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PPROJECT OBJECTIVES AND SCOPE 
King County, in partnership with USFS, is leading a salmon habitat restoration feasibility 
study in the South Fork Skykomish River basin. The feasibility study is supported by mitigation 
funds from a Natural Resource Damage Assessment (NRDA) in accordance with the Washington 
State Model Toxics Control Act resulting from decades of oil contamination in the Town of 
Skykomish. Because the desired habitat restoration is mitigation under NRDA program, the 
study is to be performed in collaboration with the Washington State Department of Ecology 
(Ecology) and the USFS. This feasibility study aims to generate a prioritized list of river 
restoration projects and conceptual designs within the South Fork Skykomish River basin in 
the MBSNF. 

Prior to implementing the full feasibility study, King County contracted with Herrera to 
provide: (1) a summary of existing data and information resources, and data gaps, and (2) a 
preliminary estimate of costs for a list of possible studies that will fill the data gaps and set 
the foundation for the feasibility study. This document summarizes both Herrera efforts. 

Project setting information on the South Fork Skykomish watershed is presented first, 
followed by the methods and results of this existing information summary study. Following 
that introductory material, each major type of data required to evaluate restoration 
feasibility is described. For each type of data, the existing data is described and data gaps 
are summarized. Preliminary costs to perform additional studies to fill the data gaps are 
described. This data and preliminary cost estimates will be used by King County to prioritize 
data collection efforts under the larger feasibility project. 

Project Setting 
The Snohomish River drains into Puget Sound near Everett, Washington. The Snohomish Basin 
is Water Resource Inventory Area (WRIA) 7 and is 1,856 square miles in area; it is the second 
largest basin draining into Puget Sound after the Skagit basin (Figure 1). The North Fork 
Skykomish (HUC 1711000904) and South Fork Skykomish (HUC 1711000903) Watersheds lie 
within the Skykomish sub-basin of the Snohomish basin. These two watersheds combined are 
typically referred to as the Skykomish Forks. The Skykomish Forks is one of the Focused 
Watersheds on the Mt. Baker-Snoqualmie National Forest (MBSNF) that is managed by the 
United States Forest Service (USFS) (USFS 2009b). Within the Skykomish Forks, the Upper 
South Fork Skykomish subwatershed became a priority watershed in 2011 under a recent 
national process known as Watershed Condition Framework. 

The South Fork Skykomish watershed spans 77,030 acres, with about 85 percent under 
management by the MBSNF (USFS 1995b). The Beckler, Foss, and Tye rivers flow into the 
South Fork Skykomish near the Town of Skykomish, Washington. The Tye River is an extension 
of the South Fork Skykomish upstream of its confluence with the Foss River. The Miller River 
drains to the South Fork Skykomish west of the Town of Skykomish. Most of the private and 
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state lands in this watershed occur in the lowermost portions of the river systems, with some 
relatively small private in-holdings (e.g., patented mine sites) distributed farther upstream. 

According to USFS (2009b), no anadromous fish species historically utilized habitat in the 
South Fork Skykomish River above Sunset, Canyon, and Eagle Falls, natural migration barriers 
located about 2 river miles above the confluence of the North and South Forks of the 
Skykomish River (Figure 1). In 1958, the Washington State Department of Fisheries (WDF – 
now the Washington Department of Fish and Wildlife [WDFW]) began a trap-and-haul facility, 
which currently operates July through December. It releases all the fish it traps to locations 
upstream of Sunset, Canyon, and Eagle Falls. Escapement records have been kept for the fish 
hauled around the falls since 1958. The trap-and-haul operation has allowed establishment of 
several anadromous species including Chinook salmon, coho salmon, pink salmon, chum 
salmon, steelhead, bull trout, and Dolly Varden. Sockeye salmon are also trucked around the 
falls, but they are likely straying from populations in neighboring river basins (i.e., Skagit and 
Lake Washington stocks) (USFS 1995b). All of these anadromous species, with the exception of 
steelhead, are derived from naturally-reproducing populations. The (summer) steelhead are 
out-plants from the WDFW fish hatchery on the Wallace River near Gold Bar, Washington. 

The long-term annual average of returns for fish at the trap-and-haul facility ranges from 
approximately 20,000 for coho to 7,000 for pink (odd number years only), 600 to 800 for 
Chinook and for steelhead, and about 60 or less for chum, native charr, and some stray 
sockeye (USFS 2009b; WDFW 2002). Annual returns for coho and pink salmon (odd number 
years only) have increased substantially over the last decade compared to these long-term 
averages, averaging about 30,000 and 15,000 fish, respectively. 

All of the lands in the National Forest system in the Skykomish Basin, including those drained 
by the Miller, South Fork Skykomish, and North Fork Skykomish River systems, have been 
designated Tier 1 Key Watershed in the Northwest Forest Plan (USDA FS and USDI BLM 1994), 
which serves as crucial refugia for maintaining and recovering the at-risk stocks of Chinook, 
bull trout, and steelhead in the Skykomish system. Widespread impacts to estuarine habitats, 
as well as instream, riparian, and upland areas (especially downstream of the Forest 
boundary), have resulted in large reductions in the quantity and quality of spawning and 
rearing habitats of resident and anadromous fish stocks within the North and South Fork 
Skykomish watersheds, as well as elsewhere within the Snohomish Basin (Snohomish Basin 
Salmonid Recovery Technical Committee 1999, 2002; Snohomish Basin Salmonid Recovery 
Technical Committee and NMFS 2005; Snohomish Basin Salmon Recovery Forum 2005; 
USFS 1994, 1995a, 1995b, 2009b). Therefore, restoration projects are being and will be 
implemented to restore this crucial habitat within these areas in the Skykomish Basin. 

