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Executive Summary 
The purpose of the Middle Boise Creek Van Wieringen Alternatives Analysis is to evaluate restoration 
options and select a preferred alternative to progress to preliminary design. This report also meets the 
preliminary design report submittal requirements for the Salmon Recovery Funding Board grant RCO 
#14-1377. 

The project is located in a conservation easement on private property within the Enumclaw Agricultural 
Production District (APD) in unincorporated King County. Boise Creek is channelized through the project 
area, and has limited rearing habitat for juvenile salmonids. The project goal is to increase the channel 
capacity and complexity of Boise Creek within the project area in order to create lateral and margin 
rearing and refuge habitat for Chinook salmon, steelhead and coho salmon. This goal is consistent with 
the WRIA 10/12 Salmon Habitat Protection and Restoration Strategy (Pierce County 2008). 

The project team evaluated four alternatives, including a no action alternative. The alternatives all 
included widening the channel and adding large wood. Alternative 2 included preservation of significant 
trees for immediate shade following construction. Alternative 3 also included preservation of significant 
trees as well as overexcavation and gravel supplementation.  

Alternatives analysis included evaluation of newly created juvenile salmonid habitat, wetlands, pool 
habitat, vegetation retention, compatibility with adjacent agricultural land uses, support by Tribes and 
stakeholders, and compatibility with sediment transport and other projects. Overall, Alternative 3 
(Widened channel with tree islands and gravel supplementation) ranked the highest (45 points out of a 
maximum 48). In general, this was due to the increased ability for the site to exhibit dynamic habitat-
forming processes immediately following construction. This alternative would also avoid recruiting too 
much of the gravel moving downstream and therefore starving downstream channel reaches of gravel. 
Secondary objectives of gravel supplementation would be to enhance juvenile rearing habitat, aquatic 
food web processes (primary and secondary production), and hyporheic exchange. 

Following the alternatives analysis, we excavated test pits in the project area and encountered silty sand 
with gravel overlying volcanic bedrock. Moving groundwater was observed in this silty sandy gravel 
zone. These findings indicate that adding stream gravel to this underlying substrate will contribute to 
enhancing the depth and area of hyporheic conditions that contribute both spawning and juvenile 
rearing. 
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Introduction 
The purpose of the Middle Boise Creek Van Wieringen Restoration Project Alternatives Analysis is to 
evaluate restoration options and select a preferred alternative to progress to preliminary design. The 
report will document potential benefits, costs, and risks associated with different design alternatives. 

Prior to development of alternatives, the project team consisting of representatives from the King 
County Water and Land Resources Division (WLRD) developed a primary goal and objectives for the 
project. The goal and objectives of the restoration project are as follows: 

Project Goal:  
Increase the channel capacity and complexity of Boise Creek in order to create lateral and margin 
rearing and refuge habitat for Chinook salmon, steelhead and coho salmon.   

Project Objectives: 
1. Provide increased channel capacity to accommodate lateral and margin habitat. 
2. Establish riverine flow-through wetlands. 
3. Establish persistent subsurface flow exchange and durable habitat features for egg, alevin and 

fry life stages within the project area. 
4. Establish new and enhance existing vegetated riparian buffers. 
5. Increase residual depth of pools within the project area 
6. Establish large woody debris at sizes and quantities following analog design criteria that will be 

stable without ballasting. 
7. Maintain or where technically feasible reduce existing levels of erosion risk and water quality 

degradation. 
8. Reduce the need for long-term maintenance and adaptive management to the extent feasible. 
9. Maintain or improve agricultural productivity where proposed habitat improvements overlap 

with existing agricultural land.   
10. Encourage support for the project from local stakeholders, Tribes, and permit agencies by 

coordinating regular outreach efforts and project updates.  
11. Implement a project compatible with future stream habitat enhancement projects upstream to 

268th Ave SE and downstream to 252nd Ave SE. 
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Location 
The project is located on private property (Parcels 2520069129, 2520069142, and 2520069130) situated 
southwest of the City of Enumclaw within the Enumclaw Agricultural Production District (APD) in 
unincorporated King County. Boise Creek is a tributary to the White River, which is within Watershed 
Resource Inventory Area (WRIA) 10. The project area is located along Middle Boise Creek between river 
mile (RM) 2.03 and RM 1.67, starting 890 linear feet (lf) downstream of 268th Avenue SE. King County 
acquired a 3.5 acre conservation easement in 2016. The project area is shown in Figure 1 and a vicinity 
map of the project location is shown in Figure 2. The project area is adjacent to a forested bedrock knob 
on the Enumclaw Plateau. Elevation within the project ranges from approximately 700 to 740 feet above 
sea level (Figure 3). 

