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EXECUTIVE SUMMARY 

 

The Raging River moves, or migrates, across its valley bottom. This “channel migration” can 
occur gradually as the river deposits sediment along one bank and erodes the other. It can also 
occur suddenly, as the channel shifts abruptly to a new path; abrupt channel migration can occur 
during a single flood. The channel may also expand by eroding both banks. Channel migration 
presents a different type of flooding hazard than inundation by overbank flow. The area subject 
to channel migration hazard within a given time frame is referred to as the Channel Migration 
Zone (CMZ). 

The purpose of this study is to identify channel migration hazard areas and delineate an updated 
Raging River CMZ from the confluence with the Snoqualmie River near Fall City at River Mile 
(RM) 0.0 upstream to the State Route 18 (SR-18) crossing at RM 8.5. This CMZ study and map 
update the previous existing Raging River CMZ study and maps, which were completed in 1991 
and adopted in 1999. The results of the current study and CMZ map will be used to regulate land 
use within channel migration hazard areas in unincorporated King County. The results of the 
study may also be used to inform planning and development of capital flood risk reduction 
projects. 

Methods 

This CMZ study and resultant map use historical channel migration patterns and rates to predict 
future channel migration hazard. Raging 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 1936 through 
2017, historical maps, and present-day aerial imagery, including topography shown by Light 
Detection and Ranging (LiDAR), were evaluated using a GIS platform to map historical 
channels and calculate channel migration rates. 

Channel migration hazards along the Raging 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 
HMZ = Historical Migration Zone 
AHZ = Avulsion Hazard Zone 
EHA = Erosion Hazard Area = ES + GS 

ES = Erosion Setback  
GS = Geotechnical Setback 

DMA = Disconnected Migration Area 
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The Raging River HMZ includes the area occupied by channels from 1936 to 2017. The AHZ 
includes areas potentially subject to a rapid shift of channel location. The ES width was 
calculated as the product of a time period ranging from 50 years to 100 years multiplied by an 
average annual lateral channel migration rate calculated individually for each study reach. Where 
the EHA/ES encounters erosion-resistant landforms its width was reduced accordingly, and a GS 
was added at a 1H:1V slope landward into that landform. The DMA was mapped to exclude 
areas landward of publicly maintained artificial structures that are likely to restrain channel 
migration, are built to withstand the annual 1 percent flood, or meet other criteria specified in the 
Washington Administrative Code (WAC). 

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

This study considers the effect of channel migration on slope stability when mapping the CMZ, 
but it does not evaluate the potential effect of channel migration on flood inundation hazard, the 
potential effect of channel migration on slope stability, or the potential for earthquakes or 
landslides to affect channel migration. As information is compiled and methodologies defined 
that allow reasonably accurate estimation of these effects, CMZ mapping will be evaluated to 
consider necessary revisions. 

Study Area Characteristics 

The CMZ study area includes the length of mainstem Raging River from RM 0.0 at the mouth of 
the river to approximately RM 8.5, plus the adjacent valley bottom and valley walls. Both the 
natural geologic setting and constructed structures influence study area characteristics. 

Most of the CMZ study area is a post-glacial valley that has incised through glacial deposits 
since the last glaciation some 13,000 years ago. Bedrock exposures are rare along the Raging 
River but where present locally limit channel migration. More commonly, the terraces and valley 
walls that border the Raging River valley are composed of glacial outwash and glacial lake 
sediments of varying erodibility. Downstream of approximately RM 1.5, the Raging River 
emerges from its valley to cross the alluvial fan it has built within the broader and flatter 
Snoqualmie River valley. The Raging River valley bottom and alluvial fan are composed mainly 
of alluvium, which typically is loose sand, gravel, and larger sediment deposited by the river, 
through which the channel can migrate if unimpeded. 

Continuous levees along both riverbanks have constrained channel movement from 
approximately RM 1.5 to the mouth since 1940. Upstream of RM 1.5, confinement by erosion-
resistant terraces and ancient landslide deposits, discontinuous bank armoring or roads in close 
proximity to the river locally inhibit channel migration. However, active channel migration 
continues along some unarmored alluvial riverbanks and has occurred in some locations along 
armored banks or infrastructure. 

Channel Migration Characteristics 

Channel migration occurs by three processes in the Raging River: 
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• Lateral migration: progressive movement of the channel across floodplain resulting from 
erosion along one riverbank and deposition along the other. 

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

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

The channel slope, channel confinement, channel pattern, and riverbank materials directly 
influence the type and extent of channel migration that is likely to occur. Lateral channel 
migration in the Raging River typically is more active where local channel slope is lower than 
the downstream trend, where the river is relatively unconfined by valley margins, and where 
banks are unarmored and made of recent alluvium rather than glacial sediments or ancient 
landslide deposits, than it is in steeper and more-confined sections or in areas with glacial 
sediment or armored banks. Long-term average annual lateral channel migration rates vary from 
0.14 to 3.0 feet per year, with highly variable short-term local rates ranging from no movement 
to 77 feet per year. Avulsions have been relatively rare in the historical record within the Raging 
River study area, but when and where they have occurred they have resulted in erosion rates 
among the highest recorded. 

Delineation of CMZ and Hazard Areas within 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. 

The unconstrained CMZ 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. Major 
arterials and sole-access roads were mapped as barriers to migration. None of the levees and 
revetments maintained by King County within unincorporated King County were mapped as 
barriers to channel migration because they were not built higher than the elevation of the annual 
1 percent chance flood or were not considered barriers to channel migration in accordance with 
the WAC. No privately maintained structures were mapped as barriers to channel migration. 

The second modification to the unconstrained CMZ was that severe and moderate hazard areas 
were mapped within the overall CMZ. Severe hazard areas are composed of the entire HMZ and 
half of the EHA. The present-day active channel always is mapped as 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 Raging River 
CMZ map. 
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Key Findings and Conclusions 

Geological and topographic conditions set the stage for present-day channel migration along the 
Raging River. After the retreat of the Vashon ice sheet the Raging River valley was occupied by 
proglacial lakes, then by outwash streams that flowed first southeast, then southwest, and finally 
by a northward-flowing river, leaving behind a complex set of glacial deposits, terraces, 
landslide deposits from collapsing valley walls, and an alluvial fan where it enters the 
Snoqualmie valley. Channel migration is largely limited to the extent of the modern valley floor, 
which is considerably narrower than the terraces formed by the proglacial lakes and outwash 
streams. 

The highest channel migration rates were observed in relatively unconstrained reaches upstream 
of RM 4.0, and in these areas there can be a significant channel migration hazard. Continuous 
levees constrain the channel through its lower 1.5 miles. In their absence the Raging River would 
still be somewhat restrained by an alluvial ridge between RM 1.5 and RM 0.8, but below RM 0.8 
it would likely migrate widely across the alluvial fan. These findings are generally consistent 
with those of Shannon & Wilson (1991) and the existing King County regulatory Raging River 
CMZ map. 

This Raging River CMZ map will be used to regulate land use in unincorporated King County in 
affected channel migration hazard areas, and also may be used to inform planning and 
development of capital flood risk reduction projects. 

This study is based on the use of historical information to predict future hazard; these methods 
are consistent with mapping protocols adopted by King County and 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 changed local conditions warrant. 
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1 INTRODUCTION 
The Raging River moves, or migrates, across its valley bottom. This “channel migration” can 
occur gradually as the river deposits sediment along one bank and erodes the other. It can also 
occur suddenly, as the channel shifts abruptly to a new path; abrupt channel migration can occur 
during a single flood. The channel may also expand by eroding both banks. 

Channel migration presents a different type of flooding hazard than inundation by overbank 
flow. It can endanger life and property outside of the regulatory floodplain shown on flood 
hazard and flood insurance maps. Although both channel migration and floodplain inundation 
are hazards that result from flooding, there is no direct correlation between the extents of these 
two different hazard areas. The area subject to channel migration hazard within a given time 
frame is referred to as the Channel Migration Zone (CMZ). There is potential hazard to 
structures anywhere within a CMZ. 

The historical approach to addressing potential damage from bank erosion and channel migration 
has been to armor the banks with large rock, or riprap. Such bank armoring is expensive to 
construct and maintain, can aggravate flooding or erosion problems upstream, downstream, or 
across from the armored location, and can degrade aquatic habitat. To prevent future 
development in areas subject to channel migration, the adopted 2006 King County Flood Hazard 
Management Plan Update and adopted 2013 Update and Progress Report (“Flood Plan”) 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 2017). 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). A 2012 update of the King County Shoreline Master Program 
resulted in revisions to King County CMZ mapping methods (King County 2018) to ensure 
consistency with Washington State Department of Ecology guidance on CMZ mapping 
(Washington State Department of Ecology Shorelands and Environmental Assistance Program 
1994-2016; referred to herein as “Ecology 1994-2016”). 

This Raging River CMZ study and map were prepared using current mapping methods to update 
the Raging River CMZ study and maps that were completed in 1991 (Shannon & Wilson 1991) 
and adopted by King County in 1999. This study comprises the geomorphic analyses and review 
of historical channel migration recommended by King County Flood Plan Policy FP-2. The 
Raging River CMZ map produced by this study will be provided to King County Department of 
Permitting and Environmental Review (DPER) for adoption per the Revised King County 
Channel Migration Public Rule (King County 2018) to use in regulating land use within channel 
migration hazard areas. 
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1.1 Statement of Purpose 

The purpose of this study is to identify channel migration hazard areas and delineate an updated 
Raging River CMZ from the confluence with the Snoqualmie River near Fall City at River Mile 
(RM) 0.0 upstream to the State Route 18 (SR-18) crossing at RM 8.5 (Figure 1). 

The results of this study also may inform the planning, development, and implementation of 
capital flood risk reduction projects and flood damage repair actions along the Raging River. 
These uses of the Raging River CMZ map and study are consistent with county and state policies 
and regulations cited above. 

1.2 Report Layout 

Following this introduction, the “Study Area Characteristics” section provides an overview of 
the geomorphic, geologic, physical, and structural factors affecting channel migration in the 
study area. Mapping methods and criteria are described in detail in the subsequent “Methods” 
section. Historical channel migration patterns, processes and rates are described in the 
“Characteristics of Channel Migration in the Study Area” section and used to predict future 
channel migration hazard in the “Channel Migration Hazards on the Raging River” section. 
Finally, channel migration hazard areas are identified in a CMZ map, presented in Appendix A. 

1.3 Timeframes Relevant to this Study 

A CMZ is defined as the area through which channel migration can reasonably be predicted to 
occur within a given timeframe (Ecology 1994-2016; Rapp and Abbe 2003). The timeframe used 
in this study to map channel migration hazard is 100 years, which is consistent with planning 
timeframes used by the Federal Emergency Management Agency (2013), National Marine 
Fisheries Service (2008), and the adopted policies of the King County Flood Plan. 

The information and methods used in this study are consistent with the best available science; 
however, channel migration is a dynamic process, and CMZ maps prepared now may become 
less informative or obsolete in less than 100 years. The King County Channel Migration Public 
Rule (King County 2018) therefore states that a CMZ map should be updated every 20 years. 
The Public Rule also provides that portions of a CMZ map may be revised within a timeframe 
shorter than 20 years if locally changed conditions affect channel migration potential, for 
example, because of construction of a levee setback project or the repair of an existing levee. 



Raging River Channel Migration Study 

King County River and Floodplain Management           3                                                    December 2019 

 
Figure 1. Raging River CMZ study area location map. 
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1.4 Effect of Other Geologic Processes on Channel 
Migration 

Natural events could necessitate CMZ map revisions because of the potential for infrequent 
geologic processes that may significantly affect channel migration. The information, methods, 
and best available science used in this study may not fully capture all of these processes. For 
example, the process by which a landslide blocks and redirects the channel is not addressed in 
this study or CMZ maps. Technical methods to account for landslide processes that may block or 
redirect the channel have not been developed because of the difficulty in making predictions 
about landslides. Landslide recurrence intervals, size, and runout length are unpredictable, and 
landslides may be triggered by weather events, earthquakes, or human activities. The potential 
impact of earthquakes and volcanic events on channel migration also are not addressed in this 
study or maps. Future updates to this CMZ study may incorporate landslide and/or other 
geologic hazard impacts on channel migration as more information is compiled and mapping 
methodologies are defined with regard to landslide hazard areas. 

1.5 Conventions Used in this Report 

The primary units of measurement in this report are United States customary units. Elevations 
are based on the North American Vertical Datum of 1988 (NAVD88) vertical datum. Locations 
along the river are generally identified using river miles. For this report RM 0.0 is located at the 
confluence of the Raging River and Snoqualmie River at Fall City, and river miles increase in an 
upstream direction. Where reference is made to features on one side of the river or valley, the 
features are referred to as being on the right or left as viewed by an observer looking downstream 
along the river or valley. 