Geographic Scope of the Project 
The geographic scope of this information summary report (referred to as study area)includes 
the following stream segments (Figure 2): 

 The entire main stem of the South Fork Skykomish River between its confluence with 
the North Fork Skykomish River and the Tye River 

 The entire Beckler River, including the lower 3 miles of Rapid River 
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 The entire Tye River, including the lowest mile of Surprise and Deception creeks 

 The lower Foss River up to the FS 68 Bridge on the East Fork and up to Trout Lake on 
the West Fork 

 The lower Miller River up to FS 6412 Bridge on the East Fork and up to the confluence 
of Coney Creek on the West Fork 

Methods for Data Review 
Herrera collected and reviewed information regarding salmon habitat conditions, watershed 
conditions, and restoration for the South Fork Skykomish River basin from King County and 
from other organizations. Data gaps that require further study were identified as part of this 
review. The findings of this review are summarized in the Data and Information Review 
Results section of this report. 

Herrera contacted 11 organizations selected in cooperation with King County to determine if 
they had additional information and data regarding salmon and salmon habitat in the South 
Fork Skykomish River basin. These organizations included: 

 National Marine Fisheries Service 

 The Tulalip Tribes 

 Washington Departments of Transportation  

 Washington Department of Fish and Wildlife 

 Washington Department of Ecology 

 Snohomish County 

 Wild Fish Conservancy 

 Trout Unlimited 

 Burlington Northern Santa Fe Railroad 

 Cascade Land Conservancy 

 ForterraUSFS 

Information collected from these organizations and the status of the contact is summarized in 
the Information Request Contacts and Status section. 

Preliminary cost estimates for a list of possible future studies was completed. King County 
had provided the following original list of potential future studies: 

 Sediment trends analysis and sediment budget 

 Hydrologic analysis 
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 Channel Migration Zone (CMZ) delineation 

 Shoreline armoring assessment  

 Off-channel habitat connectivity survey 

 Large wood analysis 

 Aquatic habitat assessment 

 Substrate characterization 

 Riparian habitat assessment 

 Invasive vegetation inventory 

 Reach Assessment 

After the existing information review was completed, Herrera evaluated this original list of 
potential future studies to determine if these studies were still needed or if other studies 
would need to be added to this list. Preliminary cost estimates for a modified list of potential 
future studies is provided under the Preliminary Cost Estimates of Potential Future Studies 
section. 
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DDATA AND INFORMATION REVIEW RESULTS 
The following two sections of this report include a summary of the information collected from 
the list of organizations provided in the Methods section. The status of data collection from 
these organizations is also provided. The Review of Existing Studies and Data section contains 
a brief summary of the existing information and data that were reviewed followed by a list of 
data gaps that were identified through this review. 

Information Request Contacts and Status 
The 11 organizations listed above were contacted by Herrera to determine if additional natural 
resource studies had been completed for the South Fork Skykomish River study area defined 
above. The findings and status of these inquiries are provided in Table 1. Only the USFS, Wild 
Fish Conservancy, and Snohomish County had some additional data available beyond existing 
studies that King County had already provided for this summary report (these studies are 
summarized later in this report). The Wild Fish Conservancy has conducted the most recent 
priority salmonid (Chinook, steelhead trout, and coho) spawner surveys within the study area 
streams and provided these data to WDFW to include in their Salmonscape database of fish 
distribution within Washington streams. There are still pending responses from Burlington 
Northern Santa Fe (BNSF) and Andy Haas (a former Snohomish County employee). 

Review of Existing Studies and Data 
This section provides a brief summary of existing studies and plans that address salmon 
habitat conditions and/or restoration planning within the South Fork Skykomish River basin 
including the study area for this report. Table 2 summarizes the content of these studies in 
regards to watershed, stream, and salmon habitat conditions, data gaps, and existing or 
proposed restoration projects. A list of data gaps identified from the review of existing 
information is provided under the Data Gaps section. 

A Snohomish Basin Salmon Habitat Plan was completed in 1999 by the Snohomish Basin 
Salmonid Recovery Technical Committee. This study identified the major limiting factors 
to salmonid production with the Snohomish Basin (including the South Fork Skykomish 
River basin): habitat degradation, potential weakening of natural salmonid stocks due to 
intermixing and competition of hatchery stock, fisheries harvesting, habitat access limited by 
hydropower dams and man-made barriers, and reduced marine survival. The study laid out 
next steps for salmonid habitat improvement and Chinook salmon population recovery within 
the basin. 

A follow-up study was conducted in 2002 by the Snohomish Basin Salmonid Recovery Technical 
Committee that examined the salmon habitat conditions in the Snohomish River Basin. This 
study provided a detailed evaluation of existing conditions (fish habitat barriers, sediment, 
hydrologic, water quality, riparian, and shoreline armoring and floodplain connectivity) within 
the sub-basins of the Snohomish River Basin including the South Fork Skykomish sub-basin. 
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Table 1. Organizations Contacted and Information Collected. 

Organization Name Contact Name Information Obtained Contact Status 
Snohomish County Tim Walls Study on Climate Change in the Pacific 

Northwest 
Completed 

Mike Rustay Snohomish Basin Plan EDT Detailed 
Analysis Results 

Completed 

Bob Aldrich None at this time Response pending 
Snohomish County/Seattle 
City Light 

Andy Haas None at this time Response pending 

Tulalip Tribes Kit Rawson, 
Kurt Nelson 

No additional data Complete 

Abby Hook (formerly Tulalip 
Tribes) 

Abby Hook Hook’s Thesis: Geomorphological study of 
North Fork Skykomish River 

Complete 

WDFW Doug Hennick None at this time No response 
Tom Cox No additional data Complete 

NMFS Krista Bartz No additional data Complete 
Brian Collins Brian Collins No historical studies completed for study 

area 
Complete 

Trout Unlimited Alan Moore No additional data Complete 
Wild Fish Conservancy Jamie Glasgow Fish spawning surveys provided to 

WDFW 
Complete 

BNSF Mike Shawver No additional data Suggested contacting 
Bruce Shepard 

Bruce Shepard None at this time Pending response 
Forterra (formerly Cascade 
Land Conservancy) 

Charlie Raines No additional data Complete 

USFS  Watershed and salmon restoration studies 
for South Fork Skykomish, Beckler, Miller, 
Foss, and Tye rivers 

Complete 

Washington Department of 
Transportation 

Jim Parks WSDOT has no restoration projects in the 
South Fork Skykomish Basin 

Complete 

King County Noxious Weed 
Group 

Frances Lucero Noxious weed GIS files and management 
information for King County 

Complete 

 
This study also identified data gaps where information was insufficient to make a 
determination of the conditions within a stream or sub-basin. 

