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I.

Executive Summary

The Snoqualmie at Fall City Reach Restoration Assessment was completed by King County‟s Department of Natural Resources
Department Water and Land Resources Division to develop a prioritized habitat restoration plan for six miles of the Snoqualmie
River. The extent of this comprehensive assessment of habitat restoration opportunities included over 1500 acres of floodplain area
along the Snoqualmie River downstream of its confluence with the Raging River in Fall City, WA (Figure 1). The project reach that
encompasses this extent is referred to as the Snoqualmie at Fall City (SAFC) reach. The assessment is intended to be used to inform
and prioritize habitat restoration in this reach over the next several decades. The large area and long timeframe (20+years) over which
implementation of restoration projects in this reach will be considered required a clear process for identifying and evaluating project
sites and alternatives (Figure 2).
Analyses of existing and historic conditions in the project reach were used to identify and evaluate restoration sites. Primary,
secondary, and tertiary restoration actions were developed for each site and an evaluation matrix was used to compare and rank the
benefits of the various actions at each site and between sites. Course predictions of geomorphic response to primary restoration
actions (such as the removal of levees) were made in order to anticipate future flood and/or channel migration hazards that could result
in risks to private and public property and infrastructure and to evaluate potential benefits of each primary action. .
The initial predictions of geomorphic response were used to develop a range of site-specific actions that would maximize ecological
benefits and reduce undesirable risks. Different combinations of actions were developed into a range of alternatives for each site with
varying levels of benefits, risk, costs and associated feasibility. Information regarding landowner willingness was also considered so
that all alternatives were realistic based on initial feedback from the first round of landowner outreach, which was completed
concurrently with data collection and compilation.
Graphical representations of short-term (5-10 years) geomorphic response were developed and used to estimate the potential process,
habitat, and flood benefits that would may result from each alternative. These estimates were the basis for a weighted evaluation and
ranking the overall benefit of each project alternative. The long-term response potential at each site (the range of conditions that were
considered likely after several very large flood events) was used to evaluate what risks remained for each alternative that would need
to be further considered during the design process. These risks were considered along with other feasibility elements (e.g. landowner
willingness, ordinance compliance, permitability) in the weighting and ranking of overall feasibility of each project alternative.
Based on the comparative evaluation of benefits, risk, costs and associated feasibility a preferred alternative or preferred alternatives
were selected for each site. A single preferred alternative was not chosen for most sites due to uncertainty associated with the
preliminary nature of the information available for this assessment. At these sites recommendations regarding the top one or two
preferred alternatives were made. The preferred alternative or alternatives at each site within the SAFC were then evaluated
collectively, and the cumulative effects of combined project actions were considered at the reach scale. Based on this evaluation, a
selection of preferred alternatives, and a recommended sequence for implementation were identified at key potential project sites.
This reach-scale collection of preferred project alternatives is referred to as “The Corridor Project”.
Implementation of the Corridor Project would allow relatively unconstrained processes to act on more than 250 acres of the
Snoqualmie River mainstem and floodplain area in this reach (Figure 57). The active channel migration zone would be allowed to
expand from the current, 300 to 500 foot wide, extremely constrained corridor to a minimum width of 1000 feet and a maximum width
of up to 2000 feet. This represents tremendous improvement in fluvial processes and drivers of processes that will translate directly
into significant gains in quantity and quality of rearing and spawning habitat for salmonids.
If the proposed Corridor actions are implemented on the proposed schedule, approximately 80 acres of aquatic mainstem and offchannel habitat would be enhanced over the next two decades based on predictions made by the technical team during the feasibility
analysis (Figure 58). These are the areas where we are likely to see enhanced aquatic habitat within a ten year timeframe after
implementation of proposed Corridor actions. Nearly 70 percent of the high priority restoration area is currently either owned by King
County, has a conservation easement in place or is within the Ordinary High Water Mark of the Snoqualmie River and thus owned by
the State.
The proposed Corridor Project is an exciting restoration opportunity that will result in long-lasting improvements to fluvial processes
and salmon habitat over a two mile reach of the Snoqualmie River. While these large-scale projects will be very challenging to
implement due to the many social, political, financial and regulatory hurdles, the Snoqualmie at Fall City team believes resources
should be focused on this contiguous reach where the investment will contribute the most towards salmon recovery. If undertaken
within the Corridor Reach, each early action item (acquisition, riparian planting) will contribute to the overall long-term function of a
restoration reach that is of appropriate scale and is within an identified core area for salmon rearing and spawning.
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II.

Introduction

The Snoqualmie at Fall City Reach Restoration Assessment was completed by King County‟s Department of Natural Resources
Department Water and Land Resources Division to develop a prioritized habitat restoration plan for six miles of the Snoqualmie
River. The extent of this comprehensive assessment of habitat restoration opportunities included over 1500 acres of floodplain area
along the Snoqualmie River downstream of its confluence with the Raging River in Fall City, WA (Figure 1). The project reach that
encompasses this extent is referred to as the Snoqualmie at Fall City (SAFC) reach. The assessment is intended to be used to inform
and prioritize habitat restoration in this reach over the next several decades.
This assessment incorporates a systematic approach developed to address complex reach-scale habitat, geomorphic, risk, and
implementation variables that may be useful for future planning in this and other reaches throughout King County and Washington
State. The reach-scale collection of preferred project alternatives, referred to as the “Corridor Project” and discussed in the final
section of this report, is an unique reach-scale restoration opportunity that would result in a very substantial contribution towards
recovery of key processes and habitat in this core salmon spawning and rearing area (Snohomish Basin Salmon Recovery Forum,
2005).

River Mile
Markers

Figure 1: Vicinity Map with 2009 aerial photo showing study area. Red dots indicate river miles.

A. Study Goals and Objectives
Study Goals
The goal is to identify, quantify, and prioritize high-value habitat restoration projects on the Snoqualmie River between the Raging
River and Patterson Creek confluences.
Study Objectives
 Describe the historic and current conditions of channel and floodplain habitat in the Fall City Reach of the Snoqualmie River;
 Describe flood protection facilities and other physical constraints, the protections they provide, and their impacts on river
migration, channel connectivity and salmonid habitat (edge habitat, off channel, floodplain rearing etc);
 Identify floodplain management objectives and ongoing capital projects and programmatic efforts in the project reach;
 Identify and describe project opportunities, including several alternatives for each site ranging from minor enhancements
(replanting banks, increasing culvert size) to major actions (removing or setting back levees, etc);
 Evaluate the feasibility of identified restoration actions;
 Identify potential benefits to agriculture for proposed project alternatives;
 Identify parcels that may need to be acquired to implement restoration activities;
 Develop ecological and fluvial geomorphic process criteria with which to evaluate project alternatives;
2




Evaluate and prioritize project alternatives based on developed criteria;
Select preferred alternatives at each project site and develop a proposed implementation sequence for projects.

B. Restoration Approach
An overall restoration approach to identify, evaluate, and rank the conceptual projects and alternatives presented in this report was
developed as a part of this assessment and includes the following general concepts:
Absent human constraints, fluvial systems are dynamic features of the landscape. Meandering rivers consume and create
floodplain surfaces through recurrent channel migration. This dynamic character is responsible for the topographic,
vegetative, and hydraulic complexity that is characteristic of natural meandering river systems, and is largely responsible for
their ecological richness. Ecological restoration within this reach should acknowledge and encourage this natural dynamic
character.
Natural river channels and their associated floodplains are formed and maintained through a complex and dynamic
interaction between numerous driving factors including (but not limited to) hydrology, sediment supply and transport, wood
recruitment and vegetative cover. Ecological restoration should focus on restoring the processes that create and naturally
maintain habitat.
The driving forces described above have changed as a result of human alterations to the Snoqualmie River. Flows, sediment
supply, wood recruitment and vegetative cover are all significantly different today compared to pre-development conditions.
The project design should accommodate current and anticipated conditions, not attempt to reconstruct a past condition that
may no longer be in equilibrium with current and potential future channel processes.

C. Feasibility Process Overview
The large area (~1500 acres) and long timeframe (20+ years) over which implementation of restoration projects in this reach will be
considered required the project team to establish a clear process for identifying and evaluating project sites. This process is shown and
summarized in this section (Figure 2).
Analyses of existing and historic conditions in the project reach were used to identify and evaluate restoration sites. Primary,
secondary, and tertiary restoration actions were developed for each site and an evaluation matrix was used to compare and rank the
benefits of the various actions at each site and between sites. Course predictions of geomorphic response to primary restoration
actions (such as the removal of levees) were made in order to anticipate future flood and/or channel migration hazards that could result
in risks to private and public property and infrastructure and to evaluate potential benefits of each primary action. .
The initial predictions of geomorphic response were used to develop a range of site-specific actions that would maximize ecological
benefits and reduce undesirable risks. Different combinations of actions were developed into a range of alternatives for each site with
varying levels of benefits, risk, costs and associated feasibility. Information regarding landowner willingness was also considered so
that all alternatives were realistic based on initial feedback from the first round of landowner outreach, which was completed
concurrently with data collection and compilation.
Graphical representations of short-term (5-10 years) geomorphic response were developed and used to estimate the potential process,
habitat, and flood benefits that would may result from each alternative. These estimates were the basis for a weighted evaluation and
ranking the overall benefit of each project alternative. The long-term response potential at each site (the range of conditions that were
considered likely after several very large flood events) was used to evaluate what risks remained for each alternative that would need
to be further considered during the design process. These risks were considered along with other feasibility elements (e.g. landowner
willingness, ordinance compliance, permitability) in the weighting and ranking of overall feasibility of each project alternative. A
cost/benefit analysis was also completed to show the relative cost/benefit ratio of each alternative considered.
Based on the comparative evaluation of benefits, risk, costs and associated feasibility a preferred alternative or preferred alternatives
were selected for each site. A single preferred alternative was not chosen for most sites due to uncertainty associated with the
preliminary nature of the information available for this assessment. At these sites recommendations regarding the top one or two
preferred alternatives were made. The preferred alternative or alternatives at each site within the SAFC were then evaluated
collectively, and the cumulative effects of combined project actions were considered at the reach scale. Based on this evaluation, a
selection of preferred alternatives, and a recommended sequence for implementation were identified at key potential project sites.
This reach-scale collection of preferred project alternatives is referred to as “The Corridor Project”. This sequence included a
recommendation for the first project to move forward to 30% design in 2011.
.
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Due to timing, this 2nd round of
outreach is unlikely to be
completed by the end of the
SRFB contract and thus will not
be included in this report

Figure 2: Flow chart showing the feasibility process followed during this assessment.
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III. Stage 1 – Investigation
A. Data Collection and Compilation
Extensive information was available for this study reach. Critical information gaps were identified, and necessary
data was collected to further inform the characterization of reach conditions, development of project alternatives and
subsequent evaluation and ranking process. This section describes the data collected and analyzed throughout the
reach, and focuses on nine areas where the potential for habitat improvement was initially deemed the greatest
(Figure 3).

Figure 3: Aerial photo (2009) showing the primary areas of assessment within the reach. While all areas were assessed,
the areas outlined with red rectangles are the focus of many analyses because this is where “Primary” restoration actions
could be implemented (see Section III,E).

1. Ground Surface Model and Imagery
Floodplain topography, which was used to develop an understanding of the relationships between the elevation of
various landforms and infrastructure relative to the river at various stages, was provided by two existing sources.
The ground surface models from the 2004 flood study (nhc 2004) and the 2009 Snoqualmie at Carnation Monitoring
Project (King County) were combined to provide a seamless digital elevation model (DEM) of the entire project
reach (Figure 4). The 2009 LiDAR (Light Detection and Ranging ) dataset provided high resolution topography
along the river corridor throughout much of this reach, while the flood study topography from 2004 was used to fill
in the areas not covered by the 2009 data. This ground-surface model, combined with water surface elevation
(WSE) data throughout the site was used to inform evaluations of both the risk and benefits of various project
alternatives.

5

Figure 4: Digital Elevation Model (DEM) of the project reach generated from 2009 Lidar and 2004 flood study data.

Aerial imagery and historic maps of the area were used to document how the river and floodplain has changed over
time in response to various manipulations. The USGS mapping along the river corridor provided the earliest record
of conditions in this reach in the late 1800‟s (Figure 5). Aerial photos from 1961, 1973, 1989, 2000, 2004, 2007,
2009 and 2010 were also used extensively during the existing and historic conditions analysis (ref). Comparison of
current conditions to historical conditions documented by the 1936 aerial imagery and USGS maps illustrated the
similarities and difference between historical and existing conditions (Figures 5, 6, 7).

Figure 5: Historic USGS Quadrangle Mapping (late 1800’s)
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Figure 6: 1936 photo of the project reach.

Figure 7: 2009 aerial image showing the extent of levees and revetments in the reach. Facilities of primary consideration
for modification are shown with yellow text.
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2. Oxbow Assessment
An independent assessment of existing oxbow features within the right bank floodplain was initiated (Figure 3;
Rutherford and Carlson Oxbows). Although the complex network of old channels in this area is likely to remain
somewhat static and isolated from mainstem river processes because Neal Road SE and State Route 203 bisect them
at many locations, improvements in connectivity and aquatic and riparian habitat conditions are being considered.
Given the importance of off-channel rearing habitat to juvenile salmonids and the paucity of information regarding
the functions provided by the large, relatively isolated oxbows in this reach, we initiated an investigation of these
features‟ fish use, water quality and connectivity with the mainstem.
The function of these large, off-channel habitats for various species of salmonids in the Snoqualmie is not well
understood. They may be important for rearing for some species, but it is likely that some areas have poor water
quality, high density of invasive fish and low connectivity to the mainstem river – all of which may affect the value
of the habitat to rearing salmonids. The objective of this independent investigation was to determine whether
enhancements in these areas are justified and if so, where these enhancements would be most effective. Results of
this assessment will be discussed in Section G1.

3. Reach Hydrology, Flooding and Hydraulics
a. Hydrology and Flooding
Hydrologic conditions and existing flooding patterns in the SAFC reach were summarized and refined for use in
evaluating risks and benefits of various project alternatives. The SAFC reach is subject to very frequent overbank
flooding, with overbank flow in many areas without levees initiating at approximately a two-year recurrence interval
flood event of approximately 26,000 cubic feet per second (cfs). A two-year recurrence interval flood event is one
that has a 50% probability of occurring in any given year. The two highest floods of record occurred in 2006 and
2009 and resulted in discharges through this reach of 60,000 cfs and 65,000 cfs respectively (Figure 8). In seven of
the past ten years there have been flood events greater than 25,000 cfs resulting in substantial overbank flooding
(Figure 9). The approximate discharge of floods with 2-, 10-, 50- and 100-year recurrence intervals are shown in
Figure 9. During the timeframe of this study, in the winter of 2010/2011, there were three flood events where
discharges in this reach exceeded 35,000 cfs. Oblique aerial imagery of the entire project reach was collected during
the first of these three flood events at approximately 26,000 cfs to help understand the patterns of overbank flow that
affect landowners and habitat forming processes in this reach (Appendix A).
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Figure 8: Peak discharge in this reach 1959 to present.
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Figure 9: Peak discharge in this reach over the last 12 years with approximate discharge of floods of various recurrence
intervals shown.

b. Reach and Site Hydraulics
Flooding in this reach is common and expected and a very sensitive topic with landowners when discussing potential
modifications to flood control facilities. Demonstrating a comprehensive understanding of existing reach and
project scale hydraulics to landowners is a critical first step towards developing proposals to modify existing flood
facilities. In particular, explaining to landowners why the 2009 flood event had consequences never seen before is
very important. Understanding where and when the river connects to various off-channel habitat features is also
very important in determining where the highest potential exists for habitat improvements. This project took several
substantial steps towards developing our understanding of existing hydraulic conditions:
1.

Interviews with all local landowners were conducted to have them explain flow patterns that they have
observed over the years and identify their areas of concern with respect to flooding and erosion;

2.

A series of continuous water level loggers and monitoring stations were established throughout the river
and floodplain and data/observations were recorded throughout the winter of 2010/2011, including three
substantial (approximately 5-year recurrence interval) flood events. The data from the gages and
observations were used to generate numerous stage/discharge rating curves that allowed us to analyze
connectivity of various floodplain areas with the mainstem of the river at different stages (Figure 10).
These data will also be used to calibrate future hydraulic models;

3.

Aerial oblique photographs were taken at a discharge of approximately 26,000 cfs on December 9th, 2010
allowing us to understand what landowners in the area experience on a regular basis during moderate flood
events (Appendix A);

4.

The existing one-dimensional (1-D) flood insurance rate model (FIRM) was evaluated to determine if it
would provide adequate information to allow for design and implementation of large-scale restoration
projects in this reach. This evaluation resulted in a determination that the existing model was not adequate
for this purpose. Subsequently, recommendations for future modeling to support future capital projects in
the SAFC were developed (nhc 2011). King County currently plans to develop a two-dimensional (2-D)
flow model with sufficient detail and resolution to support design processes and hazard assessments for
project alternatives recommended by this assessment. This modeling effort will be conducted as an
independent effort to the restoration assessment presented in this report.
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Figure 10: Stage/Discharge relationships established at six locations within the project reach. Data points were generated
with actual data (from on-site gages in 2010/11) up to 35,000 CFS and generated from the 2004 flood model for larger
discharges.

The 2-D hydraulic model currently under development by King County will simulate the complicated flow patterns
under existing conditions in the SAFC reach where flood waters regularly interact with infrastructure and private
property across the mile wide floodplain. Hydraulic model outputs will be provided to SAFC landowners as part of
the model validation process to confirm that model representations of flow dynamics are consistent with the patterns
observed by local residents during flood events. The 2-D hydraulic model will also serve as a tool to evaluate how
modifications to various flood facilities in the reach might affect the landscape, including possible effects on the
river and floodplain (habitat elements) and effects on private property and infrastructure (risk elements).
Development of this model will be initiated in the second half of 2011. A target date of the 1 st quarter of 2012 is set
for completing a calibrated existing conditions model and select project alternative scenarios.
The 2-D flow model will provide the necessary information for final design and implementation of any proposed
project in the SAFC reach; information from the existing 1-D FIRM model, along with additional information
collected as described above, provided sufficient data for describing water surface elevations, flow patterns, and
local and reach scale hydraulics for the characterization of existing conditions and evaluation of project site
alternatives presented in this assessment.

4. Flood Protection Facilities
The projects considered in this feasibility assessment involve removing existing facilities (levees and revetments)
that confine the active channel of the Snoqualmie River within the SAFC reach and replacing the functions provided
by these facilities (flood protection, limit to channel migration) with facilities constructed at locations further back in
the landscape. The primary facilities considered for modification are known as the Barfuse, Aldair and Carlson
Upper Levees, and the Hafner Revetment (Figure 11). Summaries of the condition, operation and maintenance
history, and function for each facility are presented below.
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Figure 11: 2009 aerial image showing the primary flood control facilities and roads in the focus reach. Portions of flood
facilities circled in red are the primary areas being considered for modification in this assessment.

Barfuse Levee
The Barfuse Levee is located on the left bank of the Snoqualmie River within the upstream portion of the SAFC
reach (Figure 11). The Barfuse Levee is approximately 1900 feet in length. There are no definitive records for the
date of construction; however, records indicate that significant improvements were made to 1125 feet of the existing
facility in 1962, so it is presumed to predate 1962. Additional repairs were made in 1976, 1981, 1987 and 1992.
Available details from facility repairs are presented (Table 1). Current damages to the Barfuse Levee include minor
toe erosion and scour, and discontinuous face erosion. These low and moderate severity damages extend for
approximately 250 linear feet of the facility. The Barfuse Levee is effectively a training levee that limits lateral
migration of the river to the west, limiting the rate of erosion towards private properties at the upstream end of the
facility. The facility does provide some flood containment, however the downstream end is backwatered during
moderate to large flood events and a culvert at the upstream end allows flow to enter the side-channel at relatively
modest flood events. The area that receives this limited flood protection is undeveloped riparian forest owned by
King County.
Hafner Revetment
The Hafner Revetment is approximately 2175 feet in length and is located on the right bank of the river opposite the
downstream end of the Barfuse Levee. Similar to other facilities there is no definitive date of construction. The top
elevation of the facility was constructed to the elevation of the adjacent floodplain; the facility provides no
protection from inundation or overbank flows. The facility functions to limit channel migration towards a portion of
Neal Road SE and the private property associated with Fall City Farms. The guard rail and section of Neal Road SE
immediately downstream of the lower portion of this facility have been damaged repeatedly during large flood
events. Records indicate repair efforts were completed on the facility in 1975, 1982, 1991, and 1997 (Table 1).
Existing damages to the Hafner Revetment include low-severity toe erosion and minor slumping along
approximately 25 linear feet of the structure.
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Aldair Levee
The Aldair Levee is located along the left bank of the Snoqualmie River downstream of the Barfuse Levee (Figure
11). The facility is approximately 4600 feet in length, and similar to the other facilities evaluated in this assessment,
there are no definitive records for the date of construction. Historical aerial photographs, however, indicate that
initial construction likely occurred at the same time as the Carlson Upper Revetment, in 1936 or the years
immediately before. Facility repair records indicate repair efforts were completed in 1961, 1972, 1976, and 2008
(Table 1). Current damages at the Aldair Levee include voids within the levee prism that result in piping and high
pressure seepage during the rising limb of flood events. Seepage flows of this nature can lead to sudden levee
failure. Local residents that could potentially be impacted by flood hazards resulting from such a failure were
notified by letter in December 2003. Additional damages include low-severity toe erosion and minor slumping
along approximately 50 linear feet of the structure. King County‟s River and Floodplain Management Section is
currently evaluating the hazards presented by the existing damages and will use the hazard assessment as a basis for
any mitigation actions. The downstream portion of the Aldair Levee functions to contain flows up to approximately
the 5-year recurrence interval flow, while the upstream portion of the facility contains flows during larger magnitude
events.
Carlson Upper Levee
The Carlson Upper Levee is approximately 1500 feet in length and is located along the right bank of the Snoqualmie
River across from the downstream half of the Aldair Levee. No historical records exist for this facility. Historical
aerial photographs indicate that the initial construction of the Carlson Upper Revetment likely occurred in 1936 or
shortly before. Field observations of larger and distinct rock at the upstream end of the facility indicate at least one
repair, but no record of this maintenance work exists. Current damages to the Carlson Upper Levee include
extensive sections with missing face rock, and multiple locations with toe erosion and scour. Approximately 420
feet of the facility exhibit damages of low to moderate severity. Although the Carlson Upper Levee was constructed
to a sufficient elevation to contain up to a 10-year flood event along much of its length, it is not contiguous with
upstream and downstream facilities, so it is not effective at protecting the area behind it from inundation during
flood events. The functional intent of the facility at the time of construction is unknown but may have been intended
to simply be a revetment, as the levee prism appears to be constructed from dredge spoils (river sediment), with no
apparent attempt to set a consistent containment elevation or provide sufficient width to ensure structural stability
should any impoundment occur. The Carlson Upper Levee limits channel migration into the undeveloped King
County Natural Land area behind it, as well as Neal Road SE and a number of private properties beyond that.

Table 1: Summary of existing river facility repair records.

Facility

Year Repaired

Barfuse Levee

1962
1987
1992
1961
1972
2008
1975
1991
1997

Aldair Levee

Hafner Revetment

Notes:
1
– Costs presented in 2010 dollars.

