
SARACH CREEK – CONCEPT DESIGN REPORT   

AUGUST 2015 i 
 

Sarah Creek  

90% Design Report 

Lower Columbia Fish Recovery Board 

September 2015 

SUBMITTED TO 



 

 

Sarah Creek 

90% Design Report 
 

SUBMITTED TO 

Lower Columbia Fish Recovery Board 

2127 8th Ave  

Longview, WA 98632 

 

PREPARED BY 

Inter-Fluve, Inc. 

501 Portway Ave., Suite 101 

Hood River, OR 97031 

 

 

 

September 2015 

 

 



SARACH CREEK – 90% DESIGN REPORT 

SEPTEMBER 2015 i 

Table of Contents 
1. Introduction .................................................................................................................................................... 2 

1.1 Purpose ....................................................................................................................................................................... 2 

1.2 Introduction ............................................................................................................................................................. 2 

1.3 Project Area Description ..................................................................................................................................... 2 

1.4 Goals and Objectives ............................................................................................................................................. 3 

Regional Habitat Goals and Priorities ................................................................................................... 3 

Sarah Creek Reach 1A Goals ...................................................................................................................... 3 

Sarah Creek Reach 1A-A Passage Objectives ...................................................................................... 3 

90% Designs & the IMW Treatment Plan ............................................................................................ 3 

2. Site Conditions ............................................................................................................................................... 5 

2.1 Site Survey and Data Collection........................................................................................................................ 5 

Topographic Survey ....................................................................................................................................... 5 

2.2 Habitat Conditions ................................................................................................................................................. 5 

2.3 Channel Process and Planform ......................................................................................................................... 6 

2.4 Hydraulics ................................................................................................................................................................. 7 

Description and overview ............................................................................................................................ 7 

HEC-RAS Model ................................................................................................................................................ 7 

Hydraulic Results.......................................................................................................................................... 13 

3. Proposed Project Treatments ............................................................................................................... 15 

3.1 Project Treatment Descriptions ..................................................................................................................... 15 

3.2 90% Design Criteria ............................................................................................................................................ 15 

Geomorphology ............................................................................................................................................. 15 

Habitat .............................................................................................................................................................. 15 

Engineering ..................................................................................................................................................... 16 

Road Infrastructure .................................................................................................................................... 16 

Feasibility/Construction ........................................................................................................................... 16 

3.3 Description of Preliminary Design Restoration Treatment Options .............................................. 16 

3.4 Reach 1A-A: Step-Pool Design......................................................................................................................... 18 

3.5 Reach 1A-B: Roughened Channel and channel-spanning wood ....................................................... 21 

3.6 Reach 1A-C: Large Wood Enhancement ..................................................................................................... 24 

4. References ....................................................................................................................................................... 0 

Appendix A HEC-RAS Results .................................................................................................................. A-1 

Appendix B Engineer’s Opinion of Probable Cost .................................................................................. B-1 



SARACH CREEK – 90% DESIGN REPORT  

SEPTEMBER 2015 2 
 

1. Introduction 

1.1 PURPOSE 

This effort presents 90% designs for aquatic habitat restoration along Reach 1A of Sarah Creek (HDR 

2009), a tributary to Abernathy Creek in Cowlitz County, WA. This represents the third phase of a 

larger effort that previously included conceptual and preliminary project designs. While this 

outlines multiple restoration treatments, the majority of these can be split into phased restoration 

efforts for future work.  

 

The purpose of this project is to enhance habitat for ESA-listed coho salmon and target steelhead 

populations, and improve fish passage to Sarah Creek, above Sarah Creek Falls (near RM 0.05). 

Projects have been designed to be consistent with the Lower Columbia Salmon Recovery and Fish & 

Wildlife Sub-basin Plan and the LCFRB 6-Year Habitat Work Schedule. Enhancement of lower Sarah 

Creek was initially identified for restoration in the Abernathy and Germany Creeks Intensively 

Monitored Treatment Plan (2009). This was one of 60 potential projects identified and prioritized 

between the two basins. This design effort expanded the scope the project listed in the Treatment 

Plan (2009) to include the possibility of providing passage to and enhancing habitat in upper Sarah 

Creek (above the falls). The potential treatment areas identified in this report are located in sub-

reaches of Sarah Creek 1A, and are referred to as Reach 1A-A, Upper/Lower Reach 1A-B, and Reach 

1A-C. All projects are located within state-owned (WDNR) forest lands.  

1.2 INTRODUCTION  

Abernathy Creek is a third order, low elevation stream located in the Lower Columbia region, in the 

coast range of Washington. Abernathy Creek enters the Columbia River at river mile (RM) 54.2. 

Forestry (logging and road building) is the dominant land use in the Abernathy Creek watershed 

and nearly all of the timber in the basin has been harvested at some time in the past. 

The goal of the project is to improve fish passage around the waterfall on Sarah Creek and enhance 

the channel above the waterfall in order to increase access to and quality of spawning and rearing 

habitat for the target coho and steelhead populations in the basin.  

 

This report summarizes: 

 Goals and objectives 

 Site assessment 

 Description of project treatments 

 Opinions of probable cost 

 Hydraulic model results 

1.3 PROJECT AREA DESCRIPTION 

The project area extends from the confluence of Sarah Creek and Abernathy Creek upstream 

approximately 0.5 miles. The land within the project area is managed by the Washington State 

Department of Natural Resources (DNR). See the accompanying planset for a locator and overview 
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map. For a more detailed description of the Project Area, including geomorphic conditions, 

vegetation, and Habitat, see the Conceptual Design Report (Inter-Fluve 2015). 

1.4 GOALS AND OBJECTIVES 

 Regional Habitat Goals and Priorities 

The Intensely Monitored Watershed Treatment Plan (HDR 2009) identified a number of limiting 

factors to salmonid habitat in the Abernathy Creek watershed including:  

 Simplified channel conditions (lack of habitat diversity) 

 Lack of instream large wood  

 Low frequency of pool habitat  

 Disconnected off-channel habitat 

Actions recommended to alleviate these limiting factors include large wood placement and 

connection of off-channel habitat.  

 Sarah Creek Reach 1A Goals  

A site visit that included the project sponsor and landowner representatives (January 2015) 

identified the goals of the design are to:  

 Improve passage over the falls (at low flow), 

 Improve habitat upstream of the falls to provide quality spawning and rearing habitat to 

those fish that successfully pass  

 Sarah Creek Reach 1A-A Passage Objectives  

A site visit that included the project sponsor WDFW (July 2015) identified the following design 

objective: 

 Any passage improvements must have a maximum hydraulic drop of 0.8 feet  

 

 90% Designs & the IMW Treatment Plan  

The information presented in this design report deviates from the IMW treatment plan (HDR 2009) 

in two ways. These are detailed below, and justification for this deviation is described.  

