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EXECUTIVE SUMMARY 

Like most rivers occupying alluvial floodplains, the South Fork Skykomish River moves, or migrates, 
across its floodplain. This “channel migration” can occur gradually as the river erodes one bank and 
deposits sediment along the other bank. It can also occur suddenly when a channel shifts abruptly 
to a new location. Channel migration represents a different type of flood hazard than inundation by 
overbank flow. The area subject to channel migration hazard within a given timeframe is referred 
to as the channel migration zone (CMZ).  

The purpose of this study is to delineate a South Fork Skykomish River CMZ and identify channel 
migration hazard areas in the study area extending from RM 6.6 to 19.7 (King-Snohomish county 
line to the confluence of the Tye and Foss rivers). The results of the study will inform regulation of 
land use within channel migration hazard areas. The CMZ map also will directly inform the planning 
and development of capital flood risk reduction projects. 

Study area characteristics 

The CMZ study area consists of the mainstem South Fork Skykomish River from the confluence of 
the Tye and Foss rivers downstream to the King-Snohomish county boundary line, including the 
area adjacent to channel. Both the natural geologic setting and constructed structures strongly 
influence study area characteristics. 

The South Fork Skykomish River within the study area occupies a valley shaped in large part by 
multiple advances of glaciers from the Cascade Mountains, the most recent of which reached a 
maximum extent approximately 20,000 calendar years before present. The valley bottom is largely 
underlain by gravelly fluvial deposits of the South Fork Skykomish River or of its tributaries along 
with a limited extent of glacial deposits. 

The South Fork Skykomish River is a free-flowing, unregulated system with several large tributaries 
feeding the mainstem that supply both water and sediment. Riverbank armoring as well as the 
armored embankments of the Burlington Northern Santa Fe Railway and U.S. Highway 2 have 
restricted channel migration across the river’s floodplain. However, active channel migration is 
evident in many locations. 

Methods 

This CMZ study and resultant map rely on historical channel migration patterns and rates to predict 
future channel migration hazard. South Fork Skykomish River channel migration was evaluated and 
mapped using information from existing studies, field observations, and analyses conducted in a 
Geographic Information System (GIS). Historical aerial photographs dating from 1944 through 
2013, historical maps dating from 1897, and digital topographic information developed from LiDAR 
collected in 2003 and 2013 were used to characterize patterns of channel migration. 

Channel migration hazards in the South Fork Skykomish River were mapped by identifying the 
component parts of a CMZ as specified by the King County Channel Migration Public Rule and 
consistent with Washington State Department of Ecology guidance. CMZ components are defined in 
the following equation and described below.  

CMZ = HMZ + AHZ + EHA – DMA 

where: 
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HMZ = Historical Migration Zone 
AHZ = Avulsion Hazard Zone 
EHA = Erosion Hazard Area. = Erosion Setback (ES) + Geotechnical Setback (GS) 
DMA = Disconnected Migration Area 

The South Fork Skykomish River HMZ includes the area occupied by channels from 1956 to 2014. 
The AHZ includes areas subject to a rapid shift of channel location. The ES width was calculated 
using measurements of channel movement measured over six time intervals between 1956 and 
2013. Channel movement was evaluated separately for eleven channel reaches within the study 
area. The ES was calculated separately for each study reach using the calculated erosion rate for 
each reach and assuming 100 years of migration at that rate from the most current (2013) channel 
location, or 50 years of migration at that rate from the HMZ. The final ES was the greater of these 
two. A GS was mapped where EHA/ES encounters certain erosion-resistant landforms at a 1H:1V 
slope landward into that landform. The DMA was mapped to exclude areas landward of artificial 
structures deemed likely to limit channel migration.  

Once the CMZ components were mapped and combined to delineate the outer edge of the CMZ, 
severe and moderate hazard areas were identified within the overall CMZ.  

This study does not consider the process by which a landslide blocks and redirects the river 
channel. As information is compiled and mapping methodologies defined with regard to landslide 
hazard areas, CMZ mapping will be evaluated to consider necessary revisions. 

Characteristics of channel migration in the study area 

Channel migration occurs mainly by three processes in the South Fork Skykomish River:  

 Lateral migration: progressive movement of the channel across floodplain resulting from 

erosion along one riverbank and deposition along the opposite.  

 Channel expansion: channel widening resulting from erosion along both banks. 

 Avulsion: an abrupt shift of the channel to new location. 

The channel gradient, channel confinement, channel pattern, armoring, and riverbank materials 
directly influence the type and extent of channel migration that is likely to occur. Channel 
migration in the South Fork Skykomish River typically is more active in a channel with moderate 
gradient, unconfined conditions, and unarmored banks than in a steeper, confined channel with 
armored banks. Channel conditions through much of the study area are relatively unconfined and 
unarmored.  

The study area was divided into 11 reaches, and average local migration rates were calculated for 
each reach. Nine of the 11 reaches showed generally similar migration rates, ranging from 1.7 to 2.5 
feet per year (0.52 to 0.76 m/yr). One reach near the mouth of Money Creek showed a distinctly 
higher average migration rate of 4.5 feet per year (1.37 m/yr).  Through reach 11 the channel flows 
through a rock avalanche deposit and evidence suggests little channel migration occurs in this 
coarse bouldery deposit.  A migration rate of 0.59 feet per year (0.2 m/yr) was calculated for this 
reach. 
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Delineation of the CMZ and channel migration hazard areas within the CMZ 

An unconstrained CMZ was mapped as the combination of the HMZ + AHZ + EHA (including 
EHA/ES and EHA/GS). The unconstrained CMZ does not recognize artificial constraints and 
therefore predicts channel migration in the absence of levees, revetments, and infrastructure. In a 
majority of study reaches, the width of the HMZ constitutes most of the width of the unconstrained 
CMZ.  

The unconstrained CMZ mapping was modified in two ways to produce the CMZ map. First, the 
DMA was mapped to recognize that certain artificial structures can restrain channel migration. 
There is a small right-bank revetment and a substantial left bank revetment/levee in the Town of 
Skykomish that are maintained by King County. These were mapped as barriers to migration. 
Throughout the study area both U.S. Highway 2 (the Stevens Pass Highway) and the Burlington 
Northern Santa Fe Railroad embankment were also considered barriers to migration. Through the 
study area (outside the town of Skykomish) there are several small revetments in the King County 
flood protection facility inventory, as well as numerous small private revetments. None of these 
small revetments were considered likely to prevent channel migration and these were not mapped 
as barriers to migration.  

A second modification to the unconstrained CMZ mapping was that severe and moderate hazard 
areas were mapped within the overall CMZ. Severe hazard areas are composed of the entire HMZ, 
severe AHZs, and typically half of the EHA. The present-day active channel always is mapped as a 
severe hazard area. With these components mapped as severe hazards, the severe hazard area 
occupies most of the width of the CMZ throughout the study area. The moderate hazard area lies 
between the severe hazard area and the outer boundary of the unconstrained CMZ. The result of 
these two modifications to the unconstrained CMZ completes the South Fork Skykomish River CMZ 
map. 

Key findings and conclusions 

The historical mapping exercise revealed that the South Fork Skykomish River does not show a 
history of rapid, widespread channel movement. Yet, despite the moderate sediment supply from 
the watershed and modest historic channel movement, there is both topographic and historic 
evidence of active channel migration, including migration occurring both by lateral erosion and by 
channel avulsion. The relatively modest reach-average annual migration rates are primarily in the 
range of 1.7 to 2.5 ft per year (0.52 to 0.76 m/yr).  

There is both geologic and historic evidence of channel migration across the valley floor. Evidence 
of channel migration occurring by lateral erosion, channel avulsion, and channel expansion is 
readily apparent. The primary controlling (constraining) factors on channel migration are: 

 Bedrock valley walls 

 Deposits of erosion-resistant glacial sediments 

 Course boulder deposits by rockfall and landslides 

 Alluvial fans deposited by steep tributary streams 

 Anthropogenic (constructed) bank hardening. 

Measured channel migrations rates in the South Fork Skykomish River are similar to rates 
measured in other King County rivers. 
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Some areas of lateral channel migration were identified where the topography suggested a high 
potential for the channel to avulse out of the existing channel and follow an entirely new alignment. 
Each of these areas would entail the river following a shorter, steeper course across the interior of a 
meander bend. Because of the potential for an abrupt and significant channel relocation, avulsions 
pose an especially high risk to residents and structures in the vicinity. 

With climate warming, much precipitation that would have fallen as snow during in the past will fall 
as rain in the future and likely contribute to and exacerbate winter flooding. Winter rainstorms 
associated with atmospheric rivers are already the source of the largest floods on the South Fork 
Skykomish River. With the contribution of additional winter runoff, winter flood peaks are likely to 
increase. This increased flooding will likely lead to increased rates of channel migration. Migration 
rates calculated for this study were intentionally conservative, in part to account for uncertainties 
like changes in the basin hydrology resulting from climate change. It is anticipated that the results 
of this study will be updated in 20 years if not before to incorporate an additional increment of 
channel movement, to address changes in the basin conditions, and to account for a better 
understanding of the effects of climate change. 

This study is based on the use of historical information to predict future hazard; these methods are 
consistent mapping protocols adopted by King County and with accepted practices and 
guidance from the Washington State Department of Ecology. Because some factors affecting 
channel migration are stochastic in nature, the channel may not occupy all parts of the mapped CMZ 
within the next 100 years. Furthermore, the channel could occupy portions of the valley floor 
beyond the limits of the mapped CMZ within the next 100 years. To recognize the need to have 
hazard mapping reflect more near-term, expected conditions, it is intended that a CMZ map be 
updated every 20 years. Also, portions of a CMZ map may be revised at timeframes shorter than 20 
years if local changed conditions warrant. 
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 INTRODUCTION  

The South Fork Skykomish River moves, or migrates, across its floodplain. This “channel migration” 
can occur gradually as the river erodes one bank and deposits sediment along the other and can 
also occur suddenly when a channel shifts abruptly to a new location. Abrupt channel changes may 
happen during a single flood event.  

Channel migration represents a different type of flood hazard than inundation by overbank flow. It 
can endanger properties located outside of the regulatory floodplain shown on flood hazard and 
flood insurance maps. Although both channel migration and flood inundation are hazards that may 
result from flooding, there is no specific correlation between the mapped boundaries of these two 
distinct hazard areas. The area subject to channel migration hazard within a given timeframe is 
referred to as the channel migration zone (CMZ). There is a potential hazard to permanent 
structures anywhere within a CMZ. 

The historical approach to addressing potential damage from bank erosion and channel migration 
has been to armor riverbanks with levees or revetments. However, such bank armoring can be 
expensive to construct and is subject to ongoing flood damage, which requires costly recurring 
maintenance work. Bank armoring can aggravate flooding or erosion problems upstream or 
downstream of the armored location and also degrade aquatic habitat. Bank armoring reduces but 
does not eliminate the potential for channel migration, and armoring may actually increase the 
hazard by encouraging development in areas that may still be at risk from riverine hazards. In 
order to prevent future development in areas subject to channel migration, the King County Flood 
Hazard Management Plan Update (“Flood Plan”) (King County 2013) states in Policy FP-2:  

King County should identify channel migration hazard areas through geomorphic 
analyses and review of historical channel migration patterns and rates. Land-use 
regulations shall restrict unsafe development in identified channel migration hazard 
areas. 

The Flood Plan and its policies are incorporated into the King County Comprehensive Plan (King 
County 2012). These King County policies and their implementation are consistent with State 
Shoreline provisions, which require the mapping of CMZs (Washington Administrative Code (WAC) 
173-26-221) and State Department of Ecology (Ecology) guidance on CMZ mapping (Department of 
Ecology Shorelands and Environmental Assistance Program 1994-2014; referred to herein as 
“Ecology 1994-2014”).  

This study constitutes the geomorphic analyses recommended in King County Flood Plan Policy FP-
2. The South Fork Skykomish River CMZ map produced by this study will be provided to King 
County Department of Permitting and Environmental Review (DPER) for adoption via the 2014 
Revised King County Channel Migration Public Rule (King County 2014) to use in regulating land 
use within channel migration hazard areas.  

1.1 Statement of Purpose 

The purpose of this study is to delineate a South Fork Skykomish River CMZ and identify channel 
migration hazard areas in the study area extending from RM 6.6 to 19.7 (King-Snohomish county 
line to the confluence of the Tye and Foss rivers). 
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The South Fork Skykomish River CMZ map and study uses historic channel information, and the 
resultant hazard mapping portrays expected channel movement over time. The results of the study  
may inform the planning and development of programmatic and capital flood risk reduction 
projects. The development of capital projects serve to implement the policies and 
recommendations of the King County Flood Plan. The CMZ map also will inform regulation of land 
use within channel migration hazard areas. These uses of the South Fork Skykomish River CMZ map 
and study are consistent with county and state policies and regulations cited on page 1. 

1.2 Report Layout 

This South Fork Skykomish River CMZ study provides an overview of geomorphic, geologic, 
physical, and structural factors affecting channel migration in the study area. Mapping methods and 
criteria are described in detail. Historical channel migration patterns and rates are evaluated as the 
basis of predicting future channel migration hazard. Finally, channel migration hazard areas are 
identified in a CMZ map.  

1.3 Timeframes Relevant to this Study 

A CMZ is defined as the area through which channel migration is predicted to occur within a given 
timeframe (Ecology 1994-2014; Rapp and Abbe 2003). The timeframe used in this study to map 
channel migration hazard is 100 years. That timeframe is consistent with planning timeframes used 
in Federal Emergency Management Agency (FEMA) (2013a) and National Marine Fishery Service 
(2008) and the adopted policies of the King County 2006 Flood Plan (King County 2006) and its 
Update and Progress Report (King County 2013). 

Although the information and methods used in this study constitute the best available science, 
channel migration is a dynamic process, and the CMZ maps now prepared may become outdated as 
basin conditions change, new information becomes available, or new analytical tools are developed. 
To recognize the need for revisions to the present CMZ delineation, the King County Channel 
Migration Public Rule (King County 2014) states that a CMZ map should be updated every 20 years. 
As such, 20 years can be considered the planning horizon for this CMZ study. Also, the Public Rule 
provides that portions of a CMZ map may be revised at a shorter timeframe than 20 years if locally 
changed conditions affect channel migration, such as removal of a section of bank armor. 

1.4 Effect of Landslides on Channel Migration 

The process by which a landslide blocks and redirects the channel is not addressed in this study or 
CMZ maps, and CMZ mapping methods do not include technical methods to account for landslide 
processes that may block or redirect the channel. As information is compiled and mapping 
methodologies are defined with regard to landslide hazard areas, CMZ mapping will be evaluated to 
consider necessary revisions. 

