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Executive Summary
The purpose of the Riverbend Levee Setback and Floodplain Restoration Alternatives Analysis is to
document the methods and results of alternative development, evaluation, and selection.
The Riverbend Levee Setback and Floodplain Restoration Project is located along the left (south)
bank of the Cedar River between River Mile 6.5 and 7.5. The project site encompasses Cavanaugh
Pond Natural Area and the previous site of the Riverbend Mobile Home and RV Park, which King
County purchased in 2013.
The project goals are to:
1. Restore riverine processes and functions in the Cedar River and its floodplain in order to
improve the quality, quantity, and sustainability of salmonid spawning and rearing habitat;
2. Reduce flood and erosion risks to people, property, and infrastructure;
3. Accommodate public use consistent with future ecological conditions at the site; and
4. Balance flood and ecological benefits and other objectives with project costs.
We evaluated seven alternatives for their ability to meet the project goals and objectives. The
alternatives were:








Alternative 0. No action
Alternative 1. Full Floodplain Reconnection and Herzman Levee Removal
Alternative 2. Moderate Floodplain Reconnection, Herzman Levee Removal, and High Pond
Connection
Alternative 3. Moderate Floodplain Reconnection, Herzman Levee Removal, and Low Pond
Connection
Alternative 4. Moderate Floodplain Reconnection, No Herzman Levee Removal, and High
Pond Connection
Alternative 5. Low Floodplain Reconnection, No Herzman Levee Removal, and Low Pond
Connection
Alternative 6. Low Floodplain Reconnection, No Herzman Levee Removal, and No Pond
Connection

These alternatives were evaluated using project effectiveness scoring criteria under the categories
of salmon habitat, flood risk reduction, and recreational benefit. Cost was not included in the
scoring criteria. We estimated project costs based on our experience constructing similar habitat
restoration projects on the Cedar River and in greater King County.
Significant risks related to the project were identified during the planning, data collection, and early
design efforts. Key risks include erosion of adjacent banks and associated instability; regulatory
and stakeholder resistance to the modification of Cavanaugh Pond; funding uncertainty; and
uncertainty inherent in the political process.
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Alternative 1 ranked the highest in all categories due to its larger scale, process-based approach. It
provides the greatest opportunity to restore river functions; maximizing space available for channel
migration, flood conveyance, and habitat formation. By removing the conflicting uses and
minimizing the reliance upon engineered connections, it also provides the most sustainable, longterm benefits. Though Alternative 1 is preferred based on scoring, Alternative 4 is likely to be the
preferred option when cost and land acquisition feasibility are also taken into consideration.
Alternative 4 can also be considered Phase 1 of the more comprehensive restoration recommended
in Alternative 1. Constructing Phase 1 (Alternative 4) under a phased approach will still provide
significant benefits in the near term and will leave the door open to future expansion as funding
becomes available.
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Introduction
The purpose of the Riverbend Levee Setback and Floodplain Restoration Alternatives Analysis
Report is to document the methods and results of alternative development, evaluation, and
selection. The report will be used to make recommendations to project sponsors (King County and
Seattle Public Utilities) regarding potential benefits, costs, and risks associated with different
design alternatives.

Project Goals and Objectives
Prior to development of alternatives, the project team, consisting of representatives from King
County Water and Land Resources Division (WLRD) and Seattle Public Utilities (SPU), developed
the following goals and objectives for the project.

Goal 1
Restore riverine processes and functions in the Cedar River and its floodplain in order to improve
the quality, quantity, and sustainability of salmonid spawning and rearing habitat.
Objectives:
1.1 Improve floodplain connectivity in order to increase the availability and complexity of
juvenile Chinook, steelhead, and coho rearing habitat.
1.2 Improve juvenile salmonid habitat utilization.
1.3 Improve the quality of salmon spawning habitat.
1.4 Improve flood refuge for salmonids by creating access to low velocity habitat.
1.5 Protect and restore mature riparian vegetation to provide shoreline and stream channel
shading, invertebrate prey supply, large wood recruitment, and native tree recolonization.
1.6 Restore the natural distribution and exchange of gravel between the river bed and banks.
1.7 Restore the natural distribution and exchange of large wood between the river and
floodplain forest.
1.8 Initiate a trajectory of changes in site conditions that is consistent with and sustained by
natural river processes, and that results in levels of geomorphic complexity and overall
habitat quality that approach natural conditions.

Goal 2
Reduce flood and erosion risks to people, property and infrastructure.
Objectives:
2.1 Increase storage volume in the 100-year regulatory floodplain.
2.2 Maintain or reduce channel velocity in critical locations where public infrastructure or
private property is at risk.
2.3 Meet King County floodplain development standards and maintain or reduce water surface
elevations in channel and on neighboring private properties at floods including the 100year event.
2.4 Maintain or reduce channel migration risks to public infrastructure and private property.
2.5 Maintain or increase the average annual net storage of bedload and suspended load within
the project reach.
3
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2.6 Maintain or increase the annual net storage of large wood within the active channel in the
project reach.

Goal 3
Accommodate public use consistent with future ecological conditions at the site.
Objectives:
3.1 Allow passive recreation opportunities at the site, including informal river access,
environmental education, walking, and regional trail access.
3.2 Preserve opportunity for recreational or other beneficial use of existing clubhouse structure
and related parking and utilities.
3.3 Work with project stakeholders and the public to foster project support and a clear
understanding of needs or issues.
3.4 Comply with the King County Boater Safety Guidelines, Procedures for managing naturallyoccurring large wood in King County Rivers, and Procedures for considering public safety
when placing large wood in King County Rivers.

Goal 4
Balance flood and ecological benefits and other objectives with project costs.
Objectives:
4.1 Reduce the long-term financial and ecological costs of flood facility maintenance and site
management.
4.2 Select the preferred alternative based on life cycle cost-effectiveness to achieve the goals
and objectives for salmonid habitat, flood risk reduction, and public use and safety.

4
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Location
Figure 1 shows an aerial view of the site, along with locations of flood facilities and the 100-year
floodplain. The project site is located between the Cedar River and State Route 169 (Renton-Maple
Valley Highway), from River Mile (RM) 6.5 to RM 7.4, as shown in Figure 2. The topography and
bathymetry of the site are shown in Figure 3.

Figure 1. Aerial view of site.
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Figure 2. Vicinity map.

Figure 3. Topography.
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Existing Conditions
The Cedar River originates in the Cascade Mountains and flows west into Lake Washington through
the City of Maple Valley, unincorporated King County, and Renton. The upper watershed is owned
by the City of Seattle and is protected as a municipal drinking water watershed. Much of the lower
watershed is developed, including the City of Renton at the mouth of the river.
The Cedar River at Riverbend is a single-thread, meandering reach with levee and revetment
structures along both banks. Riverbend was the site of gravel mining in the downstream portion
during the 1950s and 1960s – Cavanaugh Pond and other small depressions on-site are remnants of
this activity. The upstream portion of the site was historically the site of a mobile home park. The
site was purchased by King County in 2013 as part of an ongoing, basin-wide project to reduce
flood risks and restore salmon habitat.

Hydrology and Hydraulics
The lower Cedar River is affected by City of Seattle-owned infrastructure, including Masonry Dam
and the Landsburg Diversion Dam. Although the Masonry Dam is not operated for flood control,
routing through the reservoir typically reduces the peak of high flow events and at times increases
the duration of high flows in the lower Cedar River valley. The 100-year flood discharge at the
USGS gage at Renton is 12,000 cfs (King County 2000) and the scaled 100-yr. discharge at the
project site is 11,650 cfs (Interfluve 2016b). The Interfluve report (Interfluve 2016b) contains
additional information about the hydrologic and hydraulic characteristics of the Cedar River.
Flows in the Cedar River are governed by the Instream Flow Agreement for the Cedar River (IFA),
between several State and Federal agencies and the City of Seattle. In general, the City is required
to provide minimum flow rates throughout the year, and may release supplemental flow during
periods associated with salmon and steelhead spawning, egg incubation, and juvenile outmigration.
Summer low flows downstream of Landsburg (USGS Gage 12117600) must be maintained at or
above 80 cfs, the specified “low-normal” flow, in three out of ten years. “Critical minimum” flows,
defined as 70 or 80 cfs depending on the calendar week, are allowed in one out of ten years.
The total drainage area of the Cedar River at the mouth is 188 square miles. The drainage area at
the project site, near RM 7.0, is approximately 161 square miles.

Geology and Geomorphology
The Cedar River originates in the North-Central Cascade Mountains and historically drained to the
Black River in Renton, flowed to the Duwamish in Tukwila, and from there flowed directly to Puget
Sound through Seattle. Flows were re-routed through Lake Washington in Renton after the ship
canal was constructed and the Lake level was lowered. Two water supply dams were constructed in
the early to mid-1900s. The Masonry dam was constructed at the site of a pre-existing lake and the
Landsburg dam was constructed downstream to facilitate diversion of drinking water to Lake
Youngs. The combined effect of the dams and diversions was to reduce peak flows by
approximately 50% and cause the channel to shrink, simplify and disconnect form its floodplain.
Those effects were amplified by concurrent and subsequent construction of levees and revetments
and removal of large wood from the channel and floodplain.
7
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The Cedar River Valley was incised into surrounding glacially consolidated (Pleistocene) sediments.
Valley walls are characterized by steep forested slopes subject to landslides. The valley floor is
composed primarily of Holocene sand and gravel alluvium (with local areas of recent fill and
landslide deposits) underlain by dense silts and clays (Pre-Fraser Transition Beds) (King County
Materials Laboratory 2015). The silt and clay deposits were observed at depths approximately 10
feet below the current thalweg elevation and at or near the deepest points in Cavanaugh Pond. The
project site has been heavily modified including substantial excavation for a former gravel quarry
(Cavanaugh Pond), river dredging and fill placement for levee construction (Brassfield –Maxwell,
Riverbend Upper and Lower, and Herzman Levees), as well as fill placement for raising and leveling
of the Riverbend Mobile Home Park Site.
The following paragraph is taken from the Technical Memorandum prepared for the Riverbend
project by Interfluve Inc. Extensive discussion of existing and historic geomorphic conditions is
available within that report.
Contemporary instream habitat is characterized by a glide and riffle morphology with
scattered pools (WRIA 8 2005). There is high channel confinement, low sediment supply, and a
lack of large wood, which limits habitat complexity in the reach. Above RM 7.0, a series of
pools are present immediately below Cedar Rapids between RM 7.2 and RM 7.35. These pools
differ in their lateral position within the channel. Between RM 7.2 and RM 6.9, the bed is
largely uniform and lacks distinct pool structures, with plane-bed morphology. Pools and
glides begin to reappear near the upstream end of the Herzman levee. Near the Cavanaugh
Pond outlet and Cedar Trail #2 revetment, there is another series of pools along the bend.
These pools are preceded by and adjacent to the extension of a right-lateral bar into the
channel, one of the few prominent gravel bars in the project reach. (Interfluve 2016b) p.30

Habitat and Fish Use
List of fish resources present and targeted
The 21-mile segment of the lower Cedar River downstream from the Landsburg Diversion is used
for spawning and rearing by salmonids, including Chinook salmon (WRIA 8 2005). Beginning in
2003, the City of Seattle’s new fish passage facility at Landsburg Dam allowed anadromous
salmonids other than sockeye salmon to access over 20 river miles of habitat that had been
inaccessible for over a century (Burton, Craig and Lantz 2014). The following other salmonids use
the mainstem river through the project site for spawning and rearing: coho salmon, sockeye
salmon, rainbow trout/steelhead, and coastal cutthroat trout. Bull trout have also been
documented to use the Cedar River for foraging and migration, but there is no known resident
population. Three species— Chinook salmon, steelhead, and bull trout— are all protected as
threatened species under the Endangered Species Act.
Cavanaugh Pond is used for spawning by sockeye salmon (Hall and Wissmar 2004). Predation
studies in the river showed predation of sockeye fry by sculpin at the Cavanaugh Pond outlet;
sockeye found in stomach contents were larger than newly emerged fry, indicating evidence of
some juvenile sockeye rearing in Cavanaugh Pond (Tabor, Chan and Hager 1998). Other fish
8
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species found in the pond include cutthroat trout, sculpin species, largescale suckers, bridgelip
suckers, and three-spine stickleback (Hall and Wissmar 2004).
Wetlands and Aquatic Habitat
The mainstem Cedar River is channelized through the project reach, with very little low velocity
edge habitat available for juvenile salmonid rearing (King County In preparation, Beechie, et al.
2005). In addition, high flows through channelized river reaches limit spawning gravel retention,
increase the risk of redd scour, and limit wood retention. Two small streams enter Cavanaugh Pond
(King County 2016). Cavanaugh Pond is classified as a Category III depressional wetland (King
County 2016) (Figure 4). No other wetlands were delineated within the project area.
Cavanaugh Pond has an average depth of 2m and a maximum depth of 3.1m (Hall and Wissmar
2004). The pond has significant growth of aquatic macrophytes during the warmer months (Hall
and Wissmar 2004). Water temperatures range from 4°C to 16°C.