Repair Cost

2

1

$64,200
$27,600
$1,160
$20,600
$97,000
$75,800
$7,000
$52,800
$46,100

– Repair extent not available.
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Repair Extent
(Linear Feet)
1125
2
-2
-370
400
1200
40
2
-50

5. Infrastructure Assessment
Neal Road SE is a local arterial along the right bank of the Snoqualmie River, which begins at an intersection with
State Route (SR) 203 at the south end, and runs north (in the downstream direction) approximately 3 miles between
the Snoqualmie River and SR 203 to a dead end (Figure 11). The dead end previously reconnected to SR 203 at the
north end of the Carlson property, but due to a shoulder failure, the last 200 feet has been closed since at least 2005.
There are no plans by King County to reopen this closed section.
Neal Road SE is the primary access for several private properties, some of which have secondary access to SR 203
via private drives for equipment or for alternate access when Neal Road SE is flooded. At least one of the secondary
access points has been blocked by new guardrail as a result of a WSDOT SR 203 corridor safety project completed
in 2010, with project limits extending past the south and north boundaries of the reach defined in this feasibility
project.
Near the Hafner Revetment, Neal Road SE follows a curved alignment at varying distances from the Hafner
revetment, and running along the right bank in a tight curve for approximately 100 feet. Removal of the Hafner
Revetment or the Carlson Upper Levee allows lateral migration of the Snoqualmie, which in turn would expose Neal
Road SE to erosion.
Few properties are accessed by Neal Road SE, and because of this condition, permanent closure of the road could be
considered if the properties accessed by Neal Road SE were provided replacement or alternative access to SR
203.The recent WSDOT corridor safety improvement project, however, illustrates limitation of closure as an option.
Because the safety improvement project included installation of guardrail for runoff collision prevention and turn
pockets for driveway and side-street turning refuge, adding access points to SR 203 would require a highway
corridor evaluation and construction of turning pockets, which would be allowed only where access point spacing
and sight distance permitted, and subject to approval by WSDOT.
Neal Road SE is frequently impacted by flood flows under the existing conditions, and the mainstem channel was
historically aligned with the edge of Neal Road SE in places. The objective for protection of Neal Road SE would
be to mitigate areas that would experience increased flow or inundation impacts by installing energy diffusion
features such as ELJs, installing rock revetment to limit river migration beyond the road edge, or a combination of
both.
State Routes 202 and 203 are WSDOT-owned and maintained highways with alignments within the SAFC Reach
(Figure 11). The roadways intersect in Fall City, just west of the confluence of the Raging and Snoqualmie Rivers.
SR 202 crosses the south end of the Snoqualmie at Fall City Reach then runs generally northwest, diverging from
the Snoqualmie River. SR 203 begins in Fall City, running north and south on the east side of the Snoqualmie River.
For the purpose of this feasibility, closure or relocation of both state highways (SR 202 and SR 203) in the vicinity
was not considered, and in project alternatives where there was potential impact to the highways, protective
measures were included. From that perspective, it was assumed that where there was a possibility of river migration
or increased flooding impact, setback installations associated with the removal of current flood protection facilities
would provide adequate protection from channel migration and maintain the existing level of protection from flood
inundation and bank erosion or lateral channel migration.
SR 202 is out of the floodplain and is protected from lateral migration by the Barfuse Levee and other upstream
facilities. SR 203 does overtop in large events, and is protected from lateral migration by both the Hafner
Revetment and Carlson Upper Levee. Alternatives that consider the removal of all or part of the Hafner and Carlson
Upper facilities, or a combination thereof, include road protection features for Neal Road SE, which in turn would
prevent migration to SR 203, as it is located further landward. Alternatively, further analysis may be done to better
determine the feasibility of closing portions of Neal Road SE and what lateral migration protection is needed for SR
203.
West River Road is a local arterial that runs in north-south and east-west segments along the left bank of the
Snoqualmie with an intermediate curve named SE 31st Street along the Aldair oxbow (Figure 11). For ease in
reading this narrative, this combination of road segments is generally referred to as West River Road.
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Flooding and channel migration protection is provided to West River Road by the Aldair Levee. Under existing
conditions, an overflow path upstream of the Aldair oxbow directs flood flows across West River Road at 5-year
recurrence interval events and above. At 50-year recurrence interval floods, most of the length of West River Road
located within the project area is inundated.

6. Cultural Resources Assessment
Presence of cultural resources (known or unknown) within or near a proposed project has the potential to affect cost
and feasibility of projects proposed in this reach. The following tasks were initiated by the ICF Consulting Group to
assess the magnitude and likelihood that cultural resources located within in the SAFC project area could impact
proposed alternatives:
Task 1: Conduct a search of relevant records and pertinent literature on the archaeology, ethnography, and
history of the Area of Potential Effects (APE) to provide information on previously identified
cultural resources and to determine the existence or probability of other cultural resources in the
APE;
Task 2: Based on the results of Task 1, assess the likelihood for potential habitat restoration projects in the
APE to encounter cultural resources with particular attention given to known potential project
areas.
Although results of this initial assessment did not indicate that cultural resources would preclude development and
implementation of projects in this reach, anticipated areas of concern were identified and will be further investigated
during the design and implementation of any proposed project (Appendix D). One of the final recommendations of
this assessment was that the Carlson Upper project was the LEAST likely to encounter any cultural resource issues
because of the recent (1936) occupation of the now relict channel through this site.

7. Landowner Outreach #1
a. Approach
Landowners‟ willingness to participate in any proposed project is perhaps the most important element of project
feasibility. Recognizing this, an extensive outreach plan was undertaken early in the feasibility process. The large
size of this reach and the “connectivity” and sensitivity of the agriculture community in this reach around the subject
of flooding, made this a considerable effort, with 21 landowners contacted during the first phase of outreach (Figure
12).
The landowner outreach effort was broken into two phases:
Phase 1 outreach was completed from August through October 2010.
Objectives were to:
o Determine landowners‟ general willingness to work with the County on future restoration projects
o Hear their specific concerns regarding flooding, erosion and other issues on their property
o Determine where potential flooding/erosion improvements could be made on their property or in
the reach
o Allow the technical team to access their property for site evaluations.
Phase 2 outreach will be completed at a later date (likely 3rd quarter 2011) with a smaller subset of
landowners associated with proposed primary restoration actions.
Objectives will be to:
o Determine willingness of landowners to consider specific restoration actions specific restoration
actions on their property, including the full range of alternatives considered by the technical team;
o Get feedback from landowners on impacts and benefits they think could occur from alternative
restoration projects on their land.
o Allow the landowners to interface directly with the technical team to discuss specific design
elements;
o Gather more information from landowners regarding what information from the upcoming
modeling effort would be useful to them.
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Figure 12: Land ownership in the SAFC reach.
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b. Phase 1 Outreach- Results
In general, landowners in the reach were open to discussion of various project opportunities on and adjacent to their
properties. All of the landowners associated with the primary flood facilities in the reach were open to further
discussion of more specific project concepts. While these general discussions were cordial and open, landowners
had some very specific concerns about erosion and flooding, and some expressed concerns about potential loss of
farm land. While individual landowners are not identified in this report, a summary of meeting notes and maps from
this considerable initial outreach effort was compiled and used to inform initial feasibility rankings in terms of
landowners‟ willingness to participate with proposed actions. Results from more specific discussion with
landowners about various project alternatives affecting their property will be available at a later date, as described in
Section VB (Landowner outreach #2).

B. Historic and Existing Conditions Analysis
1. Approach
Historic conditions in the project reach were assessed using available mapping, aerial photography, LiDAR based
ground surface models (Figure 15), and records of river engineering including de-snagging, dredging, levee
construction and bank protection. The earliest references are USGS maps and survey notes produced in the 1870‟s
(Figure 5). Subsequent quadrangle mapping is available from 1890 and reflects rapid development. Aerial
photography from 1936 and 1937 is the earliest available, post dating some early river engineering work and
significant floodplain clearing and development (Figure 13). Aerial photography from 1961, 1973, 1989, 2000,
2004, 2008, 2009 (Figure 14) and 2010 were also evaluated. In addition, Collins et. al. (2002) provided
reconstructed basin conditions for ~1870, 1936 and modern (2000) conditions. Those three time periods were
evaluated due to available information, and because they represent very early Euro-American settlement, settlement
prior to major levee construction, and modern, post levee conditions. These documents were used to help construct
the following characterizations of geography and land use, hydrology and hydraulics, river and floodplain
geomorphology.

2. Geography and Land Use
The project reach is located along the Snoqualmie River immediately below its confluence with the Raging River.
The location of the confluence appears to have remained relatively consistent throughout the 140+ years of
available, historic record, and has been the site of substantial sediment deposition, creating a broad area or alluvial
fan that is adjacent to the Snoqualmie River but above both its historic and modern floodplain. Abandoned or areas
otherwise protected from Raging River floods on the broader fan surface have therefore provided an advantageous
location for human habitation and appear to have strongly influenced the social, physical and geomorphic
development of the project area.

Pre-1870 (Figure 5)
Historic General Land Office (GLO) mapping shows that some Euro-American settlement had occurred and small
portions of the surrounding flood plain area were actively farmed and logged prior to 1870. However, development
and clearing were very limited and no bridge crossings or other significant river infrastructure are evident from that
time. Trails are shown on the GLO maps (1870), but they did not connect to Carnation (formerly the town of Tolt)
to the north (Figure 5). Very little land had been subdivided for residential purposes, and commercial activity
appears limited to one store or trading post on the south side of the river in what is now Fall City. Based on
available de-snagging records, the Snoqualmie River was not navigable upstream of the Tolt River until the late
1880‟s (Collins, 2002).
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Figure 13: 1936 aerial photo of SAFC focus reach.
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Figure 14: 2009 aerial photo of SAFC focus reach showing levees and revetments installed between 1930’s and 1960’s.
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Figure 15: Digital Elevation Model of SAFC focus reach showing levees & revetments installed between 1930’s and
1960’s.

1870-1936
Based on USGS quadrangle maps, rapid development began between 1870 and 1890, by which time a bridge
crossed the Snoqualmie at Fall City, and the town had been platted for residential development. Roads had been
constructed near the river on both the left and right bank and connected to both Carnation and Snoqualmie.
Significant de-snagging activities in this time period removed several hundred logs from the river, allowing access
by river boats, and a railroad followed the east valley wall along an alignment that has since been converted to a trail
(Collins, 2002). By 1936, agriculture had dramatically expanded to very nearly encompass the floodplain at the
expense of forest and wetland areas. River engineering, including channel re-alignment, bank protection and levee
construction were initiated during this time period. The most significant river modification during this time period
is evident in the 1936 aerial photo. A large meander was cut-off with a dredged channel that shortened and
straightened the reach while protecting Neal Road SE (Figure 13). Dredging appears to have occurred in 1936, and
what appear to be excavation scars are still visible on the right bank bar in the 1936 aerial photo. The channel
appears to have been located to take advantage of an existing oxbow or head-cut because vegetated islands can be
seen in the downstream half of the new channel, and constructed levee volumes correspond well to the estimated
volume of excavation required for the upper half of the channel. The new channel was likely armored at the time it
was dredged, allowing it to maintain a narrow constructed width of between 150 and 180 feet while the average
channel width at the time was approximately 280 feet (Table 2).

1936-Present
Between 1936 and 1961, significant dredging and levee construction occurred in the project reach, and Highway 203
was constructed. Additional residential development occurred in the floodplain and some additional clearing was
performed for agricultural production. By far the most significant changes to the river system were the dredging and
levee construction. During this time period, extensive rock faced levees were constructed to protect low lying farm
land from flooding and channel migration. Levee fill was derived from local dredge spoils resulting in immediate
narrowing and deepening of the channel. Anecdotal information suggests that local dredging continued through the
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1980‟s. Some relatively recent, commercial development has occurred in the floodplain, but, based on aerial photo
review, most major changes occurred between 1936 and 1961 (Figure 14).

3. Hydraulics and Sediment Transport
Pre-1870
The project reach has occupied a position in the middle of the floodplain, away from the valley walls throughout the
period of historic record. Natural levees are evident in the LiDAR topographic surface, and likely provided general
containment of the 2 year flow in the undisturbed condition (Figure 15). The historic channel migration corridor is
elevated above the surrounding floodplain, and a significant low area containing Patterson Creek exists along the
west margin of the floodplain. During moderate flood events, flood flows would have been concentrated in complex
abandoned channel alignments to the east or conveyed toward Patterson Creek to the west, and the 10 year
recurrence interval flood would have inundated the entire valley floor. GLO Survey notes indicate that the channel
width was an average of 250 feet and suggest the presence of numerous snags. Channel roughness was relatively
high due to large wood in the channel and natural bank topography and vegetation. Channel length was
approximately 20% longer than in the modern reach due to higher sinuosity and decreased average bank- full slope.
Clearing and road building do not appear to have been significant sources of increased sediment during the presettlement time period.

1870-1936
Major changes to river hydraulics and sediment transport capacity occurred as settlement and river management
intensified. De-snagging, channel re-alignment and local bank stabilization all occurred in this time period. These
actions, intended to improve navigation and reduce flooding and flood related problems, resulted in a smoother,
shorter, straighter channel through the project reach. Those changes facilitated dredging and moved the channel
away from Neal Road SE, but also began to change the distribution of sediment throughout the reach by causing bed
scour in confined reaches while accelerating deposition in wider unconstrained sections. However, the channel had
not fully adjusted to the changes during this time period, and the pool/riffle sequence repeated at a spacing of 5-7
channel widths.
Sediment supply appears to have increased significantly, particularly around the time of the 1936 aerial photographs
(Figure 13). Collins et. al (2002) attribute the apparent increase in sediment supply to coincident increases in
logging of tributary headwaters. Extensive unvegetated bars are present throughout the reach in the 1936 aerial
photo, suggesting widespread, recent disturbance and support an episodic increase in deposition. Review of
mapping from 1870 and 1890 and comparisons with LiDAR based ground models and the 1936 aerial photo suggest
migration rates for the project reach of up to 40 feet per year during this time period.

1936-Present
Between 1936 and about 1960, levee construction strongly influenced reach hydraulics and sedimentation patterns
(Figure 14). The relatively continuous levees constructed in the project reach reduced average channel width by
approximately 20% and substantially reduced natural variability in channel width (Table 2). Levees also isolated
numerous off-channel areas were inundated between the low flow water surface elevation and the approximately 2
year recurrence interval flood elevation. The effects of these hydraulic modifications included a significant increase
in sediment transport capacity through leveed reaches, which in turn caused deep channel incision, further isolation
of off channel habitat, and a dramatic increase in pool/riffle spacing (Figure 16). The river profile illustrates the
changed sedimentation pattern with large bars separated by glides that are approximately 25 times the channel
width.
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Table 2: 1936 vs. 2009 bank full channel dimension comparison
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Figure 16: Existing water surface profile at approximately 800 CFS in the project reach (heavy blue line), with theoretical
natural profile (orange stepped line). River segments that are constrained by levees are shown with blue shading.
Hydrologic connection opportunities are highlighted with red arrows.

4. River and Floodplain Geomorphology
Pre-1870
Although the confluence of the Raging and Snoqualmie has remained at a relatively stable location throughout the
period of historical record, the Raging River fan can be defined topographically, and suggests that over a longer
period, the confluence has shifted both east and west. Since before 1870, the Snoqualmie River has truncated the fan
surface along its northern perimeter. Because of the location of the confluence, the truncation of the Raging River
Fan, and the forested ground cover in the pre-settlement condition, the project reach historically received a high,
generally consistent background rate of bed load sediment supply. The historical channel plan form in the project
reach developed in response to that high sediment load, resulting in a more dynamic, less sinuous, steeper and wider
channel than is found upstream or downstream. Early mapping and aerial photography show frequent, large gravel
bars and a channel that shifts between meandering and island braided forms. Variations in sediment supply due to
20

periods of increased landsliding or flooding may have contributed to changes in channel migration rate and form,
but evidence for rates of channel migration during the pre-1870 time period is limited. Accumulations of large
wood would likely have stabilized portions of the river bed, banks and floodplain while causing erosion in other
areas. More importantly, large wood in the channel would have increased in-channel hydraulic complexity and
likely increased local channel width, thus decreasing channel depth and increasing the low flow water surface
elevation. The elevated low flow water surface would have provided improved surface and hyporheic connections
to off-channel habitat in abandoned channels or other low floodplain features.

1870-1936
During the late 1800‟s and early 1900‟s roads, bridges, farms and other infrastructure were developed adjacent to the
project reach. These actions eventually prompted measures to stabilize the channel and prevent channel migration.
In addition, ongoing land clearing and de-snagging substantially reduced the presence and geomorphic effects of
wood in the river and floodplain, and simplified the channel form, making it suitable for navigation. Early rock
bank stabilization was constructed during this time period, but protection was localized and along most of the reach
natural rates of channel migration persisted.

1936-Present
Geomorphic change between 1936 and the present has been strongly influenced by levee and revetment construction
throughout most of the project reach. In general, the artificially narrow and revetted channel cannot meander except
in short unconstrained areas. The meander bend that was cut off in 1936 has steadily filled in at its upstream end
while the main channel has incised over most of its length. The incision has decreased the connectivity of
abandoned channels in the reach, and eliminated the majority of bar forms that were present in 1936. Two very
large gravel bars have formed in unconstrained reaches, one of which is currently causing substantial retreat of the
opposite bank. It appears that gravel was removed from the downstream bar in the 1970‟s and that a new bar has
formed since that time, suggesting a high rate of sediment deposition and the potential for increased bar growth and
bank erosion in the future.

5. Habitat
Pre-1870
Using GLO survey notes and mapping, and snag removal records, Collins et. al. (2002) described early forest, river
and floodplain conditions. He describes a mixed species old growth forest with large connected areas of marsh or
wetland, numerous tributary streams and multiple abandoned or semi-abandoned, connected river channels. In
general the channel was described as relatively stable, due in part to the stabilizing effects of numerous large trees
on the banks and stable “key” logs in the channel. Montgomery et.al. (2006) suggest that large wood loading was
approximately 100 times current levels. Connectivity with off-channel habitat features and hydraulic complexity
throughout this reach likely resulted in diverse, high quality aquatic habitats that were very productive and critical
for numerous life history stages of all salmonid species in the basin.

1870-1936 (Figure 17)
Wood removal from the channel was likely the first significant impact to habitat, reducing channel hydraulic
complexity and cover. Widespread land clearing reduced the size and quantity of available wood, destabilized banks
and reduced shading. The artificial meander cut off reduced channel length, and width during this period and banks
were locally steepened and protected with rock. Off-channel and side channel habitat was relatively abundant and
connections with the main channel were largely unaffected by river modifications with the exception of the artificial
meander cut-off area. Low velocity edge habitat along bars and banks in the mainstem was still considerable, but
complexity and cover in these areas was likely considerably less due to removal of large wood, especially along
steeper deforested banks. Spawning habitat was distributed throughout the reach with numerous riffles and pools,
but with less cover over holding pools.
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Figure 17: 1936 aerial photo showing geomorphic and habitat features

1936-present (Figure 18)
Throughout the last 75 years, the plan and profile of the project reach has changed in response to river engineering
efforts. Most notably, the large meander bend that was cut-off by dredging in 1936 has caused significant
shortening, straightening and incision of the channel. Associated and subsequent levee and revetment construction
extended and accentuated these effects while narrowing the channel. River management actions also reduced
natural variability in channel width decreasing hydraulic complexity and value in the mainstem. Channel area at
bank full flow is approximately 27% less than it was in this reach in 1936, with comparable reductions in length,
width and sinuosity (Table 2). This resulted in a direct loss of a substantial area of aquatic habitat at all stages. This
reduced width has also likely increased average water velocity in the mainstem at all stages (except perhaps low
flow) thus reducing the availability of low-velocity edge habitat for rearing salmonids for much of the year.
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Figure 18: 2009 aerial photo showing geomorphic and habitat features

Hardened banks throughout most of the reach now virtually preclude channel migration and the accumulation of
large wood and sediment. Those channel forming processes and features are now limited to two unconstrained areas
with actively growing bars and eroding or erodible banks. Active bar growth was evident in the 1973 photos but
lacking in the 1989 photo suggesting that dredging occurred in the intervening time. Since dredging stopped,
substantial aggradation and related bank erosion has occurred on both major bars. As sediment storage on the bar
begins to cause a hydraulic constriction, the channel replaces lost capacity by eroding its banks. This aggradation
combined with scour of intervening leveed sections has created a stepped water surface profile at low flow (Figure
16).
The lack of channel migration or accumulation of wood and sediment in this reach has reduced the availability of
high quality spawning and rearing habitat for salmonids. Spawning habitat is limited to several riffles associated
with these large bars rather than being more evenly distributed throughout the reach. Sheer stress on redds is likely
very high in most of the confined reaches, perhaps affecting egg to fry survival rates. There is also a lack of cover in
adjacent pools where adults hold during spawning.
Remnant off-channel habitat features are present, but in most cases their connectivity to the mainstem is fragmented
by large levees with either no outlet or a very confined, elevated culvert with marginal fish passage. Those offchannel features that are not fragmented by levees are likely disconnected relative to historic conditions due to deep
mainstem channel incision and associated aggradation in floodplain areas. The reduction in sediment, and lack of
depositional bars has likely reduced the quantity of low velocity bar and bank habitat in the mainstem. Where low
velocity edge habitat does exist in the mainstem, cover is limited due to a lack of vegetative cover wood. Channel
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cross sections and low flow observations suggest the leveed sections of the reach have very simple, planar bed
topography limiting hyporheic flow interaction and potentially impacting water temperature.

6. Impact Analysis and Summary
Human alterations have dramatically affected the patterns and rates of geomorphic processes in the project reach.
Natural processes have been restricted resulting in a system that focuses energy, sediment and wood in limited
unconstrained areas. This has caused a substantial reduction in the type, distribution and quality of available habitat.
Fundamentally, the river has been forced out of equilibrium and it is adjusting to new constraints through changes in
channel width, depth and slope. The result and trajectory of those changes yields a simplified, disconnected system
that impacts existing habitat and dramatically limits processes responsible for new habitat formation. Left in its
current state, the reach can be expected to continue to adjust. Sediment is likely to continue to accumulate on
existing bars with coupled local erosion of adjacent banks. Off channel features will continue to aggrade during
flood events and no new off channel habitat is likely to form except in isolated unconstrained areas.
The historic channel meander pattern in the study area had a belt width of approximately 2,500 feet and a meander
wavelength of approximately 5,000 feet. Based on historical meander patterns, it appears that a meander belt with a
width of approximately 1,200 feet and a length of approximately one to one and one half historic meander
wavelengths would be the minimum necessary to fully re-establish long term, active meander migration. Smaller
scale actions could restore channel width and allow for development of individual meander bends, but a substantial
area is required to fully restore the ongoing propagation and cut off of a meandering channel form and gain the
accompanying habitat benefits.

C. Development and Application of an Ecofluvial Benefit
Ranking Matrix
1. Establishing values and developing a scoring approach
This section explains how restoration projects were prioritized with respect to their ecological and fluvial (hereafter
referred to as “ecofluvial”) benefits. The purpose of this effort was to differentiate numerous projects in the
conceptual design stage in order to select the most promising projects for further design and early implementation.
This scoring scheme weights the benefits of projects based on values established using various WRIA 7 planning
documents, relevant peer-reviewed literature, SRFB scoring criteria and input from staff assigned to the Snoqualmie
and technical team members.
The scoring approach is based on the assumption that effective restoration projects are those that result in persistent
improvements in riverine and floodplain habitat that are consistent with and maximize the intrinsic potential of the
site. Improvement is defined here as a significant increase in the quantity, diversity, and productivity of habitats over
a range of flows and for a variety of native species and life stages. In an effective project, habitat improvement may
occur gradually or abruptly but those improvements persist in a dynamic state because impaired physical and
biological processes are sufficiently restored. Effective projects may also need to replace missing habitat structures
to achieve or maximize effectiveness, or to bring about change more quickly.
Accordingly, effective projects are those that meet the following criteria:
The project addresses one or more root causes of habitat decline that currently prevents the development of
high quality habitat (Beechie et al. 2010): bank hardening, overbank flood containment levees, passage
barriers or habitat fragmentation, and deforestation and weed invasions.
The project restores one or more impaired fluvial processes that erode, transport, and deposit sediment and
wood (Lorang and Hauer 2005) over the largest area possible: channel widening, avulsions and channel
splitting, and channel meandering.
The project affects some of the primary physical drivers of geomorphic change (Lorang and Hauer 2005):
energy gradient, sediment caliber, transport capacity, and sediment source.
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The project results (directly or indirectly) in large and persistent structural changes in habitat for spawning,
rearing, and refuge within 10 years; with a focus on enhancing low-velocity rearing habitat in off-channel
areas and along and the edge of the mainstem of the river)
The project has a high certainty of success, meaning that the technical team has a high level of confidence
that the project will result in the predicted outcomes.
The project has promising potential over the long term (50 years), meaning that key processes should
continue to function without further intervention (beyond minor maintenance), resulting in continued
provision of large quantities of diverse and productive habitat.
Our aim is to use these criteria and values to integrate project selection, design, and monitoring. The primary
application of these criteria is the selection of the most promising conceptual designs and project locations. These
criteria are applicable to other large river systems in King County (and elsewhere), so we recommend that these
criteria be used in feasibility studies in the Cedar, Green, and White Rivers, as well. It is also our intent that the
attributes outlined above should fundamentally shape the design and monitoring of each project that is chosen for
implementation. Integrating project selection, design, and monitoring will streamline the learning process. For
example, in this methodology, we generate explicit hypotheses about which factors determine project effectiveness,
and how the project will affect habitat. If the final design is consistent with the selection criteria and conceptual
design, we can use monitoring to evaluate the accuracy of the initial predictions. If the predictions are close to the
mark, this builds confidence and helps to balance the risk-aversion that may compromise project design. If
predictions are off the mark, we must revise our assumptions about what determines project effectiveness and test
the effectiveness of alternative project designs.
In addition to the specific criteria outlined above, we strongly recommend adherence to more general yet broadly
accepted standards for ecological restoration (Palmer et al. 2005; Appendix B).
The scoring matrix for the SAFC Feasibility study consists of seven primary ecofluvial criteria that combine to a
total potential score of 390 points with higher scores representing the most promising projects (Table 3). The
following section explains each evaluation question in sufficient detail for a technical reviewer to assign scores for
each criterion.
1.

Is the project in the focus reach? This question is the simplest. If a project is in the focus reach, which is
simply the area of interest for the Snoqualmie at Fall City Feasibility Study, it shall be assigned full credit
(10 points). The purpose of this question is to discourage expansion of project scope.

2.