Flood events are described in this document using the Annual Exceedance Probability (AEP). A 
flow with a 10 percent AEP is a flow with 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, the flow that might previously have been described as a 
100-year flood is described in this report as the 1 percent AEP flow.  
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2 STUDY AREA CHARACTERISTICS 
This section describes characteristics of the Raging River study area to provide context for the 
evaluation of channel migration in Section 4. The information in this section was derived from 
previous studies (Shannon & Wilson 1991; Bethel 2004; King County 2006; King County 2013), 
field observations, and interpretation of aerial photographs and LiDAR topography.  

2.1 General Basin Characteristics  

The Raging River basin drains a west-trending projection of the Cascade foothills, known locally 
as the Issaquah Alps. Prominent foothills bounding the Raging River basin include Rattlesnake 
Ridge, Taylor Mountain, Tiger Mountain, and Mitchell Hill. Basin elevations range from 3,517 
feet at the top of Rattlesnake Mountain to 79 feet at the confluence of the Raging and 
Snoqualmie rivers at Fall City. The Raging River basin has an area of 33 square miles, of which 
30.6 square miles are above the U.S. Geological Survey (USGS) gage 12145500, Raging River 
near Fall City, Washington. The Raging River flows about 16 river miles and drops 2,800 feet 
from its headwaters southeast of Tiger Mountain to its confluence with the Snoqualmie River at 
Fall City (Figure 2). Major tributaries to the Raging River include Canyon Creek, Deep Creek, 
and Icy Creek. There are no major dams on the Raging River. 

 

Figure 2. Raging River Elevation Profile. 
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2.2 Geology, Geomorphology, and Sediment 

The Raging River basin and valley have been shaped by tectonics and glacial processes. The 
uplands of the Raging River basin are formed of Eocene volcanic and sedimentary rock that has 
been uplifted relative to the land in all directions around it (see Map 1, Appendix A). This 
uplifted block is crossed by faults and folds that create zones of relatively weak rock that have 
been alternately eroded, filled, and eroded again by ice and water during a succession of glacial 
advances and retreats, the most recent of which ended around 13,000 years ago. 

During the retreat of the last regional ice sheet, what is now the Raging River valley was 
occupied by a proglacial meltwater lake that drained through a succession of spillways as the ice 
advanced and retreated. This lake received a great deal of sediment from sub-glacial meltwater 
streams during both glacial advance and retreat. Some of the sediment was left behind in the 
form of fine-grained glaciolacustrine deposits, basal till, and gravelly outwash terraces. These 
deposits were laid down by much greater flows than the river now conveys and in some cases 
were subsequently overridden and consolidated by the weight of the ice sheet. These ancient 
deposits tend to be resistant to erosion by the modern river. Erosion-resistant deposits were also 
formed by ancient landslides in places where the walls of the glacial valley were destabilized by 
the retreat of buttressing ice. 

The modern river occupies a relatively narrow valley floor composed of the alluvium that it now 
conveys as well as immobile sediment remaining from the glacial terraces through which it has 
incised. This narrow valley floor is situated within a larger valley formed by glacial ice, outwash 
lakes, and streams, and is constricted in places by erosion-resistant till and glaciolacustrine 
deposits and in other places by ancient landslide deposits. 

The Raging River can be broken into six segments (Figure 3) based on valley characteristics:  

• Headwaters Valley, above RM 14.6, 2,000 to 2,800 feet elevation, gradient 11 percent  
• Upper Gorge, RM 14.6 to RM 13.3, 1,300 to 200 feet elevation, gradient 11 percent  
• Upper Valley, RM 13.3 to RM 8.5, 700 to 1300 feet elevation, gradient 2.5 percent 
• Middle Valley, RM 8.5 to RM 4.5, 400 to 700 feet elevation, gradient 1.4 percent 
• Lower Valley, RM 4.5 to RM 1.5, 150 to 400 feet elevation, gradient 1.6 percent 
• Alluvial Fan, below RM 1.5, 80 to 150 feet elevation, gradient 0.9 percent.  

In the Headwaters Valley segment the Raging River flows generally southward across Eocene 
volcanic and sedimentary rock in a wide V-shaped (non-glacial) valley. At RM 14.6 the river 
turns west and descends for a mile in a narrow V-shaped Upper Gorge to the floor of the wide, 
U-shaped (glacial) Upper Valley, where it turns sharply to the north. The transition to the Middle 
Valley happens gradually between where the Raging River turns west again at RM 9.5 and its 
confluence with Deep Creek around RM 8. For the purpose of this study the upper boundary of 
the Middle Valley segment can be placed at RM 8.5, where SR-18 crosses the Raging River and 
establishes the upstream limit of the CMZ mapping area. In the Middle Valley segment the river 
flows generally north-northwest across a wide valley composed of glacial outwash and 
glaciolacustrine deposits to RM 4.5, where it turns north-northeast and enters the relatively 
confined Lower Valley segment. In both the Middle and Lower Valley segments, the modern 
river floodplain is generally only a few hundred feet wide and lies between higher terraces. The 
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Raging River exits the Lower Valley segment near RM 1.5 and flows across the broad 
Snoqualmie valley along the eastern margin of the Raging River Alluvial Fan to its confluence 
with the Snoqualmie River.  

 

Figure 3. Raging River Valley Segments. 
 

2.2.1 Geology 

The Raging River basin was covered by glacial ice during the Vashon glacial maximum and 
other previous glaciations of similar magnitude. Much of the bedrock at higher elevations is 
mantled with a discontinuous layer of glacial till. The lower Raging River valley incised through 
this till surface, exposing a thick sequence of advance outwash overlying transitional beds. The 
narrow valley bottom along most of the length of the Raging River is floored with a 
discontinuous substrate of modern alluvium, colluvium, and landslide debris. Where the Raging 
River emerges from its valley and flows onto the Snoqualmie valley floor, the river has formed a 
large alluvial fan deposit (Booth 1990). 

The following paragraphs describe geologic materials observed in river banks and valley walls of 
the study area, in order of deposition from oldest to most recent. 

Tertiary bedrock (Eocene volcanic/sedimentary rock) is present along the west valley wall of 
the Raging River between RM 2 and 3. At RM 2.3 to 2.4 it forms a remarkable slot canyon about 
40 to 100 feet wide and around 140 feet deep, through which the river flows on the west side of 
its valley. The origin of this unusual feature is unknown, but it is likely that it resulted from 
incision by the Raging River channel into a zone of weakened rock associated with a south-
trending offshoot of the Rattlesnake Mountain fault system. 
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Pre-Vashon glacial sediments are exposed along the Raging River upstream of Interstate 90 (I-
90), around RM 7. The sediments form a vegetated steep cliff of silty sand, gravel, and boulders, 
which is probably derived from till. 

Vashon-age glacial sediments in the Raging River study area comprise glaciolacustrine 
deposits, sandy outwash, and gravel. Glaciolacustrine deposits are gray laminated beds of silt 
and silty clay with occasional sand and gravel lenses that were deposited in lakes impounded by 
the ice sheet during its advance or retreat. Advance glaciolacustrine sediments tend to be harder 
than recessional glaciolacustrine sediments because of compaction by the advancing ice sheet. 
Glaciolacustrine sediments are found along the banks of the Raging River between RM 1.4 and 
6.4, with relatively extensive exposures at RM 2.4 to 2.9, RM 3.3 to 3.6, and around RM 6.2. 

Outwash deposits consist of stratified beds of sand, gravel, cobbles, and in some places 
boulders, deposited by meltwater streams flowing from the Vashon ice sheet during its advance 
or retreat. Reworked recessional outwash deposits border the valley bottom along much of the 
Raging River upstream of RM 3.9. Till is an unstratified mixture of clay, silt, sand, and gravel, 
deposited at the base or margins of the ice sheet. Basal till that has been overridden by advancing 
ice tends to be hard and erosion-resistant. In many locations along the Raging River, however, 
the till is relatively fine-grained, contains silt-lenses, and is less dense than typical “hardpan” 
basal till. 

Recent (Holocene) deposits were formed and emplaced during the last 13,000 years and are still 
being formed by ongoing processes. Holocene deposits include older and younger alluvium, 
colluvium (landslide deposits), alluvial fans, and modified surfaces. 

Terraces of older alluvium occur along much of the Raging River. This older alluvium is made 
up of sandy gravel with cobbles, and is similar to contemporary channel bed materials. These 
gently sloping terraces are in most cases separated from the current floodplain by the tall river 
banks or other steep slopes. In the upper Raging River valley there are older alluvium terrace 
remnants 30 to 60 feet above the river bed. In the Lower Valley the river is incised 15 to 25 feet 
below the surface of a terrace capped by older alluvium and later mass-wasting deposits. 

Younger alluvium consists of gravel, sand, and cobbles transported by the river and deposited in 
bars and on the channel bottom, along with cobbles and boulders that may be lag deposits of 
older alluvium and colluvium that have been winnowed by the modern river. Some of the 
sediment that forms the current floodplain is also likely derived from younger alluvium 
deposited during overbank flood flows. 

Colluvium along the Raging River largely consists of landslide deposits of varying ages. This 
material consists of sediments ranging in size from clay to boulders the size of a small 
automobile (Figure 4). Most of the valley wall below RM 3.8 is mapped as mass-wasting 
deposits by Dragovich et al. (2007), and active unstable slopes are present at RM 3.8 and 5.3. 

The Raging River alluvial fan extends from RM 1.5 down to RM 0.0 at the Snoqualmie River, 
and laterally around 3,600 feet to the west and 1,800 feet to the east of the current channel 
position. Active alluvial fans can be the site of frequent and extensive channel migration, with 
consequent deposition of younger alluvium over wide areas. The Raging River fan, however, 
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does not show signs of recent activity; the 1936 and even 1873 channels are generally aligned 
with the current channel, if considerably wider than the leveed reach is now. 

Modified Surfaces are those surfaces excavated, compacted, armored, and/or emplaced by 
humans. Along the Raging River they comprise road prisms, building lots, a quarry at RM 2.1, 
low private levees composed of river alluvium, and the former mill site at RM 4.2 to 4.7. 

 
Figure 4. Photograph of large Eocene volcanic/sedimentary boulder at RM 3.05. 
 

2.2.2 Geomorphology 

The geomorphology of the Raging River is largely a result of its somewhat complicated glacial 
history. The entire basin was covered by ice during the most recent (Vashon) glacial maximum. 
During ice retreat, the Preston Channel (the current location of the lower Raging River) served as 
one of the relatively early stage outlet channels for glacial Lake Snoqualmie (Stage 6-7 of Booth, 
1990). Water flowed south through this channel, then west along the alignment of the current 
East Fork Issaquah Creek into the Lake Sammamish basin. With further glacial retreat, a lower 
outlet became available and the Preston Channel was abandoned. Terrace remnants in the 
Preston area indicate that following abandonment of the Preston meltwater channel, the upper 
Raging River, upstream of the current site of Preston, continued to flow west along the present 
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East Fork Issaquah Creek alignment. At some point between the current locations of Preston and 
Fall City, there was a drainage divide separating the Raging River basin from the Snoqualmie 
River basin. At some subsequent late-glacial or post-glacial time, head-cutting of the north-
flowing drainage through the Preston Channel progressed to the point that this drainage captured 
the Raging River and diverted it from the Sammamish basin to the Snoqualmie basin. With this 
increased flow, the Raging River incised to create the existing, relatively steep, confined channel 
between Preston and Fall City. 

2.2.2.1 Channel Pattern 

The modern Raging River exhibits a channel pattern of small-amplitude meanders flowing in a 
single thread channel through most of its un-leveed length, whether within the confined Lower 
Valley or on the wider Middle Valley floor upstream of I-90. For much of its length, the Raging 
River exhibits plane-bed morphology (Figure 5), with a dearth of large wood or large, deep 
complex pools. The “plane bed” morphology exhibited by the Raging River (Bethel 2004; 
Montgomery and Buffington 1997) tends to form large pools when there is enough large wood in 
the channel; without such material, plane bed stream channels become dominated by riffles. The 
small amount of large wood in the Raging River presumably results from a combination of 
historical in-channel wood removal, floodplain logging, and development in riparian areas, so 
that riparian areas now have few large trees remaining along the river banks. Near-channel wood 
recruitment has been limited by the lack of large trees combined with artificial bank hardening, 
which reduces the ability of trees to be undermined and fall into the river. Recruitment of large 
wood from upriver sources has been impacted by forest practices for commercial harvest.  
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Figure 5. Typical Raging River plane-bed morphology and surface sediment. 
 

2.2.2.2 Channel Gradient and Channel Width 

In the upper part of the basin (the Upper Gorge and Headwaters Valley segments) the Raging 
River has a gradient of approximately 10 percent. The river gradient in the Upper Valley is 
approximately 2 percent. Around SR-18 the gradient decreases to an average of approximately 
1.5 percent (Figure 6). The lower 1.5 miles of river, where it crosses its alluvial fan, has an 
average gradient of approximately 0.9 percent. Historical channel migration rates have generally 
been highest where local slope is decreasing in the downstream direction and where it falls 
below the valley segment average slope. 

