
 

    
  

 
 

   

  
  

 

   

   

   

   

  
  

 

    
 

  

 
 

  
  

 
  

  

  

CHAPTER 2 
Flooding in King County 

This chapter describes the types of flooding and flood-related hazards most-often observed in King 
County. Flooding occurs in many locations in the county, and the types of flooding and the risks it 
presents to people, property, and infrastructure are numerous and vary by location. This chapter is 
divided into seven sections. The first section (Section 2.1) provides an overview of the types of 
flooding addressed by this Flood Plan. The four sections that follow describe the primary flood and 
flood-related hazards and risks by King County’s four major river watersheds: 

• South Fork Skykomish/Snoqualmie River (Section 2.2) 

• Lake Washington/Cedar/Sammamish River (Section 2.3) 

• Green/Duwamish River (Section 2.4) 

• White River (Section 2.5) 

Section 2.6 describes the flooding characteristics for three new areas of focus for King County’s flood 
planning: tributary flooding, urban flooding, and coastal flooding. The final section (Section 2.7) 
summarizes the impacts of flooding at the countywide scale and summarizes the results of the 
countywide flood hazard risk assessment performed using FEMA’s Hazus Risk Assessment Platform. 

2.1 County Context: Primary Flooding Types Considered by this 
Flood Plan 

River Flooding 
King County’s floodplains reflect a geologic present and past that include large-scale tectonic and 
volcanic processes that occurred over tens of millions of years; several periods of extensive glaciation, 
the latest of which ended about 15,000 years ago (Booth et al. 2003); and at least one major 
mudflow, the Osceola Mudflow, which occurred roughly 5,700 years ago. Tectonic and volcanic 
processes created large-scale landforms, such as the Cascade and Olympic Mountain ranges, the 
Olympic Peninsula, and Puget Sound. More recent glaciers and mudflows shaped many of the 
lowland surface features apparent today, including the topography and soils of King County’s lowland 
river valleys. Alpine glaciers are still present in headwater basins of the White, Snoqualmie, and South 
Fork Skykomish rivers, and the character of glaciers is changing as climate change increases their 
melting and as glacial recession exposes new sediment sources. 
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Lower Snoqualmie River flooding near Duvall, December 2015 

Earthquakes occur periodically along active faults within several fault zones in King County and have 
the potential to cause tsunamis and compound flood hazards when they occur during flood events. 
Earthquakes may also induce landslides that dam rivers, resulting in upstream flooding. These 
processes and events have influenced the length, width, steepness, sediment load, and channel 
forms of King County’s large rivers and major tributaries and continue to shape the region today. 

The headwaters and middle reaches of rivers in King County are typically steep and dominated by 
bedrock, boulders, and landslides. These areas are major sources of sediment transported 
downstream by rivers and streams, and floodplains in these reaches are often narrow or absent. 
Middle reaches are less developed than the river systems in lowland areas, but mountain valley roads 
and small residential communities in these areas can be impacted by erosion and fast flows from 
river and tributary flooding. When the rivers eventually reach the Puget Sound lowlands, they flatten 
out, deposit sediments carried down from upstream, and form floodplains that are often broad, 
ecologically complex, and biologically productive. 

Native American tribes have had a continuous, active presence in what is now King County for 
thousands of years. These lands provide critical habitats for fish and wildlife, and hunting and 
gathering have occurred in the region since time immemorial. In the relatively brief time since 
Euro-American settlement began in the Puget Sound basin, development has extensively altered 
the region’s river floodplains—perhaps nowhere more so than in King County. Early land-clearing 
and installation of drainage systems to support farming, mining, and transportation transitioned 
throughout the 20th century to more extensive modifications that allowed for ever-expanding 
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residential, commercial, and industrial development. These efforts disconnected formerly 
forested and vegetated floodplains from watercourses and converted them to developed land 
uses. Rivers and streams were entirely rerouted, wood was removed from floodplains and 
channels, banks were armored with rock, and dams were constructed for water supply, flood 
control, and hydropower. 

Alterations to the region’s floodplains caused substantial losses of natural floodplain functions, 
including floodwater storage and conveyance, as well as changes in sediment transport processes. 
The reduction or elimination of riparian and floodplain habitats produced catastrophic consequences 
for native salmonid populations. Channelization of rivers and streams led to an increase in erosive 
water velocities. Dams and other channel changes altered the natural hydrology and disrupted the 
flow of sediment and wood through river and stream systems. What were formerly hydraulically 
complex systems of braided and meandering channels and wide floodplains became high-energy, 
single-thread channels, sometimes in a matter of years. 

At present, intensive residential, commercial, and industrial land uses occupy most of the floodplains 
in the lower reaches of King County’s rivers and streams (land uses in the county are illustrated in 
Figure 2.1-1). In turn, floodplain management must grapple with the conflicts presented by 
development and the costs associated with mitigating risk to developed areas. 

King County is home to six major river systems—the South Fork Skykomish, Snoqualmie, 
Sammamish, Cedar, Green/Duwamish, and White rivers. Using Washington’s Water Resource 
Inventory Area (WRIA) framework, these rivers fall within four WRIAs: WRIA 7 (Snohomish River 
basin, which includes the South Fork Skykomish and Snoqualmie rivers), WRIA 8 (Lake 
Washington/Cedar/Sammamish watershed, which includes the Sammamish and Cedar rivers), WRIA 
9 (Green/Duwamish and Central Puget Sound watershed, which includes Vashon-Maury Island), and 
WRIA 10 (Puyallup-White watershed). The watersheds and subbasins are illustrated in Figure 2.1-2 
and Figure 2.1-3, respectively. 
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The character of each of the watersheds presented in Figure 2.1-2 is quite different, as summarized 
below (more extensive discussion of each basin’s characteristics is provided in Sections 2.2 through 
2.5 of this plan). 

 South Fork Skykomish/Snoqualmie River Watershed – The Snoqualmie River and the South 
Fork Skykomish River, in the northeast portion of King County, are part of the larger Snohomish 
River watershed. The Snoqualmie River Valley is the most flood-prone area of King County, and 
flooding typically results in inundation by deep, slow-moving floodwaters, with some areas of 
deep and fast flows, especially along certain tributaries. The placename “Snoqualmie” is used in 
many places within this plan. The term takes its name from the sdukᾱalbixᾱ, Snoqualmie People, 
who have lived in these lands since time immemorial. The South Fork Skykomish River generates 
deep, fast-moving flood flows capable of severe bank erosion. 

 Lake Washington/Cedar/Sammamish River Watershed – The Lake 
Washington/Cedar/Sammamish watershed has two rivers—the Cedar and Sammamish—which 
connect to Puget Sound via a lake and a manmade system of channels, including the Hiram 
Chittenden (Ballard) Locks. The Cedar River experiences fast, erosive flows, whereas the 
Sammamish River experiences very little overbank flooding. Flooding occurs in other areas of the 
watershed, including “flashy” flows along Issaquah Creek and other urban streams and elevated 
water levels along the shoreline of Lake Sammamish. (“Flashy” hydrology refers to floodwater 
flows that can rise quickly during storms with minimal infiltration.) 

 Green/Duwamish River Watershed – The Green River becomes the Duwamish River at the Black 
River confluence (River Mile 11.0). Flooding along the Green River can be fast flow in areas and 
slow-moving overbank inundation in others. The Duwamish River is characterized primarily by 
slow-moving inundation. The Howard Hanson Dam in the upper reaches of the Green River, built 
and managed by the U.S. Army Corps of Engineers (Corps), provides flood control to the highly 
developed downstream areas of the river corridor. Flooding on the Green River is primarily 
precipitation-driven, and the Duwamish River in the lower watershed faces compound flood risk 
arising from precipitation and tidal influence. 

 White River Watershed – The White River in King County is lightly populated through much of its 
length. The river flows through the Muckleshoot Indian Tribe reservation before reaching more 
developed areas in the most downstream part of the river. These developed areas face significant 
flood risk due to being in a depositional reach of the river. The river carries the most significant 
sediment load of any river in King County, and reduced channel capacity arising from ongoing 
sediment deposition is a primary flood risk in this watershed. 

Tributary Flooding 
A tributary is a smaller stream or river that flows into a larger river; for example, Tokul Creek flows into 
the Snoqualmie River and is therefore a tributary of the Snoqualmie. King County has an extensive 
network of smaller tributary streams. Some of these are tributaries to the mainstem rivers described 
above, some flow into lakes (such as Lake Washington and Lake Sammamish), and some flow 
directly from their point of origin into Puget Sound. Despite their smaller size than rivers, tributaries 
experience flooding that can affect King County communities in significant ways. 
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Erosion from tributary flooding on Issaquah Creek, January 2021 

Tributary flooding can be similar in character to riverine flooding: overbank flows and channel 
migration result in impacts that resemble those that occur along rivers, albeit on a smaller scale. Like 
larger rivers, tributaries have been modified by humans in ways that can exacerbate flooding. 
Streams have been rerouted, piped, straightened, dredged, armored, and otherwise changed in ways 
that limit the natural ability of the stream to convey large volumes of water. In addition to being 
disconnected from their floodplains, wetland habitats that served as reservoirs for higher flows have 
been lost or highly modified in many locations. 

Tributaries are especially sensitive to changing precipitation patterns. Due to their smaller size, they 
typically have less capacity to handle extreme rainfall or increased runoff from impervious surfaces. 
They also can transport and deposit sediment in ways that exacerbate localized flooding problems or 
present risk in new or unexpected ways. One such way this occurs is through alluvial fans, which 
typically form accumulations of sediment at the base of steeper slopes. These features can displace 
water and cause flooding in areas that may not have previously been known to experience flooding. 
Streams on alluvial fans can experience seasonal or year-round flows, landslides and debris flows, 
avulsions, and flooding from beaver dam outbursts. This is recognized as a unique type of flood 
hazard in certain King County communities. As precipitation events become more extreme with 
climate change, and with increased development that creates more impervious surfaces, flood risk 
associated with tributaries will continue to be a problem in King County. 
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Coastal Flooding 
King County has 103 miles of saltwater shoreline, including incorporated areas along the east side of 
Puget Sound and the unincorporated areas of Vashon and Maury islands. Coastal flooding results 
when high tides and storm surges inundate or cause damaging erosion to normally dry areas along 
the marine shoreline (FEMA 2023). An additional factor affecting King County communities is 
referred to as compound flooding, which is when high tides, storm surges, and inland factors—such as 
saturated soils and large volumes of freshwater inflow—combine to exacerbate flooding conditions, 
such as what can occur along the lower Duwamish River. 