 

 
Figure 1. Aerial view of site. 
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Figure 2. Vicinity map. 
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Figure 3. Topography. 

 

Existing Conditions 

Habitat and Fish Use 

List of fish resources present and targeted  

Anadromous fish species known to inhabit Boise Creek include Chinook salmon (Oncorhynchus 
tshawytscha), coho salmon (O. kisutch), pink salmon (O. gorbuscha) and steelhead (O. mykiss). The 
distribution of anadromous species in the watershed is limited by a natural falls at river mile 4.4, just 
upstream of the Enumclaw Golf Course. Resident rainbow (O. mykiss) and cutthroat trout (O. clarki) 
inhabit the reaches upstream of this barrier. Both Chinook and steelhead are listed as Threatened under 
the Endangered Species Act. 

Puyallup Indian Tribe fisheries biologists perform seasonal Chinook and steelhead spawning surveys and 
have mapped red locations. These indicate the presence of steelhead redds immediately adjacent to the 
project site in Boise Creek. Chinook are also known to spawn within this reach of Boise Creek. After 
emergence from redds, both Chinook and steelhead may rear within Boise Creek before smolting. 
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Wetlands and Aquatic Habitat 
Two wetlands were identified and delineated on the Van Wieringen property (King County 2016; Figure 
4). Wetland B is a 0.3 acre, riverine wetland with forested, scrub-shrub and emergent habitats. Wetland 
C is a 0.23 acre riverine wetland with forested, scrub-shrub and emergent habitats. Both wetlands are 
Category II wetlands according to the 2004 Washington State Department of Ecology wetland rating 
system (Hruby 2004). One Type F stream, Boise Creek (Watershed Resource Inventory Area No. 10.0057) 
bisects the study area. Under the King County Shoreline Master Program this stream is designated as a 
Resource Shoreline. 

 
Figure 4. Wetlands. 

Water Quality 
The Puyallup River Watershed has many listings on the federal Clean Water Act 303(d) list as impaired 
for fecal coliform (FC) bacteria. A Total Maximum Daily Load (TMDL) study was completed in 2011 
(Washington Department of Ecology 2011). Boise Creek was the largest FC loading source of any 
tributary in the TMDL study area. It also required the largest FC reduction of any dry season source. 

Boise Creek is also listed as impaired (Category 5) for pH and as a water of concern (Category 2) for 
temperature. There is also an impaired temperature listing further up in the system. 
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Geology and Geomorphology 

Boise Creek drains a total area of 15.4 square miles. Elevations range from almost 4,000 feet on Grass 
Mountain in the Cascade foothills to 620 feet at the confluence with the White River. Elevations at the 
project site within the Middle Boise Creek range from approximately 730 to 760 feet. The headwaters of 
the Boise Creek watershed are underlain by volcanic rocks of Miocene and Oligocene age. The lower half 
of the basin is underlain by Quaternary glacial deposits and Holocene lahar deposits.  

The project site is located on the Enumclaw Plateau along the west flank of the Cascade Mountains in 
Washington State. The relatively flat morphology of the Enumclaw Plateau is dominated by Holocene 
lahar deposits and forms the broad floodplain for Boise Creek. A thin alluvium sits on top of a series of 
lahar deposits at the project site. Several lahars have occurred since the last glaciation in the White River 
valley below Mt. Rainier. The largest of these lahars is the Osceola mudflow, which occurred somewhere 
between 5,490 and 5,600 years ago. This large event distributed lahar sediment as far as Seattle. Several 
smaller, more recent lahars have also been documented to have inundated the White River valley floor. 

The Middle Boise Creek channel is incised into a geologically young surface of the Holocene lahars 
described earlier and lacks a well-developed floodplain. Based on a comparison of the existing creek 
alignment with the 1877 General Land Office (GLO) survey map, Boise Creek was straightened and 
realigned to the south between 276th and SR 410.  