Figure 4. Wetlands in the Riverbend project area.

Vegetation
Black cottonwood and alder, typical to the lower Cedar River, dominate the forested area around
Cavanaugh Pond. Understory shrubs include willow, snowberry, salmonberry, and Indian plum.
Noxious weeds and weeds of concern include varieties of knotweed and blackberry, English ivy,
9
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garlic mustard, and butterfly bush. Conifers are scattered throughout this forest, many planted by
King County Parks volunteer forest stewards (King County 2004). The mobile home park area is
largely impervious and dotted with remnant garden features including some popular garden
varieties from the 1960s that are now considered noxious weeds, such as yellow archangel. Just
upstream of the mobile home park area there is a small patch of cottonwood forest with little
understory vegetation fronting the river.
Disturbance to the riparian forest has not occurred recently, largely owing to the armored condition
of the reach (Solutions 2005). There are more than 500 trees greater than 20m in height currently
protected by the revetments in the project area (King County 2013). Weed distribution patterns at
the site are typical of armored riparian corridors with substantial weed coverage in areas of higher
disturbance and less so behind the revetments (Figure 5).

Figure 5. Vegetation characteristics in the Riverbend reach.

Water Quality
Water quality in the mainstem Cedar River through the project reach is generally good; however,
the Cedar is listed as a Water of Concern (Category 2) for temperature just upstream of the project
site, and as an Impaired Water Body (Category 5) for temperature, dissolved oxygen, and pH
downstream through Renton.
10
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Land Use
Historic Land Use
Levee and revetment construction in the project reach began in the early 1900s in conjunction with
the Milwaukee Railroad corridor. Sporadic bank armoring continued through the 1960s with a
peak of activity in that decade owing to Federal and County sponsored cost-share programs. The
current levee and revetment configuration has been relatively constant since that time, but repair
work has been completed following flood events. (Interfluve 2016b)
Cavanaugh Pond was created as a byproduct of gravel extraction that occurred between
approximately 1944 and 1970. During that time period the pit was operated in different ways.
Early on, the pit was open to the river and was replenished by gravel from upstream. Later, the pit
was isolated and the pit floor was expanded. A notable exception was in 1964 when flooding
breached the pit wall and the river temporarily occupied the pit floor.
The mobile home park was also constructed between 1944 and 1959, but based on its appearance
in the 1959 aerial photo, it was likely constructed in the mid- to late 1950s. It was expanded to the
north in the late 1960s and then expanded again to the east in the late 1990s or early 2000s when it
reached its current configuration.
Ownership, Easements, Zoning, and Land Use Designations
Property ownership adjacent to the site is shown in Figure 6. Parcels within the project area are
zoned as RA-5 (rural area, one development unit per 5 acres).

Figure 6. Land ownership.
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Critical areas in the project area (as designated by King County) include streams and wetlands
(Figure 4), 100-year floodplain and floodway, moderate and severe channel migration areas,
erosion hazard areas, seismic hazard areas and critical aquifer recharge areas (King County 2016).
Most of the project area is within 100-year floodplain and shoreline jurisdiction (Figure 7).
Approximately 95% of the project area is within the channel migration zone, with the majority of
that in the severe channel migration area (Figure 8). The entire project area is within the seismic
hazard area, and a portion of it is within the erosion hazard area. Finally, there are Category I and II
critical aquifer recharge areas within the project area.

Figure 7. 100-year floodplain, floodway, and shoreline jurisdiction.
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Figure 8. Channel migration areas.

Site Improvements
The upstream portion of the site is the former Riverbend Mobile Home Park, which contained 143
units, a clubhouse structure, several outbuildings, and a short-term RV parking facility with full
amenities. The park infrastructure includes asphalt-paved roads, a community drinking water
system served by a well, several shared septic tanks and drainfields, and overhead power,
telephone and cable TV. King County has begun removing or demolishing the mobile homes, and
will complete demolition of the remaining homes and site improvements in late 2016 or in 2017.
Downstream of the mobile home park is Cavanaugh Pond, which is an abandoned gravel pit and
unimproved natural area. The Cedar River Trail, an asphalt multi-use trail, runs immediately south
of the site in the right-of-way of State Route 169 (Renton-Maple Valley Highway).
Previous and nearby projects
The Cedar Rapids levee setback project was constructed in 2008 immediately upstream of the
Riverbend project site. The project goals were to remove several flood-prone properties from the
floodplain and to restore salmonid habitat. Adaptive management actions were taken to adjust to
unanticipated site responses from original construction in 2008 through 2011. Despite the need for
early adaptive management measures, the project has been highly successful in terms of increasing
aquatic habitat. Lessons learned in design and implementation of this project help inform
thoughtful design of the Riverbend project. The connection between Cedar Rapids and Riverbend
will eventually result in 110 contiguous acres of reconnected and restored floodplain habitat.
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Recreational Use
The Cavanaugh Pond Natural Area is managed by King County Department of Natural Resources
and Parks (DNRP) as Ecological Land. Ecological Lands are a category of King County Parks
properties managed for the protection of their ecological value. Appropriate public access and
interpretive opportunities are accommodated on these sites where they do not harm the site’s
ecological value.
The Cavanaugh Pond Natural Area supports regular use by local foot traffic from the Cedar River
Trail and by other local residents, many of whom were from the Riverbend Mobile Home Park that
has since been closed. Use is primarily for walking and nature observation, concentrated on the
area around Cavanaugh Pond. The site is used by public agency staff and volunteers for educational
activities in the fall in association with Cedar River salmon educational programs. Over the years,
thousands of volunteer hours have been spent to eradicate invasive weeds and replant the area
around the pond and trail. There is a small parking area located at the eastern edge of the natural
area, but there are no other formal recreational amenities provided.
In June of 2015, King County convened a workshop attended by 31 recreational river users to
discuss recreation issues on the Cedar River as part of the Cedar River Corridor Plan public
outreach process. Attendees ranked Cavanaugh Pond the third most popular of more than 50
favorite recreation places identified. Many attendees specified they use the pond for walking or
wildlife observation, while others use it as a place to begin a cycling or fishing trip. The most
frequent improvements suggested to this and other recreation sites along the river were to add
more parking, signage, and boating access. Several attendees suggested a signed water trail.
Some recreational users are concerned about water recreation safety. A 2010 study of river
floaters and boaters estimated that more than 2,500 inner-tubers passed through the project reach
(Biedenweg 2012). Workshop attendees expressed concern that large wood is an objective hazard
to these inexperienced boaters and floaters. When asked how to best address on water safety,
attendees suggested improvements to river management in the following order:





Improve access, amenities, or aesthetics in “safer” parts of the river (12)
River ranger and/or law enforcement presence (11)
Relocate large trees that have fallen in the river and mitigate environmental impacts (10)
Personal responsibility regulations (life jackets, alcohol restrictions) (9)

Relevance and Urgency
Consistency with regional planning efforts
This project is recommended in the Final Lake Washington/Cedar/Sammamish Watershed (WRIA
8) Chinook Salmon Conservation Plan, and included in the Three-Year Work Program as project # C
-220. This project is among the highest priority recommendations in the Lower Cedar River Basin
and Non-point Pollution Action Plan (King County 1997) and the 2006 King County Flood Hazard
Management Plan (King County 2006). Further, this project addresses Action Agenda items A5
(Protect and Restore Floodplain Function) and A6 (Protect and Recover Salmon) of the Puget Sound
14
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Action Agenda. It will restore approximately 50 acres of floodplain and channel migration habitat
along an approximately one-mile reach of the river. Up to 1,400 feet of existing levee would be
removed along this reach which addresses armoring issues.
The WRIA 8 Plan conservation strategy states that protecting and restoring Tier 1 floodplain
habitat, including pools and off-channel areas, in the lower Cedar River to support juvenile Chinook
rearing and refuge is the main contributor for productivity and abundance of the Cedar Chinook
population. Restoration of these floodplain areas in this proposal increases the benefits from
adjacent floodplain restoration projects and protected public lands, which supports achieving the
Action Agenda Chinook salmon target to stop the overall decline in salmon populations and
improve abundance in two to four populations in each of the five Puget Sound biogeography
recovery regions by 2020. The project will support increased abundance in the Cedar Chinook
population in the South Sound biogeographic region.
The project is located in a high priority reach of the Cedar River and builds on the adjacent Cedar
Rapids Floodplain restoration project. Increasing the floodplain restoration in this part of the
Cedar River benefits Chinook and other salmon species on a watershed scale and will allow natural
processes to evolve on a significant scale.

Urgency
Delaying this project perpetuates the lack of rearing habitat in this stretch of the Cedar River for
Chinook and steelhead. In addition, further erosion of the existing levees could occur, which would
increase long-term costs if an interim repair is required.
In general, implementation of Chinook recovery projects in WRIA 8 has proceeded more slowly
than envisioned when the WRIA 8 Plan was adopted, largely due to inadequate funding, reduced
capacity among partners to develop and prepare projects for implementation, and the complexities
of implementing habitat protection and restoration projects— especially in an urbanized
watershed. Nevertheless, WRIA 8 partners continue to make progress toward the watershed’s
habitat restoration and protection objectives, improving conditions for Chinook and other salmon
species. Completing this project in a timely manner will help WRIA 8 achieve another major project.
Project implementation in WRIA 8 has focused on the Start List, a subset of actions from the
Comprehensive List intended to provide focus for the first 10 years of project work. The Start List
is a living list and is regularly updated to reflect changes in project status and add projects that are
ready to advance. Currently the list contains 200 projects. Of these, 48— or 24%— are complete,
33% are either underway or partly complete, and 19% are proposed for implementation. Tracking
implementation of projects from the Start List does not tell the full story of WRIA 8 Plan
implementation, however. Watershed partners have also completed an additional 40 actions from
the Comprehensive List, bringing the total number of projects implemented from the WRIA 8 Plan
to 88 (69 restoration projects and 19 acquisition projects). Another 25 projects on the
Comprehensive List are actively moving toward implementation. Combined with the active
projects from the Start List, 17% of nearly 600 Comprehensive List projects are actively moving
15
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toward implementation. While implementation of the WRIA 8 Salmon Conservation Plan is making
slow progress, it has a long way to go.
Further, construction costs are expected to increase approximately five percent (5%) per year, over
the next several years, due to inflationary costs caused by the boom of construction in the SeattleTacoma area. The project will cost more if not implemented soon.