Coastal flooding and coastal erosion are not new phenomena in King County, but mitigating coastal 
flood risk has, historically, not been a focus of King County’s flood risk reduction program. King 
County has mapped a coastal high-hazard area and has regulations in place to guide allowable 
activities within this area, but the County has only sporadically implemented other coastal flood risk 
mitigation activities. 

Waterfront road flooding on Maury Island, December 2022 

In addition to current coastal flood risk, sea level rise has profound implications for future risk along 
marine shorelines and in other tidally influenced areas, especially those that are highly developed 
(e.g., lower Duwamish River). To account for uncertainties in coastal flooding depths due to sea level 
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rise, King County has identified a sea level rise risk area for the Vashon and Maury Island shorelines 
and developed accompanying regulations for this area, which extends landward to an elevation of 3 
feet above the base flood elevation of the mapped coastal high-hazard area. The scientific 
knowledge about sea level rise continues to evolve, and King County and cities within the county 
need to prepare now to address what will very likely be increasing flood risk in coastal areas. 

Although rare, tsunami inundation of Puget Sound coastal areas is another type of coastal flood 
hazard. Research indicates that a rupture along the Seattle Fault Zone resulted in a tsunami along the 
coastline at the West Point Wastewater Treatment Plant. A similar event would inundate Puget 
Sound coastlines and portions of the Duwamish River shoreline with very little warning time. 

Urban Flooding 
Flooding in urban areas may result from rivers, smaller streams, and coastal factors, but for the 
purposes of this Flood Plan, urban flooding refers to flooding caused by stormwater runoff or 
flooding resulting from overwhelmed urban storm sewer systems. 

Urban flooding, City of Seattle (Photo Credit: Seattle Public Utilities) 

Extensive development in the urban areas of King County, coupled with aging infrastructure and 
climate change, make urban flooding an especially challenging problem. While flood hazard areas of 
some waterbodies in urban areas are delineated and regulated, flood hazards associated with 
flooding from runoff and overwhelmed stormwater infrastructure are not delineated or regulated. 
Predicting where and when urban flooding will occur is exceedingly difficult due to the number of 
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intersecting factors that drive the problem. Also, since water does not follow jurisdictional boundaries, 
overlapping authorities can make mitigation of urban flooding issues difficult, although stormwater 
regulations under the Clean Water Act provide some consistency across jurisdictions. 

Less Frequent Flood Hazards 
In addition to the flooding types discussed above—river, tributary, coastal, and urban flooding—this 
plan also presents information on less frequent hazards. 

Levees are present in all of King County’s major river watersheds. While levees provide some flood 
protection, they are not guaranteed to be entirely floodproof, and they do not eliminate the risk to 
people, property, and infrastructure. Overtopping of levees can occur when floodwaters exceed levee 
design capacity. Levee failure—while rare—can also occur. The watershed sections in this chapter 
discuss risks to the levee systems in those watersheds, and a more detailed discussion of levees as a 
less frequent flood hazard is presented in Appendix D. 

Dam failure is a low probability, high consequence hazard that can result in loss of life, property and 
infrastructure damage, public health impacts, impacts to safe drinking water, and environmental 
degradation. King County has high hazard dams on the Green, White, Cedar, and South Fork Tolt 
rivers. Additionally, Culmback Dam, which is in Snohomish County, would flood parts of the lower 
Snoqualmie Valley in King County if it failed. Each of the watershed-focused sections that follow in 
this chapter discusses the role of dams on hydrology and flooding conditions as applicable, and an 
assessment of dam failure as a less frequent flood hazard is presented in Appendix E. 

Natural and Beneficial Functions of Flooding 
The remaining sections of this chapter provide an overview of conditions across King County’s major 
watersheds and other flood hazard areas, but some of the beneficial functions of flooding are the 
same regardless of location. 

Periodic flooding helps to create river floodplains that contain unique and productive habitats. 
Because of floods and movement of river channels, floodplains are highly dynamic, and the 
ecosystems within them are adapted to and dependent on periodic inundation. For example, some 
riparian plants depend on floods for seed dispersal and establishment, and many bird and fish 
species rely on annual inundation of floodplain habitats for foraging and growth. 

In areas where floodplains and watercourses remain connected or have been reconnected, periodic 
floods help to create and maintain channel networks, floodplain wetlands, and off-channel habitats, 
such as side channels, backwaters, and ponds. All these habitat types are especially important for 
juvenile salmonids (including those listed as threatened under the ESA). Floods can provide 
organisms (such as fish and birds) with access to productive floodplain habitat and connectivity 
between aquatic, riparian, floodplain, and wetland habitats, which are again crucial for species like 
salmon (juvenile salmon, in particular) that depend on these habitats for growth. Connected 
floodplains also provide areas of refuge for juvenile salmon, where they can escape the high velocity 
of the main channel until the flood levels subside. 
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Floods can also move materials that are natural building blocks for salmon habitat. High flows can 
deliver nutrients to floodplain habitats, increasing ecological productivity. Flooding can recruit and 
transport large wood within river and stream channels, which supports the complex habitat needed 
for fish and other aquatic organisms. Flooding also moves sediment in ways that are beneficial to fish 
habitat, including delivery of spawning gravels to waterways through bank erosion, transporting 
gravel from upstream, or depositing material in locations that connect riverine and floodplain habitat. 
High flows during flooding can drive scour and erosion around large wood, log jams, and riverbanks, 
creating pools and diverse habitat. Sediment transport during floods can also help build and maintain 
estuary habitats (in systems with intact estuaries). These biodiversity hot spots are critical rearing 
habitat for juvenile Chinook salmon. 

In addition to the beneficial functions of flooding itself, the floodplains created by periodic flooding 
provide additional advantages. Naturally vegetated and connected floodplain ecosystems in which 
artificial drainage networks have been removed can slow and store floodwaters and disperse energy, 
reducing flood stages and erosion potential. Healthy floodplain vegetation and soil microbes can 
improve water quality by removing pollutants and excess sediment or nutrients from runoff or river 
water, and stream bank vegetation can resist erosion. Connected and naturally drained floodplains 
can increase connections with groundwater and can supplement stream base flows in dry times of 
year. Floodplains can also store sediment and reduce the rates of sediment transport downstream. 

Climate Change 
As noted in King County’s 2020 Strategic Climate Action Plan, the effects of climate change are 
already being felt in the county. Since 1900, average annual air temperature in the Puget Sound 
region has increased 1.3 degrees Fahrenheit.22 Heavy rain events are getting heavier,23 the region is 
experiencing a long-term decline in snow and ice in the Cascades and Olympic mountains,24 and sea 
level has risen more than 9 inches in Seattle since 1899.25 

Climate change is projected to increase the potential for river and coastal flooding in King County. 
While results will vary by location and flood interval, river flooding is expected to increase due to the 
combined effects of wetter winters, more intense heavy rain events, and more winter precipitation 
falling as rain rather than snow in mountain watersheds. The potential effects of these factors on 
flooding conditions in each of the county’s WRIAs and other environmental contexts are detailed in 
Sections 2.2 through 2.6. In addition to changes in flooding conditions, climate change will likely also 
produce negative effects for native salmon populations. 

22 Chapter 2 in Mauger, G.S., J.H. Casola, H.A. Morgan, R.L. Strauch, B. Jones, B. Curry, T.M. Busch Isaksen, L. Whitely Binder, 
M.B. Krosby, and A.K. Snover. 2015. State of Knowledge: Climate Change in Puget Sound. Report prepared for the Puget 
Sound Partnership and the National Oceanic and Atmospheric Administration. Climate Impacts Group, University of 
Washington, Seattle. doi:10.7915/CIG93777D. 

23 Rath, J., S. Roy, and J. Butcher. 2017. Intensity Duration Frequency Curves and Trends for the City of Seattle. Technical 
Memorandum prepared for Seattle Public Utilities. 

24 Mote, P.W., S. Li, D.P. Lettenmaier,  et al. 2018. Dramatic declines in snowpack in the western US. npj Clim Atmos Sci 1, 
2. https://doi.org/10.1038/s41612-018-0012-1. 

25 Sea Level Trends - NOAA Tides & Currents. 
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Sea level rise will also increase the frequency and extent of coastal flooding. Sea level in King County 
is projected to rise approximately 1 to 2 feet by mid-century and 2 to 5 feet by 2100 under a high 
greenhouse gas scenario.26 This expected increase may also exacerbate compound flooding in 
coastal drainages as noted above in the section on coastal flooding, which could impact public health, 
life, and safety. 

Tribal Context 
King County has a large and diverse population of indigenous people who contribute a unique history, 
strength, and vibrancy to the community. Since time immemorial, Coast Salish speaking people 
cared for the lands of the Salish Sea basin. They developed culture, stewarded land and water, and 
established communities. As the United States expanded its borders and Washington achieved 
statehood, federal and state actions forced indigenous people to relinquish their ancestral homelands 
and relocate to consolidated reservations. These forced actions threatened the relationship 
indigenous people had with the land, causing harm to native cultures and tribes. Coast Salish 
descendants and other indigenous people have endured, however, and have revitalized indigenous 
peoples’ relationship with the land and Coast Salish peoples’ relationship with this place. 

Approximately 22,697 King County residents self-identify as American Indian / Alaska Native. Of that 
demographic group, 3,900 residents are members of local Indian tribes who are indigenous to this 
place. King County routinely interacts with six indigenous tribal organizations, including: Duwamish 
Tribal Services, Muckleshoot Tribe, Puyallup Tribe, Snoqualmie Tribe, Suquamish Tribe, and Tulalip 
Tribes. Tribal reservations in King County are illustrated on Figure 2.1-4. 

Five of these tribal organizations, including Muckleshoot, Puyallup, Snoqualmie, Suquamish, and 
Tulalip, have been formally recognized by the United States as Indian tribes. Pursuant to such 
recognition, each of these tribes has established a constitutional form of government and corporate 
form of business. King County has a government-to-government relationship with these five Indian 
tribes premised on their sovereign right to self-governance. 