 Sarah Creek Falls Height. The IMW Treatment plan describes Sarah Creek Falls as “5+ feet.” 

The treatment plan was developed based upon a visual geomorphic and habitat survey. 

Presumably, visual estimates of existing water surface at the time of the survey to the top of 

Sarah Creek falls would give a 5+ feet elevation estimation. The falls described in this report 

and in the accompanying planset is presented as 7-feet tall. This height is based upon 

survey-grade total station survey data, which measured from the base of the plunge pool up 

to the hydraulic grade control (top of the falls).   

 Design/Construction Costs. The project described in the treatment plan included 1,000 feet of 

LWD enhancement. While this project would have achieved localized habitat enhancement 

and may have promoted some additional passage over the falls, it would not have achieved 

the TOG’s primary goals (1.4.2) (particularly the low flow component) nor the WDFW 

design criteria (1.4.3). The project(s) proposed within this report achieves the TOG’s design 

goals, meets WDFW’s design criteria, and allows for the opportunity for work to be 
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completed in multiple phases.  However, due to the more complex nature of the design 

required to provide low flow passage and the extension of habitat enhancements up an 

additional 1,600 feet of channel, design and associated construction costs increased 

significantly. 
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2. Site Conditions 

2.1 SITE SURVEY AND DATA COLLECTION 

 Topographic Survey 

Topographic and bathymetric surveys of Sarah Creek were conducted on February 26 and March 9 

& 10, 2015. The area surveyed begins just downstream of the confluence of Sarah Creek with 

Abernathy Creek and stretches upstream along Sarah Creek approximately 0.2 miles (Reach 1A-A, 

Reach 1A-B). Additional cross-sections representative of the character of the stream were surveyed 

above this reach (Reach 1A-C). 

 

These surveys utilized a total station and RTK GPS to collect topographic data to support design and 

hydraulic analysis. Surveys focused on collecting cross-sections of the channel, channel longitudinal 

profile, and topographic features in areas of potential work. The survey data were combined with 

LiDAR data for overbank areas where detailed site-collected data were not required. The survey 

data and LiDAR data were combined to create the existing conditions surface (DTM) for hydraulics 

analysis and channel grading. It is anticipated that more detailed follow-up survey will be required 

in select locations as the designs are refined in subsequent design phases. 

2.2 HABITAT CONDITIONS 

HABITAT QUALITY  

The only habitat currently available to coho and steelhead in Sarah Creek is a 300-foot long, single 

threaded, continuous riffle with no habitat complexity. Immediately above the falls (RM 0.05), the 

single-threaded, bedrock stretch continues to Station 10+00 (currently a channel-spanning log drop). 

Above this point, the gradient moderates to 2% grade and the habitat becomes characteristically 

more complex, consisting of split-flow conditions, point- and mid-channel bars, large wood 

accumulations, and pools.  

MODELED FLOWS 

Flows chosen for the hydraulic model coincide with upstream migration of adult steelhead and coho 

in January and October, respectively, and the downstream migration of steelhead and coho smolts in 

May. Modeling high flows during upstream migration in January and low flows in October shows 

how proposed restoration actions impact adult steelhead and coho passage over Sarah Creek falls. 

Analysis of water velocities at high January flows also shows how restoration affects water velocities 

that can lead to juvenile mortality.  

FISH PASSAGE 

Design criteria for each reach were developed in part by various hydraulic factors which effect fish 

passage through the channel. The hydraulic swimming range of target species depends on several 

factors such as health of the fish, developmental phase of the fish (juvenile/adult), and species type. 

According to a study conducted by Powers et al, 1985, adult Steelhead are generally stronger 
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swimmers and can sustain a prolonged upstream swim in water velocities ranging from 4.6-13.7 fps, 

while for Coho this range is 3.4-10.6 feet per second (fps). It further discusses the importance of not 

only water velocities for passage, but also holding water. Additional studies in California on these 

same species shed some light on the discussion of juvenile passage. Table 1 table is included below 

showing findings on time to exhaustion, swimming speeds, bursting speeds, and minimum water 

depth. 

Table 1 Minimum water depth requirements and swimming and leaping ability (from Powers et al., 1985) 

 
By studying the existing conditions of each project reach, it can be observed that much of Sarah 

Creek proves difficult for passage, and cause added stress to adults and juveniles alike. Reach 1A-A, 

1A-B, and 1A-C contain very few stretches for the 2-year event which drop below 6 fps. The plunge 

pool at the base of the falls seems to be one of the few holding areas in the existing channel, and 

there are sections of velocities well outside of the juvenile bursting swim speeds.  Specific changes to 

the channel in the proposed conditions will address these issues with regards to passage and refuge 

in later sections of the report.  

2.3 CHANNEL PROCESS AND PLANFORM 

Throughout the study reach, Sarah Creek varies in bed morphology and planform. Near the 

upstream end (Reach 1A-C), the channel meanders, but the downstream channel (Reach 1A-A, 

Reach 1A-B) is a long, straight confined section. Through the study area, the channel has a gradient 

of 2 to 3%. Bed morphology is a mix of bedrock confined long riffle sequences (downstream extent 

of the site), and shorter riffle-pool sequences at the upstream end of the site. Substrate ranges from 

sands to cobble and bedrock outcrops, with bedrock dominating the composition of the channel bed.  

Based upon field observation and desktop analysis, the study area (Sarah Creek Reach 1A (HDR)) 

was divided into three subreaches. Subreaches were divided based on geomorphic features such as 

valley width, underlying geology, bed morphology, and planform. The following subreaches 

(hereafter referred to as ‘reaches’) have been identified:  

 

 Reach 1A-A – Below falls 

 Reach 1A-B - Upper/Lower – Falls to log drop 

 Reach 1A-C – Log drop to flow split 
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2.4 HYDRAULICS 

 Description and overview 

Hydraulic modeling for preliminary design included evaluating existing and proposed conditions. 

Hydraulic conditions along Sarah Creek were analyzed using the U.S. Army Corps of Engineers 

Hydraulic Engineering Center River Analysis System (HEC-RAS 4.1.0).  HEC-RAS is industry 

standard one-dimensional hydraulic modeling software that was used to perform hydraulic 

computations including estimates of water surface elevations, lateral inundation extent at a cross-

section, velocity, and shear stress for discharge values ranging from January to May fish passage 

flows. An existing conditions model was developed for Sarah Creek and used to identify viable 

design options. A proposed conditions model was also developed in order to make a comparison of 

pre- and post-project hydraulic conditions.   