Does the project address the root cause of decline? Projects that address multiple root causes get more
points (are prioritized higher) than projects that do not. In the same fashion, projects that thoroughly
address the causes are expected to be most effective. Projects that remove all bank hardening, levees,
blockages, and replace all woody vegetation get full credit (50 points). Removal of bank hardening and
levees is given priority (and more points) than blockage removal and replacement of woody vegetation, but
each is important. Only local factors are considered, though watershed-scale factors (e.g.,
hydromodification) are often more important root causes of habitat degradation. This approach focuses on
local causes of habitat degradation because these are factors that King County can modify.
Two decisions are needed for each item. First, assign a score that indicates the relative contribution of each
factor to habitat degradation at the project site. If the maximum possible score is 15, assigning the project a
15 means this factor is a primary cause of habitat degradation. A 10 means the factor is important, but
secondary to other factors. A five means the factor is a minor problem at the site. A zero means the factor
does not impair habitat conditions or is not applicable. Next, estimate the proportion of the problem that
will be alleviated by restoration. Bank hardening is used here as an example:
A hypothetical project site is only moderately impaired by bank hardening, so the importance
score is 8 out of 15. In the conceptual design alternative, 900 of 1000 feet (90%) of existing bank
hardening will be removed or disabled. The score is then calculated as the product of the
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importance score and the proportion removed or disabled (e.g., 8*0.90). Accordingly, the project
would get a 7.2 out of 15 possible points for bank hardening removal.
3.

Does the project restore fluvial processes that generate natural channel patterns? The focus here is on a
short list of broadly encompassing fluvial processes typical of floodplain rivers. The scoring first requires
the user to characterize the historic rate (alternatively optimal, or intrinsic potential rate) of each process
between 0 and 100 (this value is unit-less). Existing conditions are characterized next, followed by the
estimated post-restoration rate. The „lift factor‟ for this line item is calculated according to the formula: Lift
= (post restoration – existing)/(historic – existing). This lift factor is a percentage of the total possible
improvement and multiplied by the maximum potential score for the line item. This scoring approach
focuses on three process categories proposed by Lorang and Hauer (2009); a fourth (braiding) exists but is
not very common in project locations in King County.
Channel meandering is defined as the process resulting in erosion on the outside of a river bank in a
somewhat orderly and repeated pattern of curves (Lorang and Hauer 2005). This is a process typically
associated with low gradient rivers with sandy and silty beds. During this process, the river channel width
often remains relatively constant. Meandering may result in the loop cutoffs, producing backwaters and
oxbows. Point bars form on the inside bend and support woody vegetation.
Channel avulsion (or anastamosing) is defined here as the process of major (large-scale) channel
relocations into new or previously abandoned channels, resulting in a new main channel or at least a
secondary flow-path (Lorang and Hauer 2005). This process is often coupled with channel widening, but to
a lesser extent. A common mechanism is head-cutting in a secondary channel that proceeds until it captures
the main channel. The process tends to produce lateral and mid-channel bars, coupled with an assortment of
backwaters and side channels.
Channel widening occurs where bank erosion and bar deposition dominate, often where the local sediment
supply (from bank erosion) increases relative to the river‟s transport capacity. The process of bar formation
and bank erosion is strongly coupled; the bar forces the river against the opposite bank, causing the channel
to widen and become more sinuous. Bars grow larger and the channel widens until it begins to stabilize
through the formation of primary and secondary channels through small-scale avulsions. These processes
produce a variety of habitat types including pools, scour holes and riffles, as well as off channel habitat
features like backwaters and ponds. Colonization by vegetation over time helps to trap more of the
sediment and build vegetated landforms dominated by mature trees.

4.

Does the project strongly affect physical drivers of fluvial processes? The focus of this question is to
identify those projects that most strongly alter the primary drivers of physical processes (from Lorang and
Hauer 2005). The rationale for this criterion is that projects that alter these drivers are likely to trigger
significant and obvious changes in the process regimes and patterns of the river channel, which is a
common goal of river restoration projects. Lorang and Hauer (2005) consider four primary drivers: energy
gradient or slope (Se); sediment caliber (D); transport capacity represented as sediment supply (Q s) and
stream power (Ω; as a function of shear stress and velocity), and the sediment source (Q basin/Qbank). In our
scoring approach, we focus on the constituents of the latter two drivers because they are most directly
affected by our restoration projects. Accordingly, we consider changes in reach hydraulics (in lieu of
energy gradient), changes in sediment recruitment from on site (Qbank), changes in sediment retention from
upstream sources(in lieu of Qbasin), and changes in flow obstructions or channel roughness (in lieu of shear
stress and velocity).
The scoring approach is simple; the user is expected to estimate the relative magnitude of change to each
driver that is expected to result from the project (within 10 years). There are four possible responses; 1, 3,
5, and 10, representing no change, little change, moderate change, and major change, respectively. Another
way of interpreting this is to define „little change‟ as an alteration that could plausibly lead to an adjustment
of channel form but that change is unlikely. Moderate change is defined as an alteration that has a roughly
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50/50 chance of producing an adjustment of channel pattern. Major change is defined as an alteration that is
highly likely to produce an adjustment of channel pattern. This score is not always based on a quantitative
assessment but frequently on a qualitative „best-professional judgment‟. In the SAFC reach, considerable
water surface gaging and ground surface model data were available to help inform the technical team of the
relative change in hydraulics expected under each primary action considered.
Increasing stream power, relative to sediment recruitment from on-site should shift the channel pattern
from an avulsion- and widening-dominated process regime toward a meandering pattern, and slow the rate
of turnover.
Increasing sediment recruitment from onsite, relative to stream power should shift meandering channels
toward an avulsion-widening dominated process regime and favor associated habitats.
Increasing sediment from upstream (at least the supply), relative to the amount coming from bank erosion
at the project site should shift meandering patterns toward avulsion-widening dominated patterns.
Increasing the number or effectiveness of flow obstructions at the project site should reduce reach-averaged
flow velocity, and cause stream power to decline. Reducing stream power relative to sediment supply
should shift meandering patterns toward avulsion-widening dominated patterns.
5.

Effects on Fish Habitat: The focus of this section is to differentiate projects according how much habitat
they are expected to restore. A high value is placed on projects that restore the maximum plausible amount
of habitat and on those that have many habitat benefits. The highest priority is placed on changes in habitat
for mainstem juvenile rearing, off-channel rearing and refuge habitat and spawning . Lesser importance is
placed on changes in logjam frequency and forested floodplain area. This section is unique from preceding
sections in that the scores are assigned on the basis of a quantitative prediction of habitat benefit within 10
years after project completion. The aim is to consider (and combine) both short-term (e.g., direct) changes
and those that unfold over a longer period (e.g., indirect, such as changes resulting from numerous high
flows over time).
Scores are assigned much in the same fashion as in the root causes and fluvial processes sections. The user
must estimate the maximum restorable quantity of each habitat type. For practical purposes, the „maximum
restorable quantity‟ is defined as the amount that could plausibly be restored with a reasonably large
budget, cooperative landowners, and within constraints imposed by existing laws and ordinances. This
value should be drawn from across all projects and alternatives under consideration, instead of limiting the
analysis to the maximum restorable quantity at a single project site. This means the team should pick the
very best project and alternative of all to use as the benchmark for comparison. This allows the score to be
useful in comparisons among alternatives for a single project as well as comparisons with other potential
projects and their alternatives.
The post restoration quantity should be based on an actual digital planform map that represents the
technical team‟s best prediction of enhanced aquatic habitat 10 years after the project is completed. The
team should assume that ten years is sufficient for the occurrence of several long-duration moderate events
that surpass geomorphic flow thresholds (e.g., 1.5 yr recurrence interval), as well as one or more large
floods (either 5 or 10 year RI). It must be acknowledged that generating accurate predictions of habitat
changes is difficult, if not impossible without more detailed information from two-dimensional hydraulic
modeling. However, guiding decisions must be made within this context of substantial uncertainty. One
purpose of this mapping/prediction exercise is to allow for post-project effectiveness monitoring efforts to
revisit the initial predictions used to justify the project and determine how accurately the predictions match
the observed changes. If the predictions are close to the mark, this builds confidence in the process we
currently use to select projects. If not, this indicates more detailed analyses (or more fidelity to original
conceptual designs) may be warranted, even at the feasibility stage.
Spawning: This criterion refers to the area of coarse substrate that has sufficient diameter and intergravel
flow exchange to support high egg-to-fry survival. Given the difficulty in quantitatively estimating the area
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of suitable spawning habitat (owing in part to wide variation in the selection of spawning sites by fish), the
user should use the active channel area dominated by gravel and cobble as a surrogate. This is admittedly a
crude approximation, but it is based on a reasonable assumption; that spawning habitat is positively
correlated with the area of the active channel dominated by coarse substrate.
Mainstem juvenile habitat: This criterion refers to the length or area of enhanced slow-velocity habitat
found along the margins of banks, bars, and logjams in the mainstem channel. This is a flow-dependent
metric, so the user must choose a flow level. We suggest using (as a guide) the mean annual discharge for a
time interval that encompasses the period of primary stream residence by juveniles (e.g., Jan –June or a
particular month in which peak densities occur). In the SAFC reach, a discharge of 3000-4000 CFS was
chosen as a range that is experienced frequently by juvenile Chinook during their primary residence period
from February through June. The user is expected to draw a polygon in GIS showing the approximate size
and distribution of the areas where there will likely be enhanced slow velocity habitat at this discharge ten
years after the project is completed. The area should be calculated and compared with the maximum
restorable quantity to determine the „lift‟ factor.
Off-channel juvenile habitat: This criterion refers to the area of enhanced off-channel habitat features
including backwaters, side channels, oxbows, and scour holes. This is also a flow dependent metric, so we
suggest using the previously described flow guidelines to estimate the distribution and extent of these
features. Within the SAFC reach, water level gages installed as part of this study were used to establish
stage/discharge relationships that allowed for more accurate estimates of the wetted perimeter of offchannel features at this discharge under existing and proposed conditions.
Logjams: This criterion refers to the number of geomorphically and hydraulically effective logjams in the
project reach. The user is expected to estimate the total number of jams likely to exist in the project reach,
whether natural or engineered. Logjams have distinct and important effects on habitat creation in large
rivers. They influence flow hydraulics, erosion and deposition patterns, and channel morphology. They can
bend the river (tighten radius of curvature), moderate rates of bank erosion, block side channels, deflect
flows, raise water surface elevations, and dig scour holes in bars, in addition to providing cover and flow
refuge for juveniles. Not all logjams provide all these benefits. For the purpose of this exercise, the user
should only count jams that are likely to provide one or more of these (or other related) benefits. Logjams
with a primary function of protecting infrastructure should NOT be counted unless they are expected to
provide some other very significant geomorphic or hydraulic function.
The user should produce a point file or schematic for each project alternative showing where jams are
expected to exist 10 years after the project is completed. All project sites and alternatives should then be
reviewed to determine the maximum restorable quantity of large logjams at any given site within in the
study reach. This number (7 in SAFC reach) becomes the bar for generating relative benefit scores for each
project alternative in the reach using the specific logjam estimate for each alternative.
.
Forested floodplain (and terrace): This criterion refers to the area of upland floodplain and river terrace
over which unconstrained fluvial process will act over the long-term (20-50 yrs) as a result of the project.
This should include only areas that are likely to be affected by or contribute to change in the rate of
processes (meandering, avulsion, widening) or drivers of processes (hydraulics, sediment, wood) as a result
of the project. This includes areas that are currently forested and those that are intended to be reforested as
a part of the project alternative being evaluated.
The user is expected to draw polygons that show the areas in which forests currently exist or will be
established at reasonably high density and with site-appropriate species composition. The user is not
expected to differentiate between floodplain (regularly flooded areas that function as important deposition
sites, and flood refuge) and river terrace (rarely flooded areas that function as important source areas for
large wood when eroded by the river and that may provide shade and litter). However, the calculated area
SHOULD NOT include very low floodplain areas already included as part of the aquatic habitat (spawning,
mainstem rearing and off-channel rearing) assessment. Due to the fact that levee removal will typically
affect most area landward of levee, the sum of the aquatic areas and these higher floodplain areas, in most
cases, will equal the total project area.
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As with other indicators, all project sites and alternatives should then be reviewed to determine the
maximum restorable area of floodplain at any given site within in the study reach. This number (68 acres
in SAFC reach) becomes the bar for generating relative benefit scores for each project alternative in the
reach using the specific acreage calculation for each alternative.
6.

Certainty of long-term success: The focus of this section is to allow the user (and team) to explicitly rank
their relative certainty that the project will be successful over the long-term (50 years). Success is defined
broadly here, so the user should consider whether the project will adhere to the standards for ecologically
successful restoration stipulated by Palmer et al. (2005; explained above). In very simple terms, the user
should consider whether they expect to be able to visit the site in 50 years and be proud of the outcomes
and the accomplishment. Admittedly, this is a highly subjective criterion. However, it must be
acknowledged that professional experience, common sense, and judgment of an experienced team of
restoration specialists play a valuable and important role in decision-making at this stage of the process.
Rankings to this point have focused primarily on the relatively short-term response (10 years). This
section also allows the user to differentiate between projects that may have similar short-term benefits, but
may differ substantially in their long-term potential due to the size of the project area, the degree to which
naturally processes will be truly restored versus enhanced, or other factors.

7.

Rapid-response Bonus: This section allow the user to give „extra credit‟ to project sites that are expected
to respond rapidly to restoration and produce measureable habitat benefits after only one moderate flood
event (5 yr FRI or less). The primary justification for this criterion is that, in most cases where restoration
is occurring, salmonid populations are already threatened and habitat is in dire need of improvement. This
criterion assumes that population viability is most likely to be strengthened if we improve habitat sooner
AND later; a „kickstart-and-grow‟ strategy. This differs from approaches that holds the promise of
enhancing habitat in the distant future but delivers few benefits in the near term; an „invest-and-hold‟
strategy. It also differs from a mostly outdated approach that improves habitat for a brief duration (usually
artificially), then the restored habitat ceases to function and the reach quickly returns to a degraded
condition; a „match-stick‟ strategy. The secondary justification for this criterion is that, demonstrating
predicted positive outcomes are realized will facilitate recovery efforts by convincing project stakeholders
and landowners that additional, similar actions should be implemented elsewhere.
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Table 3: SAFC Ecofluvial Benefit Ranking Matrix with scoring for a hypothetical project.

% of
total
1. Project in Focus Reach?

Evaluation Criteria

3%

subtotal

Maximum
Value

Scoring
Range

Hypothetical
Example
Project

10

0 or 10

10

2. Root Cause of Decline
Bank hardening

15

Percent hardening removed or disabled
Overbank Flood containment levee
Percent levee removed or disabled
Blockage or habitat fragmentation
Percent blockage/fragmentation removed
Loss of woody vegetation
Percent woody vegetation replanted (by area)

2. Root Cause of Decline

13%

subtotal

15
10
10

50

0-15
0-100%
0-15
0-100%
0-10
0-100%
0-10
0-100%

(0-50)

15
90%
15
90%
10
100%
10
100%
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3. Fluvial Processes
Meandering
ENTER historic rate
ENTER current rate
ENTER post-restoration rate
lift factor
Effect on Channel Meandering
Avulsions/channel splitting
ENTER historic rate
ENTER current rate
ENTER post-restoration rate
lift factor
Effect on Channel Widening
Channel Widening
ENTER historic rate
ENTER current rate
ENTER post-restoration rate
lift factor
Effect on Channel Widening

3. Fluvial Processes

15%

subtotal

0-100
0-100
0-100

80
10
65
79%
16

0-100
0-100
0-100

30
0
25
83%
17

0-100
0-100
0-100

100
20
85
81%
16

20

20

20

60

(0-60)
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4. Physical Drivers of Fluvial Processes
Changes in reach hydraulics
Changes in sediment recruitment from onsite
Changes in sediment retention from upstream source
Changes in flow obstructions or roughness

4. Physical Drivers of Fluvial Processes

10%

subtotal

10
10
10
10

40

1, 3, 5, or 10
1, 3, 5, or 10
1, 3, 5, or 10
1, 3, 5, or 10

(4-40)

10
5
10
10

35

5. Effects on Fish Habitat
Spawning habitat
ENTER maximum restorable quantity
ENTER post-project quantity
lift factor
Score

30

21.7
17.5
81%
24

30

21.7
17.5
81%
24

30

13.5
13.5
100%
30

20

7
5
71%
14

20

63
43
68%
14

Mainstem juvenile habitat
ENTER maximum restorable quantity
ENTER post-project quantity
lift factor
Score

Off-channel juvenile habitat
ENTER maximum restorable quantity
ENTER post-project quantity
lift factor
Score

Logjams
ENTER maximum restorable quantity
ENTER post-project quantity
lift factor
Score (effect size)

Forested floodplain
ENTER maximum restorable quantity
ENTER post-project quantity
lift factor
Score

5. Effects on Fish Habitat
6. Certainty of Long-Term Success
7. Rapid Response Bonus

TOTAL SCORE

33%
13%
13%

100%

subtotal

130
50
50

TOTAL

390

subtotal
subtotal

Percent of Maximum Points

varies
0-50
0-50

106
35
35

282
72%

Potential restoration value
Expected restoration value

168.9
141.4300563

Percent of historic potential likely to be realized

84%
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2. Application of the Benefit Matrix
Three SAFC technical team members, a geologist, a floodplain ecologist and a fish biologist, ranked each project
alternative based on the short-term (10 years) response graphics generated through discussions with the entire
technical team, which also included an additional geomorphologist and senior engineer. Long-term (20-50 year)
response was also considered for several factors.
Projects were independently ranked by each of these three team members and then discussed to come to consensus
on rankings for each element (Appendix C). As discussed above, rankings of fluvial processes and drivers of
processes were based primarily on the degree to which these elements would be restored relative to the maximum
site potential, without direct consideration of the total area affected. Rankings of aquatic and upland floodplain
habitat were based almost entirely on the team‟s estimates of actual area of habitat enhanced. For aquatic habitat,
this was based on graphics that estimated the wetted perimeter of enhanced areas within the mainstem and offchannel areas at a discharge of approximately 3000-4000 CFS.

D. Development of Alternatives Analysis Matrix
To facilitate the decision making process, a matrix was developed that brings together project benefit and feasibility,
the two primary factors driving project selection along with project cost (Table 4). Benefit and feasibility factors
were weighted in this decision matrix such that they represent 60% and 40% of the total potential score respectively.
Cost was considered independently and will be discussed below. This weighting acknowledges that while benefits
should be the primary driver behind project selection, feasibility and cost will also have a significant effect on
project sequencing decisions. The primary elements used to rank each of these selection factors are discussed
below.

Table 4: Alternatives analysis matrix used to rank projects and facilitate decision making.
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1. Benefit Criteria
Three criteria were to evaluate the relative benefits of each alternative under consideration:
Ecofluvial Benefit scores were based entirely on the detailed ecofluvial scoring matrix described above in
Section IIIC. The maximum score for this criteria is 60, representing 67% of the overall benefit score.
For example, the perfect project, scoring 390 points in the ecofluvial matrix would receive 60 points in this
alternatives analysis matrix.
Flooding and Erosion scores were based on the degree to which each alternative may reduce existing
flooding and erosion hazards. The maximum score for this criteria is 18 points, representing 20% of the
overall benefit score. These factors were included because:
o Flooding and erosion are major concerns in this reach. Any project that has the potential to reduce
these hazards will be of great value to the local community;
o The King County River and Floodplain Management Section (RFMS) is a partner in this
feasibility analysis and the facilities discussed in this study are in the King County inventory of
flood facilities; thus, projects that score higher in these categories have more potential to receive
future funding from the RFMS for design and implementation;
Facility 0peration and Maintenance scores were based on the degree to which each alternative may reduce
existing cost of operation and maintenance of these flood facilities. The maximum score for this criteria is
12 points, representing 13% of the overall benefit score. Projects that score higher in these categories have
more potential to receive future funding from the RFMS for design and implementation.

2. Feasibility Criteria
Five criteria were to evaluate the relative feasibility of each alternative under consideration. The weighting of these
criteria was based on the technical team‟s opinion as to the most difficult hurdles facing them during the
implementation of other projects they are currently working on throughout King County.
Landowner willingness scores were based initially on the results of the first round of landowner outreach
meetings and they will be revised to reflect more detailed discussions with all landowners affected by each
project following the second round of outreach. The maximum score for this criteria is 20, representing
33% of the overall feasibility score.
Risk associated with flood/erosion scores were based on the degree to which each alternative could
increase risk associated with existing flooding and erosion hazards, or create new risk. The maximum
score for this criteria is 15 points, representing 25% of the overall feasibility score. A score of 15 indicates
no or low potential to increase risk.
Agriculture ordinance compliance scores were based on a preliminary assessment of the project‟s potential
impacts and benefits to agriculture, recognizing that the King County Zoning Code requires that restoration
projects in an agricultural production district result in a “net benefit” to agriculture. The maximum score
for this criteria is 15 points, representing 25% of the overall feasibility score. A score of 15 represents a
project that will easily be able to demonstrate a net benefit either through a lack of significant impacts
and/or the existence of substantial potential benefits to offset impacts.
Recreational boater ordinance compliance scores were based on the degree to which each alternative may
affect recreational boater safety. The maximum score for this criteria is 5 points, representing 8% of the
overall feasibility score. A score of 5 represents a project that will have no or minimal impacts on
recreational boater safety.
Permitability is a self-explanatory criteria. A score of 5 represents a project that is not likely to raise issues
that will have a significant affect on the cost or duration of the permitting process. Compliance with
recreation boater and agriculture ordinances are considered separately above. The maximum score for this
criteria is 5 points, representing 8% of the overall feasibility score.

3. Cost Criteria
Cost of projects was evaluated relative to ecofluvial benefit scores only. A plot was generated that shows where all
the project alternatives fall relative to one another in terms of cost and benefit. This allowed the technical team to
separate projects into four general categories:
Low cost, low benefit
Low cost, high benefit
High cost, high benefit
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High cost low benefit.
The cost/benefit ratio was also calculated for each alternative using total project cost as the numerator and ecofluvial
benefit scores as the denominator of this simple ratio. This allowed the technical team to compare the relative cost
per unit benefit of all projects in the reach.
Although overall project cost and project cost relative to benefits provided are important factors to consider when
developing a long-term strategy over a large reach, project prioritization and selection should be primarily based on
the benefits likely to be realized by various alternatives under consideration.

E. Action Identification and Prioritization
The impact analysis in Section III B 6 points to numerous restoration actions within this reach that should be taken
to begin recovery of natural processes and habitat. These actions were first identified broadly and then prioritized in
terms of their contribution toward establishing a restoration trajectory. This prioritization was a necessary step
towards focusing the reach scale assessment effort on areas with the highest potential. Identified primary actions
will be the focus of the remainder of this document, with only brief discussion of secondary and tertiary actions.

1. Primary
Primary actions are those that will have the greatest effects on restoring natural processes and habitat in this reach
over the short and long-term. Without these actions, restoration potential is greatly reduced for all other restoration
elements. These actions, in the order of recommended implementation include:
1. Revegetating large, open riparian areas (currently fields) where unconstrained processes are currently
acting or will act in the future (e.g. Barfuse and Aldair oxbow areas, field just downstream of Hafner); It is
preferable to revegetate open areas prior to allowing unconstrained processes to act on them. Specific
action sequencing will be discussed further in the “Synthesis” section of this document
2.

Installing floodplain roughness or structure in areas where it is absent and necessary to moderate process
rates (e.g. lateral channel migration), accelerate recovery rates and limit impacts of constraint removal;
(e.g. log roughening @ Carlson Upper, Neal Road SE logjams @ Carlson Upper)

3.

Removal of constraints over a large, contiguous area to allow unconstrained process to work the landscape.
(e.g. removal or setback of portions of Barfuse, Hafner, Aldair and Carlson Upper levees)

2. Secondary
Secondary actions are those that were identified as important to pursue, when possible, while focusing most
resources on primary actions. These actions, in the order of recommended implementation include:
1.

Understand existing large oxbow functions through further investigation of connectivity, fish use and water
quality to determine if enhancements are justified (e.g. Rutherford and Carlson oxbows, Huschle oxbow)

2.

Revegetation and reconnection of fragmented off-channel habitats to the mainstem in locations where
processes are likely to be restored in the future through removal of large constraints (e.g. Aldair backwater,
Barfuse backwater).

3. Tertiary
Tertiary actions are those that the technical team does not recommend pursuing until substantial progress has been
made towards implementing primary and secondary actions due to high uncertainty associated with these actions.
These actions, in the order of recommended implementation include:
1.