In 2004 and 2005, the Snohomish Basin Salmon Recovery Forum and NMFS completed the 
Snohomish River Basin Salmon Conservation Plan, which included an Ecosystem Diagnosis and 
Treatment (EDT) analysis to determine primary and secondary conservation strategies for 
each sub-basin within the Snohomish Basin. The EDT analysis results are presented in the 
Snohomish River Basin Ecological Analysis for Salmon Conservation report (Snohomish Basin 
Salmonid Recovery Technical Committee and NMFS 2005). The EDT analysis identified the 
following recommended restoration actions for the Upper South Fork Skykomish River (from 
confluence of the Foss River to Sunset Falls): preservation of intact habitat, rearing habitat 
improvement, off-channel habitat improvement, setting back or removing shoreline armoring,  
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Table 2. Summary of Reviewed Historical Studies and Information Pertaining to Salmon and Salmonid Habitat Conditions in the South Fork Skykomish River Basin. 

Study Title Author Date Stream Name 

Existing Data/Information Provided In Each Study 

Data Gaps 
Identified 

Restoration Project 
Recommendations 

Shoreline 
Armoring 

Survey 

Off-channel 
Connectivity 

Survey 
Habitat 

Assessment 

Riparian 
Vegetation 

Assessment 
Large Wood 

Analysis 
Hydrologic 

Analysis 

Channel 
Migration 

Zone 
Analysis 

Reach 
Classification 

Sediment 
Trends 

Analysis and 
Sediment 
Budget 

Invasive 
Vegetation 
Inventory 

Initial Snohomish River 
Basin Chinook Salmon 
Conservation/Recovery 
Technical Work Plan 

Snohomish 
Basin Salmonid 

Recovery 
Technical 

Committee 

1999 Snohomish Basin, 
"Skykomish Forks" 

N N Y Y N Y N N N N Y Y 

Snohomish River Basin 
Salmonid Habitat 
Conditions Review 

Snohomish 
Basin Salmonid 

Recovery 
Technical 

Committee 

2002 Snohomish Basin, 
"Skykomish Forks" 

Y Y Y Y y Y N N Y N Y Y 

Snohomish River Basin 
Ecological Analysis for 
Salmonid Conservation 

Snohomish 
Basin Salmonid 

Recovery 
Technical 

Committee and 
NMFS 

2004 / 
Updated 

2005 

Snohomish Basin, 
"Skykomish Forks" 

N N Y Y N Y N N N N Y Y 

Snohomish River 
Basing Conditions and 
Issues Report

Pentec and NW 
GIS 

1999 Snohomish Basin 
including South 
Fork Skykomish 

N N Y Y N Y 
no 

modeling 

N N N N Y Y 

Miller-Foss Watershed 
Analysis, Mt. Baker-
Snoqualmie National 
Forest 

USFS 2009 Miller-Foss 
Watershed 

N N Y Y Y Y 
no 

modeling 

N N N N Y N 

Watershed Action Plan 
for the National Forest 
System Lands of the 
North and South Fork 
Skykomish 5th-Field 
Focused Watersheds, 
A Framework for 
Prioritizing 
Restoration, MBSNF

USFS 2009 North & South 
Fork Skykomish 

Watersheds 

N N N N N N N N N N Y Y 

Skykomish Forks 
Watershed Analysis, 
Mt. Baker-Snoqualmie 
National Forest 

USFS 1995 North & South 
Fork Skykomish 

Watersheds 

N N Y Y Y Y 
no 

modeling 

N N Y Y N Y 
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Table 2 (continued). Summary of Reviewed Historical Studies and Information Pertaining to Salmon and Salmonid Habitat Conditions in the South Fork Skykomish River Basin. 

Study Title Author Date Stream Name 

Existing Data/Information Provided In Each Study 

Data Gaps 
Identified 

Restoration Project 
Recommendations 

Shoreline 
Armoring 

Survey 

Off-channel 
Connectivity 

Survey 
Habitat 

Assessment 

Riparian 
Vegetation 

Assessment 
Large Wood 

Analysis 
Hydrologic 

Analysis 

Channel 
Migration 

Zone 
Analysis 

Reach 
Classification 

Sediment 
Trends 

Analysis and 
Sediment 
Budget 

Invasive 
Vegetation 
Inventory 

Beckler River 
Watershed Analysis, 
Mt. Baker-Snoqualmie 
National Forest 

USFS 1995 Beckler River 
Watershed 

N N Y Y Y Y 
no 

modeling 

N N Y Y N Y 

Tye River Watershed 
Analysis, Mt. Baker-
Snoqualmie National 
Forest, Skykomish 
Ranger District

USFS 1994 Tye River 
Watershed 

N N Y Y Y Y 
no 

modeling 

N N Y Y N Y 

Fisheries Analysis on 
the Beckler River 

Cyr, LeRoy 
(USFS) 

1992 Beckler River N Y Y Y limited Y limited N N Y N N N N 

Snoqualmie/Skykomish 
Early Action Habitat 
Projects in King County 

King County 2001 Snoqualmie and 
Skykomish rivers 

N N Y limited N N N N N N N N Y 

South Fork Skykomish 
Historic Channel 
Mapping, Flood 
Control Assistance 
Account Program, Final 
Summary Report. 

King County 2005 South Fork 
Skykomish 

N N N N  N N Y N Y N N N 

Geomorphic 
Assessment: Miller 
River Fan 

Herrera 2009 Miller River N N N N N N Y N Y N N N 

Distribution of fish and 
stream habitats and 
influences of 
watershed conditions, 
Beckler River. 