Unlike its slope, the width of the Raging River does not vary systematically in the downstream 
direction, but rather exhibits wide local variability. Figure 7 illustrates this variability across both 
space and time by showing channel widths measured on aerial photographs from 1936, 1958, 
1985, and 2017. The dramatic decrease in magnitude and variability of channel width 
downstream of RM 1.4 after 1936 is due to confinement by the levee system in the Fall City 
area. Areas of relatively high variability in channel width generally correspond to areas where 
historical channel migration rates have been high. 
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Figure 6. Raging River channel gradient. 
 

 
Figure 7. Raging River active channel width. 
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2.2.2.3 Channel Sinuosity 

The sinuosity of a channel is defined by dividing the length of the active channel centerline by 
the length of the valley bottom centerline. Straight channels are those with a sinuosity less than 
1.05, whereas low to moderately sinuous channels range from 1.05 to 1.3. Sinuous channels 
range from 1.3 to 1.5, and meandering channels have a sinuosity greater than 1.5 (Brierley and 
Fryirs 2005; Leopold et al. 1964). The Raging River 2017 active channel had low to moderate 
sinuosity over much of its length within the study area (Figure 8), with sinuous sections from 
RM 0.0 to 0.5, RM 3.2 to 3.8, and RM 6.2 to 6.5, and a short meandering section immediately 
upstream of RM 8.0. Although it might be expected that more highly sinuous areas would tend 
toward higher channel migration rates, there is no clear correlation between active channel 
sinuosity and the magnitude of historical channel migration on the Raging River. This is in part 
due to the influence of channel confinement on the sinuosity of the Raging River. 

2.2.2.4 Channel Confinement 

Channel confinement is the constraint placed on the channel by the proximity of valley walls or 
other naturally occurring erosion-resistant features. The Washington State Department of 
Ecology defines channel confinement as the ratio of the valley bottom width to the active 
channel width, so the more tightly a river is constricted by valley walls, the smaller its 
confinement ratio. A channel is considered confined with a confinement ratio less than 2, 
moderately confined with a ratio between 2 and 4, and unconfined for a ratio greater than 4 
(Ecology 1994-2016). By this definition, the Raging River channel is mostly unconfined 
upstream of RM 4.2, but with regular constrictions that bring it into the confined category for 
short stretches (Figure 9). Between RM 4.2 and RM 2.3 the channel alternates between 
unconfined and moderately confined, again with regular constrictions that make it confined for 
short stretches. Between RM 2.3 and RM 1.4 the river is generally unconfined, except at RM 1.5 
where landslide deposits on the left bank and glaciolacustrine sediments on the right bank 
constrict the channel before it enters onto the alluvial fan near Fall City, where natural 
confinement effectively vanishes, but where the river is now constrained by the Fall City levee 
system.  

Channel confinement has a clear effect on the magnitude of historical channel migration, with 
higher rates of channel migration generally found where channel confinement is lower and lower 
rates found where confinement is high (Figure 10). On the Raging River, there is a repeating 
pattern of relatively high channel migration in sections of the valley where the river is relatively 
unconstrained alternating with low rates of channel migration in the short relatively constrained 
sections between them. The constricting features are glacial outwash terrace remnants or ancient 
landslide deposits, around which the river channel bends and consequently appears to have a 
more sinuous to meandering pattern. 
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Figure 8. Raging River channel sinuosity. 
 

 
Figure 9. Raging River channel confinement. 
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Figure 10. Correlation between historical migration and channel confinement. 
 

2.2.3 Sediment Characteristics 

The Raging River has unusually coarse surface sediment for a river of its size and gradient (e.g., 
Figures 5 and 6). Local accumulations of relatively immobile coarse sediment are found adjacent 
to ancient valley wall landslides, and extremely large glacial erratic boulders are present at 
several locations as well. Mobile sediment in the Raging River is derived from local bank 
erosion, landslides, and upstream fluvial transport. Sediment samples analyzed by Shannon & 
Wilson (1991) found median and maximum particle sizes in surface samples from Raging River 
gravel bars of 2 to 6.5 inches and 12 to 20 inches, respectively, with local fining associated with 
decreases in channel slope but no systematic change in grain size with distance downstream. 
Subsurface samples analyzed by Shannon & Wilson had a median grain size of 1 inch, indicating 
that more than half of the bedload transported by the Raging River is coarse gravel or larger. 
These results are consistent with observations and photographs of surface sediment taken during 
field surveys conducted as part of this study. 

The total bedload flux from the Raging River basin has been estimated to be between 1,900 and 
3,200 cubic yards per year, of which 1,500 to 2,900 cubic yards per year has been deposited in 
the lower Raging River below RM 1.5 (King County, unpublished data). Since shortly after the 
Fall City levees were completed in 1940, sediment delivered from upstream has been deposited 
in the leveed section of the Raging River. The accumulated sediment was dredged periodically 
until the 1960s, at which time gravel removal operations ceased.  
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The potential for accumulated sediment to exacerbate flooding on the Raging River and on the 
Snoqualmie River at and downstream of the confluence has led King County to monitor 
sediment accumulation in the leveed reach and the downstream reach of the Snoqualmie River 
by means of repeated survey of cross-sections. Three of these cross-sections, located around RM 
0.1, 0.2, and 0.45, have data from the early 1960s through 2015. At each of these locations, 
sediment accumulated between the 1960s and the mid- to late 1990s to form 6-foot-tall lateral 
bars, the tops of which have remained at approximately the same elevation since then, plus or 
minus 1-2 feet. This recent stability may be a result of the leveed reach approaching a condition 
of dynamic equilibrium between sediment supplied from upriver and sediment discharged to the 
Snoqualmie River. With that in mind, it is interesting to note that 50 years (1965-2015) of 
sediment accumulation at a rate of 2.500 cubic yards per year amounts to 125,000 cubic yards, 
the approximate volume of sediment reported to have been removed from the river bed during 
the building of the levees (Sisler 1940). 

Sediment moves downstream during flood events when flow velocities and depths become great 
enough to induce shear and drag forces sufficient to mobilize the bed. Some sediment on the 
Raging River is too large to be mobilized in any but the largest floods, so it forms lag deposits 
around and through which more mobile sediment moves. As flood flows recede, mobilized 
sediment is deposited in the form of gravel bars. 

Sediment deposited on gravel bars during the receding limb of a flood tends to stay there until 
the next flood, at which time it serves to concentrate flow against the opposite bank during the 
rising limb of the next flood. As flow is concentrated on the opposite bank, it potentially causes 
bed scour or bank erosion that introduces into the flow additional sediment that will be deposited 
downstream as the flood recedes. Sediment accumulations can also trigger local overbank 
flooding, which can scour floodplain soils and thereby deliver additional sediment to the river. 
Where potential avulsion paths are present, sediment accumulations at their upstream end can 
favor avulsion, if the flow that they displace onto the floodplain is sufficient to initiate erosion 
and enlargement of the potential avulsion path. 

2.2.4 Large Wood 

Notwithstanding the presence of a few log jams and channel-spanning fallen trees (Figures 11 
and 12), large wood is relatively sparse on the Raging River, because of its history of timber 
harvest (King County 2006). Large wood recruitment is much less widespread than it likely was 
prior to the cutting of the old-growth forests, but some trees do enter the channel and may be 
transported and coalesce during high flows. Where accumulations of large wood are present, 
local flood elevations may be increased, floodplain channels activated at lower flows, and the 
potential for avulsion increased. There are large wood accumulations at the head of several side 
channels within the historical migration zone of the Raging River (e.g., Figure 12), but none of 
these accumulations were observed near potential avulsion pathways during fieldwork for this 
study conducted in 2017 and 2018. In many places along the Raging River, however, evidence of 
localized bank erosion in the form of exposed roots on the bank was observed. It is likely that 
rates of bank erosion are episodically and locally increased as trees become undermined and fall 
into the river from the slow, long-term bank erosion (Figure 13). 
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Figure 11. Log jam at Raging River, RM 8.4. 
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Figure 12. Channel-spanning wood at head of historical side channel, Raging River, RM 3.95. 
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Figure 13. Tree undermined by bank erosion, leaning into channel, Raging River, RM 6.7. 
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2.3 Human Activity and Built Features 

2.3.1 Historical Context 

The first documented human occupation of the Raging River valley was by the Snoqualmie 
Indian Tribe. A permanent village was located at the confluence of the Raging and Snoqualmie 
rivers prior to European settlement, at what is now Fall City (King County 1999). European-
American settlers arrived in the Raging River basin in the mid- to late 1800s and commenced 
logging in the valley and uplands. They built railroads, roads, sawmills, and later houses to 
support their logging activities. These structures were located in or at the margin of the modern 
valley floor and were potentially subject to channel migration hazards. 

2.3.2 Present Day Land Use 

The Raging River basin is located in unincorporated King County and has been subject to low-
intensity land development. Timber harvesting has been the main land use in the upper two-
thirds of the Raging River basin since the early 1900s. Residences are scattered along the lower 
seven miles of the river on quarter-acre to ten-acre parcels. More intensive land uses are limited 
to the communities of Preston and Fall City and a portion of the Snoqualmie Ridge development 
on the Lake Alice Plateau.  

Seventy-three percent of the Raging River basin is zoned for forest production; 23 percent is 
designated rural area; less than 1 percent is zoned for general mixed use and general commercial 
use; and less than 0.1 percent is zoned for single-family residential. Three percent is 
undesignated, which includes water bodies and transportation right-of-way parcels. These 
percentages do not include Fall City, which although adjacent to the lower river is not part of the 
Raging River drainage basin. Fall City includes rural area, single-family residential, and general 
commercial zoning. Two major transportation corridors run through the Raging River basin: I-90 
bisects the watershed in an east-west direction, and SR-18 crosses it north to south and forms the 
boundary between the undeveloped upper basin and the variably developed lower basin that is 
the subject of this study. Future development is constrained by steep topography and the 
intention of the area’s residents to maintain its rural character (King County 1999, 2017). 

2.3.3 Roads and Bridges 

Major roads in the Raging River study area include SR-18, Upper Preston Road, I-90, and 
Preston-Fall City Road. SR-18 forms the upstream boundary of the study area at RM 8.5. Upper 
Preston Road runs along the right side of the Raging River valley from RM 7.9 to RM 4.8, 
adjacent to the river downstream of RM 5.7. I-90 crosses the Raging River at RM 4.9. Preston-
Fall City Road runs along the left side of the northward trending section of the Raging River 
valley downstream of I-90, crosses over to the right side at RM 2.6, back to the left side upon 
entering Fall City at RM 0.5, and continues across the Fall City alluvial fan to cross the 
Snoqualmie River 1,000 feet downstream of the Raging River confluence. Preston-Fall City 
Road is directly adjacent to the river between RM 4 and RM 3.9, at RM 3.6, 3.3, 3.05, and 1.85, 
and between RM 1.4 and 1.45.  
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Eight bridges currently cross the Raging River in the study area: 

• The lower Preston-Fall City Road Bridge at RM 0.50 
• The 328th Way SE Bridge at RM 1.45  
• Carmichael Road at RM 2.1 
• The upper Preston-Fall City Road Bridge at RM 2.6 
• S.E 68th Street at RM 2.75 
• SE 86th Street at RM 4.5 
• Upper Preston Road SE at RM 4.8 and 7.9 
• SE 121st Street at RM 7.55.  

Several bridges have been damaged or destroyed during flood events, including the 312th Ave 
SE Bridge at RM 5.2, which was damaged during the Thanksgiving 1990 flood of record and not 
replaced. 

2.3.4 Flood Protection Facilities 

In 1938-1940, continuous levees were constructed that run along both sides of the river in the 
Alluvial Fan segment from the 328th Way SE Bridge at RM 1.5 to the mouth. The Fall City 
levee system was constructed after a large flood in 1932 damaged houses and infrastructure in 
Fall City. Most bank protection facilities along the Raging River were constructed to locally 
limit bank erosion. The Fall City levees, however, were clearly designed to both contain flood 
flows and restrain channel migration along their entire length. They currently provide variable 
levels of flood containment and have limited historical channel migration across the Raging 
River alluvial fan.  

Upstream of the continuous levee system in the Alluvial Fan segment, there are 14 additional 
flood protection structures in the County’s River Facility Inventory, most of which are 
revetments (Table 1). These structures provide flood protection for roads and residences up to 
about RM 8 but are subject to damage from bank erosion and channel migration. 

The Carlin Levee, which formerly occupied approximately 1,000 feet of the left bank around RM 
4.1 in the Lower Valley segment, was removed in 2006 as part of a river restoration project. This 
levee removal allows the river to migrate laterally across the previously inaccessible floodplain. 
As part of the project design, nine groups of large boulders were placed on the left floodplain 
edge to resist lateral scour to protect the Preston-Fall City Road. 

Armored road embankments and other bank revetments, constructed and perhaps maintained by 
private entities, exist in a number of locations upstream of the Alluvial Fan segment (Table 1). 
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 Flood and erosion protection facilities on the Raging River.  