Hydrology and Hydraulics 

Hydrology 
Flood frequencies at the project site were estimated by scaling gaged data (USGS 12099600 Boise Creek 
at Buckley, WA) and performing Log Pearson Type III flood-frequency analysis using the USGS Bulletin 
17B procedure (IACWD 1982). The USGS 12099600 stream gage is located at the White River confluence 
at RM 0.1 and a scale factor of 85-percent  was applied to the gaged data to estimate flood frequencies 
at the project site (Herrera Environmental Consultants 2011).   

Flow durations, also referred to as exceedance probability, were estimated for summer low flows and 
the month of January, a critical rearing month for juvenile salmonid protection. The 10-, 50-, and 90- 
percent summer exceedance flows were reviewed to provide the range of low flows while only the 50- 
and 75-percent January exceedance flows were reviewed to provide a tighter range of probable flows 
during the critical fish rearing month.  

The flood frequencies and durations developed for the project site are provided in Table 1 below. 
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Table 1 - Flood frequencies and durations for the Middle Boise Creek – Evans Habitat Restoration project site 

Flood Frequency  Description cfs 

1.25-year Effective Discharge 235 

2-year Overbank Discharge 364 

100-year Design Discharge 1,400 

Flood Duration   

10-percent exceedance Probability of occurrence during construction (July – 
Sept) 

15 

50-percent exceedance Probability of occurrence during construction (July – 
Sept) 

7 

90-percent exceedance Probability of occurrence during construction (July – 
Sept) 

4 

10-percent exceedance Probability of occurrence during January - a critical 
rearing month for juveniles  

96 

50-percent exceedance Probability of occurrence during January - a critical 
rearing month for juveniles  

36 

75-percent exceedance Probability of occurrence during January - a critical 
rearing month for juveniles 

23 

 

 

Hydraulics 
Hydraulic conditions for this project will be analyzed by updating the two-dimensional (2D) RiverFlow2D 
Version 4FV model developed by Herrera Environmental Consultants, Inc. in 2014 developed for review  
of lateral flooding extents in the Middle Boise Creek floodplain (RM 2.9 to 1.0). This reach is bounded by 
Warner Avenue (SE 456th Street) to the north, the confluence of Beaver Creek to the east, roughly SE 
472nd Street to the south,  State Route (SR) 410 to the west, and SE 464th Street to the south.  The 2D 
hydraulic model will be updated with project bathymetry survey data collected by King County in 
December 2015.    

Model results will provide necessary hydraulic parameters (velocity and water depth) to help in 
completing the flood hazard certification and calculating anchor mechanisms to secure large wood.   
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Land Use  

Historic Land Use 
Manmade alterations to the Boise Creek drainage included straightening and shifting the Boise Creek 
channel in 1924 to its present-day location within the project  (Cultural Resources Consultants 2016). 
The project location appears to have remained undeveloped, likely due to its topography, while the 
surrounding landscape has been used for agriculture since the late nineteenth century (Figure 4). 
 

 
Figure 5. 1936 aerial photo. 

Easements, Zoning, and Land Use Designations 
The project area is within a 3.5 acre conservation easement purchased by King County, with access 
easements leading to the site (Figure 1). The area is zoned as A-35 - agricultural, one DU per 35 acres. 
The project area is within the Agricultural Production District. The entire project area also falls within 
the 100-year floodplain, and is designated resource shoreline (Figure 6).  
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Figure 6. 100-year floodplain. 

Site Improvements 
Site improvements in the project area are limited to a dirt farm road and cattle exclusion fence on the 
right (north) bank. There are no utilities, buildings or roads in the forested portion of the project site.  

Previous and nearby projects 
King County is working to construct a series of habitat restoration projects along the lower four miles of 
Boise Creek. This project is the third, after the Lower Boise Restoration Project (2009) and the Middle 
Boise – Evans project (2013). Lessons learned from these two projects, especially the Middle Boise – 
Evans project, which is located on the upstream side of 268th Ave SE, will be used during the design, 
permitting and construction process.  

Reference or Analog Sites 
Newaukum Creek, where it runs through Mahler Park, was used as an analog site for preliminary design 
(Figure 7). 
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Figure 7. Analog site, Newaukum Creek through Mahler Park. 

Relevance and Urgency  
Regional planning efforts 

Salmon recovery plan and local lead entity strategies 
The WRIA 10/12 2012 Work Program identifies the preservation and restoration of high productivity 
tributaries including Boise Creek as a top implementation priority in the suite of actions for the next four 
years. This project fits into the WRIA 10/12 Salmon Habitat Protection and Restoration Strategy by 
expanding aquatic habitat area where LWD can be placed and by expanding and enhancing riparian 
buffers. Boise Creek LWD enhancement and revegetation ranked among the top ten projects for lower 
White River fish. 