Four of these tribal organizations, including Muckleshoot, Puyallup, Suquamish, and Tulalip, have 
been adjudicated to be the successors in interest to tribal people who signed the Treaties of Medicine 
Creek and/or Point Elliott. Federal courts have concluded that these tribes used and occupied land 
and marine territory throughout what is now King County and retain rights to fish, hunt, gather, and 
travel to and from certain of their traditional harvest areas. As treaty tribes, Muckleshoot, Puyallup, 
Suquamish, and Tulalip Tribes are co-managers with the State of Washington regarding fish and 
wildlife and related habitat. 

Two of these tribal organizations, including Muckleshoot and Snoqualmie, have federally protected 
reservations located in King County. Three others, including Puyallup, Suquamish, and Tulalip, also 
have reservations located in adjacent counties. 

26 Washington Coastal Resilience Project online data tool, http://www.wacoastalnetwork.com/washington-coastal-
resilience-project.html. 
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Figure 2.1-4 
Tribal Reservations in King County 
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King County routinely consults with all five of the local federally recognized tribes, including 
Muckleshoot, Puyallup, Snoqualmie, Suquamish, and Tulalip, and the County will also occasionally 
confer with Duwamish Tribal Services, a tribal organization that is not a federally recognized Indian 
tribal government. 

Demographics and Social Vulnerability of King County Flood Hazard 
Areas 
Factors such as race, age, gender, educational attainment, health, economic status, and housing 
status are elements that collectively influence “social vulnerability.” The concept of social 
vulnerability relates to how risks are experienced and provides an avenue to understand risk beyond 
that which arises from physical hazards. Acknowledging social vulnerability reflects the reality that 
certain groups may experience and recover from disasters differently than others and is a first step 
toward identifying strategies to build flood resilience among the most vulnerable communities. 

The Centers for Disease Control created the Social Vulnerability Index (SVI), which is a tool to help 
understand the social vulnerability of every census tract in the United States.27 Understanding social 
vulnerability through the SVI can help local governments identify communities that will most likely 
need support before, during, and after a hazardous event. King County assembled SVI information for 
subbasins in flood hazard areas, as shown in Figure 2.1-5. The SVI uses a 0–1 scale, where higher 
numbers indicate greater levels of social vulnerability. The flood hazard areas demonstrating the 
highest vulnerability using the SVI are the lower Cedar River in Renton, the lower White River, and the 
lower Green/Duwamish River. 

King County conducted a demographic analysis to support the development of this Flood Plan, which 
identified 57,737 people living in areas with mapped flood hazards, including those along the marine 
shoreline and on small coastal creeks that drain into Puget Sound. Of the 57,737 residents living in 
mapped flood hazard areas, approximately 41 percent are Black, Indigenous, and other People of 
Color (BIPOC). The Green/Duwamish watershed is the only major river watershed in King County in 
which more BIPOC residents (59 percent) than white residents (41 percent) reside in mapped flood 
hazard areas, largely due to the high percentage of BIPOC (63 percent) and large population (13,800) 
residing in the lower Green/Duwamish River subbasin. Other watersheds exhibiting a high percentage 
of BIPOC community members residing in flood hazard areas include the Sammamish (43 percent), 
Cedar (36 percent), and White River watersheds (38 percent). 

27 More information available at: https://www.atsdr.cdc.gov/placeandhealth/svi/index.html. 
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Figure 2.1-5 
Social Vulnerability Index Scores for Flood Hazard Area Subbasins 

Approximately 47 percent of King County's total population is BIPOC, and, as noted above, BIPOC 
communities comprise 41 percent of those living in the county’s flood hazard areas. For the BIPOC 
population living in the county’s flood hazard areas, racial demographics are as follows (and as 
illustrated in Figure 2.1-6): 

 Asian – 13 percent 

 Hispanic or Latino – 13 percent 

 Black – 5 percent 

 American Indian or Alaska Native – 1 percent 

 Hawaiian or other Pacific Islander – 1 percent 

 Two or more races – 7 percent 

 Other race – 1 percent 
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Figure 2.1-6 
Racial Distribution of Populations in King County Flood Hazard Areas, by Subbasin 

Interestingly, each of these percentages is lower than the racial percentages for the King County 
population as a whole, with the exception of Hispanic or Latino. Those identifying as Hispanic or 
Latino comprise approximately 10.5 percent of King County’s total population, yet 13 percent of 
those living in the county’s flood hazard areas identify as Hispanic or Latino. 

By applying the SVI concept, demographic data can be used to estimate a population’s relative 
vulnerability to better understand who will be impacted by or benefit from floodplain management 
activities. The data can help to identify communities that might have the greatest relative social 
vulnerability and can suggest needs that may inform overarching strategies for engaging or 
planning with those communities. Broad race categories, however, do not reflect the diversity of 
nationalities, cultures, and perspectives represented. In addition, while some people may share 
demographic characteristics, that does not mean they have the same needs. These data are a 
starting point for understanding who lives throughout King County’s flood hazard areas and should 
not replace more direct interaction and engagement to better understand the needs of the people 
served by the County. 
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Potential Risk and Damages from Flooding 
While developing this Flood Plan, King County performed a flood risk assessment using FEMA’s 
Hazus Risk Assessment Platform (Version 6.0, Level 2 analysis). The purpose of this assessment was 
to identify the number of structures exposed to flood events of different magnitudes and to estimate 
the potential dollar value of damages associated with those events. The assessment evaluated the 
risk associated with the 10, 5, 2, 1, and 0.2 percent annual chance flood events. Results were 
generated for general building stock (all structures), critical facilities,28 and repetitive loss properties. 
Flood hazard areas are illustrated in Figure 2.1-7, critical facilities are mapped in Figure 2.1-8, channel 
migration zones29 are mapped in Figure 2.1-9, repetitive loss areas are mapped in Figure 2.1-10, and 
landslide hazard areas are mapped in Figure 2.1-11. 

Results from the flood hazard risk assessment are further explained in each of the remaining sections 
of this chapter (Sections 2.2 through 2.6), accompanying the relevant geography to which they apply, 
and Section 2.7 presents countywide results. Briefly introducing the county-level information here, 
the risk assessment identified the following: 

 Across King County, 10,885 structures (not including critical facilities) could be exposed to a 1 percent 
annual chance riverine flood event, and 860 structures could be exposed to a 1 percent annual 
chance coastal flood event. 

 While flood events do not occur uniformly across the landscape, the assessment estimated that 
potential damages from a 1 percent annual chance riverine flood event could exceed $368 million 
countywide. Potential damages from a 1 percent annual chance coastal flood event could exceed $113 
million. 

 In total, 498 critical facilities could be exposed to the 1 percent annual chance riverine flood event, 
and 26 critical facilities could be exposed to the 1 percent annual chance coastal flood event. Potential 
damages could exceed $114 million for a 1 percent annual chance riverine flood event and approach 
$500,000 for a 1 percent annual chance coastal flood event. 

Chapter Organization 
The following sections of this chapter share insights about flooding characteristics, flooding problems, 
and other attributes of flood hazard areas in King County, organized by watershed or WRIA listed above. 
Areas included in the flooding overview include risk associated with special flood hazard areas, repetitive 
loss areas, areas not mapped as special flood hazard areas but that have flooded in the past, and other 
known surface flooding issues. Additionally, this chapter and other portions of the Flood Plan contain 
information on less-frequent events that contribute to flood risk, as well as flood problems that may get 
worse in the future because of the effects of climate change or changes in land use and development. 

28 For this analysis, King County defined critical facilities as those structures or facilities identified by FEMA as “community 
lifelines,” which FEMA defines as “enabl[ing] the continuous operation of critical government and business functions and [are] 
essential to human health and safety or economic security.” More information about community lifelines can be found at: 
https://www.fema.gov/emergency-managers/practitioners/lifelines. 

29 The channel migration zone, or CMZ, is the area within the lateral extent of likely stream channel movement that is 
subject to risk due to stream bank destabilization, rapid stream incision, stream bank erosion, and shifts in the location of 
stream channels. 
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Landslide Hazard Areas in King County 
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floodplain, but, in places, the South Fork Skykomish River and tributaries are confined within 
bedrock channels. 

The channel is relatively steep and naturally confined compared to that of other large King County 
rivers, particularly from the confluence of the Foss and Tye rivers to the Town of Skykomish. The 
floodplain widens downstream to the county line as the gradient decreases. 

Hydrology and Hydraulics 
There are no dams or reservoirs on the South Fork Skykomish or its tributaries. With its steep upper 
basin slopes in high-elevation terrain forming the entire watershed, significant runoff can be 
delivered directly to the flood hazard management corridor along the South Fork Skykomish River. 
Precipitation at these high elevations can generate flooding from snowmelt and rain-on-snow 
events. 

Floodplain mapping for the South Fork Skykomish River was updated in 2021, and King County 
submitted draft maps to FEMA for review and approval. Table 2.2-1 lists the flow quantiles developed 
for the flood study update (Watershed Science & Engineering 2021). Quantiles are based on data 
from gages within the basin, with varying periods of record from 1903 to the present. The increase 
from the South Fork (SF) near Skykomish gage to the SF Skykomish at Skykomish gage reflects the 
inflow from the Beckler River, which joins the South Fork Skykomish between those locations. The 
increase from the SF Skykomish at Skykomish gage to the SF Skykomish near Index gage reflects the 
inflows from Maloney Creek, Miller River, Money Creek, and Index Creek, all of which flow into the 
South Fork Skykomish River between those gage locations. Table 2.2-2 shows recent high-flow 
events for the SF Skykomish River at Skykomish gage to illustrate the extent of recent flooding in the 
subbasin. 

