter
(parr/ft2)

Current Conditions

Option

Coho rearing
density
estimate

Chinook
rearing
density
estimate

0.465

0.465

0.465

0.465

winter
(parr/ft2)

Coho
rearing
density
estimate

Potential smolt capacity estimates for the Confluence Reach.
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3314

0

1665

0

1665

1234

1665

431

431

1665

low
(parr)

14690

554

8496

128

7942

4309

7815

3506

3506

8496

high
(parr)

9002

277

5081

64

4804

2772

4740

1968

1968

5081

mean
(parr)

Chinook juvenile rearing
capacity estimate

63378

0

32113

0

32113

24569

32113

7545

7545

32113

low
(parr)

195302

11030

104440

2539

93410

65377

90871

25495

25495

104440

high
(parr)

691510

32462

437728

7473

405266

192406

397793

205387

205387

437728

low
(parr)

859394

32462

497777

7473

465315

252455

457843

205387

205387

497777

high
(parr)

775452

32462

467752

7473

435291

222431

427818

205387

205387

467752

mean
(parr)

Coho juvenile rearing capacity
estimate in winter
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129340

5515

68277

1270

62762

44973

61492

16520

16520

68277

mean
(parr)

Coho juvenile rearing capacity
estimate in summer
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5. DISCUSSION
The following discussion provides an integration of the preceding information with respect to
identifying projects having a high restoration potential, and an assessment of the next steps the
County should take.
5.1 INFLUENCE OF GEOMORPHIC AND RIPARIAN SETTING ON RESTORATION
POTENTIAL
Restoration potential depends on the geomorphic and riparian setting, expected flood hydraulics,
and ability of fish and other members of the aquatic ecosystem to utilize and benefit from
available habitat, as discussed below.
5.1.1 Geomorphic Conditions
Topographic and bathymetric data indicate that the reach overall has a relatively wide, floodprone area relative to bankfull depth, and therefore likely inundated its floodplain and changed
course relatively frequently in the pre-development state. The historic analysis indicates that the
river has not changed location significantly throughout most of the Confluence Reach over the
past 70 years. Locations where it has changed course the most reflect controls on slope and
sediment transport capacity caused by variation in diking locations and heights. The channel
type observed in the Confluence Reach reflects the influence of bank modifications and riparian
condition on bank stability, and on water surface elevation and velocity distributions during
flooding. Restoration alternatives in the reach should reflect and accommodate these primary
constraints.
The geomorphic analysis results suggest that the Snohomish River's physical functions are "suboptimal" (Rosgen 1996), in the sense that such functions are strongly controlled by
anthropogenic modifications, particularly levee construction and riverbank armoring. It is
possible that the classification of the channel would change depending on the extent to which
levees and riverbanks are modified, so the conclusions resulting from the present geomorphic
analysis could also change. Future alternatives analyses would need to include consideration of
the nature of potential changes in channel morphology that may result from removing artificial
controls on channel migration.
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Most change has occurred in the vicinity of Thomas’ Eddy, which includes interconnected
distributary channels formed characteristically in depositional environments. The sediment
supply to this segment is relatively high compared with transport capacity, as indicated by the
hydraulic modeling results. Predicted water surface slopes and velocities are lower in the
vicinity of this portion of the reach, encouraging deposition. This area is characterized by high
bank erosion potential, deposition in both longitudinal and transverse bars and more frequent
shifting of bed locations than in the upstream channel segment.
Traditional fish habitat enhancement projects typically installed in C4-type channels include
bank placed boulders, bank and log cover structures, submerged shelter structures, weirs, spurs,
and root wads according to Rosgen (1996). Most of these structures suggested by Rosgen would
have to be large given the size of the Confluence Reach channel, however, and may not be
feasible considering risks to infrastructure and diking downstream. Many of these specific
measures were identified by Rosgen based on work in smaller channels than the Confluence
Reach. Nonetheless, many are embodied in principle in the form of LWD jams, which can be
applied in the reach. In addition, softening the banks in the upper part of the reach by removal of
revetment and addition of floodplain vegetation is a relatively low-risk, low-cost approach that
allows the river to process the incoming sediment load and dissipate its kinetic energy, and
ultimately may lead to natural creation of the type of cover that Rosgen’s structures are intended
to provide.
The downstream part of the reach presents the greatest challenge for restoration because of
inherent instability associated with the downstream and upstream channel constrictions, which
are causing gravel to deposit from upstream sources, and limited riparian and floodplain
vegetation that can positively influence channel and bank stability. Other possible alternatives
include removing constricting materials and structures after planting additional perennial woody
vegetation. This approach is currently being implemented in selected locations of the
Confluence Reach, and may facilitate development of a multi-thread channel and further
engagement of the floodplain.
5.1.2 Riparian Conditions
The majority of private land within the one-hundred year floodplain is zoned "Ag10,” where the
land is farmed, cannot be broken into smaller parcels than ten acres, and farming must be the
predominant use of the acreage. The regulatory definition of floodplain and floodway properties
restricts development such that most of the private land in the reach is expected to remain as
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open space. However, a potential exists for development in the floodplain to the south, where
existing ten acre parcels that are out of the floodplain could be rezoned and converted to more
intensive uses, such as two and five acre residential lots. This could particularly occur in the