Revegetation and reconnection of fragmented off-channel habitats to the mainstem in locations where
processes are NOT likely to be restored in the future through removal of large constraints (e.g. Lein and
Huschle wetlands, Carlson and Rutherford oxbow connection improvements).
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F. Prediction of Unconstrained Fluvial Response to Primary
Actions
The process of identifying action priorities above narrowed the focus of the feasibility analysis to the reach where
primary actions could be implemented, from river mile 29 to 34 (Figures 13-15). The first step towards
understanding the potential benefits and risks of various actions in this sub-reach was to assume constraints were
removed and estimate the geomorphic response over various timeframes assuming no other actions were taken. For
example, at the Barfuse site, for discussion purposes only, the lower ~1/2 of the left bank levee was removed and the
anticipated response was mapped assuming no other actions were implemented. While it was recognized that
additional measures would be necessary to control risks, this initial hypothetical scenario helped to determined the
direction and rate of change expected and where additional actions would be necessary to enhance benefits and
control risk. Actual project alternatives developed from these intial hypothetical discussions will be described in
detail in Section IV(A).
The technical team used the floodplain DEM, the actual (gauged) and modeled stage/discharge relationships,
historic photo sequences of other similar sites in the basin and other existing information to estimate, based on bestprofessional judgment and knowledge of this river system, the likely hydraulic and geomorphic responses to the
proposed levee removals. Estimated rates of channel migration were primarily based on reconstructed rates for the
time period between 1870 and 1936 when the river was relatively unconstrained. Reconstruction was done using
historic mapping, aerial photography and LiDar DEM mapping. Uncertainty in the estimated rate of channel
migration is significant due to the quality of available historic information, and error introduced by extrapolating
those rates to different sites with potentially significant differences in channel geometry, floodplain vegetation and
bank geology. Therefore, rates of channel migration are approximate and were adjusted at each site based on the
professional judgment of the project team. These predictions of future outcomes were important in the feasibility
analysis and provided the basis of subsequent risk analyses, ecofluvial benefit rankings, alternatives analysis and
preferred alternative(s) selection. These initial hypothetical actions and associated predictions are discussed below
for each site.

1. Barfuse Levee Removal
Geomorphic Response
The most beneficial primary restoration action at this site would be the removal of the lower 1200 feet of the
Barfuse levee (Figures 19 and 20). For this initial analysis we assumed that all toe rock would be removed from this
portion of the levee and that three substantial breaches would be made in the remaining levee. We also assumed that
the upper ~600 feet of the Aldair levee would be removed.
The Barfuse facility poses a very substantial constraint to both lateral channel migration and natural overbank flow
patterns in the left bank floodplain area. With a top elevation that is over 16 feet above the river‟s water surface at
low flow, this facility rarely (>50 yr event) overtops. Removal of this significant constraint will allow for lateral
migration into the left bank forest and will have substantial influence on the hydraulics and associated sediment and
wood transport rates through this reach. The presence of a substantial remnant side channel and a mature forest
immediately behind the levee make it more likely that there will be a dramatic and potentially rapid response to
levee removal.
For this initial analysis the team considered the potential for various geomorphic responses during the first decade as
several large, channel-forming events move the site towards a new equilibrium condition. (Figure 20):
Very high potential for rapid aggradation in the existing mainstem adjacent to the Barfuse Levee due to
flow splitting, velocity reduction and reduced competency of the river to move sediment;
High potential for lateral migration into the left bank and recruitment of large trees to the river from this
low floodplain area;
High potential for formation of large apex logjams where wood from upstream sources racks on large trees
on downstream sides of the three levee breaches.
High potential for increased connectivity and energy in the existing left bank side channel, with moderate
potential for a significant mainstem channel to develop through this area over time;
High potential for increased flood frequency and duration in the lower floodplain areas along the left bank;
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Low, but somewhat uncertain potential for increased flood frequency and duration along Neal Road SE on
the right bank.
Low, but somewhat uncertain potential for development of a significant side channel towards the left bank
oxbow and SR 202;
High potential for aggradation in the existing mainstem adjacent to the Aldair levee due to mobilization of
material from the upstream left bank side channel and channel widening in this area;
High potential for left bank erosion in the vicinity of the downstream levee removal;
Moderate potential for right bank erosion downstream of existing bank protection ;

Figure 19: Existing DEM for Barfuse site showing existing levee location and extent (black dash). Blue outlined areas
show where levees (including all toe rock) were functionally removed for consideration during this initial analysis.
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Figure 20: Existing DEM for Barfuse site showing unconstrained geomorphic response to removal of two sections of
levee/revetment. Blue outlined area show where the revetment was functionally removed for consideration during this
initial analysis.

2. Hafner Revetment Removal
Geomorphic Response
The most influential primary restoration action at this site would be the removal of the lower 1000 feet of the Hafner
revetment (Figure 21). For this analysis we assumed that all toe rock would be removed from this portion of the
revetment
The Hafner facility prevents lateral channel migration on the right bank and thus constrains the bankfull width of the
river through this reach. The top elevation of this facility is nearly the same as the natural floodplain elevation and
thus it does not itself pose a substantial hydraulic constraint during overbank flood events (unlike the Aldair and
Barfuse levees). Removal of this constraint will allow lateral migration and result in widening of the channel. The
presence of remnant channels in the floodplain area just downstream of this facility make this site an important link
between the Barfuse site upstream and the Aldair/Carlson Upper sites downstream.
The Hafner facility may also be affecting the connectivity of the large oxbow upstream (Rutherford Slough) with the
mainstem of the Snoqualmie. Where the revetement crosses the outlet to this slough (near the 90 degree bend in
Neal Road SE), it creates a non-deformable rock weir that has likely promoted deposition in the remnant channel
upstream; thus reducing the frequency and duration of surface water connections between the mainstem and the
slough.
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For this initial analysis the team considered the potential for various geomorphic responses during the first decade as
several large, channel-forming events move the site towards a new equilibrium condition (Figure 22):
High potential for rapid lateral migration into the right bank;
High potential for gradual aggradation in the existing mainstem as the channel widens through lateral
migration (left bank point bar growth);
High potential for contribution of fine and course sediment to downstream depositional features;
Moderate potential for increased frequency and duration of overbank flooding as the channel migrates
towards through the natural levee along the right bank and towards existing remnant channels in the right
bank floodplain downstream of the facility;
Moderate potential for headcutting in the remnant channel connecting Rutherford Slough with the
mainstem.

Outlet to
Rutherford
slough

Figure 21: Existing Conditions DEM for Hafner site showing revetment location and extent (black dash). Blue outlined
area show where the revetment was functionally removed for consideration during this initial analysis.
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Figure 22: Existing DEM for Hafner site showing unconstrained geomorphic response to removal of lower portion of
right bank Hafner revetment. Blue outlined area show where the revetment was functionally removed for consideration
during this initial analysis.

3. Carlson Upper Levee Removal
Geomorphic Response
The most influential primary restoration action at this site would be the removal of the entire 1600 feet of the
Carlson Upper levee (Figure 23). For this analysis we assumed that all toe rock would be removed from this portion
of the levee and that three substantial breaches would be made in the remaining levee. We also assumed that the
Aldair levee across the river would remain in place.
The Carlson Upper facility poses a very substantial constraint to lateral channel migration. Removal of this
constraint will allow for lateral migration into the mature right bank forest. Although the facility does affect natural
overbank flow patterns in the right bank floodplain area, this affect is small relative to other more effective flood
facilities in this reach (e.g. Aldair/Barfuse). There is a substantial side channel at the upstream end of this site that
engages at relatively low flow (~20,000 CFS), so the levee does not prevent overbank flows from entering the
floodplain. Also several hundred feet landward of the levee, there is natural high ground that is similar in elevation
to the levee.
For this initial analysis the team considered the potential for various geomorphic responses during the first decade as
several large, channel-forming events move the site towards a new equilibrium condition (Figure 24 = geomorphic
response).
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The following responses are likely, assuming the Aldair levee across the river remains in place:
High potential for rapid channel widening and lateral migration into the right bank and recruitment of large
trees to the river;
Moderate potential, while the channel is still relatively narrow, for wood recruited from the site to mobilize
and move offsite;
High potential, once the channel has widened considerably, for wood recruited from the site to remain on
site and contribute to considerable right bank channel roughness;
Low/Moderate potential, in the short-term, for contribution of coarse sediment to gravel bars downstream
of the site; although this potential is acknowledged, more analysis is required to determine if there is in fact
a potential cause/effect relationship here.
Moderate potential, in the short-term, for increased rate of erosion downstream on the left bank in response
to bar aggradation in that area;
High potential for gradual aggradation in the existing mainstem as the channel widens through lateral
migration (left bank point bar growth) and becomes more rough through wood recruitment;
Low, but somewhat uncertain potential for increased frequency and duration of overbank flow in the
existing side channel that flows towards and along Neal Road SE on the right bank, particularly with some
aggradation of the channel downstream.

Carlson Upper Levee

Aldair Levee

Figure 23: Existing Conditions DEM for Carlson Upper (right bank) and Aldair (left bank) sites showing levee locations
and extent (black dash).

39

Figure 24: Existing DEM for Carlson Upper site showing unconstrained geomorphic response to removal of right bank
Carlson Upper levee. Blue outlined area show where the revetment was functionally removed for consideration during
this initial analysis. This assumes the Aldair Levee remains in place.

MF

Figure 25: Existing DEM for Aldair site showing unconstrained geomorphic response to removal of left bank Aldair levee,
assuming Carlson Upper Levee has also been removed.
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4. Aldair Levee Removal
Geomorphic Response
The most influential primary restoration action at this site would be the removal of the lower 3000 feet of the Aldair
Levee (Figure 23). For this initial analysis we assumed that all toe rock would be removed and that the levee prism
itself would be entirely removed in the upper ~1000 feet and the lower ~800 feet with several additional breaches
made in the remaining levee (Figure 25). We also assumed for this analysis that the Carlson upper levee was
removed.
The Aldair facility poses a very substantial constraint to both lateral channel migration and natural overbank flow
patterns in the left bank floodplain area. With a top elevation that is over 18 feet above the river‟s water surface at
low flow, the levee in the upper 1000‟ of this project area rarely (>50 yr event) overtops. Removal of this
significant constraint will allow for lateral migration into the left bank and will also have substantial influence on the
hydraulics and associated sediment and wood transport rates through this reach. The presence of a substantial
remnant channel immediately behind the upstream portion of the levee makes it more likely that there will be a
dramatic and rapid response to levee removal.
For this initial analysis the team considered the potential for various geomorphic responses during the first decade as
several large, channel-forming events move the site towards a new equilibrium condition (Figure 25)
The following responses are likely assuming the Carlson Upper levee, across the river, was already removed:
Very high potential for rapid aggradation in the existing mainstem adjacent to the Aldair Levee due to
abrupt widening, velocity reduction and reduced competency of the river to move sediment;
High potential for lateral migration into the left bank and recruitment of large trees growing on the
remaining levee prism;
High potential for increased rate of lateral migration and wood recruitment on the right bank (Carlson
Upper site);
High potential for formation of a large apex logjam on the left bank where wood from upstream sources
will rack on high ground and large trees behind the upstream levee removal area;
High potential for increased connectivity and energy in the existing left bank remnant channel with low,
but uncertain, potential for a significant side-channel to develop through this area over time;
Elevated (relative to Carlson Upper project alone) potential for increased low-flow connectivity within the
existing right bank side channel that flows towards and along Neal Road SE (Carlson Upper site)
Low, but uncertain, potential for channel splitting into either right or left bank existing floodplain channels
(increased potential relative to Carlson Upper project alone);
High potential for increased flood frequency, depth and velocity over West River Road via the existing
overbank flowpath at the far upstream end of the site;
High potential for left bank erosion at the downstream end of the levee removal;
Moderate potential for aggradation in the existing mainstem in this lower end due to channel widening in
this area;
High potential for overall increase in retention of wood and sediment throughout the river and floodplain in
this reach.

G. Other Secondary and Tertiary Actions Considered
1. Oxbow Assessment
The independent assessment of oxbow conditions with respect to fish use, water quality and connectivity to the
mainstem was not complete at the time of this report. With the exception of the Hafner revetment removal, which
may improve connectivity of Rutherford Slough with the mainstem, initial results of this assessment do not indicate
that any major Capital Projects are likely to be proposed in these relatively static off-channel areas. Further analysis
and discussion of these oxbow areas will be included in a future technical memorandum to help direct future studies
and enhancement of existing aquatic and riparian habitat.
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2. Reach-Wide Riparian Corridor Enhancement
While most of the riparian areas within the study reach fall within reaches that are discussed in other sections
(Corridor Reach, Keller Meander, Huschle Oxbow, Oxbow Assessment), it is important to discuss the potential and
priority of riparian enhancements in areas adjacent to the mainstem outside of these sub-reaches. Further discussion
of these areas will be included in a future technical memorandum to help direct enhancement of existing riparian
habitat along the mainstem.

3. Huschle Oxbow
This oxbow feature is a very old remnant channel of the Snoqualmie that has lost its connection to the mainstem of
the river (Figure 26 and 26a). Water level gage data from this site show that high natural levees throughout this
reach isolate the feature from the mainstem when discharge is below approximately 14,000 CFS. An additional
man-made levee at the downstream (northern) end of this feature does not overtop until flow is over 20,000 CFS,
further reducing the potential for this feature to provide valuable off-channel rearing opportunities. Four alternatives
were considered to reduce fragmentation of potential rearing habitat within this existing oxbow:
An improved (lower elevation) connection of the existing oxbow with the mainstem of the Snoqualmie at
the downstream end of the oxbow (Figure 26; red dashed line #1)
An improved (lower elevation) connection of the existing oxbow with the mainstem of the Snoqualmie at
the upstream end of the oxbow (Figure 26; red dashed line #2)
An improved (lower elevation) connection of the existing oxbow with the Mainstem via Patterson Creek
(Figure 26; red dashed line #3)
Re-routing Patterson Creek through the existing oxbow and into the mainstem (Figure 26; yellow dashed
line)

Figure 26: 2009 aerial photo of the Huschle Oxbow and the confluence of Patterson Creek with the Snoqualmie showing
alternatives considered.

While these alternatives and the existing conditions at this site were evaluated in considerable detail, it was not
chosen as a high priority project site due to existing constraints and the unlikelihood that a process-based design
could be achieved. All alternatives were highly constrained and resulted in somewhat contrived conditions that were
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suspect with respect to long-term sustainability and performance. There was strong agreement that this isolated site
should only be pursued further when other substantial upstream opportunities with greater likelihood of success have
been either completed or fully explored. More information is available on this site upon request.

4. Lein Levee
This site was evaluated very briefly and quickly eliminated from further consideration due to its small scale and
inappropriate location with respect to habitat-forming processes (Figure 26a). No additional detail is provided in
this report but is available upon request.

5. Keller Meander
There are many potential restoration opportunities in this reach, given that it is highly constrained with revetments
and the riparian corridor is almost entirely in pasture grass. However, there was not an opportunity to discuss
restoration options with the property owner prior to completion of the feasibility report (Figure 26a).

Figure 26a. 2009 aerial photograph showing Lein Levee, Keller Meander and Huschle Oxbow areas.
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IV. Stage 2 – Generation
A. Site Alternatives Development
In this section a suite of alternatives are considered for each project area within the focus reach. These alternatives
were developed and scored independently, without consideration of potential synergies with other projects nearby;
the one exception being the Aldair and Carlson Upper sites. In Section V, preferred alternatives for each project site
are combined and discussed as a reach-scale restoration effort referred to as “The Corridor Project”.
The evaluations of unconstrained site response potential above were used to develop feasible project alternatives that
incorporate measures to mitigate potential risks to adjacent properties and infrastructure while still realizing
substantial habitat benefits. The removal of flood protection facilities in large rivers almost always requires the
replacement of the functions provided by those facilities (flooding and erosion protection) at some point further back
in the floodplain. Many factors contribute to the decision of where and how these functions will be replaced, but
the responsibility to establish a project perimeter, beyond which projects‟ impacts will be negligible, was an inherent
and critical assumption in the development of all proposed site alternatives.
A range of alternatives was developed and evaluated for each site. The first alternative developed at each site
involved setting back constraints to the greatest extent possible while still protecting existing land uses and
infrastructure. These alternatives were typically the most expensive due to the need to protect roads along the
margins of remnant floodplain channels, but also are likely to provide the most habitat benefit due to the large areas
where unconstrained processes would be allowed. These unconstrained alternatives also have the greatest potential
to affect agricultural productivity in the area. These impacts could be mitigated by a broader landscape level
approach that considers moving some agricultural operations to areas that afford greater productivity given the flood
regime impacts on the viability of operations in certain areas of the floodplain.
The second alternative developed for each of the site was a more constrained version of the first alternative.
Typically this second alternative involved placement of structures to limit the extent of lateral channel migration or
potential for channel-splitting in areas where there were substantial conflicts with existing land uses (e.g.
agriculture) and infrastructure (e.g. roads). These alternatives were typically less expensive due to reduced
perimeter protection costs, but the extent of the floodplain where unconstrained processes would be restored was
also reduced.
Third and forth alternatives were developed for two of the sites (Barfuse Levee and Carlson Upper Levee). These
additional alternatives were considered in areas where connectivity of existing off-channel aquatic habitat features
with the Snoqualmie River mainstem could be improved without the considerable complications and cost of
removing or setting back facilities that have a strong influence on channel migration, channel hydraulics and
sediment transport. These alternatives were typically the least expensive, but also the least beneficial due to the
limited extent of process restoration and associated uncertainty in long-term sustainability and habitat viability.
Potential geomorphic responses to the removal of the primary constraints at each site were considered in Section
IIIF. For each site and alternative, likely rates and magnitude of response with respect to various elements
(sediment transport, wood recruitment, channel connectivity, lateral migration, etc.) were considered. Resulting
graphics showed the predicted 10-year outcome in terms of channel migration, gravel bar development, logjam
development and the wetted perimeter of enhanced river and floodplain features at a discharge of approximately
3000-5000 CFS. This discharge was selected based on parameters established at a large effectiveness monitoring
project downstream of this reach that determined this range is one that juvenile salmon (Chinook focused)
frequently experience during the critical January through June rearing window. Resulting habitat enhancement
predictions for each alternatives was used as the basis of habitat scores in Question #5 of the Ecofluvial Scoring
Matrix (Table 4a).
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Table 4a: Habitat enhancement predictions used as the basis of habitat scores in the Ecofluvial Scoring Matrix.

In this section each of the sites are described in detail and a discussion of the likely geomorphic responses,
ecofluvial benefits (Table 4a, Appendix C), overall benefits (Table 5), feasibility (Table 6), and costs (Tables
7,10,13,16), associated with each design alternative considered is provided.

1. Barfuse Alternatives 1- 4
a. Barfuse Alternative 1
This is the most unconstrained alternative considered at the Barfuse Leveesite and includes the following actions
(Figure 27):
Removal of the lower 1200 feet of the rock revetment;
A minimum of three ~100 foot wide breaches in the levee fill prism – allowing the remainder of the native
alluvial material within the prism to erode over time;
Installation of 1000-1500 feet of buried, setback revetment along SR -202;
Installation of 8 to 12 ELJ structures and log roughening along the left bank of the existing oxbow feature;
Floodplain excavation to initiate side-channel formation within left bank oxbow;
Removal of ~600 feet of the upper end of the Aldair levee (downstream backwater area of Barfuse site;
50 acres of easement or fee acquisition for riparian planting.
This alternative establishes a firm and expensive project perimeter at or near the boundary of the 100-year floodplain
on the left bank throughout most of the site, allowing nearly unconstrained fluvial processes to act on the entire 90
acres of river and left bank floodplain. Given the investment in perimeter protection, connectivity to the left bank
oxbow area is promoted through excavation of a pilot channel in the floodplain near the upstream end of this feature.
The right bank constraint (Hafner Revetment) is assumed to remain in place for this and all other Barfuse
alternatives (see Hafner below).
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Figure 27: Barfuse Alternative 1 proposed actions.

b. Barfuse Alternative 2
This alternative includes the following actions (Figure 28):
Removal of the lower 1200 feet of the rock revetment;
A minimum of two ~100 foot wide breaches in the levee fill prism – allowing the remainder of the native
alluvial material within the prism to erode over time;
Installation of 4 to 6 ELJ‟s along the left bank of the existing side channel to limit lateral migration and
Installation of log roughening structures along the downstream left bank area to moderate the rate of lateral
channel migration into that area
Removal of ~600 feet of the upper end of the Aldair levee (downstream backwater area of Barfuse site;
Installation of 2 ELJ‟s to limit lateral channel migration upon removal of the upper end of Aldair levee.
30 acres of easement or fee acquisition for riparian planting.
This alternative establishes a project perimeter closer to the existing flood facility, but still allows for unconstrained
fluvial processes to act on most of the river and floodplain area within the project site. There would be increased,
but controlled (via structures), connectivity at the upstream end of the left bank oxbow designed to prevent the
mainstem from reoccupying that location but with full downstream connectivity. The ELJ‟s at the edge of the
existing floodplain side channel would be designed to preclude development of a mainstem channel towards the left
bank oxbow area; but allow for development of a side-channel through this area.
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Figure 28: Barfuse Alternative 2 proposed actions

c. Barfuse Alternative 3
This alternative is similar to Alternative 2, but adds the following actions (Figure 29):
Installation of an additional four ELJ‟s along the left bank in the middle of the site
Reduction in buffer width in this same area
Berm construction to preclude development of a side channel towards the left bank oxbow area
18 acres of easement or fee acquisition for riparian planting.
This primary difference between this alternative and alternative 2 is that it further limits (with greater certainty) the
development of a flow-through side channel towards the left bank oxbow area and maintains access to most of the
agriculture land inside this area. Further bank hardening on the left bank also limits the need for large vegetated
buffers in that area. This alternative still has full downstream connectivity with the oxbow area.
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Figure 29: Barfuse Alternative 3 proposed actions.

d. Barfuse Alternative 4
This alternative does not alter the upstream Barfuse levee and only connects the left bank oxbow area at the
downstream end via the following actions (Figure 30):
Removal of ~60 feet of the upper end of the Aldair levee (downstream backwater area of Barfuse site)
Installation of 1 ELJ to limit lateral channel migration upon removal of the upper end of Aldair Levee.
5 acres of easement or fee acquisition for riparian planting.

Figure 30: Barfuse Alternative 4 proposed actions and predicted response.
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e. Relative Benefits
Benefits fall into three categories: ecofluvial, flood and erosion, and maintenance benefits (Table 5).

Table 5: Summary of benefit rankings of all Barfuse alternatives and all projects in the reach.

Ecofluvial Benefits were derived through an extensive ranking process. Data from this ranking process are available
in Appendix C (ecofluvial rankings).

f. Ecofluvial Benefits
For ease of explanation, the discussion of relative benefits of each alternative is broken into
three areas. Ecofluvial scores for each project alternative were determined by the technical
team using the short-term (5-10 year) geomorphic response graphics as an estimate of the
likely outcome of various actions (Figure 31-34, Table 5, Appendix C.).

Figure 31: Barfuse Alternative 1 - predicted 10 year response.
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Figure 32: Barfuse Alternative 2 predicted 10 year response

Figure 33: Barfuse Alternative 3 predicted 10 year response.
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existing mainstem area

low-lying forested area

left bank oxbow area

Figure 34: Aerial photo of the Barfuse site taken during a 2 year flood event

Low-Lying Forested Floodplain Area (25 acres)
Under alternatives 1-3 the response to levee removal will be the most rapid and dramatic in the 25 acre low-lying
forested floodplain area directly downstream of the levee breaches where water, sediment and wood will flow into
existing remnant channels and overbank at a much lower stage. Given the forested condition of this area, the
distribution of materials and energy from the mainstem will greatly increase the complexity and connectivity of offchannel habitat. There are likely to be scattered logjams throughout the substantially expanded side channels, which
may develop into significant branches of the mainstem over time. It is expected that the channels and floodplain in
this area will provide valuable year-round rearing habitat for juvenile salmon as well as spawning habitat as
channels expand.
There is no difference between alternatives 1-3 in terms of the predicted response in this area. There will be no
response in this area under alternative 4 because the upstream levee would not be altered.

Existing Mainstem Area (25 acres)
Under alternatives 1-3 removal of the upstream levee will result in substantial reduction in sheer stress throughout
the mainstem and subsequent aggradation in many areas. Removal of bank hardening along with mainstem, coupled
with formation of deposition bars, is likely to promote left bank erosion and recruitment of trees from the adjacent
forested floodplain. The channel margin within the Barfuse levee footprint is likely to be very complex, with large
logjams formed by recruited trees and racked wood scattered throughout the left bank channel margin. The amount
and quality of low velocity bank and bar edge rearing habitat is expected to increase dramatically within the upper
mainstem areas. Reduction in sheer stress and associated fining of substrate are also likely to result in a shift in
distribution of spawners towards this reach and perhaps an increase in viability of redds in this reach due to
reduction in scour.
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There is no substantial difference between alternatives 1-3 in terms of the predicted short-term response in this area.
It is possible under Alternative 1 that if the left bank oxbow area developed into a substantial side channel, the
remaining mainstem areas would see even greater improvement of rearing and spawning habitat. Alternative 4 will
likely see some minor localized improvement of mainstem habitat quality due to the removal of the downstream
levee, but this improvement is likely to be small relative to those alternatives where the upstream levee is removed.