1.5 Conventions Used in this Report 

The primary units of measurement in this report are United States customary units, however 
International System of Units (SI units) are also included where convenient. Elevations are based 
on the NAVD88 vertical datum.  Elevations from USGS topographic mapping are corrected to the 
NAVD88 datum. 

Locations along the river are generally identified using river miles. For this report RM 0 is located at 
the confluence of the North and South Forks of the Skykomish River (near the Town of Index) and 

http://physics.nist.gov/cuu/Units/
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increase upstream. River miles are established along a channel centerline, and river miles used in 
this report were developed using orthophotography flown in 1993. Note that river miles used in 
other reports may have different starting points or may be based on a centerline developed from 
other map sources and therefore may not be coincident with river miles used herein. 

Where the discussion refers to features on one side of the river (or river valley), the features are 
referred to as being either on the “right” or “left.” In this report, this refers to the right or left hand 
of an observer looking downstream along the channel or valley. 

Flood events are described in this document using the Annual Exceedance Probability (AEP). A flow 
with a 10 percent AEP would be a flow that, on average would have a 10 percent chance of being 
exceeded in any given year. Former usage might have described this event as a 10-year Recurrence 
Interval flow or simply as a 10-year flood. Likewise, a flow with a 1 percent AEP might previously 
have been described as a 100-year flood. The discharges associated with these flow events are 
based on a Log-Pearson III analysis of annual peaks using the HEC-FFA program by Harper 
Righellis, Inc. (1995) which was reviewed and accepted by FEMA (1998).  A table of flows based on 
this study is presented in Section 2.4, Flood Hydrology. Note that, as described in Section 2.4, flows 
for a given AEP increase moving downstream through the study area as the contributing area 
increases. 
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 METHODS 

This CMZ study and resultant map rely on historical channel migration patterns and rates to predict 
future channel migration hazard. Channel migration on the South Fork Skykomish River was 
evaluated and mapped using information from existing studies, field observations, and analyses 
conducted in GIS Esri ArcMap 10.0. Channel migration hazards in the South Fork Skykomish River 
were then mapped by identifying the component parts of the CMZs.  

2.1 Review of Existing Studies 

Information from several existing studies of the geology, geomorphology, hydrology, hydraulics, 
land use, and other factors relevant to South Fork Skykomish River channel migration forms the 
foundation of this study. These existing studies include: 

 Points Counts on the South Fork Skykomish River (Perkins, 1994); 

 South Fork Skykomish River Hydrology and Hydraulics Report (Harper Righellis, Inc. 1995); 

 South Fork Skykomish Historic Channel Mapping (King County 2005); 

 Geomorphic Assessment, Miller River Fan (Herrera 2009); 

 Upper Skykomish River Flood Insurance Study Technical Support Data Notebook 

(Snohomish County 2010); 

 Geomorphic Assessment: South Fork Skykomish River. Herrera, 2012); and 

 Geomorphic Process and Flood Hazard Assessment: Timberlane Village (Herrera 2013.). 

2.2 New Field Data Collection  

Field work specifically for this project or that contributed to this project included field visits in 
October 2012, August 2013, April, May and September 2015, and November 2015. Field work 
included conducting pebble counts, assessing avulsion pathways, documenting bank conditions, 
assessing slope instability and mass-wasting deposits, and assessing flood damage. On-water 
reconnaissance by raft took place in September 2008, July 2012, October 2012, and July 2013. Field 
work during raft trips included identification of bank materials, mapping the extent of bank 
hardening, identifying the extent of bedrock outcrops on channel banks, assessing avulsion inlets 
and pathways, and identifying areas of recent bank erosion. A helicopter reconnaissance was 
conducted April 2009 as part of a post-flood inspection.  

2.3 Historical and Current Information used in 

Report 

Historic channel positions of the South Fork Skykomish River were digitized using primarily 
historical aerial photography supplemented with historical maps and LiDAR imagery. Table 1 lists 
the aerial images and maps examined during the course of this study.  

Most of the aerial images used in this present study were evaluated and digitized by King County 
staff as part of a South Fork Skykomish River historic channel mapping project (King County 2005). 
Historical channel locations were digitized in GIS at a scale of 1:1,000 from orthorectified aerial 
photos dated 1944 through 1993 as well as from orthorectified maps published by the government 
Land Office in 1897 and by the United States Geological survey (USGS) in 1902 (Table 1). The 
digitization process included mapping the active channel for each photo year as the composite of 
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low flow channel, bare gravel bars, and patches of apparently young shrubby vegetation (Collins et 
al. 2003; O’Connor et al. 2003). Mapping the channels from 2003 and 2013 orthophotography and 
1914 USGS maps was done in a similar manner by County staff as a part of the present study. All of 
these images and the digitized products derived from them were used to evaluate historical channel 
change in the study area.  

Table 1.    Aerial imagery and maps used in or consulted for this report. 

Year Source Type 
Scale or 

Resolution 

Used to 
Calculate  
Erosion 
Rates 

Digitized 
by King 
County 

2005 

1897 General Land Office Map 1:31,680  X 

1902 USGS Skykomish Quadrangle Map 1:125,000  X 

1911 King County DOT Map unknown   

1914 USGS Water Supply Paper 366 Map 1:31,680   

1944 US Army/War Department Aerial Photo 1:20,000  X 

1956 US Department of Agriculture, EBL Aerial Photo 1:15,840 X X 

1964 King County, KA4 Aerial Photo 1:12,000 X X 

1970 WA DNR, KP70 Aerial Photo 1:12,000 X X 

1981 WA DNR, SP-81 Aerial Photo 1:12,000 X X 

1985 WA DNR, SP-85 Aerial Photo 1:12,000  X 

1990 Walker and Associates, King County 90 Aerial Photo 1:12,000 X X 

1993 King County Flood Study Aerial Photo 1:14,400  X 

1998 WA DNR, 1157 Digital aerial 3 ft/pixel  X 

2002 King County Digital aerial 1 ft/ pixel X X 

2003 King County Lidar 6 ft/pixel   

2007 King County Digital aerial 0.5 ft/pixel   

2009 King County Digital aerial 0.5 ft/pixel   

2010 King County Digital aerial 0.5 ft/pixel   

2011 King County Digital aerial 1m/pixel   

2013 King County Digital aerial 0.33 ft/pixel X  

2013 King County Lidar 3 ft/pixel   

DOT = Department of Transportation 
USGS = United States Geological Survey  
WA DNR = Washington State Department of Natural Resources 

 

Out of this assemblage of documents, a subset, identified in the right-most column in Table 1, was 
selected for use in measuring historical channel movement by lateral erosion. These images were 
selected based on their mapping accuracy and with a goal of assessing channel change over 
approximately decadal time intervals. The 1892 GLO map and the 1902 USGS map were useful in 
assessing general channel character but their accuracy was too poor for use in measuring channel 
change. The maps accompanying the 1914 USGS Water Supply Paper included mapping errors that 
precluded using them throughout the study area, but they were used in some locations where it 
was possible to corroborate by LiDAR to identify former channel locations. 

The horizontal accuracy of the historical channel locations digitized from aerials varied between 30 
to 119 feet at the 95 percent confidence level (King County 2005). The earliest aerial photos 
available for this study were from 1944. Unfortunately, the low resolution of this photo set 
precluded their use for accurately digitizing channel locations, and as a result the earliest 
photography used for channel migration measurements was from 1956. 
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2.4 Channel Migration Zone Components  

Channel migration hazards in the South Fork Skykomish River were mapped by identifying the 
component parts of a CMZ, as specified by King County (2014) and consistent with Ecology (1994-
2014). CMZ components are described in the equation below and illustrated schematically in Figure 
1. 

CMZ = HMZ + AHZ + EHA – DMA 

where: 
HMZ = Historical Migration Zone 
AHZ = Avulsion Hazard Zone 
EHA = Erosion Hazard Area. = Erosion Setback (ES) + Geotechnical Setback (GS) 
DMA = Disconnected Migration Area 

Each CMZ component is defined and its mapping methods are described in Section 2.5  

 
Figure 1.   Plan view schematic of channel migration zone (CMZ) components (modified from Rapp 

and Abbe 2003). 

2.5 Mapping Criteria and Methods 

This section defines each CMZ component and hazard area and describes mapping criteria and 
methods. As described in Section 2.4, the combination of the following components constitutes the 
CMZ: CMZ = HMZ + AHZ + EHA – DMA. 

After the CMZ was delineated, severe and moderate hazard areas (defined below) were identified 
within it so as to recognize that channel migration hazard is not equal throughout the CMZ. In 
general, any part of the CMZ that is not mapped as a severe hazard area is mapped as a moderate 
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hazard area. The criteria by which parts of the CMZ components are mapped as a severe or 
moderate hazard area are included with the description of each CMZ component. 

2.5.1 Historical Migration Zone  

The Historical Migration Zone (HMZ) is the portion of a CMZ study area that the channel has 
occupied during the historical record (King County 2014). The HMZ is mapped as a composite 
footprint of historical active channel locations from 1956, 1964, 1970, 1981, 1990, 2002, and 2013. 
The entire HMZ is defined and mapped as severe hazard area. 

2.5.2 Avulsion Hazard Zone 

The Avulsion Hazard Zone (AHZ) is the area outside of the HMZ that is subject to avulsion hazard; 
that is, rapid shift of channel change (King County 2014). To map the AHZ, low-lying areas were 
identified using an elevation difference map, which illustrates the difference in elevation between 
the water surface during a 10 percent AEP flow based on Harper Righellis, Inc. (1995) and adjacent 
valley-bottom topography. Low-lying areas identified in the difference map and that occupy a 
shorter distance in the down-valley direction than the adjacent mainstem channel were evaluated 
in the field.  

Potential avulsion pathways were included in the AHZ if they met all four of the following criteria 
(King County 2014): 

1. Low-lying ground or channel that is equal to or lower than the water surface elevation of 

frequent flooding in the current main channel. 

2. The length of the potential avulsion pathway follows a shorter distance (and therefore 

steeper gradient) than the main channel. 

3. The substrate in the banks and bed or floodplain of the potential avulsion pathway is 

erodible material. 

4. The potential avulsion pathway is a likely avulsion route based on consideration of 

Quaternary history, avulsion history in the basin, flow regulation, channel alteration, 

sediment trends, and large woody debris loading.  

An Avulsion Hazard Zone was mapped as a severe hazard area if it met any of the following criteria: 

1. Potential avulsion pathways have little or no vegetation, or show evidence of fresh scour, 

channel widening or oversteepening, consistent with erosion from recent flood events, or  

2. Potential avulsion pathways have a direct low-elevation surface connection to the main 

channel such that it is flooded deeply and frequently (which may be indicated by surface 

flow through the pathway even during periods of low river flow), or 

3. Indicators of avulsion hazard regarding accumulation of sediment or large wood in the main 

channel, or changes to main channel meander geometry, exist in close proximity to a 

potential avulsion pathway. 

Severe AHZs were mapped as wide as the 2013 average active channel of the reach in which the 
avulsion pathway is located. The AHZ typically was centered along the centerline of avulsion 
pathway unless site-specific conditions such as variability of substrate indicated it was appropriate 
to map the AHZ otherwise. 
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An AHZ that did not meet any of the three criteria listed above for the severe AHZ was mapped as a 
moderate AHZ. As with a severe AHZ, a moderate AHZ was mapped to a width equal to the average 
active channel width of the present river channel reach in which the avulsion pathway is located 
and along the centerline of the avulsion pathway unless conditions indicated otherwise. 

2.5.3 Erosion Hazard Area/Erosion Setback 

The Erosion Setback is that part of the Erosion Hazard Area (EHA) within the CMZ that is 
susceptible to channel migration as a result of lateral river erosion (King County 2014). The width 
(measured in ft) of the Erosion Setback (referred to as EHA/ES) was calculated as the 
representative erosion rate (ft/yr) times a given time period (yrs). 

For each historical aerial photo used to calculate channel migration, both the channel centerline 
and the edges of the active channel were digitized in GIS. HMZ transects were established through 
the study area at a 400-foot spacing and were oriented perpendicular to the centerline of the HMZ. 
The intersection of the channel centerline and of the left and right active channel margins were 
recorded at each HMZ transect.  

A lateral channel migration rate was calculated for each set of sequential aerial photos at each 
transect. The method of calculating the rate depended on the character of channel migration seen at 
that transect during that time interval. If the channel moved laterally toward one riverbank then 
the migration rate was calculated as the centerline migration distance measured between the 
sequential aerial photos divided by the time elapsed between the photos. If the channel widened 
(expanding into both riverbanks) then the migration rate was calculated as one-half of the increase 
in channel width measured between sequential aerial photos divided by the time elapsed between 
the photos. If the channel neither migrated laterally, nor expanded, then no measurement was used 
for that transect and time period. This is referred to as the “eroding only” rate. 

Average annual channel migration rates were calculated for each transect as the time-weighted 
average of the absolute value of all of the measured annual erosion rates for that transect for all of 
the time intervals which showed channel movement (the “eroding only” rate). A representative 
annual erosion rate for each channel reach was calculated by averaging the migration rate 
calculated for each transect in the reach. For this study, migration rates were calculated for the six 
time periods bounded by air photo records: 1956 to 1964, 1964 to 1970, 1970 to 1985, 1985 to 
1993, 1993 to 2003, and 2003 to 2013.  

The channel flows through, or adjacent to course, bouldery rock avalanche deposits throughout 
reach 11 and in a small area on the left-bank in reach 2 (Section 3.3.1).  Independent evidence 
suggests that where the channel flows through these debris avalanche deposits the channel is 
subject to little or no migration (section 4.3).  In areas where the largest boulders were present, the 
banks were treated as bedrock and no migration was shown.  Where boulders were somewhat 
smaller and more scattered, a migration rate was calculated from three representative transects in 
reach 11, with a calculated rate based on all measurements (as opposed to “eroding only 
measurement”). 

The representative annual erosion rates calculated above are intentionally conservative and likely 
over-estimates of long-term channel movements for much of the channel length. This conservative 
calculation method is adopted because channel migration does not occur uniformly along the 
channel, but often is localized at discrete locations where erosion rates may be many times higher 
than seen on nearby, but less active channel sections. It is not possible to identify the locations 
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where such locally rapid migration may occur, and a conservative method of calculation is therefore 
employed to help account for this uncertainty.  

 

Erosion Hazard Area/Erosion Setback applied to the Historical 

Migration Zone or to the Active Channel 

The width of the Erosion Setback was calculated using the channel migration rates calculated as 
described above. For each reach, the width of the EHA/ES for lateral migration in Holocene valley-
bottom alluvium was calculated as the greater of the following two distances:  

4. 50 years of lateral migration times the representative erosion rate, applied to each side of 

the HMZ, or 

5. 100 years of lateral migration times the representative erosion rate, applied to each side of 

the most recent active channel (2013). 

These two widths are illustrated in Figure 2.  