Wissmar, R.C. 
and W.N. Beer 

1994 Beckler River N N Y Y limited N N N N N N N N 

Snohomish River 
Watershed WRIA 7 
Salmonid Habitat 
Limiting Factors Report 

Washington 
State 

Conervation 
Commission 

2002 Snohomish Basin N Y Y Y Y N N N N N Y Y 

Y= Yes, N=No 
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removal of barriers to habitat access, restoring normative sediment transport processes, 
and where needed, riparian revegetation. For the Lower South Fork Skykomish River, the 
following restoration actions were identified: high quality habitat protection, removal 
of barriers to habitat access, riparian forest restoration, and reestablishing floodplain 
connectivity. Similar restoration actions were identified for the major tributaries of the South 
Fork Skykomish River. 

In parallel to the Snohomish Basin Plan studies, the USFS conducted watershed analyses of 
the South Fork Skykomish and its tributaries (Skykomish Forks [USFS 1995b]; Millerand Foss 
rivers [USFS 2009a]; Tye River [USFS 1994]; Beckler River [USFS 1995a]); and a watershed 
restoration project action plan (USFS 2009b). These watershed analyses provide historic 
and existing (at the time of each study) habitat condition information for these streams 
at a stream watershed level. As part of these studies a detailed analysis of road crossings, 
culverts, and fish passage barriers was also conducted for each of the stream watersheds. 
These USFS studies also identify future data needs (data gaps) and suggested restoration 
projects for each watershed. The watershed action plan (USFS 2009b) describes previously 
completed or on-going restoration projects in the South Fork Skykomish River basin as road 
drainage, erosion control, and fish passage improvements, pointing to the need for more in-
stream restoration activities. 

The USFS has designated the Skykomish Forks watershed as a “Focused Watershed,” and the 
Upper South Fork Skykomish subwatershed as a “priority watershed,” where additional stream 
restoration actions are in the process of being identified and moving towards implementation 
by the USFS in partnership with other organizations. The South Fork Skykomish River salmon 
habitat restoration feasibility project is one of the projects being implemented under this 
program (USFS 2009b). 

Herrera (2009) also produced a geomorphic assessment for the County as part of its program 
to better study the Old Cascade Highway crossing of the Miller River. The study was targeted 
on threats to the roadway and focused only on the lower mile of the river. Future work is 
anticipated in this area, but it is within a small fraction of Miller River reach described here 
and will therefore have no bearing on the cost estimates provided later in this document. 

Finally, a cursory review of the peer-reviewed scientific literature generated several studies 
of peripheral relevance to the identification and characterization of restoration projects in 
the basin (Steel et al. 1999; Hren et al. 2007; Pelto 2011). First, Steel et al. (1999) report a 
study of the associations of birds and small mammals at numerous locations on North Fork 
Skykomish River. While not specifically in the South Fork Skykomish sub-basin, the extreme 
proximity of this work to the South Fork does provide a basis for the types of ecological 
communities that can be found in the basin. Next, Hren et al. (2007) reported chemical 
weathering and erosion rates from the greater Skykomish Basin (including from the Sultan and 
Wallace tributary basins). While only a few of the samples were obtained from the South Fork 
basin, the erosion data would be useful for sediment production estimates in any kind of 
sediment transport analysis. Finally Pelto (2011) reports on the hydrologic changes associated 
with modern glacial retreat, both from field observations and a historical analysis of USGS 
gage records obtained at Gold Bar. The hydrologic analysis lumps the effects of the forks, 
making it only marginally relevant to hydrology of the South Fork (or its tributaries) itself, but 
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the field observations of glacial retreat would be useful as the basis for any sediment 
transport analysis in the basin. 

In addition to the studies mentioned above the following data products are available for 
potential use in future analyses: 2002 LIDAR images and 2010 aerial ortho-photographs of the 
entire study area, 2006 and 2011 LIDAR images and 2011 aerial photographs for the South Fork 
Skykomish River and only the lower reaches of the tributaries identified in the study area. 
Evaluation of the quality and resolution of the 2006 and 2011 LIDAR images indicates that 
they would be insufficient for building detailed topographic surfaces from these images; 
however, they can be used for coarse level analyses. A HEC-RAS hydraulic model was 
completed in 1997 for the South Fork Skykomish sub-basin that used US Geological Survey 
gage data. While this model may be useful to provide historical hydraulic context for the 
South Fork basin, it would not provide useful data for future hydrologic or hydraulic analyses. 

Data Gaps 
The following data gaps were identified through the review of the existing studies listed in 
Table 2 and discussion with contacts listed in Table 1. 

 Sediment transport processes analysis in South Fork Skykomish sub-basin and in 
particular the South Fork Skykomish, Miller, and Beckler rivers; including, but not 
limited to, sediment budgets, sediment trends analyses, and sediment transport 
modeling 

 Historic and present day geomorphic analysis of the entire South Fork Skykomish 
sub-basin 

 Channel migration zone analysis of the floodplains of the streams in the study area 

 Hydrologic analysis in the entire South Fork Skykomish sub-basin 

 Hydraulic analysis in South Fork Skykomish sub-basin (a HEC-RAS model of the South 
Fork Skykomish River was completed in 1997, but only used existing USGS gage data 
and is outdated) 

 Stream reach-level instream habitat conditions survey for identification of restoration 
opportunities within the South Fork Skykomish River study area 

 Stream reach-level riparian habitat conditions survey that is specifically relevant to 
salmonid habitat conditions within the South Fork Skykomish River study area 

 Detailed quantification of shoreline armoring and floodplain disconnection studies of 
the entire basin 

 Reach level off-channel habitat assessment within the South Fork Skykomish River 
study area 

 Comprehensive large woody debris study of the South Fork Skykomish River sub-basin 
including the relevant portions of the major tributaries 