Left Bank Oxbow Area (60 acres, including higher floodplain areas on the interior of
the oxbow)
This feature is currently only connected to the mainstem via a culvert at the downstream end (with flapgate) at
higher flows (discharge TBD). Its value for rearing salmonids is limited to high flow events and it may actually trap
fish during the late spring and early summer as water recedes below the culvert. Providing a more natural
connection of this existing off-channel habitat to the mainstem at the downstream end is an important component of
all alternatives considered at this site.
Alternatives 1-3 differ primarily in the degree to which each alternative allows for unconstrained interaction
between the mainstem and this large oxbow feature and floodplain area over time:
Alternative 1 has the highest potential benefit because it encourages and allows for unconstrained fluvial
processes to act across almost the entire 100 year floodplain along the left bank. Although there is
considerable uncertainty as to the likelihood of development of a persistent side channel through this area,
it was assumed for this analysis that within a ten year period there would be a flowing side channel
through this area at 3000-5000 CFS. Although a flow-through side-channel may not be of considerably
higher value to rearing salmon than a feature connected only at the downstream end, the degree of
freedom of the river to occupy this remnant feature over the long-term was deemed of high value from a
process-based perspective; recognizing that in the process of shifting channels, the river would leave
extensive, high quality off-channel habitat in abandoned channels. This was the primary basis for this
alternative scoring higher than other alternatives.
Alternative 2 only differs from alternative one in the degree to which mainstem channel processes can
engage with this left bank oxbow feature. By allowing for development of a small flow-thru side channel
in this area, this option provides many of the benefits of Alternative 1, but with less risk to infrastructure.
There is slightly less area for process to act in an unconstrained manner and the amount of riparian forest
restoration is considerably less than Alternative 1.
Alternative 3 only allows for backwater reconnection to this oxbow feature, limiting flow-thru channel
side channel development through construction of ELJ‟s and a levee feature. While restoration of
backwater conditions still provides substantial improvement to the function of this area as an off-channel
refuge, limiting the extent of the channel migration zone reduces the potential for restoration of diverse
habitat throughout the entire floodplain and current mainstem.
Alternative 4 provides a natural backwater connection to this existing oxbow feature. The lack of any
substantial process restoration in this area leads to a very low score for this alternative. However, it
should be recognized that removal of the downstream levee will greatly increase the connectivity of this
large, existing off-channel habitat with the mainstem. Flood water and juvenile salmon will be able to
enter and leave this area freely at all river stages rather than being confined by a single, small, perched
outlet culvert. This will likely result in a great increase in productivity of this off-channel habitat for
juvenile salmonids under all proposed alternatives.

g. Flood and O&M Benefits
Flood Benefits
Flood benefits associated with the Barfuse site are primarily related to improved sediment storage within the reach
and the potential for reduced water surface elevations and overbank flow velocities during flood events above the
Hafner Revetment across the river. Very minor flood benefits are anticipated in associationwith the removal of the
upper portion of the Aldair Levee.
Under Alternatives 1-3, aggradation is expected to occur in the current mainstem as flows re-occupy the low left
bank area behind the current levee, sediment transport capacity in the mainstem is reduced, and channel conveyance
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capacity adjusts to new bankfull hydraulic characteristics. In the moderate to long term, increases in sediment
storage in the project area will reduce sedimentation downstream and potentially reduce related rates of bank erosion
or increased flood hazard.
Under existing conditions, a complex flood overflow path develops in the right bank floodplain opposite the Barfuse
Levee during very large flood events and can cause severe damage to Neal Road and adjacent farmland. Hydraulic
modeling will be performed under subsequent efforts to assess post-project water surface and velocity changes, and
allow a final assessment of potential flood benefits. Preliminary non-computational assessments indicate that there
is potential that the proposed levee removal will reduce damaging flows.
Removal of the upper portion of the Aldair Levee will involve removing a substantial quantity of fill from the
floodplain; overall benefits are anticipated to be modest and consistent across all 4 alternatives.

O&M Benefits
With the exception of the Aldair Levee, there were very few records of substantial maintenance of flood facilities
within this reach. Therefore, the benefit of removing these facilities in terms of reducing long-term maintenance is
low relative to other facilities proposed for removal in the basin (e.g. McElhoe Pearson). The McElhoe Pearson
Levee, located downstream of the Tolt River confluence and the town of Carnation on the Snoqualmie River, was
used as the basis for benefit rankings for the SAFC projects in terms of O&M costs by applying likely maintenance
costs at these sites over a 50-year period and ranking them against the same costs estimated for the McElhoe Pearson
Levee.
Although the Aldair Levee has had considerable maintenance over the last decade, the current King County River
and Floodplain Management Section floodplain management strategy at this site does not include significant levee
improvements at this time, which reduces the potential O&M benefit at this site. Further hydraulic analysis of this
reach may result in updates to the current strategy, which may in turn affect the O&M benefits ranking at this site.

h. Feasibility rankings
Five primary elements of feasibility were identified and weighted with respect to their ability to affect the
implementation of large restoration projects (Table 6). This list and weighting was developed based on insights and
experience gained through implementing large river projects in King County..

Table 6: Summary of feasibility rankings of all Barfuse alternatives and all projects in the reach.

i. Landowner Willingness
King County is currently raising funds for the purchase a large portion of the private property behind the Barfuse
levee. The primary landowner has stated an interest in selling the land or finding suitable replacement property. The
downstream landowner affected by this project has indicated a willingness to consider restoration actions on their
property.

Risk Associated with Flooding and Erosion
Flooding and erosion risks were evaluated in the context of other proposed projects and include potential for
increased water surface elevations, increased flow velocity, increased flood debris, bank scour and floodplain
erosion. All project alternatives in the study reach involve some risk of erosion and flood impacts, and project
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elements have been proposed to address major risk factors. However, at this preliminary stage of design, some
uncertainty exists in potential geomorphic and hydraulic responses to the projects. Those uncertainties and their
potential consequences were evaluated and ranked, resulting in a series of risk assessment scores. For the Barfuse
site, potential risks include both flooding and erosion, and uncertainty was relatively high compared to other
proposed projects in the reach. Specific risk factors are described below:
Removal of the upper 600 feet of the Aldair Levee (Barfuse Alternatives 1-4) has the potential to cause increased
aggradation and related bank erosion that could impact farmland on both the left and right banks. Protection
measures are intended to protect adjacent structures, but at this time no stabilization measures are proposed to
address the limited risk associated with removal of this upper portion of the Aldair Levee. The risk is lessened
under Alternatives 1-3 as removal of the Barfuse Levee incorporates varying degrees of left bank protection and is
expected to trap significant sediment upstream thereby reducing downstream processes rates associated with
increases in deposition.
Removal of the Barfuse Levee (Alternatives 1-3) creates a potential channel migration hazard on the left bank.
Alternatives 1 and 3 provide continuous channel migration protection to address that hazard, but Alternative 2 relies
upon a vegetated buffer to provide protection. Due to uncertainty in the performance of the proposed buffer,
Alternative 2 was judged to present a higher level of risk.
All project alternatives have some potential to drive significant aggradation in the main channel. Because channel
widening is also anticipated, the potential for flooding impacts is expected to be low. Final analysis during project
design will require modeling water surface and velocity changes in response to a range of potential aggraded
conditions. After sensitivity to aggradation is assessed, the potential for flood related hazards can be more
accurately evaluated.

Ordinance Compliance
Two recent Ordinances passed by King County have the potential to affect the implementation of restoration
projects.

Agriculture Ordinance
The alternatives developed for the Barfuse site will affect agriculture to varying degrees:
Alternative 1 would covert 40-50 acres of agriculture land currently being used for various crop production
to a forested condition.. This represents the largest potential impact to agriculture in the project reach and
thus scores the lowest in terms of feasibility for this element.
Alternative 2 would convert 20-30 acres of agriculture land currently being used for various crop
production to a forested condition.
Alternative 3 would convert ~10 acres of agriculture land currently being used for various crop production
to a forested condition. This option would also potentially improve access to the interior of the oxbow for
agricultural uses and thus scores slightly higher than all other alternatives.
Alternative 4 would convert ~ 5 acres of agriculture land currently being used for various crop production
to a forested condition and thus has the least impact on agriculture.
The following potential benefits to agriculture were identified within or adjacent to the site that may offset potential
impacts:
Raising or altering the Alm‟s farm road along the left bank at the downstream end of the site will be
considered for all alternatives. The landowner described extensive soil loss that occurs in his fields as a
result of high velocity flows during overbank floods.
Under Alternative 3, improved access to agriculture lands on the interior of the oxbow may result from
construction of a berm at the existing access point.
Possible repair of the piping through the shallow levee near the downstream end of the Alm‟s property
(upper portion of Aldair facility)
Construction of a watering hole for Asian water buffalo in an upland areas outside of the floodplain.
Potential reduction of erosion hazard on Fall City Farms land that was scoured in 2009 (dependent on
model outcome)

54

Other more generic benefits to agriculture at this and other sites include:
Construction of local farm pads with material removed from the levee
Deposits into the compensatory flood storage bank for other future floodplain modifications by farmer in
the area
Trapping of wood that may otherwise end up in farmers fields
Trapping of sediment that would otherwise deposit in downstream response reaches and exacerbate erosion
of agricultural fields

Recreational Boater Ordinance
The Alternatives 1-3 have high potential for the development of natural logjams along the upstream levee
footprint after the levee is removed. The design process for any of these alternatives will need to follow
the requirements of the Procedures for Considering Public Safety When Placing Large Wood in King
County Rivers and incorporate public and stakeholder outreach efforts and design review protocols. This
process is currently a requirement for all river and stream projects in King County that include the
placement of large wood elements. This condition was not deemed significantly burdensome based on the
recent outcomes at other project sites.
Alternative 4 scored slightly higher than all other alternative due to the lack of manipulation of the
upstream levee. However, ELJ construction at the downstream levee will likely include the placement of
wood in the active channel and will need to consider recreational boater safety during the design process.

Permitability
All project alternative considered at the Barfuse site are likely to secure the required permitting for implementation.
Feasibility scoring was based on the anticipated number and complexity of significant permit applications,
environmental documentation requirements, and potential agency and public responses during the permitting
process. Scores were primarily driven by estimating the difficulty of obtaining a flood hazard certification [i.e.
demonstrating compliance with King County‟s zero-rise ordinance,
Chapter 21A.06.505 of the King County Code (KCC)].

Project Cost
Cost estimates for concept-level Barfuse alternatives range between $482,533 and $6,395,927 (Table 7). Estimated
costs do not include the cost of the corresponding land acquisition. The highest cost, Alternative 1, is nearly
unconstrained, and requires the purchase of 50 acres. Alternatives 1, 2, and 3 remove approximately the same
length of the Barfuse levee and install setbacks at varying distances from the boundary of the 100-year floodplain,
with the proposed setback facilities under Alternative 1 most closely aligning with the extent of the 100-year
floodplain. Alternatives 2 and 3 include road protection and protective measures to limit lateral migration to
progressively narrower corridors. Alternative 4 is the least costly option, with no removal of the Barfuse Levee, and
a 60-foot removal of the Aldair Levee for creating downstream backwater habitat.
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Table 7: Barfuse Cost Estimates
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2. Hafner Alternatives 1- 2
Project alternatives at the Hafner Revetment involve removing the rock armoring that is preventing lateral channel
migration towards the right bank. The Hafner Revetment is not a levee so changes in flood hazard will not be
dramatically affected by the rock removal itself. The revetment‟s proximity to Neal Road SE Neal Road SE,
however, complicates site considerations and increases the costs associated with its removal.
Removal of the upstream portion of this Hafner Reventment was considered early in the site alternative development
phase of the feasibility assessment (Figure 19). Development of this alternative was aborted due to the perceived
impacts to Neal Road SENeal Road SE. The upstream portion of this facility could be removed if Neal Road SE
were relocated and property were purchased, however early screening of costs and benefits realted to this action did
not warrant further investigation of this alternative under this feasibility assessment effort. With the proposed
setback alignment detailed in Alternative 1 below, removal of a portion of the upstream part of this facility could be
considered in the future. Neal Road SE Alternatives 1 and 2 presented below consider only removal of the lower
portions of the Hafner Revetment.

a. Hafner Alternative 1
This is the least constrained alternative considered at the Hafner site in this analysis and includes the following
actions (Figure 35):
Removal of the 1300 feet of the rock revetment along the right bank;
Construction of 1100 feet of set-back revetment ~400 feet landward of the removal area;
Relocation of 1100 feet of Neal Road SE to a location landward of the new set-back facility;
Protection of the downstream portion of Neal Road SE via a combination of 7-10 ELJ‟s, continuous wood
revetment, and log roughening structures.
~ 35 acres of easement or fee acquisition for ~20 acres of riparian planting, ~13 acres preservation of
existing forested floodplain and 2 acres set-back revetment and road relocation.

Rutherford
Slough outlet

Figure 35: Hafner Alternative 1 Actions. Revise –turn off response

This alternative, while allowing the river to laterally migrate and widen considerably in a key location for the
Corridor project, involves relocating and protecting a significant length of Neal Road SE and thus requires
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considerable land purchase and investment in infrastructure demolition, reconstruction and protection. It is
distinguished from alternative 2 in that it removes the revetment all the way to the apex of the existing outside bend
increasing the potential for channel migration and allowing for a more natural migration pattern.

b. Hafner Alternative 2
This is a slightly more constrained alternative considered at the Hafner site and includes the following actions
(Figure 36):
Removal of 800 feet of the rock revetment along the right bank;
Construction of 700 feet of set-back revetment landward of the removal area;
Protection of the downstream portion of Neal Road SE via a combination of 7-10 ELJ‟s, continuous wood
revetment, and log roughening structures;
14 acres of easement or fee acquisition for riparian planting and revetment set-back.

Figure 36: Hafner Alternative 2 Actions

This alternative, allows the river to laterally migrate and widen in a key location for the Corridor Project, but to a
lesser degree than alternative 1. It does not involve relocating Neal Road SE, but still requires protection of a
considerable length of the road downstream of the set-back facility.
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c. Relative Benefits
Benefits fall into three categories: ecofluvial, flood and erosion, and maintenance benefits (Table 8).
Table 8: Summary of benefit rankings of Hafner alternatives and all projects in the reach.

Ecofluvial Benefits were derived through an extensive ranking process described in Section III C . Detail from this
ranking process are available in Appendix C (ecofluvial rankings).

d. Ecofluvial Benefits
For ease of explanation, the discussion of relative benefits of each alternative is broken into
two areas. Ecofluvial scores for each project alternative were determined by the technical
team using the short-term (5-10 year) geomorphic response graphics as an estimate of the
likely outcome of various actions (Figure 37-39,Table 8; Appendix C).

Rutherford
Slough outlet
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Figure 37: Hafner Alt 1 predicted 10 year response.

Figure 38: Hafner Alternative 2 predicted 10 year response.

floodplain area
Rutherford
Slough outlet

existing mainstem area
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Figure 39: Aerial photo of Hafner site taken during a 2 year flood event.

Existing Mainstem Area (~15 acres)
Under alternatives 1 and 2, response to revetment removal will likely be rapid in the existing mainstem with more
gradual, but important floodplain response developing with time. Rapid lateral migration into the right bank
floodplain is expected, recruiting sediment in the process from the right bank, but also trapping more sediment from
the Raging River source upstream as the channel widens, migrates and loses competency. This widening is likely to
result in growth of existing gravel bars and/or formation of new bars in this reach. After 5-10 years it is likely that
the average bankfull channel width of the mainstem in this reach will increase from ~250‟ to greater than 350‟ and
channel migration could return to historical rates on the order of 40 feet per year.
Alternative 2 allows for widening and channel migration over a longer portion of the reach in an area where the river
is extremely constrained between the Barfuse Levee and the Hafner Revetment (Figure 37 and 38). The elimination
of this confinement is important in maximizing the restoration of geomorphic and habitat forming processes in the
mainstem and in reducing ongoing damages to this portion of Neal Road SE.
These processes will result in more complex bar and bank edge habitat, with substantial large wood for rearing
juveniles, particularly in the lower portion of the reach where the river will be migrating into a forested bank. It is
also likely that channel widening and meander development will allow sediment to accumulate along the left bank in
particular, possibly improving spawning habitat. Reduced shear stress in this reach should also contribute to
improved viability of redds.
Alternative 1 also removes the revetment obstructing one of the two existing connections to Rutherford slough
(Figure 36 and 38), allowing the river to migrate through this area where there is currently a plug of sediment
limiting connectivity. It is likely that this removal will promote erosion of fine sediment deposited in this area,
which may result in substantial improvement in connectivity of this large oxbow feature with the mainstem.
Considering the size and quality of this existing oxbow feature, any improvement in connectivity here represents a
considerable potential gain in off-channel habitat in this reach.

Floodplain area landward of revetment removal, including low lying remnant
channels(~50 acres)
Allowing the river the freedom to move across the floodplain in this area was considered the critical link between
the proposed Barfuse project upstream and the Aldair/Carlson projects downstream, creating a contiguous forested
corridor where relatively unconstrained processes could act to improve habitat on a reach rather than project site
scale. There are several low areas in this area that come together into a perennially-wetted side channel at the
upstream end of the Carlson Upper site. As the river migrates laterally into the right bank there are likely to be
changes in the degree of interaction between the river and these floodplain areas downstream of the existing
revetment.
In the short-term (5-10 years), lateral migration through the natural levee that has developed just
downstream of the current right bank may result in more frequent overbank flow into these low areas.
Increased recruitment and interaction with wood within the forested area may further engage these
existing low lying features.
In the long-term (10+ years) the river may develop a meander that intersects these features and thus
greatly increases the potential that they will become active side channels connected to the mainstem at
relatively low discharge.
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Such long-term increase in connectivity also have high potential to lift functions of proposed actions
downstream at the Carlson site by improving mainstem connectivity with the existing right bank
oxbow at that site, which is the outlet for any side channel(s) that develop downstream of the Hafner
Revetment removal.
In the short-term (5-10 years) there is little difference in the response expected in this area to each of the proposed
alternatives. However, it is possible in the long-term that alternative 1 has greater potential for the mainstem to
intersect the low floodplain areas and realize the habitat benefits associated with greater connectivity there. This is
possible because the greater set back associated with alternative 1 allows the river to migrate closer to the easternmost branch of this existing floodplain feature and approach it at an angle that may promote more aggressive
occupation of that channel by the mainstem.
Under alternative 2 (not alternative 1), removal of the revetment at the outlet to Rutherford Slough (upstream end of
removal area) may promote formation of a more natural outlet to Rutherford slough. Removal of this rock weir at
the outlet will likely reduce deposition and may initiate headcutting upstream in the remnant channel that connects
Rutherford slough to the mainstem of the Snoqualmie (Figure 39). This could improve the connectivity of this large
oxbow feature and thereby increase accessibility and use of existing off-channel habitat by salmonids. Currently
this outlet to Rutherford slough is only connected via surface water when discharge is greater than 10,000 cfs;
limiting fish ingress/egress considerably.

e. Flood and O&M Benefits
Flood Benefits
Flood benefits associated with Hafner site are similar to those associated with removal of the Barfuse levee, and are
primarily related to improved sediment storage within the reach and the potential for reduced water surface
elevations and overbank velocities during flood events. Under both alternatives, aggradation is expected to occur in
the current mainstem as flows migrate into the right bank area behind the current revetment and the channel
develops a more pronounced point bar. In the moderate to long term, added sediment storage in the project area will
reduce sedimentation downstream and lessen related bank erosion in those downstream areas.
Under existing conditions, a complex flood overflow path develops during very large flood events and can cause
severe damage to Neal Road and adjacent farmland. Hydraulic modeling will be performed to assess post project
water surfaces and velocities, and provide a quantitative assessment of potential flood benefits. Based on an initial
assessment, it appears that there is the potential to reduce the overbank erosion potential associated with floodplain
flows under the proposed revetment removals in both alternatives. The potential benefit is judged to be more likely
under Alternative 1 than Alternative 2 due to the relationship between anticipated mainstem channel alignments and
proposed setback road alignments..

O&M Benefits
Although there is no quantitative documentation detailing maintenance to this facility, the road and guard rail
directly behind the revetment are regularly damaged during large floods requiring maintenance by the King County
Department of Transportation. While Alternative 2 would not change this need for maintenance, Alternative 1 may
considerably reduce this need for maintenance by setting the road back from the river considerably. Both
alternatives scored low with respect to this element due to a lack of detailed maintenance records , with Alternative
1 scoring slightly higher than Alternative 2.
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f. Feasibility rankings

Table 9: Summary of feasibility rankings of Hafner alternatives and all projects in the reach.

g. Landowner Willingness

Will be updated after the 2nd round of landowner outreach is complete later in the summer.

Risk Associated with Flooding and Erosion
As described above, flooding and erosion risks were evaluated in the context of other proposed projects and include
potential for increased water surface elevations, increased flow velocity, increased flood debris, bank scour and
floodplain erosion. All project alternatives in the study reach involve some risk of erosion and flood impacts, and
project elements have been proposed to address major risk factors. However, at this preliminary stage of design,
some uncertainty exists in potential geomorphic and hydraulic responses to the projects. Those uncertainties and
their potential consequences were evaluated and ranked, resulting in a series of risk assessment scores.
For the Hafner site, potential risks include both flooding and erosion. Uncertainty was relatively low compared to
other proposed projects in the reach due to the lack of existing levees. Specific risk factors are described below:
Both alternative 1 and 2 have the potential to increase aggradation due to channel migration and widening. Some
potential exists for that aggradation to increase the frequency and/or duration of flood flows over Neal Road SE and
the adjacent farmland. However, because channel widening and migration is what will drive any aggradation,
conveyance capacity should be maintained and the potential for flooding impacts is expected to be very low. Final
analysis during project design will require modeling water surface and velocity changes in response to a range of
potential aggraded conditions. After sensitivity to aggradation is assessed, flood risk can be more accurately
estimated.

Ordinance Compliance
Agriculture ordinance
This project assumes that the farmed land directly downstream of the existing revetment will be taken out of
agriculture production to establish a riparian forest and allow for lateral channel migration into this area. The
alternatives only differ slightly in the amount of acreage where this direct impact is likely.
Alternative 1 would covert 20 acres of agriculture land currently being used for various crop production,
including the footprint of Neal Road SE that would be relocated.
Alternative 2 would convert 14 acres of agriculture land currently being used for various crop production to
a forested condition.
The following potential benefits to agriculture were identified within or adjacent to the site that may offset potential
impacts:
Channel geometry changes and installation of set-back revetment (possible short levee) will likely increase
the productivity of the agricultural land immediately downstream of it that is currently subject to severe
scour (~ 13 acre 2009 Fall City Farms hole and deposition area)
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Reduced frequency and magnitude of damage to a farm road (Neal Road SE).
Other more generic benefits to agriculture at this and other sites include:
Trapping of sediment that would otherwise deposit in downstream response reaches and exacerbate erosion
of agricultural fields

Recreational Boater Ordinance
The two alternatives developed for the Hafner site have minor differences in their potential effects on recreational
boater safety. In the short and long-term, both alternatives have potential to affect boater safety in this reach due to
the recruitment of wood and formation of logjams along an outside bend of the river in a reach that is known to be
used by recreational boaters. The design process for either alternative at this site will need to follow the
requirements of the Procedures for Considering Public Safety When Placing Large Wood in King County Rivers
and incorporate public and stakeholder outreach efforts and design review protocols.

Permitability
All project alternative considered at the Hafner site are permittable. Feasibility scoring was based on the anticipated
number and complexity of significant permit applications, environmental documentation requirements, and potential
agency and public responses during the permitting process. Scores were primarily driven by the predicted difficulty
of obtaining a flood hazard certification (KCC Chapter 21A.06.505). It was assumed that if a setback levee was
proposed under Alternative 1, this would make the permitting of that action more difficult than the simple revetment
setback proposed under Alternative 2.

Project Cost
There is substantial difference in the cost of alternatives at this site. Alternative 1 allows for greater area for lateral
migration and channel widening and the cost estimate of $3,187,443 includes relocation of Neal Road SE.
Alternative 2 restoration area is limited by the proximity of Neal Road SE, which is left in place and protected with
a setback revetment for a cost of $2,108,554.
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Table 10: Hafner Cost Estimates
King County - Natural Resources and Parks - Ecological Restoration and Engineering Services
Carlson Upper Levee Removal
Engineer's Construction Cost Estimate - Conceptual Design

Concept Level Construction Cost Estimate

8/11/2011

Alternative 1
Hafner Revetment
Removal

Alternative 2
Hafner Revetment
Removal

Full Setback w/Neal Road
Relocation

Partial Setback

$405,474

$286,217

ELJs
Log Roughening

$375,000.00
$40,000.00

$375,000.00
$40,000.00

Levee and Revetment Removal:
Hafner Revetment Removal and Reuse
Relocate Neal Road
Rip Rap Import for ELJs and Revetment

$82,851.78
$250,000.00
$28,444.44

$58,483.61

$25,000
$210,000
$140,275

$25,000
$157,500
$59,365

$1,557,045
$133,906
$507,285

$1,030,010
$88,581
$335,577

$2,198,236

$1,454,168

Major Project Elements
Revetments:
Rip Rap Embankment with Toe Rock
Structures:

Mobilization and misc:
Thalweg/Water Management
Planting (incl. Maintenance)
Mobilization, TESC, Clearing/Grubbing
Total:
Taxes (8.6%):
Contingency (30%)

TOTAL:
Project Design and CM&I:

PROJECT TOTAL:

$28,444.44

$989,206

$654,376

$3,187,443

$2,108,544

Inclusions: (This cost estimate does include the following elements)

1.) Protection for Downstream farm

Exclusions: (This cost estimate does not include the following elements)

1.) Significant archeological issues.
2.) Acquisition costs

Assumptions Used for the Cost Estimate Preparation
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3. Aldair Alternatives 1-3
a. Aldair Alternative 1
This is the most unconstrained alternative considered at the Aldair site and includes the following actions (Figure
40):
Removal of the lower 3000 ft of the rock revetment along the left bank;
Approximately 7, 50 to 300 ft wide breaches in the levee fill prism for a total of ~2000 ft of levee breaching
– allowing the remaining 1000 ft of the native alluvial material within the levee prism to erode over time;
Installation of 1000 feet of setback levee at the upstream end of the project site;
Installation of 7 to 10 ELJ structures and log roughening along the left bank of the existing oxbow feature;
Substantial removal of non-native floodplain fill in existing oxbow to initiate side-channel formation within
left bank oxbow;
Construction of several log structures along the left bank mainstem using trees removed from the levee
~30 acres of riparian planting, necessitating ~ 24 acres of easement or fee acquisition.