Project Alternatives
Within the context of this report, we define the following terms:





Element: A specific feature or location within the project, i.e. the Herzman Levee or
Cavanaugh Pond.
Option: A potential modification to an element, i.e. removal of a levee.
Alternative: A unique combination of options.
Scenario: A set of hydraulic model inputs and results intended to represent one or more
Alternatives.

Project Elements
Project alternatives were developed as combinations of various project options in three geographic
areas that are named after the flood facility names: Riverbend Upper (includes the mobile home
park), Riverbend Lower (includes Cavanaugh Pond), and Herzman (Figure 1). Within each of the
geographic areas, project option names reflect the level of floodplain connection, as described in the
following sections.

Riverbend Upper Options



High: Larger area of floodplain grading
Low: Smaller area of floodplain grading

Riverbend Lower Options







High: Completely remove Riverbend Lower Levee and Revetment and Riverbend Lower
Extension Levee and Revetment, place fill in Cavanaugh Pond.
Medium: Remove portions of Riverbend Lower Levee prism (but retain revetment along
the lower bank and toe), construct lower elevation notches in Riverbend Lower Levee
prism, remove Riverbend Lower Extension and Revetment, place fill in Cavanaugh Pond.
Low: Remove portions of Riverbend Lower Levee prism (but retain revetment along lower
bank and toe), construct lower elevation notches in Riverbend Lower Levee prism, retain
Riverbend Lower Extension and Revetment, no fill in Cavanaugh Pond.
No Modification: Maintain Riverbend Lower Levee and Revetment.

Herzman Options



High: Remove (or set back) Herzman Levee and Revetment to fully connect floodplain area
behind existing levee.
No modification: Maintain Herzman Levee.
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Expected Effect of Project Options
Riverbend Upper and Lower project options are designed to restore hydraulic connectivity to the
left bank floodplain. By redistributing flow from the mainstem and right bank floodplain into the
left bank floodplain, the project elements will reduce flood risks to neighboring residential
properties, reduce flow velocity over a large portion of the mainstem, increase storage of bed load
(gravel) and large woody debris, and increase the potential for side channel formation. Elements
that include complete removal of revetments will also restore channel migration as well as the
potential for avulsion. Those processes have secondary effects on sediment supply and transport as
well as large wood recruitment and storage. A description of the distinguishing effects of each
project element is provided below. A more detailed description of anticipated geomorphic and
hydraulic responses is provided in the Interfluve Report (Interfluve 2016b).
Riverbend Upper (High and Low)
The Riverbend Upper project element will allow the river to engage the left bank floodplain through
inundation as well as channel migration. In the short term, this element is likely to result in bank
erosion, large wood accumulation, side channel formation, and net storage of bed load. The
topographic and bathymetric complexity at the Cedar Rapids site (immediately upstream of the
project site) is a good analog for projected short-term response conditions at Riverbend Upper, but
large wood accumulation will depend on the final design of log structures and side channel inlets as
well as wood management actions at Cedar Rapids (Cedar Rapids may trap the majority of wood
coming from upstream, thus limiting accumulation in the Riverbend Upper project area).
Floodplain flow velocity should be high enough to transport bedload in side channels and
potentially cause them to enlarge and persist. In the longer term, the site will develop mature
vegetation, and aggradation will cause the channel(s) to steepen, resulting in a rough balance
between bed load supply and transport. Depending on the structures that form or are constructed
in the new floodplain area, the channel may adopt a braided form initially, but in the longer term it
is likely to be anastomosing with a relatively stable network of variably occupied channels.
Riverbend Upper High and Low differ in the extent of the floodplain excavation and the extent to
which they set back the channel migration boundary. The difference has a modest effect on
anticipated geomorphic and hydraulic responses, but there is less potential channel migration area
in the low option and no extension of the Brassfield-Maxwell (right bank) revetment is required for
the low option. The low option would have a higher likelihood that the setback facilities would be
engaged at any point in the future, as compared to the high option.
Riverbend Lower (High, Medium, Low and No Modification)
The Riverbend Lower project options restore varying degrees and extents of natural process
conditions in the Cavanaugh Pond area. The high, medium and low options provide different
degrees of restoration and the no modification option maintains the current condition.
The High option is distinguished by the fact that it includes the full removal of all the levees and
revetments around Cavanaugh Pond. As a result, it is the only one that restores mainstem river
channel migration to this portion of the site. It also includes regrading, new large wood placement,
and plantings within the pond area to moderate the risk of avulsion through the Cavanaugh Pond
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site. This element redirects a large amount of flow currently conveyed in the mainstem and right
bank floodplain into the left bank floodplain. Because velocity decreases to a significant degree,
sediment will accumulate throughout the river and along the Herzman Levee in particular. That
deposition will increase the pressure on the channel’s lateral boundaries and increase channel
migration risk along unprotected segments of the right bank. Avulsion risks through the pond site
are relatively low due to the fact that the pond will be regraded and roughened with large wood and
plantings, but there will be local areas of high velocity that will support side channels.
Groundwater elevations will rise as a result of fill placement in Cavanaugh Pond, shifting the
elevations where seepage or upwelling into the pond or channel will occur. It is expected that
backwater features will persist off side channel features and off the main channel with connectivity
depending on stage.
The Medium option differs from the High option in that the Riverbend Lower facility is notched (top
elevation lowered in specific, isolated locations) to allow flow into Cavanaugh Pond, and portions of
the levee will be removed based on the results of future design analyses, but is otherwise left intact.
The downstream portion of the Riverbend Lower and the Riverbend Lower Extension Levees
would be completely removed. Channel migration potential is therefore limited to the area where
the Riverbend Lower Extension facility is removed. Avulsion potential through Cavanaugh Pond is
controlled by pond fill, surface roughening and planting, and armoring of the inlet notches. This
option will provide side channel connection to the pond area and should support both side channel
and backwater habitat behind the existing levee. Bedload from the mainstem river may enter the
pond area depending on the design of the notches, but bedload storage will be reduced relative to
the High option. Hydraulic changes in the mainstem river will still be significant with potential for
major aggradation and some risk of channel instability downstream of the notches. Longer term,
potential for gravel storage in the pond area will increase as the mainstem river aggrades. Large
wood storage is likely to occur at the notches in the levee, but wood recruitment will be primarily
limited to the downstream portion of the site.
The Low option does not remove the downstream portions of the Riverbend Lower and Riverbend
Lower Extension levees, nor modify Cavanaugh Pond. It does include more heavily armored
notches and grade transition structures to allow flow from the mainstem river to go through
Cavanaugh Pond while providing avulsion and head cut protection. Because this option depends on
engineered structures to manage the upstream connection to the pond, the design is more
vulnerable than the designs that mimic natural floodplain grade and roughness (because it depends
on both the design and operation of the notches and the performance of the surrounding 50-60
year old facilities). As designed, the project should provide many of the flood benefits that the
medium option does, but some conveyance across the lower portion of the Cavanaugh Pond site is
lost, which will reduce flood benefits somewhat. Sediment storage potential is very large
depending on the design and function of the inlet grade control structures, with some risk that the
structures will be too high to allow significant bedload into the pond and conversely some risk that
the structures will be too low and siphon off most sediment into the pond, starving downstream
reaches until the pond fills. Part of that uncertainty is due to the fact that the function of the grade
control structure will depend heavily on how woody debris is trapped by the structure. Ideally, the
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pond will receive some bedload and will transition into a more hydraulically complex habitat over a
long period of time, but the fraction of bedload diverted into the pond will likely change over time.
Large wood accumulation will occur at the inlet breaches and no new recruitment opportunities
will be provided.
Under the No Modification Option, the reach will remain a transport reach unless there is a
significant change in upstream supply. If one of the Riverbend Upper options is implemented,
sediment supply to the Riverbend Lower Reach may decrease and the channel may incise or armor.
Current large wood density is likely to persist, but that depends on river management decisions, the
long term effects of Cedar Rapids and other upstream changes in the channel and floodplain and
hydrologic conditions. Cavanaugh Pond is likely to continue to fill in with fine sediment very slowly
with minimal changes in current form or habitat value other than vegetative growth in the short to
moderate term.
Herzman (High and No Modifications)
The Herzman Levee is currently subject to damage from high velocity flows during flood events and
it also maintains the river in an alignment that forces flows to attack the Cedar River Trail 2 (CRT2)
revetment at a 90-degree angle. The Herzman Levee does however provide protection to right
bank property owners from channel migration and prevents high velocity flows from being
conveyed across the developed right bank floodplain during large flood events. Therefore, as a
standalone action, the setback of the Herzman Levee (High Option) would have significant short
term hydraulic and geomorphic benefits, including decreased water surface elevations upstream,
decreased in-channel velocities adjacent to the levee, increased sediment storage, increased
channel migration and large wood recruitment, and a reduction in hydraulic forces on the CRT2
revetment during large flood events.
Under a No Modification option, the Herzman Levee will continue to be subject to damage during
large flood events and it will direct flows toward the upstream end of the CRT2 revetment. The
current pattern of deposition between the Herzman Levee and the CRT2 revetment is likely to
continue to drive channel migration into the left bank and increase the risk of flanking the upstream
end of the CRT2 revetment. That channel migration would continue until the channel cuts off the
gravel bar and moves toward the right bank, or until it was halted by an extension of the CRT2
revetment. In either case, the river would continue to attack the CRT2 revetment at a very high
angle and relatively frequent maintenance should be anticipated.
Implementation of one of the Riverbend Lower options, with no modification of the Herzman Levee,
would reduce water surface elevations, velocities, and flow rates adjacent to the levee to such a
degree that the hydraulic pressures on the Herzman Levee and the CRT2 revetment would be
reduced in the short term. It is further noted that the Herzman Levee would have very little
function for channel migration protection or flood relief in the short term if one of the Riverbend
Lower options is implemented. However, in the moderate to long-term, the Cedar River would
likely begin to re-occupy the historic channel adjacent to the Herzman Levee and again begin to
actively migrate towards the levee. The presence of the levee would therefore continue to isolate
the channel from the right bank floodplain and would continue to force flows to attack the CRT2
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revetment. The Herzman Levee would again be subject to damage from high velocity flows.
Removal of the Herzman Levee as part of a Riverbend Lower option would provide significant
benefits as described above (for the Herzman standalone action) over a longer time frame that
would allow the Riverbend Lower reach to come to equilibrium and allow for active migration
towards the present location of the Herzman Levee.

Alternative Descriptions
Alternative 0. No action
Alternative 0 would maintain the channelized condition through the project area. Fish habitat in
the mainstem river would continue to be limited for juvenile salmonid rearing and refuge. Wood
and sediment retention through the mainstem river would likely remain limited, and bank
armoring would continue to limit wood and sediment recruitment to the river. Cavanaugh Pond
would continue to support sockeye spawning along the northern margin, and this habitat may
degrade over time as fine sediment continues to fill the pond. Juvenile fish habitat in the pond may
be diminished in the long term as water temperatures rise as a result of climate change. Erosion is
likely to occur along the existing levees over time; at which time, decisions would need to be made
about whether to repair them. If a channel avulsion were to occur along the Riverbend Lower
Levee into Cavanaugh Pond, corrective actions would need to be considered in order to protect
upstream flood facilities from being undermined. The existing condition would continue to put
erosive pressure on the Brassfield-Maxwell, Herzman, and CRT2 facilities.

Alternative 1. Full Floodplain Reconnection and Herzman Removal
Alternative 1 includes the maximum floodplain reconnection in each geographic area: Riverbend
Upper High, Riverbend Lower High, and Herzman High (Figure 9). This alternative would restore
maximum riverine and floodplain processes within the project boundaries because of the extensive
levee and revetment removal.