Ecosystem Diagnosis and Treatment (EDT) analysis identified Boise Creek restoration as part of a suite of 
actions that would foster a biological response in Viable Salmonid Population parameters of 
productivity, capacity and life history diversity for White River Chinook. Therefore, the WRIA 10/12 
Salmon Habitat Protection and Restoration Strategy identifies the protection and/or restoration of Boise 
Creek as a near-term high-priority action (Pierce County 2012). This document notes that tributaries to 
the White River including Boise Creek suffer from low quantities of LWD, poor riparian function, and 
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high sediment load. More specifically, the Three-Year Work Program project lists Boise Creek 
Restoration which includes the purchase of conservation easements, to restore instream and riparian 
habitat of Boise Creek between RM 1 and 3. In 2013, King County completed a Middle Boise Creek 
Restoration Plan which included the restoration proposal associated with this grant application. 

Consistency with other regional planning efforts 
The project is consistent with agricultural land use in the area. It includes a repaired farm road on the 
right bank in a more stable alignment, as well as a new cattle fence. The project does not take any 
farmable land out of production.  

Urgency 
Project sites along Boise Creek are limited because land ownership is predominantly private. James Van 
Wieringen, the property owner of the project site, has agreed to sell a portion of the property as a 
conservation easement for the purpose of constructing a stream habitat restoration and enhancement 
project. Acquisition of a conservation easement is intended to occur in the first quarter of 2017. 
Delaying this project perpetuates the lack of rearing habitat for Chinook and steelhead. Rearing habitat 
is limited through the Boise Creek basin and very little funding has been provided to construct large 
capital restoration projects along the Boise Creek.  
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Project Alternatives  
A set of project alternatives was identified that could meet project goals and objectives, ranging from no 
action to more extensive construction (Figures 8-10).  

Alternative 0. No action  
Alternative 0 is the no action alternative. Boise Creek is straightened and channelized through the 
project area, and the banks are undercut and eroding in places. Along the right (north) bank, the farm 
access road is sloughing into the stream in some areas, which likely contributes to turbidity and fecal 
coliform contamination of the stream. The buffer is narrow to nonexistent in this area. The left (south) 
bank also has steep and undercut banks with vegetation, including alders. The no action alternative 
would maintain this degraded condition through the project area. 

Alternative 1. Widened channel with large wood and planting  
Alternative 1 would widen the channel through the majority of the project area up to the toe of the 
slope on the left (south) bank. Existing vegetation in the graded area would not be retained. Some areas 
would be lowered to wetland elevation and planted with wetland plants. Up to 12 key wood pieces and 
78 smaller wood pieces would be installed to create rearing and refuge habitat and encourage active 
channel processes, sediment aggradation, and accumulation of wood. Additional wood may be added 
for jam ballast/stability. Up to 130,000 square feet would be planted with native trees, shrubs, and 
forbs. Along the right bank, the farm access road would be moved landward (north) away from the 
creek, reshaping the bank to a stable slope angle (at least 2:1) and biostabilized using vegetation. A 
fence will be constructed to exclude cattle from the project area. (Figure 9) 
 

Alternative 2. Widened channel with large wood, planting, and tree islands 
(significant trees retained)  
Alternative 2 would widen the channel through the same area as Alternative 1, with one key difference. 
Significant trees would be retained, leaving “tree islands” as raised areas above ordinary high water 
(OHW). Up to 12 key wood pieces and 78 smaller wood pieces would be installed to create rearing and 
refuge habitat and encourage active channel processes, sediment aggradation, and accumulation of 
wood. Additional wood may be added for jam ballast/stability. Up to 58,000 square feet would be 
planted with native trees, shrubs, and forbs. Along the right bank, the farm access road would be moved 
landward (north) away from the creek, reshaping the bank to a stable slope angle (at least 2:1) and 
biostabilized using vegetation. A fence would be constructed to exclude cattle from the project area. 
(Figure 10) 

 

Alternative 3. Widened channel with large wood, planting, tree islands, and 
saturated groundwater zone (gravel supplementation)  
Alternative 3 would widen the channel through the same area as Alternative 2 (leaving significant trees 
on islands), with one key difference. The widened channel area would be overexcavated and 
supplemented with 515 cubic yards of washed stream gravel. The primary objective of gravel 