Bank1 
D/S2 
RM 

U/S2 
RM 

Approx. 
Length (ft) Type King County Facility Name 

LB 0.02 0.49 2480 Public Levee Mouth to Bridge LB 
RB 0.05 0.52 2480 Public Levee Mouth to Bridge RB 
LB 0.50 1.46 5070 Public Levee Bridge to Bridge LB 
RB 0.51 1.46 5020 Public Levee Bridge to Bridge RB 
LB 1.47 1.53 320 Public Revetment Above 328th St Bridge 
RB 1.48 1.73 1290 Private Revetment  
RB 1.77 1.82 440 Private Revetment  
RB 1.82 1.85 160 Public Revetment/Levee Bryce’s Bump 
RB 2.00 2.10 570 Private Revetment  
RB 2.57 2.62 270 Public Road Revetment  
LB 3.06 3.08 160 Public Road Revetment  
LB 3.28 3.31 160 Public Road Revetment Preston Fall City Lowest 
LB 3.56 3.61 260 Public Road Revetment Preston Fall City Lower 
LB 3.88 3.97 480 Public Road Revetment Preston Fall City Upper 
RB 4.40 4.42 110 Revetment 312th 
RB 4.83 4.98 780 Public Road Revetment I-90 RB 
LB 4.86 4.94 400 Public Road Revetment I-90 LB 
LB 4.95 5.07 630 Public Revetment Hursch 
RB 5.05 5.11 330 Public Road Revetment  
RB 5.18 5.20 110 Revetment Waring 
RB 5.32 5.37 260 Revetment Jelstrup 
RB 5.40 5.41 50 Revetment Leroy Hess 
RB 5.69 5.70 50 Revetment Georgeff 
RB 5.69 5.71 120 Private Revetment  
RB 6.41 6.42 70 Private Revetment  
RB 6.55 6.59 190 Private Revetment  
RB 7.13 7.14 110 Private Revetment  
RB 7.34 7.35 60 Private Revetment  
RB 7.37 7.39 110 Private Revetment  
RB 7.49 7.56 390 Private Revetment  
LB 7.52 7.55 150 Private Revetment  
LB 7.74 7.76 140 Private Revetment  
LB 7.79 7.81 110 Revetment Arruda 
LB 7.81 7.97 740 Private Revetment  
RB 7.88 7.88 20 Revetment Upstream Bridge on RB 
RB 7.94 8.06 600 Private Revetment  
LB 8.00 8.03 140 Private Revetment  
LB 8.10 8.12 80 Private Levee  
LB 8.15 8.18 140 Private Revetment  
LB 8.19 8.20 50 Private Revetment  

1. LB = left bank and RB = right bank when looking downstream 
2. D/S = downstream, U/S = upstream 
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2.4 Flood Hydrology and Hydraulics 

Virtually all bedload movement, bank erosion, and avulsion events occur during peak flows; 
understanding the history and characteristics of peak flows on the Raging River is therefore an 
important element in understanding channel migration processes. 

2.4.1 Hydrology 

Annual peak flow at USGS gage 1214550 Raging River near Fall City, WA, is shown in Figure 
14 for the period of record (1946 to 2017). The USGS gage is located at RM 2.75, 5.75 miles 
downstream of the upstream end of the study area. The flood flow quantiles (Table 2) calculated 
by Harper Righellis for the Raging River Flood Insurance Study (Federal Emergency 
Management Agency 2005) were developed from the period of record (1946-1992) available at 
the time of the study, plus an estimated flow for the observed (but not gaged) 1932 extreme flood 
event. The methods used to determine quantiles are described in the Raging River Flood Plain 
Hydrology and Hydraulics Report (Harper Righellis, Inc. 1993).  

 
Figure 14. Annual Peak Flows, USGS gage 12145500 Raging River near Fall City. 
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 Raging River peak flow magnitudes, annual exceedance probabilities, and recurrence 
intervals (Harper Righellis, Inc. 1993). 

1946 – 1992 
Annual 
Exceedance 
Probability 
(percent) 

1946 – 1992 
Recurrence 
Interval (years) 

Flow at Raging 
River Mouth 
(cfs)* 

Flow at USGS 
Gage (cfs) 

Flow at I-90 (cfs)* 

10 10 4,031 3,790 3,268 
2 50 6,286 5,910 5,095 
1 100 7,413 6,970 6,009 
0.2 500 10,465 9,840 8,483 
* Estimate based on basin-area scaling of gage discharge. 

Raging River flows are unregulated, as there are no major dams in the basin. A typical annual 
hydrograph shows winter base flow of around 100 to 200 cubic feet per second (cfs) extending 
from November through March, punctuated by frequent rainfall-driven increases of several 
hundred to a few thousand cfs that return to base flow levels over one to several weeks. A 
decline in flow occurs between April and July to late summer low flows around 10 to 20 cfs. 
Most Raging River floods occur from during the rainy season in November through February 
(Figure 15). This relatively steep and short river basin produces floods that are quick to rise to a 
peak, have high velocity and erosive flows along the steep channel and confined floodplain, and 
are quick to subside. The upper basin receives some snowfall, so rain-on-snow events can affect 
flood flows. 

Table 3 summarizes the highest flows in recent history on the Raging River, as recorded at the 
Raging River near the Fall City gage. The November 1990 flow of 6,220 cfs at the USGS gage is 
the flood of record on the Raging River. The next highest recorded events were a 2 percent AEP 
event in November 1986 and 4 percent AEP events in January 1990 and November 2007. A 
large flood in 1932, estimated to be approximately the same magnitude as the November 1990 
event (Harper Rhighellis, Inc. 1993), preceded the gage record. 
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Figure 15. Median daily discharge versus percentage of peak annual flows per month, USGS 

gage 12145500 Raging River near Fall City, WA. 
 

 Historical Raging River peak flows. 
Water Year Date Measured Flow Rate at 

USGS Gage12145500 
(cfs) 

1991 11/24/1990 6220 
1987 11/23/1986 5330 
1990 01/09/1990 4640 
2007 11/06/2006 4520 

 

2.4.2 Hydraulics 

The inception of bedload movement, bank erosion, and avulsion events all depend on the 
hydraulic properties of flood flows. One such hydraulic property is boundary shear stress, that is, 
the force per unit area exerted by the flow adjacent to the channel bed or banks. This is often 
approximated as the product of flow depth, channel slope, the density of water, and the 
acceleration resulting from gravity. For uniform flow along a relatively smooth boundary, this 
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depth-slope product can be a reasonable approximation of boundary shear stress because flow 
velocity is generally high in locations of greater depth and/or declivity, and the stress induced by 
fluid moving near a fixed boundary is proportional to the velocity gradient near that boundary. 
However, the Raging River is not characterized by uniform flow, and its bed is not smooth. 
Therefore, during flood events, the hydraulic properties most pertinent to its capacity to mobilize 
bed sediment and erode banks are flow velocity and depth (depth is pertinent because deeper 
flows are often faster, and because for a given average flow velocity the velocity gradient near 
the bed is reduced as depth increases). 
Flow velocity and depth vary widely along the Raging River at any given flow. Plots of cross-
section average depth and velocity from the 1 percent AEP flow hydraulic model developed by 
Harper Rhigellis, Inc. (1993) show no consistent trends between Raging RM 5.75 and RM 0.0 
(Figure 16). Depths range between 3 and 7 feet, and velocities range between 6 and 14 feet per 
second at most locations. These velocities are sufficient to mobilize sediments up to cobble size 
at these depths, according to established depth-velocity sediment mobility relations (Sundborg 
1956). 
Field observations by King County staff indicate that sediment larger than cobbles moves during 
lesser flows than the 1 percent AEP peak flow, so the mobility of Raging River sediment must be 
underestimated by application of the depth-velocity sediment mobility model. This difference is 
not surprising, because the average velocities and depths produced by the hydraulic model do not 
reflect the complex distribution of actual velocities and depths generated during a large peak 
flow event, and because the depth-velocity relation does not take into account the effect of drag 
on large particles protruding from the bed, of which there are many on the Raging River. 
Although the depth-velocity model does underestimate sediment mobility at each location, that 
underestimation is likely to be consistent across locations.  
The lack of a pattern in hydraulic properties that aligns with the observed pattern of variability in 
channel migration rates is indicative that variability in hydraulic forces during peak flows is not 
the primary factor driving variability in rates of bank erosion and channel migration along the 
Raging River. 
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Figure 16. Depth and velocity profiles from the 1 percent AEP hydraulic model  
(Harper Rhigellis 1993). 
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3 METHODS 
This CMZ study and the resultant map rely on historical channel migration patterns and rates to 
predict future channel migration hazards. Historical channel migration on the Raging River was 
mapped and evaluated using information from existing studies, field observations, and analyses 
conducted using Esri ArcMap 10.3 GIS software. Channel migration hazards in the Raging River 
study area were then mapped by identifying the component parts of the CMZ. 

3.1 Review of Existing Studies 

Information from existing studies of the geology, geomorphology, hydrology, hydraulics, and 
other factors relevant to Raging River channel migration served as the foundation of this study. 
These existing studies include: 

• Geologic maps of the Fall City 7.5 minute quadrangle (Dragovich et al. 2007), the 
Skykomish River 30- by 60-minute quadrangle (Tabor et al. 1993), the Skykomish and 
Snoqualmie Rivers Area (Booth 1990), and the Maple Valley and Hobart quadrangles, 
Washington (Rosengreen 1965); 

• Tolt and Raging Rivers Channel Migration Study, King County, Washington (Shannon & 
Wilson 1991); 

• Raging River Flood Insurance Study (Federal Emergency Management Agency 2005) 
and associated hydraulic model (Harper Righellis, Inc. 1993); 

• An Overview of the Geology and Geomorphology of the Snoqualmie River Watershed 
(Bethel 2004); and 

• Unpublished data from King County’s ongoing channel monitoring program in the lower 
Raging River. 

3.2 New Field Data Collection 

The river channel and other parts of the study area were accessed on foot, both on the banks and 
by wading the channel. Field observations of river bed and bank materials, evidence of erosion, 
locations and condition of bank armoring, channel pattern and substrate, and the presence and 
nature of hydraulic or geomorphic controls were recorded, and photographs of bed materials, 
bank conditions, and upstream and downstream views of the channel were taken at regular 
intervals. 

3.3 Historical and Current Information Used in this 
Report 

Historical channel locations were digitized in GIS from georeferenced and in some cases 
orthorectified aerial photographs dated 1936 through 2017 (Table 4), typically at a scale of 
1:1,200. The digitization process consisted of mapping the active channel for each photo year as 
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the composite of low-flow channel, bare gravel bars, and lightly vegetated patches on alluvial 
surfaces, following the methods of Collins and Sheikh (2002) and O’Connor et al. (2003). King 
County digitized the location of the active channel in aerial photographs from 1936, 1942, 1952, 
1958, 1964, 1970, 1977, 1985, 1989, 1991, 1995, 2002, 2007, 2012, and 2017 following these 
methods, and made minor revisions (to ensure consistency with current study methods and data) 
to channel locations digitized by Shannon & Wilson (1991) from 1873, 1922, 1936, 1964, 1985, 
1989 and 1991. In addition, King County digitized the centerline of roads near and roughly 
parallel to the river that remained static through multiple years of aerial photography to serve as 
local spatial reference for the calculation of lateral migration rates (see Section 2.3.3). 
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 Aerial imagery and maps used in or consulted for this report. 

Year Type 
Scale or 
Resolution 

Estimated 
Positional 
Uncertainty (feet)  

Used to Delineate 
Historical Channel 
Migration Extent 

Used to Calculate 
Channel Migration 
Rates Source 

1873 Map 1:31680 Unknown No No Shannon & Wilson (1991) 
1922 Map 1:2400 Unknown Yes No Shannon & Wilson (1991) 
1936 Aerial photo 1:9600 Unknown Yes No Shannon & Wilson (1991) 
1936 Aerial photo 1:9600 26 Yes Yes Quantum Spatial, Inc. 
1942 Aerial photo 1:21000 Variable, >26 No No US War Department 
1952 Digital aerial 2.3 ft pixel 24 Yes Yes US Geological Survey 

1958 Aerial photo 1:13200 Variable, >20 No No Washington Department of Natural 
Resources (WDNR) 

1964 Aerial photo 1:12000 Unknown Yes No Shannon & Wilson (1991) 
1964 Aerial photo 1:12000 24 Yes Yes Quantum Spatial, Inc. 
1970 Aerial photo 1:13200 24 Yes Yes WDNR 
1977 Aerial photo 1:18000 Variable, >30 No No King County DNRP 
1985 Map, Aerial photo 1:4800 Unknown Yes No Shannon & Wilson (1991) 
1985 Digital aerial 0.5 ft pixel 20 Yes Yes WDNR 
1989 Aerial photo 1:13500 Unknown Yes No Shannon & Wilson (1991) 
1989 Aerial photo 1:13500 21 Yes Yes King County DNRP 
1991 Aerial photo 1:9600 Unknown Yes No Shannon & Wilson (1991) 
1991 Aerial photo 1:9600 12 Yes Yes King County DNRP 
1995 Digital aerial 2 ft pixel 20 Yes Yes King County DNRP 
2002 Digital aerial 1 ft pixel 16 Yes Yes King County GIS 
2007 Digital aerial 0.5 ft pixel 14 Yes Yes King County GIS 
2012 Digital aerial 0.5 ft pixel 12 Yes Yes King County GIS 
2017 Digital aerial 0.25 ft pixel 12 Yes Yes King County GIS 
2017 LiDAR 3 ft pixel 0 (assumed) 1 As constraint2 No King County GIS 

1. The average difference in position between the location of recognizable unmoving features in the aerial photograph sets and the 2017 LiDAR surface was used 
to estimate the positional uncertainty of the aerial photograph sets. 
2. The mapped zone of historical channel migration was truncated where delineated channels overlapped upland areas that in the LiDAR surface showed clear 
indication of never having been occupied by a channel.
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3.4 Channel Migration Zone Components 

Channel migration hazards in the Raging River were mapped by identifying the component parts 
of a CMZ, as specified by King County (2018) and consistent with Ecology (1994–2016). CMZ 
components are described in the equation below and illustrated schematically in Figure 17. 

