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1. Introduction 
1.1 PURPOSE 

This report summarizes final design for aquatic habitat restoration in Project 9B of the IMW 
Treatment Plan for Abernathy Creek (HDR 2009), in Cowlitz County, WA. The purpose of this 
project is to enhance habitat for steelhead and ESA-listed coho salmon. Projects that result from this 
effort will be consistent with the Lower Columbia Salmon Recovery and Fish & Wildlife Subbasin 
Plan, the Lower Columbia Fish Recovery Board (LCFRB, 2004) 6-Year Habitat Work Schedule, and 
goals of the Abernathy and Germany Creeks Intensively Monitored Watershed (IMW) Treatment 
Plan (HDR 2009). This project also includes Project 9C as defined in Abernathy and Germany Creeks 
IMW Treatment Plan (HDR 2009). 

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. 
 
Abernathy Creek is a tributary to the Columbia River in the Washington coast range. Abernathy 
Creek provides habitat for Chinook salmon, coho salmon, chum salmon, and steelhead trout, all 
listed as threatened under the federal Endangered Species Act (ESA), as well as coastal cutthroat 
trout and other species. Abernathy Creek, Reach 9B is primarily used by coho and steelhead. 
 
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 site is located within Washington State Department of Natural Resources (DNR) forest 
lands. The upstream end of the project is located near the confluence with Sarah Creek. The Sarah 
Creek confluence is located approximately 400 feet downstream of the DNR bridge at the Abernathy 
Creek Road crossing. The project reach extends approximately 4000 feet downstream from the Sarah 
Creek confluence to the Wisconsin habitat enhancement project site which was implemented in 2016. 
See Figure 1 for the project site location map.  



ABERNATHY CREEK, REACH 9B – DRAFT FINAL DESIGN REPORT  

SEPTEMBER 2017 4 
 

 
Figure 1: Site Location Map 

The IMW Treatment Plan (HDR 2009) characterizes Abernathy Reach 9 as a transport and 
depositional reach with the following characteristics: 

• Poor large wood density  
• Poor channel complexity  
• Single thread channel with perched benches that have little evidence of flow leaving the 

channel 
 
Abernathy Creek Road is located on the west side of the project reach and may be used to access the 
site at two locations.  These two locations connect to a former railroad alignment that was used in 
the early 1900’s to transport timber from the upper watershed to the Columbia River. The former 
railroad alignment is located on the east side of Abernathy Creek along the lower third of the project 
reach then crosses to the west side of the creek along the upstream two thirds of the project reach.   
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1.4 GOALS AND OBJECTIVES 

 Regional Habitat Goals and Priorities 

The IMW 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.  

 Abernathy Creek Reach 9 Goals  

The IMW Treatment Plan (HDR 2009) identified the following goals specific to Reach 9: 
• Add large wood and plant conifers in the understory 
• Increase habitat complexity and pool frequency 
• Increase connection to off channel habitat - create side channels  

 Abernathy Creek Reach 9B (&C) Refined Goals  

LCFRB and DNR representatives refined goals of the design specific to this project reach in a 
correspondence dated, December 12, 2016 as follows:   

• Floodplain reconnection through placement of channel spanning large wood structures 
• Tree and shrub planting in the former railroad alignment 
• Large wood placements to provide floodplain roughness  
• Increase mainstem complexity 

 Objectives 

The objectives for the final design address the project goals identified above. Final design objectives 
have been categorized into geomorphic and habitat objectives, recognizing that they are 
interdependent and interrelated. 

1.4.4.1 Geomorphic Objectives 
• Channel profile – Placement of large wood will encourage aggradation which will lead 

to measureable changes in local bed slope and more variability in bed slope throughout 
the reach.  

• Channel planform – Lateral channel dynamics will be increased by large wood 
placements through increases in sinuosity, planform complexity, and the frequency of 
multi-thread channel segments.  

• Bed material – Restoration activities designed to encourage the recruitment of gravels 
and to decrease the average diameter of bed material (D50) across the reach.  

• Large wood and log jams – The number of pieces of large wood per unit length will 
meet or exceed the NMFS standard for Western Cascades streams, which is 80 pieces 
per mile (>12 inches diameter; >35 feet long). This target meets or exceeds the reference 
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quantities measured by Fox and Bolton (2007). The frequency of log jams will be 
increased to emulate historical patterns and processes.  

• Floodplain inundation – Project elements will be designed to increase side-channel 
activation at a range of flows and floodplain inundation above the channel-forming 
flow (Q1-2).  