TABLE 2.2-1 
FLOW QUANTILES FOR THE SOUTH FORK SKYKOMISH RIVER AT SELECT LOCATIONS IN CUBIC FEET PER SECTION (CFS) 

Percent Annual 
Chance Exceedance Return Period 

SF Skykomish near 
Skykomish 

(cfs) 

SF Skykomish at 
Skykomish 

(cfs) 

SF Skykomish near 
Index 
(cfs) 

50 2-year 7,200 13,500 23,300 

10 10-year 14,600 26,700 44,300 

4 25-year 18,900 34,500 56,100 

2 50-year 22,400 40,800 65,400 

1 100-year 26,100 47,400 75,000 

0.2 500-year 35,600 64,500 99,200 

2024 King County Flood Management Plan 2.2-4 



 

    
  

  
       

     

  

  

  

  

 

 
 

 
 

 
  

  

  
 

 

 
   

  

        
    

        
    

    
     

       
    

         
   

 

 
   

TABLE 2.2-2 
RECENT HIGH FLOWS AT THE SOUTH FORK SKYKOMISH RIVER AT SKYKOMISH GAGE 

(U.S. GEOLOGICAL SURVEY [USGS] 12131500), INSTALLED IN 2016 

Date Flows 

2022-11-12 16,200 cfs 

2020-02-01 20,400 cfs 

2017-11-23 19,100 cfs 

Ecological Context and Salmonid Use 
The South Fork Skykomish River watershed is in good ecological condition relative to other King 
County drainages. Most of the area—predominantly in federal ownership—is managed for natural 
resources or is relatively unmanaged as wilderness (King County 2006). However, forestry-related 
uses throughout this basin have affected downstream channel conditions. These impacts include 
altered basin hydrology, increased erosion and sediment inputs to the river caused by timber removal 
and forest roads, and reduced amounts of large wood. 

Residential development in these areas, while rural in nature, often encroaches on riverbanks and 
floodplains. In many places, riverside development has reduced the quantity and quality of riparian 
forests and resulted in bank hardening. These impacts alter natural rates of erosion, sediment delivery 
and storage, instream velocities, channel migration, and large wood recruitment (King County 2013). 

Most of the South Fork Skykomish River was historically used only by resident fishes due to 
impassable falls in Snohomish County at approximately River Mile 1.9. The Washington Department 
of Fish and Wildlife (WDFW) began a trap-and-haul program in 1958 to move fish around Sunset 
Falls and Eagle Falls into the upper basin, which established local populations of Chinook and coho 
salmon, summer run steelhead, and bull trout (King County 2013). 

Floodplain modifications, especially fill and armoring associated with roads and residential 
development, have adversely affected the river and its tributaries. Where roads are near stream 
channels and bridges cross channels, the stream banks are often armored with rock, limiting natural 
rates of erosion, channel migration, and large wood recruitment. For example, many reaches of the 
Beckler River are armored to protect Forest Service roads that access campgrounds, trailheads, and 
private roads that lead to private forestry operations. Likewise, fill and armor in the alluvial fan of 
the Miller River have adversely affected the river by reducing the amount of aquatic habitat 
available for spawning, rearing, and other essential life stages for salmonids, and by preventing 
natural processes related to water, sediment, and large wood. Alluvial fans are explained in the 
Glossary that precedes Chapter 1. 

Historically, large wood was removed from channels and floodplains in conjunction with timber 
harvesting to allow for transport of logs downstream, and to increase flow capacity. Large wood 
removal in the watershed has altered channel morphology and caused lower pool frequency and 
higher velocities, negatively impacting spawning and rearing habitat (Haring 2002). 
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Beneficial functions of flooding and connected floodplains include recruitment of large wood, 
creation and maintenance of side channel habitat, routing and storage of coarse sediment, and 
connection to floodplain habitat for multiple aquatic species. 

The Snohomish Watershed Forum (WRIA 7), the Lead Entity for salmon restoration in the Skykomish 
River in King County, identified six habitat enhancement projects to improve salmon conditions in 
the Skykomish River basin in its 2015-2025 project list. Two of these six (Beckler River Confluence 
Large Wood Project and Alpine Baldy Road Decommissioning) have now been completed as of 2023 
(Zyla et al. 2022). In addition, King County has incorporated habitat elements into recently 
completed flood protection facility repair projects. 

Primary Flood and Erosion Hazards and Risks 
The steep and narrow South Fork Skykomish River Valley generates deep, fast-moving flood flows 
capable of severe flooding and bank erosion. Observed flood depths in the basin vary from less than 1 
foot to 6 feet, and warning times are unavailable. Floodplain mapping for the South Fork Skykomish 
River was updated in 2021 to provide more up-to-date information about flood hazards on the South 
Fork Skykomish River and Maloney Creek based on updated hydrology, more accurate topography, 
and refined modeling methods. Draft maps have been submitted to FEMA for review and approval. 

King County mapped channel migration and landslide hazard areas in 2017 and 2016, respectively, 
within the South Fork Skykomish River to identify the potential impacts on flooding and risk to people 
and infrastructure within the river corridor (King County 2016a, 2017). Channel migration hazards 
generally are greatest on the outsides of meander bends in the river and in locations where one side of 
the river valley is bedrock and the opposite bank is alluvial floodplain material. King County has 
implemented several actions to address channel migration hazards in the Timberlane Village and 
Baring neighborhoods, including property acquisition, outreach, and hazard communication. 

The landslides active within the river corridor include rockfall, debris flows with alluvial fans, and 
deep-seated, complex landslide features (King County 2016a, 2018). These landslide and alluvial fan 
hazards have the potential to impact flood and channel migration hazards on the mainstem South 
Fork Skykomish River and its tributaries by delivering large volumes of sediment and wood to the 
channel and potentially damming the river, redirecting floodwaters across the floodplain. Debris flow 
hazards can also deliver large volumes of sediment and wood to the channel; because of these 
factors, infrastructure and structures in the floodplain and on alluvial fans are subject to flooding and 
channel migration hazards, including reach-length avulsions. 

Roads in this basin typically run along, near, or over the river or lower portions of its tributaries, as well 
as across associated floodplains and historical channel migration areas (King County 2013). The 
location of roads presents flood and channel migration risk to roadways. 

The Miller River is a tributary that enters the South Fork Skykomish at approximately River Mile 14.0. 
The Miller River delivers sediment to an alluvial fan that is building as the Miller River emerges into 
the valley of the South Fork Skykomish River. This area is highly prone to channel migration. The Old 
Cascade Highway and the BNSF Railway cross this active alluvial fan area of the Miller River and 
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disconnect all of the fan except for the main Miller River channel from the South Fork 
Skykomish River. 

In January 2011, the Miller River avulsed (i.e., abandoned its channel for a new route) into a new 
channel to the west of its former alignment, resulting in the destruction of 150 feet of the Old 
Cascade Highway. Formerly a through road that paralleled U.S. Route 2, the Old Cascade Highway 
was permanently closed because of this event. Because the river created a new flow path, the 
Miller River bridge no longer spans the river. U.S. Route 2 now provides the sole east-west travel 
route through the area, and access to the Miller River community and recreation areas via Money 
Creek Road now relies on a single bridge over the South Fork Skykomish River. In 2023, King 
County completed a project to improve traffic safety and flooding on the remaining portions of 
Old Cascade Highway. 

In September 2022, the Bolt Creek wildfire on the north side of the South Fork Skykomish River 
threatened the community of Grotto. If the wildfire had progressed to reach the sole-access Old 
Cascade Highway bridge, Miller River community members could potentially have been stranded on 
the south side of the river for an undetermined period. Nine alluvial fans on the slope affected by the 
Bolt Creek fire were determined to have moderate to high debris flow hazards following the Bolt 
Creek fire (Mickelson and Allen 2022), a level of hazard that is higher than it was prior to the fire. King 
County actively monitors the area for debris flows during times of intense rainfall and runoff to 
determine whether warnings and potential evacuations may be needed. 

Overview of the Upper Snoqualmie River Basin 
The three forks of the Snoqualmie River (North, Middle, and South) begin in the high peaks of the 
Cascades, follow steep watercourses through the mountains, and combine to form the mainstem 
Snoqualmie River north of the City of North Bend. The river flows through the City of Snoqualmie 
and over Snoqualmie Falls. The drainage area upstream of the falls is referred to as the upper 
Snoqualmie River basin, which is approximately 367 square miles. 

The South Fork Snoqualmie River basin drains 85 square miles and flows into the Snoqualmie River 
mainstem at River Mile 41.8, just downstream of the Middle and North Fork confluence in the Three 
Forks Natural Area. Upstream of Interstate 90 (I-90), land use is a mix of rural residential and forest 
lands. As the river approaches North Bend, land use transitions to low-density commercial and 
residential development. As the river moves north past North Bend, the river is largely unconfined 
and flows through a mix of rural residential and public lands. 

The Middle Fork Snoqualmie River and North Fork Snoqualmie River basins drain 104 and 170 square 
miles, respectively. The Middle Fork generally flows west and then north at the base of Mount Si to its 
confluence with the North Fork. The two forks combine within Three Forks Park to form the 
mainstem Snoqualmie River and the South Fork joins just downstream. 

Predominant land uses in the area are managed forests, parks and other public lands, and rural 
residential. The Snoqualmie Tribe reservation and other tribal trust lands are in this basin. Several 
small tributaries drain directly into the mainstem of the Snoqualmie River above Snoqualmie Falls, 
with Kimball Creek being the largest. 
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Confluence of Middle and North Fork Snoqualmie River, December 2023 

Geology and Geomorphology 
Each of the three forks of the Snoqualmie River within the flood hazard corridor is in a post-glacial 
valley that has incised into glacial sediments deposited during continental glaciation. The confluence 
of the three forks forms a complex alluvial fan that combines sediment deposition from the glacial 
runoff, the three fork rivers, and tributary streams, including Boxley, Clough, Ribary, and Kimball 
creeks. Much of the gravel and cobble sediment load in the upper Snoqualmie River is deposited 
upstream of Snoqualmie Falls where gradient and sediment-transport capacity decreases (Booth et 
al. 1991). 

The headwaters of the South Fork Snoqualmie River are steep bedrock-dominated slopes and terrain 
derived from alpine glaciations. Above Twin Falls, at River Mile 10.0, material from glacial sediments 
and modern alluvium and colluvium make up the channel substrate (Bethel 2004). Below Twin Falls, 
the river channel and morphology transition to a shallower gradient, and the channel form becomes 
braided with multiple small channels and frequently shifting gravel bars. Near North Bend, the South 
Fork Snoqualmie River emerges onto a broad alluvial fan where sediment from both the South and 
Middle forks is deposited (Reid and Dunne 1996). 