 Stream reach-level study of invasive vegetation species for the entire study area 
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PPRELIMINARY DESCRIPTIONS AND COST ESTIMATES OF 
POTENTIAL FUTURE STUDIES 
Based on the existing information and data review, Herrera determined which ones of the 
following potential future studies identified by King County (see Methods section) would 
potentially be needed to fill data gaps and added additional studies that would also be 
appropriate. The following is the revised list of proposed potential future studies: 

 Sediment trends analysis and sediment budget 

 Hydrologic analysis 

 Channel Migration Zone (CMZ) delineation 

 Geomorphic assessment (includes Shoreline armoring assessment)  

 Off-channel habitat connectivity survey 

 Large wood analysis 

 Aquatic habitat assessment and substrate characterization 

 Riparian habitat assessment 

 Invasive vegetation inventory 

Appendix 1 provides a brief description of the potential future studies that may be needed to 
fill data gaps and determine potential salmon habitat restoration projects within the study 
area. A preliminary cost estimate is provided for each proposed study by stream within the 
study area, where appropriate, and for all streams combined. Costs could be reduced by 
combining the field investigations and reporting for some of these studies. For example, the 
invasive vegetation inventory could be combined with the riparian habitat assessment, or 
the riparian habitat assessment could be completed at the same time as the aquatic habitat 
assessment is completed (see Appendix 1). 
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APPENDIX 1:  PRELIMINARY DESCRIPTIONS AND COST 
ESTIMATES OF POTENTIAL FUTURE STUDIES 
Sediment Trends Analysis and Sediment Budget 
Description of Study 
This sediment trends effort will be similar to the work that was done on the lower White 
River in support of the White River Countyline project (Herrera 2010). The area covered is 
much larger, but it is expected that the level of detail would be much less, breaking the 
quantitative estimates to basin-scale, not reach scale. 

A key parameter in any sediment trends analysis is the determination of the sediment influx 
from surrounding hillslopes. The Syvitski et al. (2003) model (Syvitski model) can estimate 
sediment output in each of the major basins in the study area. This model requires 
delineation of the entire basin, along with basic basin geometry (area, relief, etc.). The 
Syvitski model results will be validated and assessed in three different ways. First, debris 
flows evident in aerial photographs in the entire basin will be cataloged. A limited number of 
these will be visited to determine the amount eroded from them since placement, their 
current size and their potential for erosion in the future. Second, there are several slide-
dammed lakes in the basin (e.g., Trout Lake on the West Fork Foss River), which can be used 
to document the sediment accumulation rates behind them. Third, existing County documents 
and documents from other stakeholders will be searched to identify engineering design and 
maintenance activities that have occurred in the past to impound sediment, and the volumes 
of sediment stored from these actions. Finally the results of the analysis will be summarized 
in a memorandum. 

Extent of Study 
This study will be completed for the entire study area as shown in Figure 1 and defined here 
in the introduction of this document. It is necessary to do this since sediment contribution 
from the upper basins will necessarily have to be determined to estimate the sediment flux 
through the South Fork, the main target of restoration activities. 

Description of Previous Studies 
There have been no previous studies like this in the basin. However, there are resources 
available (e.g., Hren 2007; Pelto 2011) that will be used to guide the analysis that will be 
conducted. 

Estimated Budget 
Total for all streams: $90,500 
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Hydrologic Analysis 
Description of Study 
A hydrologic analysis on the upper South Fork Skykomish River Basin may be completed with 
the existing peak data available from historic USGS and Snohomish County stream gages, and 
a flood frequency relationship established. While USGS gages in the upper South Fork 
Skykomish sub-basin were discontinued in the 1950s and 1980s, and those records that are 
available are from the early part of the 20th century, there is good concurrence amongst the 
data sets: Tye River near Skykomish (1929–1946), South Fork Skykomish River near Skykomish 
(1929–1950), Beckler River near Skykomish (1929-1949), Miller River at Miller River (1911-
1946), and South Fork Skykomish River near Index (1902-1982). 

Hydrologic modeling may help gain greater resolution, and confidence in sub-basin level flood 
frequency, especially where data gaps exist for the sub-basins, and to determine fish passable 
low flows. One such model is the U.S. Army Corps of Engineers Hydrologic Engineering 
Center’s Hydrologic Modeling System (HEC-HMS). HEC-HMS inputs would come from local 
climate gages, and a combination of LIDAR and, where needed, USGS 10-meter grid data. 
Individual 24-hour hydrographs may be generated from the model and calibrated against 
gaged data. The methods and results of this analysis will be provided in a technical report. 

Extent of Study 
A hydrologic analysis creates a calibrated HEC-HMS model of the South Fork Skykomish River 
basin, in order to establish a flood frequency for the entire basin. The estimated budget 
below reflects the effort to conduct such a hydrologic analysis on the upper South Fork 
Skykomish River basin, above the confluence with the North Fork Skykomish River. 

Description of Previous Studies 
A flood frequency analysis was performed for the mainstem South Fork Skykomish at Index 
(Skykomish Forks Watershed Assessment, 1995). Flood frequency analyses were not conducted 
on the sub-basins, as there were insufficient data (Beckler River Watershed Assessment [USFS 
1995a], Tye Watershed Assessment [USFS 1994]), or only average annual, and monthly 
average data available (Miller-Foss Watershed Assessment [USFS 2009a]). Historic hydrologic 
analysis has also been performed on the USGS record at Gold Bar (Pelto 2011), but this study 
aggregates the effects of both forks and is not sufficiently resolved for South Fork restoration 
projects. The Town of Skykomish has cross-section data of the South Fork Skykomish River for 
the reach that passes through the town. This information will be incorporated into this study, 
if it is appropriate. 