1.4.4.2 Habitat Objectives 
• Increase the quantity and accessibility of juvenile rearing habitat for steelhead and coho 

salmon.  
• Increase the amount of potential steelhead and coho spawning habitat.  
• Off-channel habitat complexity – The wetted area of off-channel habitat (either 

backwater channels or flow through side channels) will increase at a range of flows.  
• Pool frequency – The number of pools per unit stream length will increase over the 

reach. Particular project elements (e.g. log jams) will be designed to encourage and 
maintain scour conditions and encourage pool formation.  

• Cover – Projects will be designed to provide increased aerial extent of cover per unit 
stream length, primarily through the placement of large wood and log jams.  

• Hydraulic refuge – Project will be designed to increase the area available for hydraulic 
refuge during high flow events. This will be accomplished through increased stream 
channel structure (i.e. large wood) and increased off-channel habitat availability. 

• Riparian conditions – We will work closely with DNR staff to develop silvicultural 
prescriptions to selectively fall alders to release understory conifer, providing long term 
wood supplies and ample shade for the project reach. 
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2. Site Conditions 
2.1 SITE SURVEY AND DATA COLLECTION 

 Topographic Survey 

Topographic survey of Abernathy Creek, Reach 9B was conducted on March 1-2, 2017. Stream cross 
sections were surveyed between the Abernathy Creek Wisconsin Site and Sitka Spruce Site. The 
cross sectional survey was tied into survey control established from previous projects, which was 
established using an RTK GPS. The survey data were combined with LiDAR data  
to create the existing conditions surface (DTM) for hydraulics analysis.  

 Photogrammetry 

A photogrammetric survey was conducted of the streambed to provide baseline documentation of 
site conditions. The photogrammetric survey utilizes images taken from an Unmanned Air Vehicle 
(UAV) flown over the streambed and under the forest canopy.  Images were taken to overlap the 
field of view at least 50%, where the UAV could obtain images. There are some areas with 
overhanging cover that are excluded from the photogrammetric survey since they could not be 
effectively photographed. The 50% overlap allows software to “stitch” photographs together in a 
composite image. The composite image is provided in Appendix C. 
 
The locations of images obtained from the UAV rely on a Global Positioning System (GPS) signal 
that is not reliable through out the entire project site.  Thus, the photogrammetry was supplemented 
with a ground survey where control points were established on rocks to calibrate the composite 
image to surveyed data. The calibrated photogrammetric survey provides a point cloud of the 
existing streambed with survey grade accuracy.  The 3-dimensional point cloud may be observed 
through the following link https://www.pointbox.xyz/cloud/59b1d870eaf854000f9f99e3. 

2.2 HABITAT CONDITIONS 

HABITAT QUALITY  

The Abernathy Creek, Reach 9B project reach is mainly a single thread channel with poor habitat 
complexity. The site is limited by an incised channel, high water velocity, and sparse in-stream 
habitat where there is generally a lack of existing large wood. The (roughly) middle third of the 
project reach is confined by the valley slope on river left and a terrace on river right. Substrate in the 
middle third of the project reach is predominantly bedrock. 

2.3 WATERSHED CHARACTERISTICS 

 Land Use 

The Abernathy Creek watershed is primarily managed for commercial forestry. DNR manages over 
one-half of the watershed including all land immediately surrounding the project area. Private 
timber lands are located in the Southeastern quadrant of the watershed, east of Cameron Creek and 

https://www.pointbox.xyz/cloud/59b1d870eaf854000f9f99e3
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south of Erik Creek (Figure 1). Past forest practices have impaired fish habitat by modifying stream 
flow, increasing fine sediment, and removing large conifers from the riparian zones (LCFRB 2004).  
 
Bank stabilization and dike building are most prolific near residential property along the mid and 
lower Abernathy Creek watershed, and have heavily impacted fish populations. Abernathy Creek 
road follows Abernathy Creek upstream of the project site; most other roads in the watershed are 
unimproved logging roads.  Culverts built for logging roads have limited fish passage in several 
tributaries (LCFRB 2004).  

 Geology 

The Abernathy Creek watershed is located within the southern portion of the South Cascades 
geologic province. The geology of the region is complex, resulting from millions of years of volcanic 
activity. Mountain building by volcanism was the predominant activity from the Oligocene through 
Quaternary time. Nearshore sediments (to the west), Columbia River basalts, and volcanic center 
contributions of volcanoclastic lahars, ash beds, and mud flows fill in valleys and depressions, 
providing geologic diversity. Multiple blocks of unrelated rock types were brought together by this 
activity and uplift during the late Miocene and Columbia River basalt flows (DNR 2015). 