Intermittent revetments from River Mile 9.5 to River Mile 5.0 and the continuous levee system from 
River Mile 5.2 to River Mile 2.1 limit the potential for channel migration of the South Fork. The 
riverbed material is dominated by boulders, cobble, and gravel upstream of the levees. The riverbed 
in the leveed reach is dominated by gravel and cobble with significant local gravel bar accumulations. 
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Downstream of River Mile 2.0, the lack of bank armoring allows the channel to widen, meander, and 
freely migrate. The bed material in this reach is dominated by gravel, sand, and silt. The deposition of 
bedload downstream of River Mile 2.0 combined with new sediment inputs from local bank erosion 
and wood loading contribute to rapidly changing channel locations. 

Along most of their length, the North Fork Snoqualmie and Middle Fork Snoqualmie rivers flow 
primarily through unconsolidated deposits of boulders, cobble, gravel, sand, and silt that have been 
laid down and reworked by the rivers as they cut through glacially derived sediments. In places, the 
rivers abut older geologic materials at the edge of the valley floor, including older glacial deposits and 
the bedrock escarpment of Mount Si. Glaciers shaped the upper basin, including steering the North 
Fork southward to its confluence with the Middle Fork. The forks emerge from steep boulder and 
bedrock-dominated slopes and channels in the mountains and deposit their coarse sediment load on 
a broad, gently sloping valley floor (Booth et al. 1991). Intermittent levees and revetments along the 
two forks limit channel migration in places. 

Hydrology and Hydraulics 
The three forks of the Snoqualmie River (North, Middle, and South) begin in the high peaks of the 
Cascades, follow steep watercourses through the mountains, and combine to form the mainstem 
Snoqualmie River north of the City of North Bend. The river then flows through the City of 
Snoqualmie and over Snoqualmie Falls. Flows along the three forks are unregulated, with no major 
reservoirs in the system. Several hydroelectric facilities divert flows, including a dam operated by 
Puget Sound Energy immediately above Snoqualmie Falls. None of these hydroelectric facilities 
contain sufficient storage volume to influence downstream flooding. Table 2.2-3 lists the flow 
quantiles developed from various gages on the Snoqualmie River system for FEMA floodplain 
mapping of the North, Middle, and South Forks of the Snoqualmie River. The period of record for 
the gages was from 1909 to 1997. More recent data with a longer period of record may result in 
different values. 

TABLE 2.2-3 
FLOW QUANTILES FOR THE NORTH FORK, MIDDLE FORK, AND SOUTH FORK OF THE SNOQUALMIE RIVER 

(IN CUBIC FEET PER SECOND) 

Percent Annual Chance 
Exceedance Return Period 

North Fork at Mouth 
(cfs) 

Middle Fork at Mouth 
(cfs) 

South Fork at Mouth 
(cfs) 

10 10-year 18,600 26,900 10,100 

2 50-year 24,600 34,800 16,500 

1 100-year 27,200 38,600 20,200 

0.2 500-year 32,800 46,900 28,600 

Ecological Context and Salmonid Use 
All three forks of the upper Snoqualmie River drain a combination of wilderness and public and 
private timberlands in their uppermost reaches, much of which has been extensively logged. The 
upper reaches of the Middle and North Forks have relatively stable channels that flow through 
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forested floodplains and support natural ecosystem functions, yet these rivers are still affected by the 
legacy of logging activities. Once the three forks leave the timberlands, residential development in 
the floodplain and channel migration zone increases, and segments of the once-dynamic channels 
are now armored and locked in place by levees and revetments that contribute to degraded 
ecological conditions. Natural river processes are more evident in the three forks area. 

Riparian conditions vary greatly above Snoqualmie Falls. Headwater riparian areas are densely 
vegetated, mostly with conifers. On the valley floor, riparian vegetation becomes dominated by 
deciduous trees, and a range of rural to urban development has encroached on the river channels, 
often in old swales once occupied by one of the forks or the mainstem river (King County 2006). 

The natural barrier of Snoqualmie Falls prevents any migration of anadromous salmonids into the 
upper Snoqualmie River basin. Salmonid use above Snoqualmie Falls is limited to cutthroat and 
rainbow trout, mountain whitefish, and non-native brook trout. Although appropriate habitat is 
present and there are anecdotal reports of bull trout, a concerted survey effort to detect them 
following American Fisheries Society protocols in 2000 did not find any bull trout (King County 
2006). The Middle Fork Snoqualmie River contains the most robust trout population and greatest 
abundance of large trout in the upper portion of the Snoqualmie River system (King County 2013). 

Some beneficial functions of flooding and connected floodplains include the creation and 
maintenance of and access to floodplain off-channel habitat for multiple aquatic species, food web 
support, recruitment of large wood, routing and storage of coarse sediment, and access to off-
channel habitats. 

King County, in partnership with others, has completed numerous projects in the upper Snoqualmie 
basin that improve habitat conditions. The Snoqualmie Tribe recently completed an Upper 
Snoqualmie Resilient River Corridor Management Plan to improve fish and wildlife conditions and 
increase connectivity with the river in the upper Snoqualmie (above the falls). This Flood Plan 
identifies numerous projects that the tribe and partners will work to complete. 

Since anadromous fish cannot reach the upper Snoqualmie River, the WRIA 7 salmon recovery Lead 
Entity does not prioritize projects in the upper basin (although three are listed in their 10-year 2015– 
2025 plan, including one to remove knotweed from the upper basin). 

Primary Flood and Erosion Hazards and Risks 
In the upper Snoqualmie River Valley, flooding is typically overbank inundation by deep, slow-
moving floodwaters, with some areas of deep and fast flows. Depth of flooding may be 6 feet or 
greater with measurable velocity, and warning times are approximately 2 to 4 hours. Severe flooding 
has a return period of approximately 4.5 years (22 percent annual probability) (King County 2016b). 
Flooding and channel migration pose a risk to commercial and residential areas in the cities of 
Snoqualmie and North Bend and to residential areas in unincorporated King County. Significant areas 
within North Bend and Snoqualmie are in the mapped FEMA floodplain, and the City of Snoqualmie 
has the highest number of flood insurance claims in Washington state. 
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The lower reaches of the Middle and North Forks are subject to flooding and channel migration where 
rural residential development and agricultural land use are present. The discontinuous revetments 
and levees in this area provide some flood and erosion protection, but not flood containment. Levees 
in these reaches require frequent maintenance and repairs. 

Upstream of I-90 are discontinuous levees and revetments along both banks of the South Fork 
Snoqualmie River. Approaching North Bend, a series of continuous levees begins along both banks 
and continues through the city, which protect low-density commercial and residential development. 
The levees were designed asymmetrically, with higher levees on the right bank, where the North 
Bend city center is located. The levees on both banks were designed to contain floodwater flow of 
13,000 cubic feet per second (cfs), a flow which has an approximately 3 percent annual chance of 
being exceeded. 

The geometry of the alluvial fan at the confluence of the three forks results in overbank floodwaters 
from the Middle Fork flowing toward the South Fork (King County 2014). An analysis of the network of 
channels on the alluvial fan indicates significant potential for enlargement. Enlargement of these 
channels would increase risks of erosion, channel migration, and avulsion (Perkins 1996). The potential 
for rapid relocation of channels and associated hazards on alluvial fans is difficult to quantify. 

Sediment accumulating in reaches of all three forks affects local flooding and channel migration 
hazards by periodically reducing channel capacity and influencing changing channel positions and 
erosion patterns. Channel migration, including lateral bank erosion and channel avulsion, occurs in 
these reaches. Potential avulsion channels between the Middle Fork and South Fork are frequently 
activated by groundwater and sometimes by surface water from the Middle Fork, highlighting 
mapped channel migration hazards. On the North Fork, dramatic changes in channel position near its 
confluence with the Middle Fork increased risk to the 428th Avenue SE bridge abutments and levee 
setback capital projects constructed on both sides of the channel. 

King County mapped landslide hazards active within the river corridor that could impact flooding and 
channel migration hazards (2016). These include rockfall, debris flows with alluvial fans, and deep-
seated, complex landslide features. Fan, debris flow, and rockfall hazards extend along South Fork 
Snoqualmie River and the I-90 corridor to the river’s headwaters at Snoqualmie Pass. Rockfall debris 
from Mount Si is present in and controls the channel of the North Fork Snoqualmie River. In addition 
to flood and channel migration hazards from the three forks and mainstem Snoqualmie River, 
Kimball Creek presents flood risks to the City of Snoqualmie, and Ribary Creek presents flood risks in 
the City of North Bend. 

Overview of the Lower Snoqualmie River Basin 
The lower Snoqualmie River basin begins at Snoqualmie Falls at River Mile 38.5, with the river 
generally flowing north toward Snohomish County. The lower Snoqualmie River meanders through a 
broad valley floodplain, flowing past the unincorporated community of Fall City and the cities of 
Carnation and Duvall. The river crosses into Snohomish County and continues for approximately 5.5 
miles before it joins the Skykomish River near Monroe, forming the Snohomish River, which flows 
into Puget Sound in Everett. 
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Several tributaries join the lower Snoqualmie River, including the Tolt and Raging rivers, and Tokul, 
Patterson, Griffin, Harris, Tuck, and Cherry creeks. Most of these tributaries have relatively steep 
gradients until they meet the flat valley floor of the Snoqualmie River. The Tolt and Raging rivers are 
the largest tributaries, and both input large amounts of sediment into the Snoqualmie River, which 
provides important salmon spawning habitat at and downstream of their confluences. 

Aside from the residential and commercial centers of Fall City, Carnation, and Duvall, most of the 
land use in the lower Snoqualmie River Valley is currently agricultural and low-density residential. 
Approximately 87 percent of the lower Snoqualmie River floodplain currently falls within the 
Snoqualmie Agricultural Production District, lands which were historically critical habitat for fish and 
wildlife and hunting and gathering areas for the Snoqualmie Tribe. 

Future development in unincorporated King County in the lower Snoqualmie Valley is restricted by 
the FEMA floodway and zoning laws. Development is increasing in unincorporated Fall City, where 
most of the residential and commercial buildings are outside the regulatory floodplain. A proposed 
business district septic system will allow some limited additional commercial growth in this area. The 
system is not designed to accommodate full build-out of all lots in the commercial district, and at 
present it will allow for approximately 15 percent growth. 