13 
 



MIDDLE BOISE CREEK VAN WIERINGEN ALTERNATIVES ANALYSIS JANUARY 31, 2017 

supplementation would be to avoid recruiting too much of the gravel moving downstream and 
therefore starving the system of gravel. Secondary objectives of gravel supplementation would be to 
enhance juvenile rearing habitat, aquatic food web processes (primary and secondary production), and 
hyporheic exchange. Up to 21 key wood pieces and 56 smaller wood pieces would be installed to create 
rearing and refuge habitat and encourage active channel processes, sediment aggradation, and 
accumulation of wood. Up to 9,000 native trees, shrubs, and wetland emergent plants would be planted 
throughout the project site. Along the right bank, the farm access road would be moved landward 
(north) away from the creek, reshaping the bank to a stable slope angle (at least 2:1) and biostabilized 
using vegetation. A fence would be constructed to exclude cattle from the project area. (Figure 10) 
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Figure 8. Alternative 1. 
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Figure 9. Alternative 2 

16 
 



MIDDLE BOISE CREEK VAN WIERINGEN ALTERNATIVES ANALYSIS JANUARY 31, 2017 

 

 
Figure 10. Alternative 3. 
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Alternative Analysis Methods 

Site Investigations/Existing Data Collection  

Wetland delineation 

In April 2015 KC WLRD biologists investigated a 3.8 acre project study area to identify streams and 
wetlands. The study area is a proposed conservation easement area located on the Van Wieringen farm 
within the Enumclaw Plateau Agricultural Production District (APD).  

Two wetlands were identified and delineated on the Van Wieringen property. Wetland B is a 0.3 acre, 
riverine wetland with forested, scrub-shrub and emergent habitats. Wetland C is a 0.23 acre riverine 
wetland with forested, scrub-shrub and emergent habitats. Both wetlands are Category II wetlands 
according to the 2004 Washington State Department of Ecology wetland rating system (Hruby 2004). 
One Type F stream, Boise Creek (Watershed Resource Inventory Area No. 10.0057) bisects the study 
area. Under the King County Shoreline Master Program this stream is designated as a Resource 
Shoreline.  

Groundwater monitoring 
Three groundwater monitoring wells were established within the project area. These will be periodically 
evaluated to ascertain the relationship between stream and groundwater. 

Geotechnical analysis  
Three test pits were excavated to a depth of 12-13 feet below the ground surface and 6-8 feet below the 
corresponding water surface elevation in Boise Creek. The test pits encountered silty sand with gravel 
attributed to lahars originating on Mt. Rainier overlying volcanic bedrock. Seepage was observed near 
the contact between mudflow and bedrock, and appeared to coincide with a less silty zone within the 
lahar. These findings indicate that the portion of the lahar exposed in the test pits below the Boise Creek 
water surface elevation may be suitable substrate for the proposed channel and floodplain and may not 
require substantial over-excavation and import of select gravel fill. These analyses were completed 
following the alternatives analysis, so the results below reflect an assumption that overexcavation and 
gravel supplementation would be needed to improve habitat deformability. 

Geomorphic Assessment 
A thorough geomorphic assessment of the project reach was completed for an upstream project 
(Middle Boise Evans) by Herrera Environmental Consultants, Inc. in 2011 (Herrera Environmental 
Consultants 2011). Key findings of that report and monitoring observations of the recently implemented 
Middle Boise Evans restoration project include: 

• The channel has been straightened and ditched decreasing channel length and floodplain 
connectivity to levels well below historic conditions, 
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• Channel plan form is generally straight and single threaded. Infrequent large wood 
accumulations and other hydraulic perturbations appear to drive local bank erosion and/or form 
small pool riffle sequences, but the channel is otherwise dominated by a plane bed. 

• Sediment transport capacity has increased as a result of channel changes with local constrictions 
at bridges and grade breaks controlling patterns of sediment distribution, 

• Bedload supply is moderate, likely less than originally thought, and potentially limiting to the 
rate of process based restoration. 

• Floodplain connectivity is very limited during all but large flood events except in very limited 
areas where inset floodplains have formed due to bank erosion or restoration actions. 