 Bedrock Types 

Three primary types of bedrock are located within the contributing watershed of the study area: (1) 
Miocene volcanic rocks and deposits (2) Eocene volcanic rocks and deposits, and (3) Miocene 
sedimentary rocks in the upper portion of the watershed. Weathering and fluvial processes have 
contributed to the erosion of this landscape over time. Volcanic rocks are the protoliths (original 
lithology types) of Abernathy Creek sediment, and were transformed into the underlying bedrock 
seen in the watershed today through uplift and erosion (DNR 2015).  

 Hydrology 

Abernathy Creek is a tributary to the lower Columbia River, with a watershed area of 28.6 square 
miles. Abernathy Creek in the project site is located near river mile 10, and has a watershed area of 
8.5 square miles. Abernathy Creek drains a portion of the lower Cascades, from an elevation of 2640 
feet above sea level at its headwaters to 624 feet at the downstream end of the project area. This 
watershed receives 90.5 inches of rain annually on average. Snowfall is light due to mild winters and 
the relatively low elevation of this watershed, and rain on snow events are rare.  Summers are dry 
and cool, with the lowest monthly flows occurring in July, August, and September (LCFRB 2004). 
(Rainfall and basin area were calculated using the USGS StreamStats web interface). 

 Vegetation 

General Land Office (GLO) surveys from the early 1860s and 1870s provide some representation of 
historical land character and vegetation communities, calling the “land rolling and high- soil third 
rate.” Timber is called out as hemlock, spruce and white fir, with undergrowth of huckleberry and 
salmonberry. These early surveys also represent the historical size of large wood within the 
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watershed, calling out hemlock and fir ranging in size from 18’’ to 60’’ in diameter. Also of note, by 
this time the project area was up for sale as forestland as part of the ‘Timber Lands Act of June 3, 
1878’ (An act for the sale of timber lands in the states of California, Oregon, Nevada, and 
Washington Territory). 

The contemporary vegetative community along Abernathy Creek varies by elevation and distance 
from the water table. The forest throughout the reach appears to be largely in the stem exclusion 
phase, indicating some recent disturbance, likely related to timber harvest. The riparian corridor is 
made up primarily of alder, big leaf maple, western red cedar, hemlock, and fir, with an understory 
of fern, snowberry, huckleberry, and salmonberry. Riparian vegetation is primarily mid-seral stage 
and though provides good shading, provides limited hydraulic roughness. 

2.4 CHANNEL BOUNDARIES AND PLANFORM 

Throughout the project reach, Abernathy Creek varies in bed morphology and planform. The 
(roughly) downstream third of the project reach is characterized as an alluvial channel bed with 
occasional bedrock contacts that is bordered by alternating floodplain benches. The (roughly) 
middle third of the project reach is very confined with extensive streambed, bedrock contact. The 
(roughly) upstream third of the project reach is similar to the downstream third with an alluvial 
channel bed and discontinuous, alternating floodplain benches. 

 Upstream Reach (approximately 1/3 of project reach length) 

The upstream reach begins near the confluence with Sarah Creek. Alternating floodplain benches are 
located along the channel margins through most of this reach. Streambed substrate is predominantly 
cobble in the upstream reach mixed with gravel, and boulders. 
 
There is a steep (4.8%) riffle in Abernathy Creek at the Sarah Creek confluence followed by a channel 
bend where the left bank of Abernathy Creek is comprised of bedrock at the outside of the bend. A 
short (~100’ long), narrow (~20’ wide) floodplain bench is located on the right side of the channel 
downstream of this bend (Station 38+80 to 39+80 on the drawings). As flow moves downstream the 
channel planform transforms to discontinuous floodplain bench (~30’ wide) on the left side of the 
channel that is approximately 400 feet long (Station 34+80 to 38+80 on the drawings). A wider (30’ to 
50’) floodplain bench is located on the right side of the channel between Station 32+80 to 34+80 on 
the drawings. There are two bends in the channel located near Station 32+00 and 26+50, where the 
fill along the former railroad alignment forms the right bank of the channel. Most of the existing 
large wood observed in the project reach is located in log jams at these two bends. A 30 to 50 feet 
wide floodplain bench is located on the right side of the channel between the bends.  A good stand 
of riparian vegetation exists along the upstream reach, excluding the outside of the two bends 
adjacent to the former railroad alignment where woody vegetation is sparse. 