Figure 40: Aldair Alternative 1 actions. Carlson Alt 2 actions are also shown for reference.

This alternative establishes a firm and expensive project perimeter on the east side of West River Road, allowing
nearly unconstrained fluvial processes to act on the entire 60 acres of river and floodplain area within the project
site. The right bank constraint (Carlson Upper Levee ) is assumed to have been removed for this and all other
Aldair alternatives (see Carlson Upper discussion below).

b. Aldair Alternative 2
This alternative is slightly more constrained than alternative 1 and includes the following actions (Figure 41):
Removal of the lower 3000 ft of the rock revetment along the left bank;
Approximately 7, 50 to 300 ft wide breaches in the levee fill prism for a total of ~2000 ft of levee breaching
– allowing the remaining 1000 ft of the native alluvial material within the prism to erode over time;
Installation of 1400 feet of setback levee at the upstream end of the project area;
Installation of 4 to 6 ELJ structures and log roughening within the floodplain and along the left bank of the
existing oxbow feature near the downstream end of the site;
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Minor removal of non-native floodplain fill in existing oxbow
Construction of several log structures along the left bank mainstem using trees removed from the levee
~20 acres of riparian planting, necessitating ~ 16 acres of easement or fee acquisition.

Figure 41: Aldair Alternative 2 actions.

Carlson Alt 2 actions are also shown for reference.
This alternative establishes a project perimeter closer to the existing flood facility, but still allows for unconstrained
fluvial processes to act on about 40 acres of river and floodplain area within the project site. There would be no
improvement in upstream connectivity with the left bank oxbow in a flow-thru sense, but the feature would have
full downstream connectivity as a backwater slough. The set back levee and the floodplain ELJ‟s would be
designed to limit lateral channel migration and preclude development of a side-channel in the left bank oxbow area.

c. Aldair Alternative 3
This alternative does not alter the upstream portion of the Aldair levee and only connects the left bank oxbow area at
the downstream end via the following actions (Figure 42):
Removal of ~700 feet of the lower end of the Aldair toe rock and levee fill prism.
Installation of 2 ELJ‟s to limit lateral channel migration upon removal of the upper end of Aldair levee.
Installation of trees from levee into the existing wetland
~5 acres of easement or fee acquisition for riparian planting.
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Figure 42: Aldair Alternative 3 actions and predicted 10 year response.

Carlson Alt 2 actions and outcomes are also shown for reference.

Relative Benefits

Table 11: Summary of benefit rankings of Aldair alternatives and all projects in the reach.

Ecofluvial Benefits were derived through an extensive ranking process described in Section IIIC. Detail from this
ranking process are available in Appendix D (ecofluvial rankings).
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d. Ecofluvial Benefits
For ease of explanation, the discussion of relative benefits of each alternative is broken into
three areas. Ecofluvial scores for each project alternative were determined by the technical
team using the short-term (5-10 year) geomorphic response graphics as an estimate of the
likely outcome of various actions Figures 42-45, Table 11; Appendix C ).

Figure 43: Aldair Alt 1 predicted 10 year response. Carlson Upper Alt 2 actions are also shown and assumed in place.
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Figure 44: Aldair Alt 2 predicted 10 year response. Carlson Upper Alt 2 actions are also shown and assumed in place.

Existing mainstem

Low side-channel

Carlson higher floodplain area

Low oxbow area
Low side-channel
Aldair higher floodplain area
Low oxbow area

Flood Flow Path
Figure 45: Aerial photo of Aldair and Carlson sites taken during a 2 year flood event showing areas discussed below.
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Existing Mainstem Area (25 acres)
Under alternatives 1 and 2, the removal of the upstream portion of the levee will result in substantial reduction in
velocity and sheer stress throughout the upper portion of the mainstem and subsequent aggradation in the upper
portion of the site. Removal of bank hardening along with mainstem, coupled with formation of deposition bars, is
likely to promote left and right bank erosion and recruitment of trees from the adjacent forested floodplain areas – in
particular from the right bank forest. The rate of erosion of the right bank (Carlson Upper site) and the overall rate
of mainstem channel aggradation are expected to increase as the mainstem is allowed to meander though the
currently channelized reach. The channel margins within the Aldair and Carlson Upper levee footprints are likely to
be very complex, with large logjams formed by recruited trees and racked wood scattered throughout the left and
right bank channel margins.
The amount and quality of low velocity bank and bar edge rearing habitat is expected to increase dramatically
throughout the entire length of the mainstem. Reduction in sheer stress and associated fining of substrate are also
likely to result in a shift in distribution of spawners towards this reach and perhaps an increase in viability of redds
in this reach due to reduction in scour.
There is no substantial difference between alternatives 1-2 in terms of the predicted short-term response in this area.
It is possible that the rate of aggradation in the mainstem and associated fluvial response will be less under
alternative 2 than alternative 1 due to the constraint posed by the setback levee. This facility will block more flood
conveyance though the left bank oxbow than in alternative 1 and may therefore lead to higher overall water velocity
in the mainstem area than alternative 1 where flow from the mainstem has full access to left and right bank
floodplain channels. It is possible under Alternative 1 that if the left bank oxbow area developed into a substantial
side channel, the remaining existing mainstem area and right bank floodplain channel would see even greater
improvement of rearing and spawning habitat. This side channel development is precluded by the setback levee in
alternative 2.
Alternative 3 will likely see some minor localized improvement of mainstem habitat quality due to the removal of
the downstream portion of levee, but this improvement is likely to be small relative to those alternatives where the
upstream portion of the levee is removed. There will likely be local aggradation of the mainstem and improvement
in spawning conditions adjacent to the levee removal area. Mainstem edge rearing habitat within the 700 ft removal
area will also likely improve through reduction in velocities at all stages and through recruitment of wood from
upstream sources.

Low lying areas in Left Bank Oxbow (20 acres)
This feature is currently only connected to the mainstem via levee seepage at the downstream end at flows greater
than ~12,000 CFS. Its value for rearing salmonids is limited to high flow events and it is very likely to trap fish
during the late spring and early summer as water recedes. Providing a more natural connection of this existing offchannel habitat to the mainstem at the downstream end is an important component of all alternatives considered at
this site.
Alternatives 1-3 differ primarily in the degree to which each alternative allows for unconstrained interaction
between the mainstem and this large oxbow feature and floodplain area over time:
Alternative 1 has the highest potential benefit because it encourages and allows for unconstrained fluvial
processes to act on this existing 20 acre floodplain feature. Due to the low gradient through this reach
and the associated uncertainty that a flow-thru side channel would develop through this area, it was
assumed that within a ten year period there would not be a flowing side channel through this area at 30005000 CFS. However, it was recognized that under alternative 1 this potential exists and this potential was
the primary basis for this alternative scoring slightly higher than alternative 2.
Alternative 2 only differs from alternative 1 in the degree to which mainstem channel processes can
engage with this left bank oxbow feature. The extension of the setback levee across the inlet of this
feature at the upstream end eliminates the potential for a mainstem side channel of any size to develop in
this direction. As a result there is considerably less area for process to act in an unconstrained manner
and the amount of proposed riparian forest restoration is considerably less than Alternative 1 (~ 10 acres
less).
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Alternative 3 provides a natural backwater connection to this existing oxbow feature. The lack of any
substantial restoration of process in this area leads to a very low score for this alternative. However, it
should be recognized that removal of the downstream levee will greatly increase the connectivity of this
large, existing off-channel habitat with the mainstem. Flood water and juvenile salmon will be able to
enter and leave this area freely at all river stages rather than being completely isolated by a levee with no
outlet other than seepage though the prism. This will likely result in a great increase in productivity of
this off-channel habitat for juvenile salmonids under all proposed alternatives.

Higher floodplain area in interior of site (30 acres)
There is a significant difference between alternatives 1 and 2 in terms of the predicted response in this area.
Alternative 1 allows for restoration of forested floodplain conditions and unconstrained interaction of the river with
this entire 30 acre area of restored forest over the long-term. Alternative 2 limits this forest restoration and
unconstrained interaction with the forest to about ½ of this 30 acres. Other than a small area of restoration of
forested floodplain (3 acre backwater margin) and increased backwater connection of this area with the mainstem
during floods, there will be no significant change in this area associated with Alternative 3.

e. Flood and O&M Benefits
Flood Benefits
Flood benefits associated with Aldair alternatives 1 and 2 were the highest ranked of all projects in the reach.
Because the existing levee is at significant risk of imminent failure, and because it provides significant flood
protection to private property and the adjacent road, the proposed set back levees constitute a major improvement in
flood protection. Other benefits include improved sediment storage within the reach and increased potential to trap
flood debris. Very minor flood benefits are associated with the removal of the lower portion of the Aldair Levee,
and those benefits are included in all three of the project alternatives.
Under alternatives 1and 2, significant aggradation is expected to occur in the current mainstem as flows re-occupy
the low left bank area behind the current levee and as channel conveyance capacity adjusts to new bank full
hydraulic characteristics. In the moderate to long term, added sediment storage in the project area will reduce
sedimentation downstream and lessen related bank erosion.
Under existing conditions, a complex flood overflow path develops during moderate to large flood events and causes
closure of West River Road and flooding of adjacent farmland (Figure 45 – “Flood Flowpath”). Flood waters
currently enter the floodplain by seeping through and overtopping the existing levee and then flowing to the
southwest. Hydraulic modeling will be performed to assess post project water surface and velocity changes, and
allow refinement of the setback levee design. It is likely that the new levee will reduce the frequency of road
closures because it will be designed to prevent seepage and piping. A final assessment of these potential flood
benefits, will be completed after hydraulic modeling is completed.
Removal of the lower portion of the Aldair Levee will involve removing a substantial quantity of fill from the
floodplain, but overall benefits are modest and are included in all 3 alternatives.

O&M Benefits
Although the Aldair facility has had considerable maintenance over the last decade, the current decision by the
RFMS to abandon this facility reduces the potential O&M benefit at this site. However, after further analysis of the
hydraulics in this reach, it is possible that this position by RFMS and the ranking may change.
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f. Feasibility rankings

Table 12: Summary of feasibility rankings of Aldair alternatives and all projects in the reach.

g. Landowner Willingness

Will be updated after the 2nd round of landowner outreach is complete later in summer.

Risk Associated with Flooding and Erosion
Risks of flooding and erosion impacts related to the Aldair project alternatives are greatest for alternative 1,
intermediate for alternative 2 and lowest for the backwater reconnection in Alternative 3. Risks for Aldair
alternative 1 are comparable to risks for the major levee removal alternatives at the Barfuse site and include both
potential flooding and erosion. Uncertainty was relatively high compared to other proposed projects in the reach,
with specific risk factors as described below:
Removal of the upper portion of the Aldair Levee (Alternatives 1&2) has the potential to cause increased
aggradation and related bank erosion that could impact land on right bank, and possibly cause increased flows in the
abandoned channel on the Carlson site along Neal Road SE. Protection measures are proposed to address likely
impacts to left bank property, roads and structures, but at this time no stabilization measures are proposed to address
the limited risk identified to date on the right bank. Future detailed hydraulic modeling will refine this risk
assessment and may alter project plans.
Risk is somewhat elevated in alternative 1 due to the proximity of neighboring structures and the potential for local
water surface elevation changes and velocity changes that could result from levee removal and proposed setback
ELJ bank protection. It is anticipated that careful location and design of protection measures can address risk, but
there is some potential risk associated with that aspect of the design. There is also some potential for increased
flood debris to be deposited on the left bank properties as part of this alternative. If modeling suggests a potential
debris hazard, project modifications including a possible flood fence may be required.
All project alternatives have some potential to drive significant aggradation in the main channel. Because channel
widening is also anticipated, the potential for flooding impacts is expected to be low. Final analysis during project
design will require modeling water surface and velocity changes in response to a range of potential aggraded
conditions. After sensitivity to aggradation is assessed, flood risk can be more accurately estimated.
Finally, some short term potential exists for increasing the existing problematic gravel bar growth immediately
downstream of the project site. The potential risk is related to removal of the rock facing from the existing levee
and allowing the river gravel core to be eroded. Depending on channel conditions (notably width and orientation) it
is possible that as the channel adjusts there will be a temporary increase in sediment supply and transport to the
downstream bar. Any significant increase in the size of that bar is likely to aggravate the existing erosion problem
along the downstream left bank.

Ordinance Compliance
Agriculture ordinance
The alternatives developed for the Aldair site will affect agriculture to varying degrees:
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Alternative 1 would convert about 30 acres of agricultural land currently being used for various crop
production (or could be used) to a forested condition.. This represents the second largest potential impact
to agriculture in the project reach and thus scores near the lowest in terms of feasibility for this element,
despite numerous potentially substantial benefits.
Alternative 2 would convert about 20 acres of agriculture land currently being used for various crop
production (or could be used) to a forested condition. Due to lower potential impacts and its additional
benefits to agriculture (below), this alternative scores the highest of the three alternatives for this element of
feasibility. .
Alternative 3 would convert ~ 3 acres of agriculture land currently being used for various crop production
to a forested condition and thus has the least direct impact on agriculture, but also has no substantial
benefits.
All alternatives have some short term potential for increasing the existing problematic gravel bar growth
immediately downstream of the project site. The full extent of the potential effect will be assessed during
future hydraulic modeling and sediment supply and transport analysis.
The following potential benefits to agriculture were identified within or adjacent to the site and offset potential
impacts:
Alternatives 1 and 2 both install a setback levee at the upstream end of the site. This setback facility
represents a very substantial benefit to all farms in the large area that could be affected by the future,
sudden failure of the existing Aldair levee. Preliminary analysis suggests that a widespread increase in
flood frequency, depth and possibly velocity could occur if the existing levee fails without a setback
facility in place. While the degree and extent of effect is not known at this time, the proposed setback
levee would reduce or eliminate these effects and thus represents a considerable benefit to agriculture.
Alternative 3 will not install a setback levee and thus will not realize this potential benefit.
Under Alternative 2, improved access to agriculture lands on the interior of the oxbow may result from
construction of the setback levee facility.
All alternatives may result in a slight improvement in conditions for agriculture around the backwater area
due to a more rapid reduction in water surface elevation following spring floods. The removal of the lower
portion of the Aldair levee will allow flood water to drain more rapidly from this area than it does under
current conditions.
Trapping of sediment that would otherwise deposit in downstream response reaches and exacerbate erosion
of ag. Fields. This effect is of particular importance at this location due to rapidly eroding banks
immediately downstream. The full extent of the potential benefit will be assessed during future hydraulic
modeling and sediment supply and transport analysis.
Other more generic benefits to agriculture at this and other sites include:
Construction of local farm pads with material removed from the levee
Deposits into the compensatory flood storage bank for other future floodplain modifications by farmer in
the area
Trapping of wood that may otherwise end up in farmers fields
Trapping of sediment that would otherwise deposit in downstream response reaches and exacerbate erosion
of agricultural fields

Recreational Boater Ordinance
The alternatives developed for the Aldair site affect recreational boating to varying degrees:
Alternatives 1 and 2 are likely to develop considerable logjams along and in back of the upstream levee
footprint shortly after the levee is removed. This is likely to result in challenges for the design team in
navigating this issue during the design process. However, this was not deemed insurmountable based on
recent outcomes at other active project sites.
Alternative 3 scored higher than all other alternative due to the lack of manipulation of the upstream levee.
However, ELJ construction at the downstream levee will likely also affect recreational boater safety in this
reach.
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Permitability
All project alternative considered at the Aldair site are likely permitable. Feasibility scoring was based on the
number of significant hurdles to jump during the permitting process. Scores were primarily driven by estimating the
difficulty of obtaining a flood hazard certification (i.e. risks of flooding).

Project Cost
The cost of alternatives considered at this site ranges from $1,814,164 to $6,158,010. While the cost of removing
the upstream Aldair levee facility are the same for Alternatives 1 and 2, the cost of replacing the function of this
facility further back in the floodplain differ considerably for these two alternatives. Alternative 3 is a relatively
low-cost option, but only creates a backwater area at the downstream end of the levee, with some modest
improvement in mainstem edge habitat.
Table 13: Aldair Cost Estimates
King County - Natural Resources and Parks - Ecological Restoration and Engineering Services
Carlson Upper Levee Removal
Engineer's Construction Cost Estimate - Conceptual Design

Concept Level Construction Cost Estimate

8/11/2011

Alternative 1
Alternative 2
Alternative 3
Aldair Revetment and Aldair Revetment and Aldair Revetment and
Levee Removal
Levee Removal
Levee Removal
Full Setback

Partial Setback

Backwater

$237,060

$331,884

$0

$525,000.00
$200,000.00

$450,000.00
$120,000.00

$150,000.00
$50,000.00

$719,253.33
$314,339.97

$719,253.33
$314,339.97

$326,061.51
$71,250.39

$496,157.00

$459,842.82

$133,912.58

$75,000
$367,500
$296,664

$75,000
$210,000
$287,014

$35,000
$52,500
$99,133

$3,230,974

$2,967,334

$917,857

$277,864

$255,191

$78,936

$1,052,651

$966,757

$299,038

$4,561,489

$4,189,282

$1,295,831

Major Project Elements
Revetments:
Rip Rap Embankment with Toe Rock
Structures:
ELJs
Log Roughening
Levee and Revetment Removal:
Aldair Levee Removal
Aldair Revetment Removal and Reuse
Rip Rap Import for ELJs and Revetment
Mobilization and misc:
Thalweg/Water Management
Planting (incl. Maintenance)
Mobilization, TESC, Clearing/Grubbing
Total:
Taxes (8.6%):
Contingency (30%)

TOTAL:
Project Design and CM&I:

PROJECT TOTAL:

$1,596,521

$1,466,249

$518,332

$6,158,010

$5,655,530

$1,814,164

Inclusions: (This cost estimate does include the following elements)

1.) Protection for Downstream farm

Exclusions: (This cost estimate does not include the following elements)

1.) Significant archeological issues.
2.) Acquisition costs

Assumptions Used for the Cost Estimate Preparation
A) Unit costs are obtained from previous projects and WSDOT Unit Bid Analysis (UBA) -Tolt, Meadowbrook, Cedar Rapids, Belmondo, Chinook Bend and Carlin
B) Quantities are estimated based on measurements taken from GIS data and preliminary field measurements.
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4. Carlson Upper Alternatives 1-2
This project is relatively straightforward in that the primary action is to remove the rock armoring that is preventing
lateral channel migration towards the right bank. There is not a functional levee here so hydraulics and flooding will
not be dramatically affected by the rock removal itself. Unlike other project sites where alternatives range from less
to more constrained, the two initial alternatives considered at this site are very similar in terms of their likely
outcome and only vary substantially in their construction method and footprint of disturbance. More detailed
alternatives in terms of the road protection elements will be discussed in a separate 30% design report.

a. Carlson Upper Alternative 1
This is the simplest alternative considered at the Carlson Upper site and includes the following actions (Figure 46):
Removal of the 1500 feet of the rock revetment along the right bank through use of a barge
Removal of only trees growing on top of the revetment that pose a risk to construction crews
Placement of removed trees in the floodplain just landward of the removed revetment
Protection of Neal Road SE via a combination of ElJ‟s, continuous wood revetment, and log roughening;
~ 1 acres of easement or fee acquisition on right bank immediately downstream of the project;
Potential installation of a “flood fence” on the right bank immediately downstream of the project
Placement of 1-2 ELJ‟s at the downstream end on the left bank to deflect flows from the eroding bank

Figure 46: Carlson Alternative 1 actions.

This alternative involves the least amount of construction work in the interior, forested portion of the site and thus
relies mostly on the river to rework the site and redistribute the many, large 80+ year old trees growing on or
immediately landward of the revetment footprint.

b. Carlson Upper Alternative 2
This alternative is similar to alternative 1 and includes the following actions (Figure 47):
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Removal of the 1500 feet of the rock revetment along the right bank using conventional equipment from
the landward side
Removal of all trees growing within the levee footprint
Redistribution of trees into large roughening structures placed several hundred feet landward of the
removed revetment;
Protection of Neal Road SE via a combination of ElJ‟s, continuous wood revetment, and log roughening;
~ 1 acres of easement or fee acquisition on right bank immediately downstream of the project;
Potential installation of a “flood fence” on the right bank immediately downstream of the project
Placement of 1-2 ELJ‟s at the downstream end on the left bank to deflect flows from the eroding bank

Figure 47: Carlson Alternative 2 actions.

This alternative involves considerable construction work in the interior, forested portion of the site. Rather than
relying on the river to redistribute the many, large 80+ year old trees growing on or immediately landward of the
revetment footprint, under this alternative, these trees would be strategically placed further back in the floodplain.
The rationale being that under the current constrained channel configuration, trees falling into the channel are very
likely to be transported downstream and offsite until the channel widens and is able to retain more wood and
sediment. Under this alternative, trees would be are arranged into relatively stable roughening structures (at
floodplain elevation, not buried ELJ‟s) in the estimated location of the river bank after the revetment is removed
and the bank allowed to retreat for 5-10 years.
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c. Relative Benefits

Table 14: Summary of benefit rankings of Carlson alternatives and all projects in the reach.

Ecofluvial Benefits were derived through an extensive ranking process described earlier. Detail from this ranking
process are available in Appendix D (ecofluvial rankings).

d. Ecofluvial Benefits
For ease of explanation, the discussion of relative benefits of each altenative is broken into
three areas (Figure 45). Ecofluvial scores for each project alternative were determined by the
technical team using the short-term (5-10 year) geomorphic response graphics as an estimate
of the likely outcome of various actions (Figures 487-50, Table 14 ; Appendix C).

Figure 48: Carlson Upper Alternative 1 predicted 10 year response assuming Aldair levee remains in place.
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Figure 49: Carlson Upper Alternative 2 predicted 10 year response assuming Aldair levee remains in place.

Existing Mainstem Area (10 acres)
Under alternatives 1 and 2, response to revetment removal will be most dramatic in the existing mainstem. Rapid
lateral migration into the right bank forested floodplain is expected, recruiting large trees and sediment in the
process. Ultimately, after 5-10 years it is likely that the bankfull channel width of the mainstem in the lower portion
of the site will increase from <200‟ to >400‟. This process of widening will result in very complex right bank edge
habitat with substantial large wood cover for rearing juveniles. It is also likely that channel widening will reduce
competency in the mainstem and allow sediment to accumulate along the left bank in particular, possibly improving
spawning habitat. Reduced sheer stress in this reach should also contribute to improved viability of redds in this
reach.
The two alternatives considered here only differ in the amount of wood likely to be retained on site and their
contribution of wood to downstream reaches. The fate of large trees under alternative 1 would be largely unknown
because many trees would likely be transported downstream as the bank rapidly erodes during the first few floods.
Alternative 2 is a more heavy-handed construction approach, but may result in more certainty that existing trees will
remain on this site and contribute to improvement of habitat over the long-term. Having more control over where
trees end up is also beneficial in managing potential downstream impacts from this wood (e.g. ag. fields/boaters).
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Low-lying forested side channel along Neal Road SE (10 acres)
There is no difference between alternatives 1 and 2 in terms of the predicted response in this area. The technical
team predicted that this existing floodplain feature‟s upstream connectivity with the mainstem is unlikely to change
considerably as a result of this project alone. It‟s not until other upstream actions (e.g. Aldair, Hafner removals) are
taken that this floodplain feature may become substantially more engaged with the mainstem of the Snoqualmie. If
only the Carlson project is implemented, it is likely that the only significant improvement in this area will be the
substantial addition of wood to the existing off-channel habitat as road protection measures are installed. While this
will result in immediate benefits to aquatic habitat in this area the overall benefit will be modest because habitat is
currently in a relatively functional state.

Higher floodplain area in interior of site (35 acres)
There is no significant difference between alternatives 1 and 2 in terms of the predicted response in this area. This
higher floodplain area will be the source of large trees that will be recruited to the mainstem through lateral
migration into the right bank. Over 25% of this area (~ 9 acres) is predicted to be occupied by the mainstem of the
river within 10 years of revetment removal. It is possible that the rate of lateral channel migration into this area will
be faster under alternative 2 due to the removal of trees along the bank during construction.

e. Flood and O&M Benefits
Flood Benefits
Flood benefits at the Carlson Upper site are attributed to increased long term sediment storage that will help reduce
or minimize bar growth and related impacts downstream. The design of the project will also help trap large woody
flood debris within the project boundaries alleviating hazards and costs to surrounding landowners. Overall flood
benefits ranked below those of other projects in the reach.