• Where excavation has increased conveyance area and local floodplain connectivity, the channel 
has responded in the short term by depositing bedload near the upstream end of the project 
site and branching or braiding. Over time, riparian plantings and recruited and accumulated 
large woody debris have an increasing effect on channel forming processes.  

Permitting and Stakeholder Consultation  
The project team coordinated with the Muckleshoot Indian Tribe Fisheries Division, the Puyallup Tribe of 
Indians Fisheries Division, the Washington Department of Fish and Wildlife, and the WRIA 10 Technical 
Advisory Group during grant application development and conceptual design. 

Alternative Scoring 

First Level Screening Criteria 
Potential project alternatives were scoped and screened for their ability to meet general criteria, 
including: 

• Increase in salmon rearing and refuge habitat and habitat-forming processes, 
• No increase in flood or erosion risk to upstream, downstream or adjacent properties,  
• Landowner willingness, tribal input, and technical advice from agencies and funders, and 
• Constructible in 2018 

Second Level Screening Criteria 
One no action alternative and three action alternatives were developed according to the first level 
screening criteria. These alternatives were then evaluated by developing second level screening criteria 
(or indicators), which were matched to project objectives (Table 1) to allow for evaluation of each 
project alternative. 
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Table 2. Project objectives and indicators for evaluation of project alternatives. 

Objective Indicator Max 
Score 

1 Provide increased channel capacity to accommodate 
lateral and margin habitat.  

Length of wetted edge 4 

Area of shallow slow water 
edge habitat 4 

2 Establish riverine flow-through wetlands. Area of riverine wetland 4 

3 
Establish persistent subsurface flow exchange and 
durable habitat features for egg, alevin and fry life 
stages within the project area. 

Gravel depth and extent 4 

4 Establish new and enhance existing vegetated riparian 
buffers. Native plant cover 4 

5 Increase residual depth of pools within the project 
area Residual depth 4 

6 
Establish large woody debris at sizes and quantities 
following analog design criteria that will be stable 
without ballasting. 

Volume and number of 
wood pieces 4 

7 Maintain or where technically feasible reduce existing 
levels of erosion risk and water quality degradation. 

Bank erosion and pollutant 
loading 4 

8 Reduce the need for long-term maintenance and 
adaptive management to the extent feasible. Maintenance costs 4 

9 
Maintain or improve agricultural productivity where 
proposed habitat improvements overlap with existing 
agricultural land.  

Farm access road moved 
away from eroding stream 
bank 

4 

10 

Encourage support for the project from local 
stakeholders, Tribes, and permit agencies by 
coordinating regular outreach efforts and project 
updates.  

Tribes and stakeholder 
preference 4 

11 
Implement a project compatible with future stream 

habitat enhancement projects upstream to 268th Ave 
SE and downstream to 252nd Ave SE. 

Geomorphic response 4 

  
TOTAL POSSIBLE POINTS: 48 
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Results 
Objective 1 - Provide increased channel capacity to accommodate lateral and margin habitat. 

Points were allocated based on increase in the total length of wetted edge and the total area of shallow 
slow water habitat. The length of wetted edge was projected to increase the most in Alternatives 2 and 3 
due to the tree islands, so these two alternatives were awarded the maximum (four) points. Because 
Alternative 1 included channel widening, the wetted edge would increase; this alternative was given two 
points. 

The area of shallow slow water was projected to be greatest with Alternative 3 due to habitat 
heterogeneity and deformability following gravel supplementation. The edge habitat around the tree 
islands would provide more shallow habitat than channel widening alone, so Alternative 2 was given 
three points and Alternative 1 was given two points. 

Objective 2 - Establish riverine flow-through wetlands. 

The action of breaching the side cast berm on the left (south) bank would convert the overbank area 
from a depressional wetland to riverine. Therefore the three action alternatives were each awarded 
three points. They were not given the maximum points because the area is intended to function more as 
active channel. 

Objective 3 - Establish persistent subsurface flow exchange and durable habitat features for egg, alevin 
and fry life stages within the project area. 

The no action alternative (Alternative 0) was given one point here because there is gravel in the channel 
that provides habitat for egg, alevin and fry salmonid life stages. Alternatives 1 and 2 were each 
allocated two points because some gravel is expected to deposit in the widened channel area. 
Alternative 3 was allocated the maximum points because gravel would be available through the entire 
widened channel area immediately following project construction. 

Objective 4 - Establish new and enhance existing vegetated riparian buffers. 