vicinity of the south side of Elliott Road. Such development could lead to changing the
characteristics of flows, create issues with restoration objectives, and could adversely affect the
feasibility of some alternatives depending on their resulting flow routing.
The greatest potential for LWD recruitment exists in the vicinity of Thomas’s Eddy, the Crabbs
dike, and adjacent to the Ricci Islands side channel. Contributed material is transported quickly
downstream during floods and may be distributed throughout the Snohomish River estuary.
Land uses and infrastructure located downstream of the Confluence Reach tend to preclude and
actively prevent LWD accumulations. The Confluence Reach therefore serves as the most
proximate supply of LWD for downstream habitat.
The large debris jam located at Thomas' Eddy is a significant influence on channel morphology.
Its location reflects the geomorphic and hydraulic findings that downstream and upstream diking
influence water depths and velocities and sediment deposition in the vicinity of Thomas' Eddy.
It may continue to grow through recruitment from upstream, which suggest that riparian
recruitment efforts should focus in the upper half of the Confluence Reach, unless other
restoration opportunities arise downstream in the Snohomish River in the future that could
benefit from LWD recruitment from the lower half of the reach.
The most active recruitment sites in the Confluence Reach are contributing primarily deciduous
tree species, including cottonwood and young alder. While deciduous species such as
cottonwoods can grow to a size suitable for jam creation in less time and are more adaptable to
evolving floodplain conditions in settings like the Confluence Reach, they are associated with the
creation of relatively short-lived jams at debris accumulation points when compared with
coniferous species, which correspondingly tend to last longer at more stable locations in the
floodplain. Deciduous-based jams generally provide short-term fish habitat benefits because
they tend to decay quickly, dry out in low flow periods, and are more likely to float away during
flood season. Nevertheless, there is evidence that such jams can still provide important juvenile
habitat (Peters 2003). The problem in the context of recruitment of LWD from the riparian
zones to provide fish habitat is thus related to recruitment rate, which would have to be increased
in the case of deciduous species compared with conifer species.
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There are several areas currently within the public domain that are either being planted or could
be planted that could serve as future recruitment sources. These include in the Lake Beecher
area and at the Twin Rivers site. Plantings would need to consider trade-offs between deciduous
and conifer species in terms of jam size/quality, infrastructure concerns, and geomorphic
processes influencing channel shape and sediment transport and deposition patterns. Conifers
may be more difficult in that they need shade during the maturation process, protection from
browsing animals, a proper mycological relationship in the soil, and other factors characteristic
of complexity and diversity found in more pristine riparian conifer forests. Approaches will
likely include planting a mix of deciduous and conifer trees, of different age classes and species,
as well as placing raptor perches and coarse woody debris on the ground. To encourage conifer
growth in existing cottonwood galleries and hardwood stands, conifer plantings utilizing ball and
burlap trees (which are generally larger than container stock), could be considered. Although
this entails a relatively high cost up-front, the use of larger stock has longer term advantages
(Moore and Aldrich 2000).
5.2 HYDRAULIC MODELING AND ALTERNATIVES ANALYSES
5.2.1 Model Refinements
Pending additional refinements and calibration, the initial modeling completed to date has
already provided an indication of the primary physical features of flooding in the Confluence
Reach in terms of depths, velocities, and water surface slope. These features will be important
for determining appropriate locations for different habitat and channel restoration measures, and
their feasibility. For example, the modeling results corroborate the geomorphic data that the
braided, meandering reach in the vicinity of Thomas' Eddy is a depositional zone because of
backwater effects. Additional insights will be gained from the 2D hydrodynamic model
regarding river processes in the Confluence Reach as this work continues, where velocity field
predictions are related to effects on both channel stability and fish habitat quality and availability
during flooding.
Further analyses include, first and foremost, calibration and validation of the model, including
collecting velocity data at flood and lower flows (subject to field worker safety constraints).
These data are needed to ensure that model predictions are reasonably accurate. Currently, there
is no way to corroborate the model velocity field predictions, which are sensitive to choice of
roughness coefficients at different locations. Measured velocity data allow determination of
appropriate roughness coefficient values. In addition, the model should undergo a sensitivity
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analysis to ensure that the mesh depicted in Figure 7 is of sufficiently high resolution that
numerical errors are minimized.
The model also needs to be evaluated temporally, in two ways. First, it is necessary to model the
hydraulics of floods over a wide range of recurrence intervals, from an annual to the 100-year
event. This is very important if the model is to be used to evaluate restoration-related structural
measures, infrastructure effects (e.g., SR 522 bridge modifications/construction), and how fish
habitat availability is affected during different flood hydrographs. It is possible that the results of
the present 5-year flood event simulation will not be substantially different from results
associated with larger flood magnitudes because significant overtopping of the downstream levee
system occurs at a flow that is between the 5- and 10-year events, which restricts the rise in flood
levels for larger events. Further, because the reach is fully inundated in a 5-year flood event,
increased flood levels should not result in significant increases in available floodplain area.
Floods smaller than the 5-year event will be associated with greater variation in flow paths, water