O&M Benefits
The Carlson Upper revetment has not been maintained by the RFMS for many years, nor will it be in the future.
Therefore there is negligible O&M benefit under either alternative.

f. Feasibility rankings

Table 15: Summary of feasibility rankings of Carlson alternatives and all projects in the reach.

g. Landowner Willingness

Will be updated after the 2nd round of landowner outreach is complete later in summer.

Risk Associated with Flooding and Erosion
Risk associated with the Carlson project alternatives was considered to be the lowest of all projects in the reach.
Future channel migration is limited by the proposed setback bank protection on the project site, and by the proposed
ELJ structures on the left bank.
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One potential risk associated with the design stems from possible effects on local water surface elevation, flow
velocity and volume of flood debris along the project perimeter. Changes could impact neighboring roads, farms
and residences. Potential impacts have been considered during this analysis and as part of a related 30% design
effort, but additional refinements to the proposed project may result from detailed hydraulic modeling. Potential
modifications include changes in bank protection structure geometry and strategic implementation of flood fencing.
Risks associated with reactivation of the upstream portion of the abandoned side channel along Neal Road SE are
considered low under this alternative. Due to flow path length and roughness, upstream channel geometry and
revetments, it is very unlikely that the channel will avulse into its former alignment under this project alternative.
However, that risk is potentially increased if other proposed projects in the reach are implemented. This is
particularly true for the Aldair and Hafner projects. Hydraulic effects of multiple anticipated geomorphic response
scenarios will be evaluated as part of the overall modeling effort for projects in this reach, and results will inform
future more detailed risk assessments and mitigation designs.
Remaining risks are associated with the short term potential for increased sediment delivery to the downstream
gravel bar and resulting impacts to the currently eroding left bank. The risk is anticipated to be very low due to the
relatively small volume of bedload material that is likely to be in the native sediments behind the levee and the
limited quantity of anticipated dredge spoil fill. In the event that a significant risk is identified after further
geotechnical, geomorphic and hydraulic analysis, then mitigating actions will be required. Potential mitigating
actions are described in detail below in the section title “Richmond Response Reach.”

Ordinance Compliance
Agriculture ordinance
Due to existing public ownership or easements on most land involved in this project, the alternatives developed for
the Carlson Upper site have few effects on agriculture, but do differ slightly in their potential impacts.
Alternative 1 may result in higher contribution of large wood to downstream agriculture fields than
alternative 2 due to higher likelihood of retention of wood on site with alternative 2.
Both alternatives have low (but somewhat uncertain) potential to have a short-term effect on erosion of the
left bank directly downstream on the left bank (Richmond property). Risk was addressed in more detail
above in the “Risk Associated with Flooding and Erosion” section;
Both alternatives may covert ~1 acre of agriculture land currently being used for various crop production
to a forested condition along the right bank immediately downstream of the site (Carlson flood fence);
The following potential benefits to agriculture were identified within or adjacent to the site that offset potential
impacts:
Installation of a flood fence on the downstream right bank may reduce the amount of wood floating onto
ag. fields relative to existing conditions;
Installation of ELJ‟s along the left bank downstream (Richmond) may moderate erosion of that bank to a
small degree relative to existing conditions.
Other more generic benefits to agriculture at this and other sites include:
Construction of local farm pads with material removed from the levee
Deposits into the compensatory flood storage bank for other future floodplain modifications by farmers in
the area
Moderate to long term trapping of sediment that would otherwise deposit in downstream response reaches
and exacerbate erosion of ag. fields

Recreational Boater Ordinance
The two alternatives developed for the Carlson Upper site have minor differences in their potential effects on
recreational boater safety :
In the long-term, both alternatives have potential to affect boater safety in this reach due to the recruitment
of wood and formation of large jams along the right bank channel margin.
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In the short-term alternative 1 will have greater potential to affect boater safety because large trees will
fall into the river with an unpredictable fate both onsite and downstream. Alternative 2 will be slightly
more predictable with respect to outcome in the short-term due to removal of trees on the levee prism.

Permitability
All project alternative considered at the Carlson Upper site are likely permittable. Feasibility scoring was based on
the number of significant hurdles to jump during the permitting process. Scores were primarily driven by the
predicted difficulty of obtaining a flood hazard certification. Both alternatives do result in some short-term impacts
associated with construction of these ELJ‟s adjacent to or within the existing weltand. This work is expected to be
self-mitigating thru the addition of wood to the wetland and improvement of processes.

Project Cost
The primary differences between the two Carlson Upper alternatives are construction method. The cost difference
between the two alternatives is ~2.5% ($3,746,521 vs $3,857,635). Alternative 1 proposes use of floating barges-one from which to operate the excavators and stockpile materials and two for transporting materials--in order to
minimize the removal of trees. The cost of using barges for Alternative 1 is high, however less material is removed
as a result. Alternative 2 proposes using conventional equipment on land, and the construction of roughening
structures.
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Table 16: Carlson Upper cost estimates
King County - Natural Resources and Parks - Ecological Restoration and Engineering Services
Carlson Upper Levee Removal
Engineer's Construction Cost Estimate - Conceptual Design

Concept Level Construction Cost Estimate
Alternative 1
Carlson Upper Revetment and
Levee Removal

Alternative 2
Carlson Upper Revetment and
Partial Levee Removal

ELJ and Log Roughening Protection for
Neal Road

ELJ and Log Roughening Protection for
Neal Road

Use Barge for Rock and Levee
Removal

Conventional Equipment for Rock
and Levee Removal

$0

$0

$675,000.00
$170,000.00

$675,000.00
$170,000.00

$164,345.68
$377,592.93

$302,231.70
$144,665.29

$289,355.30

$289,355.30

$75,000
$131,250
$219,320

$75,000
$131,250
$253,820

$2,101,864
$180,760
$684,787
$2,967,412

$2,041,323
$175,554
$665,063
$2,881,939

Major Project Elements
Revetments:
Rip Rap Embankment with Toe Rock
Structures:
ELJs
Log Roughening
Levee and Revetment Removal:
Carlson Upper Levee Removal
Revetment Removal and Reuse
Rip Rap Import for ELJs and Revetment
Mobilization and misc:
Thalweg/Water Management
Planting (incl. Maintenance)
Mobilization, TESC, Clearing/Grubbing
Total:
Taxes (8.6%):
Contingency (30%)
TOTAL:
Project Design

PROJECT TOTAL:

$890,224

$864,582

$3,857,635

$3,746,521

Inclusions: (This cost estimate does include the following elements)

1.) Protection for Downstream farm

Exclusions: (This cost estimate does not include the following elements)

1.) Significant archeological issues.
2.)
3.) Plantings and other treatments.
4.) Design, Permitting and Outreach Costs

Assumptions Used for the Cost Estimate Preparation
A) Unit costs are obtained from previous projects and WSDOT Unit Bid Analysis (UBA) -Tolt, Meadowbrook, Cedar Rapids, Belmondo, Chinook Bend and Carlin
B) Quantities are estimated based on measurements taken from GIS data and preliminary field measurements.

B. Richmond Response Reach Alternatives 1-3
The reach downstream of the implementation corridor (described through the projects above) is armored with a rock
revetment on the right bank and bordered by approximately 1500 feet of unprotected pastureland on the left bank
(Figure 49a) . Downstream of the pastureland and several small additional parcels, the “Old Gravel Pit” revetment
begins and both the left and right bank are relatively continuously protected. The unprotected portion of the left
bank is subject to significant ongoing erosion related to sediment deposition on a large right bank gravel bar. Due to
the erodible bank and high sediment load, erosion is expected to continue and potentially intensify over time.
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It is anticipated that project actions upstream will allow the channel to widen, aggrade and migrate, storing sediment
and reducing sediment load downstream during the period of channel adjustment. That could reduce erosion along
the Richmond bank by limiting the rate of growth of the right bank bar. However, at this time it is difficult to
predict the potential for short term increases in bed load related to initial channel widening, or specific hydraulic
changes that will result from continued erosion, bar growth and upstream channel migration. To assess the
magnitude of potential impacts, a detailed assessment of material in the natural and artificial levees will be
completed, existing and post project sediment load and transport capacity will be analyzed, and anticipated hydraulic
conditions will be modeled. Because of the uncertainty in hydraulic and sediment transport modeling, conservative
assumptions will be required and results will tend to overestimate potential impact.
In the event that further analysis shows potential impacts, or potentially in lieu of some portions of this analysis,
several project alternatives could be implemented along the Richmond bank. The intent would be to create a short
reach downstream of the primary Corridor Project reach where the river could transition back to pre-project
conditions with no unintended consequences. In the transition reach the target would be to improve riparian and
riverine habitat while addressing risk to adjacent property and improvements.
The alternatives shown below only address erosion concerns in the open pasture area immediatedly downstream of
the Corridor Reach. Additional analysis will be necessary to determine the need for further measures on parcels
immediately downstream of this pasture area on the left bank, which includes three small parcels (“Downstream
Area” in Figure 49a).
It should be noted that actions below will be pursued only if further hydraulic and sediment modeling
indicate a possibility for negative effects in this downstream reach from actions implemented upstream.

a. Richmond Alternative 1
The first alternative considered at the Richmond site includes the following actions (Figure 49a):
5 acres of easement or fee acquisition for revegetation of a 165‟ wide riparian buffer
Installation of ~1200 lineal feet of continuous log-crib bank protection structure
Potential installation of a “flood fence” on the left bank
This alternative establishes a firm boundary for lateral channel migration, with minimal benefits to habitat.

b. Richmond Alternative 2
The second alternative considered at the Richmond site following actions (Figure 49a):
12 acres of easement or fee acquisition for revegetation of a 300‟ wide riparian buffer
Potential installation of a “flood fence” on the left bank
Potential installation of additional roughness elements within the planted area
This alternative establishes a softer and less certain boundary for lateral channel migration than alternative 1, but
buffers this uncertainty with a wider area of revegetation, allowing for recovery of some processes and riparian
forest..

c. Richmond Alternative 3
The third alternative considered at the Richmond site includes the following actions (Figure 49a):
26 acres of easement or fee acquisition for revegetation of a 500 to 700 ft wide riparian buffer (to road)
Potential installation of a “flood fence” on the left bank
Potential installation of additional roughness elements within the planted area
This alternative establishes a softer and less certain boundary for lateral channel migration than alternative 1, but
buffers this uncertainty with a very wide area of revegetation, allowing for recovery of some processes and riparian
forest area that may moderate the rate of bank erosion over the long term.
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Figure 49. Actions being considered within the Richmond Response Reach.

d. Relative Benefits
This potential project site does not involve any primary restoration actions and will only be implemented if
negatives effects are anticipated in this reach from upstream projects. The three alternatives‟ relative benefits and
feasibility are discussed below, but specific scores were not assigned.

e. Ecofluvial Benefits
Although there are few benefits at this site relative to other projects considered within the Corridor Reach, the
differences between alternatives considered are important to discuss:
Alternative 1 has more impacts than benefits from a process and habitat perspective. Actions proposed
would arrest channel migration and in the process provide some modest improvement in edge habitat
conditions through engineered roughness along the bank. Reducing erosion of this bank was NOT
considered a benefit, but rather an impact based on current best available science. The 165‟buffer would
help to shade the mainstem, but trees would not be recruited to the river over the long term, thus limiting
the value of riparian planting.
Alternative 2 allows for reestablishment of a native riparian corridor and for continued lateral channel
migration and thus has some potential benefit over the existing condition. The narrow buffer width and
lack of bank protection of any sort relative to alternative 3 makes it somewhat uncertain that riparian
planting will become well established before the river migrates through them.
Alternative 3 allows for reestablishment of wide native riparian corridor and for continued lateral channel
migration and thus has greatest potential benefit over the existing conditions. Under this alternative, there
is more likely to be enough soft bank protection measures and vegetated area to establish a mature forest
over the long term that will moderate lateral channel migration while at the same time creating very
complex edge habitat as the river migrates through mature trees.
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f. Flood and O&M Benefits
Flood Benefits
All of the proposed alternatives address the relatively modest potential impacts associated with upstream projects.
The Key difference is the degree to which they provide certainty to the existing landowner and preserve agricultural
use of the affected land.
Alternative 1 is intended to provide a predictable boundary with a minimum loss of agricultural land. Therefore
channel migration related flood benefits are substantial. The alternative should not have a measurable effect on
water surface elevations, velocity, or the volume of flood debris deposited in the floodplain.
Alternative 2 provides a less certain channel migration boundary than alternative 1, but it does reduce existing risk
to remaining agricultural land and adjacent improvements relative to existing conditions. In the longer term, this
alternative would likely trap significant flood debris and reduce impacts to adjacent land. Another benefit of this
alternative is the potential to allow further channel migration and sedimentation within the reach, limiting the
potential for downstream impacts.
Alternative 3 is similar to alternative 2, but provides some modest additional channel migration protection.

O&M Benefits
Not Applicable

g. Feasibility rankings
Feasibility elements are discussed below, but specific scores were not assigned at this site for reasons discussed
above.

h. Landowner Willingness

Will be updated after the 2nd round of landowner outreach is complete in Late May or early June.

Risk Associated with Flooding and Erosion
Risks associated with alternative 1 differ from risks associated with alternative 2 and 3. Alternative 1 locks the
existing channel boundary in its current location. That prevents the channel from migrating and limits growth of the
existing right bank bar, potentially sending some additional bedload downstream where it could impact other
erodible banks. The risk of impact is considered relatively low, and will be evaluated in the context of other projects
in the reach during modeling and design development.
Risks for alternative 2 and 3 are related to uncertainty in future trapping and release of large woody flood debris.
The intent of the projects is to use placed and recruited large wood to limit the rate of channel migration. Because
no hard boundary is being established, periodic bank retreat may release significant quantities of placed or recruited
wood and impact downstream properties or infrastructure.

Ordinance Compliance
Agriculture ordinance
Discussion of this projects effects on agriculture must start with a recognition that under existing conditions, large
areas of productive agriculture land are at very high risk of erosion. A minimum of five acres is currently at very
high risk and an additional five acres is at moderate risk, with considerable longer term risk to the road and
properties near the downstream end of this eroding reach. Projects proposed upstream have not been demonstrated
to have any substantial negative effects on this erosion process, though it has been acknowledged that this reach has
potential to be affected (positively or negatively) by those actions given its proximity to the proposed modifications.
Alternatives 1, 2 and 3 would convert five, ten and twenty acres of agriculture land currently being used for various
crop production to a forested condition. Alternative 1 would also protect, with a high level of certainty, the
agriculture land beyond the converted five acres giving it the greatest benefit to agriculture. Alternatives 2 and 3
will have less certainty in protection. Therefore these alternatives include purchase and planting of surrounding
86

buffer areas. Due to a larger buffer, Alternative 3 has more potential to contain channel migration and prevent
impact to the road and neighboring property than alternative 2 and thus would rank higher even though it results in
greater conversion of acreage. Considered in these benefits is the fact that property at severe risk of erosion is
relatively unsuitable for agriculture. Furthermore, by acquiring the at risk land for conservation, the acquisition
costs could support agricultural work in more suitable locations.

Recreational Boater Ordinance
Alternative 1 will involve placement of a large wood structure directly into the mainstem of the Snoqualmie and will
thus be more difficult to take through the rec. boater process than other alternatives that do not install any in-water
wood structures.

Permitability
Alternatives 2 and 3 are likely to be more easily permitable than alternative 1. Alternative 1 will not be looked upon
favorably by regulatory agencies like NMFS and USFS where bank hardening is strongly discouraged. It is possible
that this project may not be self-mitigating and thus may require additional mitigation.

Project Cost
Final Concepts and cost estimates are still under development for this site and will not be included in this report
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V.

Stage 3 – Synthesis and Development

A. Alternatives Analysis
All rankings and analyses up to this point have considered the benefit, feasibility and cost of each project alternative
independently. This section compares each project alternative‟s benefit, feasibility and cost to other alternatives
within the same site and other alternatives in the SAFC reach.

1. Ecofluvial benefit analysis
Ecofluvial scores completed for all projects under consideration are presented in Appendix D. A breakdown of each
alternative‟s ecofluvial score into each of its seven components and comparison to other alternatives demonstrates
how some project scored considerably higher, in total and by component, than others (Figure 50a).
Figure 50: Breakdown of all alternatives ecofluvial scores into their seven components

Process-based projects scored high in the “Fluvial Processes” category and also typically were proposing action on a
very large scale, thus resulting in substantial benefits to fish habitat. These were the primary factors differentiating
projects like Barfuse 4 and Aldair 3 from other more process-based projects.
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2. Overall benefit analysis
The percentage of the maximum ecofluvial score possible was used to calculate the ecofluvial score (max 60 points)
in the overall benefit matrix (blue portion of stacked bar in Figure 51).

Figure 51: Overall benefit criteria scoring

When the three benefit criteria are combined, it is immediately evident that most project alternatives proposed
neither reduce flooding and erosion hazards, nor do they reduce on-going O&M costs at flood facilities (Figure 51).
Aldair Alternatives 1 and 2, which propose a controlled setback of the existing, failing facility, score the highest in
these categories and thus bring the overall benefits of those two alternatives above all others considered. It is
possible after further hydraulic modeling, that additional potential for flood and erosion benefits will be identified at
the Aldair site and other sites, but that modeling is outside the scope of this feasibility effort.
Ecofluvial benefits vary considerably between projects and alternatives. The highest scores result for project
alternatives that remove constraints to the greatest degree and allow habitat-forming processes to act over very large
areas (e.g. Barfuse 1, Aldair 1). However, slightly more constrained alternatives at those same sites do not have
significant reduction in ecofluvial benefits and thus may be more attractive if they are more feasible (e.g. Barfuse 2
and 3, Aldair 2).
While Hafner and Carlson alternatives have substantial benefit, their overall benefit is less than the unconstrained
Barfuse and Aldair alternatives primarily due to the relative scale of the expected responses. At the Carlson site, the
existing off-channel habitat is already quite functional, so the potential lift in that area is small relative to other sites
where existing off-channel habitat is extremely fragmented and dysfunctional. For the Carlson site, benefits were
based almost entirely on enhancement of existing mainstem conditions, with only minor off-channel enhancement
likely in the short-term. Unconstrained alternatives at Barfuse and Aldair see substantial gains in off-channel and
mainstem habitat conditions.
Although the benefit scores are lower for Hafner and Carlson sites when considered independently of other projects,
their potential for increased lift when all Corridor Projects are considered together is substantial. This is particularly
evident for the Hafner project alternatives that lie between the Barfuse site and the Carlson site. Releasing
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constraints at the Hafner site is likely to amplify changes in the Barfuse site, and to translate further downstream and
have an indirect effect on habitat in both the Hafner and Carlson project areas. It is possible that the remnant
channel at the Carlson site could become more connected to the mainstem of the Snoqualmie thru the relict side
channels in the Hafner area as aggradation associated with the Barfuse site increases the rate of erosion of the right
bank (Figure 36). This would result in a substantial lift in functions within off-channel habitat in the Carlson project
area that is not captured in this scoring matrix.
Benefits of Hafner 1 are considerably higher than Hafner 2 due to both ecofluvial and flood/erosion benefits.
Setting the road and revetment back considerably from its current location allows the channel to widen towards a
more natural width in an area where constraints currently have a substantial negative effect on both river processes
and public infrastructure . By allowing for that widening to occur over a longer length of channel under Hafner 1,
there is a higher potential that the right bank floodplain channels will be more connected to the mainstem over time
and thus increase the functionality of off-channel habitat on the Carlson site downstream. Under Hafner 1 the
existing road maintenance required at this corner of Neall Road SE is predicted to be considerably reduced or
eliminated, whereas under Hafner 2 there would be no benefit in terms of road maintenance.
The small difference in benefits between Carlson 1 and Carlson 2 is due to the predicted increased retention of wood
onsite under Alternative 2. This is due to the planned placement of that wood (Alternative 2) farther back in the
floodplain rather than allowing it to fall in an uncontrolled manner into a narrow channel (Alternative 1). Increases
in the retention of wood at the site is likely to result in greater complexity in mainstem edge habitat..
While backwater reconnections have substantial immediate benefits, project alternatives where this is the only
proposed action (Barfuse 4, Aldair 3) score considerably lower than more process-based alternatives (all other
alternatives). Reconnecting these fragmented habitats is clearly an important part of enhancing off-channel rearing
opportunities for juvenile salmon. However, without restoring some or all of the dynamic floodplain processes (e.g.
overbank flood frequency from upstream) to these features, these stand alone backwater reconnection projects have
less certainty of success over the long-term and thus score lower in this category and in the “fluvial process” and
“drivers or process” categories.
Based on benefit scores alone, the following project alternatives rank the highest at each site:
Barfuse Alternative 1
Carlson Alternative 2
Aldair Alternative 1
Hafner Alternative 1

90

Feasibility points

3. Feasibility analysis

Figure 50: Feasibility criteria scoring

Carlson Alternatives 1 and 2 are similar in their feasibility and are the most feasible alternatives to implement in the
short-term (next 2 years) in this reach considering information available at this time (Figure 52). This project site is
currently the most accessble for modification because the construction footprint is either owned by King County or a
at the location of an exiting conservation easement. Given that the project will not result in an immediate, dramatic
change in reach hydraulics, a lower level of risk is assocaited with anticpated erosion and flooding relative to other
projects where significant geomorphic response is predicted to follow the proposed removal of large levees (Aldair,
Barfuse). Due to the lack of agriculture land within the immediate project area, this project will have very little
impact to agriculture and may have substantial benefits.
Backwater reconnections (Barfuse 4, Aldair 3) rank as the next most feasible projects in this reach due to the relative
simplicity and scale of these projects. While these projects are not on publically owned land, it is preliminary
stakeholder outreach indicates that landowners will be amenable to these relatively benign actions that are less likely
to significantly affect risk of flooding and erosion on their property. Although these alternative are more feasible
than most of the levee setbacks alternatives, as noted above, their benefits are considerably lower.
Project alternatives that allow for relatively unconstrained fluvial processes over wide areas (Barfuse1 and 2, Aldair
1) score the lowest in terms of their feasibility primarily due to the assumption that landowners will be less willing
to support these actions, higher perceived risks associated with flooding and erosion, and substantial potential
impacts to agriculture. Slightly more constrained alternatives at these same sites (Barfuse 3, Aldair 3) rank
considerably more feasible than their unconstrained counterparts due to higher feasibility scores in these same areas
resulting from a smaller area of influence and more certainty in the extent of project effects over the long term.
The Hafner 1 alternative scores quite high in terms of feasibility even though it involves a substantial revetment setback, road relocation and property acquisition. Based on discussions with landowners and knowledge of existing
conditions, the project team believes this project alternative will represent a considerable improvement over existing
conditions in terms of risk from flooding and erosion. Alternative 2 at this site scores slightly lower because there is
less reduction of existing flood/erosion risks to offset property impacts.
Based on feasibility scores alone, the following project alternatives rank highest at each site:
Barfuse Alternative 3
Carlson Alternative 2
Aldair Alternative 2
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Hafner Alternative 1
Although the backwater options at Aldair and Barfuse scored as slightly more feasible, the more unconstrained
project alternatives were identified here due to the potential that pursuit of the backwater-only alternatives could
have a substantial negative effect on the ability to implement other less constrained alternatives in the future. It was
also recognized that the certainty in these scores will remain low until the second round of landowner outreach is
complete.

4. Benefit and feasibility analysis

Figure 513: Combined Benefit and Feasibility criteria scoring

The most comprehensive way to determine which project alternatives are the most appropriate to pursue,
irrespective of cost considerations, is to combine the benefit and feasibility scores to see where projects fall relative
to one another (Figure 53). Not surprisingly, this combined analysis of feasibility and benefit does not immediately
identify which project alternatives should be pursued. However, some patterns do emerge from this analysis and
further differentiation between alternatives is likely after a second round of landowner outreach later in 2011 and
after hydraulic model results are available later the same year.
This combined view of project benefits and feasibility lead the technical team to the following conclusions:
Backwater only alternatives Barfuse 4 and Aldair 3 should not be pursued at this time unless these actions
are the first phase of a larger plan to implement one of the other less constrained alternatives at these sites.
These projects score considerably less than all alternatives considered;
Hafner 2 also scores considerably lower than other alternatives and should not be pursued at this time,
leaving Hafner 1 as the preferred alternative at that site;
Carlson 2 and Aldair 2 score the highest and were both considered for moving forward to 30% design.
Given the higher feasibility and considerable benefit of Carlson 2, it is the most realistic project to consider
for implementation in the short-term and will be moved forward to 30% design as part of this scope of
work;
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Although Barfuse 3 and Aldair 2 score the highest at these sites it should be recognized that the total scores
for these alternatives were not substantially higher than other less constrained alternatives with higher
benefits. These other alternatives should not be taken off the table at this point in time (Aldair 1, Barfuse
1). As feasibility scores, benefit scores and cost estimates are refined through further meetings with
landowners and analysis of hydraulic conditions, the scoring matrix should be updated and the final
decision as to which alternative to pursue at the Barfuse and Aldair sites be determined at that time.
It is recommended that project selection be based primarily on this combined evaluation of project alternatives‟
benefit and feasibility, but with slightly heavier weight given to project benefits than feasibility and with additional
consideration of conceptual level cost estimates. Using this approach and based on information available to date, the
following projects are recommended:
Barfuse Alternative 2 (see qualifying statement in italics above)
Carlson Alternative 2
Aldair Alternative 2 (see qualifying statement in italics above)
Hafner Alternative 1
Richmond Response Reach Alternative 2 – if deemed necessary
These project alternatives are combined into what the technical team coined “The Corridor Project”, a longterm, reach-scale restoration opportunity that is discussed in considerable detail in Section VC.