The no action alternative (Alternative 0) was given three points because the existing vegetation along 
the left bank would not be disturbed; however it was not allocated full points because the existing 
vegetation along the right bank is degraded. Alternatives 2 and 3 were allocated maximum points 
because they retain shade on the left bank and revegetate the right bank. Alternative 1 only received 
one point for the right bank revegetation. 

Objective 5 - Increase residual depth of pools within the project area. 

Alternative 3 was allocated the maximum points because overexcavation and gravel supplementation 
would increase the capacity for dynamic habitat processes including scour. Alternatives 1 and 2 received 
two points each - one point for increased habitat deformability with wood placement and future gravel 
recruitment, and one point for the retained ability for scour in the main channel. The no action 
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alternative received one point because there is at least one pool in the project area and the gravel bed 
allows for some (albeit small) amount of habitat-forming process. 

Objective 6 - Establish large woody debris at sizes and quantities following analog design criteria that will 
be stable without ballasting. 

All three action alternatives were allocated the maximum number of points because they all include the 
same amount of wood. 

Objective 7 - Maintain or where technically feasible reduce existing levels of erosion risk and water 
quality degradation. 

All three action alternatives were allocated the maximum number of points because they all stabilize the 
right bank and exclude cattle from the project area. 

Objective 8 - Reduce the need for long-term maintenance and adaptive management to the extent 
feasible. 

The maximum number of points were allocated to the no action alternative because no maintenance 
would be done by King County without a project in this location. Alternatives 2 and 3 were each 
allocated three points because the retained shade from the tree islands would help shade out invasive 
plants. Alternative 1 was allocated zero points because the open unvegetated area immediately 
following construction would be more likely to allow for growth of non-native vegetation. 

Objective 9 - Maintain or improve agricultural productivity where proposed habitat improvements 
overlap with existing agricultural land. 

The three action alternatives were each allocated three points because moving the farm access road 
away from the eroding stream bank helps prevent loss of farm field access due to road failure. 

Objective 10 - Encourage support for the project from local stakeholders, Tribes, and permit agencies by 
coordinating regular outreach efforts and project updates. 

Fisheries scientists from the Muckleshoot Indian Tribe, Puyallup Tribe of Indians and the Washington 
Department of Fish and Wildlife expressed the highest preference for Alternative 3 and the lowest 
preference for Alternative 1. However, they were all supportive of a restoration project occurring in this 
area as opposed to no action. 

Objective 11 - Implement a project compatible with future stream habitat enhancement projects 
upstream to 268th Ave SE and downstream to 252nd Ave SE. 

The maximum number of points was allocated to Alternative 3 because supplementing the project site 
with gravel would help prevent the site from becoming a sink by recruiting all gravel moving through the 
site, therefore starving Boise Creek downstream of gravel. In addition, if the constructed project is closer 
to equilibrium, the site could be a source for future downstream restoration projects.  
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Conclusions 

Rating of Project Alternatives 
Overall, Alternative 3 (Widened channel with tree islands and gravel supplementation) ranked the 
highest (45 points out of a maximum 48). In general, this is due to the increased ability for the site to 
exhibit dynamic habitat processes immediately following construction. This alternative is also the least 
likely to starve the system downstream of gravel. The addition of gravel is likely to increase the 
potential for habitat deformation (including turnover and pool scour) immediately after construction. 
Subsequent geotechnical investigations revealed that the scale of overexcavation and gravel 
supplementation originally conceived would not be necessary because the underlying soil layers have 
gravel and are expected to be deformable. Therefore, Alternative 3 has been revised to encourage 
natural gravel recruitment through wood placement and grading. **NOTE** We are still refining our 
geotechnical analysis to confirm that the underlying substrate is adequate to support juvenile 
salmonid habitat formation. If we find that the substrate is not, then we will add some gravel to the 
next design iteration. 

Future Considerations Related to the Selected Alternative 

Project design development  
The project site allows for widening the channel, which in turn allows for the placement of dense wood 
over a range of sizes (to provide varied hydraulic conditions), without increasing existing water surface 
elevations/ exacerbating flood conditions. The 2D model (described above) will be used to evaluate the 
extent of the widened channel as well as the roughening features (large wood) to review velocities and 
water depth that will guide the amount and location of large wood to ensure no adverse flooding 
affects. 