CMZ = HMZ + AHZ + EHA – DMA 
where 
HMZ = Historical Migration Zone 
AHZ = Avulsion Hazard Zone 
EHA = Erosion Hazard Area = ES + GS 

ES = Erosion Setback  
GS = Geotechnical Setback 

DMA = Disconnected Migration Area 

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

 
Figure 17. Schematic plan of CMZ components. Modified from Rapp & Abbe (2003). 
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3.5 Mapping Criteria and Methods 

This section defines each CMZ component and hazard area and describes mapping criteria and 
methods. As described in Section 3.4, the CMZ consists of the Historical Migration Zone 
(HMZ), the Avulsion Hazard Zone (AHZ), and the Erosion Hazard Area (EHA), minus the 
Disconnected Migration Area (DMA).  

Severe and moderate hazard areas were identified within the CMZ, in recognition of the fact that 
channel migration hazard is not equal throughout the CMZ. In general, any part of the CMZ that 
is not mapped as severe hazard area is mapped as moderate hazard area. The criteria by which 
parts of the CMZ components are mapped as severe or moderate hazard areas are included with 
the description of each CMZ component. 

3.5.1 Historical Migration Zone 

The Historical Migration Zone (HMZ) is the portion of CMZ study area that the channel has 
occupied during the period of historical record (the period within which sufficiently detailed 
maps or aerial photographs are available; King County 2018). The HMZ is mapped as a 
composite footprint of active channel locations visible in the aerial imagery and maps used in or 
consulted for this report, as listed in Table 4. The HMZ is a fundamental component of the CMZ, 
and is mapped entirely as severe hazard area. 

3.5.2 Avulsion Hazard Zone 

The Avulsion Hazard Zone (AHZ) is the area outside of the HMZ where the channel may shift 
abruptly to a different location without laterally eroding through the land between the two 
channel locations (King County 2018). To map the AHZ, contiguous low-lying areas inundated 
during the 10 percent AEP flow (3,268 to 4,031 cfs) that occupy a shorter distance in the down-
valley direction than the adjacent mainstem channel were evaluated in the field as potential 
avulsion pathways. Other pertinent information was considered in evaluating avulsion hazard, 
such as whether there was a history of avulsions in the immediate area or if there were 
discernable trends in the accumulation of wood or sediment in the active channel near the 
potential avulsion site. 

Potential avulsion pathways were included in the AHZ if they met all four of the following 
criteria (King County 2018): 

1. The potential avulsion pathway consists of low-lying ground or a channel that is equal to 
or lower than the water surface elevation of frequent flooding in the adjacent active 
channel. 

2. The length of the potential avulsion pathway follows a shorter distance (and therefore has 
a steeper gradient) than the active channel. 

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

AHZs were mapped as wide as the average active channel width in the vicinity of the AHZ and 
were centered along the centerline of the potential avulsion pathway unless site-specific 
conditions such as variability of substrate or proximity of the valley wall indicated that it was 
appropriate to map the AHZ otherwise. Where an artificial structure such as a levee blocked a 
potential avulsion pathway that met the criteria to be mapped as an AHZ except for the blockage, 
that pathway was mapped as an AHZ if the top elevation of the blocking structure is lower than 
the water surface elevation of the 1 AEP peak flow and the blocking structure is not likely to 
restrain channel migration. 

For an AHZ to be mapped as severe hazard area it must meet any one of the following criteria: 
1. The potential avulsion pathway has little or no vegetation, or it shows evidence of fresh 

scour, channel widening or over-steepening consistent with erosion from recent flood 
events, or 

2. The potential avulsion pathway has a direct low-elevation surface connection to the 
active 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 such as accumulation of sediment or large wood in the 
active channel, or changes to active channel meander geometry, exist in close proximity 
to a potential avulsion pathway, or  

4. The potential avulsion pathway is located upon an active alluvial fan surface. 

AHZs that did not meet any of the four severe hazard criteria listed above were mapped as 
moderate hazard areas. 

3.5.3 Erosion Hazard Area/Erosion Setback 

The Erosion Hazard Area (EHA) is the part of the CMZ not occupied by the HMZ that is 
susceptible to erosion as a direct or indirect result of channel migration. The Erosion Setback 
(EHA/ES) is that part of the EHA that is susceptible to erosion as a direct result of lateral bank 
erosion (King County 2018). 

Susceptibility to lateral channel migration depends on characteristics that vary along the length 
of the river. These characteristics were used to define reaches for the purpose of determining 
representative erosion rates. Reach delineation was based primarily on valley character, channel 
confinement, and historical lateral migration rates. Channel pattern, bed and bank material, and 
the presence of infrastructure were considered secondarily.  

Sub-reaches were established to account for spatial variability in historical channel migration 
within otherwise homogeneous reaches. Nine reaches comprising 22 sub-reaches were defined. 
Sub-reach delineation was based primarily on historical lateral migration rates. Because of high 
spatial variability in historical migration rates along the Raging River, this relatively large 
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number of sub-reaches was necessary for it to be possible to calculate a representative migration 
rate for each sub-reach. The width of the Erosion Hazard Area/Erosion Setback (EHA/ES) was 
calculated for each sub-reach as its representative erosion rate (feet per year) times a given time 
period (years). 

To calculate lateral channel migration rates, channel centerlines were derived from left- and 
right-bank lines digitized along the active channel for each aerial photo year (Table 4), and the 
difference in location between channel centerlines in succeeding aerial photographs was 
measured along transects spaced approximately 120 feet apart and oriented perpendicular to the 
centerline of the HMZ. Average annual lateral migration rates were calculated for each transect 
and interval between aerial photographs as the lateral migration distance divided by the number 
of years between the photos.  

There is uncertainty inherent to the characteristics of aerial imagery in applying this 
methodology to derive lateral migration rates along a smaller river system with obscuring 
vegetative canopy, such as the Raging River. These uncertainties result from: 

1. Aerial photo georeferencing, where objects distant from the points used to georeference 
aerial photos may not be aligned between years despite the reference points being the 
same, and 

2. Obstruction by overhanging vegetation of the location of river banks and centerline in 
individual photographs. 

Considering both sources of uncertainty, accuracy of digitized historical channel locations is 
estimated to be between 12 and 30 feet for older georeferenced aerial photos, and between 12 
and 16 feet for recent orthorectified digital imagery. These accuracy ranges are comparable to 
those reported in a study on the Cedar River (Collins et al. 2003) that used the same digitization 
methods and digitized channel locations from many of the same aerial photo sets as were used in 
this study. The estimated uncertainty threshold in estimates of channel movement between aerial 
photograph years is equal to the sum of the uncertainty in each photograph years (i.e., between 
24 and 60 feet for older georeferenced aerial photos and between 24 and 32 feet for recent 
orthorectified digital imagery). 

For river channels that migrate extensively over large floodplains, these uncertainties may be 
insignificant relative to the magnitude of channel migration. But because the Raging River is a 
relatively narrow and confined river channel, these uncertainties can significantly affect the 
calculation of migration rates. In this study the following approach consistent with the adopted 
methods (King County 2018) was used to minimize effect of mapping uncertainty on estimated 
lateral migration rates: 

1. To minimize uncertainty associated with aerial photograph georeferencing, changes in 
channel location were determined by comparing the measured distance between the 
channel centerline and a known static reference line between aerial photograph years.  

2. Reach and sub-reach breaks were based in part on the distribution of cross-section lateral 
migration rates. 

3. A representative lateral migration rate was selected for each sub-reach that most closely 
bounds the range of cross-section lateral migration rates within each sub-reach. 
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The representative migration rate for each sub-reach was calculated as the time-weighted average 
of the rate of centerline lateral movement (defined as the average of left- and right-bank lateral 
movement) at cross-sections that showed lateral migration of either or both banks between 
succeeding aerial photographs. This approach is similar to the “eroding only” method used in 
recent studies (e.g., King County 2017a) in that it includes in the calculation only those cross-
sections where channel movement occurred. It differs in that the intervals used at each cross-
section were not limited to those between sequential aerial photograph years but instead were 
determined by the occurrence of lateral migration, in order to capture channel migration that was 
undetectable between sequential years but was evident over longer intervals. 

These methods for calculating lateral channel migration rates are consistent with Appendix A of 
the King County Channel Migration Public Rule (King County 2018) and similar to those used 
to produce the previous Raging River CMZ map, as well as other existing, adopted CMZ maps 
on other King County rivers (Perkins 1993, 1996; King County 2015; King County 2017a, 
2017b).  

3.5.3.1 Erosion Hazard Area/Erosion Setback Applied to the Historical Migration Zone or 
to the 2017 Active Channel 

The width of the ES for each sub-reach was calculated using its representative channel migration 
rate. For each sub-reach, the boundary of the EHA/ES for lateral migration was set at the greater 
of the following two distances (Figure 18): 

1. 50 years of lateral migration times the representative migration rate, applied to each side 
of the HMZ, or 

2. 100 years of lateral migration times the representative migration rate, applied to each side 
of the most recent (2017) active channel. 

No EHA/ES was applied to sound bedrock showing no signs of erosion. Where the EHA/ES 
extended into erosion-resistant landforms, the width of the portion of the EHA/ES within the 
resistant landform was reduced (Figure 19). To account for the constraint on lateral erosion 
imposed by any erosion-resistant landforms, the extent of the erosion setback was reduced in 
proportion to the difference in height above the channel between the average floodplain elevation 
and the elevated landform. The resulting EHA/ES width is narrower than it would be if it did not 
extend into an erosion-resistant landform. Erosion-resistant landforms that the EHA/ES 
intersected included glacial lacustrine deposits, glacial outwash terraces, and ancient landslide 
deposits. Because such constraints are common along the Raging River, much of the EHA/ES 
was reduced in width.  
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Figure 18. Plan-view schematic of the Erosion Hazard Area/Erosion Setback. 
 

 
Figure 19. Cross-section schematic of the Erosion Hazard Area/Erosion Setback.  

Width of ES* on right bank reduced in proportion to height of erosion-resistant 
landform; GS applies if landform height greater than 20 feet. 
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The EHA/ES was next divided 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 of lateral migration times the channel migration rate, applied to each side of the 
HMZ, or 

2. 50 years of lateral migration times the channel migration rate, applied to each side of the 
most recent (2017) active channel. 

Where the severe hazard area portion of the EHA/ES extended into erosion-resistant landforms, 
the width of the severe hazard area within the more-resistant landform was reduced in proportion 
to the difference in height above the channel between the average HMZ elevation and the 
elevated landform. 

The area that lies between the severe channel migration hazard area and the outer edge of the 
EHA/ES was mapped as moderate hazard area. 

3.5.3.2 Erosion Hazard Area/Erosion Setback Applied to Avulsion Hazard Zones 

Once an avulsion occurs, lateral migration can proceed from the new channel location. The 
extent of that potential lateral migration is calculated as an EHA/ES and added to the AHZ. The 
widths of this EHA/ES may vary as follows: 

1. EHA/ES applied to a severe AHZ: width within a range of 25 to 50 years times the 
representative channel migration rate for the sub-reach containing the AHZ. The number 
of years is based on the extent to which AHZ mapping criteria in Section 2.3.2 are met. 

2. EHA/ES applied to a moderate AHZ: width equal to 25 years times the representative 
channel migration rate for the sub-reach containing the AHZ. 

In this study the first circumstance did not apply because there were no severe AHZs, and an 
EHA/ES was added to each side of each moderate AHZ to a width equal to 25 years times the 
representative channel migration rate for the sub-reach containing the AHZ. 

The AHZ EHA/ES is mapped as moderate hazard area. 

3.5.4 Erosion Hazard Area/Geotechnical Setback 

The Geotechnical Setback (EHA/GS) is that part of the EHA that is susceptible to erosion by 
slope failure, as an indirect result of lateral bank erosion (King County 2018). 