Estimated Budget 
Total for all streams: $40,000 
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Channel Migration Zone (CMZ) Delineation 
Description of Study 
The historical (channel) migration zone (HMZ) will be delineated for each river in a manner 
similar to the South Fork Skykomish River study already conducted (King County 2005). The 
budget below also includes the option of a delineation of the avulsion hazard zone (AHZ), 
erosion hazard area (EHA) and disconnected migration area (DMA), as described by Rapp and 
Abbe (2003) as a complete CMZ delineation. Delineating these wider areas provides 
information particularly relevant to the restoration and protection of the study area. The 
wider delineations assume that lidar would be available and require field work to establish 
their precise limits. The HMZ-only delineations would not require field work. The HMZ and 
CMZ delineations will be provided on maps that will be included in a report. The methods and 
findings will be provided in a technical report. 

Extent of Study 
This study can be completed piecemeal and the budgets for each of these individual studies 
are indicated parenthetically below, although the methodology will remain the same (as 
stated above) for each area. Also note that there could be some cost savings if the County 
were to implement all of these studies simultaneously. 

Description of Previous Studies 
There have been no previous studies like this in the basin. 

Estimated Budget 
HMZ Only 
$12,000 (remainder of South Fork Skykomish River, north of county line) 

$17,000 (Miller River) 

$17,000 (Foss River) 

$17,000 (Tye River, including lower Surprise and Deception creeks) 

$17,000 (Beckler River, including the lower Rapid River) 

Total for all streams: $75,000 

Full CMZ Delineation 
$45,000 (South Fork Skykomish River, including HMZ extension to county line) 

$50,000 (Miller River) 

$50,000 (Foss River) 

$50,000 (Tye River, including lower Surprise and Deception creeks) 
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$50,000 (Beckler River, including the lower Rapid River) 

Total for all streams: $250,000 

Geomorphic Assessment 
Description of Study 
Herrera will conduct a geomorphic assessment for the entire South Fork Skykomish River study 
area. A review of existing information and field verification will also be conducted. Herrera 
will review existing data including technical reports (including USFS [1994, 1995a, 1995b, 
2009a] watershed studies), peer-reviewed publications, geologic maps, LIDAR data, historic 
aerial photographs, and General Land Office (GLO) surveys for the identification and 
description of the geologic, geomorphic, and sediment processes that formed and are active 
within the South Fork Skykomish study area. This will entail examining the evolution, 
morphology, and influence of the upper watersheds of the study area streams within the 
basin. Additionally, Herrera will examine the study area channel dynamics and stability 
through historic and existing maps, LIDAR images, photographs, and data. The type and 
extent of shoreline armoring that are constraints to geomorphic processes will be assessed 
during the field investigation. According to the Snohomish River Basin Salmonid Habitat 
Conditions Review (Snohomish Basin Salmonid Recovery Technical Committee 2002), the South 
Fork Skykomish and possibly the Tye River are degraded due to shoreline armoring. 

Based on this analysis, Herrera will divide the study area streams into reaches based on 
dominant geomorphic processes. Herrera will identify channel type and the unique channel 
morphology of each reach based upon channel planform patterns, gradient, width, depth, 
sinuosity, grain size, and sediment supply. This information will be used to describe the 
physical regime of each channel type. This information will then be used to identify the 
salmonid habitat physical components that can be expected to develop and be sustained 
within each channel type and therefore reach. Maps will be developed to show the findings of 
the analysis including but not limited to: key basin geologic features and material types, 
comparison of historic and current river corridor and channel cross sections, a delineation of 
shoreline armoring, and geomorphic reaches (to illustrated important geomorphic features or 
conditions along the river corridor). A technical report of the study findings will be prepared. 

Extent of Study 
The geomorphic assessment will include all streams within the study area, but could be done 
piecemeal according to the budgets below. 

Description of Previous Studies 
The USFS (1994, 1995a, 1995b, 2009a) watershed studies contain information regarding 
geomorphic features and stability and geology within the each of the stream watersheds, but 
they are targeted towards restoration actions. The Snohomish River Basin Salmonid Habitat 
Conditions Review (Snohomish Basin Salmonid Recovery Technical Committee 2002) provides 
information on shoreline armoring for the South Fork Skykomish and the tributaries that are 
included in the study area. 
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Estimated Budget 
$40,000 (South Fork Skykomish River) 

$30,000 (Miller River) 

$30,000 (Foss River) 

$40,000 (Tye River, including lower Surprise and Deception creeks) 

$40,000 (Beckler River, including the lower Rapid River) 

Total for all streams: $180,000 

Off-channel Habitat Connectivity Assessment 
Description of Study 
An off-channel habitat connectivity assessment will be completed in areas identified in the 
geomorphic assessment and shoreline armoring study described above. This study will entail 
three main elements: background information analysis, field assessment, and mapping and 
report preparation. It is assumed that the Geomorphic Assessment would be completed before 
this study is performed. Also, included in the cost estimate is a hydrologic analysis that would 
be conducted prior to the off-channel habitat analysis. The hydrologic analysis is described 
under that Hydrologic Analysis section and would be used to estimate the extent of potential 
floodplain habitats and when they would be available for use by fish. As described under the 
Geomorphic Assessment section, the Snohomish River Basin Salmonid Habitat Conditions 
Review (Snohomish Basin Salmonid Recovery Technical Committee 2002) indicates that the 
South Fork Skykomish is degraded due to shoreline armoring and the Tye River may be as 
well. Aerial photographs, King County’s GIS information, and other existing information will 
be used to identify areas where off-channel habitats may be disconnected from the mainstem 
channel. Results from the geomorphic assessment may also be used to identify potential off-
channel habitats that have been disconnected from the mainstem of the streams. A field 
assessment will be conducted to collect information regarding the quality of the off-channel 
habitats. A technical memorandum will be prepared and will include maps of the off-channel 
habitats, a description and rating of the off-channel habitats, and restoration 
recommendations. 

Extent of Study 
The off-channel habitat assessment will focus on the South Fork Skykomish and Tye rivers 
because they have been identified to have shoreline armoring. Spot locations on other 
tributaries will also be included in the study if existing information and analysis determine 
other locations where disconnected off-channel habitat occurs. 