 HEC-RAS Model 

RIVER GEOMETRY 

Existing conditions model geometry was developed using topographic and bathymetry data 

obtained through surveys completed in February and March of 2015 (Section 2.1). Hydraulic cross-

sections were surveyed perpendicular to the primary flow vector across hydraulic controls such as 

riffle crests and the waterfall. In Reach 1A-C, select cross-sections were collected in representative 

locations. Survey data was also collected along the thalweg profile. Out of channel data was 

collected as lines of points along major slope breaks, or as gridded points covering larger areas of 

ground. Survey data was supplemented with LiDAR (2005) data (PSLC 2005) in select locations The 

LiDAR and survey data were post-processed with AutoCAD software in order to create a 3-

dimensional surface of site topography as the basis for the HEC-RAS River geometry. The model 

was ultimately comprised of three reaches and one junction: One reach for Abernathy upstream of 

the junction, one reach for Abernathy downstream of the junction, and one reach for Sarah Creek.  

Existing conditions model geometry is presented in Figure 1. 

 

Proposed model geometry was developed by making adjustments to the existing geometry model. 

These adjustments included station and elevation data for each of the design components, including 

the step-pools, roughened channel, and channel-spanning wood. Additional cross-sections were 

created by interpolation. Proposed conditions model geometry is presented in Appendix A.  
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MANNING’S ROUGHNESS COEFFICIENTS AND BOUNDARY CONDITIONS  

Stream roughness was determined for each cross-section based on several contributing factors 

including the shape of the channel and degree meander, obstructions within the channel, the type 

and size of bed material, and vegetation (Arcement Jr. and Schneider, USGS. 1989). Modeled 

roughness coefficient values were verified from surveyed reaches where the manning’s n was back-

calculated (Hicks and Mason, 1991). Modeled values are displayed in  

Table 2.  

Table 2: Manning values for HEC-RAS modeling  

Modeled feature Manning’s Value 

Left bank floodplain 0.11 

In-channel 0.045 

Right bank floodplain 0.11 

 

In the proposed conditions model, Manning’s ‘n’ values increased for all reaches of Sarah Creek. This 

is due to the addition of wood, plunge pools and rock steps. Additionally, blasting/hammering in 

the roughened channel will create greater surface texture and sinuosity. Proposed conditions 

manning’s roughness coefficients are displayed in Table 3.  

Table 3 Manning values for proposed conditions HEC-RAS modeling 

Modeled feature Manning’s Value 

Left bank floodplain 0.11 

In-channel (roughened channel) 0.065 

In-channel (step-pools) 0.047 

Right bank floodplain 0.11 
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Figure 1 HEC-RAS model geometry for Sarah Creek Peak Flow 
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PEAK FLOW ANALYSIS  

A hydrologic analysis of both Abernathy Creek and Sarah Creek was conducted in order to estimate 

the magnitude of peak flow events for several standard recurrence intervals (2-, 10-, 25-, 50-, and 

100-year). A standard method of peak flow estimation for a range of recurrence intervals is a Log-

Pearson Type III regression of long-term annual peak flow records, often available from the USGS.  

Neither Abernathy Creek nor Sarah Creek have a long-term peak flow measurement record.  

Consequently, two alternative methods of peak flow analysis were compared in order to provide 

multiple lines of evidence to support peak flow estimates on these rivers.   

 

The first method used was regional regression curves that estimate stream discharge for several 

recurrence intervals based on multiple basin characteristics.  The USGS StreamStats web interface 

was utilized to determine basin characteristics and compute the regression curves.  Using the 

StreamStats program, a downstream flow point was located at 1) Sarah Creek immediately upstream 

of the Abernathy-Sarah Creek confluence, 2) on Abernathy Creek upstream of the Abernathy-Sarah 

Creek confluence, and 3) on Abernathy downstream of the Abernathy-Sarah Creek confluence so 

that peak flow estimates could be generated for several recurrence intervals. A summary of findings 

is presented in Table 4 below. 

Table 4 USGS StreamStats Regional Regression calculations 

Basin Delineation 

Location 

Basin 

Area 

(miles2) 

2-year 

(Ft3/s) 

10-year 

(Ft3/s) 

25-year 

(Ft3/s) 

50-year 

(Ft3/s) 

100-year 

(Ft3/s) 

1. Sarah Creek, 

immediately upstream 

of confluence 

2.45 180 

 

320 395 458 519 

2. Abernathy, Upstream 

of Confluence 

5.19 348 617 761 882 999 

3. Abernathy, 

Downstream of 

Confluence 

7.66 

 

489 866 1070 1240 1400 

 

A second method, a discharge per unit area method, involved a comparative-scaling analysis across 

nearby basins to calculate recurrence interval flows. This method was used for Abernathy Creek 

only. As part of this analysis, several regional river systems were chosen. These rivers were all 

similar to Abernathy Creek in terms of geographical location and climatic characteristics, and each 

provided a long-term record of annual peak discharge.  Peak flow records for these rivers were 

analyzed with a Log-Pearson Type-III regression to yield estimates of discharge at several 

recurrence intervals.  These discharge values were normalized by the basin area contributing to flow 

at each gage resulting in values of ft3/s per mi2 (Q/A) for each recurrence interval. To estimate 
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discharge values for selected recurrence intervals on Abernathy Creek, the normalized discharge 

values for each recurrence interval were multiplied by the contributing drainage area at the basins 

for two of the three locations used in the StreamStats analysis (Sarah Creek flows were determined 

separately).  At all sites, for all recurrence intervals, this method provided higher estimates of flow 

than the regional regression method. 

 

Peak discharge values for HEC-RAS hydraulic modeling were ultimately produced using the 

discharge per unit drainage area method.  The normalized discharge values for the South Fork of the 

Chehalis River near Wildwood (Gage #102020800) were used to estimate peak discharges for 

Abernathy Creek.  Though the record at this gage is short (13 observations), the drainage is very 

similar to Abernathy Creek in geographic placement and hydrologic patterns.  Both drainages are 

oriented longitudinally, and share a drainage divide at their respective headwaters.  An extremely 

high flow event that occurred in January of 2009 was taken out of the peak flow record for the South 

Fork Chehalis record prior to analysis.  This event was 78% larger than the next highest event on the 

record and would have skewed the analysis of such a short peak flow record.  The gage on the 

Chehalis River at Doty (12020000) also records this event.  The record at the Doty gage extends back 

70 years and the January 2009 event is 130% larger than the previous highest recorded discharge on 

that gage indicating that the high flow event was out of the ordinary and supports the choice to 

remove the event from a short record.  A summary of flow values is presented in Table 5 below. 