 Middle Reach (approximately 1/3 of project reach length) 

The middle reach is confined by a steep valley slope on the left bank and a steep terrace slope on the 
right bank. A very narrow (10 to 20 feet wide) flood prone bench alternates between left and right 
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channel banks through most of this reach.  Substrate in the middle reach is predominantly bedrock 
with a mix of boulders and cobble. The middle reach is located between Stations 16+00 and 26+00 on 
the drawings.  

 Downstream Reach (approximately 1/3 of project reach length) 

The downstream reach is a long sweeping bend approximately 1000 feet long (Station 6+00 to 16+00 
on the drawings). A 20 to 50 feet wide flood prone bench is located at the inside of the bend on the 
left bank through most of this reach. The right bank of this reach is a steep valley wall with 
Abernathy Creek Road located far above the channel. The former railroad alignment is located up 
the bank on the left side of channel in this reach and crosses over to the right side of the channel at 
the upstream end (Station 16+00) of this reach.  Streambed substrate is predominantly cobble in the 
downstream reach mixed with gravel, and boulders. 
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2.5 HYDRAULICS 

 Description and overview 

Hydraulic modeling for the Abernathy Reach 9B design included the evaluation of existing and 
proposed conditions using 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 the 2-year through 100-year flood flows. Additional flow conditions 
were modeled using average monthly discharge values. An existing conditions model was 
developed for Abernathy Reach 9B and used to identify viable design options. A proposed 
conditions model will be developed in order to make a comparison of pre- and post-project 
hydraulic conditions once the preferred alternative is selected.   

 HEC-RAS Model 

RIVER GEOMETRY 

Existing conditions model geometry was created using topographic and bathymetry data obtained 
through surveys completed in March of 2017 (Section 2.1). Hydraulic cross-sections were surveyed 
perpendicular to the primary flow vector across hydraulic controls such as riffle crests and sudden 
changes in channel width. Survey data was also collected along the thalweg profile and in potential 
project locations.  Out of channel data was collected intermittently along major slope breaks, higher 
floodplain terraces, and in upland regions. Survey data was supplemented with LiDAR (2005) data 
(PSLC 2005) in select locations, primarily in less dynamic regions outside of the surveyed active 
channel. The LiDAR and survey data were post-processed and merged using 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 a single reach, covering approximately 4,620 feet 
of stream length, with a flow change at the Sarah Creek confluence, and including Abernathy Creek 
bridge at the upstream end of the model. Existing conditions model geometry is presented in Figure 
3. 
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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 1.  

Table 1: Manning values for HEC-RAS modeling  

Modeled feature Manning’s Value 

Left bank floodplain 0.11 

In-channel 0.04 

Right bank floodplain 0.11 

 
 

 

Figure 2: Manning's Roughness Representative Photo, Including In-Channel and Right Bank Floodplain of Project Reach
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Figure 3: HEC-RAS model geometry for Abernathy Creek, Reach 9B 
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PEAK FLOW ANALYSIS  

A hydrologic analysis of Abernathy 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.  Abernathy 
Creek does not 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 this river.   
 
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 basin was delineated for the downstream end of the project reach, and flood 
recurrence intervals were estimated for that basin.  A summary of findings is presented in Table 2. 
below. 

Table 2: 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) 

 

Abernathy Reach 9B 
Basin 

 

8.52 

 

530 

 

937 

 

1150 

 

1330 

 

1510 
 

 

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 
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. 
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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), Naselle River near Naselle (Gage # 12010000), 
and  Elochoman River near Cathlamet, WA (Gage # 14247500) were used to estimate peak 
discharges for Abernathy Creek. A weighted average was applied according to the period of record 
available for each gage.  The period of record for the Naselle gage and the Elochoman gage was 87 
and 39 years, respectively. Though the record at the Chehalis River gage is short (18 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 modeled flow 
values is presented in Table 3 below. 

Table 3 Modeled flood event flow values, in cubic feet per second 

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 
Reach 9 Basin 

8.52 865 1427 1696 1897 2093 

 

ADDITIONAL MODELED FLOWS 

 
In addition to flood flows, monthly average flows were also modeled to provide representative 
conditions during the summer (orange) and winter (blue) seasons. Here, the discharge per unit area 
method was again applied. Discharge data represents a typical 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 4 shows these flow values for their corresponding 
location.  

Table 4 Calculated monthly average flow values, in cubic feet per second. 