Alternative 2. Moderate Floodplain Reconnection, Herzman Removal, and High Pond
Connection
Alternative 2 includes Riverbend Upper High, Riverbend Lower Medium, and Herzman High (Figure
10). This alternative retains existing left bank revetments through the Riverbend Lower area which
will limit channel migration, but allows flow into Cavanaugh Pond through engineered notches in
the levee system and lowering of portions of the adjacent levee prism. Fill would be placed in
Cavanaugh Pond to restore habitat as well as reduce risk associated with channel avulsion into the
pond. It is possible that some intermittent or continuous bank protection may be required on the
right bank between the existing Brassfield-Maxwell and Herzman revetments.

Alternative 3. Moderate Floodplain Reconnection, Herzman Removal, and Low Pond
Connection
Alternative 3 includes Riverbend Upper High, Riverbend Lower Low, and Herzman High (Figure
11). This alternative retains existing left bank revetment through the Riverbend Lower area which
will limit channel migration, but allows flow into Cavanaugh Pond through engineered notches in
the levee system and lowering of portions of the adjacent levee prism. Because fill would not be
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placed in Cavanaugh Pond, the deeper areas would be retained (at least in the short term). It is
possible that some intermittent or continuous bank protection may be required on the right bank
between the existing Brassfield-Maxwell and Herzman revetments.

Alternative 4. Moderate Floodplain Reconnection, No Herzman Removal, and High
Pond Connection
Alternative 4 includes Riverbend Upper High, Riverbend Lower Medium, and No Herzman Removal
(Figure 12), and as such is similar to Alternative 2 without the removal of the Herzman Levee.
Alternative 4 assumes that, at the time of project design and construction, sufficient property or
funding (or both) is not available to construct Alternative 1. This alternative would preserve the
opportunity for future modification of the Riverbend Lower Revetment and the Herzman Levee.

Alternative 5. Low Floodplain Reconnection, No Herzman Removal, and Low Pond
Connection
Alternative 5 includes Riverbend Upper Low, Riverbend Lower Low, and No Herzman Removal
(Figure 13). With this alternative, possible future implementation of the more extensive
Alternative 1 would require adding fill to Cavanaugh Pond. Similar to the previous alternatives, it is
possible that some intermittent or continuous bank protection may be required on the right bank
between the existing Brassfield-Maxwell and Herzman revetments.

Alternative 6. Low Floodplain Reconnection, No Herzman Removal and No Pond
Connection
Alternative 6 includes Riverbend Upper Low, No Herzman Removal, and no modification to
Riverbend Lower (Figure 14). This alternative would increase floodplain connection in the
Riverbend Upper area but preserve Cavanaugh Pond in its current condition without introducing
any flow at the upstream end. The river would be directed back into its current channelized
condition downstream of the Riverbend Upper facility. River avulsion through the Riverbend
Lower Levee as well as erosion of the Herzman and CRT2 facilities would continue to be a risk.
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Note: Location and extent of project features is illustrative only.
Actual layout will be determined in the design phase.
Figure 9. Alternative 1.

22

RIVERBEND ALTERNATIVES ANALYSIS

OCTOBER 5, 2016

Note: Location and extent of project features is illustrative only.
Actual layout will be determined in the design phase.
Figure 10. Alternative 2.
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Note: Location and extent of project features is illustrative only.
Actual layout will be determined in the design phase.
Figure 11. Alternative 3.
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Note: Location and extent of project features is illustrative only.
Actual layout will be determined in the design phase.
Figure 12. Alternative 4.
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Note: Location and extent of project features is illustrative only.
Actual layout will be determined in the design phase.
Figure 13. Alternative 5.
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Note: Location and extent of project features is illustrative only.
Actual layout will be determined in the design phase.
Figure 14. Alternative 6.
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Alternatives Analysis Methods
Site Investigations/Existing Data Collection
Geotechnical Exploration
King County Materials Laboratory conducted a geotechnical exploration of the site in October 2015
consisting of five borings to depths of 20-60 feet below ground surface (King County Materials
Laboratory 2015). Boring locations are labeled GW-01 through GW-05 in Figure 15. Groundwater
monitoring wells were installed in all borings except GW-03. The depth to groundwater varies
from approximately seven to 15 feet below ground surface.

Instrumentation
King County deployed dataloggers at 11 locations as shown in
(no datalogger was installed in the location of GW-03). The dataloggers continuously record water
level and temperature on 15-minute intervals. Data is retrieved and processed on a quarterly basis.
Water surface elevations through May 2016 are shown in Figure 15.

Figure 15. Water Surface Elevation data through May 2016
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Topographic and Bathymetric Survey
Interfluve, Inc. (Interfluve) conducted a bathymetric survey of the Cedar River and Cavanaugh Pond
from RM 6.0 to 8.0 in February and March 2016 (Interfluve 2016a). Bathymetry was collected
using a vessel-mounted single-beam echosounder connected to a Realtime Kinematic (RTK) GPS
unit. Bathymetric survey data was merged with LiDAR topographic data collected by Quantum
Spatial, Inc. acquired in 2015 under contract to King County (Quantum Spatial 2015). The
combined topographic and bathymetric surface was provided to King County in AutoCAD Civil3d
format.
Low Velocity Edge Habitat Mapping
Juvenile salmonids rely heavily on shallow, relatively slow-moving waters, therefore our analysis
focused on surveying the availability of this critical habitat type in the mainstem river to document
baseline conditions (Bjornn and Reiser 1991, Beechie, et al. 2005). The margin of the wetted
channel was mapped on foot by GPS (<20cm accuracy). The midstream (waterward) margin of the
low velocity edge habitat was located with a Swoffer flow meter (where water velocity was
approximately <1.5 ft./sec), and the slow-water boundary was mapped at multiple points using a
Trimble GeoXH Global Positioning System (GPS) device. Points and water margins were
transferred to a GIS and the area, number, and distribution of low-velocity edges were quantified
for each habitat type.
While low flow habitat may be present along the entire bank of the river, it was only mapped if the
habitat unit area was greater than the stated accuracy of the GPS. Anything smaller than this could
not be accurately mapped and likely provided very little habitat value. Accuracy was generally less
than 20cm, though depending on canopy cover generally ranged from three to 50 cm.
Areas and types of edge habitat were calculated for each survey date. These data were then
compared to discharge data and to the Cedar Rapids site upstream to allow us to see changes in
available edge habitat for various flows and to compare the baseline condition to a restored
condition upstream. Discharge was obtained from realtime data from USGS gauge 12119000 on the
Cedar River at Renton, WA. The surveys were repeated in exactly the same way at three flow levels
(Table 1).
Table 1. Dates and river flow (at USGS Renton gage) for low velocity edge mapping.

Riverbend
Date
Flow
3/28/16 1100
4/28/16
434
6/2/16
284

Cedar Rapids
Date
Flow
3/21/16
1220
4/27/16
439
6/1/16
276

Fish Surveys
We conducted sockeye spawning surveys in Cavanaugh Pond from September 2015 – January 2016.
Live and dead fish were counted, and redds were located using a handheld Trimble GeoXH GPS.
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We also conducted fish surveys in the mainstem river and Cavanaugh Pond during Spring 2016. We
snorkeled previously mapped edge habitat in the mainstem river on 3/28/16, 4/28/16, and
6/2/16. Cavanaugh Pond surveys consisted of one snorkeling event (3/30/16) focusing on the
northwest corner of the pond, and two boat electrofishing surveys (4/27/16 and 6/1/16) of six
north-to-south transects of the pond.

Hydraulic Modeling
Interfluve modeled the project reach using the RiverFlow2D version 4.0, a finite-volume twodimensional hydraulic model software package. The goal of the hydraulic model was to identify the
changes in water depth, velocity, and shear stress that would result immediately after constructing
the project alternatives. Because several of the alternatives are hydraulically similar, Interfluve
only modeled Existing Conditions and three scenarios (Scenario 1, 4 and 5). Scenario 1 was also
modeled with and without a side channel connection between the mobile home park and
Cavanaugh Pond. The existing conditions model was calibrated to December 2015 flows, and
validated to the 2009 Cedar River flood. Existing conditions and the alternatives were modeled at
the 100-year, 25-year and two-year flows.
Results of the modeling are presented in the Interfluve report (Interfluve 2016b). In general, for all
alternatives, the proposed project reduces flooding upstream of the project and on the right bank
opposite the project. Flooding and velocities increased within the project footprint. The most
significant changes occurred under Scenario 1.

Geomorphic Assessment
Interfluve Inc. performed a comprehensive geomorphic analysis (Interfluve 2016b) of the project
reach including characterization of historic, current and future geomorphic conditions. The
geomorphic analysis considers several alternatives (Scenarios or Alternatives 1, 4 and 5) including
no-action and various degrees of levee removal. The study identified potential changes in
hydraulics, channel form, sediment transport, channel migration, avulsion risks, and large wood
loading, and provided design recommendations to maximize habitat benefits and minimize risks. In
general, the channel is expected to remain in a relatively simple and static platform if no action is
taken. If levees are removed, the channel is expected to eventually move toward an anastomosing
equilibrium channel, but a significant risk of avulsion through Cavanaugh Pond was identified as
well as lesser risks to nearby infrastructure and private properties. Findings of the geomorphic
analysis informed the development of alternatives and will be used to refine a preferred alternative
as the design process proceeds.

Permitting and Stakeholder Consultation
The project design team held meetings with the Muckleshoot Indian Tribe, permit agencies,
adjacent landowners, and other stakeholders leading up to and during the alternatives analysis
phase. Further efforts will be made to share information and solicit input during design
development and permit application.
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Alternative Scoring
Screening Criteria
The team developed and evaluated a series of metrics that reflect the degree to which each project
alternative meets the project objectives (Appendix A). Scoring methodology and key factors
differentiating alternatives are discussed below. Scores for habitat and flood benefits and
combined habitat and flood benefits are provided in graphical form and are used as the basis for
cost/benefit analysis presented later in the report.
Habitat
Objective 1.1: Improve floodplain connectivity in order to increase the availability and complexity
of juvenile Chinook, steelhead, and coho rearing habitat.
We assigned the maximum score for the largest increase in juvenile salmonid rearing area. We
scored project elements as follows, then combined them to develop the alternative score (e.g.,
Alternative 3 = Riverbend Upper High + Riverbend Lower Low + Herzman High):






Riverbend Upper: Both the High and Low floodplain connection areas would provide a
substantial increase in habitat accessibility over the existing condition, so we allocated the
maximum score (four points) to Riverbend Upper High and three points to Riverbend Upper
Low.
Riverbend Lower: There were four modification options considered for the Cavanaugh Pond
area, and were determined to provide flow-dependent rearing area in decreasing amounts.
Therefore, we allocated points as follows:
o High: Four points (significantly greater accessibility if channel migration were
allowed)
o Medium: Two points
o Low: One point
o No modification: Zero points
Herzman: We allocated the maximum score (two points) for removal of the Herzman Levee
because the entire area was determined to provide rearing habitat at various flows. We
gave zero points to the alternatives that did not include modification of the Herzman Levee.