surface elevations and velocities, reflecting the transition from bankfull to floodplain flow.
Second, the model needs to be re-evaluated and potentially recalibrated to simulate unsteady
flow. Flood hydrographs are associated with rising and falling limbs. In lower gradient systems
like the Snohomish River, this rise and fall can be associated with a hysteresis in the stagedischarge relation, where two different flood levels are possible for the same flow rate depending
on whether the flood is in the rising or falling phase. This variation in time can influence shear
stresses and fish habitat availability.
Finally, a sediment transport model remains to be coupled with the 2D hydrodynamic model to
simulate and predict scour and deposition areas within the channel and floodplain. This is
inherently more difficult however, because sediment transport models have a high degree of
uncertainty. Nonetheless, it is possible to use the hydraulic predictions to evaluate scour and fill
processes associated with different restoration measures over the long term, which is important
for determining project feasibility and effects.
5.2.2 Model Scenarios/Alternatives Analyses
Future model runs could involve evaluating multiple breaches, implementing riparian planting
projects, and construction of larger scale complexes of engineered LWD jams. The model will
allow prediction of hydraulic phenomena that may be difficult to anticipate otherwise given the
complex variation in dike configurations within the Confluence Reach. For example, the
modeling could allow specification of a system of dike breaches that could create islands, back
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channels, and new riparian habitat throughout the Thomas' Eddy area at moderate flood flows,
thereby providing habitat complexity for fish during more frequent flows. These features are
often associated with valuable rearing, foraging, and spawning habitat.
It should be noted that the breach location modeled in this scenario is the location of an existing
breach that occurred during the 1996 flood. There is a high probability that the dike will breach
in this location again. The refined modeling would indicate what the effects of such a breach are
likely to be, including whether the breach would be associated with a suspected subsequent
simplification of river morphology in the reach.
The assessment of Haas and Collins (2001) may provide a useful guide for this analysis with
respect to identifying specific future modeling scenarios. Their work included a description of
current conditions in the reach, with particular emphasis on waters supporting anadromous
salmonids, a comparison of current riparian conditions in the anadromous and the nonanadromous zone, and a description of historic conditions. Based on this information, they
identified potential management objectives for restoration in the reach. Section 6 identifies the
more likely scenarios suggested by their assessment and related ones performed by SWM that
could be evaluated in the near term using the methods of this analysis.
5.3 HABITAT CONDITIONS AND BENEFITS
The composition of bank materials along channel margins has implications for juvenile
salmonids, because they use edge habitat for rearing and migration. When compared to modified
banks, natural banks have greater complexity and LWD that provide slow water velocity and
cover. Woody debris cover in the Snohomish River was found to be twice as abundant along
natural banks than using modified banks. Rootwads were over three times as abundant and
debris piles were over four times as abundant. Modified banks were predominantly riprap and
rubble cover types. Snorkeling was not done to compare juvenile salmonid densities. However,
Beamer and Henderson (1998) determined that sub-yearling chinook, summer coho parr, winter
coho pre-smolts abundance were more than five, four, and two times as abundant, respectively,
in association with wood cover than with riprap. They observed even greater densities in
association with rootwads and debris piles. Peters (2003) has also observed greater densities of
juvenile salmon in association with smaller woody debris accumulations located near shallow
water habitat, reflecting diurnal differences in habitat needs.
Fish habitat quality in the Snohomish River appears to depend strongly on cover provided by
woody debris. Most pieces in the Snohomish River are relatively small, old (i.e., deteriorating),
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and lacking rootwads when compared to more pristine reaches and historic analyses (e.g., Collins
et al. 2002). LWD is primarily scattered on banks, bars and in the low-flow channel margin, and
most pieces are unconsolidated. In addition to riparian recruitment, current LWD abundance and
characteristics in the Snohomish have been influenced by channel clearing activities. It is
estimated that between 17,000 and 23,000 logs were removed from the Snohomish River by the
U.S. Army Corps of Engineers between 1881 and 1968 (Collins et al. 2002). This analysis could
ultimately be used to model the effects of different wood loading rates and specific engineered
approaches. The smolt capacity estimates used in this analysis suggest that salmon rearing
habitat could be increased measurably by appropriate habitat restoration.
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6. INITIAL RECOMMENDATIONS FOR RESTORATION
ALTERNATIVES ANALYSES
There are two major project types considered in this section, capital and riparian restoration
projects. Although both are of sufficient scale to warrant being considered capital intensive
projects, the primary difference is that capital projects require more involved engineering design,
permitting, and detailed analysis for construction. Riparian restoration projects generally require
less detailed analysis and are more apt to be completed before capital projects given current
trends in the State's HPA and JARPA process. This section identifies what are thought currently
to be the more promising projects, based in part on the results of this analysis. These alternatives
can be evaluated using the modeling and data analysis tools reported in this document.
6.1 CAPITAL PROJECTS
The following specific CIP projects were identified, based on the collective work and thoughts
presented in Haas and Collins (2001), the Chinook Work Plan, and the Near Term Action
Agenda (Figure 10):
•