The City of Carnation is similar in population and development to Fall City, but future development 
is limited primarily by available undeveloped property. Many of the remaining developable 
properties are in the process of building medium to large residential developments. The City of 
Duvall is almost entirely outside of the floodplain, with most of the developed area located on the 
hillside above the river. 

Geology and Geomorphology 
Snoqualmie Falls forms the upstream boundary of the lower Snoqualmie River watershed, where the 
Snoqualmie River flows over a 286-foot escarpment of resistant volcanic bedrock. Downstream from 
the falls, the Snoqualmie River transitions from a confined bedrock channel to an alluvial channel and 
wide floodplain. The broad, low-gradient valley currently occupied by the lower Snoqualmie River 
was formed by glacial runoff (Booth 1994). As river sediments were deposited adjacent to the 
channel within the valley, the elevation of riverbanks increased several feet higher than the 
surrounding floodplain, resulting in the formation of alluvial ridges (Collins et al. 2003b; Collins and 
Montgomery 2011). With riverbanks at a higher elevation than much of the valley floor, even 
relatively small overbank flows can result in valley-wide flooding. 

Much of the sediment load in the lower Snoqualmie River is contributed from high-gradient 
tributaries, including the Tolt and Raging rivers (Booth et al. 1991) and smaller creeks. The Tolt and 
Raging rivers deposit alluvial fans where they enter the valley of the lower Snoqualmie River near 
Carnation and Fall City, respectively, and these fans influence the mainstem Snoqualmie River 
channel course. Alluvial fans also formed where smaller tributary streams enter the relatively flat 
lower Snoqualmie River Valley. Tokul, Griffin, Harris, Adair, and Cherry creeks and other smaller 
tributaries all have alluvial fans present at their outlets to the Snoqualmie Valley bottom and 
historically contributed sediment to the river system. 
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Hydrology and Hydraulics 
Peak-flow hydrology of the lower Snoqualmie River is largely unregulated by dams and driven by 
runoff from fall and winter storms and snowmelt during the spring. Three run-of-the-river dams 
divert water for hydroelectric projects within the Snoqualmie River watershed at Snoqualmie, Twin, 
and Weeks falls, but do not have any flood storage capacity. Only the South Fork Tolt Dam, which 
impounds the South Fork Tolt Reservoir for the City of Seattle’s municipal water supply and 
hydroelectric power generation, maintains storage capacity within the lower Snoqualmie River 
watershed. Seattle uses this storage capacity to provide limited regulation of the magnitude and 
duration of floods during the fall and winter flood season for the Tolt and lower Snoqualmie rivers. 
Table 2.2-4 lists the flow quantiles developed for FEMA floodplain mapping of the lower Snoqualmie 
River. The quantiles are based on gage data with a period of record from 1930 to 2003. More recent 
data with a longer period of record may result in different values. Table 2.2-5, Table 2.2-6, 
Table 2.2-7, and Table 2.2-8 show recent high-flow events and the highest flows recorded for the 
Snoqualmie River at two gage locations (Carnation and Snoqualmie) to illustrate the extent of recent 
and possible flooding in the subbasin. 

TABLE 2.2-4 
FLOW QUANTILES FOR THE LOWER SNOQUALMIE RIVER 

Percent Chance 
Exceedance Return Period 

At Duvall 
(cfs) 

At Carnation 
(cfs) 

Near Snoqualmie 
(cfs) 

10 10-year 53,400 58,200 51,700 

2 50-year 75,800 82,400 71,000 

1 100-year 84,600 91,800 79,100 

0.2 500-year 99,700 113,300 95,200 

TABLE 2.2-5 
RECENT HIGH FLOWS, SNOQUALMIE RIVER NEAR SNOQUALMIE GAGE (USGS 12144500) 

Date Flows 

2022-11-05 36,700 cfs 

2022-03-01 36,400 cfs 

2019-10-22 46,900 cfs 

2015-12-09 49,500 cfs 

2015-11-17 48,000 cfs 

2015-01-05 50,100 cfs 
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revetments along the mainstem river, combined with land clearing to support extensive agricultural 
development, reduced natural floodplain function and the quantity and quality of instream salmon 
habitat. Additionally, access to many off-channel habitats and tributaries has been eliminated or 
impaired by the combination of culverts, bank armoring, and mainstem channel incision 
(Haring 2002). 

Observations from 2017 indicated that stream banks were armored across more than 40 percent of 
the lower Snoqualmie River, large wood abundance was found to be low, and most wood was 
relatively small. Since the adoption of the 2005 Snohomish River Basin Salmon Conservation Plan 
(2005 Salmon Plan), stream bank vegetation has increased, and the percentage of tree coverage has 
grown across the riparian corridor, but riparian conditions are still quite degraded compared to historic 
conditions (King County 2018). Likewise, while large wood abundance (pieces/mile) has increased, it 
remains significantly less than historic conditions. Large wood placement and side channel creation 
and restoration are considered integral short-term measures to support habitat-forming processes 
until restored riparian forests can support large wood recruitment (King County 2018). 

The Snohomish Salmon Recovery Forum and Snoqualmie Watershed Forum have identified and are 
guiding implementation of numerous salmon enhancement projects in the lower Snoqualmie River 
basin to address primary limiting factors. A total of 19 habitat restoration projects are identified in 
their 10-year plan (2015-2025) directly along or within the lower Snoqualmie River, and the long 
process of habitat restoration remains ongoing. 

Primary Flood and Erosion Hazards and Risks 
The lower Snoqualmie River Valley is prone to extensive and somewhat regular flooding, with 
multiple flood events that inundate farmland and low-lying roads in most years. With riverbanks at a 
higher elevation than much of the valley floor, even relatively small overbank flows can result in 
valley-wide flooding. Depth of flooding varies depending on location, with flooding of 3 to 6 feet in 
the vicinity of Carnation and depths of 6 feet or greater with measurable velocity in the vicinity of Fall 
City and Duvall. Approximate warning times range from 4 hours at Fall City to 12+ hours at Carnation 
to 24 hours at Duvall. Property owners and residents can sometimes be isolated for days by 
floodwater. Due to the widespread nature of flooding and the frequency that roads are inundated, 
driving into flood areas is one of the greatest risks to public safety. 

Four major roads cross the floodplain of the Snoqualmie River and are subject to flooding: NE Tolt 
Hill Road, NE Carnation Farm Road, NE 124th Street, and NE Woodinville Duvall Road. NE Tolt Hill 
Road and NE 124th Street are the first two of these roads to close and may close during even 
relatively minor flooding. Flooding of NE Carnation Farm Road and NE Woodinville Duvall Road does 
not typically occur until flooding is significant. When these routes are closed, it can limit access to and 
from communities on the east side of the Snoqualmie Valley and isolate these communities from 
services and places of employment. 
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General Land Office maps from 1873 and 1936 aerial photography, indicate that, prior to European 
settlement, this reach of the river was a highly mobile, more sinuous, multiple-threaded channel and 
major adjustments, such as down-valley meander migration and channel avulsions, were common. 

Hydrology and Hydraulics 
The Tolt River is characterized by a mixed rainfall-snowmelt hydrologic regime with elevated runoff 
during the fall and winter flood season and the spring freshet. About 20 percent of the overall Tolt 
River basin is regulated by the South Fork Tolt Dam, located 8 miles upstream of the confluence of 
the North and South Forks of the Tolt River. The South Fork Tolt Dam impounds a 56,000-acre-foot 
reservoir, which the City of Seattle has managed since 1964 to supply about 30 percent of the 
drinking water for 1.5 million people in and around Seattle. In 1996, a 16.8-megawatt hydroelectric 
facility was completed along the South Fork Tolt River and is operated by Seattle City Light. 

The South Fork Tolt Dam, completed in 1963, operated by the City of Seattle and located 16 miles 
upstream of Carnation on the South Fork Tolt River, is the only dam within the Tolt and Snoqualmie 
river basins with storage capacity during the flood season. The South Fork Tolt Dam is not operated 
primarily for flood control; however, during winter flood season, the reservoir is operated to maintain 
a flood storage volume to minimize risks to the dam. Hydrologic analyses have demonstrated that 
the effect of reservoir management is that flood magnitudes for a 1 percent annual chance flow and a 
50 percent annual chance flow are reduced approximately 20 percent and 30 percent, respectively 
(Watershed Science and Engineering 2015). If the reservoir is full prior to a storm event, however, it 
does not provide any flood reduction benefit. 

Table 2.2-9 lists the flow quantiles developed for FEMA floodplain mapping of the Tolt River for a 
period of record from 1938 to 1993. More recent data or a longer period of record may result in 
different values. Table 2.2-10 and Table 2.2-11 illustrate recent high flows and the highest flows 
recorded on the Tolt River. 

TABLE 2.2-9 
FLOW QUANTILES FOR THE TOLT RIVER 

Percent Chance Exceedance Return Period 
At Mouth 

(cfs) 

USGS Gage 12148500 
near Carnation 

(cfs) 

10 10-year 13,900 11,900 

2 50-year 19,500 16,700 

1 100-year 22,000 18,800 

0.2 500-year 27,800 23,800 
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TABLE 2.2-10 
RECENT HIGH FLOWS, TOLT RIVER NEAR CARNATION GAGE (USGS 12148500) 

Date Flows 

2020-02-01 9,740 cfs 

2015-01-05 9,340 cfs 

2009-01-08 13,800 cfs 

TABLE 2.2-11 
HIGHEST PEAK FLOWS RECORDED AT TOLT RIVER NEAR CARNATION GAGE (USGS 12148500) SINCE MEASUREMENTS BEGAN 

AT THE GAGE IN 1929 

Date Flows 

1959-12-15 (before South Fork Dam was built) 17,400 cfs 

1951-02-09 (before South Fork Dam was built) 16,800 cfs 

Ecological Context and Salmonid Use 
The Tolt River is the largest tributary to the lower Snoqualmie River and is by far its greatest source of 
coarse sediment, including salmonid spawning gravel. This sediment forms a delta that is among the 
most heavily used reaches for salmonid spawning in the Snohomish River basin. The Tolt River delta 
exerts a great influence on the larger Snoqualmie River channel, constricting and steepening it 
enough to create a diversity of habitats, including large pools and gravel-bedded spawning riffles that 
differ greatly from the majority of the Snoqualmie River’s low-gradient, sand- and silt-bedded, 
meandering channel (King County 2006). Observations from 2017 indicated that the banks were 
armored along more than 30 percent of the lower section of the Tolt River (King County 2018). 
Reaches in the Tolt River without levees have many more side channels than leveed reaches and 
much greater complexity (Haring 2002). 