Alternative 1 received the highest score because it would provide the greatest rearing area for
juvenile salmonids at a greater range of flows. Complete removal of the Riverbend Lower levee and
revetment would allow for more area to be inundated at the lower rearing flows (i.e., 800 cfs).
Alternatives 5 and 6 received the lowest scores because they would restrict access to Cavanaugh
Pond except during higher flows.
Objective 1.2: Improve juvenile salmonid habitat utilization.
We assigned the maximum score to the project elements that would allow for the greatest increase
in natural process, because processes including channel migration, wood recruitment, scour, and
sediment aggradation provide the most complex juvenile salmonid habitat. Project effectiveness
monitoring has shown that salmonids tend to use complex habitat types including backwaters, side
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channels, and habitats associated with large wood. We scored project elements as follows, then
combined them to develop the alternative score:






Riverbend Upper : Both the High and Low floodplain connection areas would provide a
substantial increase in habitat complexity over the existing condition, so Riverbend Upper
High was allocated the maximum score (four) and Riverbend Upper Low was allocated
three points.
Riverbend Lower: Allowing channel migration through Cavanaugh Pond would provide the
greatest amount of habitat complexity, so we allocated four points to Riverbend Lower
High, two points to Medium, one point to Low, and zero points to No Modification.
Herzman: Removal of the Herzman Levee would allow for channel migration through the
floodplain area, but because it is a smaller total area than the two upstream, we allocated
two points to the Herzman High option. We allocated zero points to the alternatives that
did not include modification of the Herzman Levee.

Alternative 1 received the highest score because it would provide the greatest habitat complexity,
and complex habitat tends to be used more by juvenile salmonids. Alternatives that limited channel
migration received progressively lower scores.
Objective 1.3: Improve the quality of salmon spawning habitat.
We assigned the maximum score to the project elements that would improve spawning habitat
through the project area, including slowing flows (through channel widening) to allow for
spawning gravel retention, adding gravel to Cavanaugh Pond to increase the total area of suitable
spawning depths (i.e., < one meter), and increasing habitat turnover which has been shown to
increase spawning activity (Timm and Wissmar 2014). We scored project elements as follows, then
combined them to develop the alternative score:






Riverbend Upper: The High floodplain connection areas would provide a larger area for
spawning and the increased channel width would slow flows allowing gravel to be retained.
Therefore, we allocated four points to Riverbend Upper High and two points to Riverbend
Upper Low.
Riverbend Lower: Allowing channel migration and raising the bed of Cavanaugh Pond
would slow flows, improve water depths for spawning, and increase the rate of habitat
turnover, so we allocated four points to Riverbend Lower High. We allocated two points to
Riverbend Lower Medium because the bed of the pond would be raised but the flows may
be concentrated through the notches in the levee and habitat turnover resulting from
channel migration would be limited by the revetment. Riverbend Lower Low would retain
the deep areas in the pond (at least in the near term), concentrate flow through the notches,
and prevent channel migration, so we allocated one point. We allocated zero points to No
Modification because there would be no improvement over existing conditions.
Herzman: Removal of the Herzman Levee would widen the channel, increase habitat
turnover, and may allow for spawning gravel retention, so we allocated two points to
Herzman High and zero points to Herzman No Modification.
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Alternative 1 received the highest score because it would provide the greatest improvement in
spawning habitat quality, followed by Alternative 2 at eight out of 10 points because it would raise
the bed of the pond, thereby increasing the total area of suitable spawning habitat. Alternatives 5
and 6 received the lowest scores because Cavanaugh Pond would be largely retained in its current
condition.
Objective 1.4: Improve flood refuge for salmonids by creating access to low velocity habitat.
We assigned the maximum score to the project elements that would provide the largest area for
juvenile salmonids to access refuge during high flows (two-year flow). We scored project elements
as follows, then combined them to develop the alternative score:






Riverbend Upper: The High floodplain connection areas would provide a larger area
accessible to salmonids during a two-year flow. Therefore, we allocated four points to
Riverbend Upper High and three points to Riverbend Upper Low.
Riverbend Lower: Allowing channel migration into Cavanaugh Pond would provide the
greatest opportunity for access to refuge (i.e., fish would not have to access notches in the
levee), so we allocated four points to Riverbend Lower High, two points to Medium, one
point to Low, and zero points to No Modification. We determined that, under existing
conditions, Cavanaugh Pond likely provides little to no high flow refuge for salmonids that
are in the river during high flows, because it would be difficult for a small fish to swim into
the outlet when the water is moving quickly.
Herzman: We allocated the maximum score (two points) for removal of the Herzman Levee
because the entire area was determined to provide refuge habitat at the two-year flow. We
gave zero points to the alternatives that did not include modification of the Herzman Levee.

Objective 1.5: Protect and restore mature riparian vegetation to provide shoreline and stream
channel shading, invertebrate prey supply, large wood recruitment, and native tree recolonization.




Riverbend Upper: Owing to past development, both the High and Low floodplain connection
areas have substantial potential to increase vegetation over the existing condition, so we
allocated three points to Riverbend Upper High and four points to Riverbend Upper Low.
Riverbend Upper High received one less point because it will have a greater footprint of
channel migration disturbance and therefore risks losing more of the existing large mature
trees onsite to river recruitment.
Riverbend Lower: Cavanaugh Pond in its existing condition has the ability to grow large
trees around the perimeter, but the center is open water. If the pond is filled in areas and
raised to floodplain elevation there is more opportunity long-term for floodplain forest
development. There are diminishing returns to floodplain re-connection of the pond area
when considering long term canopy cover - areas of greater disturbance will experience
more frequent tree recruitment to the river. Therefore, we allocated points as follows:
o High: Three points (moderate increase in floodplain forest, high increase
disturbance regime)
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Medium: Four points (high increase in floodplain forest, low increase disturbance
regime)
o Low: One point (modest increase in floodplain forest, low increase disturbance
regime)
o No modification: Two points (no increase in floodplain forest, no increase in
disturbance regime)
Herzman: The area behind the Herzman levee is fully forested already and at floodplain
forest elevation. We allocated two points for removal of the Herzman Levee because some
well-established forest will remain, but some trees will be recruited to the river with
increased disturbance and possible grading of a side channel. We gave three points to the
alternatives that did not include modification of the Herzman Levee because the existing
high quality mature forest would not be impacted.
o



Objective 1.6: Restore the natural distribution and exchange of gravel between the river bed and
banks.
We merged the points for this objective with Objective 1.8 and did not evaluate it separately.
Objective 1.7: Restore the natural distribution and exchange of large wood between the river and
floodplain forest.
We merged the points for this objective with Objective 1.8 and did not evaluate it separately.
Objective 1.8: Initiate a trajectory of changes in site conditions that is consistent with and
sustained by natural river processes, and that results in levels of geomorphic complexity and
overall habitat quality that approach natural conditions.
We scaled scores for this objective qualitatively in the following manner:






A maximum of 30 points for the largest increase in channel migration zone (CMZ) area
(Alternative 1) and a minimum of five points for the smallest increase in CMZ area
(Alternatives 5 and 6)
A maximum of five points each for the best post-construction and 10-year balance in gravel
at the site (Alternatives 1 and 2) and a minimum of one point for the poorest balance
(Alternatives 5 and 6)
A maximum of 10 points for the largest increase in 10-year flood conveyance area, exclusive
of backwaters (Alternative 1 and 2) and a minimum of two points for the smallest increase
(Alternatives 5 and 6)

Flood
Points were awarded in the following manner:
Objective 2.1: Increase storage volume in the 100-year regulatory floodplain (20 points)
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We allocated points for this objective for change in live storage (i.e. storage volume above either
existing ground or mean pond level, whichever is higher) based on earthwork quantities used in the
hydraulic analysis. Actual earthwork quantities may change during project design but are assumed
to be representative. The total change in volume under Scenario 3 (the largest increase in live
storage) is 155,000 cubic yards (cy), and project scores were allocated proportionally based on
percentage of the maximum as follows:






Riverbend Mobile Home Park: the volume of excavation from the mobile home park is
118,000 cy for Alternative 1-4; 97,500 cy for Alternative 5; and 75,050 for Alternative 6.
Therefore we assigned 15 points for the maximum area of fill removal, 13 points for the
scaled-back area of fill removal for Alternative 5 and 12 points for Alternative 6.
Cavanaugh Pond: the volume of fill placed in Cavanaugh Pond in Scenarios 1-3 is 79,500 cy.
The volume of the pond below average winter elevation (115 ft. NAVD88 based on winter
2015-2016 gage data) is approximately 27,400 cy; therefore net fill above dead storage is
52,100 cy. The volume excavated by removing the Riverbend Lower Levee is 28,400 cy.
Therefore, -7 points are assigned for placing fill in Cavanaugh Pond and four points are
assigned for removing the Riverbend Lower Levee.
Herzman Levee area: The volume excavated by removing the Herzman Levee is 9,000 cy, so
one point is assigned.

Objective 2.2: Maintain or reduce channel velocity in critical locations where public infrastructure
or private property is at risk (20 points).
We allocated points based on relative reduction in velocity (magnitude and direction) at two
locations: along the Brassfield-Maxwell revetment across the river from the mobile home park, and
along Cedar River Trail 2 revetment near the Cavanaugh Pond outlet. Points were evenly split
between the two locations as follows:




Brassfield-Maxwell: 10 points for maximum fill removal at Riverbend Mobile Home Park
and five points for partial fill removal. Neither Herzman nor Cavanaugh Pond alterations
significantly affect velocity along the Brassfield-Maxwell.
Cedar River Trail 2: 10 points for Herzman Levee setback.

Objective 2.3: Meet King County floodplain development standards and maintain or reduce water
surface elevations in channel and on neighboring private properties at floods including the 100year event (20 points).
Any project built would be required to meet King County floodplain development standards;
therefore, we did not assign points for meeting this portion of the objective. We allocated points in
the following manner:


Change in area of mapped 100-year run on private property (10 points total): seven points
awarded for maximum fill removal in the mobile home park and five points for partial fill
removal. Three points for Herzman levee setback.
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Number of structures removed from the 100-year run: seven points awarded for maximum
fill removal in the mobile home park and five points for partial fill removal. Three points for
Herzman levee setback.

Objective 2.4: Maintain or reduce channel migration risks to public infrastructure and private
property.
All projects considered were designed at a minimum to maintain existing levels of channel
migration protection to infrastructure and private property. Therefore, scores were assigned based
on a qualitative assessment of any increase in channel migration protection provided by a project
alternative. A high degree of additional protection received a maximum score of 20 points and no
increase received a score of zero points. Seven points were scored for full channel migration
protection along both the right and left banks throughout the project area, five points were scored
for an intermediate level of protection along the right and left banks and three points were scored
for the minimum right and left bank protection. Eight points were scored for alternatives that
included a complete Herzman Levee Setback due to improved performance at Herzman as well as
the Cedar River Trail Revetment Site. Five points were scored for alternatives that included
avulsion protection in the form of pond fill. That approach was determined to provide more
reliable avulsion protection in the long term than engineered inlet controls because those would
depend on the existing levee to function.
Objective 2.5: Maintain or increase the average annual net storage of bedload and suspended load
within the project reach.
Bedload storage potential was judged qualitatively for each project element and then points were
combined to create an alternative score. Potential scores for this objective range from zero to 10
points. Projects that included full removal of both the Riverbend Upper and Lower Levees received
six points. Removal of Riverbend Upper and Breach of Riverbend lower received four points and
Minimum removal of Riverbend Upper Combined with breaches of Riverbend Lower received three
points. Projects that include a setback of the Herzman Levee received two points, and projects that
did not fill Cavanaugh Pond, but did provide Lower Riverbend Levee Breaches, received two points.
Objective 2.6: Maintain or increase the annual net storage of large wood within the active channel
in the project reach.
Potential for trapping large wood was scored based on the extent of removal of rock armored
facilities. Scores ranged from zero to 10 points. Alternatives that removed the Riverbend Upper
and Lower Facilities scored seven points. Breaches of Riverbend Lower and full removal of
Riverbend Upper scored six points. Breaches of Riverbend Lower and partial removal of Riverbend
Upper scored five points. Removal of the Herzman Levee scored two points and Cavanaugh Pond
fill scored one point.
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Recreation
The project goals and objectives established for recreational elements were largely based on
preserving opportunities for public access and use of the site that are consistent with anticipated
ecological conditions. Access to the river, continued use of the mainstem for recreational boating,
and preservation of an existing clubhouse for future public use were all identified as important
recreational considerations. Obtaining public input and opinions regarding future uses was also
deemed to be an important factor.
After review of the alternatives and discussion among the team, it was determined that there was
no meaningful distinction between the alternatives based on opportunity for future recreational
use. All alternatives will preserve the clubhouse and have potential to integrate access to the river.
Cost Effectiveness
Cost effectiveness of the project was evaluated by calculating capital costs (cost to design and build
the project) and lifecycle costs (cost to maintain the project) as shown in Appendix B. Costs
associated with acquisition of the project site were not separately considered.