Dike breaching at Thomas’s Eddy (Beck dike) and reconnection of Lake Beecher

•

Twin Rivers slough reconnection

•

Bank armor removal along Twin Rivers park riparian area

•

Removal/breaching of Crabb’s dike

•

Placement of LWD in strategic locations

These projects are mostly on public land, with the exception of the Crabb’s dike proposal. The
first four are described below in greater detail because they are for known locations. The fifth
has been addressed conceptually in sections 4 and 5 of this report.
Because recreation is an important aspect of all County Parks, fishing access, bird watching,
hiking, and other recreational opportunities would necessarily be incorporated into any
restoration design. There are concerns regarding the longevity of both the Beck and Crabbs
dikes, which have each been breached by the river in the past. Maintenance of the structures is
not a high priority and would be difficult to permit. Instead, adopting a proactive approach
appears to be a reasonable approach to resource management in the reach, where recreational,
infrastructure protection, and habitat needs can be incorporated.
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6.1.1 Dike Breaching at Thomas' Eddy (Beck Dike) and Reconnection of Lake Beecher
A recent Salmon Recovery Funding Board, (SFRB) purchase by Snohomish County, Lake
Beecher is a large oxbow lake located in the heart of the Confluence Reach. At low flows, the
lake is not accessible to salmonids, though there are connections during most of the year.
Inflows to the lake have been diverted historically and thus the hydrology of the lake has been
altered. With strategic placement of woody debris, scour conditions can be created that will
promote keeping the flow path from the lake to the Snohomish River open and accessible to
salmonids. In addition, work continues in other venues to restore flows to the oxbow which,
coupled with riparian plantings, would create extensive rearing opportunities for juvenile
salmonids as well as high flow refuge for adults. A biological unknown that would need to be
evaluated is whether predators such as smallmouth bass that currently use Lake Beecher could be
removed and prevented from re-colonizing.
Currently, the area proposed for breaching at the Beck dike is characterized by dense stands of
non-native reed canary grass. As such, the area does not exhibit the characteristics expected in a
natural river setting. Extensive riparian plantings have transformed some of the acreage of the
floodplain, providing a preview of what is possible with the controlled incursion of the river,
creating multiple riparian areas and extensive backwater sloughs.
6.1.2 Twin Rivers Slough Reconnection
The existing side channel at Twin Rivers Park is connected to the river only at high flows and
normally dries up during summer months. There is a perennial water supply, but flow rerouting
measures have altered the hydrology of the existing area where channels originating from the
hillside have been ditched, piped and moved by farming, mining, and road building activities so
that they do not flow into the slough. In addition, the main flows from the river have been cut
off by a rock dike and road at the extreme westernmost portion of the slough. Exposing the side
channel to active riverine forces would provide rearing habitat, wetland habitat, and would aid in
creating and maintaining complex riparian conditions in the floodplain. Strategic plantings could
accentuate the open space and maintain the character at the park, while also creating riparian
corridors along the river and side channel. This project, in conjunction with riprap removal
upstream, would provide access for rearing and refuge for juvenile salmonids, without associated
fish stranding problems as flood waters recede. In conjunction with the planting efforts, routing
hillside flows into the slough may provide water to sustain plantings during critical periods of
growth and drought.
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One infrastructure issue that will need to be considered concerns protection of the natural gas
pipeline that traverses the site. This can be accomplished by placing bed control structures in the