The EHA/ES can be further broken down into moderate and severe hazard areas. The width of the 
severe hazard area within the Erosion Setback was delineated as the greater of the following two 
distances:  

1. 25 years times the representative channel migration rate of this reach applied to each side 

of the HMZ, or 

2. 50 years times the representative channel migration rate of this reach applied to each side 

of the most recent active channel (2013). 

The area that lies between the severe channel migration hazard area and the outer edge of the 
Erosion Setback was defined and mapped as moderate hazard area.  

Where historical channel locations indicated that there was a measureable, consistent down-valley 
component to lateral channel migration, the EHA/ES was adjusted based on down-valley migration 
rates measured at the affected sites. 
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Figure 2.   Plan view schematic of the Erosion Hazard Area/Erosion Setback. 

Erosion Hazard Area/Erosion Setback applied to Avulsion 

Hazard Zone 

Once an avulsion occurs, lateral migration is assumed to proceed from the new channel location. 
The width of that lateral migration is calculated as an EHA/ES added to the AHZ. An EHA/ES 
applied to either a severe AHZ or moderate AHZ was defined and mapped as a moderate hazard 
area. The widths of this EHA/ES applied to an AHZ may vary as follows: 

1. Erosion Hazard Area/Erosion Setback applied to a severe AHZ: This Erosion Setback 

distance was added to each side of a severe AHZ to a width equal to a range of 25 years to 

50 years times the representative channel migration rate for that study reach. The number 

of years is based on the extent to which AHZ mapping criteria in Section 2.5.2 were met. 

2. Erosion Hazard Area/Erosion Setback applied to a moderate AHZ: This Erosion Setback 

distance was added to each side of a moderate AHZ to a width equal to 25 years times the 

representative channel migration rate for that the study reach.  

2.5.4 Erosion Hazard Area/Geotechnical Setback  

Where the outer edge of the EHA/ES encountered an erodible land surface that was greater than 20 
feet in height above Ordinary High Water, a Geotechnical Setback, referred to as EHA/GS, was 
applied to the outer edge of the EHA/ES (King County 2014). The EHA/GS (Figure 3) was 
delineated at a 1H:1V slope measured from the predicted toe of slope after applying the EHA/ES 
(Figure 2). No EHA/GS or EHA/ES was applied to sound bedrock showing no signs of erosion. 

The entire EHA/GS was defined and mapped as a moderate hazard. 
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Figure 3.   Cross-section schematic of Erosion Hazard Area/Geotechnical Setback. 

2.5.5 Disconnected Migration Area 

A Disconnected Migration Area (DMA) is the area located landward of an artificial structure that is 
likely to restrain channel migration and that meets criteria in Washington Administrative Code 
173-26-221(3)(b) and King County (2014). In other words, the DMA is an area that would be 
subject to channel migration were it not for the presence of the artificial structure. 

Areas landward of a legally existing, publicly maintained artificial structure (e.g., revetments or 
levees) that would meet at least one of the following criteria would be mapped as a DMA: 

1. Within incorporated areas and urban growth areas, an artificial structure that limits 

channel migration, or 

2. In all areas, an artificial structure that is likely to restrain channel migration and is built 

above the one-hundred-year (100-year) flood elevation, or 

3. State highways and sole-access major county roads, or 

4. Legally existing active railroads.  

If an artificial structure did not meet all criteria necessary to map a DMA, then the severe and 
moderate hazard area delineations were not revised. This approach was taken to recognize the 

channel migration hazard landward of that structure. Levees and revetments maintained by 
King County within the Town of Skykomish were visually evaluated as to the structure’s 
ability to limit channel migration.  No quantitative analysis of structural stability was 
conducted. 
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 STUDY AREA CHARACTERISTICS 

The study area covers a portion of the South Fork Skykomish River and adjacent floodplain, 
beginning at the confluence of the Foss and Tye rivers and includes 13.1 miles (21.1 km) of channel 
down to the King/Snohomish county line (Figure 4). The study area includes the Town of 
Skykomish, and the communities of Baring, Grotto, Miller River, and Timberlane (Figure 5).  

3.1 Regional Setting 

The South Fork Skykomish River is part of the Snohomish River Watershed, which drains the west 
slope of the Cascade Mountains and the adjacent area of the Puget Lowland in King and Snohomish 
counties in Washington State. The headwaters of the South Fork Skykomish drainage basin are in 
alpine areas of the Cascade Mountains including Stevens Pass. The South Fork Skykomish River 
begins at the confluence of the Tye and Foss Rivers upstream of the Town of Skykomish (Figure 4). 
Near the community of Baring the South Fork Skykomish River flows out of King County into 
Snohomish County. Just downstream of this point the South Fork Skykomish River flows over a 
series of three waterfalls that form a natural barrier to upstream migration of adult salmon. The 
South Fork Skykomish River is 19.7 miles (31.7 km) in length. Near Index, the South Fork 
Skykomish River joins the North Fork to create the mainstem Skykomish River. The Skykomish 
River flows downstream to join the Snoqualmie River near the town of Monroe, where together 
they form the Snohomish River. The Snohomish River flows into Puget Sound in the City of Everett.  

The Snohomish watershed has a total area of 1,856 miles2 (4,807 km2). The study area and its 
contributing watershed constitute about 7 percent of the entire Snohomish River Watershed. The 
contributing area at the upstream end of the study area is approximately 137 mi2 (354 km2). At the 
downstream end of the study area, at the King-Snohomish county line, the South Fork Skykomish 
River has a drainage area of 341 mi2 (883 km2), with 36.3 mi2 (94 km2) of that area coming from 
tributaries in Snohomish County.  

The high point in the study area drainage basin is Mt. Daniels at an elevation of 7,884 ft (2,402 m). 
The basin includes two named glaciers: Hinman Glacier and Lynch Glacier. The lowest point in the 
study area is in the channel of the South Fork Skykomish at the King-Snohomish county line at an 
elevation of 742 ft (226 m) AMSL. Major tributaries to the South Fork Skykomish River in the study 
area include the Tye, Foss, Miller and Beckler rivers  as well as Deception, Martin, Anthracite, 
Maloney, Money, Lowe, and Index creeks. 
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Figure 4.   South Fork Skykomish River CMZ study area location map with the contributing 
watershed (includes some areas of Snohomish County).
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Figure 5.    South Fork Skykomish River CMZ study area.
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3.2 Human Activity and Built Features 

The first known human occupation of the Skykomish Valley was by the Skykomish, or Skai-
whamish, tribe. Non-indigenous settlement began with logging and mining in the 1880s. 
Completion of the first railroad crossing over Stevens Pass in 1893 and the Stevens Pass Highway in 
1925 provided access for commercial and residential development in the County. 

3.2.1 Present Day Land Use 

The South Fork Skykomish River Valley has been subject to a relatively low intensity of land 
development (residential and commercial building with associated infrastructure). Nearly all of this 
development has been on the valley bottom. The most concentrated land development and only 
incorporated municipality in the valley is the Town of Skykomish (established 1892). There are also 
a number of unincorporated communities along the river including Timberlane, Grotto, Scenic, 
Miller River, and Baring, as well as scattered houses and cabins.  

Fifty percent of the South Fork Skykomish River basin is in a designated wilderness; 43 percent is 
zoned for forest production; 6 percent is in rural residential use; and approximately 1 percent is in 
urban use (King County 2013). Two major transportation corridors run through the study area: U.S. 
Highway 2 (the Stevens Pass Highway) and the Burlington Northern Santa Fe (BNSF) Railway. 

Future development is significantly constrained by precipitous topography and a large percentage 
of land in public ownership. Only a small increase in the number of households is projected for the 
2001 through 2022 planning period (King County 2004). 

3.2.2 Flood Protection Facilities 

Flood protection facilities are built along river channels to reduce flooding and channel migration 
and include levees and revetments. Levees are constructed berms built along channel banks and are 
intended to prevent floodwaters from inundating areas landward of the levee. Levees are typically 
armored with riprap on the river side to prevent erosion and failure of the levee during high flows. 
The only constructed levee in the study area is the downstream 1,000 ft (305m) of the “Town of 
Skykomish Left-Bank” facility. This facility has a total length of 2,900 ft (884m), with the upper 
1900 ft (580m) constructed as a revetment. It was built in 1946 by the U.S Army Corps of Engineers 
to replace preexisting (and failing) bank protections. The downstream levee portion of this facility 
was removed and rebuilt as a part of WA DOE’s BNSF Railway Skykomish cleanup project in 2006. 
King County inspects and maintains this levee. 

Revetments are sections of riverbanks that have been artificially armored in order to protect the 
river bank from eroding. Revetments are not elevated above the natural bank elevation and do not 
prevent floodwaters from overtopping the natural bank height and flooding overbank areas. 
Revetments along the South Fork Skykomish River are most often constructed with a layer of riprap 
covering a filter layer of quarry spalls; however, a range of other materials can be used to stabilize 
the riverbank and serve as erosion protection. Table 2 lists public and private facilities in the South 
Fork Skykomish River basin (King County 2013). Aside from a portion of the Town of Skykomish 
Left-Bank facility described above, all the remaining facilities in the study area are revetments. The 
information in Table 2 came from field measurements by County staff, supplemented by 
orthophotography review. 
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Table 2.    Flood protection facilities on the South Fork Skykomish River in King County 
(abbreviations used in the table found below the table). 

Bank 
Downstream 

River Mile 
Upstream 
River Mile 

Length 
(ft) 

Owner 
King County Flood 

Protection Facility Name 
(year built) 

R 7 7.1 304 Private  

R 7.3 7.2 205 Private  

R 7.3 7.3 345 King County DOT  

R 7.4 7.8 2172 Private  

L 7.8 7.9 243 Private  

R 8 8.2 1219 King County RFMS & Private 
Winkler (1998), McKnight 

1991), Dallas (1981) 

R 9.6 9.8 1291 BNSF Railway  

R 10.3 10.7 1746 BNSF Railway  

L 12.5 12.5 92 BNSF Railway  

R 12.7 12.7 305 Washington DOT  

L 12.9 13 701 USFS  

L 13.7 13.9 801 BNSF Railway  

R 151 15.2 603 Washington DOT  

L 15.3 15.6 1701 BNSF Railway  

R 15.8 16 746 King County RFMS Town of Skykomish RB 

L 15.7 16.3 2901 King County RFMS 
Town of Skykomish LB (1949, 

2006) 

L 17 17.2 705 Private  

L 18 18 100 Washington DOT  

L 18.1 18.2 386 Private  

L 18.4 18.5 247 Private  

L 18.5 18.5 115 Private  

L 18.6 18.7 350 King County RFMS Timberlane 

L 18.9 18.9 277 Washington DOT  

R 18.9 18.9 126 Washington DOT  
 

     L: left; R: right RB: right bank; LB: left bank 
     BNSF: Burlington Northern Santa Fe RFMS: River and Floodplain Management Section 
     USFS: United States Forest Service DOT:  Department of Transportation 
 

Flood protection facilities are distributed along the South Fork Skykomish River through the study 
area with a total of 3.3 miles (5.4km) of facility length along a total river bank length of 26.1 miles 
(42km) (12.6 percent of the total riverbank). Table 3 lists the public and private ownership of the 
flood protection facilities along the South Fork Skykomish River. King County has permanent 
easements, but is not the property owner, for those flood protection facilities that are in the 
County’s River Facility inventory. The easements allow the County to conduct inspections, perform 
routine maintenance, and implement flood damage repair projects. The original 

Table 3.    Ownership for flood protection facilities on the South Fork Skykomish River in King 
County. 

Facility Owner Percentage of total 

 Burlington Northern Santa Fe 31.8 

King County  River and Floodplain Management Section 22.2 

Washington  Department of Transportation 8 

 United States Forest Service 4 

Private 34 
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construction dates for most of the facilities in the study area are unknown, but review of the 1956 
aerial photography suggests that most of the largest facilities were already in place at that time. 

The presence of bank armor is not a guarantee against bank erosion and channel migration. The 
degree of protection depends on a facility’s construction, including toe protection sufficient to 
withstand scour, face protection sufficient to resist flows and riverine debris, and tie-ins upstream 
and downstream to prevent flow from eroding behind the facility. The degree of protection also 
depends on the adjacent channel geometry and gradient, which dictates the hydraulics of the 
impinging flow. The reliability of the protection afforded by the facility also depends on having 
regular inspections and timely repair as needed. Map 1 (Appendix A) shows the location of flood 
protection facilities along the South Fork Skykomish River. 

3.3 Geology and Sediment 

The South Fork Skykomish River valley is located in the North Cascades Physiographic Province.  
Channel migration in the South Fork Skykomish is strongly constrained by the bedrock that 
underlies the valley, the sculpting and deposition by glaciers that have occupied it, and by the 
sediment that is continuously produced, stored, and transported through it. 

3.3.1 Geology 

The geology of the North Cascades records a complex history of tectonic convergence along a 
subduction zone along the west coast of North America. The following paragraphs describe geologic 
formations observed in river banks and valley walls of the study area.  

Bedrock Geology 

Bedrock of the North Cascades consists largely of sediments and land masses that were carried on 
the oceanic plate and accreted onto the western edge of the North American Plate. These rocks have 
then been metamorphosed to varying degrees and intruded by igneous plutons1, also a 
consequence of the subducting plate margin. This history has led to a structurally and lithologically 
complex bedrock geology mosaic in the South Fork Skykomish River watershed. Bedrock in the 
South Fork Skykomish watershed includes sedimentary rocks including sandstone and chert, 
volcanic rocks including andesite and tuff, granitic plutons, and metamorphic rocks including 
greenschist, phyllite, gneiss, and marble. 

Glacial Geology 

Over the last 2 million years, glaciers have periodically occupied the South Fork Skykomish River 
Valley. The most recent alpine glacial advance, the Evans Creek Stade2 of the Fraser Glaciation, 
reached its maximum extent approximately 20,000 years ago. Glacial scour during these glacial 
advances sculpted the valley of the South Fork Skykomish River and many of its tributaries and 

                                                             

1 Pluton: A body of igneous magma that that solidifies at depth, never reaching the ground surface.  Plutons in 
the Cascade Mountains often consist of a rock called granodiorite. 

2 Stade: A glaciation is a long period (10,000 years+) of generally glacial conditions. During a glaciation 
glaciers typically have periods of expansion and retreat. A period expansion is called a stade. The Fraser 
Glaciation was the last glaciation in the Pacific Northwest. The Evens Creek Stade of the Fraser was a period 
of mountain glacier expansion that reached its maximum extent about 20,000 years BP.   
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created the characteristic “U-shaped” cross-section evident today (Figure 6). The modern South 
Fork Skykomish is a “mountain valley” as described by Collins and Montgomery (2001). Glacial 
scour was also responsible for creating the numerous alpine lakes present in glacial cirques 
common in the headwaters of the South Fork Skykomish River. Erosion rather than deposition 
dominated alpine glacial processes in the South Fork Skykomish River and its tributaries, and as a 
result glacial-erosion features are pervasive, while alpine glacial deposits are of more limited 
extent.  