The Tolt River is used by all the same salmonids that use the lower Snoqualmie River, including 
Chinook, chum, coho, and pink salmon; mountain whitefish; and rainbow-steelhead and cutthroat 
trout (King County 2006). Bull trout and Dolly Varden may also utilize this area, but sightings are 
extremely rare (Haring 2002). The lower Tolt River supports high-quality habitat for both juvenile and 
adult salmonids and is important for the persistence of both ESA-listed and non-listed salmonid 
populations in the Snoqualmie River watershed (King County 2018). 

The lower Tolt River suffers from reduced large wood recruitment and accumulation, alteration and 
loss of riparian habitats, floodplain modification, and disconnection of off-channel and side channel 
habitats via levees and bank hardening (Haring 2002). Research has found that off-channel habitats 
away from the mainstem of the river are crucial for providing juvenile salmon with shallow, slow-
water habitat, especially during floods (King County 2018). Salmon recovery efforts in the watershed 
have identified seven high-priority salmon enhancement projects in the 2015-2025 10-year plan 
along the Tolt River. 
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At I-90, the river turns abruptly to the northeast and flows through a confined inner gorge. The river 
from I-90 to River Mile 1.5 is steeper and narrower than the reach upstream of I-90. Here the river’s 
active floodplain is generally only a few hundred feet wide and bounded by alluvial terraces or the 
landslide-prone valley wall. The channel bed is largely boulder-dominated. 

The Raging River exits the inner gorge near River Mile 1.5, where the broader Snoqualmie Valley 
opens, allowing the river to build a broad alluvial fan at its confluence with the Snoqualmie River. 
Much of Fall City is located on the alluvial fan built by the Raging River. The river channel is on the far 
right (east) side of this alluvial fan. This lower reach is confined by levees along both banks, effectively 
eliminating channel migration and any potential for the channel to move across the alluvial fan or 
interact with its floodplain to create and maintain side channels or other floodplain habitats. 

The Raging River channel pattern has small-radius, open meander bends, and flows in a single-thread 
channel through most of its unleveed length, whether within the tightly confined gorge downstream 
of I-90 or within the relatively narrow floodplain upstream of I-90. Although relatively small, steep, 
and confined, the Raging River has a rapidly migrating channel (King County 2019; Shannon and 
Wilson 1991). Historical aerial photographs indicate that, prior to the establishment of the levee 
network on the alluvial fan, the Raging River in the Fall City reach was a highly mobile, more sinuous, 
multiple-threaded channel, likely also exhibiting rapid rates of adjustment such as lateral channel 
migration and channel avulsions. 

Hydrology and Hydraulics 
Flood hydrology of the Raging River is driven by rainfall during storms from November through 
February. Unlike the watersheds of the adjacent Cedar and Snoqualmie rivers that originate in the 
Cascade Range, the Raging River watershed drains relatively low-elevation foothills of the Cascade 
Range that do not develop an appreciable winter snowpack. Overall relief of the Raging River’s small 
33-square-mile watershed reaches only 3,500 feet. The resultant basin geometry contributes to 
flashy, short-duration floods that rise and recede quickly and high-velocity and erosive flows within 
its steep channel and confined floodplain. 

King County and other agencies use the USGS gage 12145500 near Fall City for flood monitoring on 
the Raging River. This gage is located at River Mile 2.8 and records runoff from 93 percent of the 
basin. Peak-flow magnitudes and recurrence intervals were calculated for the FEMA Flood Insurance 
Study based on flows measured at this gage for the period of record from 1945 to 1992, plus an 
historic event in 1932. Because no gage exists at the Raging River mouth, peak-flow magnitudes at 
that location are estimated by the ratio of drainage areas at the mouth and at USGS gage 12145500. 
Table 2.2-12 lists the flow quantiles developed for FEMA floodplain mapping of the Raging River. 
More recent data with a longer period of record may result in different values. Table 2.2-13 and 
Table 2.2-14 list recent high flows and the highest flows recorded for the Raging River. 
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TABLE 2.2-12 
FLOW QUANTILES FOR THE RAGING RIVER 

Percent Chance 
Exceedance Return Period 

At Mouth 
(cfs) 

USGS Gage 12145500 
(cfs) 

10 10-year 4,031 3,790 

2 50-year 6,286 5,910 

1 100-year 7,413 6,970 

0.2 500-year 10,465 9,840 

TABLE 2.2-13 
RECENT HIGH FLOWS, RAGING RIVER NEAR FALL CITY GAGE (USGS 12145500) 

Date Flows 

2020-02-06 3,280 cfs 

2015-12-09 3,520 cfs 

TABLE 2.2-14 
HIGHEST PEAK FLOWS RECORDED AT RAGING RIVER NEAR FALL CITY GAGE (USGS 12145500) 

SINCE GAGE WAS INSTALLED IN 1945 

Date Flows 

1990-11-24 6,220 cfs 

1986-11-23 5,330 cfs 

1990-01-09 4,640 cfs 

Ecological Context and Salmonid Use 
The Raging River is the second largest and second most ecologically influential tributary to the lower 
Snoqualmie River. It is a major contributor of gravel to the lower Snoqualmie River, with its delta 
locally constricting and steepening the lower Snoqualmie River channel. This constriction creates a 
river reach much different from most of the lower Snoqualmie River and results in high-quality 
spawning and rearing conditions for salmonids in the mainstem lower Snoqualmie River. Its 
proximity to the upper extent of anadromous fish use at Snoqualmie Falls (located about 4 miles 
upstream) and its distance from the Tolt River (about 11 miles downstream) provides spatial 
separation of salmonid spawning habitats that may be helpful in maintaining geographic distribution 
and genetic diversity, two important factors in maintaining viable salmon populations. 

Observations from 2017 indicated that stream banks are armored across more than 40 percent of 
the lower Raging River, impairing riverine and floodplain processes and degrading juvenile salmon-
rearing habitat conditions. Within the riparian zone, primary land cover consisted of trees with 
secondary land cover consisting of impervious surfaces and shrubs (King County 2018). 
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The lower Raging River is used by Chinook, chum, and coho salmon, rainbow trout (including winter 
steelhead), cutthroat trout, mountain whitefish, and, rarely, bull trout. Historically, pink salmon were 
abundant, but since the 1950s they have mostly disappeared. It is also possible that a riverine form of 
sockeye salmon spawn in the lowermost reaches of the river, as they have been found elsewhere in 
the Snoqualmie River. The Raging River is in the highest tier of Chinook salmon use, and it contains at 
least 12 percent of the total spawning escapement for the Snohomish River basin (Haring 2002, King 
County 2006). 

The lower third of the 15 total miles of the Raging River exhibits highly constrained and degraded 
channel and floodplain conditions. Levees from the mouth to River Mile 1.4 cut off wetlands and 
prevent the channel from meandering and side channels from developing. Mature riparian forests are 
lacking, which limits the potential for large wood recruitment along the Raging River. This lack of large 
wood results in few pools and simplified salmon habitat (Haring 2002; King County 2006). Fish 
passage barriers exist on tributaries, and levees limit access to off-channel floodplain habitat (Haring 
2002; King County 2018). 

Primary Flood and Erosion Hazards and Risks 
The Raging River basin is relatively steep and short, producing floods that peak and recede quickly 
and have fast and erosive flows along the steep channel and narrow floodplain. Depth of flooding 
ranges from shallow flooding to 6 feet with measurable velocity, and warning time is unavailable. The 
river basin, from the end of Upper Preston Road SE near River Mile 8.3 downstream to I-90 at River 
Mile 4.9, has a moderate gradient and, because of relatively limited confinement by flood protection 
infrastructure, has high rates of lateral migration. Low-density residential development is impacted 
by flood inundation, bank erosion, and landslide and debris flows, and is also at risk from channel 
migration and avulsion. Preston-Fall City Road SE runs the length of the river valley from I-90 
downstream to Fall City. Flood protection infrastructure, which requires monitoring and recurrent 
repairs, protects the bank where the road is adjacent to the channel between River Miles 3.0 and 4.0. 

King County mapped channel migration and landslide hazard areas in 2019 and 2016, respectively, 
within the Raging River to identify the potential impacts on flooding and risk to people and 
infrastructure within the river corridor (King County 2016a, 2019). The 2019 channel migration 
mapping was an update of earlier mapping done by King County in 1991 (Shannon and Wilson 1991). 

Although the rates of channel migration are lower than upstream of I-90, the active channel is 
eroding into the valley margin in several locations, posing risks to private and public infrastructure due 
to bank erosion. Local irregularities in geologic conditions appear to contribute to complex subsurface 
drainage pathways that also cause local settlement and hill-slope instability. 

In its downstream reach, the Raging River historically migrated across the extent of its alluvial fan but 
is now largely confined throughout by continuous levees on both banks, which are intended to limit 
channel migration and damage caused by flooding. Flooding in this reach is caused when the levees 
are overtopped or damaged and by mainstem Snoqualmie River flooding, leading to flooding of 
residential and commercial properties and impacts to buildings and their contents. 
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Upper Preston Road damage on the Raging River, November 2006 

Potential Impacts from Climate Change and Other Future Changes 
South Fork Skykomish River 
By the 2080s, the 10-year and 100-year peak flow events for the South Fork Skykomish River near Index 
(USGS ID: 12133000) are projected to increase 34 percent (range of 1 to 85 percent) and 40 percent 
(range of -11 to +123 percent), respectively, under a high greenhouse gas emissions scenario, relative to the 
1970–1999 average (CIG Phase 2 report).30 Changes in peak flows are influenced by both the declines in 
snowpack and by higher intensity heavy rain. Impacts from these changes may include increases in the 
size and frequency of risks posed by flooding and channel migration hazards. Larger and more frequent 
floods increase the risk of levee and revetment damage, bank erosion, inundation of floodplain areas, 
damage to public and private infrastructure, and isolation of communities that can be cut off by road 
flooding. Any increase in development in flood or channel migration hazard areas will increase flood risks. 