Readiness Criteria
The project alternatives were also evaluated based on the relative likelihood of achieving the
project schedule. The following criteria were utilized:





Construction cost in the range of the original grant application, approximately $4 million to
$8 million.
Constructible in near term (2018+/-).
Not dependent on acquisition at Herzman.
Compatible with long term vision for the reach (future work).

Based on these four criteria, Alternatives 4 through 6 were identified as being the most likely to be
constructible in 2018.
Table 2. Readiness criteria.

Alternative
1

Approx.
cost
$12 million

2

$11
million

3

$14 million
(large

2018 feasibility
Low – lots of
acquisition required
on right bank and
permitting for pond
fill
Medium – some
acquisition required
on right bank and
permitting for pond
fill
Medium – some
acquisition required

Herzman
independent
Requires Herzman
due to channel
migration potential

Compatibility with
future work
Fully compatible

Includes Herzman;
non-Herzman
alternative is #4

Mostly compatible; would
require armored breaches and
some bank armoring left in place
that would have to be removed
later. Could be intermediate to
Alt. 1
Less compatible – Would only be
intermediate to Alt. 1 if fill

Includes Herzman;
non-Herzman
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on right bank and
permitting for pond
fill
Medium – some
acquisition required
on right bank and
permitting for pond
fill

alternative is #5

4

$10 million

True

5

$8 million

High – few
acquisition and
permitting
challenges

True

6

$5 million

High – few
acquisition and
permitting
challenges

True

material excavated is
stockpiled/double handled/pay
for disposal and new import.
Mostly compatible; would
require armored breaches and
some bank armoring left in place
that would have to be removed
later. Could be intermediate to
Alt. 1
Less compatible – Would only be
intermediate to Alt. 1 if fill
material excavated is
stockpiled/double handled/pay
for disposal and new import.
Slightly more room to stockpile
and less cut makes this
alternative better than Alt. 3 for
this criteria.
Compatible, in the sense that a
larger project could still be
constructed by expanding on
this alternative

Findings
Habitat
Alternative 1 received the highest habitat score, with a total of 98 points out of 100 (Figure 18), and
would therefore be the preferred alternative for habitat restoration. Alternatives 2 - 4 ranged from
80-58 points, and Alternatives 5 and 6 had significantly lower habitat benefit scores at 32 and 29
points, respectively (Figure 18). Alternatives 4, 5, and 6 do not include the Herzman Levee
reconfiguration, and may be the only alternatives feasible in the near term if the Herzman
acquisitions are not completed. Looking at these three scores, there is a significant difference in the
scores for Alternative 4 as compared to Alternatives 5 and 6. This difference is primarily attributed
to the habitat benefit of raising the level of Cavanaugh Pond. Therefore, the preferred alternative if
the Herzman acquisition work is not completed is Alternative 4. This alternative would also allow
for implementation of Alternative 1 in the future if more property becomes available.
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Habitat Benefit Score
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Figure 16. Habitat benefit scores for Project Alternatives 1-6, out of a maximum 100 points.

Flood
The flood scores for Alternatives 1 and 3 are the highest of the five alternatives at 91 points,
followed closely by Alternative 2 at 88 points (Figure 17). This indicates that Alternatives 1, 2, and
3 all have roughly equivalent flood benefits, primarily due to the large scale of removal of fill at the
mobile home park combined with reconfiguration of the Herzman Levee. Alternatives 4 , 5, and 6
scored 60, 49, and 36 points respectively, indicating a diminished but still significant flood benefit.
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Figure 17. Flood scores for Project Alternatives 1-6, out of a maximum 100 points.

Recreation
As noted above, all of the alternatives preserve the opportunity for future public access and use.
The location of that access could vary modestly between the alternatives, but all would have the
potential for shorter and more direct access to the river than currently exists. Given the similarities
in potential outcomes, the team concluded that there is no meaningful basis to draw a distinction
between the alternatives.

Cost Effectiveness
The construction cost of the projects varied from $5.1 million (Alternative 6) to $13.6 million
(Alternative 3) (Appendix B). In general, placing fill in Cavanaugh Pond is a significant cost savings,
and construction of the Herzman Levee setback is a significant increase in cost.
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Conclusions
Rating of Project Alternatives
Overall, Alternative 1 ranked the highest with a combined habitat and flood score of 189 out of 200,
and a cost benefit score of 15.9 (Figure 18). The cost savings associated with placing fill in
Cavanaugh Pond likely raised the cost-benefit score of Alternatives 2 and 4, resulting in a higher
score for Alternative 4 as compared to Alternative 3. Though Alternative 1 is preferred based on
scoring, Alternative 4 may be the most feasible project based on land acquisition and funding
availability.

Alternative Benefit Score/$1M

20

15

10

5

0
Alt 1

Alt 2

Alt 3

Alt 4

Alt 5

Alt 6

Figure 18. Alternative benefit score (habitat + flood) per $1M for Alternatives 1-6.

Recommendations
Alternative 1 scores the highest in every category, but ultimately is not feasible at this time due to
property ownership issues. The scale of the project in terms of length (approximately one mile of
river modifications) and cost (approximately $14 million) is also very large. Should property and
funding come together, there is also the risk that the scale of change all at once could require an
overly conservative design that may be more extensive or robust than may be necessary. There is
no way to know when or if those property interests will be secured, or if funding (approximately
$14M) for such a large scale project (approximately one mile of affected river length) could be
obtained. Given those uncertainties, we are not recommending pursuit of Alternative 1 at this time.
We recommend that the County proceed with design and construction of Alternative 4 in the short
term while pursuing the property interests and funding necessary to fully implement the broader
vision for the reach (Alternative 1). By implementing Alternative 4, the County can achieve
meaningful habitat restoration and significant flood hazard reduction benefits with minimal delay.
Although it would be more cost effective to implement a single project, phasing construction may
actually be advisable to minimize disruption and allow the reach to become more stable (“heal in”)
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before the river has full access to both banks. Furthermore, implementation of Alternative 4 in the
near term will allow for parallel alternative analysis and design efforts to proceed for the Herzman
Levee modifications. The alternative analysis will consider both partial and full removal/setback of
the Herzman Levee. The Herzman Levee modification project is proposed as a Flood Control
District funded project in the Draft Cedar River Corridor Plan.

Future Considerations Related to the Recommended Alternative
Project design development
Subsequent project design will be carried out according to the WLRD Project Management Manual.
A 30-percent design submittal consisting of draft project plans, cost estimate, specifications, and a
basis of design report will be completed by the end of 2016. Additional submittals for 60-percent,
90-percent and Final milestones will consist of updates to these elements. All submittals will be
reviewed by pertinent internal and external stakeholders. Design of the Herzman Levee
modification project will proceed in parallel with design efforts for the Riverbend recommended
alternative.

Additional analyses required to advance project
Additional technical analyses may be required to complete project design, and may include:










Hydraulic analyses of refined design iterations
Zero-rise analysis (required for floodplain permitting)
Revetment design, including riprap sizing and scour depth analysis
Log stability analysis (for jams and single pieces)
Hydrogeological analysis (for wetland design and construction dewatering)
Constructability review
Supplemental hydraulic modeling, geomorphic assessment and biological assessments of
variations on the Herzman Levee modification to investigate the flood and habitat benefits
associate with partial or full removal
Separate alternatives analysis for the Herzman Levee modification project

Risks and Constraints
Significant risks and constraints at the site were identified during the planning, data collection, and
early design efforts (Appendix C). Key site constraints include:




Existing power poles and powerlines crossing the river within the project limits
ELJ structures installed along the Upper Cedar Rapids left levee
Discontinuous easements and/or property interests along the right bank

Key risks include:





Potential erosion of newly exposed, unprotected left bank along the Cedar River Trail
Erosion of unarmored right bank properties resulting from redirected mainstem flows
Upstream bank instability and habitat loss resulting from headcutting/channel incision
Regulatory or stakeholder objections to the modification of Cavanaugh Pond
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Inability to secure construction funding for the project
Slow and/or inconsistent decision making resulting from combined KC, FCD and SPU
processes

Permitting
It is assumed that federal permits will be required due to the need to excavate below Ordinary High
Water (OHW). It is likely that the work would qualify for a Nationwide Permit 27 (Restoration) as
well as the Corps’ Restoration Programmatic Biological Assessment, which may streamline the
Corps permit application process.
The project will likely require the following permits or review processes:






Federal
o Clean Water Act Section 404
o National Historic Preservation Act Section 106
o Endangered Species Act Section 7
State
o Clean Water Act Section 401 Water Quality Certification
o WA State Environmental Policy Act (SEPA)
o National Pollution Discharge Elimination System (NPDES)
o Hydraulic Project Approval
o Aquatic Use Authorization
Local:
o Clearing and Grading Permit
o Critical Areas Review
o Shorelines Exemption

The National Marine Fisheries Service and Washington Department of Fish and Wildlife will require
in-stream work to occur within a summer work window.

Project sequencing
Construction of the project could be sequenced in several ways based on funding or constructability
concerns. One opportunity is to place fill in Cavanaugh Pond during construction of the mobile
home park portion of the project, but delay removal of the Riverbend Lower levee and toe rock
until the pond fill has stabilized with sufficient native vegetation to reduce the potential for shortterm avulsion.

Funding and Acquisitions
Funding for project implementation is not secured, but is being pursued from grant sources
including Floodplains by Design (RCO), Community Watershed Management (FCD), and Puget
Sound Acquisition and Restoration Fund (RCO). Local match is anticipated to come from the Seattle
Public Utilities HCP funding and King County Surface Water Management funds requested in the
2017-2018 budget.
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Additional property is not required for Alternative 4, but acquiring additional property interests is
necessary to achieve the long term goal of restoring river process within this reach (i.e., Alternative
1). Some funding is already available for this purpose, specifically for parcels behind Herzman
Levee, but timing of acquisitions will depend on land owner willingness and funding availability.

Stakeholder Input and Responses
The project team has solicited input from neighbors and key stakeholders to help inform the
alternative development and selection. The team has given formal presentations to several key
stakeholder groups including the WRIA 9 technical committee, Cedar River Instream Flow
Commission, and Cedar River Council. The team also held a facilitated Eco-Charrette meeting
attended by a wide range of stakeholder including Cedar River residents, the Muckleshoot Indian
tribe, Washington Department of Fish and Wildlife (WDFW), and City of Seattle.
Feedback overall has been favorable with strong preference for actions that maximize restoration
of process while maintaining access to the river for recreation. Both WDFW and Muckleshoot Tribe
representatives strongly encouraged use of large wood to direct flows into the floodplain and to
create and maintain habitat. They further pressed for retention of wood recruited to the site from
upstream to be allowed to accumulate within the reach. Sockeye salmon advocates, however, have
noted Cavanaugh Pond’s importance for spawning and asked the team to carefully consider how
alternatives would affect that species.
Neighbors have generally been supportive of the buyout of the mobile home park and have
advocated for quick demolition of the vacant structures and strict access controls to prevent illegal
encampments, dumping, and/or other illicit activities. They did not express a unified opinion for or
against the project, but did voice strong interest in maintaining or improving their existing flood
protection, access, and view of the water.