Description of Previous Studies 
The Snohomish River Basin Salmonid Habitat Conditions Review (Snohomish Basin Salmonid 
Recovery Technical Committee 2002) provides information on shoreline armoring for the 
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South Fork Skykomish and the tributaries that are included in the study area. The USFS (1994, 
1995a, 1995b, 2009a) watershed studies also include limited information on off-channel 
habitat and wetland and riparian conditions and will be evaluated during the background 
analysis of this study. 

Estimated Budget 
$88,000 (South Fork Skykomish River and Tye River and other potential spot locations) 

Note this cost estimate includes the cost for a hydrologic analysis of the South Fork Skykomish 
sub-basin. 

Large Wood Analysis 
Description of Study 
This Large Wood Analysis will be similar to the work that was done on the Cedar River for 
Seattle Public Utilities (SPU) in 2007 (Herrera 2007). The area covered in this analysis is much 
larger (~70 RM) than that of the Cedar River (~12.5 RM), but it is expected that the analysis 
will have a much narrower focus on wood presence and function in supporting fish habitat.  

A LWD inventory of the Skykomish River would help establish baseline information on wood 
loading, wood distribution, wood associated fish habitat, and the geomorphic function of 
large wood on the South Fork Skykomish and its tributaries. A systematic field survey would 
catalog wood presence and function throughout the reach. For maximum efficiency, data 
could be collected using GPS units and stored in a GIS-based data dictionary specially 
developed for the inventory. Such a data dictionary may be used to easily display spatial 
wood densities, generate spatial statistics, and could be the basis of comparison with similar 
studies in the future. A technical memorandum will be prepared and will include a description 
of LWD characteristics within each stream by reach, wood distribution, wood recruitment, 
effects of LWD conditions on fish habitat, and identification of restoration projects where 
LWD is lacking. 

Extent of Study 
This study can be completed piecemeal, and the budget for each of these individual studies is 
indicated below, although the methodology will remain the same (as stated above) for each 
stream. Also, note that there could be some cost savings if the County were to implement this 
study for all streams simultaneously. 

Description of Previous Studies 
While several of the USFS (1994, 1995a, 1995b, 2009a) watershed analyses of the South Fork 
Skykomish and its tributaries contain information regarding large wood loading, distribution, 
and geomorphic and habitat function, the data contained in those reports are piecemeal, 
stretches across two decades, and is impractical for use in assessing potential areas targeted 
for restoration efforts. Steel et al. (1999) observed significant use of LWD piles by birds, small 
mammals, and insects in the North Fork Skykomish River. Limited wildlife information could 
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also be collected during the LWD inventory to use as a habitat quality indicator of the river 
ecosystem. 

Estimated Budget 
$86,000 (South Fork Skykomish River) 

$86,000 (Tye River, including lower Surprise and Deception creeks 

$86,000 (Beckler River, including the lower Rapid River) 

$55,000 (Foss River) 

$55,000 (Miller River) 

Total if all streams were studied together: $298,000 

Aquatic Habitat Assessment 
Description of Study 
An aquatic (instream) habitat analysis will be completed using a similar methodology 
employed for the King County Tolt River flood damage and habitat restoration project. It is 
assumed that geomorphic and hydrologic assessments will be conducted prior to conducting 
this aquatic habitat assessment. We assume the geomorphic assessment on at least the 
mainstem South Fork will be conducted. However, we cannot assume the hydrologic 
assessment will be conducted and therefore we have included the cost of the hydrologic 
assessment (as described under the Hydrologic Assessment section) in this study. This study 
also includes a substrate analysis. The focus will primarily be to support determination of 
salmonid habitat restoration projects and not on flood damage, although this study will 
include an assessment of where flood damage affects salmonid habitat. The study will follow 
the process-based principles identified by Beechie et al. (2010). These process-based 
restoration principles are intended to reestablish physical, chemical, and biological processes 
that create and sustain river and floodplain ecosystems. This assessment only includes 
instream habitat (including substrate characterization); riparian habitat assessment is 
described under the Riparian Habitat Assessment section. However, cost savings would be 
realized if this study was combined with the riparian habitat assessment. 

This analysis will involve four elements: existing information analysis, aerial photographic and 
LIDAR analysis, field studies, and mapping and reporting. The study will focus on quantifying 
the current habitat diversity for salmonids (i.e., spawning and rearing habitat, high flow 
refugia, pool-riffle habitat, substrate characterization, etc.) and identifying opportunities for 
improving aquatic habitat. Stream habitat types will be defined and mapped on the basis of 
channel type and geomorphic units according to the classification approach discussed in 
Lestelle et al. (2005) and applied in Snohomish Basin Salmonid Recovery Technical Committee 
and National Marine Fisheries Service (2005). This classification approach is used in Ecosystem 
Diagnosis and Treatment (EDT) and includes the following channel types: main channel, side 
channel, braided channel, overflow channel, groundwater channel, pond, and seasonally 
flooded wetland habitat type. In order to minimize cost and for the purpose of this study, 
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some of the geomorphic units discussed in Lestelle et al. (2005) will be grouped into the pools 
or riffles categories as applicable. The final mapping protocol will be reviewed and approved 
by King County before implementation. Field studies will be limited only to areas where 
habitat conditions need to be verified and assessed on the ground. 

Additionally, information from the Sediment Trends Analysis and Sediment Budget (see above) 
will be used to assess water quality (sediment loading) and substrate embeddedness for this 
study. 

A technical memorandum will be prepared and will include at minimum descriptions of 
current conditions of the instream habitat and potential restoration projects. 

Extent of Study 
The aquatic habitat assessment will focus on the study section of the South Fork Skykomish 
River (as defined for this report) and will also include relevant portions the Tye, Miller, 
Beckler, and Foss rivers and possibly Surprise and Deception creeks. 