 
Figure 6.   U-Shaped valley sculpted by glacial scour, South Fork Skykomish River Valley. 

In addition to alpine glaciations that originated and expanded from the Cascade Mountains, the 
South Fork Skykomish River Valley was also affected by (though not covered by) continental glacial 
advances that originated in British Columbia and extended to occupy the Puget Lowland. The most 
recent of these continental advances was the Vashon Stade of the Fraser Glaciation, which reached a 
maximum about 14,000 years BP. Although these advances did not extend upstream as far as the 
South Fork Skykomish River, they blocked the mouth of the Skykomish River Valley and resulted in 
the formation of a lake that extended into the South Fork Skykomish River Valley. The maximum 
elevation of this lake would have been controlled by a spillway to the south between Persis and 
Haystack Mountains (in Snohomish County). Accounting for isostatic depression Herrera (2012) 
estimates this spillway elevation would have been approximately 1,000 feet (300 m). A lake surface 
at this elevation would have inundated the entire length of the study area. Deposits from this 
ancient lake are commonly observed in the channel of the South Fork Skykomish River and are 
geomorphically significant. These sediments are a distinctive compact, light gray, laminated, fine-
grained glacial-lacustrine deposit (Figure 7); map unit Qvgl in Map 2, Appendix A).  

The common occurrence of dropstones3 attests to the glacial origin of this deposit. Its common 
occurrence on the channel perimeter and its apparent resistance to fluvial erosion suggest that the 

                                                             

3 Dropstones: pebbles (or larger rocks) that melt out of icebergs and fall to the lake or ocean bottom below. 
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presence of this unit may play a significant role in reducing the lateral channel mobility of the South 
Fork Skykomish River.  

 
Figure 7.    Gray, laminated glacial lake sediments, exposed on the left bank of the South Fork 

Skykomish near RM 9.3. 

Fluvial and Mass-wasting Deposits 

The most extensive Holocene deposits (more recent than 11,700 years BP) in the South Fork 
Skykomish River Valley are the fluvial deposits of the South Fork Skykomish River and its 
tributaries. The valley bottom throughout the study area is composed of gravelly fluvial deposits of 
the South Fork Skykomish River and its tributaries (map unit Qa in Map 2, Appendix A). Tributary 
deposits commonly occur as alluvial fans, constructed at the mouth of tributary valleys and 
encroaching on the South Fork Skykomish River floodplain. These fans commonly appear to 
displace the South Fork Skykomish River, and their presence appears to constrain and perhaps 
accentuate the meandering pattern of the river. 

Various mass-wasting deposits are also common. Where these are a product of pervasive small-
scale slope processes they are identified as Qmw on Map 2 (Appendix A). Where they are part of a 
large-scale landslide feature they are mapped as Qls deposits. The largest mass-wasting deposit in 
the study area, the Beckler Peak rock avalanche, is described separately below.  
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Beckler Peak Rock Avalanche 

Tabor et al. (1993) identified a rock avalanche deposit that fills the valley bottom at the 
downstream end of the Tye River and extends downstream into the upstream end of the South Fork 
Skykomish River Valley. This deposit is the result of a massive failure of the south face of Beckler 
Peck (the Beckler Peak rock avalanche) that was dated as having occurred between 3,400 and 450 
years ago (Tabor et al. 1993). Herrera (2013) describes this deposit in more detail. This deposit 
filled and likely dammed the Tye River Valley. Throughout the mapped extent of this feature the 
ground surface is hummocky with common angular boulders of granodiorite. Boulders with an 
intermediate dimension of approximately 15 feet (5 m) were observed in the avalanche debris in 
the middle of the Tye River Valley (Figure 8). Similar angular boulders are present in the channel of 
the Tye River and South Fork Skykomish River within the limits of the mapped deposit (RM 19 to 
RM 21.5) (Figure 9).  

 
Figure 8.   Boulders up to 15 feet (5 m) in size observed in rock avalanche debris, Tye River Valley. 

 
Figure 9.    Angular boulders from the Beckler Peak Rock Avalanche in the Tye River. 
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In addition to the Beckler Peak deposit there is a second smaller rock avalanche deposit also 
located in the study area.  This deposit is located on the south side of the Index Creek fan and 
extends down to the channel of the South Fork Skykomish. It appears that this deposit was a result 
of failure from the end of the ridge extending southeast from Philadelphia Mountain. Angular 
boulders from this deposit are visible on the left bank on the channel bed between RM 8.15 and 8.3. 
The age of this deposit is unknown. 

3.3.2 Sediment Characteristics 

The sediment carried by a stream or river is referred to as its sediment load and includes of a range 
of particle sizes. The total sediment load is often divided into suspended load and bedload. 
Suspended load consists of the finer particle sizes (clay, silt, and sometimes sand), which remain 
suspended in the moving water column by the turbulence of the flow. The suspended load typically 
constitutes the majority of the total sediment load carried by a river. Bedload is the coarser fraction 
of the mobile sediment consisting of gravel, cobbles, and boulders. These particles move along the 
river bed by rolling, bouncing, or sliding. Although typically a small percentage of the total load 
carried by the river, bedload material defines the channel form by making up the channel bed, 
banks, bars, and much of the floodplain and strongly affecting channel migration. In some 
circumstances, the largest clasts4 in the river are too large for the river to move regardless of flow. 
These large, immobile clasts, which may have been delivered by landslides or accumulated in the 
channel as it has eroded down through coarse sediment, are referred to as lag deposits. 

Nelson (1971) reports the results of measurements of suspended sediment throughout the 
Snohomish River system. Nelson estimates total suspended sediment discharge for various 
locations in the basin based on USGS flow discharge information and rating curves he developed for 
suspended load versus discharge. One of Nelson’s study sites was on the South Fork Skykomish 
River near Index (this is near the downstream end of the present study area). He estimated total 
suspended sediment discharge for water-years 1967 (54,000 tons; 49,000 metric tons) and 1968 
(180,000 tons; 163,000 metric tons). The average of these two discharges suggests that the South 
Fork Skykomish River might produce on the order of 117,000 tons (106,000 metric tons) of 
suspended sediment annually, or about 330 tons of fine sediment generated per mile2 per year (116 
metric tons/km2). This amount of sediment is generally in the middle range of the 19 stations 
Nelson (1971) measured in the Snohomish River Basin. Although variable, bedload often 
constitutes approximately 10 percent of the total sediment discharge in gravel-bed rivers (Emmett 
1981); this percentage of total sediment discharge suggests that the South Fork Skykomish River 
might transport on the order of 13,000 tons (11,800 metric tons) of bedload annually. 

The type and condition of the underlying bedrock is a major factor controlling sediment discharge 
from a watershed (Aalto et al. 2006). Many rivers draining mountainous areas of the Pacific 
Northwest are notable for their high sediment loads and consequently dynamic channels. Many of 
these rivers drain Quaternary volcanos – examples include the White River draining Mt. Rainier, the 
Toutle River draining Mt. St. Helens, and the Nooksack River draining Mt. Baker. Each of these 
rivers owes their large sediment load to the readily erodible volcanoclastic rock on the volcanic 
cone source area (Czuba et al. 2012). Much of the South Fork Skykomish Basin, in contrast, is 
underlain by igneous plutonic and moderate to high-grade metamorphic rocks, which are more 

                                                             

4 Clast: is any rock fragment (usually in the range of pebble to boulder) being transported by geomorphic 
processes.  
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resistant to erosion. This more resistant lithology likely accounts for the moderate sediment 
discharge seen from this watershed. 

The size and quantity of bedload a stream can move depends on the shear stress that the flowing 
water exerts on the stream bed. The boundary shear stress is the product of water depth and water 
surface slope (multiplied by the density of water and the acceleration of gravity, both of which are 
constants). For this analysis, flow depth and water surface slope were calculated for the 10 percent 
AEP (see Section 2.4, Flood Hydrology). Calculated shear stress for the river in the study area is 
shown in (Figure 10).  

 
Figure 10.    Shear stress and median clast size (with the locations of major tributary junctions 

shown for reference). 

For this study, pebble counts were used to characterize the bedload sediment exposed on active 
gravel bars along the South Fork Skykomish River. The character of sediment on active gravel bars 
is considered to be representative of the bedload sediment transported by the river (Klingeman and 
Emmett 1982). Five Wolman (1954) pebble counts were conducted as a part of this study and nine 
pebble counts from a previous investigation were included (Figure 10) (King County 1994). 
Although not measured in this study, alluvium exposed in channels banks through the study area 
typically consists largely of gravel to cobble-sized clasts and is generally similar to the texture of the 
active bedload. 

The median clast sizes based on the pebble counts described above are also shown in Figure 10. 
Inspection of this figure shows an apparent correlation between measured particle sizes and the 
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calculated shear stress (that is, the larger the clast size, the greater the shear stress). Table 4 shows 
the shear stress associated with movement of a range of clast sizes (modified from Julien 1995). 
Comparing the information in Table 4 to the particle size and shear stress information in Figure 10 
indicates that the texture of the active streambed sediment is generally consistent with the 
expected size of mobile clasts based on the calculated shear stress. Exact correlation between 
calculated shear stress and measured particle size is not expected, because shear stress was only 
calculated for one flow (10 percent AEP) out of the entire range of flow variation and because the 
measured particle size shown in Figure 10 is the median size at each sample site, with the total 
sample of measured clasts covering a broad range of sizes. This analysis supports field evidence 
that the gravel bars sampled for this study are part of the active bedload of the South Fork 
Skykomish River and that clasts as large as small boulders are mobile in the South Fork Skykomish 
River during flood flows.  

Table 4.    Particle size classification. 

Particle Size 
Classification 

Particle Size 
(mm) 

Critical Shear Stress 
(lbs/ft2) 

very large boulders > 2,048 37.37 

large boulders 1,024-2,048 18.68 

medium boulders 512-1,024 9.34 

small boulders 256-512 4.67 

large cobbles 128-256 2.34 

small cobbles 64-128 1.13 

very coarse gravels 32-64 0.54 

coarse gravels 16-32 0.25 

medium gravels 8-16 0.12 

fine gravels 4-8 0.057 

very fine gravels 2-4 0.026 

 

Many of the individual highs and lows in shear stress shown in Figure 10 can be related to specific 
features in the field. For example, local shear stress highs at RMs 9.8 and 13 are locations where the 
channel is on the outside of a meander bend and impinging directly on the dense (bedrock or 
glacial) sediments of the valley wall. Deep pools are common at such locations, with high shear 
stress as a result of large flow depth. Another area of high shear stress is near RM 19.3 where it is 
associated with a steep section of channel dropping through the bouldery deposit of the Beckler 
Peak rock avalanche. Areas of locally low shear stress are located at RMs 7.3 and 11.8, where 
channel confinement is low because of the presence of large, low gravel bars adjacent to the 
channel. Another area of low shear stress at RM 17.3 is likely associated with a local reduction in 
slope from sediment deposited at the confluence with the Beckler River at RM 17.0.  

As discussed by Shannon & Wilson (1991) channel reaches where shear stress is decreasing rapidly 
downstream tend to be associated with sediment deposition and with more active channel erosion. 
Two areas of rapidly decreasing shear stress evident in Figure 10 are located immediately 
upstream of the confluence with Money Creek (RM 11.7), and with the Beckler River (RM 17.0). 
Channel erosion rates are discussed in more detail in Section 4.0, but at both of these locations 
areas of locally active channel migration are evident immediately upstream. 

Both historical aerial photography and a comparison of digital elevation models from 1995 and 
2013 were employed in an effort to identify any discernable trends in net in-channel sediment 
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accumulation or loss. Neither approach proved sufficient to make a detailed evaluation, but no 
previse change in sediment storage was evident based on available information. 

3.4 Geomorphology 

3.4.1 Mainstem Channel and Floodplain Characteristics 

Montgomery and Buffington (1997) proposed a morphological classification for channels in 
mountain drainage basins. Based on that classification, some sections of the South Fork Skykomish 
River through the study area show pool riffle morphology, others show plane-bed morphology, and 
much of the channel shows an intermediate character. The upstream-most section flows through 
bouldery rock avalanche debris and is predominately a boulder cascade. The channel slope is 
variable but generally decreases downstream (Figure 11). The upper section of channel between 
the confluence of the Tye and Foss rivers and the mouth of the Beckler River has the steepest 
gradient in the study reach at 0.69 percent, as the channel drops through the Beckler Peak rock 
avalanche deposit. The average gradient decreases to 0.43 percent from Beckler to Money Creek, to 
0.36 percent from Money Creek to Index, and to 0.24 percent at the downstream end between Index 
Creek and the county line. As shown in Figure 12, the active channel width (based on the 2013 
channel) shows wide variability with channel widths ranging from less than 100 feet (RM 17.9) to 
almost 1000 feet (RM 11.8).  Local peaks in channel width are typically locations of large gravel 
bars (for example, RM 7.3) or where there are multiple active channels (for example, RM 11.8). 
These are often the locations of locally active channel movement (see Section 4.2).  Minimum 
channel widths are less variable compared to maximum widths and show a systematic increase 
moving downstream, with minimum widths near the upstream end of the study reach of less than 
100 ft (30 m) and minimum widths at the downstream end of more than 200 ft (60 m). 

 
Figure 11.    Water surface gradient at 10-year AEP.  
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Figure 12.    Active channel width of South Fork Skykomish River through the study area. 

Sinuosity is a measure of how much a channel meanders as it moves down valley. It is the ratio of 
the channel length divided by the valley bottom centerline length. Leopold et al. (1964) classify 
channels as “straight or sinuous” if their sinuosity is less than 1.5, and “meandering” if their 
sinuosity is greater than 1.5. The South Fork Skykomish River had an average sinuosity of 1.2 
through the full study length in 2013. This sinuosity level is essentially unchanged from a sinuosity 
of 1.19 in 1956. The sinuosity decreases moving downstream through the study reach: the average 
sinuosity at the upstream reach (Tye and Foss rivers confluence to the mouth of the Beckler River) 
was 1.56, compared to a sinuosity of 1.11 at the downstream reach (Lowe Creek to the King-
Snohomish county line). The reason for the downstream decrease in sinuosity is not clear although 
it may be because of the large number of lag boulders at the downstream reach (and in other 
relatively straight channel reaches in the study area). The roughness caused by these boulders may 
be sufficient to interrupt the hydraulics that create and maintain meanders. The intermittent 
presence of bedrock and dense glacial lake sediment on the channel perimeter also likely constrains 
the channel from becoming more sinuous.  