Summary
Alternative 1 ranked highest in all categories due to its larger scale, process-based approach. It
provides the greatest opportunity to restore river functions; maximizing space available for channel
migration, flood conveyance, and habitat formation. By removing conflicting uses and minimizing
reliance upon engineered connections, it also provides the most sustainable, long term benefits. It
minimizes, but does not eliminate need for, future maintenance or repair of flood protection
facilities. All things considered, Alternative 1 is the long term vision for the reach and the team
recommends WLRD take steps to make it possible. Acquiring all necessary property interests,
obtaining buy-in from all stakeholders, and securing all necessary funding, however, are unlikely in
the near term.
Recognizing that Alternative 1 is not feasible at this time, the team evaluated benefits of the other
alternatives and compared them with identified project goals and objectives. Based on scoring,
costs and compatibility with the future vision, the team recommends pursuing Alternative 4. It is
further recommended that Herzman Levee removal/setback opportunities be considered in a
supplemental alternatives analysis, in parallel with the Riverbend design efforts, for the
recommended alternative. The team considers Alternative 4 to be a good first step toward
restoration of the reach which can be realistically achieved in the next three to five years. Focusing
on the left bank properties lowers risk of delay and increases the potential to secure funding.
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Appendix A. Alternative evaluation metrics and scores
Goal/Objective

Evaluation Metric

Methodology/Notes

Max Score

Alt 1

Alt 2

Alt 3

Alt 4

Alt 5

Alt 6

10

10

8

7

6

4

3

10

10

8

7

6

4

3

10

10

8

7

6

3

2

10

10

8

7

6

4

3

Assign maximum score for largest increase in area
with mature canopy cover

10

8

9

6

10

8

9

N/A

0

0

N/A

0

0

Goal 1 - Improve quality, quantity and sustainability of salmonid spawning and rearing habitat.
1.1

Improve floodplain connectivity in order to increase
the availability and complexity of juvenile Chinook,
steelhead, and coho rearing habitat

Qualitative evaluation of change in floodplain
inundation area connected to mainstem at rearing
flows.

1.2

Improve juvenile salmonid habitat utilization

Estimated juvenile abundance based on reference
conditions

1.3

Improve the quality of salmon spawning habitat

1.4

1.5

1.6
1.7

Qualitative evaluation of change in area of suitable
spawning habitat
Improve flood refuge for salmonids by creating access Area (acres) of floodplain connected to mainstem
to low velocity habitat
during 2-yr flood flows
Protect and restore mature riparian vegetation to
provide shoreline and stream channel shading,
Estimated net change in area with canopy cover of
invertebrate prey supply, large wood recruitment and trees >50' at 25 yrs post construction
native tree recolonization
Restore the natural distribution and exchange of
Subordinate to Objective 1.8
gravel between the river bed and banks
Restore the natural distribution and exchange of large
Subordinate to Objective 1.8
wood between the river and floodplain forest

Assign maximum score for largest increase in
floodplain rearing area (i.e., 800cfs)
Rate reference sites, determine which areas most
closely resemble which reference sites, correct for
area.
Assign maximum score for largest increase in area
with flow, suitable gravels, and depth < 100cm
Assign maximum score for largest increase in
floodplain area wetted at 2-yr flow

Assign maximum score for largest increase in CMZ
area. Scale remaining scores qualitatively
Initiate a trajectory of changes in site conditions that As-built new gravel sources roughly balance deposits Assign maximum score for best balance (postis consistent with and sustained by natural river
within the project
construction)
processes, and that results in levels of geomorphic
10 yr new gravel sources roughly balance deposits
Assign maximum score for best balance (10 yrs postcomplexity and overall habitat quality that approach within the project
construction)
Assign maximum score for largest increase in 10-yr
natural conditions
Avg width of 10 year flood conveyance area (not
flood conveyance area (no backwaters). Scale
including backwaters)
remaining scores qualitatively
CMZ Area

1.8

30

30

22

20

12

5

5

5

5

4

3

3

1

1

5

5

4

3

3

1

1

10

10

9

7

6

2

2

100

98

80

67

58

32

29

20

13

13

20

12

17

12

10

10

10

10

10

5

5

10

10

10

10

0

0

0

10

10

10

10

7

5

5

10

10

10

10

7

5

5

High (20)/medium (10)/low (5)/no (0) bins

20

20

18

13

11

5

5

High (10)/medium (5)/low (2)/no (0) bins

10

8

8

10

6

7

2

High (10)/medium (5)/low (2)/no (0) bins

10

10

9

8

7

5

2

100

91

88

91

60

49

36

Habitat Scores
Goal 2 - Reduce flood and erosion risks to people, property and infrastructure.
2.1

2.2

2.3

2.4
2.5
2.6

Increase storage volume in the 100-year regulatory
floodplain

Change in live storage volume (cy) in regulatory
floodplain
Change in velocity vector magnitude (ft/s) along
Maintain or reduce channel velocity in critical
Brassfield-Maxwell Revetment;
locations where public infrastructure or private
Change in velocity vector magnitude (ft/s) at Cedar
property is at risk
River Trail 2 revetment
Meet King County floodplain development standards Acres of change in mapped 100-yr run on private
and maintain or reduce water surface elevations in
property
channel and on neighboring private properties at
Number of structures removed from inundation in
floods including the 100-year event
100-yr run
Maintain or reduce channel migration risks to public
Qualitative evaluation of risk reduction
infrastructure and private property
Maintain or increase the average annual net storage
Qualitative evaluation of change in bedload and
of bedload and suspended load within the project
suspended load storage
reach
Maintain or increase the annual net storage of large
Qualitative evaluation of change in LWD storage
wood within the active channel in the project reach

Generally equal to project cut-fill balance. Exclude fill
in Cavanaugh Pond below year-round WSE (dead
Assign maximum score for largest velocity reduction;
scale others accordingly.
Assign maximum score for largest velocity reduction;
scale others accordingly.
Assign maximum score for largest reduction in
floodplain acreage.
Assign maximum score for largest number of
structures removed.

Flood Score
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Evaluation Metric

Methodology/Notes

Max Score

Alt 1

Alt 2

Alt 3

Alt 4

Alt 5

Alt 6

Y

Y

Y

Y

Y

Y

Element of Design regardless of Alternative Selected Clubhouse retained? Yes or No

Y

Y

Y

Y

Y

Y

Element of Design regardless of Alternative Selected Public engagement

Y

Y

Y

Y

Y

Y

Anticipated level of residual risk assuming reach
mngt plan is implemented. Considers potential for
obstructions to develop in low flow channel,
predicted level of active management required and
potential to utilize progressive mngt strategy.

Y

Y

Y

Y

Y

Y

Planning level construction cost estimate in millions

Project Const.
Cost

10.5

10

13.5

9.2

7.5

5.1

Monitoring, mainteance and adaptive management planning level cost 10 years

Present Value
Life Cycle Cost

1.42

1.47

1.19

1.47

1.19

1.19

100

11.92

11.47

14.69

10.67

8.69

6.29

Alt 1

Alt 2

Alt 3

Alt 4

Alt 5

Alt 6

Alternative Benefit Score:

189

168

158

118

81

65

Benefit Unit/$1,000,000:

15.9

14.6

10.8

11.1

9.3

10.3

Goal 3 - Accommodate public use consistent with future ecological conditions at the site.

3.1

3.2

3.3

3.4

Allow passive recreation opportunities at the site,
including informal river access, environmental
education, walking and regional trail access
Preserve opportunity for recreational or other
beneficial use of existing clubhouse structure and
related parking and utilities
Work with project stakeholders and the public to
foster project support and a clear understanding of
needs or issues
Comply with the King County Boater Safety
Guidelines, procedures for managing naturallyoccurring large wood in King County rivers, and
procedures for considering public safety when placing
large wood in King County rivers.

Qualitative evaluation of recreational opportunities
created/removed. Potential for trails, distance to
water access, presence of beaches, portage options,
access to observe habitats/wildlife

Opportunities retained? Yes or No

Compliance with processes and Procedures is
required for all.

Recreation Options Retained
Goal 4 - Balance ecological benefits and other objectives with project costs.

4.1

4.2

Evaluate project design alternatives and their
elements based on cost-effectiveness to achieve the
Project cost divided by normalized alternative score
goals and objectives for salmonid habitat, flood risk
reduction, and public use and safety.
Select the preferred alternative based on life cycle
cost-effectiveness to achieve the goals and objectives
Include life cycle costs in project cost
for salmonid habitat, flood risk reduction, and public
use and safety

Cost Score
Feasibility Elements - Is the alternative feasible at this time
5.1

Property Ownership

Is alternative dependent upon future acquisitions?
Probability of voluntary acquisition in near term

5.2

Compatible with vision for reach

Does alternative advance process based restoration? High (Green), medium (yellow), low (red)

5.3

Timing

Is construction target of 2018 acheiveable?

High (Green), medium (yellow), low (red)

5.4

Cost

Scale relative to local and grant funds available

High (Green), medium (yellow), low (red)

High (Green), medium (yellow), low (red)
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Appendix B. Cost Estimate
Part 1 - Construction Costs
Description
Mobilization
TESC
Water control
Relocate Power Poles
Traffic Control
Miscellaneous Demolition
Toe rock removal, haul and disposal
Clearing and grubbing
Common excavation -DRY
Common excavation -WET

Haul - on-site
Haul - off-site
Disposal - off-site
Large wood - individual pieces imported
Large wood - individual pieces on-site reuse
Large wood - log structures - Floodplain
Large wood - log structures - Bank
Heavy loose riprap
Invasive Species Removal
Surface treatment
Planting

Unit
LS
LS
LS
LS
LS
LS
CY
AC
CY
CY

Alternative 1
Alternative 2
Alternative 3
Alternative 4
Alternative 5
Alternative 6
Unit Cost
Quantity
Cost
Quantity
Cost
Quantity
Cost
Quantity
Cost
Quantity
Cost
Quantity
Cost
5% of total
1
$ 387,390.67
1
$ 353,663.05
1
$ 429,224.63
1
$ 317,290.83
1
$ 256,543.68
1
$ 161,644.06
3% of total
1
$ 220,812.68
1
$ 201,587.94
1
$ 244,658.04
1
$ 180,855.77
1
$ 146,229.90
1
$
92,137.11
varies
1
$ 250,000.00
1
$ 250,000.00
1
$ 250,000.00
1
$ 200,000.00
1
$ 150,000.00
1
$ 150,000.00
varies
1
$ 500,000.00
1
$ 500,000.00
1
$ 500,000.00
1
$ 500,000.00
1
$ 150,000.00
1
$ 150,000.00
$ 25,000.00
1
$
25,000.00
1
$
25,000.00
1
$
25,000.00
1
$
25,000.00
1
$
25,000.00
1
$
25,000.00
$ 20,000.00
1
$
20,000.00
1
$
20,000.00
1
$
20,000.00
1
$
20,000.00
1
$
20,000.00
1
$
20,000.00
$
32.00 3,830 $ 122,560.00 3,030 $
96,960.00 3,030 $
96,960.00 2,410 $
77,120.00 1,850 $
59,200.00 1,850 $
59,200.00
$
6,250.00
19.0
$ 118,750.00
19.0
$ 118,750.00
19.0
$ 118,750.00
18.0
$ 112,500.00
16.0
$ 100,000.00
11.0
$
68,750.00
$
6.00 148,200 $ 889,200.00 148,200 $ 889,200.00 148,200 $ 889,200.00 139,650 $ 837,900.00 119,700 $ 718,200.00 75,050 $ 450,300.00
$
15.00 7,800 $ 117,000.00 7,800 $ 117,000.00 7,800 $ 117,000.00 7,350 $ 110,250.00 6,300 $
94,500.00 3,950 $
59,250.00