Table 5 Modeled Flow Values 

Location Basin Area 

(Miles2) 

2-year 

(Ft3/s) 

10-year 

(Ft3/s) 

25-year 

(Ft3/s) 

50-year 

(Ft3/s) 

100-year 

(Ft3/s) 

Abernathy, 

Upstream of 

Confluence 

5.2 620 1128 1401 1609 1824 

Abernathy, 

Downstream of 

Confluence 

7.7 915 1665 2067 2375 2691 

Abernathy, 

Entire Basin 

28.6 3418 6217 7719 8867 10049 

 

FISH PASSAGE FLOWS 

Suitable upstream passage design flows for juvenile fish in Sarah Creek were calculated using 

regional regression equations for un-gaged catchments. The method was adapted from a fish-

passage flow calculation developed by the Washington Department of Fish and Wildlife (Powers 

and Saunders 1998).  This methodology allows for calculation of passage flows for the months of 
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January and May. These months coincide with upstream migration of adult steelhead in January, 

and the downstream migration of steelhead and coho smolts in May. The equation, based on 

hydrologic correlations and gauge data for lowland streams less than 1000 feet in elevation, is: 

 

Equation 1: Qfp = aAbPc 

Where: 

    Qfp = fish passage design flow, cubic feet per second. 

    a, b, c = regional and seasonal constant coefficients  

    P = mean annual precipitation, in inches 

   A = area, in square miles 

 

Final fish passage design flow values are presented in Table 6. 

Table 6 Calculated fish passage design flow values. 

Month Sarah Creek (Ft3/s) Abernathy, Upstream of 

Confluence (Ft3/s) 

Abernathy, Downstream 

of Confluence (Ft3/s) 

January 36.5 77.6 114.1 

May 7.2 15.2 22.4 

 

In addition to May and January, October flows were also modeled, to provide representative 

conditions during adult coho migration (NWPC 2004, Kinsel et al. 2009). Because the Powers and 

Sanders methodology is not applicable to October, an alternative methodology was required. Here, 

the discharge per unit area method was again applied. Discharge data represents a six year average 

from a Washington Department of Ecology gauge at the mouth of Abernathy Creek. Because these 

flows are provided at the mouth, area scaling factors were applied in order to acquire the 

appropriate values for the reaches represented in the HEC-RAS model. Table 7 shows these flow 

values for their corresponding location. Only the October values are considered for design flows 

here, since May and January flows have been estimated using the methods developed by Powers 

and Saunders. They are included in the table for a comparative reference only. 

Table 7 Modeled fish flows for October, with May/January values based on proportional basin area calculation. *Flows 
provided here for comparison purposes to Powers and Sanders Method.  

Month Abernathy, at 

outlet (Ft3/s) 

Abernathy, 

Upstream of 

Confluence (Ft3/s) 

Abernathy, 

Downstream of 

Confluence (Ft3/s) 

Sarah Creek 

(Ft3/s) 

January* 172 31.3 46.1 14.8 

May* 64 11.7 17.2 5.5 

October 37 6.7 9.9 3.2 
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 Hydraulic Results 

Sarah Creek model results are shown below for the Existing Conditions model. Comprehensive 

output tables can be viewed in Appendix A of this report.  Reach 1A-A contains shear stress values 

at the location of the falls which is well above 20 lb./Ft2. Reach 1A-A velocity values exceed 15 Ft/s at 

the location of the falls. Elevated values for shear and velocity correspond to reach 1A-B, the 

straight, bedrock reach upstream of the falls. Model output values for shear and velocity are 

substantially lower in Reach 1A-C, the upstream, meandering reach. Water surface elevations, shear 

stress, and velocities are presented below in Figure 2, Figure 3, Figure 4. Detailed output of the 

existing and proposed model results can be viewed in Appendix A.   

 

 

Figure 2: Sarah Creek Channel Bed Profile and Water Surface Elevations 

0 500 1000 1500 2000 2500
680

690

700

710

720

730

740

750

760

Main Channel Distance (ft)

W
.S

. 
E

le
v 

(f
t)

Legend

W.S. Elev 100-year

W.S. Elev 50-year

W.S. Elev 25-year

W.S. Elev 10-year

W.S. Elev 2-year

W.S. Elev 1.5-year

W.S. Elev Jan FP

W.S. Elev May FP

W.S. Elev October FP

sarah Sarah Creek



SARAH CREEK – 90% DESIGN REPORT 

 

SEPTEMBER 2015 14 

 

Figure 3 Sarah Creek Shear Stress Profile 

 

 

Figure 4: Sarah Creek Velocity Profile 
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3. Proposed Project Treatments 

3.1 PROJECT TREATMENT DESCRIPTIONS 

The restoration treatments included in this 90% design have been developed based upon 1) regional 

and site-specific goals, 2) additional information obtained from site surveys and hydraulics analysis, 

3) draft design criteria, 4) coordination and communication with the project sponsor, technical 

oversight group (TOG), and landowner representatives, and 5) coordination with WDFW 

representatives. There are four preliminary design treatments within Sarah Creek. Subreach 1A-A 

and 1A-C each have one treatment identified, while Subreach 1A-B has two treatments (Lower 1A-B, 

Upper 1A-B) (see accompanying planset). These designs were formulated within the framework of 

known constraints (biophysical, permitting, constructability) and reasonably foreseeable projected 

changes to the site. Each restoration treatment will be completed in tandem with riparian 

revegetation to promote the long-term recovery of the riparian community and large wood delivery 

processes. During the preliminary design phase, proposed grade, habitat type, and channel 

complexity were the primary design elements considered. Specific assumptions were made 

regarding channel dimensions, large wood sizes, and access; these are described below or are 

represented in the planset. Revegetation plans and specifications will be developed once a 

treatment(s) is selected. Preliminary design criteria are described below, followed by treatment 

options.  

3.2 90% DESIGN CRITERIA 

The following design criteria have been developed to guide the 90% design process and to ensure 

that project objectives are achieved and project constraints are understood and explicitly addressed. 

Draft design criteria are provided below within five sections: Geomorphology, Habitat, Engineering, 

Road Infrastructure, and Feasibility/Construction. These design criteria may be revised once a 

project sponsor is selected and with subsequent coordination with DNR.  