3.4.2 Floodplain Channels 

Floodplain channel networks are common features on the floodplain of the South Fork Skykomish 
River (Figure 13). These networks typically occur on the inside of meander bends. It appears that 
they are formed, or at least maintained and shaped, by overbank flows during floods. These channel 
networks have a characteristic dendritic pattern in plan view with small, sometimes poorly defined 
tributary channels on the upstream end of the meander. These tributary channels typically coalesce 
into a single, larger, deeper main channel that discharges back into the mainstem river on the 
downstream end of the meander. At the upstream inlet to the tributary channels, large wood 
accumulations are often present (Figure 14). Although the upstream ends of the tributary channels 
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are often dry except during high flows (Figure 14), the larger downstream portions of these 
floodplain channels are often deep enough to intercept hyporheic flow5 and as a result often have 
flowing water year6 round (Figure 15).  

 
 

Figure 13.   Example of floodplain channel network with meander on South Fork Skykomish River. 

                                                             

5 Hyporheic flow:  is water that flows through alluvium beneath and beside a stream channel. 
6 Water year:  the twelve month period beginning October 1 in one year and ending in September 30 of the 
following year. The water year is designated by the calendar year in which it ends. 



South Fork Skykomish River Channel Migration Study 

King County River and Floodplain Management  27 June 2017 

 
Figure 14.  Large wood at the upstream end of the floodplain channel shown as Location A in 

Figure 13. 

 
Figure 15.  Year-round water in the downstream portion of the floodplain channel shown as 

Location B in Figure 13. 
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Because floodplain channels typically flow roughly straight across meander bends, they usually are 
shorter and steeper than the section of mainstem river channel that they bypass. As such, they are 
potential pathways for channel avulsions, which are abrupt shifts of the channel to a new location 
and could occur as these floodplain channels erode and expand over successive floods until they 
capture the mainstem river channel. However field observations and review of historical aerial 
photos indicate that the accumulation of large wood at the entrance to floodplain channels limits 
this process on the South Fork Skykomish. As floodwaters leave the main river channel to flow 
across the meander interior during a flood, the flow erodes the floodplain surface to create the 
floodplain channels seen in Figure 13. As a floodplain channel enlarges and diverts increasing 
volumes of floodwaters from the mainstem, logs and other woody material carried by the 
floodwaters are also carried into the floodplain channel inlet. These floodplain channel inlets are 
sufficiently narrow so as to be spanned by many of the logs moving in from the mainstem, and the 
dense riparian vegetation adjacent to these floodplain channels contributes to trapping such woody 
material at or near the floodplain channel entrance. This accumulation of woody material then 
limits flow into that floodplain channel, and the restricted flow limits the channel’s growth and 
mediates the occurrence of avulsion. Flood flows may then follow another, less obstructed route 
onto the floodplain inside the meander, potentially initiating formation of another tributary to the 
floodplain channel. Repeated instances of formation and then obstruction of these tributaries to the 
floodplain channel inlets likely leads to the dendritic pattern commonly observed within meander 
bends along the South Fork Skykomish River.  

This process was observed on the relatively unaltered Nisqually River (Collins and Montgomery 
2002), where wood jams at the inlets to floodplain channels metered flood flows into and mediated 
avulsion formation within the floodplain channels (Collins and Montgomery 2002).  

3.4.3 Tributaries to the South Fork Skykomish River 

The effect of sediment discharge from tributary streams on the South Fork Skykomish River varies 
depending on the quantity and caliber of the sediment the tributary supplies, compared to the size 
and sediment transport competence of the mainstem. Several tributaries to the South Fork 
Skykomish discharge sediment loads that the mainstem has been unable to evacuate, and this 
accumulation of sediment has led to the formation of large alluvial fans that encroach on the river’s 
active floodplain and often displace the mainstem channel (Figure 16). Fans that appear to affect 
the channel location are present at the mouths of Lowe and Money creeks and unnamed tributaries 
at RMs 8.6, 9.2, and 10.1. Figure 17 shows the variation in profile shape and steepness.  

Table 5 shows the range of basin size for several tributaries. Variations in basin size and channel 
slope account for variation in the size and volume of sediment these tributaries supply to the 
mainstem.  
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Figure 16.   Alluvial fans of Lowe Creek and an adjacent unnamed creek displacing the 2013 

channel and constricting the 1% AEP floodplain. 
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Figure 17.   Profiles of the South Fork Skykomish River and its major tributaries. 

 

Table 5.    Tributaries to the South Fork Skykomish River. 

Tributary Confluence River Mile 
Tributary Drainage Area 

mi2 km2 

Tye River 19.7 80.3 207.9 

Foss River 19.7 55.5 143.8 

Beckler River 17.0 59.6 154.4 

Maloney Creek 15.6 3.7 9.5 

Miller River 14.0 45.8 118.7 

Money Creek 11.6 15.2 39.3 

Lowe Creek 10.8 2.1 5.4 

Index Creek 7.9 12.2 31.6 

 

Several of the larger tributaries to the South Fork Skykomish River, including the Miller and Beckler 
rivers and Index Creek, have not constructed well defined fans. However, their sediment discharge 
still has a significant influence on the mainstem channel. At the mouth of the Beckler River (RM 
17.0) it appears that sediment aggradation has elevated the local channel and floodplain; this 
aggradation is reflected in a distinct “bump” in the water surface profile (Figure 18), with lower 
slopes upstream of the confluence and higher slopes below. A lower slope upstream likely accounts 
for large gravel bars between RMs 17.25 and 17.5. Sediment accumulation here may also account 
for the pronounced elongation of the meander bend at RM 17.3. Progressive elongation of this 
meander is evident between the channel positions shown on the 1897 Government Land Office 
(GLO) map and 2013 orthophotography. The slope reduction resulting from the Beckler River 
sediment deposition appears to extend as far upstream as RM 17.9. 
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Figure 18.  Water surface profiles of the South Fork Skykomish showing the sediment wedge at 
the Beckler River confluence. 

Sediment discharge from the Miller River at RM 13.9 has not produced a “bump” in the channel 
profile like that seen at the Beckler confluence, but sediment discharge from Miller River likely 
accounts for an abundance of point bars and medial bars in the South Fork Skykomish beginning at 
the confluence and extending downstream to RM 13.3.  

Index Creek does not have a large, well- developed fan, but the topography on the adjacent 
floodplain suggests that there was a substantial fan at its mouth in the past. A relict channel skirts 
the former fan perimeter that flowed at the base of the right valley wall opposite the current mouth. 
At some point prior to recorded history, the river avulsed across the fan, isolating the distal edge, 
and Index Creek incised through the former fan surface to reach a new profile graded to the new 
(and current) location of the South Fork Skykomish. 

Although not the subject of this report, many tributaries to the South Fork Skykomish have the 
potential for dangerous channel migration or avulsions as they lose gradient approaching their 
confluence with the mainstem. Examples of such potentially hazardous channel instability include a 
major relocation of the lower reach of Money Creek sometime between 1944 and 1956, and the 
avulsion on the Miller River that severed the Old Cascade Highway alignment in 2011. 

Some of the tributaries to the South Fork Skykomish River have very steep gradients and drain 
basins with steep alpine topography. Some of these small, steep tributaries are capable of 
generating debris flows and delivering a sediment pulse directly into the South Fork Skykomish 
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River channel. Such debris flow discharges contain sediment up to and including large boulders. 
The boulders in the channel and exposed in the right channel bank at RM 14.7 were likely delivered 
by debris flow discharge from the steep right-bank tributary entering the mainstem at that location. 

In addition to the eight tributaries in Figure 17 and listed in Table 5, other unnamed creeks form 
numerous alluvial fans that project into the South Fork Skykomish River valley bottom. At locations 
where tributaries flow into the South Fork Skykomish River Valley, the valley bottom may consist 
primarily of these fan deposits. These fans are often elevated above the active floodplain of the 
South Fork Skykomish River (Figure 16) and therefore not subject to riverine flooding. They are, 
however, often at risk of flooding or channel change from the tributaries that created them.  

3.5 Flood Hydrology 

Virtually all bedload movement, streambank erosion, and channel avulsion events occur during 
high flows; therefore, understanding the character of flooding on the South Fork Skykomish is an 
important element in understanding channel migration processes.  

Annual peak flows at USGS gage 12133000, the South Fork Skykomish River near Index, 
Washington, are shown in Figure 19 for the period of record (1903 to 1982). This gage is located at 
RM 2.1, 4.5 miles downstream from the downstream end of the study area. The flood flow quantiles 
(Table 6) calculated for the South Fork Skykomish River Flood Insurance Study (FEMA 1998) 

 
Figure 19.   Annual maximum flows, USGS gage 12133000, South Fork Skykomish at Index. 
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were developed from this same period of record (Harper Righellis, Inc. 1995). Gage data for this 
river is limited with gaps in the historical record and no gage recording data flow since 1982. The 
methods used to determine quantiles are described in Harper Righellis, Inc. (1995): 

The hydrologic analysis for the lower 10.5 miles of South Fork Skykomish River study area 
(below Beckler Creek) was based on the annual peak flow gage data from the Index, 
Washington gage (ID 12133000). This gage has a total of 74 records for water years ranging 
from 1897 through 1982. Gaps in the record are for water years 1898 - 1902, 1906 - 1911, 
and 1913. The values for 1897 and 1922 appear to be only estimates but have been 
confirmed by Bill Wiggins of the U.S. Geological Survey in Tacoma, Washington as valid 
based on a "very rigorous review in 1950". This gage was selected because it is most 
directly applicable to and representative of this portion of the study area. The Index gage is 
downstream of the study area with a basin of 355 square miles, includes all the basin of the 
study area, and has a long record. 

The hydrologic analysis for the upper 2.5 miles of the study area (above Beckler Creek) was 
based on the annual peak flow data from the Skykomish, Washington gage (ID 12130500). 
This gage has only 26 years of record from water years 1930 through 1970 with a gap from 
water years 1932 -1946. This gage is directly applicable to this portion of the study because 
its represents over 97 percent of the basin for this portion of the study. The relatively short 
record is a concern but no better information is available. 

Selected flood magnitudes are shown in Figure 19 and listed in Table 6 for context. One flood in the 
late 1890s exceeded the current-day annual 2 percent flood of 65,200 cubic feet per second (cfs). 
Between the late 1910s and 1982, nine flood events exceeded 44,300 cfs. 

Table 6.    Flow discharge magnitudes, annual exceedance probabilities, and recurrence intervals 
(Harper Righellis, Inc. 1995). 

Discharge at 
South Fork 

Skykomish at 
Index (USGS 

12133000) 

County 
Line to 

Miller River 

Miller River 
to Beckler 

River 

Beckler River 
to Tye/Foss 
Confluence 

Annual Exceedance 
Probability  

(percent) 

 

 

Recurrence 
Interval (Years) 

44,300 42,300 32,200 12,600 10 10 

65,200 62,200 47,400 19,400 2 50 

74,700 71,300 54,300 22,800 1 100 

98,500 94,000 71,600 31,700 0.2 500 

The discharge associated with specific flow events varies significantly through the study area 
because of the increase in contributing area moving downstream. Table 6 shows calculated flows 
for several flow events at different locations in the basin as determined by Harper Righellis, Inc. 
(1995). For example, a 1 percent annual exceedance probability flow in the South Fork Skykomish 
is almost 3.1 times greater downstream from the Miller River confluence, compared with upstream 
of the Beckler River confluence. 

Elevations in the watershed range from 7,884 to 742 feet (226 to 2,403 m). Because the watershed 
spans this range of elevations, tributary basins vary in their runoff characteristics, including basins 
with pluvial, nival, and glacial hydrographs (Pelto 2010). Runoff from pluvial basins is rainfall-
driven with flow peaks in the winter due to rainfall. Nival basins have flow peaks in the spring 
resulting from snowmelt, and glacial basins have peaks in mid-summer due to glacial melting.  



South Fork Skykomish River Channel Migration Study 

King County River and Floodplain Management  34 June 2017 

The mainstem South Fork Skykomish exhibits a hybrid of these characteristics. Mean daily 
discharge exhibits a bimodal pattern with a peak in mid-winter because of rainfall events and a 
larger peak in the spring resulting from snowmelt (Figure 20). The number of flood events also 
shows a bimodal distribution through the year (Figure 20), but with the peaks reversed. The largest 
magnitude flood events (not depicted in Figure 20) are associated with precipitation and warming 
during atmospheric river events, which are typically largest in magnitude between November and 
January (Neiman et al. 2011). Glacial runoff is a primary source of summer low flow (Pelto 2011). 

 
 

Figure 20.   Mean daily discharge from USGS gage 12133000 versus number of peak annual flows 
by month, South Fork Skykomish at Index (period of record 1903 to 1982). 

There is evidence to suggest that flood magnitudes are becoming larger on the South Fork 
Skykomish and that that trend is likely to continue. Two separate flood frequency analyses for 
Beckler River to the Tye/Foss confluence reach of the study area document the increases in flood 
magnitudes ( 

Table 7). One study was based on gage information from 26 years during the period of  

 

Table 7.    Flood discharge based on a HEC-FFA analysis for the South Fork Skykomish River 
between Beckler River and Tye/Foss confluence calculated from different periods of records. 

 Annual Exceedance Probability 

Period of record 1.0% 2.0% 10.0% 
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26 years during 1930 to 1970 22,800 19,400 12,600 

1999 through 2013 26,800 24,800 20,400 

1930 to 1970 (Harper Righellis, Inc. 1995) and the other study was based on flows measured from 
1999 through 2013 (Herrera 2014) at the same gage location. The flow magnitudes calculated from 
the more recent period of 1999 through 2013 range from 18 to 62 percent larger for a given 
quantile than those calculated using the 1930 to 1970 period of record. In their report, Herrera 
(2014) states: “The increase in the size of events [compared to the Harper Righellis Inc. (1995) 
results described in this study] likely reflects ongoing climate change and the slow conversion of 
the upper South Fork from a snowmelt-dominated to a fall-runoff-dominated river.” 

This conclusion is based on comparing two flood frequency analyses, both based on relatively short 
periods of record, and should therefore be viewed with caution. This conclusion is, however, 
consistent with changes in flood hydrology in the Cascade Mountains projected to result from 
climate change (Pelto 2011). With warmer winter temperatures, tributary watersheds 
characterized by nival hydrology in the past will become increasingly pluvial, contributing more 
flow during mid-winter storms. Cool season (October through March) runoff in the North Cascades 
is projected to increase by 20 percent by the 2040s and 34 percent by the 2080s (Raymond et al. 
2014) with associated increases in flood events (Tohver et al. 2014). If flooding becomes more 
frequent and severe, there likely will be a corresponding increase in the various channel migration 
processes through the study area.  