Month November December January February March July August September 

Abernathy, 
Reach 9B 

60 
 

69 
 

84.0 
 

56 
 

72 
 

9 7 9 
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 Hydraulic Results 

Abernathy Creek model results are shown below for the Existing Conditions model. Comprehensive 
output tables, including existing and proposed conditions, can be viewed in Appendix A of this 
report.  Hydraulic analysis of existing conditions shows is consistent with field observations made 
during the site visit. Typical annual flows and ordinary high water are generally contained within 
the channel. Model output shows that the 2-year event does not inundate adjacent lower terraces 
and margins. During this flood event, the model indicates continual average channel velocities of 6-
10 ft/s throughout the project reach. Water surface elevations, shear stress, and velocities are 
presented below in Figure 4, Figure 5, and Figure 6 for a range of modeled flood events. Detailed 
output of the existing and proposed model results can be viewed in Appendix A.   
 

 

Figure 4: Abernathy Reach 9B Channel Bed Profile and Water Surface Elevations, Existing Conditions 
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Figure 5: Abernathy Reach 9B Shear Stress Profile, Existing Conditions 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6: Abernathy Reach 9B Velocity Profile, Existing Conditions 
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3. Proposed Project Treatments 
3.1 PROJECT TREATMENT DESCRIPTIONS 

The restoration treatments included in this design have been developed based upon: 1) regional and 
site-specific goals; 2) additional information obtained from site surveys and hydraulics analysis; 3) 
design criteria; 4) coordination and communication with the project LCFRB and DNR 
representatives. For this design, proposed grade, habitat type, and channel complexity are the 
primary design elements considered. Specific assumptions have been made regarding channel 
dimensions, large wood sizes, and access; these are described below or are represented in the final 
design drawings. Design criteria are described below, followed by treatment alternatives.  

3.2 DESIGN CRITERIA 

The following design criteria have been developed to guide the design process and to ensure that 
project objectives are achieved and project constraints are understood and explicitly addressed. 
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, land use, 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 
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 Habitat 

Design projects to enhance steelhead and coho salmon habitat: 
• 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 >48 “key” 
pieces of wood through the project reach length (key defined as functioning, stable pieces 
for this particular stream).  (Fox and Bolton 2007) 

• 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: 

• Cover 
• Channel complexity 
• Velocity refuge 
• Increased food sources  

 Engineering  

Design projects with desired and landowner required levels of stability: 
• Reasonable large wood stability that relies on manila rope in the short-term and relies on 

sediment accretion and length of key pieces to minimize wood movement in the long-term. 

 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 

3.3 DESCRIPTION OF RESTORATION TREATMENT ALTERNATIVES  

Two alternatives were developed for the preliminary design. Alternatives were developed based on 
site investigations and analyses conducted as part of the design. Each restoration alternative 
includes riparian revegetation to promote the long-term recovery of the riparian community and 
large wood delivery process. During the preliminary phase, proposed grade habitat type, and 
channel complexity are the primary design elements considered. Specific assumptions were made 
regarding channel dimensions, large wood sizes, and access; these are described below.  
 
To the extent possible, the constructed log jams are designed to emulate the function of historical 
jams that likely governed geomorphic and habitat conditions in Abernathy Creek prior to human 
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alteration to the landscape.  Historically, large wood and log jams would have been engaged with 
the river channel at varying flows and would have been critical habitat-forming features in 
Abernathy Creek. These jams would have provided important geomorphic functions, would have 
been relatively stable over time, and would have provided important aquatic habitat benefits. For 
this project, constructed log jams are designed to emulate these historical functions to the extent 
possible within the limits imposed by contemporary site conditions and available construction 
materials. 

 Reference conditions 

Very little is known about the specific size, configurations, and functions of wood and log jams in 
Abernathy Creek prior to significant human alteration to the landscape. For this reason, we rely on 
contemporary reference (“analog”) conditions to understand how log jams were formed and how 
they functioned. This information is then used to help inform design. 
 
Historically, large wood and log jams would have been relatively stable in this reach of Abernathy 
Creek and would have provided important functions. This stability and function would have been 
governed chiefly by the size of large wood recruited to the stream compared to the size of the 
channel. Large remnant stumps still visible in the riparian corridor indicate that trees in excess of 6-8 
feet in diameter would have been recruited to the stream channel over time. These large riparian 
trees, when recruited, would have remained relatively stable within the Abernathy Creek channel, 
sometimes even remaining in the channel more or less as they fell, as described by Fox (2003) for 
wood in small streams. These large stable pieces would have entrained smaller wood pieces that 
were less stable and were able to be transported by the stream during floods. In this sense, this reach 
of Abernathy Creek can be thought of as intermediary between small streams, where trees fall in the 
channel and remain in place, and larger streams, where wood is readily mobilized by the hydraulic 
and buoyant forces of the channel. 