CY
CY

$
$

CY
EA
EA
EA
EA
TON
LS
AC
AC

$
$
$
$
$
$
$
$
$

8.00 124,800 $
15.00 31,200 $
5.00
1,500.00
850.00
15,000.00
40,000.00
32.00
5,000.00
22,000.00
37,000.00

31,200
300
50
16
9
38,100
1.0
19.0
20.0

998,400.00 124,800 $
468,000.00 31,200 $

$ 156,000.00
$ 450,000.00
$
42,500.00
$ 240,000.00
$ 360,000.00
$ 1,219,200.00
$
5,000.00
$ 418,000.00
$ 740,000.00

31,200
300
50
12
8
22,600
1.0
19.0
20.0

$
$
$
$
$
$
$
$
$

998,400.00
0
$
117,600 $
468,000.00 156,000 $ 2,340,000.00 29,400 $

940,800.00 100,800 $
441,000.00 25,200 $

806,400.00
378,000.00

63,200
15,800

$
$

156,000.00 156,000 $
450,000.00
230
$
42,500.00
50
$
180,000.00
12
$
320,000.00
8
$
723,200.00 22,600 $
5,000.00
1.0
$
418,000.00
19.0
$
740,000.00
20.0
$

147,000.00
345,000.00
42,500.00
135,000.00
320,000.00
489,600.00
5,000.00
396,000.00
703,000.00

126,000.00
180,000.00
34,000.00
120,000.00
320,000.00
460,800.00
5,000.00
352,000.00
629,000.00

15,800
40
40
6
6
6,500
1.0
11.0
8.0

$
$
$
$
$
$
$
$
$

780,000.00
345,000.00
42,500.00
180,000.00
320,000.00
723,200.00
5,000.00
418,000.00
740,000.00

29,400
230
50
9
8
15,300
1.0
18.0
19.0

$
$
$
$
$
$
$
$
$

25,200
120
40
8
8
14,400
1.0
16.0
17.0

$
$
$
$
$
$
$
$
$

Notes
5% of construction cost
3% of construction cost
Rough order of magnitude cost stated by PSE

Elliott successful bidder cost
Elliott successful bidder cost was $50k, divided by area of 8AC

Assume 5% is wet excavation
Assume 80% of material is able to be used to fill pond. Only 80,000 cy is required to fill
pond to match river thalweg; additional fill used to create floodplain in pond; for alt
505,600.00 5&6, assume fill is placed in upland area on-site
237,000.00
Elliott successful bidder stated cost to dispose. Total for excavation, haul and disposal
79,000.00 was $28/cy
60,000.00
34,000.00 Elliott successful bidder cost (Type C, sourced on site)
90,000.00
240,000.00
208,000.00 RS Means $31.50/ton; WSDOT state average bid (large jobs) is $26/ton
5,000.00 Elliott successful bidder was $2k
242,000.00 No surface treatment in pond, Elliott successful bidder was $40/cy, assume 4" deep
296,000.00 Assume 70% coverage Elliott successful bidder was $270k for 7.4 acres of various

Construction Total
Sales tax @ 8.6%
Subtotal

$ 7,747,813.35
$ 666,311.95
$ 8,414,125.30

$ 7,073,260.99
$ 608,300.44
$ 7,681,561.43

$ 8,584,492.67
$ 738,266.37
$ 9,322,759.05

$ 6,345,816.60
$ 545,740.23
$ 6,891,556.83

$ 5,130,873.58
$ 441,255.13
$ 5,572,128.70

$ 3,232,881.17
$ 278,027.78
$ 3,510,908.95

30% planning-level contingency

$ 2,524,237.59

$ 2,304,468.43

$ 2,796,827.71

$ 2,067,467.05

$ 1,671,638.61

Contingency reduced to 30% because some contingency is accounted for in the off-site
$ 1,053,272.69 haul figure

Cost escalation 2015-2018 @ 4% per year

$ 1,365,807.74

$ 1,246,895.63

$ 1,513,300.08

$ 1,118,659.56

$

$

Total Estimated Construction Cost
Cost Factor

$12,304,170.63
1.00

$11,232,925.49
0.91

$13,632,886.84
1.11

$10,077,683.44
0.82

$ 8,148,253.08
0.66
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Part 2 - Lifecycle (Operations, Maintenance, Adaptave Management) Costs
2016 dollars
Description
Subpart 2.1 - Monitoring and Reporting

Administrative

Reporting

Vegetation Monitoring (non-mitigation)

Vegetation Monitoring (mitigation
requirements)

Flood Benefit Monitoring

Post-Flood Response Study
Fish Survey

Dataloggers (water level)

Geomorphology Study

Photo Points and Cameras

Alt 1
Cost

Year

Alt 2
Cost

Alt 3
Cost

Alt 4
Cost

Alt 5
Cost

Year 1
Year 2
Year 3
Year 4
Year 5
Year 6
Year 7
Year 8
Year 9
Year 10
Year 1
Year 3
Year 5
Year 7
Year 10
Year 1
Year 3
Year 5
Year 7
Year 10
Year 1
Year 3
Year 5
Year 7
Year 10
Year 1
Year 3
Year 5
Year 7
Unknown
Year 1
Year 3
Year 5
Year 1
Year 2
Year 3
Year 4
Year 5
Year 6
Year 7
Year 8
Year 9
Year 10
Year 5
Year 1
Year 2
Year 3
Year 4
Year 5
Year 6
Year 7
Year 8
Year 9
Year 10

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

12,000
12,000
12,000
10,000
10,000
10,000
7,000
7,000
7,000
7,000
15,000
12,000
10,000
10,000
10,000
15,000
15,000
15,000
15,000
15,000
20,000
20,000
40,000
20,000
40,000
10,000
100,000
10,000
10,000
200,000
15,000
15,000
15,000
10,000
10,000
10,000
10,000
20,000
10,000
10,000
10,000
10,000
10,000
50,000
6,000
4,000
4,000
6,000
4,000
4,000
6,000
4,000
4,000
4,000

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

12,000
12,000
12,000
10,000
10,000
10,000
7,000
7,000
7,000
7,000
15,000
12,000
10,000
10,000
10,000
15,000
15,000
15,000
15,000
15,000
20,000
20,000
40,000
20,000
40,000
10,000
100,000
10,000
10,000
100,000
15,000
15,000
15,000
10,000
10,000
10,000
10,000
20,000
10,000
10,000
10,000
10,000
10,000
50,000
6,000
4,000
4,000
6,000
4,000
4,000
6,000
4,000
4,000
4,000

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

12,000
12,000
12,000
10,000
10,000
10,000
7,000
7,000
7,000
7,000
15,000
12,000
10,000
10,000
10,000
15,000
15,000
15,000
15,000
15,000
10,000
100,000
10,000
10,000
100,000
15,000
15,000
15,000
10,000
10,000
10,000
10,000
20,000
10,000
10,000
10,000
10,000
10,000
50,000
6,000
4,000
4,000
6,000
4,000
4,000
6,000
4,000
4,000
4,000

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

12,000
12,000
12,000
10,000
10,000
10,000
7,000
7,000
7,000
7,000
15,000
12,000
10,000
10,000
10,000
15,000
15,000
15,000
15,000
15,000
20,000
20,000
40,000
20,000
40,000
10,000
100,000
10,000
10,000
100,000
15,000
15,000
15,000
10,000
10,000
10,000
10,000
20,000
10,000
10,000
10,000
10,000
10,000
50,000
6,000
4,000
4,000
6,000
4,000
4,000
6,000
4,000
4,000
4,000

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

Year 1
Year 2
Year 3
Year 4
Year 5
Year 6
Year 7
Year 8
Year 9
Year 10
Year 1
Year 2
Year 5

$
$
$
$
$
$
$
$
$
$
$
$
$

60,000
50,000
40,000
20,000
15,000
15,000
15,000
15,000
15,000
15,000
20,000
20,000
70,000

$
$
$
$
$
$
$
$
$
$
$
$
$

60,000
50,000
40,000
20,000
15,000
15,000
15,000
15,000
15,000
15,000
20,000
20,000
70,000

$
$
$
$
$
$
$
$
$
$
$
$
$

50,000
40,000
30,000
20,000
10,000
10,000
10,000
10,000
10,000
10,000
30,000

$
$
$
$
$
$
$
$
$
$
$
$
$

60,000
50,000
40,000
20,000
15,000
15,000
15,000
15,000
15,000
15,000
20,000
20,000
70,000

$
$
$
$
$
$
$
$
$
$
$
$
$

12,000
12,000
12,000
10,000
10,000
10,000
7,000
7,000
7,000
7,000
15,000
12,000
10,000
10,000
10,000
15,000
15,000
15,000
15,000
15,000
10,000
100,000
10,000
10,000
100,000
15,000
15,000
15,000
10,000
10,000
10,000
10,000
20,000
10,000
10,000
10,000
10,000
10,000
50,000
6,000
4,000
4,000
6,000
4,000
4,000
6,000
4,000
4,000
4,000

Notes

comparison of water levels only
New LiDAR+bathymetry, hydraulic modeling
comparison of water levels only
comparison of water levels only
New LiDAR+bathymetry, hydraulic modeling

full replacement of loggers

Subpart 2.2 - Vegetation Maintenance

Weed Control/General Maintenance

Watering
Replanting

50

50,000
40,000
30,000
20,000
10,000
10,000
10,000
10,000
10,000
10,000
Assume watering required for mitigation plantings
30,000 Assume more plant replacement for mitigation
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Alt 1
Cost

Year

Alt 2
Cost

Alt 3
Cost

Alt 4
Cost

Alt 5
Cost

Notes

Subpart 2.3 - Adaptive Management
LWD Move
Toe Rock Removal

Unknown
Unknown

Check total (2016 dollars) - compare to bottom Year 1-10

Expenditure by year

Total (2016 dollars)
Cost Factor

$
$

100,000
100,000

$
$

300,000
50,000

$
$

300,000
50,000

$
$

300,000
50,000

$
$

300,000 Assumed to be $100k per action
50,000 Assumed to be $50k per action

$ 1,423,000

$ 1,473,000

$ 1,193,000

$ 1,473,000

$ 1,193,000

Year 1
Year 2
Year 3
Year 4
Year 5
Year 6
Year 7
Year 8
Year 9
Year 10

$
$
$
$
$
$
$
$
$
$

171,000
84,000
216,000
36,000
249,000
29,000
86,000
29,000
29,000
94,000

$
$
$
$
$
$
$
$
$
$

171,000
84,000
216,000
36,000
249,000
29,000
86,000
29,000
29,000
94,000

$
$
$
$
$
$
$
$
$
$

121,000
54,000
186,000
36,000
164,000
24,000
61,000
24,000
24,000
49,000

$
$
$
$
$
$
$
$
$
$

171,000
84,000
216,000
36,000
249,000
29,000
86,000
29,000
29,000
94,000

$
$
$
$
$
$
$
$
$
$

121,000
54,000
186,000
36,000
164,000
24,000
61,000
24,000
24,000
49,000

Unknown

$

400,000

$

450,000

$

450,000

$

450,000

$

450,000

Year 1-10

$ 1,423,000

$ 1,473,000

$ 1,193,000

$ 1,473,000

$ 1,193,000

1.00

1.04

0.84

1.04

0.84
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Appendix C. Risk Register
From KC WLRD PM Manual – Use Project Category B
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