Description of Previous Studies 
The Snohomish Basin Salmon Habitat Plans and habitat conditions report (Snohomish Basin 
Salmonid Recovery Technical Committee 1999, 2002, 2005, and Pentec and NW GIS 1999) and 
the EDT analysis (Snohomish Basin Salmon Recovery Forum 2005) of the entire Snohomish 
Basin will be analyzed as part of the background information analysis for this assessment. The 
USFS Watershed Analyses of the South and North Forks of the Skykomish River (USFS 1995b), 
Miller and Foss rivers (USFS 2009a), the Beckler River (USFS 1995a), and the Tye River (USFS 
1994) contain information regarding geomorphic and habitat functions in these streams, 
although the primary focus of the studies is in regards to riparian functions. Relevant 
information from these USFS studies will be used for the existing information analysis for the 
aquatic habitat assessment. A fish habitat survey review of the Beckler River (Cyr 1992) 
provides reach level information on instream habitat conditions and could be used as baseline 
information for that river, although these data are relatively old. Kassler et. al. (2008) also 
provides information regarding habitat conditions in the South Fork and North Fork Skykomish 
rivers particular to steelhead trout that will be reviewed as part of the existing information 
analysis. 

Estimated Budget 
This budget includes a combination of this hydrologic assessment as described in the 
Hydrologic Assessment section and this study’s cost estimate 

$120,000 (South Fork Skykomish River study segment) 

$115,000 (Tye River, including lower Surprise and Deception creeks) 

$115,000 (Beckler River, including the lower Rapid River) 

$98,000 (Miller River) 

$98,000 (Foss River) 

Total if all streams were studied together: $195,000 
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Riparian Habitat Assessment 
Description of Study 
A riparian habitat analysis will be completed using a similar methodology (as applicable) 
employed for the King County Tolt River flood damage and habitat restoration project. The 
study will also follow the process-based principles identified by Beechie et al. (2010). This 
assessment only includes riparian habitat; aquatic instream habitat assessment is described 
under the Aquatic Habitat Assessment section. The study will focus on quantifying the 
historical and present-day riparian habitat conditions. It is assumed that the information from 
the Geomorphic Assessment described above will be completed prior to this study. 

This analysis will involve four elements: existing information analysis (including results from 
the geomorphic assessment, aerial photographic and LIDAR analysis and review of previous 
studies), field studies, and mapping and reporting. The approach to assessing riparian 
conditions will entail an assessment of previous information, maps, and results from the 
geomorphic assessment. The approach will be loosely based on methods utilized by Collins 
and Sheikh (2002) where historical information from GLO surveys and notes; historic aerial 
photographs, and LIDAR imagery is available for the Geomorphic Assessment. Existing 
information will be synthesized in order to map the channel, floodplain wetlands, riparian 
vegetation communities, and ponds. Current and, where possible historic, riparian habitats 
that affect salmonid habitat will be defined and mapped. Field studies will be limited only to 
areas where habitat conditions need to be verified and assessed on the ground. A technical 
memorandum discussing the current conditions of the riparian habitat and potential areas for 
restoration will be prepared. 

Extent of Study 
The riparian habitat assessment will focus on the study section of the South Fork Skykomish 
River (as defined above) and will also include relevant portions the Tye, Miller, Beckler, and 
Foss rivers and possibly Surprise and Deception creeks. 

Description of Previous Studies 
The Snohomish Basin Plans (Snohomish Basin Salmonid Recovery Technical Committee 1999, 
2002, 2005, and Pentec and NW GIS 1999) provide an overview of the riparian habitat 
conditions of the South Fork Skykomish, Beckler, Tye, Foss, and Miller rivers. Information 
from the EDT analysis of the South Fork Skykomish sub-basin (Snohomish Basin Salmon 
Recovery Forum 2005) will be used for background information where relevant. The USFS 
watershed analyses of the South and North Forks of the Skykomish River (USFS 1995b), Miller 
and Foss rivers (USFS 2009a), Tye River (USFS 1994), and Beckler River (USFS 1995a) contain 
maps and riparian habitat conditions information that will be used as existing information to 
build on. 

Estimated Budget 
$75,000 (South Fork Skykomish River study segment) 

$73,000 (Tye River, including lower Surprise and Deception creeks) 
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$73,000 (Beckler River, including the lower Rapid River) 

$49,000 (Foss River) 

$49,000 (Miller River) 

Total if all streams were studied together: $100,000 

Invasive Species Inventory 
Description of Study 
An invasive species assessment will be completed for the South Fork Skykomish River and the 
mouths of the tributaries identified in the study area and where roads cross or are within 50 
feet of the tributaries. The rationale for not surveying the upper reaches of the tributaries 
and only where they are crossed or near roads is because most non-native riparian species will 
be within these more disturbed areas. This analysis will involve three elements: existing 
information analysis, field studies, and mapping and reporting. Existing information analysis 
will include a review of the King County noxious weed list and identifying a list of other 
problematic invasive species as identified in the USFS watershed studies. A review of the USFS 
(1994, 1995a, 1995b, 2009a) watershed study invasive species maps and information will be 
used for preliminary mapping of invasive species and to determine a plan for spot surveys of 
invasive species within the South Fork Skykomish and the disturbed portions of the 
tributaries. Invasive species will be mapped within the study area and a technical 
memorandum will be prepared describing the invasive species, locations, effects on salmonid 
habitat, and management recommendations both already proposed by USFS and King County, 
and that are determined to improve salmonid habitat within the entire study area. 

Extent of Study 
The invasive species assessment will collect existing information for the entire study area and 
the field studies will focus South Fork Skykomish River and disturbed areas of the Tye, 
Beckler, and Foss rivers. The Miller River invasive species assessment will be conducted 
separately. 

Description of Previous Studies 
The USFS Watershed Analyses of the South and North Forks of the Skykomish River (USFS 
1995b), Tye River (USFS 1994), Miller and Foss rivers (USFS 2009a), and Beckler River (USFS 
1995a) contain invasive species information at the stream watershed level that will be used as 
existing information to build on. 

Estimated Budget 
Total for all streams: $50,000 

 