 Analog jams 

Log jams observed in natural settings help inform the design process and provide insight into the 
structure of jams that were likely present historically. Figure 6, below, shows a log jam in old growth 
forest in the western cascade range of Oregon. Given the size of stumps that remain at the site, the 
key piece depicted below would fall on the low end of the size range expected in Abernathy Creek. 
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Figure 7. Channel-spanning log jam in Mack Creek, 1st order old growth stream in the Western Oregon Cascade range (AM 
Gurnell 2010. Nature Geoscience 5, 93-94). 

Figure 7 and Figure 8 show a log jam that is located in Abernathy Creek, downstream of the site.  
The root wad of the key piece can be seen in the center right of Figure 5.  The key piece in this case is 
much smaller (approximately 2 feet in diameter) than what would have been expected historically. It 
is nevertheless functioning to rack up additional wood and trap alluvial sediment. The sediment 
wedge upstream of the jam is partially shown in Figure 6, from the exposed gravel on river-left 
through the majority of the width of the channel.  The grain size observed upstream of this jam is 
significantly smaller than that observed in the remainder of the project reach. The channel planform 
is also more complex here, as flow is split into several side channels around and through the jam.  
The complexity of this existing log jam and substrate conditions associated with it provide critical 
habitat that design conditions seek to emulate.    
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Figure 8. Existing jam at Wisconsin Project Area – view from downstream. 

 

 

 

Figure 9. Existing jam at Wisconsin Project Area – view from upstream. 
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 Regional reference conditions 

Another useful source for reference conditions is the work by Fox (2001, 2003), which involved 
documenting large wood distributions in relatively unmanaged systems throughout Washington 
State, and comparing those conditions to various regional (e.g. forest zone) and local (e.g. channel 
type and size) metrics. This research provides useful information on jam architecture, for instance , 
number of “racked” pieces per key pieces, log orientation, and jam sizes for a given channel size. 
The research also provides information on piece frequency, although the numbers are very 
dependent on the size criteria used for qualifying pieces. In general, Fox found that in Western 
Washington, the piece frequencies were similar or less than the NMFS “Properly Functioning” 
standards, which use 12 inches diameter and 35 foot length as the qualifying size. The current 
designs exceed the NMFS standards over the length of the project. As for key pieces, for channels 
with bankfull width between 10 and 100 m (~30 and 330 feet), the median frequency of key pieces for 
Western Washington was 1-4 pieces per 100 meters (358 ft) of stream.  
 
The following artistic renderings provide a graphic examples of a channel spanning log jam, which 
was included in both restoration treatment Alternatives A and B. Figure 9 displays an example of 
existing conditions for Abernathy Creek, which is typically a plane bed channel. Figure 10 provides 
an example of proposed conditions with a channel spanning log jam that promotes gravel accretion, 
pool formation and side channel formation providing enhanced habitat conditions.  
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Figure 10, Existing Stream Channel Conditions 

 

Figure 11, Proposed Stream Channel Conditions 
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3.4 ALTERNATIVE A 

DESCRIPTION  

This alternative involves the construction of a series of channel spanning log jams spaced to absorb 
flow energy. Flow energy will be reduced by turbulence and friction as water flows through and 
around proposed log jams. Alternative A also includes individual key piece large wood placements 
to provide more complex habitat. Many of the Alternative A log jams include key pieces that extend 
out to existing floodplain benches to provide roughness and facilitate development of side channels 
within floodplain benches. Alternative A exceeds Fox and Bolton number of key pieces observed in 
streams 10 to 100 m in width by over 80%. 

ANTICIPATED BENEFITS  

These jams are expected to reintroduce natural geomorphic elements to Abernathy Creek that were 
primary to creation and maintenance of complex habitat prior to disturbance in the system. 
Anticipated benefits include: 

• Accelerated collection and sorting of alluvial substrate that will lead to measureable 
changes in local bed slope and more variability in bed slope throughout the reach.  

• Encourage the recruitment of gravels and to decrease the average diameter of bed material 
(D50) through the reach. This will increase the amount of potential steelhead and coho 
spawning habitat. 

• Proposed channel spanning log jams have been spaced at frequencies to backwater the next 
upstream large wood structure.  Pools will be created at upstream log jams through 
accretion of sediments caused by downstream backwater conditions. Local scour at 
proposed large wood structures will maintain pool depths and benefit juvenile rearing.  