 Geomorphology  

Design projects that will enhance habitat features in a way that will be geomorphically sustainable 

given the current and reasonably foreseeable sediment, landuse, large wood regime, considering 

geomorphic parameters such as: 

 Changes in planform and cross-sectional geometry 

 Changes in bed elevation  

 Projected changes in hydrology (e.g. increasing intensity of storm events) 

 Design projects that promote structure and complexity  

 Utilize and promote geomorphic function to sustain habitat features  

 Mimic natural large wood recruitment and retention processes to increase cover and 

roughness 

 Habitat 

Design projects to enhance steelhead and coho salmon: 
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 Placement of large woody material to provide cover and complexity based on Large wood 

reference streams in Western Washington showing an average of 270 pieces of wood per 

mile (greater than 10cm in midpoint diameter and 2 meters in length) including 8 “key” 

pieces of wood per mile (key defined as functioning, stable pieces for this particular stream).  

(Fox and Bolton 2007) 

 Address passage barriers to increase access to upstream higher quality habitat 

 Increase frequency and quality of pool habitat 

 

Design projects to promote desired in-channel geomorphic processes and resulting habitat: 

 Capture and retention of spawning gravels 

 Large wood recruitment and retention 

 Bed aggradation  

 

Design projects to provide immediate and direct benefits to target fish species: 

 Passage over Sarah Creek Falls with a maximum Hydraulic Drop of 0.8 feet (WDFW) 

 Cover 

 Channel complexity 

 Velocity refuge 

 Increased food sources  

 Engineering  

Design projects with desired and landowner required levels of stability: 

 Step-pool conveyance (capacity 2-year flood) 

 Step-pool rock size stability (TBD) 

 Large wood stability (TBD) 

 Road Infrastructure   

 Design projects which do not adversely impact DNR road E-4710 

 Deter vehicle access down temporary access roads upon construction completion  

 Feasibility/Construction  

 Minimize impacts to target species during the construction process 

 Minimize impacts to intact habitat and vegetation  

 Utilize onsite resources where feasible (e.g. trees, boulders) 

 Consider proximity to access routes and utilize existing access where possible 

 Consider phased construction, if relevant 

3.3 DESCRIPTION OF PRELIMINARY DESIGN RESTORATION TREATMENT OPTIONS  

Four restoration treatment elements were identified and evaluated for each of the reaches. These 

include Reach 1A-A, Lower Reach 1A-B, Upper Reach 1A-B, and Reach 1A-C. Although these 

actions are framed as separate areas, they are not necessarily mutually exclusive, and combinations 

of the restoration treatments could be constructed along Sarah Creek in multiple phases. The only 
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exception to this being the treatments identified for Reach 1A-A and Lower 1A-B must be 

constructed in tandem in order to achieve fish passage goals.   

 

Treatments were developed based on site investigations and analyses conducted as part of this 

effort. In addition, an engineer’s preliminary opinion of probable cost is included for each treatment. 

These costs are intended to provide planning-level cost opinions to gauge the effort and scope of 

each project. Specific goals and objectives may be prioritized over others as part of a larger 

discussion on balancing feasible cost and performance of the project. Further, certain design 

treatments may be scaled or transitioned to future phases of work by the selected project sponsor. 

The individual design components discussed in the following sections include a description, 

anticipated benefits, hydraulic model results, as well as construction considerations.  

 

Each restoration treatment selected will be completed in tandem with riparian revegetation to 

promote the long-term recovery of the riparian community and large wood delivery process. During 

the preliminary phase, proposed grade (specifically WDFW’s maximum hydraulic drop of 0.8 feet), 

habitat type, and channel complexity were the primary design elements considered. Specific 

assumptions were made regarding channel dimensions, large wood sizes, and access; these are 

described below. Depending upon selection of a preferred treatment(s), proposed conditions may be 

modeled as part of subsequent design efforts. 

 

In summary, the proposed components of each project reach include a step-pool design for Reach 

1A-A, a roughened channel design for lower Reach 1A-B, and placement of channel-spanning wood 

along upper Reach 1A-B, and large wood enhancement for Reach 1A-C. The step-pool structure 

(Reach 1A-A) will achieve a stable condition for juveniles to advance upstream to the existing 

plunge pool at the base of the falls. The roughened channel (Lower Reach 1A-B) will be constructed 

atop a portion of blasted/hammered bedrock down to an elevation which will meet the grade for 

juvenile passage, in addition to the placement of an interlocked large wood placements which 

intended to slow velocities for continued passage and refuge. Upper Reach 1A-B will include the 

addition of channel-spanning wood backfilled with small alluvium in order to create backwatered 

pools, which will facilitate the retention of sediments in an otherwise bedrock channel devoid of 

hydraulic complexity or holding regions. Lastly, Reach 1A-C will include the addition of large wood 

for complexity and cover. Each of these treatments are described in more detail in subsequent 

sections.  
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3.4 REACH 1A-A: STEP-POOL DESIGN 

DESCRIPTION  

This treatment involves the construction of a step-pool channel morphology through Reach 1A-A. 

The step and scour pool sequences were designed primarily to provide stable step-pools, that in 

tandem with the proposed roughened channel (Lower Reach 1A-B), will provide juvenile passage 

over the existing Sarah Creek Falls.  

 

The proposed step-pool sequencing will begin at station 0+83.7, and end at Station 2+66.9. The step-

pools were designed to gradually raise the water surface elevation with each step and backwater the 

existing plunge pool at the base of the falls to shorten the jump height. Steps and associated pools 

will span the channel length and will be constructed from a combination of alluvial boulders and 

cobbles, with additions wood on the upstream end. Angular rock derived from the excavation in 

Lower Reach 1A-B and alluvium will be placed along the upstream end of steps and “washed in” to 

fill pore spaces. Following construction, flow will spill over the steps into the downstream pool, 

which effectively dissipates energy, while maintaining a drop height conducive to juvenile passage. 

Step drop height fits the specific WDFW design criteria for passing target juvenile fish species, 

which is a maximum hydraulic drop of 0.8 feet.  

 

Step-pool length frequency, scour depth, and step width were determined using methods developed 

by Chartrand et al, 2011. These methods have built upon much of what is currently understood to be 

true of step-pools and have identified new scaling relationships based on observations of a large 

number of natural and constructed step-pools.  This design first considered the geomorphic 

character of Sarah Creek in order to convey channel-forming flow (here assumed to be the 2-year 

event (Chartrand et al. 2011)) within the dimensions of the steps and pools. An active channel width 

of 22 feet was observed near the falls and is used as the minimum channel spanning width of each 

step in designs. A 2.7 minimum pool depth is anticipated for each pool as a sufficient jumping 

height, as well as a reasonable depth for passing the desired 2-year flow event. A 4% slope was the 

selected grade for which we could tie into the existing bed slope fairly seamlessly, while achieving 

the desired drop over a reasonably efficient distance leading up to the falls.  