5. Cost and benefit analysis
Although project prioritization and selection should be primarily based on the benefits likely to be realized by
various alternatives under consideration, overall project cost and project cost relative to predicted benefits provided
are clearly important factors to consider when developing a long-term strategy over a large reach like the SAFC
reach. Given that benefit scores for “reduced flood/erosion risks” and “reduced facility operation and maintenance”
were relatively low, it is likely that the primary driver behind most future projects in this reach will be habitat
improvement. Although it is possible that these secondary benefits may increase as we better understand reach
hydraulics through modeling, it was assumed at this point that this will not be the case. Therefore, the “BENEFIT”
denominator of the COST/BENEFIT equation was equivalent to the benefit score generated from the Ecofluvial
Scoring Matrix, making it possible to compare projects‟ costs per unit of habitat benefit.

Figure 52: Cost vs. Benefit Plot of all projects in the Corridor reach with preliminary preferred alternatives circled in
red.

93

A simple plot of total project cost versus project benefit helps to compare the project alternatives under
consideration (Figure 54). Red lines in this plot divide the categories into four quadrants of:
1. Lower cost, lower benefit = lower left = B4, A3, H2
2. Higher cost, lower benefit = upper left = No projects
3. Higher cost, higher benefit = upper right = A1, A2, B1, B2, B3, C1, C2
4. Lower cost, higher benefit = lower right = H1 (barely)
Red circles indicate the preliminary preferred alternatives for each site based on benefits and feasibility, irrespective
of cost.
It would be ideal if project alternatives were of lower costs and higher benefit, but that is not the case. This plot
points to several patterns that will need to be considered as we move forward in the planning process:
High benefit projects of this scale will be expensive. This is a result of the fact that many of the “low
hanging fruit” (i.e. low cost, high benefit) projects in WRIA 7 and throughout King County and
Washington State have been completed. These projects were typically on publically owned land where
there was not substantial infrastructure or private property to protect adjacent to project areas. An example
of this is the Chinook Bend project, which enhanced geomorphic processes were restored to 60+ acres of
floodplain for a total cost of less than $2 million.
Projects falling into the low cost, but also low benefit category should be carefully considered to determine
that the benefit falls above an acceptable threshold. Implementing major capital construction projects for
the sake of staying busy is not advised when money spent on low benefit projects will be siphoning
valuable away from more expensive projects that have the potential for greater benefits and greater
certainty of success over the long term.
Independent consideration of the benefits provided by each project, implemented in isolation, is predicted
to be considerably less than the potential benefit of each project when considered in a combination where
all other preferred alternatives are also implemented. Although this scoring exercise has not been
completed, it is anticipated that the benefit scores for each element of the Corridor Project discussed below
would be higher, sliding the points considerably to the right in the plot above.

Figure 535: Cost vs. Benefit Plot of all projects in the Corridor reach with preliminary preferred alternatives circled in
red.

A plot of the relative cost per unit benefit is another useful tool that helps to compare the project alternatives under
consideration (Figure 55). The preliminary preferred alternatives shown with red circles here range from very high
(A2) to moderately low (B2) cost per unit habitat benefit. Interestingly, when cost is factored into this assessment,
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simple, relatively low benefit backwater reconnection projects (Barfuse 4, Aldair 3) appear much more attractive
than in previous analyses. However, it should be noted once again that when synergy between the preliminary
preferred alternatives is factored in to the ecofluvial benefit rankings, the benefits of the downstream projects (A2,
C2) are likely to go up considerably, thus lowering the cost per unit benefit.
This analysis provides an indication of how to maximize potential value using the limited restoration dollars
available and is one of several tools recommended for prioritizing and sequencing project implementation strategies.
Ultimately, project benefits should be the primary driver of project selection, with cost, cost/benefit and feasibility
being secondary factors affecting project sequencing. Projects selection should not be based simply on the fact that
some alternatives are inexpensive and feasible. However, this cost/benefit analysis does point out that these
backwater alternatives, if considered as a first phase of the larger Corridor actions, could be a cost-effective way to
begin recovery of off-channel habitat in this reach while larger, more complicated portions of the project are being
developed.

B. Landowner Outreach #2
Meetings with each landowner directly affected by the proposed projects will be completed at a later date, likely
June or July 2011. All alternatives considered during this feasibility work will be described to relevant landowners
to learn more about their comfort level with each alternative, and to learn if the landowners expect impacts and
benefits that have not been identified. While these meetings will not lead to specific commitments on the part of any
landowners, they will include a general discussion of landowners‟ willingness to sell or grant conservation and
construction easements in areas where they would be necessary for each alternative.

Rescoring Landowner Willingness
As results become available from these meetings they will be incorporated into the “Landowner Willingness”
portion of the feasibility scoring as time allows.

C. The Corridor Project –Opening Doors to Process
Up to this point, for convenience and digestibility, project actions in this reach have been discussed at the project
site scale, with several combinations of actions (alternatives) proposed and discussed in detail at each site.
However, the initial and persistent vision guiding this feasibility assessment was a large reach-scale project with a
series of carefully orchestrated actions that merge to allow unconstrained processes to act over a scale that is
consistent with the processes being restored. In this section, preliminary preferred alternatives from each project site
are combined into a reach-scale, long-term restoration effort referred to as “The Corridor Project” (Figure 56).
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Figure 56: An overview showing the recommended short term (Green 10-15 years) and long term (Red and Blue, 15-30
years) action areas.

Implementation of the Corridor Project would allow relatively unconstrained processes to act on more than 250
acres of the Snoqualmie River mainstem and floodplain area in this reach (green area). The active channel
migration zone would be allowed to expand from the current, narrow and extremely confined corridor 300 to 500
feet wide to one that is a minimum width of 1000 feet (upper ½ of Corridor) and a maximum width of up to 2000
feet (lower ½ of corridor). This represents tremendous improvements in fluvial processes and drivers of processes
that are very likely to translate directly into significant gains in quantity and quality of rearing and spawning habitat
for salmonids.
Additional left bank floodplain areas that are higher in elevation (red areas – 45 acres) and floodplain located at the
upstream end of the Corridor on the right bank (blue areas – 65 acres) will be beneficial in the long-term to allow
for a wider channel migration zone throughout the entire reach. These areas, however, were not considered to be of
as high priority as other lower floodplain areas immediately adjacent to the mainstem (green areas). Considerable
gains in functional off-channel habitat can be made in the two left bank oxbow areas (green lobes) without
immediately allowing unconstrained processes to act on the entire interior of these oxbows (red areas).
Considerable land purchase and relocation of existing land uses is likely to be necessary to make process and habitat
improvements in these higher elevation floodplain reaches. It is therefore recommended that the focus for restoration
over the next ten years be in those areas where substantial gains can be made without large scale negative effects on
existing land uses (green areas).
Nearly 70 percent of the high priority restoration area (~160 of 250 acres of the green area in Figure 56.) is currently
either owned by King County, has a conservation easement in place or is within the Ordinary High Water Mark of
the Snoqualmie River and thus considered a waterbody of the State (Figure 57). Much of the remaining 30 percent
of this high priority area is less useful for agriculture than higher areas (red) because it is frequently wet or subject to
erosion. Negotiations have already begun for acquisition of parcels within this remaining area.
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Figure 54: Publically owned (purple shading) lands or floodplain areas with conservations easement (purple outline).

Over 100 acres of the high priority restoration floodplain area within the Corridor is currently in a relatively healthy,
forested condition. Most areas where the river would immediately engage with floodplain areas landward of
removed or set-back facilities are currently forested. This is significant because these forested areas will moderate
the rate of channel migration and other natural processes. Where forests exist, there is little need for installation of
additional structures because the interaction of wood, sediment and water during flood flows will be self regulating
and likely to result in complex and appropriate habitats. Where forests do not exist, to achieve the same result,
structural elements may be required in initial construction phases, or restoration delayed until some level of
floodplain reforestation is complete. Focusing initial restoration efforts in this existing forested corridor is likely to
result in the best long-term outcome.
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Figure 55: Enhanced aquatic area throughout the Corridor within a 10-year timeframe after implementation of proposed
actions – the total enhanced area is represented by the light blue shaded areas.

If the proposed Corridor actions are implemented, approximately 80 acres of aquatic mainstem and off-channel
habitat would be enhanced based on predictions made during the feasibility analysis (Figure 58 ). These are the
areas where enhanced aquatic habitat is likely to occur within a 10 year timeframe following implementation of
proposed Corridor actions.
It is likely that through extensive collaboration with local landowners, the agriculture community, the King County
River and Floodplain Management Section and Roads Services Division, the Water and Land Resources Division
(WLRD) will be able to implement the proposed elements of the Corridor Project without unacceptable or
uncompensated effects on private property, public infrastructure or public safety. While there will be many
challenges along the way, based on information available to date, the Corridor Project appears to be an achievable
vision that will result in a substantial contributions towards salmon recovery in this core spawning and rearing area.

Reach-Scale, Project & Action Sequencing
Sequencing is an important consideration when implementing large scale restoration efforts that are in close
proximity to one another because one project may have direct or indirect effects on the outcome of another. In this
section we discuss two different approaches that could be taken to implement the proposed Corridor Project actions.
Although the primary focus of sequencing efforts was to determine the best approach to maximize the positive
response in terms of ecofluvial benefits, the effect of various sequencing options on the level of risk associated with
flooding and erosion was also considered and will likely influence ultimate implementation strategy.

Project Sequencing Strategies
Bottom-up sediment loading strategy
This sequencing strategy is based on the assumption that rapid sediment delivery to an area where constraints have
been removed will result in a more rapid response in terms of channel processes (e.g. channel migration, splitting)
and associated habitat enhancement. The high sediment transport capacity of the current constrained mainstem of
the SAFC reach functions to efficiently transport course alluvium delivered to the top of the reach from the Raging
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River. By prioritizing projects in the lower portion of the Corridor (Aldair and Carlson) the high sediment delivery
rates would be utilized to encourage a rapid aggradation of the incised channel in the Aldair/Carlson reach and
develop better connections with adjacent floodplain areas. Barfuse and Hafner facilities would then be removed,
allowing that reach to undergo a similar rapid transformation with high sediment loading from the Raging River
immediately upstream.
Pros
Rapid aggradation of widened, unconstrained mainstem areas downstream of the pipeline is expected;
Aggradation would likely increase the rate of lateral migration into the forest at Carlson and the left bank
levee at Aldair thus further promoting aggradation – a positive feedback loop;
Mainstem channel complexity is likely to increase rapidly and dramatically as these changes unfold;
Potential for increased connectivity with the right bank side channel at Carlson is higher under this scenario
Cons
All of the rapid responses discussed above as “Pro‟s” could be considered “Con‟s” if perimeter protection
associated with Neal Road SE, West River Road and adjacent private property are not adequately designed
and constructed.
Constructed perimeter protections are more likely to be tested in the short rather than long-term, not
allowing for a significant period for restoration planting to mature at these facilities.
Although this approach is initially recommended to maximize the rate and magnitude of response in terms of
ecofluvial benefits, further evaluation will be necessary to ensure that adequate perimeter protections are in place.
Hydraulic modeling and future design efforts will inform this decision considerably.
Another more conservative reciprocal of this strategy would be to attenuate the rate of change in the downstream
response reach by modifying upstream facilities at Barfuse and Hafner first, thus distributing sediment laterally in
this area and reducing the rate of sediment loading in downstream response areas. This would likely reduce the rate
of response in the Carlson/Aldair/Richmond response reach. These two strategies will be considered as more
information is made available through future analyses.

“Low hanging fruit” strategy
The aim of this sequencing strategy is to target projects that are relatively feasible and inexpensive as soon as
possible to initiate restoration in the SAFC reach while other more complicated projects are under development.
Resources would be invested quickly in getting projects like Barfuse 4 and Aldair 3 in the ground while undergoing
the more complicated project design and outreach processes associated with the other more complex projects. These
two actions are part of the larger, more process-based Corridor projects so they would not by any means be a waste
of restoration funds.
Pros
Progress is made towards recovery, with substantial gains in particular in the accessibility and functionality
of these large off-channel rearing areas that are currently very dysfunctional;
Allows King County WLRD to develop a working relationship with two landowners that are key players in
the larger projects
Cons
It is possible that the landowner outreach for these simple projects could interfere with or complicate
outreach efforts for the broader Corridor Project, thus jeopardizing implementation of those larger more
process based restoration efforts.
It is possible that once a landowner experiences the paperwork, logistics and disturbance associated with a
major construction project on their property that they will not want to work on another project. This is a
reality that has been experienced in the past.
The effort and resources to pick this low hanging fruit will limit the resources available to implement the
larger, more beneficial projects in the Corridor reach.

99

While this approach is not recommended due to the substantial “Con‟s” discussed above, it should not be taken off
the table at this time. Future landowner negotiations and analysis may identify this strategy as being the most
effective.

Individual Action Sequencing
In Section IV the proposed project alternatives were discussed individually under the assumption that all actions
associated with each alternative would be completed as a package deal of sorts within a short period of
implementation, which is the typical design-construct approach. As the preliminary preferred alternatives were
revisited in a different context, where each alternative has numerous actions within it that are all part of the larger
Corridor Project, a different, more logical sequencing of individual actions became evident.
To effectively sequence all proposed actions in the Corridor, all actions associated with each preliminary preferred
alternative were first listed in the order recommended for implementation at each specific site. The following
project action lists are laid out using the “bottom-up” sequencing strategy discussed above:

Richmond Response Reach– Alternative 2
Actions in this reach will be pursued only if further hydraulic and sediment modeling indicate a possibility
for negative effects in this downstream reach from actions implemented upstream.
R1 - Minimum of 10 acres of easement or fee acquisition along the left bank downstream of Aldair facility;
R2 - Minimum of 10 acres of riparian planting to create a 300 ft wide vegetated buffer;
R3 - Potential installation of a roughening along the left bank;
R4 - Potential installation of racking wood material within the planted area.

Carlson Setback – Alternative 2
C1 - ~ 1 acre of easement or fee acquisition on right bank immediately downstream of project;
C2 - Installation of a “flood fence” on the right bank immediately downstream of the project;
C3 - Protection of Neal Road SE via a combination of ELJs, continuous wood revetment, and log
roughening;
C4 - Removal of all trees growing within the levee footprint;
C5 - Removal of the 1500 feet of the levee and rock revetment along the right bank;
C6 - Redistribution of removed trees into large roughening structures throughout floodplain;
C7 - Placement of 1-2 ELJs at the upstream end of the left bank to deflect flows from the eroding bank.

Aldair Setback – Alternative 2
A1 - ~14 acres of easement or fee acquisition;
A2 - ~20 acres of riparian planting ( 10 acres backwater/high floodplain, 6 acres channel margin);
A3 - Install 1400 feet of setback levee at the upstream end of the levee removal;
A4 - Installation of 4 to 6 ELJ structures and log roughening;
A5 - Minor removal of non-native floodplain fill in existing oxbow;
A6 - Remove lower 3000 ft of the rock revetment along the left bank;
A7 - Constuct several log structures along the left bank mainstem using trees removed from the levee;
A8 - Breach levee in approximately seven locations.

Hafner Setback – Alternative 1
H1 - ~35 acres of easement or fee acquisition for road relocation and revegetation;
H2 - ~20 acres of riparian planting (floodplain pasture and channel margin);
H3 - Construction of 1100 feet of set-back revetment ~400 feet landward of the removal area;
H4 - Relocation of 1100 feet of Neal Road SE to a location landward of the new setback facility;
H5 - Protection of the downstream portion of Neal Road SE with wood structures;
H6 - Removal of the 1300 feet of the rock revetment along the right bank.
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Barfuse Setback – Alternative 3
B1 - ~18 acres of easement or fee acquisition
B2 - ~18 acres of riparian planting (6 acres backwater, 12 acres channel margin)
B3 - Install 4-6 ELJs along the left bank of the existing side channel to limit lateral migration and
B4 - Construct berm to preclude development of a side channel towards the left bank oxbow area
B5 - Remove lower 1200 feet of the Barfuse rock revetment;
B6 - Breach Barfuse levee in two locations
B7 - Remove ~600 feet of the upper end of the Aldair levee (downstream backwater area of Barfuse site;
B8 - Install 2 ELJs to limit lateral channel migration upon removal of the upper end of Aldair levee.
When considering the rate, direction and magnitude of response to various primary restoration actions (facility
removal and setback) it was evident that several key acquisitions and associated riparian planting would need to be
completed before primary actions could be implemented. In most areas where rapid lateral channel migration or
increased overbank flood frequency is expected, it is likely that that land subject to these processes will need to be in
public ownership. It is also highly desirable that where these areas are unvegetated ( e.g. ag. fields), early
successional plantings be completed as soon as possible so that there is at least three years of growth (ideally five) to
moderate process rates. Incorporating considerations of riparian planting strategies, a different, more logical
sequencing of individual actions became evident.
Assuming that further landowner negotiations and analysis support the preliminary preferred alternatives, the
following order and approximate timeframe of actions are recommended to implement the Corridor Project (Figure
59). This timeframe was determined more by ecofluvial considerations and staff capacity to design and implement
projects in a given timeframe than by the reality of funding limitations. This approximate timeframe will have to be
adjusted based on the availability of funding for the over $15 million of work proposed in this reach over the next 15
to 20 years.

A1

Figure 59. Corridor action sequencing graphic. Red = Phase 1, Yellow = Phase 2, Blue = Phase 3, Pink = Phase 4
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Phase 1, 2011-2015 (Shown in Red Text in Figure 59)
This phase focuses on:
1. Acquiring and revegetating areas along the existing channel margins throughout the Corridor Reach
where the most rapid response is likely to occur;
2. Implementing Carlson Alternative 2.
The specific actions proposed during this phase, in an approximate prioritized sequence are:
R1 - Minimum of 10 acres of easement or fee acquisition along the left bank downstream of Aldair facility;
R2 - Minimum of 10 acres of riparian planting to create a 300 ft wide vegetated buffer
Actions R1 and R2 would be pursued only if further analysis indicates a possibility for negative
effects in this downstream reach from actions implemented upstream.
C1 – ~ 1 acre of easement or fee acquisition on right bank immediately downstream of project;
C2 thru C7 – Implementation of all actions associated with Carlson Alternative 2 (2014);
A2 - ~6 acres of riparian planting on KC River Property along left bank channel margin);
H1 - ~35 acres of easement or fee acquisition for road relocation and revegetation;
H2 - ~20 acres of riparian planting in floodplain pasture and channel margin;
B1 - ~12 acres of easement or fee acquisition (left bank channel margin only);
B2 - ~12 acres of riparian planting (left bank channel margin only).
If possible, unvegetated areas should be acquired and planted (B2, H2, A2, R2) early in this time period to maximize
the number of growing seasons before these floodplain areas are subject to more frequent, aggressive overbank
flooding.

Phase 2, 2014- 2018 (Shown in Yellow Text in Figure 59)
This phase focuses on:
1. Acquiring access for and implementing all actions associated with Aldair Alternative 2;
2. If necessary, preparing the Richmond response reach downstream to accommodate changes associated
with the combined effects of Aldair 2 and Carlson 2 projects upstream.
The specific actions proposed during this phase, in an approximate prioritized sequence are:
A1 - ~14 acres of easement or fee acquisition;
R3 - Potential installation of roughening along the left bank ;
R4 - Potential installation of racking wood material within the planted area.
Actions R3 and R4 would be pursued only if further hydraulic and sediment modeling indicate a
possibility for negative effects in this downstream reach from actions implemented upstream.
A3 – A8 Implementation of all actions associated with Aldair Alternative 2.

(2017)

Phase 3. 2017-2021 (Shown in Blue Text in Figure 59)
This phase is focuses on implementing the remaining Hafner Alternative 2 actions including:
H3 – H6 Implementation of all actions associated with Hafner Alternative 2.
(2020)
This later phasing of the Hafner project will give the large areas revegetated during Phase 1 (H2) at least 5 years to
become established before the revetment is removed. It will also allow for several years of continued high sediment
delivery to the widened Aldair/Carlson response reach downstream.
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Phase 4. 2020-2024 (Shown in Pink Text in Figure 59)
This phase focuses on:
1. Acquiring access for and implementing all actions associated with Barfuse Alternative 3;
2. Completing revegetation efforts in low energy backwater and higher floodplain areas not likely to be
subject to rapid changes (Barfuse and Aldair oxbow and higher interior floodplain areas)
The specific actions proposed during this phase, in an approximate prioritized sequence are:
B1 - ~6 additional acres of easement or fee acquisition in the backwater area;
B3 - B8 Implementation of all actions associated with Barfuse Alternative 3; (2023)
B2 - ~6 acres of riparian planting in the backwater area;
A2 - ~10 acres of riparian planting in Aldair backwater/high floodplain areas.
This later phasing of the Barfuse will allow for five to six years of continued high sediment delivery to the reach
downstream where the channel will be widening in response to implementation of Hafner, Aldair and Carlson
projects.

Phase 5. 2015-2025
Given the scale of the manipulations proposed in this reach, adjustments to perimeter protection and other project
elements should be expected during this period as the river moves towards a new equilibrium condition throughout
the Corridor. An intensive, reach-scale monitoring plan should be in place before any facilities are removed so that
any areas of concern with respect to private property or public infrastructure are identified and addressed efficiently.
The monitoring plan should also measure progress towards meeting the projects‟ ecofluvial objectives and identify
areas where improvements could be made to this reach or future designs of similar projects. Funding should be
identified and reserved for this effectiveness monitoring and associated adaptive management phase.

D. Conclusion
The proposed Corridor Project is an exciting restoration opportunity that will result in long lasting improvements to
fluvial processes and salmon habitat over a two-mile reach of the Snoqualmie River. While these large-scale
projects will be very challenging to implement due to the many social, political, financial and regulatory hurdles,
there is clearly tremendous value in focusing WRIA 7 resources on this contiguous reach where the investment to
overcome these hurdles will make a long-lasting contribution towards salmon recovery in the Snoqualmie Basin.
There are few other opportunities in the basin where such large-scale recovery can be achieved in an identified core
area for salmon rearing and spawning.
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Appendix A: Aerial oblique images collected @ ~ 26,000 CFS on
December 2010.
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Appendix B - Criteria from Palmer et. al.
These criteria are insufficient for differentiating between competing projects with similar characteristics.
Nonetheless, they are relevant to project selection and design in general. In fact, Specifically, Palmer et al (2005)
stipulates five standards for ecologically successful restoration projects:
A guiding image exists: A dynamic ecological endpoint is identified beforehand and it is used to guide the
restoration. This standard is met when the project goals are not targeting a single, fixed endpoint or
condition and are informed by reference sites or historical conditions (where possible). Projects should
consider how quickly key system attributes are expected to change over time and how the outcomes will be
shaped by both local and watershed-scale stressors. Pragmatic goals are recommended; move the river
towards the least degraded and most dynamic state possible. Recreating historical conditions may be
unachievable owing to irreversible changes in river hydrology, permanent infrastructure on the floodplain,
or introduced species that cannot be removed.
Ecosystems are improved: the ecological conditions of the river are measurably enhanced. This standard is
met when appropriate response indicators show measurable change, such as improvements in limiting
factors, increased process rates, or extents of desirable species. The project should set realistic and explicit
expectations about how indicators will respond and when the responses will be evident. These expectations
will vary with the level of impairment, the degree to which the project addresses the stressors, and the
responsiveness of the indicators to changes in the stressors. It is recommended that success is defined as
measurable progress toward the guiding image, given the context of the project. In tangible terms, this
means that evaluating project success is an iterative process that pays attention to progress toward defined
outcomes for the project and stakeholders, and informs future projects.
Resilience is increased: the river ecosystem is more self-sustaining than prior to the restoration. This
standard is met when the project site has the ability to recover from floods (or other disturbances) with only
minimal on-going maintenance or repairs and when indicators stay within the range observed in reference
conditions. Put simply, projects must restore channel movement, river-floodplain exchanges, organic
matter retention, and biotic dispersal to be effective.
No lasting harm is done: implementing the restoration does not inflict irreparable harm. This standard is
met when project implementation has minimal effects on functioning site-appropriate habitat and
vegetation (or other materials) is restored after removal. This simply means that restoration projects
should minimize short-term damage to existing habitat or species and avoid causing any permanent damage
or ongoing degradation downstream.
Ecological assessment is completed: some level of both pre-and post- project assessment is conducted and
the information is made available. This standard is met when conditions before and after the project have
been documented and the documentation is available. Clear and realistic goals should be established and
pre- and post-project assessments should be completed and disseminated. The level of investigation may
vary according to the projects ecological risk (or benefit), project cost, and societal concern. Indicators of
success will vary with context. It is recommended that simple and inexpensive methods be used whenever
possible. The design of the assessment can vary from simple pre-and post- project comparisons or more
rigorous experimental designs (BACI).
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Appendix C. Ecofluvial Benefit Scoring Data and Charts
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Appendix D. Results of initial cultural resources screening of the SAFC
reach.
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