• The number of pieces of large wood per unit length will meet or exceed the NMFS standard 
for Western Cascades streams, which is 80 pieces per mile (>12 inches diameter; >35 feet 
long). This target meets or exceeds the reference quantities measured by Fox and Bolton 
(2007). The frequency of log jams will emulate historical patterns and processes. 

• Increased bed elevations upstream of the log jams, allowing for increased connectivity with 
the floodplain, and potential reactivation of abandoned high flow side channels that will 
increase side-channel activation at a range of flows and floodplain inundation above the 
channel-forming flow (Q1-2). This will increase the quantity and accessibility of juvenile 
rearing habitat for steelhead and coho salmon. 

• These structures are anticipated to recruit additional smaller wood that is transported by 
the system, adding cover and complexity. 

DESIGN CONSIDERATIONS 

The stability of log jams is based on key piece sizing criteria as defined by Fox and Bolton (2007). 
The criteria is based on volume of large wood with respect to bankfull width of the stream channel. 
Thus, this design relies heavily on sourcing large wood that meets key piece criteria. The key piece 
volume criteria for a stream with 10 to 15 m of bankfull width is 6 cubic meters. In imperial units 
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that is a single log with an average diameter of 24 inches and a length of 67 feet. The key piece 
criteria will be a very difficult to meet based on the availability of source materials and what can be 
reasonably transported to the site. Sourcing large trees growing close to the site will be critical in 
meeting key piece criteria. Logs and rootwads may need to be transported to the site using the same 
trucks used to transport wind turbine blades. 
 
This design includes a provision to tie wood together with manila rope that may allow use of very 
large wood that does not quite meet the volume criteria of a key piece. The manila rope provides 
additional stability for the initial years following construction as alluvium begins to settle in and 
around log jams. Log jam stability and longevity is achieved by making the interconnected 
structures wide in relation to channel width, and by extending the structures laterally into the 
adjacent forested riparian areas. This ensures that, although some deformation of the structure may 
occur, the jams will be laterally stable over time and will resist downstream movement. This 
provision is dependent on DNR accepting that logs may mobilize during large floods. Mobilized 
large wood is anticipated to become snagged within the riparian forest before it can be transported 
downstream to critical infrastructure and it is anticipated to eventually break up due to rot. 

3.5 ALTERNATIVE B 

DESCRIPTION  

Alternative B was developed based on the number of key pieces recommended by Fox and Bolton 
(2007) of 4 key pieces per 100 meters of stream length for channels with a bankfull width between 10 
and 100 meters.  This results in 48 key pieces for the project reach length.  The design of Alternative 
B was developed by removing individual key pieces, then removing key pieces that extend out from 
individual log jams, then finally deleting some log jams until the key piece numbers met the 75th 
percentile of observed key pieces as recommended by Fox and Bolton, 2007.  Alternative B may or 
may not meet NMFS standards of 80 pieces per mile, depending on how much additional wood is 
recruited over time. 

ANTICIPATED BENEFITS  

Alternative B is anticipated to have similar benefits as Alternative A, but to a reduced extent. 
Alternative B would not reduce flow energy through the reach as much as Alternative A. As such it 
is not expected to accrete as much alluvium. Since log jams do not extend out into the floodplain 
benches as they do for Alternative A, less development of side channels is expected for Alternative 
B. Furthermore, Alternative B does not meet the design goal of placing large wood to provide 
floodplain roughness. 

DESIGN CONSIDERATIONS 

The channel response from Alternative B is likely to result in the main stem of Abernathy Creek 
moving around log jams and into existing flood prone benches. This will increase sinuosity, but is 



ABERNATHY CREEK, REACH 9B – DRAFT FINAL DESIGN REPORT 
 

SEPTEMBER 2017         27 
 

not likely to increase side channel development or wetted width as much as Alternative A. As such, 
there is less off-channel, winter rearing habitat expected to develop with Alterative B. 
 
Alternative B is generally not expected to be as stable as Alternative A, if wood materials size is 
similar for each alternative.  Alternative B would not be tied into the surrounding forest as much as 
Alternative A and would not be as stable as a result. Alternative B would not reduce flow energy as 
much as Alternative A since it would not produce as much turbulence and friction, which would 
result in less stability since flow energy would be concentrated on fewer pieces of wood.    

3.6 PREFERRED ALTERNATIVE 

The preliminary design and alternatives were presented to the Technical Oversight Group (IMW 
TOG) on, May 5, 2017. The TOG preferred Alternative A, since it includes channel spanning log jams 
and wood placements on flood prone benches. Alternative B includes channel spanning log jams, 
but does not provide large wood on flood prone benches. Thus, there is increased risk associated 
with Alternative B of the main channel shifting into the flood prone benches without aggrading 
gravel in the main channel and promoting formation of side channels in flood prone benches. The 
TOG decided that Alternative A better addresses design criteria and limiting factors for salmonid 
habitat in the Abernathy Creek watershed. 