An EHA/GS was applied to the outer edge of the EHA/ES where the outer edge of the EHA/ES 
encountered an erodible land surface greater than 20 feet in height above Ordinary High Water 
(King County 2018). The EHA/GS was delineated at a 1H:1V slope measured from the predicted 
toe of slope after applying the EHA/ES (Figure 19). No EHA/GS was applied to sound bedrock 
showing no signs of erosion. 

The entire EHA/GS was mapped as moderate hazard. 
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3.5.5 Disconnected Migration Area 

A Disconnected Migration Area (DMA) is the area landward of an artificial structure that is 
likely to restrain channel migration and that meets criteria in WAC 173-26-221(3)(b) and King 
County (2018). The DMA is the area that would be subject to channel migration were it not for 
the presence of the structure. 

Areas landward of legally existing, publicly maintained artificial structures were mapped as 
DMA if the structure met any of the following criteria: 

1. Within incorporated 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 100-year flood elevation; or 

3. Within unincorporated areas, an artificial structure that is likely to restrain channel 
migration and is built below the 100-year flood elevation, but scientific or technical 
information demonstrates that it is constructed to remain intact through the 100-year 
flood; or 

4. State highways and sole access major county roads; or 
5. Legally existing active railroads. 

An artificial structure was considered likely to restrain channel migration if its construction, 
condition, and configuration are consistent with relevant design and construction standards and if 
the present channel is unlikely to migrate landward of the structure (King County 2018). Levees 
and revetments maintained by King County (Appendix A, Map 2) were evaluated for their 
likelihood to restrain channel migration in the following ways: 

1. Whether an artificial structure was built above the elevation of the annual 1 percent 
chance flood (100-year flood) was determined from an updated version of the hydraulic 
model prepared for the Raging River flood study (Harper Righellis 1993). 

2. Consistency with relevant design and construction standards was evaluated by visual 
inspection in the field and by review of information from King County files on 
construction date and methods, damage and repair history, and available project repair 
design plans. No subsurface investigations or quantitative analyses of structural stability 
were conducted. 

3. The likelihood of channel migration landward of the structure was evaluated by 
observation in the field of bank materials and conditions along the structure and the 
orientation of the present channel relative to the structure, supplemented by GIS analyses 
of past channel positions and trends in channel impingement on the structure. 

If an artificial structure did not meet the criteria necessary to map a DMA, then severe and 
moderate hazard area delineations landward of that structure were not modified. An exception 
was made for the Fall City levee system, which does not meet modern design and construction 
standards, but has restrained channel migration since it was completed in 1940. The CMZ 
landward of the Fall City levees was designated as moderate hazard area where the 1 percent 
AEP flood is contained by them, and the severe hazard area width was reduced where it is not. 
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4 CHARACTERISTICS OF CHANNEL 
MIGRATION IN THE STUDY AREA 

Channel migration is a natural geomorphic process that can pose a hazard to buildings, 
infrastructure, and people. The area in which potential channel migration may occur as a hazard 
(the CMZ) is limited by both land use and geomorphology. Upstream of SR-18 the basin is 
exclusively used for timber production, and there are no permanent structures to be endangered 
by channel migration. Downstream of SR-18, however, houses and transportation infrastructure 
are present on the valley floor and along the river, and channel migration therefore is a hazard 
where it is not restrained by erosion-resistant geomorphic features or infrastructure. 

The Raging River has a history of notable bank erosion and channel migration events. The Fall 
City levee system was constructed in response to widespread flooding and channel migration 
through Fall City during the 1932 flood. Upper Preston Road washed out in 1959, and an aerial 
oblique photograph from December 1975 shows what appears to be a washout of the left bank 
abutment of the Upper Preston Road Bridge downstream of I-90. The Thanksgiving 1990 flood 
of record resulted in the loss of a house to bank erosion, the emergency construction of an 
elevated addition to the Bryce’s Bump revetment, loss of a private bridge upstream of the Hursch 
levee, and the near loss of the Upper Preston Road Bridge. In the 2006-2007 flood the Upper 
Preston Road embankment above I-90 washed out and the bridge was threatened. This event was 
followed in 2009 by the dramatic loss of the Nickols house (Figure 20), during which the bank 
eroded around 90 feet overnight.  

The following sections describe the channel migration processes at work in the Raging River 
study area, the characteristics of the study reaches, the average channel migration rates for each 
reach, and the spatial and temporal variability in channel migration rates over the historical 
record. 
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Figure 20. House being lost to channel migration on the Raging River, January 2009.  
 

 

4.1 Channel Migration Processes 

Channel migration occurs by three processes in the Raging River study area: lateral migration, 
channel expansion, and avulsion. Lateral migration occurs as a bank retreats along one side of 
the river coupled with sediment deposition along the opposite bank. The result is a progressive 
net movement of the channel across the valley bottom. A comparison of the 1985 and 2017 
channel locations near RM 3.35 illustrates lateral migration (Figure 21). There often is a down-
valley component to lateral migration, as indicated by the direction of the red arrow in Figure 21. 
Over time the down-valley component of lateral migration results in the area downstream of and 
between river bends being affected by channel migration, as well the area directly adjacent to the 
channel. 
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Figure 21. Example of lateral migration on the Raging River near RM 3.35. Flow is from lower left 

to upper right. Black arrows indicate lateral migration largely perpendicular to 
channel flow direction; red arrow includes a down-valley component combined with 
lateral erosion. 

 

Avulsion is another channel migration process that has occurred in the study area. In an avulsion, 
the channel shifts abruptly to a different location without laterally eroding through the land 
between the two channel locations. An avulsion may occur rapidly, during a single flood event, 
or more gradually as the majority of flow shifts from one channel to another over several years. 
Avulsions may be triggered by the occurrence of unpredictable events, such as a landslide or the 
formation of a log jam. Though avulsion triggers may be unpredictable, there are conditions that 
favor the occurrence of avulsions, as described in Section 3.5.2. Although avulsions have not 
been widespread along the Raging River, they appear to have occurred at several locations 
during the historical record, including a dramatic example near RM 5.6 between 1936 and 1952 
(Figure 22). 
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Figure 22. Example of avulsion on the Raging River near RM 5.6. 
 

The width of the active channel can increase as a consequence of lateral migration, or by erosion 
of both river banks, which is called channel expansion. Conditions that can cause this type of 
channel widening include an increase in sediment flux, the erosive effects of large flood flows, 
or an avulsion or bifurcation of the river. Channel expansion has not been common along the 
Raging River in the historical aerial photograph record. 

4.2 Morphology of the Study Reaches  

The study area was divided into reaches based primarily on valley character, channel 
confinement, and historical lateral migration rates. Channel pattern, bed and bank material, and 
the presence of infrastructure were considered secondarily. Sub-reaches were defined as needed 
to account for spatial variability in historical channel migration within otherwise homogeneous 
reaches. Nine reaches comprising 22 sub-reaches were identified and numbered in the upstream 
direction. Reach and sub-reach boundaries are listed in Table 5 and shown on most maps in 
Appendix A. 

Channel gradient, confinement, sinuosity, and infrastructure were described for the overall study 
area in Section 2.2.2. They are described below for individual study reaches, along with 
information regarding riverbank materials and channel morphology. 
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Evaluation of channel morphology and riverbank materials was informed by field investigations, 
riverbank material mapping by Shannon & Wilson (1991), and surface geology maps (Dragovich 
et al. 2007; Rosengreen 1965). Natural riverbank materials were found to vary from relatively 
erodible unconsolidated alluvium to erosion-resistant glacial formations to bedrock, the latter of 
which is effectively impervious to erosion over the timeframe of this study.  

Study reach characteristics are summarized in Table 5 and described below. 
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 Raging River reach characteristics (by sub-reach when applicable). 
Reach | 
Sub-reach 

RM US RM DS Length 
(miles) 

Armored 
Length1 
(%) 

Average 
Gradient 
(%) 

Sinuosity Reach-Defining 
Characteristics 

9 

9.3 8.47 8.36 0.11 0 2.14 1.04 Transition from upper 
(post-glacial) Raging 
River valley to glacial 
meltwater stream 
valley  

9.2 8.36 8.16 0.2 20 1.72 1.54 

9.1 8.16 7.76 0.4 75 1.66 1.18 

8 

8.3 7.76 7.38 0.38 30 1.35 1.08 Outwash-terrace 
bounded valley 
between Deep Creek 
and Lake Creek 
confluences  

8.2 7.38 7.02 0.36 10 1.58 1.20 

8.1 7.02 6.55 0.47 10 1.29 1.10 

7 

7.3 6.55 6.2 0.35 5 1.08 1.33 Relatively wide valley 
between Lake Creek 
confluence and 
transition to Lower 
Valley  

7.2 6.2 5.99 0.21 0 1.28 1.09 

7.1 5.99 5.48 0.51 10 1.60 1.08 

6 

6.3 5.48 4.88 0.6 65 1.44 1.27 
Transition between 
Upper and Lower 
valleys  

6.2 4.88 4.52 0.36 5 1.66 1.26 

6.1 4.52 4.31 0.21 20 1.12 1.04 

5 5 4.31 3.83 0.48 25 1.28 1.17 

Wide valley with 
outwash valley walls 
and high long-term 
historical migration rate 

4 

4.2 3.83 3.25 0.58 25 1.60 1.33 Sinuous valley 
bounded by 
glaciolacustrine, 
outwash, and landslide 
deposits 4.1 3.25 2.43 0.82 10 1.82 1.19 

3 3 2.43 2.3 0.13 0 1.59 1.11 Narrow bedrock 
canyon 

2 
2.3 2.3 2.03 0.27 40 1.37 1.03 Lower valley below 

bedrock canyon and 
above Alluvial Fan 

2.2 2.03 1.78 0.25 45 1.11 1.27 
2.1 1.78 1.3 0.48 95 1.31 1.09 

1 
1.3 1.3 0.78 0.52 100 0.95 1.10 Alluvial fan, continuous 

levee system 1.2 0.78 0.53 0.25 100 0.78 1.00 
1.1 0.53 0 0.53 100 0.86 1.31 

1. The percentage of channel length with armor on at least one bank. 
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Reach 9 extends from the upstream end of the study area at the SR-18 crossing (RM 8.47) to 
RM 7.76. Sub-reach 9.3 extends from RM 8.47 to RM 8.36 and is transitional between the 
narrow valley and steep channel slope characteristic of the upper Raging River above RM 8.5 
and the moderate slopes and variable valley widths characteristic of the study area above the Fall 
City alluvial fan. Sub-reach 9.2 extends from RM 8.36 to RM 8.16 and is characterized locally 
by high sinuosity and historical channel movement. Sub-reach 9.1 extends from RM 8.16 to RM 
7.76, just downstream of where Deep Creek enters the Raging River on the left bank at RM 7.8.  

Average channel slope decreases through this reach from 2.1 percent in sub-reach 9.3 to 1.65 
percent in sub-reach 9.1. Sinuosity varies widely through Reach 9 with sub-reach 9.3 being 
almost straight, sub-reach 9.2 meandering, and sub-reach 9.1 with low to moderate sinuosity. 
The channel pattern is single-thread in sub-reaches 9.3 and 9.1 but multi-thread in sub-reach 9.2. 
The channel is mostly unconfined, with the exception of a short confined section around RM 8.2. 
Typical modern valley bottom width is 350 to 400 feet, with wider sections (up to 800 feet) at 
the transition between sub-reach 9.3 and 9.2 and at the Deep Creek confluence. The modern 
valley floor in Reach 9 is bounded on the north by Vashon terrace gravel and stratified drift and 
on the south by undifferentiated Vashon glacial drift that is probably the remnant of a southerly 
recessional meltwater channel.  

Reach 8 extends from RM 7.76 to the confluence of Lake Creek at RM 6.55. Sub-reach 8.3 
extends from RM 7.76 to a valley floor constriction at RM 7.38. Sub-reach 8.2 extends from RM 
7.38 to another valley floor constriction at RM 7.02. Sub-reach 8.1 extends from RM 7.02 to the 
confluence of Lake Creek at RM 6.55. 

Average channel slope is about 1.3 percent in sub-reaches 8.3 and 8.1, and around 1.6 percent in 
sub-reach 8.2. The channel in Reach 8 is of low to moderate sinuosity: low in sub-reaches 8.3 
and 8.1, and moderate in sub-reach 8.2. The channel pattern is single-thread. The channel is 
mostly unconfined, except where the valley floor narrows at the downstream end of sub-reaches 
9.2 and 9.1. Typical modern valley bottom width varies from 200 to nearly 600 feet in sub-
reaches 8.3 and 8.2, and is 350 to 450 feet in sub-reach 8.1. The modern valley floor in Reach 8 
is bounded on the north by Vashon terrace gravel and stratified drift and undivided outwash 
gravel, and on the south by undifferentiated Vashon glacial drift and Vashon lodgment till.  