3.6 Large Wood 

The presence of large wood in a channel can have a dramatic effect on the channel character and 
mobility. Depending on its size and location, large wood accumulations can deflect flow and 
accelerate channel movement or form robust, persistent jams that resist channel erosion. Large 
wood jams can also change streambed and water surface elevations by creating steps in the channel 
profile (Montgomery and Abbe 2006; Brummer et al. 2006). Large wood loading in the South Fork 
Skykomish River is very low compared to pristine conditions (Herrera 2009). Current trends in the 
management of riparian forests that allow more and larger trees mean that the volume of large 
wood in rivers is likely to increase through the 100-year timeframe relevant to CMZ mapping and 
potentially affect the migration rates measured in this study.   

As a part of the current study, a survey of large wood abundance was conducted the South Fork 
Skykomish River using 2013 orthophotography. The large wood pieces identified in this survey was 
then screened to determine if they qualified as key pieces based on the criteria in Fox et al. (2003). 
That criteria is based on the bankfull channel width, and for channels 165 to 330 feet (50 to 100 m), 
key pieces must have a volume of 380 ft3 (10.75 m3) and have an attached rootwad.  Fox et al. 
(2003) propose the following criteria to assess the adequacy of key-sized wood loading in Pacific 
Northwest streams. For streams of 33 feet to 330 feet (10 to 100 m) in bank-full width, the number 
of key pieces per 100 m of channel length is defined as: 

 Good = >4 

 Fair = 1–4 

 Poor = <1 

The length of the river in the study area is 13.4 miles (21.6 km). Based on the criteria described 
above, the South Fork Skykomish River should have at least 864 key pieces to qualify as being in 
“good” condition, or at least 216 key pieces to qualify as being in “fair” condition. This survey 
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identified only 14 pieces that met the criteria for key pieces. The limitations of a survey using 
orthophotography include the inability to collect accurate measurement of wood. Additionally, 
some pieces of wood may not be seen in their entirety or in part, and may be undercounted or not 
included because of mismeasurement. For these and other reasons, there may be significant error 
in the measured large wood dimensions. However, these results are sufficient to clearly 
demonstrate that the South Fork Skykomish River is significantly deficient in key-sized wood 
material compared with relatively pristine streams in the Pacific Northwest. It is likely that this 
deficiency results in large part to the history of logging along the South Fork Skykomish. The 
Skykomish Forks Watershed Analysis (USFS 1995) shows forest cover along virtually the entire 
riparian zone of the South Fork Skykomish to be in a “middle successional stage,” typical of second-
growth forests. Old-growth forests (late successional stage) are likely to produce the key-sized logs 
that are absent from the current riparian forests along the South Fork Skykomish. There has also 
been some historical removal of large wood to reduce flooding on the Beckler River (Wissmar and 
Beer 1994) and likely elsewhere in the study area. 

Field observation during this study suggests that most modern large wood jams in the South Fork 
Skykomish River study area are either bar-top jams (Figure 21) or woody bank revetments jams 
(Figure 22). Per Abbe and Montgomery (2003), these types of debris jams are ephemeral and have 
limited influence on overall channel character or mobility. Such jams do not require key-sized wood 
in order to form. Log jams observed during this study were largely located along the channel 
perimeter and, to the extent that these jams play any role in channel migration, they are likely to 
limit lateral channel movement by acting as “organic revetments.” 

 
Figure 21.  Bar-top jam on the South Fork Skykomish River. Note that none of the wood pictured 

meets the criteria for large wood. 
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Figure 22. Woody bank revetment jam on the South Fork Skykomish River. 
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 CHARACTERISTICS OF CHANNEL 

MIGRATION IN THE STUDY AREA 

Channel migration is the end result of several different river processes. The rate and pattern of 
migration can change through time as basin conditions change and varies along the channel based 
on variations in local channel conditions.  

4.1 Channel Migration Processes 

Channel migration occurs by three primary processes in the South Fork Skykomish River study 
area: lateral migration, channel expansion, and avulsion. Lateral channel migration, the main type 
of channel migration affecting the South Fork Skykomish River in the study area, occurs as a 
combination of bank erosion along one riverbank coupled with sediment deposition and 
revegetation of the opposite bank. The result is a progressive net movement, or migration, of the 
channel across the valley bottom. A comparison of the 1956 and 2013 channel locations near RM 10 
on the South Fork Skykomish River illustrates lateral migration (Figure 23). There also may be a 
down-valley component to the lateral migration. Through time, the down-valley component will 
result in an area downstream and between river meanders being affected by channel migration, not 
just an area laterally landward from the channel.   

 
Figure 23.   Example of lateral migration on the South Fork Skykomish River near RM 10.  
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Channel expansion is a widening of the active channel due to erosion on one bank. Conditions that 
cause channel expansion include an increase in sediment influx or the eroding effects of a large 
flood flow. Channel expansion on the South Fork Skykomish River is evident in many locations and 
has occurred between 1956 and 2013 near RM 10.2 because of growth of a left bank gravel bar 
(Figure 24). The gravel bar remains part of the active channel until it becomes forested.  If the 
gravel bar grows more quickly than it becomes forested, the active channel expands. The reason for 
this gravel bar growth is unclear but it might be related to sediment discharge and Lowe Creek, 
which joins the mainstem a short distance upstream of this location. 

 
Figure 24.   Example of channel expansion near RM 10.2. 

In a channel migration process called avulsion, the channel shifts abruptly to a new location 
without laterally eroding through the land between the two channel positions. The channel may 
shift by avulsion rapidly, even during a single flood event. Avulsions also may occur more gradually, 
as the majority of flow shifts from one channel to another. Avulsions may be triggered by the onset 
of unpredictable conditions such as a landside or log jam. Though avulsion triggers may be 
unpredictable, certain conditions favor the occurrence of avulsions, as described in Section 2.5.2. 
One example of an avulsion on the South Fork Skykomish River is located near RM 18.5 adjacent to 
the area of the Timberlane neighborhood (Figure 25). The exact timing of this event is not known 
but it occurred sometime between survey work for a USGS map published in 1914 and aerial 
photography taken in 1944.  
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Figure 25.   Example of avulsion on the South Fork Skykomish River near RM 18.5. 1914 avulsion 

still visible in 2013 LiDAR. 

4.2 Morphology of the Study Reaches 

A river reach is a length of channel that exhibits generally consistent physical conditions. River 
reaches in the study area were identified based primarily on channel gradient, channel 
confinement, channel pattern, riverbank material and significant tributary confluences. Channel 
sinuosity (ratio of channel length to valley length) and the presence of infrastructure were 
considered secondarily.  

Eleven reaches were identified in the study area and numbered in an upstream direction (Map 1, 
Appendix A). Reach characteristics are summarized in Table 8. 

Ecology defines channel confinement based on the ratio of active channel width to valley bottom 
width (Ecology 1994-2014). A ratio of less than 2 is confined; a ratio of greater than 4 is 
unconfined; and a ratio between 2 and 4 is moderately confined (Ecology 1994-2014). Based on 
these criteria most of the study reaches would be considered unconfined. An exception is reach 7, 
located between RM 14.2 and 15.3, where bedrock projecting from the left valley wall causes the 
valley floor to be locally narrow, and as a result the channel through this reach is moderately 
confined. Near RM 11.7 a broad gravel bar at the mouth of Money Creek and near RM 18 a short 
bedrock constriction both result in short reaches of moderate confinement. Table 8 shows selected 
characteristics of each of the study reaches.   

1914

1944

Flow direction

2013 LiDAR

Legend
1914

1944

Flow direction

2013 LiDAR



South Fork Skykomish River Channel Migration Study 

King County River and Floodplain Management  41 June 2017 

Table 8.    South Fork Skykomish River reach characteristics. 

Reach 

River Mile€ 
Length 
(miles) 

Average 
Gradient 

(%)† 

Armored 
Length 

(%)‡ 

Montgomery-Buffington 
Channel Type 

Sinuosity 
D/S* 
end 

U/S* 
end 

1 6.6 7.8 1.2 0.24 0 Predominately Pool-Riffle 1.03 

2 7.8 9.25 1.45 0.41 5.7 Mixed Plane-Bed/Pool-Riffle 
1.08 

3 9.25 10.7 1.45 0.35 31.1 Predominately Pool-Riffle 1.22 

4 10.7 11.6 0.9 0.34 0 Predominately Plane-Bed 1.16 

5 11.6 12.5 0.9 0.46 0 Predominately Plane-Bed 1.00 

6 12.5 13.9 1.4 0.40 21.5 Predominately Pool-Riffle 1.45 

7 13.9 15.2 1.3 0.37 6.3 Mixed Plane-Bed/Pool-Riffle 
1.08 

8 15.2 17 1.8 0.45 48.2 Predominately Plane-Bed 1.07 

9 17 17.95 0.95 0.48 0 Predominately Plane-Bed 1.59 

10 18 19.1 1.1 0.66 5.4 Predominately Plane-Bed 1.47 

11 19.1 19.7 0.6 1.24 0 Predominately Cascade 1.71 

€ River Miles are based on a river centerline generated from a 1993 orthophoto. River mile 0.0 is at the confluence of the North 
and South Forks of the Skykomish River near the Town of Index. 

† Average gradient measured from the water surface elevation measured from a LiDAR-derived Digital Terrain Model (DTM), 
from LiDAR data collected in 2013. 

‡ Armored length is the channel length facilities constructed and/or maintained by King County, the King County Flood Control 
District, the Washington State Department of Transportation, or the Burlington Northern Santa Fe Railway. The listed length is 
the channel length with armor on at least one bank. 

 

Reach 1: This is the downstream-most reach in the study area and extends from the confluence 
with Index Creek downstream to the King-Snohomish county line. This reach has the lowest 
gradient in the study area and is relatively straight. The channel flows over bedrock at RM 5.3 at the 
upper end of Eagle Falls (just downstream of this reach). This bedrock resists incision and is likely 
responsible for the low gradient upstream. Banks in Reach 1 are largely alluvial although dense 
glacial lake sediments are exposed in several locations. The lack of meandering here is likely a 
consequence of the presence of the resistant lake sediments in the bank and a large number of large 
(lag) boulders in the channel. A short section of active channel movement is located on the right 
bank between RM 7.15 and 7.35. The King County Department of Transportation has constructed a 
short revetment on the right bank here to protect NE 196th Street, and there are adjacent sections of 
private revetments. 

Reach 2: This reach extends from RM 9.25 downstream to the mouth of Index Creek. This reach is 
relatively straight. Again the lack of meandering is likely a consequence of the presence of the 
resistant lake sediments in the bank and a large number of large (lag) boulders in the channel. In 
addition the left bank is composed largely of fan and landslide debris with shorter sections of 
bedrock. From RM 8.15 to 8.3 angular boulders of a rock avalanche deposit are present on the bank 
and in the channel. The right bank is largely alluvial with a short section of armor at the 
downstream end. The floodplain topography in this reach and extending downstream into Reach 1 
suggests there was a relatively recent avulsion across a fan at the mouth of Index Creek, although 
such an event predates all historical information.   

Reach 3: This reach extends from the mouth of Lowe Creek downstream to RM 9.25 and includes 
almost two complete meander bends. These meanders have shown relatively regular downstream 
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migration through the photo record. The upstream meander wraps around the perimeter of the 
alluvial fan of Lowe Creek and an adjacent unnamed creek (Figure 16). The banks are almost 
entirely alluvial except at the two locations on right bank where the channel approaches the 
armored BNSF Railway alignment and one short exposure of lake sediments at the extreme 
downstream end of the reach.  There are few large boulders in this reach. 

Reach 4: This reach extends from the mouth of Money Creek downstream to the mouth of Lowe 
Creek. The left bank is largely fan deposits and the right bank is largely alluvial. There are few large 
boulders in this reach and only one very short exposure of glacial lake sediments. There is no bank 
hardening. 

Reach 5: This reach begins at the railway bridge at RM 12.5 and extends downstream to the mouth 
of Money Creek. The channel through this reach divides into the mainstem to the left and a 
prominent side channel to the right with a large forested island between. The side channel is dry at 
low flow but occupied during even modest higher flow events. This reach has primarily alluvial 
banks on both the mainstem and side channel. There is no significant bank armor and one bedrock 
exposure on the left bank at the downstream end. During the period of record this reach has been 
subject to the most active channel migration in the study area. 

Reach 6: This reach extends from the mouth of the Miller River to the railway bridge. The channel 
is armored along the BNSF Railway alignment, along the U. S. Forest Service Money Creek 
campground and where it approaches U.S. Highway 2, near RM 12.7. Two bedrock exposures 
constrain the channel on the right bank. There is a short exposure of glacial lake sediments on the 
left bank near RM 13.3.  This reach is strongly affected by the Money Creek fan on the left bank, 
which displaces the entire channel toward the right side of the valley. 

Reach 7: This reach extends from a channel constriction near RM 15.2 downstream to the mouth of 
the Miller River. The channel is constrained by local bedrock exposures on both banks, and the 
migration potential is limited by the presence of U.S. Highway 2 on the right side of the channel and 
the BNSF Railway alignment on the left. There are few large boulders and no exposures of glacial 
lake sediment in this reach. 

Reach 8: This reach extends from the mouth of the Beckler River downstream to the channel 
constriction at RM 15.2 and includes the Town of Skykomish. Through the lower half of this reach, 
one bank, and in some cases both banks, are armored to protect the BNSF Railway alignment and 
the Town of Skykomish. Bedrock is exposed on the right bank opposite the Town of Skykomish. A 
right-bank side channel is present between RM 15.9 and 16.3. There are common boulders in the 
channel upstream of the Town of Skykomish and no glacial lake sediments. 

Reach 9: This reach extends from a bedrock- and riprap-constrained bend at RM 17 downstream to 
the mouth of the Beckler River. A tight meander dominates the middle of this reach, with its apex 
near RM 17.3.  A well-developed side channel cuts across the tip of this meander, and other 
floodplain channels to the south also convey floodwater across this meander. It seems likely that 
the tight meander at this location is a consequence of a sediment wedge at the mouth of the Beckler 
River which reduces channel gradient and encourages deposition upstream (Figure 18). Channel 
banks through this reach are mostly alluvial banks with limited bank armor.  There are few 
boulders and no glacial lake sediments exposed. 

Reach 10: This reach extends from RM 19.0, just upstream of the U.S. Highway 2 bridge down to 
the bedrock and riprap constrained bend. The right channel edge is located at the base of a steep 
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and actively eroding slope with multiple active landslides. Stratified glacial sediments including 
glacial lake sediments are locally exposed along the base of this slope and are likely present below 
the landslide debris. The left bank is an alluvial surface occupied by the Timberlane Subdivision. 
There is intermittent armoring on the left bank through the Timberlane community. 

Reach 11: This is the upstream-most reach in the study area extending from the Tye-Foss 
confluence down to just upstream of the U.S. Highway 2 bridge. This reach is steep with no bank 
armor.  Through this reach the channel is dropping through bouldery debris of the Beckler Peak 
rock avalanche.   