PREFERRED ALTERNATIVE - HYDRAULIC RESULTS 

Alternative A was modeled by duplicating the existing hydraulics model, and adding obstructions 
representing wood at anticipated locations and matching the approximate depth and span of the 
proposed structure. In the proposed conditions model, Manning’s ‘n’ values were also increased for 
all regions of wood placements. This is due to the anticipated increased roughness, and 
consequential racking of additional debris and depositional bed material over time. Additionally, 
larger wetted widths over floodplain regions will create greater surface texture and sinuosity. 
Proposed conditions Manning’s roughness coefficients are displayed in Table 5.  

Table 5:  Manning values for proposed conditions HEC-RAS modeling 

Modeled feature Manning’s Value 

Left bank floodplain 0.11 

Localized Wood Structures   0.08 

Right bank floodplain 0.11 

 
Model results indicate significant improvements consistent with the anticipated benefits discussed 
above. Lifted bed elevations result in a greater wetted area of the channel and additional floodplain 
inundation, including a more frequent activation of several seasonal side channels. Figure 12 shows 
a comparison of water surfaces elevations, which on average is lifted 2 feet throughout the project 
reach. Figure 13 below shows the existing velocities in dark blue for the 2 and 25-year flood event, as 
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well as the velocities for the proposed conditions in teal for the same floods. Proposed conditions 
show numerous resting areas for fish during floods at almost every wood structure location. 
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Figure 12: Existing and Proposed Water Surface Elevation Model Results for the 2-year and 25-Year Flood Event 
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Figure 13: Existing and Proposed Mean Channel Velocity Model Results for the 2-year and 25-Year Flood Event 
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ACCESS 

Access for the preferred alternative has been carefully selected to reduce impacts to natural 
resources. The design team has reviewed access in the field with representatives from DNR and 
WDFW to define access corridors that minimize impacts to 1) existing vegetation and minimize 
disturbance to fine soils located on flood prone benches and channel side slopes, and also 2) In-
stream water quality and desirable habitat features. 
 

Riparian and Floodplain Habitat Impact Considerations 
  Significant disturbance to existing riparian vegetation would reduce shade and result in increased 
water temperatures. The removal of mature trees within a larger area of disturbance might 
encourage other shrub species to emerge, shifting the projection of the riparian landscape away from 
its historic desired condition.  Additionally, the disturbance of fine soils could lead to erosion and 
increased turbidity in Abernathy Creek. By accessing the stream channel in select locations where 
slopes are mild (such as former road grades), excavating the streambanks to establish access is 
avoided.  

 
In-stream Water Quality and Habitat Considerations 

In an effort to minimize the construction corridor footprint along the floodplain and riparian areas, 
an excavator will need to travel along the existing stream channel for access to place channel 
spanning log jams in proposed locations. The timing of construction is such that flows will likely be 
low, and main species of concern will not be present in the Abernathy Reach 9 project reach. 
Currently, long stretches of bedrock comprise the channel bottom, which is less susceptible to long-
term damage under excavator tracks, and will not result in suspending fines into the water. 
Furthermore, any existing key pieces currently in the channel have been identified and will remain 
in place to the extent possible. 
 
There are many areas where the top of bank can be accessed with minimal disturbance to existing 
vegetation. The channel tends to have steep side slopes where the top of bank can be accessed with 
minimal vegetative disturbance, and large wood materials can be delivered to their placement 
location from the top of bank in these locations. By delivering wood materials from the top of bank, 
the number of trips that the excavator must travel in the channel is reduced.  
 

Types of Access Shown in the Design Drawings 
The design drawings include two types of access, “Temporary Access” and “Access to Deliver Wood 
Materials from Top of Bank”. Temporary Access refers to conventional type of construction access 
which includes equipment and materials delivery access. Access to Deliver Wood Materials from the 
Top of Bank is the second type of access that only includes materials delivery to the materials 
placement location.  

OPINION OF PROBABLE COST 
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Costs associated with construction, permitting, and design services are provided in the probable 
opinion of cost in Appendix A. 
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Appendix A Engineer’s Opinion of Probable Cost  
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Appendix B HEC-RAS Schematic and Results 
 

1. EXISTING GEOMETRY SCHEMATIC 
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2. NUMERIC OUTPUT 
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Appendix C Photogrammetry Composite Image 
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