Reach 7 extends from the confluence of Lake Creek at RM 6.55 to a sudden widening of the 
valley floor at RM 5.48. Sub-reach 7.3 extends from RM 6.55 to a slight narrowing of the valley 
floor at RM 6.20. Sub-reach 7.2 extends from RM 6.20 to RM 5.99, and is characterized by 
multiple former channel locations within a wide HMZ. Sub-reach 7.1 extends from RM 5.99 to 
just before the valley widens at RM 5.48. 

Average channel slope increases through this reach from 1.1 percent in sub-reach 7.3 to 1.6 
percent in sub-reach 7.1. The channel is sinuous in sub-reach 7.3 and of low sinuosity in sub-
reaches 7.2 and 7.1. The channel pattern is generally single-thread but shows topographic 
evidence of past multi-thread conditions in sub-reach 7.2. The channel is mostly unconfined to 
moderately confined, with short confined sections at the downstream ends of sub-reach 7.2 and 
7.1. Typical modern valley bottom width varies is 400 to 500 feet, narrowing to below 300 feet 
through sub-reach 7.1. The modern valley floor is bounded by Vashon outwash gravel, lodgment 
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till, and recessional lake deposits, as well as large landslide deposits along the south valley 
margin in sub-reach 7.1.  

Reach 6 extends from RM 5.48 to RM 4.31. Sub-reach 6.3 extends from the widening of the 
valley floor at RM 5.48 to the valley floor constriction at RM 4.88, immediately downstream of 
the I-90 crossing. Sub-reach 6.2 extends from RM 4.88 to a valley floor constriction at RM 4.52, 
and encompasses the transition from the northwest trending Upper Valley to the generally north-
northeast trending Lower Valley. Sub-reach 6.1 extends from RM 4.52 to RM 4.31, where the 
river enters the Lower Valley. 

Average channel slope varies through this reach from 1.5 percent in sub-reach 6.3 up to 17 
percent in sub-reach 6.2 and then down to 1.1 percent in sub-reach 6.1. The channel is 
moderately sinuous in the upper two sub-reaches, becoming almost straight in sub-reach 6.1. The 
channel pattern is single-thread. The channel is mostly unconfined, except at the transition 
between sub-reaches 6.3 and 6.2, where it is confined to moderately-confined. Modern valley 
bottom width varies from around 350 to over 1,000 feet. The modern valley floor in Reach 6 is 
bounded by Vashon and pre-Vashon outwash sand and gravel, Vashon glaciolacustrine deposits, 
pre-Vashon till, and the artificial fill of the I-90 prism.  

Reach 5 extends from the entrance to the Lower Valley at RM 4.31 to a large left valley wall 
landslide deposit at RM 3.83, just above the right bank confluence of Icy Creek at RM 3.8. It is 
relatively homogenous, and so was not divided into sub-reaches. Average channel slope is about 
1.3 percent. The modern active channel is of low to moderate sinuosity. The channel pattern is 
single-thread, but has moved widely across the valley floor, and relict floodplain channels may 
be activated during high flow conditions. Channel confinement increases in a downstream 
direction, from moderately unconfined at RM 4.31 to confined at RM 3.83. Typical modern 
valley bottom width varies is 400 to 500 feet, narrowing to around 300 feet at the downstream 
end of the reach. The valley floor in Reach 5 is bounded by Vashon outwash gravel and 
glaciolacustrine deposits, with a landslide deposit.  

Reach 4 extends from the left valley wall landslide deposit and the Icy Creek confluence around 
RM 3.8 to the entrance to the bedrock canyon at RM 2.43. Sub-reach 4.2 extends from RM 3.83 
to the downstream end of right bank outwash gravel deposits around RM 3.25. Sub-reach 4.1 
extends from RM 3.25 to the entrance to the bedrock canyon at RM 2.43 and is characterized by 
valley walls composed of glaciolacustrine and landslide deposits.  

Average channel slope increases through this reach from 1.6 percent in sub-reach 4.2 to 1.8 
percent in sub-reach 4.1 (the steepest sub-reach downstream of RM 8.4). The upper sub-reach 
(4.2) is sinuous, whereas the lower sub-reach is moderately sinuous, with much of the sinuosity 
controlled by alternating landslide deposits. Channel confinement ranges from confined to 
unconfined. Typical modern valley bottom width varies from 250 to 500 feet. The modern valley 
floor in Reach 4 is bounded by Vashon outwash gravel, glaciolacustrine deposits, and landslide 
deposits. 

Reach 3 consists of the bedrock gorge between RM 2.43 and RM 2.30. Like Reach 5, Reach 3 is 
relatively homogenous and was not divided into sub-reaches. Average channel slope is around 
1.6 percent. Sinuosity is low and is entirely controlled by the shape of the bedrock valley walls, 
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particularly the left bank recess at RM 2.36. The channel is highly confined. The modern valley 
bottom width is 50 to 100 feet. The modern valley floor is bounded by Eocene volcanic rock of 
the Tukwila formation on the left and on the right by a landslide deposit made up of a massive 
block of the same Eocene volcanic rock.  

Reach 2 extends from RM 2.30 to RM 1.30. Sub-reach 2.3 extends from RM 2.30 to RM 2.03 
and is transitional between the narrow bedrock canyon that forms Reach 3 and the wider sub-
reaches below it. Sub-reach 2.2 extends from RM 2.03 to RM 1.78, and is characterized by a 
relatively wide valley floor bounded by landslide deposits. Sub-reach 2.1 extends from RM 1.78 
to RM 1.30, the head of the Fall City alluvial fan.  

Average channel gradient decreases through this reach from 1.4 percent in sub-reach 2.3 to 1.3 
percent in sub-reach 9.1. Sinuosity varies widely through Reach 9. Sub-reach 2.3 is almost 
straight, whereas sub-reach 9.2 is moderately sinuous, and sub-reach 2.1 has low sinuosity. The 
channel pattern is single-thread throughout the reach. The channel is mostly unconfined, with the 
exception of a short confined section around RM 1.5 where the river issues from the Lower 
Valley onto its fan. Valley bottom width is 350 to 1,000 feet, with the widest sections in sub-
reach 2.2. The modern valley floor in Reach 2 has been mapped as an alluvial fan (Dragovich et 
al. 2007) but is better characterized as valley bottom alluvium (as in Booth 1990), with the 
alluvial fan starting somewhere between RM 1.3 and RM 1.5. The valley walls are mostly 
composed of landslide deposits, with outwash gravels and glaciolacustrine sediments mapped 
near the downstream end of sub-reach 2.1.  

Reach 1 extends from the apex of the Fall City alluvial fan at RM 1.30 to the Raging River’s 
confluence with the Snoqualmie River at RM 0.0. Sub-reach 1.3 extends from RM 1.30 to RM 
0.78 and is defined by the presence of a wide alluvial ridge up to 10 feet higher than the channel 
bed on both sides of the river. Sub-reach 1.2 extends from RM 0.78 to RM 0.53 and is 
characterized by a diminished alluvial ridge and narrow range of historical channel movement. 
Sub-reach 1.1 extends from RM 0.53 to the confluence with the Snoqualmie River, and is 
characterized by adjacent alluvial fan surfaces little different in elevation from the channel bed, 
except where modified by artificial fill.  

The channel in Reach 1 is naturally unconfined, but since 1940 it has been confined by the Fall 
City levees. The alluvial fan is up to several thousand feet wide, but width between left- and 
right-bank levees is between 100 and 200 feet. Average channel gradient is consistently below 1 
percent throughout the reach. Sinuosity is controlled by the alignment of the levees along both 
banks and varies from low at the upstream end at RM 1.3 to sinuous in sub-reach 1.1. The 
channel pattern is single-thread throughout the reach, though the 1936 aerial photograph shows 
multiple channels in some locations prior to construction of the levees. These features may have 
been transient responses the 1932 flood, however, as neither the late 1800s General Land Office 
(GLO) map nor the 1922 USGS topographic map show multiple channels in his reach.  
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4.3 Lateral Channel Migration Rates 

Lateral migration rates have varied across the study area and throughout the length of the 
historical record. Reach-average rates calculated using the methods described in Section 3.5.3 
are presented in Table 6, along with local (individual cross-section) minimum and maximum 
rates for each reach. Typical local rates range from 0.2 to 5.9 feet per year for intervals in which 
lateral migration occurred. In every reach and time period, however, there were cross-sections 
where no channel migration occurred, so the local minimum rate is 0 feet/year throughout the 
study area. The highest local migration rate observed was above 77 feet/year. 

The wide range of migration rates shown in Table 6 are a consequence of the extreme temporal 
and spatial variability of channel migration processes. Channel migration tends to be episodic, 
with little or no movement for many years followed by widespread bank erosion and extensive 
channel migration during relatively infrequent peak flow events in which flow depths and 
velocities locally reach magnitudes sufficient to mobilize the bed and erode the banks. Reach 
average rates are applicable over periods of time corresponding to the length of the historical 
record (Figure 23) and the time periods used for the calculation of erosion setback, but they do 
not convey the extent of channel migration that can happen at a particular location during a 
single event. That extent is better captured by the short-term local maximum rates in Table 6. 

 Raging River channel migration rates. 

Reach 

Lateral Migration Rates (feet/year) 

Short-Term 
Local 

Minimum 

Short-
Term 
Local 

Maximum 

Historical 
Record Reach 

Average 
1.1 0 20 0.28 
1.2 0 4.9 0.15 
1.3 0 17 0.25 
2.1 0 14 0.31 
2.2 0 13 0.55 
2.3 0 17 0.33 
3 0 18 0.30 

4.1 0 19 0.49 
4.2 0 46 1.06 
5 0 31 1.61 

6.1 0 20 0.46 
6.2 0 15 0.35 
6.3 0 50 0.58 
7.1 0 56 1.54 
7.2 0 77 3.02 
7.3 0 36 1.36 
8.1 0 22 1.06 
8.2 0 33 0.68 
8.3 0 26 0.69 
9.1 0 22 0.56 
9.2 0 62 2.77 
9.3 0 12 0.62 
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4.3.1 Spatial Variation in Channel Migration Rates 

Variations in channel slope and confinement, bank materials, large wood, and other locally 
specific conditions are factors that can affect spatial variations in channel migration rates. On the 
Raging River, lateral migration rates are lower where the river is in a narrow valley bottom 
confined by valley walls or terraces, and rates are higher in relatively unconfined sub-reaches. 
Despite negligible movement since 1942, calculated and historical rates of channel migration are 
relatively high on the alluvial fan because of the large differences in location and width between 
the 1936 channel and the post-levee channel. 

The low presence of large wood in the Raging River relative to regional values in unaltered 
channels (Fox and Bolton 2007) suggests that large wood does not extensively affect channel 
migration in the study area, but effects of large wood may be evident locally. The presence and 
configuration (or lack) of large wood accumulations were considered in evaluating avulsion 
hazards (Section 5.1.2). 

 
Figure 23. Spatial variability in channel migration rates. 

4.3.2 Temporal Changes in Channel Migration Rates 

A wide range of local channel migration rates have occurred within each aerial photograph 
interval (Figure 24). The minimum observed migration rate was zero in every interval, but 
temporal patterns can be seen in the maximum, median, and interquartile range of migration 
rates. The maximum rate has generally been in the range of 10 to 30 feet per year, with notable 
exceptions between 2002 and 2010 and around the November 1990 flood of record. The median 
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and interquartile range also were at their highest during the interval that includes that flood; they 
also show a decline between the beginning of the aerial photograph record and the mid-1980s 
and again after the year 2012. Since 2012, the median and interquartile range of observed 
channel migration rates have declined to below where they have been at any time since the mid-
1980s, and although the maximum rate has declined, it is still within the range typical of the 
entire record. So local migration rates may be high, consistent with those typical in the historical 
record, even during intervals in which the average rate of channel migration is lower than usual. 

These temporal changes in channel migration rates indicate a rough correlation between trends in 
the magnitude of channel migration and annual peak flow magnitude on the Raging River, as 
shown in Figure 24. 

 
Figure 24. Temporal variation in channel migration rates. 
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5 CHANNEL MIGRATION HAZARDS ON 
THE RAGING RIVER 

The findings from Section 4 are used in this chapter to predict future limits of channel migration 
within the Raging River study area. The resulting channel migration hazard areas are identified 
in the Raging River CMZ maps presented in Appendix A. 

The CMZ mapped in this study is generally similar to that mapped by Shannon & Wilson in 
1991. It differs in that the previous CMZ map did not extend below RM 1.5, and that the CMZ is 
shifted in places upstream of I-90 due to improved georeferencing. The CMZ mapping methods 
used to create the existing Raging River CMZ (Shannon & Wilson 1991) were similar to the 
current mapping methods (King County 2018) in most key aspects. Both methods document 
historical channel locations, calculate lateral migration rates, evaluate and map potential avulsion 
routes, map the resulting channel migration hazard areas, identify different levels of channel 
migration hazard, and exclude from the CMZ those areas landward of likely barriers to channel 
migration, such as bank armoring or infrastructure. However, the previous CMZ mapping 
methods did not explicitly identify the CMZ components specified in Section 3.2 and did not use 
methods consistent with current state mapping criteria (WAC 173-26-221) to identify likely 
barriers to channel migration. In addition, the Raging River CMZ study and map completed in 
1991 predates the advent of GIS, LiDAR, and other analytical tools that greatly enhance the 
process and accuracy of CMZ mapping. 