4.3 Lateral Channel Migration Rates 

Lateral channel migration rates were calculated based on channel changes measured between 
successive aerial photos divided by the time between photos using “eroding only” measurements as 
described in Section 2.5.3. Channel migration rates were calculated throughout each reach for time 
intervals between successive aerial photos from 1956 to 2013 (Table 9). The last column of Table 9 
shows a time-weighted average value of migration rates for 1956 to 2013.  

Table 9.    South Fork Skykomish River average annual channel migration rates. 

Reach 
1956 

to 
1964 

1964 
to 

1970 

1970 
to 

1985 

1985 
to 

1993 

1985 
to 

2002 

1993 
to 

2002 

2002 
to 

2013 

1956 
to 

2013 

1 3.8 1.5 1.7 4.3  3.0 1.0 2.6 

2 2.2 2.1 0.9 2.3  1.6 1.2 1.7 

3 2.4 1.5 0.9 4.3  2.3 2.7 2.5 

4 4.4 1.3 1.4 2.6  1.2 1.9 2.1 

5 2.9 2.9 4.0 3.1  9.1 5.6 4.5 

6 2.7 1.7 1.8 3.1  2.5 1.8 2.2 

7 3.5 1.1 1.3 2.8  2.3 1.6 2.2 

8 3.9 2.0 0.8 2.9  1.2 0.9 1.9 

9 2.9 0.8 0.8 3.1  2.1 1.4 1.9 

10 2.4 1.2 1.4 2.7  2.2 1.8 2.0 

11  0.7 0.1  1.1  1.0 0.6 

 

*For reach 11, 1956 and 1993 photos were excluded due to poor photo registration.  Calculations 
for Reach 11 are based on “all measurements” using transects 169, 170, and 171. 

Migration rates from each of the six individual time periods have varied throughout the study area 
and over time (Table 9 and Figure 26). The highest measured migration rate was approximately 9.1 
ft/yr (Reach 5, 1993 to 2002). Cumulative migration rates for the period of record ranged from 1.7 
to 4.5 ft/yr. This range of migration rates is generally similar to migration rates determined for 
other rivers in King County including the Tolt and Raging rivers (Shannon & Wilson 1991) and the 
Cedar River (King County 2015). 
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Figure 26.   South Fork Skykomish River average annual channel migration rates using eroding 
only measurements. 

These calculated migration rates are large compared to observed channel movement to account for 
a possible increase in future flooding (Section 2.4) or failure of existing bank armor.  These rates 
are calculated using the absolute value of the migration distance added cumulatively through all 
individual photo periods, and  using “eroding only” measurements (King County 2014). The 
absolute cumulative value is used in order to represent the possibility that the channel will migrate 
in one direction for an extended period of time. Often the channel will move back and forth with 
little net movement over time, but continuous, progressive migration in one direction also occurs, 
and this calculation acknowledges that possibility. Eroding only measurements are used because 
they better represent the erosion process that constitutes channel migration than would the use of 
“all measurements” (King County 2014), which includes locations without measureable channel 
movement. These protocols have been used in existing CMZ studies on King County rivers (Shannon 
& Wilson 1991; King County 2015). 

The calculated migration rates were compared to measured net channel migration over the period 
of record as shown in Figure 27. The red and green lines on this figure show the calculated annual 
erosion rates as presented in Table 9. The blue line is an annual erosion rate based net channel 
movement from 1956 to 2013. This figure shows that the calculated migration rates display a 
pattern generally consistent with the observed migration. Calculated rates are highest where the 
channel has experienced the most net migration. For the most part, calculated rates are somewhat 
larger than observed rates, which suggests that, if channel migration patterns continue as they have 
over the period of measurement, setbacks based on the calculated rates should reliably encompass 
areas at risk from future channel erosion.  
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As previously described two separate rock avalanche deposits have been identified that impinge on 
the South Fork Skykomish channel.  These are the Beckler Peak Rock Avalanche which borders the 
channel through reach 11, and a smaller deposit has been identified on the left-bank across from 
the Riverwood development near RM 8.3.  Both are described in Section 3.3.1.  In both cases large 
angular boulders form a significant component of the bed and banks.  A number of lines of evidence 
suggest that the river has shown little tendency to migrate into channel banks dominated by these 
rock avalanche deposits.  These include:  

 The abundance of large boulders from the rock avalanche deposits, exposed in the channel, 
discourage migration. 

 Much of the bed and bank material in these areas is noticeably angular.  Had these clasts 
been transported as bedload, they would have been rounded in the process.  The 

predominance of angular clasts speaks to the stability of the channel in these areas. 

 No long-term systematic migration was evident in sequential aerial photography.   

 Older maps of the project area (GLO, 1897; USGS, 1914; Army mapping Service, 1944) lack 
sufficient detail or accuracy to be used for quantitative channel migration measurements, 

but examination of these maps show distinctive channel forms and features have persisted 

through this period.  Such features include the mid-channel island near RM 19.4 (1894, 

1914, 1944), the confluence of the Tye and Foss Rivers (1894, 1914, 1944), and the sharp 

channel bend near RM 19.15 (1914, 1944). 

 Through reach 11 mature conifers are common immediately adjacent to the channel.  
Stands of young, even-age deciduous trees and shrubs next to the channel, typical of 

migrating channels, are absent from this reach. 

 Gravel bars in Reach 11 are infrequent and small in size.  Large gravel bars are common 
indicators of active channel migration. 

 No areas of active or recent bank erosion were observed during this study in areas where 

banks are composed of avalanche debris. 

 Trees undermined by bank erosion on the river (common elsewhere in the study area) were 
not observed in reach 11.  

 Presence of shrubs and trees growing between, even on top of boulders suggests long-term 
immobility. 

 Accounts from long-time local residents describe a lack of channel movement. 

Based on this evidence the channel migration rate for reach 11 was calculated using “all 
measurements,” and was based on channel movement at three transects (168, 169, and 170) where 
the channel was most clearly visible through the period of record.  A migration rate based on this 
information was used for Reach 11.   
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Figure 27.   Calculated migration rates on the left and right bank. 

The effect of bank hardening on migration rates was also evaluated. The calculated migration rate 
for transects with constructed bank hardening or bedrock within 100 feet of the 2013 active 
channel was compared to transects without such constraints. The unconstrained reaches showed a 
negligible (2 percent) increase in channel migration compared to the constrained reaches. This 
insignificant increase is likely a result of the fact that virtually all of the hardened banks through the 
study area occur on only one side of the river in any given reach. It appears that the tendency to 
migrate is manifested entirely on the non-hardened bank and the overall migration rate remains 
substantially unchanged.  

Martin (2005) showed a positive correlation between measured erosion rates and basin size for 
streams in northwest America. Using Martin’s correlation, the predicted migration rate at the 
upstream end of the study area would be 1.6 ft/year (0.48 m/year). At the downstream end of the 
study area the predicted erosion rate would be 2.2 ft/year (0.67 m/year). These rates show 
generally good agreement with the range of rates identified in this study.  

4.4 Spatial Variation in Channel Migration 

Examination of Table 9 and Figure 26 above shows little systematic variation in calculated channel 
migration rates through the study reach. The one outlier occurs in Reach 5, which has anomalously 
high migration rates in some time periods compared with the remainder of the river. Through the 
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measurement period, a series of avulsions has occurred in this reach including significant channel 
relocations between 1911 and 1914, between 1944 and 1956, and between 1998 and 2006. Such a 
locally high rate of channel migration may occur in response to a triggering event, for example a 
landslide, mid-channel log jam, or meander cut-off. In Reach 5 the triggering event may have been 
the avulsion in the early 1900s. This avulsion may have created an area on the floodplain where 
channel banks are low and consist of recently deposited bar and overbank deposits. Relatively high 
rates of channel migration are likely to persist within the envelope because these bank conditions 
are more readily eroded compared with older and higher banks elsewhere in the floodplain. Other 
smaller examples of this phenomenon are associated with locally high rates of channel migration 
between RMs 7.2 and 7.4, and in the vicinity of RM 18.3. 

Aside from the limited areas of more rapid channel migration described above, much of the rest of 
the South Fork Skykomish shows little channel movement over the period of study (1956 to 2013). 
There are several potential factors, both natural and anthropogenic, that may serve to suppress 
channel migration through the study reach. Natural factors include: 

 Localized areas where the channel flows directly against bedrock. 

 Areas where the channel flows against or through dense glacial sediments. The most 

significant such deposits in the study area are dense fine-grained lacustrine sediments that 

are commonly exposed at the base of channel banks or on the riverbed. 

 Coarse lag boulder deposits emplaced by rockfall, landslides, and debris flows. 

 Alluvial fans deposited by steep tributary streams. 

The primary anthropogenic control on channel migration is local bank hardening. Cumulatively 
these natural and human factors affect about 39 percent of the entire length of channel bank 
through the study area. In addition to the factors described above, the logging history in the South 
Fork Skykomish River Valley, and the consequent lack of very large logs in the channel, limits the 
formation of mid-channel log jams. Such jams precipitate channel migration in pristine channels 
with higher rates of large wood loading. 

4.5 Temporal Changes in Channel Migration  

Through the period of study (1956 to 2013) there is no evidence that the rate of channel migration 
has changed significantly. There are no dams, artificial diversions, or significant water withdrawals 
anywhere in the South Fork Skykomish River basin, so there have been no systemic changes in 
hydrology (and therefore channel character) seen in other King County rivers such as the White, 
Green, or Cedar. Bank hardening can directly affect channel migration locally. Most of the longest 
and most robust bank hardening in the study area had been completed well before 1956, the 
earliest date used for determining migration rates in this study, so these features would not have 
caused a change in the measured rate of channel migration through the study period.  

Changes in riparian forest conditions could have affected migration rates in various ways over time. 
Under pristine conditions some old growth trees would likely have been available for recruitment 
and the resulting key-sized pieces could have triggered increased migration (Montgomery and 
Abbe 2006; Brummer et al. 2006). Conversely, presence of mature riparian vegetation has been 
found to reinforce stream banks and increase their resistance to erosion (Abbe et al. 2003). It is 
therefore not clear how migration rates might have been different under pristine compared to 
current conditions. However, the conversion of the riparian forest from pristine to essentially 
modern conditions was likely completed long before the beginning of the historical record used for 
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this study (1956 to 2013), and all of the migration rates measured herein reflect current large wood 
supply and loading. 

Given the lack of significant changes in factors affecting channel migration during the study period, 
a significant change in the rate of migration was neither expected nor observed. This conclusion 
does not necessarily suggest that the rate of channel migration is unchanged from pristine 
conditions, or that these rates might not change in the future in response to changed basin or 
climatic conditions. In particular, the impacts of climate change are likely to include significantly 
increased flooding in Pacific Northwest rivers (Raymond 2014), and an increase in flooding would 
likely lead to increased channel migration. 
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 CHANNEL MIGRATION HAZARDS ON 

THE SOUTH FORK SKYKOMISH 

RIVER 

The findings from Section 4.0 are used in this section to predict future limits of channel migration 
within the study area. The resulting identified channel migration hazard areas are shown in the 
South Fork Skykomish River CMZ map in Section 5.2. 

5.1 Delineation of Channel Migration Hazard 

Areas 

Channel migration hazards associated with each CMZ component are described in this section. 

5.1.1 Historical Migration Zone 

Historical active channels and the HMZ boundary are shown in Map 3 (Appendix A). The HMZ, 
which is the area occupied by the channel between 1956 and 2013, is defined and mapped as a 
severe hazard area. The HMZ makes up most of the width of the CMZ. 

5.1.2 Avulsion Hazard Zone  

Avulsion hazard zones are alignments on the floodplain that have the potential to convey water 
diverted from the mainstem and enlarge by scour until they convey a majority flow and thereby 
become the mainstem channel. Map 4 (Appendix A) was used to identify potential avulsion 
pathways and is based on the water surface profile during a 10 percent AEP flow and topography 
derived from 2013 LiDAR data. The water surface elevation from the profile is projected laterally 
across the topography of the adjacent floodplain. Colored areas on Map 4 are those areas of the 
floodplain lower in elevation compared to the adjacent profile elevation. The difference in elevation 
is indicated by a range of colors as shown in the legend on Map 4. The extent and depth of flow 
shown on this map approximates the extent and depth of inundation during a 10 percent AEP flow. 
However, the extent and depth are approximate because the water surface projection does not 
account for character of the hydraulic connections between the main channel and off-channel, low 
areas on the floodplain.  

Low-lying, frequently flooded areas evident in the elevation difference map (Map 4, Appendix A) 
that met AHZ mapping criteria (Section 2.5.2) are listed in Table 10 and shown in Map 5 (Appendix 
A). Through the study area a total of 12 potential avulsion pathways were identified based on the 
criteria described in Section 2.5.2. Of these, two were identified as being at a severe hazard of 
avulsion and the remaining 10 were identified as being a moderate hazard (Table 10). Each of these 
potential avulsion pathways is a floodplain channel as described in Section 3.4.2.   
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Table 10.   Areas mapped within the Avulsion Hazard Zone. (See Section 2.5.2 for full description of mapping criteria.) 

Avulsion 
Pathway 
Number 

Bank 
RM at 
D/S 
end 

RM at 
U/S 
end 

Percent of 
mainstem 

length 

Avulsion 
Hazard 
Type 

Description  

1 RB 9.17 9.5 91% Moderate 
Located along a floodplain channel on the right bank and cuts across a slight meander. There is 
wood accumulation at inlet. At the upstream end the channel is evident in the field but vegetated. 

2 LB 9.33 9.96 91% Moderate 

This alignment follows a floodplain channel that cut across a left-bank meander. The Inlet is 
poorly defined with an accumulation of large and small woody debris. The channel becomes 
larger and deeper downstream and was intercepting hyporheic flow at time of a summer field 

visit. 

3 LB 9.36 9.72 97% Moderate 
Located along a floodplain channel on the left bank and cuts across the tip of the same meander 

as number 2, but closer to the river than number 2. Located along a floodplain channel on the 
left bank and cuts across the tip of a meander bend. 

4 RB 9.78 10.22 86% Severe 
Located on the right bank and cuts across a pronounced meander. The channel bottom is 

largely bare gravel and appears to be inundated on a regular basis. The downstream section of 
the channel intercepted hyporheic flow at time of summer field visit. 

5 LB 10.06 10.8 96% Moderate 

Located along a floodplain channel on the left bank and cuts across a moderately sinuous 
meander bend. At the upstream end, channel intercepts Lowe Creek. Moving downstream the 
channel was gravelly and dry during a summer field visit. Further downstream the channel had 

flowing water from intercepted hyporheic flow. 

6 RB 12.8 13.32 98% Moderate 
Located along a floodplain channel on the right bank and cuts across a slight meander. Indistinct 

at upstream end becoming more pronounced downstream. At the downstream end this 
alignment parallels and is adjacent to the U.S. Highway 2 embankment. 