 

Following multiple design iterations, it was determined that constructing steps up to the plunge 

pool and backwatering the falls, and then constructing a roughened channel above the falls was the 

most cost-effective, hydraulically stable method of achieving fish passage to Upper Sarah Creek.  

 

By relating the 4% slope, width, step drop height, and pool depth, calculations based upon observed 

step-pool relationships described by Chartrand et al, 2011 were used to determine pool spacing. 

Among a range of stable outcomes for spacing, a value of a wavelength of 25 feet was chosen 

between the central tendency and the upper 95% confidence interval. The final step height of 3.5 feet 

meets practicality demands related to construction, step nucleus boulder sizing, and the fish passage 

criteria which has been established. See Figure 5 for the step-pool configuration: 
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Figure 5 Step-pool configurations developed by Chartrand et al. 2011 

A rounded gravel stone mix has been sized (see accompanying specifications) to be imported to 

provide desired flood event stability appropriate for watershed flood hydrology, mixed with 3-foot 

diameter boulders. A range of smaller sized stone and fines, including material generated from 

excavation of lower Reach 1A-B, will be integrated into the specified mix to limit porosity and 

permeability to prevent low flows from going subsurface. Steps construction will continue outwards 

from the active channel into the floodplain until steps can be keyed into bedrock or a 3+ foot 

diameter boulder.  

 

In addition to the construction of steps, large wood will be placed along the alignment to increase 

habitat diversity and provide cover for fish. Proposed large wood enhancements are designed to 

provide features consistent with natural processes of large wood recruitment within the both the 

floodplain and the channel. Large wood enhancements will include complexes ranging from one to 

seven pieces. Currently 37 “key” pieces of large wood are proposed for this 183-foot reach, which 

greatly exceeds the design criteria of multiple agencies in terms of density for the width of Sarah 

Creek (Fox and Bolton 2007). The >.5 pieces per channel width criteria set for rivers in Western 

Washington with a bank full width between 10-20 meters, would be the equivalent of about nine 

wood pieces for this reach (Washington Forest Practices Board). Additional criteria require 80 “key” 

pieces of wood per mile (United States Forest Service), or 20 pieces per 100 meters of stream (Oregon 

Watershed Enhancement Board). The final number of large wood pieces can be scaled depending 

upon available material and budget. Ballasting requirements will be determined with project 

partners, but may include partial burial, fully threaded rod connections (log to log, log to bedrock), 

and pinning to existing trees. Salvaged trees and slash shall be incorporated and reused in the 

habitat structures. Log placements will be configured in the field to optimize habitat.  
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ANTICIPATED BENEFITS  

The constructed steps would 

raise the bed and associated 

water surface elevations in a 

step-wise fashion to create 

passage for salmonids above the 

falls at flows ranging from low 

October flows to approximately 

the 2-year flood event. The 

juvenile swimming sustained 

speeds and burst speeds suggest 

that water velocities in the 

proposed condition will provide 

adequate holding and resting 

areas during flood flows for 

refuge. These fish will be able to 

linger in localized low velocity 

zones until streams return to 

base flows, so they may 

opportunistically progress 

upstream. Sequential pools have 

been designed to have adequate 

depth for jump take off. 

Ancillary benefits to this profile 

alteration will include increase of 

pool area by approximately nine 

times what currently exists. 

Large wood habitat 

enhancements will provide 

velocity refuge and create 

spawning and juvenile rearing 

areas for target Coho salmon and steelhead. Additionally, step-pools were designed to create lower 

velocity holding areas for fish during passage within these backwatered pools, and provide refuge 

from floodwater conditions in Abernathy creek. Furthermore, the sediments building in these pools 

will increase the spawning potential along this channel segment. Large wood additions will provide 

cover and rearing habitat at a variety of river stages for juvenile salmonids, and floodplain logs 

specifically serve to slow overbank flows during winter flood events. 

 

 

 

Figure 6 Analog for roughened constructed step-pool morphology 
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DESIGN CONSIDERATIONS 

These pools will be constructed out of the existing bedrock likely using hammering or precision 

dynamite methods. Recent contact with a blasting company has deemed this method feasible for the 

design, though somewhat costly, ranging from $90-$120 per cubic yard (CY) for blasting costs alone. 

Hammering is likely a cheaper alternative to blasting, though this option has not yet been explored 

further for costs and feasibility. Once the pools have been carved out of the bedrock along this 180 

foot stretch of stream, the steps will need to be constructed and tied into the left and right banks. 

Rock sizing analysis was done separately, and considered velocities, hydrodynamic lift and buoyant 

forces of the 100-year flood event. Step rocks will be approximately 3 feet in diameter in order to 

achieve stability and desired drop. 

 

Of importance to step-pool design is the stability of the DNR road. While determining the exact 

location and depth of bedrock and its proximity to the road is outside the scope of this effort, 

allowances for additional large armoring material to be placed along the constructed right bank will 

be made within the construction budget. If, as construction begins, bedrock is not found along the 

right bank, large material (design flow TBD determined by DNR) can be placed along the right bank.  

Step-pool design balanced the WDFW permitted hydraulic drop (0.8 feet) with appropriate energy 

dissipation, adequate pool depth (1.0 to 1.5 times the associated jump height), and rock sizing for 

steps. Following multiple design iterations, it was determined that backwatering, rather than filling 

the plunge pool at the base of the falls was most cost effective because it meant bringing in less fill 

material for the steps and channel bottom. Leaving the existing pool also allows space for natural 

energy dissipation, creating a more stable hydraulic upstream condition prior to the step-pools. It is 

anticipated that the pools will gradually accumulate alluvial material at low velocity zones, and each 

pool will contain both a deeper scour region likely in the center third of the channel, as well as 

shallower depositional regions. This channel trajectory will provide added benefit and will not 

negatively impact the proposed condition. 

OPINION OF PROBABLE COST 

Costs associated with construction, permitting, and design services for both Reach 1A-A and Reach 

1A-B (as these would need to be constructed in tandem to achieve passage goals) are estimated 

near $428,600. Of note, this opinion assumes boulders are not needed for large wood ballast. This 

opinion also assumes the conservative end of the blasting spectrum at $120 cy (hammering may be a 

feasible, more affordable alternative). Lastly, this opinion assumes water would need to be diverted 

around the work area. 