Additional analyses required to advance project  

Hydraulic modeling  
The existing Middle Boise Creek basin 2D model (described earlier) will be updated with recent 
bathymetry data to ensure no adverse flooding will occur from the preferred alternative. Also the 2D 
hydraulic parameter results (velocity and water depth) will be used to determine appropriate anchoring 
mechanisms to secure the wood within the project site. 

Cultural resources investigation  
Additional testing of cultural resources will be required in a portion of the project area. This work will be 
done under the guidance of the US Army Corps of Engineers through the Section 106 permit process. 

Cost considerations 
Alternative 3, as originally conceived with large-scale overexcavation and gravel supplementation, was 
significantly more expensive than Alternatives 1 and 2. Due to the results of the geotechnical analysis, 
the design team was able to scale back on these costly elements. The project design will still include 
some small-scale gravel supplementation to provide microhabitat for newly emerged salmonid fry. 
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However, the amount of gravel, as well as the amount of wood to a lesser extent, is a scalable project 
element and could be further scaled back if sufficient funds are not available.  

Risks and Constraints  
Project risks include: 

• Insufficient funding (due to possible future unfunded grant applications) to complete project.  
• The federal, state or local permitting processes cause schedule delays. 
• The project increases the risk or impact of beaver activity. 

Project constraints include: 
• In-water work window for construction. 
• Funding to construct the preferred alternative. 
• Grant timing. 

Permitting  
We assume 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. However, due to the presence of archaeological artifacts in the project site, the 
National Historic Preservation Act Section 106 review may lengthen the federal permitting process. 

The project will likely require the following permits or review processes: 

• Clean Water Act Section 404 
• National Historic Preservation Act Section 106 
• Endangered Species Act Section 7 
• Clean Water Act Section 401 Water Quality Certification 
• WA State Environmental Policy Act (SEPA) 
• Hydraulic Project Approval  
• Clearing and Grading Permit  
• Critical Areas Review 
• 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  

Summary  
Alternative 3 (Widened channel with tree islands and gravel supplementation) ranked the highest due to 
the increased ability for the site to exhibit dynamic habitat processes immediately following 
construction. Geotechnical analysis indicated that the underlying substrate may be suitable for the 
proposed channel and floodplain and may not require substantial over-excavation and import of select 
gravel fill. Supplementation with a small amount of gravel could enhance the site by providing 
microhabitat for newly emerged salmonid fry. 
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Appendix A. Preliminary Construction Cost Estimate 
Construction is estimated to cost $833,000, including staff time. The table below shows the 
preliminary engineer’s construction cost estimate. 

 

 

ITEM 
NO. ITEM DESCRIPTION QUANTITY UNIT UNIT PRICE TOTAL COST

GENERAL REQUIREMENTS
1 MOBILIZATION 1 LS 44,668.22$   44,668.22$    
2 TEMPORARY EROSION AND SEDIMENT CONTROL/TEMP ACCESS 1 LS 14,889.13$   14,889.13$    
3 SPILL PREVENTION, CONTROL AND  COUNTERMEASURES (SPCC) PLAN 1 LS 500.00$        500.00$          
4 SURVEY 1 LS 15,000.00$   15,000.00$    

EARTHWORK
5 CLEARING AND GRUBBING 1.50 ACRE 3,500.00$     5,250.00$      
6 EXCAVATION 10,700 CY 4.00$           42,800.00$    
7 FILL (RELOCATED FARM ROAD) 910 CY 7.00$           6,370.00$      
8 STREAMBED SEDIMENT 515 CY 40.00$          20,610.81$    
9 HAUL OFF-SITE + TIPPING 9,790 CY 20.00$          195,800.00$ 
10 CONIFER LOGS - 10' LONG 3 EA 300.00$        900.00$          
11 CONIFER LOGS - 18-20" DIA 39 EA 1,200.00$     46,800.00$    
12 LOGS SALVAGED FROM ONSITE 39 EA 550.00$        21,450.00$    

MISCELLANEOUS CONSTRUCTION
13 CATTLE FENCE - Type 2 Wire fence (4 wire) 850 LF 12.00$          10,200.00$    
14 LANDSCAPING 1 ACRE 30,000.00$   25,504.82$    

CONSTRUCTION SUBTOTAL $450,743
CONTINGENCY AT 30% $135,000

SALES TAX AT 8.6% $50,000
TOTAL $635,743

TOTAL W/ CM&I 115% $731,104
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