bed of the slough to address the potential for headcutting or downcutting that might be otherwise
associated with river incursion, to prevent adverse effects to the pipeline.
6.1.3 Bank Armor Removal Along Twin Rivers Park
There is currently approximately 2,100 lineal feet of riprap adjacent to the river. The riprap
locks the river in place, which does not allow the river to meander and create habitat, nor
reconnect with the floodplain beyond. Removal of the riprap and replacing the material with
LWD and riparian plantings could create conditions conducive to habitat formation and longterm LWD recruitment. More naturalized banks along the river could create diversity and
shoreline complexity, creating microhabitats for refuge and foraging for juvenile salmonids.
Removal of bank armoring and appropriate measures would allow reconnection to the floodplain
and connection between the side slough and mainstem during flood events. Deposition of coarse
woody debris and organic materials in the floodplain could be promoted, thereby replenishing
nutrient sources and effectively “fertilizing” existing riparian groves and plantings. However,
there is also the potential that removing the levee could result in reduced local gradient and
increased deposition of sediments that could influence hydraulics in the vicinity of the SR 522
bridge upstream. The analysis tools presented here can be used to evaluate such a scenario.
6.1.4 Selected Breaching of Crabb’s Dike
Crabb’s Dike is currently overgrown completely with blackberries and is bordered by an
extensive and mature cottonwood gallery. The area behind the dike is used primarily for pasture
and hay production. The landowners have been contacted regarding purchase and buyout
options, including conservation easements. Proposed breaches are generally contiguous with
existing remnant channels. With selected breaches in place, the river can occupy different
channels at different stages of the river, providing habitat complexity, edge habitats, and intact
riparian forest over time. During high flow periods, the dissipation of energy and water across
the floodplain would create habitat not only for salmonids but for wildlife as well. The
appropriate breach configuration could be evaluated and determined using the hydraulic
modeling tools presented here.
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6.2 RECOMMENDED RIPARIAN RESTORATION PROJECTS
There are several opportunities for riparian restoration through plantings below the SR 522
bridge. The analysis so far indicates that greatest benefits to LWD recruitment and habitat
formation may be expected from plantings in the vicinity and upstream of Thomas' Eddy. The
Confluence Reach currently has relatively few intact riparian reserves, and complete riparian
restoration could take as long as forty to fifty years minimum before the trees planted begin to
influence river morphology. Opportunities for riparian plantings on the floodplain include
planting of conifers within deciduous forests, placement of large woody debris, perch poles, and
nurse logs. Much of the work can be accomplished on public lands, and in several cases are a
continuation of work begun in 1999. Project locations recommended for the Confluence Reach
include (Figures 3, 10):
•

Twin Rivers Slough and Park

•

Thomas’s Eddy

•

Crabb’s Dike

•

Waterward side of French Slough (Zyllstra property) Dike

•

Waterward side of Marshland Dike

The first two projects are located on public lands. The Crabb’s Dike, French Slough, and
Marshland plantings are located on private lands. With respect to the French Slough and
Marshland plantings, the proposed riparian restoration work would occur on floodplain terraces
outside established dike systems, on land that is currently accessible to the river. Dikes would
not be disturbed, and plantings would be planned and maintained so as to not create
maintenance, integrity, permeability or piping issues for the existing dikes. Pending approval by
landowners, these plantings could have great benefits with respect to providing and maintaining
fish habitat, as well as long-term sites for LWD recruitment.