5.1 Channel Migration Hazard Areas 

Channel migration hazards associated with each CMZ component are described in the following 
subsections. 

5.1.1 Historical Migration Zone 

A map of historical active channels and the HMZ boundary is presented in Appendix A, Map 3. 
The HMZ, which is the area occupied by the active channel between 1936 and 2017, is defined 
and mapped as severe hazard area. 

5.1.2 Avulsion Hazard Zone 

Avulsion hazard zones are alignments on the floodplain outside of the HMZ that have the 
potential to convey water diverted from the main channel and enlarge by scour until they convey 
most of the flow and thereby become the main channel. Map 4 (Appendix A) was used to 
identify potential avulsion pathways based on the water surface profile during a 10 percent AEP 
flow and topography derived from 2011 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 than the adjacent water surface profile 
elevation. The extent and depth of flow on this map approximate the extent and depth of 
inundation during a 10 percent AEP flow. Both extent and depth are approximate because the 
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water surface projection does not account for the presence, absence, or character of hydraulic 
connections between the main channel and off-channel low areas on the floodplain. 

Four low-lying, frequently flooded areas evident in the elevation difference map (Map 4, 
Appendix A) met AHZ mapping criteria (Section 3.5.2) and comprise the potential avulsion 
pathways (Table 7). The resulting AHZs are shown in Map 5 (Appendix A). All of the potential 
avulsion pathways were identified as being moderate avulsion hazards based on the criteria 
described in Section 3.5.2. 
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 Areas mapped within the Avulsion Hazard Zone. 

Pathway Bank1 
D/S2 

RM 
U/S2 
RM 

Percent of 
Mainstem 
Length Description 

Avulsion 
Hazard 
Type 

1 RB 3.85 4.0 93 Pathway 1 follows a floodplain channel that cuts across a right bank meander 
bar at the base of an elevated terrace. The inlet is located at the edge of the 
HMZ, about 150 feet from the 2017 active channel across a vegetated bar and 
is obstructed by Japanese knotweed, but exposed fine sediment shows signs of 
exposure to flowing water within the past year. 

Moderate 

2 RB 5.25 5.4 76 Pathway 2 follows a partially obstructed floodplain depression and channel that 
cuts across a vegetated right bank meander bar across from a steep slope that 
shows topographic signs of past mass-wasting events. The obstructed section 
is composed of fill associated with a now-removed house. At the upstream end, 
the pathway consists of a floodplain depression that does not show signs of 
recent inundation, but at the downstream end it becomes a deeper and defined 
channel that was intercepting hyporheic flow during field visits in summer 2018. 

Moderate 

3 LB 6.35 6.45 81 Pathway 3 follows a floodplain channel that cuts across a vegetated left bank 
meander bend about 200 feet downstream of where Lake Creek enters the 
Raging River on the right bank. The inlet is poorly defined, with young 
deciduous trees and an accumulation of small wood occupying the depression 
that turns into the channel downstream. The channel becomes more defined 
downstream, with sparse herbaceous vegetation, and near its downstream end 
was intercepting hyporheic flow at the time of a summer field visit. 

Moderate 

4 RB 6.65 6.7 74 Pathway 4 occupies a depression that runs across a right bank meander bar 
that is currently covered in lawn grass, with herbaceous vegetation occupying 
the low area. The upstream end is partially occluded by mature trees, and no 
flow was observed coming out of the downstream end during summer field 
visits. However, the herbaceous vegetation occupying the pathway is 
composed largely of hydrophilic plants, which indicates frequent inundation and 
that hyporheic flow is present close to the surface even in summer.  

Moderate 

1. LB = left bank and RB = right bank when looking downstream. 
2. D/S = downstream, U/S = upstream.
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5.1.3 Erosion Hazard Area/Erosion Setback 

EHA/ES widths calculated for moderate and severe hazard areas are summarized in Table 8. The 
severe hazard ES width in valley-bottom alluvium is delineated as the greater of 25 years times 
the annual lateral migration rate in this table applied to the HMZ or 50 years times the same 
migration rate applied to the 2017 active channel (see Section 3.5.3). Where this width extends 
into terraces at greater elevations than the valley bottom, the ES width is reduced by the ratio of 
the height of the terrace above the river bed to the reach-average height of the valley-bottom 
alluvium. Where this width intersects bedrock, the EHA/ES ends at the bedrock exposure. The 
moderate hazard ES width is delineated in the same way as the severe hazard area ES using 50 
years and 100 years. An ES was also applied to the delineated AHZ to a width based on 25 years 
of channel lateral migration, as described in Section 3.5.3.2. 

 Raging River Erosion Hazard Area/Erosion Setback widths. 

Reach 

Average 
Annual 
Lateral 

Migration 
Rate 

(Feet/ Year) 

Valley Bottom Erosion Setback Widths 

Severe Hazard Area Moderate Hazard Area 

Feet from 
HMZ 

Feet from 
Active 

Channel 
Feet from 

HMZ 

Feet from 
Active 

Channel 
= Rate x 25 

years 
= Rate x 50 

years 
= Rate x 50 

years 
= Rate x 

100 years 
1.1 0.28 7 14 14 28 
1.2 0.15 4 8 8 15 
1.3 0.25 7 13 13 25 
2.1 0.31 8 16 16 31 
2.2 0.55 14 28 28 55 
2.3 0.33 9 17 17 33 
3 0.30 8 15 15 30 

4.1 0.49 13 25 25 49 
4.2 1.06 27 53 53 106 
5 1.61 41 81 81 161 

6.1 0.46 12 23 23 46 
6.2 0.35 9 18 18 35 
6.3 0.58 15 29 29 58 
7.1 1.54 39 77 77 154 
7.2 3.02 76 151 151 302 
7.3 1.36 34 68 68 136 
8.1 1.06 27 53 53 106 
8.2 0.68 17 34 34 68 
8.3 0.69 18 35 35 69 
9.1 0.56 14 28 28 56 
9.2 2.77 70 139 139 277 
9.3 0.62 16 31 31 62 
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5.1.4 Erosion Hazard Area/Geotechnical Setback 

An EHA/GS was added to the outer edge of the EHA/ES at locations where the EHA/ES 
encountered a landform greater than 20 feet in height above Ordinary High Water, as described 
in Section 3.5.4. 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 otherwise be mapped within a 
CMZ but are excluded because they are located landward of a structure that is presumed or can 
be demonstrated to limit or restrain channel migration, per the criteria in Section 3.5.5. Based on 
these criteria, areas landward of state highways and major county roads (Table 9) were 
considered to be DMAs. 

 Assumed barriers to channel migration used to establish DMAs along the Raging 
River. 

Approx. 
D/S RM 

Approx. 
U/S RM 

River Bank Structure Name 

1.8 1.9 Right Preston Fall City Road SE 
3.05 3.1 Left Preston Fall City Road SE 
3.28 3.35 Left Preston Fall City Road SE 
3.55 4.25 Left Preston Fall City Road SE 
4.7 4.8 Left Upper Preston Rd SE 
4.8 4.95 Left I-90 
4.8 5.15 Right Upper Preston Rd SE 
5.45 5.75 Right Upper Preston Rd SE 
8.45 8.5 Both SR-18 

 
Levees and revetments maintained by King County (see Table 1) were assessed to determine if 
they met the mapping criteria for disconnected migration areas in Section 3.5.5. Artificial 
structures in unincorporated King County can be mapped as barriers to migration if they are 
publicly maintained, built higher than the annual 1 percent flood elevation (or built lower than 
the 1 percent flood elevation and studies indicate the structure will remain intact during the 1 
percent flood), meet design and construction standards, and if the channel is unlikely to migrate 
landward of the structure, as described in Section 3.5.5. None of the levees and revetments 
maintained by King County on the Raging River were considered barriers to migration, either 
because they are built below the elevation of the 1 percent AEP, or because available information 
does not demonstrate that they meet design and construction standards or satisfy other requisite 
criteria to deem them barriers to channel migration. 

As with the other levees and revetments maintained by King County on the Raging River, the 
design and construction of the Fall City levees is not consistent with current standards, so they 
were not deemed barriers to migration. Their history of restraining channel migration for over 70 
years, however, indicates some likelihood that they are competent to do so in the future. 
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Therefore, all of the CMZ (both HMZ and EHA/ES) landward of those structures was mapped as 
moderate hazard area where they are built higher than the annual 1 percent flood elevation. 

No privately maintained levees or revetments were mapped as barriers to channel migration.   
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5.2 Channel Migration Hazard Maps 

Areas within the HMZ, AHZ, and EHA (including the ES and GS) were combined to form an 
unconstrained CMZ, as shown in Appendix A, Map 5. The unconstrained CMZ does not take 
artificial constraints into account and represents what the channel migration hazard would be in 
the absence of levees, revetments, and other channel restraining infrastructure. 

The unconstrained CMZ was modified in two ways to create the final channel migration zone 
map. First, the effects of artificially constructed constraints on channel migration were 
recognized by mapping a DMA based on the information from Section 5.1.5. Structures listed in 
Table 9 were assumed to be barriers to channel migration, and areas landward of these structures 
were considered DMAs and removed for the CMZ map. The outer edge of the CMZ was drawn 
along the boundaries of these structures. 

The second modification to the unconstrained CMZ map was to delineate severe and moderate 
hazard areas within the CMZ. This delineation recognizes that channel migration hazard is not 
equal throughout the CMZ but is greater for sites near the present day channel. 

Severe hazard areas are composed of the HMZ and portions of the EHA. The present-day (2017) 
active channel is located within the HMZ, so the active channel always is located within the 
severe hazard area. Because the moderate EHA generally intersects valley walls or terraces and 
has been reduced in extent accordingly, the severe hazard area covers most of the unconstrained 
CMZ throughout most of 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 Raging River 
CMZ map. The Raging River CMZ is presented in Appendix A, Map 6. 

5.3 Summary and Conclusions 

Geologic and topographic conditions set the stage for present-day channel migration along the 
Raging River. Since the retreat of the Vashon Ice Sheet, the Raging River valley has been 
occupied by proglacial outwash lakes and streams that flowed first south and east, then south and 
west, and finally northward, leaving behind a north-flowing river set in a complex of glacial 
deposits, terraces, landslide deposits from collapsing valley walls, and an alluvial fan where it 
enters the Snoqualmie valley. The modern valley floor is considerably narrower than the terraces 
formed by the outwash lakes and streams, and within the historical record the rate of channel 
migration appears to have declined over the past few decades. Continuous levees constrain the 
channel through its lower 1.5 miles. In their absence, the Raging River would still be somewhat 
restrained by the alluvial ridge it has built up between RM 1.5 and 0.8, but over time it would 
likely migrate widely across its alluvial fan. 

Channel migration has historically been concentrated at specific locations along the Raging 
River, with other areas showing little or no movement for the entire historical record. Most of the 
Raging River within the study area has reach-average annual migration rates between 1.5 and 2 
feet per year; however, rates around 3 feet per year were calculated for relatively unconstrained 
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reaches upstream of RM 3.8. Corresponding erosion setbacks range from 21 to 170 feet for the 
unconstrained severe hazard area, and between 42 and 340 feet for the unconstrained moderate 
hazard area. The moderate hazard area also includes widespread discontinuous geotechnical 
setbacks along both sides of the river upstream of RM 1.4. Several narrow disconnected 
migration areas are present where the unconstrained CMZ extends landward of I-90, SR-18, 
Preston-Fall City Road SE, and Upper Preston Road SE. 

This updated Raging River CMZ map will be used to regulate land use in unincorporated King 
County in affected channel migration hazard areas, and it may also be used to inform planning 
and development of capital flood risk reduction projects. 

5.4 Limitations 

This study’s use of historical information to predict existing and future hazard is consistent with 
adopted channel migration hazard mapping protocols, accepted practices, and guidance (King 
County 2018; Ecology 1994-2016). 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 map is the best representation to date of channel migration hazards in the study 
area, but channel migration could also extend beyond the mapped CMZ limits within the next 
100 years. The CMZ map as a whole should therefore be updated every 20 years, and portions of 
it may need to be revised at intervals shorter than 20 years if locally 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 for earthquakes or 
landslides to affect channel migration, and it 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: CMZ Maps 
Map 1. Geologic Map of the Study Area  
Map 2. Publicly Maintained Levees and Revetments 
Map 3. Historical Active Channels and Historical Migration Zone (HMZ) 
Map 4. Elevation Difference (Water Surface at 10% AEP Flow minus Surface Topography) with 

Potential Avulsion Pathways 
Map 5. Unconstrained Channel Migration Zone 
Map 6. Raging River Channel Migration Zone 
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