3.5 REACH 1A-B: ROUGHENED CHANNEL AND CHANNEL-SPANNING WOOD 

DESCRIPTION 

Currently, bed morphology through Reach 1A-B is essentially one long fast water complex that 

alternates between steeper and more moderate gradient riffles. Velocities range from 1.5 cfs during 

October low flows, to greater than 12-20 cfs during higher winter flows.  A roughened channel is 
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proposed for Sarah Creek from Station 2+88.33 to Station 4+70.64 (Lower Reach 1A-B), followed by a 

series of channel-spanning wood steps from Station 4+70.64 to Station 9+45.00 (Upper Reach 1A-B). 

These are each described in more detail below.  

LOWER REACH 1A-B 

The section of roughened channel is designed to achieve a passable gradient (including achieving 

the WDFW 0.8 maximum allowable hydraulic drop) and to lower velocities from the falls upstream 

to Reach 1A-B. The downstream end of the roughened channel will connect to the backwatered pool 

created by the step-pool sequence at Station 2+88.33. From the backwater pool, the channel will be 

constructed at a 6% slope until it ties into existing grade. The roughened channel is also intended to 

increase habitat and pool frequency, and decrease cost, in comparison with continuing step-pool 

construction, which would involve blasting/hammering and subsequent step-pool construction. 

Bedrock removal and associated roughened channel construction will allow for flexibility during 

construction, as irregularities will provide increased complexity and roughness along the roughened 

channel. Additionally, a network of triangularly latticed wood will be placed along the roughened 

channel to increase roughness, slow velocities for fish resting area, and collect more bed material 

over time.   

UPPER REACH 1A-B 

The channel-spanning wood portion of Reach 1A-B begins where the proposed roughened channel 

meets the existing grade at Station 470+64. This wood will be installed perpendicular to flow and 

buried back into the banks for 8 feet and/or until bedrock is met. Logs will then be bolted to bedrock 

and/or boulders, and then backfilled with approximately 1.5 cubic yards of alluvium per log. 

Alluvial material will be placed on the upstream end such that water will cascade over top of the 

log. The intent with the channel-spanning wood is to create a backwatered pool on the upstream end 

of each log for a more gradual drop in grade, similar to channel-spanning logs currently seen on 

Sarah Creek (Figure 7). Logs will be oriented at an angle to flow to create low-flow pathways for fish 

passage. This, along with an increase in pool area, will meet juvenile passage criteria, and provide 

some slowing of flows through this corridor. There are a proposed 33 logs to be placed in this 

section, which comprise 17 channel spanning logs and jams along the length of the stream. This 

number exceeds the specified amount of wood per length and volume according to Fox and Bolton 

for Reach 1A-B. 



SARAH CREEK – 90% DESIGN REPORT 

 

SEPTEMBER 2015 23 

 

 

Figure 7: Example of Channel-Spanning wood, already existing in the upper reach of Sarah Creek 

ANTICIPATED BENEFITS 

Similar to Reach 1A-A, the profile adjustment of Sarah Creek through Reach 1A-B is expected to 

provide fish passage above the falls at a range of flows, including as low as October low flows. 

Passage is improved by creating a more gradual slope in the overall grade in order to meet the 

vertical drop to the required 0.8 feet at the plunge pool, moving in the upstream direction. Large 

wood habitat enhancements will provide velocity refuge and create spawning and juvenile rearing 

areas for ESA-listed coho salmon and target steelhead population at a variety of river stages. The 

jams will create lateral and vertical obstructions which will encourage the river to backwater at flood 

stage behind the jams.  This would enhance channel gravel retention, capture of additional woody 

material and complex fish habitat. Channel-spanning logs will increase pool area and are intended 

to promote bed aggradation as is seen in other areas with channel-spanning logs within Sarah Creek.  

DESIGN CONSIDERATIONS  

The roughened channel was selected as a treatment option because it was determined that much less 

bedrock would need to be removed with this design compared with additional step-pool creation, 

thus reducing cost. Further, rock that is hammered or blasted out of the existing bed would not be 

able to be re-used for step construction because the rock is expected to be 8” diameter and smaller, 

which is too small for step substrate.  Here, the average channel gradient will be set at a 6% average 

slope, which will be achieved through blasting and/or hammering and subsequent placement of 

coarse material (gravel, cobble). A 4% grade was also evaluated, but this would significantly 

increase blasting/hammering volumes. 
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The added logs would be constructed using both on-site (to the extent available) and imported logs. 

Burial, bracing against existing trees, boulders, and/or bolting to bedrock may be required, and final 

placement at the discretion of the Engineer. 

OPINION OF PROBABLE COST 

Lower Reach 1A-B 

Costs associated with construction, permitting, and design services for Lower Reach 1A-B are 

included in the cost presented for Reach 1A-A (as these would need to be constructed in tandem to 

achieve passage goals).  

Upper Reach 1A-B 

Costs associated with construction, permitting, and design services for Upper Reach 1A-B are 

estimated near $94,300. Of note, this opinion assumes boulders are not needed for large wood 

ballast.  

3.6 REACH 1A-C: LARGE WOOD ENHANCEMENT 

DESCRIPTION 

The remaining extent of the project reach has a different geomorphic character in that it becomes less 

steep, with alluvial gravel and cobble as the predominant substrate.  Treatment for this section 

would include the construction of several small large wood complexes (three to five pieces) placed 

on channel margins and across the channel. Wood placements are intended to enhance geomorphic 

complexity and provide associated habitat benefits. These wood placements will also be paired with 

selective thinning of alders to release conifer growth in floodplain areas, allowing space for conifers 

to mature. Large wood complexes would be placed in areas where jams would accumulate naturally 

(e.g. outside of bends) and also areas where access will cause minimal disturbance. Bracing against 

existing trees and/or burial may be required to provide sufficient ballast to anchor large wood 

material. Alders generated from thinning will be incorporated into jams. The jams would be 

constructed using both onsite (to the extent available) and imported logs. The total number of logs in 

this section totals 100 with rootwads, along with a selected few individual placements of logs 

without rootwads. This number exceeds the recommended number by both water agencies as well 

as Fox and Bolton (2007) per length of stream and also per volume.  

ANTICIPATED BENEFITS 

Margin and channel-spanning jams will create lateral and vertical obstructions in the channel that 

will reduce flow velocity and increase water surface elevation upstream of the jam. The altered 

hydraulics will encourage the collection of gravel, capture small wood material and provide 

complex salmonid habitat. Based on site observations and hydraulic modeling, a reduction in 

hydraulic velocity and sediment transport, and an increase in bed substrate retention by re-

introducing large wood the active channel zone are expected.  These functional changes would 

result in improvements in salmonid migration and rearing habitat.  
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Figure 8: Example of wood placements and alluvial accumulation 

DESIGN CONSIDERATIONS 

These installations will likely be partially or completely overtopped by the full range of flood flows. 