77
1286.03/SnohomishRivConfluenceAnal_071603

Phase 1 Feasibility Study Final Report
July 16, 2003

Snohomish River Confluence Analysis

7. REFERENCES
1. Beamer, E., and R. Henderson. 1998. Juvenile salmonid use of natural and
hydromodified stream bank habitat in the mainstem Skagit River, northwest Washington.
Report prepared by Skagit System Cooperative (LaConner, WA) for U.S. Dept. of
Defense, Army Corps of Engineers, Seattle District. Seattle.
2. Brigham Young University Environmental Modeling Research Laboratory (BYU). 2002.
Surface-Water Modeling System v8.0.
3. Bunte, K., and S.R. Abt. 2001. Sampling Surface and subsurface particle-size
distributions in wadable gravel-and cobble-bed streams for analyses in sediment
transport, hydraulics, and streambed monitoring. Gen. Tech. Rep. RMRS-GTR-74. Fort
Collins CO: U.S. Department of Agriculture, Forest Service, Rocky Mountain Research
Station. 428 p.
4. Chow, V.T. 1959. Open-channel hydraulics. McGraw-Hill. New York, NY.
5. Collins, B.D., D.R. Montgomery, and A.D. Haas. 2002. Historic changes in the
distribution and functions of large woody debris in Puget Lowland rivers. Canadian
Journal of Fisheries and Aquatic Science 59:66-76.
6. Haas, A., and B. Collins. 2001. A Historical Analysis of Habitat Alterations in the
Snohomish River Valley, Washington, Since the Mid-19th Century: Implications for
Chinook and Coho Salmon. Report prepared for the Tulalip Tribes and Snohomish
County, Everett, WA.
7. Leopold, L.B. 1994. A View of the River. Harvard University Press, Cambridge, MA.
8. Leopold, L.B., M.G. Wolman, and J.P. Miller. 1964. Fluvial Processes in
Geomorphology. W.H. Freeman and Co., San Francisco.
9. J. Michalak. 2002. Tulalip Tribe. Personal communication to R. Aldrich.
10. Montgomery, D.R., and J.M. Buffington. 1998. Channel processes, classification, and
response. Chapter 2, in, Naiman, R.J. and R.E. Bilby (eds.). River Ecology and
Management. Springer-Verlag, New York.
11. Moore, S., and R. Aldrich. 2000. Transplanting Large, Salvaged Trees to Riparian
Floodplains Yields Mixed Results (Washington). Snohomish County Public Works,
Surface Water Management Division, Everett, WA.

78
1286.03/SnohomishRivConfluenceAnal_071603

Phase 1 Feasibility Study Final Report
July 16, 2003

Snohomish River Confluence Analysis

12. National Marine Fisheries Service (NMFS). 1996. Coastal salmon conservation:
working guidance for comprehensive salmon restoration initiatives on the Pacific Coast.
USDC-NOAA, NMFS, Portland, OR. September.
13. Newbury, R.W., and M.N. Gaboury. 1993. Stream analysis and fish habitat design: A
field manual. Newbury Hydraulics Ltd. October.
14. Pentec Environmental, Inc. and NW GIS. 2000. Snohomish River Basin Conditions and
Issues Report, project 293-001. Prepared for The Snohomish Work Group, by Pentec
Environmental, Inc. and NW GIS. Everett, WA.
15. Pess, G.R., and L. Benda. 1994. Spatial and temporal dynamics of spawning chinook
salmon in the North Fork Stillaguamish River, Washington. Geologic Society of
America (GSA) abstract with programs, 26:7 page 440. Seattle, WA, October 1994.
16. Peters, R. 2003. Mitigation measures for levees and other stabilized banks: Reducing
impacts to salmonid rearing habitats. Western Division American Fisheries Society
Annual Meeting, San Diego CA. April.
17. Reeves, G.H., L.E. Benda, K.M. Burnett, P.A. Bisson, and J.R. Sedell. 1995. A
disturbance-based ecosystem approach to maintaining and restoring freshwater habitats
of evolutionarily significant units of anadromous salmonids in the Pacific Northwest.
Pages 334-339, in Nielsen, J.L. (ed.). Evolution and the Aquatic Ecosystem: Defining
unique units in population conservation. Proc. Am. Fish. Soc. Symposium 17. Bethesda,
MD.
18. Rosgen, D. 1996. Applied river morphology. Wildland Hydrology Books, Pagosa
Springs, CO.
19. Schuett-Hames, D., A. Pleas, L. Bullchild, and S. Hall. (eds.) 1994. Ambient monitoring
program manual. Timber-Fish-Wildlife, TFW-AM9-94-001. Northwest Indian Fisheries
Commission, Olympia, WA.
20. Snohomish Basin Salmonid Recovery Technical Committee (SBSRTC). 1999. Initial
Snohomish River Basin Chinook Salmon Conservation/Recovery Technical Work Plan,
October 6, 1999. Snohomish County Surface Water Management Division. Everett, WA.
21. Snohomish Basin Salmonid Recovery Technical Committee (SBSRTC). 2000.
Snohomish River Basin Chinook Salmon Habitat Evaluation Matrix, June 22, 2000.
Snohomish County Surface Water Management Division. Everett WA.
22. Snohomish Basin Salmon Recovery Forum (SBSRF). 2001. Snohomish River Basin
Chinook Salmon Near Term Action Agenda, December. Snohomish County Surface
Water Management Division. Everett, WA