7 LB 13.2 13.71 71% Moderate 

Located along a floodplain channel and cuts across the base of a pronounced meander. Would 
result in significant (29%) decrease in channel length. There is woody debris at inlet and channel 

becomes larger and more distinct downstream. This alignment parallels and is adjacent to the 
BNSF railway embankment. 

8 LB 13.3 13.6 64% Moderate 
Located along a floodplain channel and cuts off the same meander as number 7, but riverward 

of number 7. 

9 RB 13.5 14 61% Moderate 
Located along a floodplain channel on the right bank and cuts across a moderately sinuous 

meander bend. The alignment is poorly defined at the upstream end and becomes more distinct 
moving downstream. 

10 RB 15.22 15.75 77% Moderate 
Located along a floodplain channel on the right bank and cuts across a long meander and is 

located immediately downstream from the Town of Skykomish. The floodplain channel parallels 
and is adjacent to U.S. Highway 2 for its entire length. 

11 LB 17.08 17.57 55% Moderate 

Located along a floodplain channel on the left bank and cuts across a tight meander bend. This 
floodplain channel is indistinct at the upstream end and becomes larger and more distinct 

moving downstream. There are some residential structures adjacent to this alignment and a 
private access road crosses it near the downstream end. 

12 LB 17.2 17.47 59% Severe 

Located along a floodplain channel on the left bank and cuts across the same tight meander 
bend as alignment 11, but closer to the river. This alignment is well defined for entire length and 

captures river flow even under summer flow conditions. There is a substantial woody debris 
accumulation at the upstream end of this alignment. 

* D/S = downstream; U/S = upstream. 
** LB = left bank and RB = right bank when viewed downstream.
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In addition to the potential avulsion alignments described above, flooding during the 2016 water 
year (winter 2015/16) reveled areas of relatively deep or fast flowing flood water outside of the 
active channel of the South Fork Skykomish River.  Such areas include portions of the Timberlane 
Neighborhood, The USFS Money Creek Campground along with the adjacent section of the Old 
Cascade Highway, and portions of the Riverwood Community.  While such flows can damage 
structures and pose a risk to residents, examination of these three locations does not suggest that 
they are likely routes for channel avulsions in the near future. 
 

5.1.3 Erosion Hazard Area/Erosion Setback 

Erosion setbacks are established from the edge of the HMZ to account for lateral migration of the 
channel beyond the limits of its known historical extent (the HMZ). The 1956-2013 weighted 
average channel migration rates (Table 11) are assumed to be the representative migration rates 
for the associated reaches in which they was calculated. The 1956-2013 timeframe was used 
because it produces long-term average migration rates, which are appropriate to the prediction of 
channel migration hazard over multiple decades. As previously described, transects that showed no 
movement were excluded from this migration rate calculation. Also as previously described, 
migration rates were very similar in armored and unarmored areas, so measurements from both 
areas were included in calculation of this channel migration rate.  

EHA/ES widths calculated for moderate and severe EHAs in valley-bottom alluvium using eroding-
only migration rates are summarized in Table 9. The severe EHA/ES width is delineated as either 
25 years times the channel migration rate in column 2 of Table 11 applied to the HMZ or 50 years 
times the same channel migration rate applied to the 2013 active channel, whichever distance is 
more landward. The moderate EHA/ES width is delineated in the same way as the severe EHA/ES 
using 50 years and 100 years. In addition to applying these setback widths to the HMZ and the 2013 
active channel, an ES also was applied to the delineated AHZ to a width based on 25 to 50 years of 
lateral migration (as described in Section 2.5.3).  

Table 11.    Erosion Hazard Area/Erosion Setback widths. 

 
 

Reach 

 
Channel 
Migration 

Rate 
(feet/year) 

Erosion Setback Widths 

Severe Hazard Area Moderate Hazard Area 

Feet from 
HMZ, 

25 years 

Feet from 
2013 Active 

Channel,  
50 years 

Feet from 
HMZ, 50 years 

Feet from 2013 
Active Channel,  

100 years 

1 2.6 64 129 129 257 

2 1.7 43 85 85 170 

3 2.5 63 127 127 253 

4 2.1 52 104 104 209 

5 4.5 111 223 223 446 

6 2.2 55 110 110 221 

7 2.2 54 108 108 215 

8 1.9 49 97 97 194 

9 1.9 48 97 97 193 

10 2.0 51 102 102 204 

11 0.59 15 30 30 59 
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Where bedrock was identified at or near the channel edge, the EHA/ES ended at the bedrock 
exposure. Continuous exposures of large boulders from rock avalanche deposits in reach 11 and on 
the left-bank near RM 8.3 were treated similarly. 

Between RMs 9.3 and 11.1 (parts of reaches 3 and 4), there was a measureable, consistent, 
downstream meander migration in addition to lateral channel migration. At this location, a down-
valley component was added to the EHA/ES. 

Between approximately RMs 18.5 and 18.65, a low area extends to the south (left) from the modern 
channel.  Reviewing the 1914 USGS mapping in this area suggests that the mainstem of the South 
Fork Skykomish River followed a meander through this area at that time (Figure 25).  The age and 
accuracy of this mapping preclude its use in establishing an HMZ in this area.  However, because of 
the correlation between the 1914 mapping and Lidar information it seems likely that the channel 
occupied this low area in the relatively recent past.  As a result the low area and adjacent relict 
channel banks have been mapped in a moderate channel migration hazard area.  The HMZ and 
severe migration hazard areas here are based on mapped channel locations between 1956 and 
2013.  

5.1.4 Erosion Hazard Area/Geotechnical Setback 

An EHA/GS was added to the outer edge of the EHA/ES at several locations where the EHA/ES 
encountered a landform that was greater in height than 20 feet above Ordinary High Water, as 
described in Section 2.5.4. The EHA/GS is included in the CMZ delineated in Section 5.2.  

5.1.5 Disconnected Migration Area 

Disconnected Migration Areas (DMAs) are those areas that would be otherwise be mapped within a 
CMZ but are excluded because they are located behind a robust levee or revetment (per Section 
2.5.5), or because they are located behind a road or railroad alignment that (it is assumed) will be 
defended should channel migration threaten to encroach. Based on DMA criterion 1 (see Section 
2.5.5), both the left and right bank “Town of Skykomish” facilities were considered to be DMAs 
(Table 12). Based on criteria 3 and 4, the entire length of U.S. Highway 2 (the Stevens Pass 
Highway) and the entire length of the BNSF Railway embankment through the study area were 
considered to be DMAs. 

Based on criteria 2, revetments maintained by King County within unincorporated King County 
were evaluated for their likelihood to restrain channel migration. Only three such flood protection 
facilities are present on the South Fork Skykomish River (see Winkler, McKnight, and Dallas in 
Table 2). None of these structures were considered barriers to migration because none were long 
enough or sufficiently tied-in as to preclude the possibility of being damaged by erosion at the ends 
of the facility. 

Table 12.    Barriers to channel migration used to establish DMAs. 

Downstream 
River Mile 

Upstream 
River Mile 

River 
Bank 

Name of Structure Type of Structure(s) 

6.6 19.6 Varies U.S. Highway 2 Roadway Revetment 

6.6 19.6 Varies BNSF Railway embankment  Active Railway 

15.8 15.95 Right Town of Skykomish Right Bank Revetment 

15.7 16.25 Left Town of Skykomish Left Bank Revetment/Levee 

BNSF: Burlington Northern Santa Fe 
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5.2 Channel Migration Hazard Maps  

Areas within the Historical Migration Zone, Avulsion Hazard Zone, and Erosion Hazard Area 
(including the Erosion Setback and Geotechnical Setback) were combined to form an unconstrained 
CMZ, as shown in Map 6 (Appendix A). The unconstrained CMZ does not recognize artificial 
constraints and therefore reflects potential channel migration in the absence of such constraints.  

The final CMZ map was prepared by modifying the unconstrained CMZ in two ways. First, the 
effects of artificially constructed constraints on channel migration were recognized by mapping a 
Disconnected Migration Area (DMA) based on the information from Table 12. Structures listed in 
Table 12 were assumed to be barriers to channel migration, and the outer edge of the CMZ was 
drawn along the boundaries of these structures. Areas landward of these structures were 
considered DMAs and removed for the CMZ map.  

In accordance with WAC and King County code provisions (cited in Section 2.5.5), both the right 
bank revetment and the left bank revetment/levee in the Town of Skykomish were mapped as 
barriers to migration. Revetments built to protect the BNSF railway prism and U.S. Highway 2 
alignments and maintained by BNSF or WSDOT were also mapped as barriers to migration as 
regional transportation corridors. Other levees and revetments in unincorporated King County 
were mapped as barriers to migration only if they are publicly maintained, built higher than the 
annual 1 percent flood elevation, meet construction standards, and the channel was considered 
unlikely to migrate landward of the structure (Section 2.5.5). Outside of the Town of Skykomish, 
there are only a few small facilities maintained by King County, and none of these met the standards 
to be considered barriers to migration.  

The second modification to the unconstrained CMZ map was to delineate a severe hazard area and 
moderate hazard area within the CMZ. This delineation recognizes that channel migration hazard is 
not equal throughout the CMZ. Channel migration hazard is greater for sites that are near the 
current channel and potential avulsion pathways.  

Severe hazard areas are composed of the HMZ, severe AHZs, and portions of the EHA. The 2013 
(present-day) active channel is located within the HMZ, and therefore the active channel always is 
located within the severe hazard area. The severe hazard area occupies most of the width of the 
CMZ throughout the study area except in a few areas where the CMZ is widened by the presence of 
a moderate AHZ, for example between RM 11.6 and 12.0. The moderate hazard area lies between 
the severe hazard area and the outer boundary of the unconstrained CMZ. 

The result of these two modifications to the unconstrained CMZ completes the South Fork 
Skykomish River CMZ map. The South Fork Skykomish River CMZ is presented in Map 7, Appendix 
A. 

5.3 Summary and Conclusions 

The South Fork Skykomish has a contributing basin that, although steep, is composed of sound 
crystalline bedrock that is resistant to erosion. As the bedrock breaks down over time, these slopes 
often yield boulders that remain on talus slopes or in steep tributary channels and do not reach the 
mainstem river. Additionally, numerous alpine lakes in many of the tributary drainages act as 
sediment traps for the upper basins and further reduce sediment supply. Therefore, despite its 
steep topography, this landscape does not appear to supply large volumes of coarse sediment to the 
receiving streams. 
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The historical mapping exercise revealed that the South Fork Skykomish River does not show a 
history of rapid, widespread channel movement. Yet, despite the moderate sediment supply from 
the watershed and modest historic channel movement, there is both topographic and historic 
evidence of low levels of active channel migration, including channel migration occurring both by 
lateral erosion and by channel avulsion. The relatively modest reach-average annual migration 
rates are primarily in the range of 1.7 to 2.5 feet per year (0.52 to 0.76 m/yr). Measured channel 
migrations rates in the South Fork Skykomish River are similar to rates measured in other King 
County rivers. 

In addition to a moderate sediment supply, there are physical constraints that limit the mobility 
and contribute to low levels of channel movement of the South Fork Skykomish River. These 
constraints include: 

 Bedrock exposures in the channel (bedrock valley walls); 

 Channel incision into deposits of erosion-resistant glacial sediment (especially lacustrine); 

 Large, immobile boulders, especially through the Beckler Peak rock avalanche deposit; 

 Alluvial fans deposited by steep tributary streams; and  

 Constructed bank hardening, especially along the BNSF railway embankment, U.S. Highway 

2, and through the Town of Skykomish. 

Some local areas of more active migration exist, most prominently in the vicinity of a channel 
bifurcation located between RMs 11.6 and 12.3. These conditions appear to have maintained locally 
active migration in this reach at least as far back as the earliest map information from the 1890s. 
The reach average annual migration rate for this area was 4.5 ft/yr. 

In addition, when assessing the rate of lateral channel migration, there were some areas identified 
where the topography suggested a high potential for the channel to avulse out of the existing 
channel and follow an entirely new alignment. Each of these areas would entail the river following a 
shorter, steeper course across the interior of a meander bend. Because of the potential for an 
abrupt and significant channel relocation, avulsions pose an especially high risk to residents and 
structures in the vicinity. 

With climate warming, much precipitation that would have fallen as snow during in the past will fall 
as rain in the future and likely contribute to and exacerbate winter flooding. Winter rainstorms 
associated with atmospheric rivers are already the source of the largest floods on the South Fork 
Skykomish River. With the contribution of additional winter runoff, winter flood peaks are likely to 
increase. This increased flooding will likely lead to increased rates of channel migration. Migration 
rates calculated for this study were intentionally conservatively higher, in part to account for 
uncertainties like changes in the basin hydrology resulting from climate change. It is anticipated 
that the results of this study will be updated in 20 years if not before to incorporate an additional 
increment of channel movement, to address changes in the basin conditions, and to account for a 
better understanding of the effects of climate change. 

This study’s use of historical information to predict existing and future hazard is consistent with 
accepted practices and guidance (King County 2014; Ecology 1994-2014). Because some factors 
affecting channel migration are stochastic in nature, the channel may not occupy all parts of the 
mapped CMZ within the next 100 years. However, there also is a low but real possibility that the 
channel could occupy portions of the valley floor beyond the limits of the mapped CMZ. As such, all 
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parts of the alluvial valley bottom beyond the mapped CMZ should be considered to have a low but 
non-zero level of channel migration hazard. 

5.4 Limitations 

This study’s use of historical information to predict existing and future hazard is consistent with 
adopted mapping protocols and accepted practices and guidance (King County 2014, Ecology 1993-
2016). Because some factors affecting channel migration are stochastic in nature, the channel may 
not occupy all parts of the mapped CMZ within the next 100 years. This mapping is the best 
representation to date of channel migration hazards in the study area but channel migration also 
could extend beyond the mapped CMZ limits within the next 100 years. The CMZ map should be 
updated every 20 years. Portions of the CMZ map may be revised at a timeframe shorter than 20 
years if local changed conditions warrant. 

This study did not evaluate the potential effect of channel migration on flood inundation hazard, the 
potential effect of channel migration on slope stability, the potential effect of landslides on channel 
migration, and did not quantitatively analyze the structural stability of existing levees or 
revetments. Where the stability of structures or slopes is in question, site-specific studies should be 
performed, including subsurface explorations where bank materials are poorly exposed. 
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 APPENDIX A 

Map 1. Publicly Maintained Levees and Revetments 

Map 2. Generalized Geologic Map of the Study Area 

Map 3. Historical Active Channels and Historical Migration Zone [8 panels] 

Map 4. Elevation Difference [8 panels] 

Map 5. Avulsion Hazard Zone 

Map 6. Unconstrained Channel Migration Zone [8 panels] 

Map 7. South Fork Skykomish River Channel Migration Zone [8 panels] 
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