Large woody material will be ballasted through a range of techniques to enhance its longevity in the 

project. Typical sections and details are included on the drawings, and it is expected that these 

placements will be oriented during construction to optimize habitat.   

OPINION OF PROBABLE COST 

Costs associated with construction, permitting, and design services are estimated at $189,400. Of 

note, this opinion does not include boulders for ballast.     
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Appendix A HEC-RAS Results  

1. EXISTING GEOMETRY 
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2. EXISTING CROSS SECTIONS 
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3. EXISTING OUTPUT 
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5. PROPOSED GEOMETRY 
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6. PROPOSED CROSS-SECTIONS 
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7. PROPOSED OUTPUT 
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Appendix B Engineer’s Opinion of Probable Cost  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Sarah Creek Opinion of Probable Cost

Sarah Creek, 90% Design - Reach 1A-A
No. Bid Item Unit Unit Price Quantity Subtotal

Erosion and Sediment Control
1 Mobilization LS $14,385 1 $14,385
2 Access and Erosion Control LS $10,000 1 $10,000
3 Stream Diversion LS $30,000 1 $30,000

Earthwork
4 Small Salvaged Trees EACH $200 0 $0
5 Large Salvaged Trees EACH $500 0 $0
6 Large Wood, Logs EACH $800 4 $3,200
7 Large Wood, Rootwads EACH $1,000 36 $36,000
8 Channel Spanning Logs EACH $1,500 0 $0
9 Boulders EACH $210 156 $32,760
10 Rock Excavation (blasting) CY $120 187 $22,440

Landscaping
11 Seed and mulch ACRE $1,000 0.45 $450

Alternate Item
A-1 Rounded Gravel CY $100 90 $9,000

Construction Subtotal $149,235
Washington State Sales Tax $11,491

$44,771
$30,000

Reach Total $235,497 *
*Must be combined with Reach 1A-B

Permit Acquisition/Final Design (30%)
Construction Oversight



Sarah Creek Opinion of Probable Cost

Sarah Creek, 90% Design - Reach 1A-B lower
No. Bid Item Unit Unit Price Quantity Subtotal

Erosion and Sediment Control
1 Mobilization LS $11,448 1 $11,448
2 Access and Erosion Control LS $10,000 1 $10,000
3 Stream Diversion LS $30,000 0 $0

Earthwork
4 Small Salvaged Trees EACH $200 0 $0
5 Large Salvaged Trees EACH $500 0 $0
6 Large Wood, Logs EACH $800 34 $27,200
7 Large Wood, Rootwads EACH $1,000 15 $15,000
8 Channel Spanning Logs EACH $1,500 0 $0
9 Boulders EACH $210 0 $0

10 Rock Excavation (blasting) CY $120 455 $54,600

Landscaping
11 Seed and mulch ACRE $1,000 0.18 $180

Alternate Item
A-1 Rounded Gravel CY $100 75 $7,500

Construction Subtotal $118,428
Washington State Sales Tax $9,119

$35,528
$30,000

Reach Total $193,075 *
*must be combined with Reach 1A-A

Construction Oversight
Permit Acquisition/Final Design (30%)



Sarah Creek Opinion of Probable Cost

Sarah Creek, 90% Design - Reach 1A-B upper
No. Bid Item Unit Unit Price Quantity Subtotal

Erosion and Sediment Control
1 Mobilization LS $6,050 1 $6,050
2 Access and Erosion Control LS $10,000 1 $10,000
3 Stream Diversion LS $30,000 0 $0

Earthwork
4 Small Salvaged Trees EACH $200 0 $0
5 Large Salvaged Trees EACH $500 0 $0
6 Large Wood, Logs EACH $800 0 $0
7 Large Wood, Rootwads EACH $1,000 14 $14,000
8 Channel Spanning Logs EACH $1,500 18 $27,000
9 Boulders EACH $210 0 $0
10 Rock Excavation (blasting) CY $120 0 $0

Landscaping
11 Seed and mulch ACRE $1,000 0.50 $500

Alternate Item
A-1 Rounded Gravel CY $100 90 $9,000

Construction Subtotal $57,550
Washington State Sales Tax $4,431

$17,265
$15,000

Reach Total $94,246

Construction Oversight
Permit Acquisition/Final Design (30%)



Sarah Creek Opinion of Probable Cost

Sarah Creek, 90% Design - Reach 1A-C
No. Bid Item Unit Unit Price Quantity Subtotal

Erosion and Sediment Control
1 Mobilization LS $11,510 1 $11,510
2 Access and Erosion Control LS $10,000 1 $10,000
3 Stream Diversion LS $30,000 0 $0

Earthwork
4 Small Salvaged Trees EACH $200 10 $2,000
5 Large Salvaged Trees EACH $500 2 $1,000
6 Large Wood, Logs EACH $800 0 $0
7 Large Wood, Rootwads EACH $1,000 100 $100,000
8 Channel Spanning Logs EACH $1,500 0 $0
9 Boulders EACH $210 0 $0
10 Rock Excavation (blasting) CY $120 0 $0

Landscaping
11 Seed and mulch ACRE $1,000 2.10 $2,100

Alternate Item
A-1 Rounded Gravel CY $100 0 $0

Construction Subtotal $126,610
Washington State Sales Tax $9,749

$37,983
$15,000

Reach Total $189,342

Construction Oversight
Permit Acquisition/Final Design (30%)



Sarah Creek, 90% Design - All Reaches
No. Bid Item Unit Unit Price Quantity Subtotal

Erosion and Sediment Control
1 Mobilization LS $43,393 1 $43,393
2 Access and Erosion Control LS $40,000 1 $40,000
3 Stream Diversion LS $30,000 1 $30,000

Earthwork
4 Small Salvaged Trees EACH $200 10 $2,000
5 Large Salvaged Trees EACH $500 2 $1,000
6 Large Wood, Logs EACH $800 38 $30,400
7 Large Wood, Rootwads EACH $1,000 165 $165,000
8 Channel Spanning Logs EACH $1,500 18 $27,000
9 Boulders EACH $210 181 $38,010
10 Rock Excavation (blasting) CY $120 642 $77,040

Landscaping
11 Seed and mulch ACRE $1,000 3 $3,230

Alternate Item
A-1 Rounded Gravel CY $100 255 $25,500

Construction Subtotal $457,073
Washington State Sales Tax $35,195

$137,122
$15,000

Reach Total $644,390

Permit Acquisition/Final Design (30%)
Construction Oversight
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