79
1286.03/SnohomishRivConfluenceAnal_071603

Phase 1 Feasibility Study Final Report
July 16, 2003

Snohomish River Confluence Analysis

23. Snohomish County Public Works Department. 1991. Snohomish River Comprehensive
Flood Control Management Plan. Everett WA.
24. Snohomish County Public Works, Surface Water Management (SWM). 2002. Physical
Habitat Survey and Monitoring Protocol for Large Rivers, Version 1.1. Everett, WA.
25. TRT. 2001. Tri-County Model 4(d) Rule Response Proposal. May 18, 2001. Chapter 2:
Land Management Development Regulations, Appendices C-H.
26. U.S. Army Corps of Engineers - Waterways Experiment Station Hydraulics Laboratory.
1997. Users Guide to RMA2 WES Version 4.3.
27. USDA. 1989. Soil Survey of Snohomish County Area, Washington.
28. Ward, J.V., K. Tockner, U. Uehlinger, and F. Malard. 2001. Understanding natural
patterns and processes in river corridors as the basis for effective river restoration. Regul.
Rivers: Res. Mgmt. 17: 311-323 (2001).
29. Washington State Conservation Commission (WSCC). 1999. Salmon Habitat Limiting
Factors Final Report: Water Resource Inventory Area 5 Stillaguamish Watershed.
Olympia WA. July.
30. Washington Department of Fish and Wildlife (WDFW), Tulalip Tribes, Stillaguamish
Tribe, Northwest Indian Fisheries Commission. 1999. 1999 Puget Sound salmon
forecasts and management recommendations: Stillaguamish-Snohomish region. July
1999, 19 pp. (available from Northwest Indian Fisheries Commission, 6730 Martin Way
E., Lacey, WA, 98506).
31. Washington Department of Fisheries (WDF), Washington Department of Wildlife
(WDW), and Western Washington Treaty Indian Tribes. 1993. 1992 Washington state
salmon and steelhead stock inventory. 212 p. (Available from Washington Dept. of Fish
and Wildlife, 600 Capitol Way N., Olympia, WA 98501-1091).
32. Washington Forest Practices Board (WFPB). 1997. Watershed Analysis Manual, v.4.0.
Olympia, WA.
33. Washington State Department of Natural Resources (WDNR). 2001. Forest and Fish
Rules. Washington State Department of Ecology, Olympia, WA.
34. West Consultants, Inc. 2001. Draft Snohomish River Flood Insurance Study, Section 2 –
Engineering Analysis. Report prepared for SWM.

80
1286.03/SnohomishRivConfluenceAnal_071603

Phase 1 Feasibility Study Final Report
July 16, 2003

Snohomish River Confluence Analysis

35. Williams, R.W., R.M. Laramie, and J.J. Ames. 1975. A catalog of Washington streams
and salmon utilization. Volume 1. Puget Sound Region. Wash. Dept. Fish. (Available
from Washington Dept. of Fish and Wildlife, 600 Capitol Way N., Olympia, WA 985011091).
36. Wolman, M.G. 1954. A method of sampling coarse bed material. American
Geophysical Union, Transactions, 35:951-956.

81
1286.03/SnohomishRivConfluenceAnal_071603

Phase 1 Feasibility Study Final Report
July 16, 2003