30 Results based on an ensemble average of 12 regional climate model scenarios (using the Weather Research and 
Forecasting [WRF] model) and a high greenhouse gas scenario (RCP 8.5) from the UW Climate Impacts Group (CIG) 
Phase 2 assessment, completed in June 2020 and updated in November 2020 (Mauger and Won 2020). Phase 3 of the 
CIG study, scheduled for completion in 2024, will update these projections and may result in higher projected changes 
than that shown here. 
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The heavily forested condition of the South Fork Skykomish River watershed makes it susceptible to 
wildfires, which are increasing in frequency and severity in drier regions of the western U.S. due to the 
accumulation of fuels from wildfire suppression in the 20th century combined with the effects of 
climate change. In 2022, the Bolt Creek fire burned more than 14,000 acres in the basin, which started 
on the west bank of the Beckler River and spread to the slopes above the South Fork Skykomish River 
for about 3 miles in the vicinity of the communities of Grotto and Baring. Nine alluvial fans on the slope 
affected by the Bolt Creek fire were determined to have moderate to high debris flow hazards following 
the fire (Mickelson and Allen 2022) and are being actively monitored during the flood season. 

Upper Snoqualmie River 
By the 2080s, average streamflow for October through March is projected to increase by 15 to 33 
percent for the Snoqualmie River near Snoqualmie (USGS ID: 12144500), relative to the 1970–1999 
average. Changes in peak flows are influenced by both the declines in snowpack and by higher 
intensity heavy rain (CIG Phase 1 Report, Lee et al. 2018). Impacts from these changes may include 
increases in the size and frequency of risks posed by flooding and channel migration hazards. Larger 
and more frequent floods increase the risk of levee breaching, levee and revetment damage, bank 
erosion, inundation of floodplain areas, damages to public and private infrastructure, and isolation of 
communities that can be cut off by road flooding. Any increase in development in flood or channel 
migration hazard areas will result in an increase in flood risks. 

Lower Snoqualmie River 
By the 2080s, the 10-year and 100-year peak flow events for the Snoqualmie River near Carnation 
(USGS ID: 12149000) are projected to increase 24 percent (range of -10 to 92 percent) and 40 percent 
(range of -18 percent to +103 percent), respectively, under a high greenhouse gas emissions scenario, 
relative to the 1970–1999 average (Mauger and Won 2020). Changes in peak flows are influenced by 
both the declines in snowpack and by higher intensity heavy rain (Lee et al. 2018). Impacts from these 
changes may include increases in the size and frequency of risks posed by flooding and channel 
migration hazards. Larger and more frequent floods increase the risk of levee and revetment damage, 
bank erosion, inundation of floodplain areas, damages to public and private infrastructure, impacts on 
agricultural production, and isolation of communities that can be cut off by road flooding. Any increase 
in development in flood or channel migration hazard areas will increase flood risks. 

Tolt River 
By the 2080s, the 10-year and 100-year peak flow events for the Tolt River near Carnation (USGS 
ID: 12148500) are projected to increase 11 percent (range of -12 to +69 percent) and 43 percent 
(range of -11 to +119 percent), respectively, under a high greenhouse gas emissions scenario, relative to 
the 1970–1999 average (Mauger and Won 2020). Changes in peak flows are influenced by both the 
declines in snowpack and by higher intensity heavy rain (Lee et al. 2018). Impacts from these changes 
may include increases in the size and frequency of risks posed by flooding and channel migration 
hazards. Larger and more frequent floods increase the risk of levee breaching, levee and revetment 
damage, bank erosion, inundation of floodplain areas, damages to public and private infrastructure, 
and isolation of communities that can be cut off by road flooding. Any increase in development in 
flood or channel migration hazard areas will result in an increase in flood risks. 
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The City of Seattle built three dams in the early 20th century on the Cedar River to provide a stable 
municipal water supply. These include the Masonry Dam and the Crib Dam (reconstructed as the 
Overflow Dike), at the outlet of Chester Morse Lake, and the Landsburg Diversion Dam. The Cedar 
River watershed upstream of the Landsburg Diversion Dam, which includes about two-thirds of its 
overall watershed, is largely undeveloped forestland managed by the City of Seattle for the primary 
purpose of municipal water supply and a secondary purpose of hydroelectric power generation. 
Downstream of the Landsburg Diversion Dam, residential, commercial, and industrial development is 
present within the lower Cedar River corridor. Residential development shifts downstream from rural 
residential to suburban single-family near Renton. Commercial and industrial development also 
increases downstream in proximity to Renton. 

The downstream-most 5 miles of the river and its floodplain are almost entirely within the City of 
Renton, which has the highest population density and largest business center within the Cedar River 
watershed, including a Boeing manufacturing facility as a major regional employer and the Renton 
Municipal Airport. This area contains parks, single- and multi-family residential development, 
commercial development, and portions of the downtown business core. In addition to these 
developed areas, King County, local municipalities, and others manage hundreds of acres of open-
space lands along the lower Cedar River between Landsburg Dam and the City of Renton. 

Geology and Geomorphology 
The Cedar River watershed is primarily underlain by bedrock of the Cascade Range and 
unconsolidated glacial sediments upstream and downstream of Chester Morse Lake, respectively. A 
glacial moraine impounded Chester Morse Lake, downstream of which the Cedar River eroded its 
present valley through glacial sediments. At the outlet of this valley near the City of Renton, the 
Cedar River deposited an alluvial fan at the southern margin of what became Lake Washington once 
it was impounded by this alluvial fan and separated from the Duwamish River Valley to the west 
(Dunne and Dietrich 1979). 

Prior to European settlement in the mid-19th century, the Cedar River was a meandering, braided 
river with multiple secondary channels across its floodplain. The river flowed into the Black River, 
which flowed south from Lake Washington to the Duwamish River. Construction of the Hiram M. 
Chittenden (Ballard) Locks and Ship Canal by the U.S. Army Corps of Engineers (Corps) in 1916, which 
connected Lake Washington to Puget Sound, resulted in the water surface elevation of Lake 
Washington dropping by 9 feet. The Cedar River was then diverted from the Black and Duwamish 
rivers to flow into Lake Washington (Chrzastowski 1983). 

During the 20th century, alterations to the Cedar River channel and hydrology included revetment 
construction, removal of large wood jams, and flow regulation, which largely constrained the Cedar 
River to a single-threaded, meandering channel. The Cedar River channel progressively narrowed, 
and channel migration rates decreased during the 20th century (Perkins 1994; Gendaszek et al. 2012). 

The Cedar River transports sediment supplied to its channel from erosion of alluvial deposits and 
from landslides along its valley walls. During the 20th century, erosion of alluvial deposits was limited 
by the construction of revetments that reduced channel migration and peak-flood discharges. 
Upstream of the Cedar River alluvial fan at River Mile 1.7, excessive sediment deposition does not 
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limit channel conveyance capacity. At River Mile 1.7, the Cedar River loses gradient. When the Cedar 
River was diverted to flow into Lake Washington, a straightened channel was constructed across the 
historical alluvial fan. However, the loss of gradient persists and backwater from the lake results in 
continued sediment deposition within the Cedar River at Renton. 

Cedar River flooding in Renton, 1996 

The City of Renton, with assistance from the King County FCD and the Corps, has repeatedly dredged 
the deposits from this lowest portion of the river. In 1998, the City of Renton participated in a Corps 
205 Flood Control Project that resulted in gravel removal and construction of floodwalls and levees 
along the reach of the Cedar River, passing through the City of Renton from River Mile 1.2 to its outlet 
at Lake Washington at River Mile 0. This substantial flood reduction project protects critical 
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infrastructure important to the regional and state economies, including the Boeing Renton Plant and 
the Renton Municipal Airport as major employers. 

The City of Renton maintains the 205 Flood Control Project structures through an agreement with 
the Corps. Levees and floodwalls are designed to protect up to the 1 percent annual chance flood. 
Sediment accumulation is regularly monitored, and periodic dredging is conducted to maintain 
freeboard at the levees and floodwalls to contain the 1 percent annual chance flood. The most recent 
dredging was completed in 2016 and was funded by the FCD. The frequency of dredging in the 
future is expected to be on the order of every 10 to 20 years. 

Hydrology and Hydraulics 
Most precipitation within the Cedar River basin falls during the fall and winter as snow in the upper 
elevations of the basin and rain at lower elevations. Seasonally, high-intensity, focused precipitation 
associated with atmospheric river events, often accompanied by above-average temperatures and 
melting of the snowpack, has resulted in high rates of runoff and flooding throughout the basin. Most 
major flooding on the Cedar River has typically occurred during the fall and winter rainy season 
between October and March. 

The magnitude and duration of floods from the Cedar River are driven by runoff from storms. 
Although Cedar River discharge is regulated by the City of Seattle for water-supply operations, limited 
flood storage capacity exists within Chester Morse Lake during the fall and winter flood season, which 
can be used to reduce flood peaks for downstream communities and limit scour of salmon redds, or 
nests, within streambed gravels. The city also augments summer low flows for the purpose of 
supporting salmon runs, consistent with instream flow requirements established under the Cedar River 
Watershed Habitat Conservation Plan prepared under the ESA (City of Seattle 2000). 

While the Masonry Dam was not designed or built to serve as a flood-control dam, it has the capacity 
to store up to 15,000 acre-feet of floodwater. During the flood season, the dam is operated to 
maintain a buffer, or “flood pocket,” in the reservoir whenever possible so that the peak discharge of 
floods can be reduced. The effect of this management practice has been a reduction in the 
magnitude, frequency, and severity of flooding downstream of the dam, while sometimes also 
increasing the duration of flood peak flows. The dam is neither intended for, nor capable of, holding 
back high-volume, long-duration, or back-to-back flood events that do not allow adequate time to 
restore Chester Morse Lake’s flood pocket. So, while the dam does provide some limited flood risk 
reduction benefits under certain circumstances, flood-prone areas downstream remain exposed to 
severe flood risks. 

Flow quantiles represent common flood events based on the percent chance that they will occur in 
any given year (percent chance exceedance) or the average interval of time that passes between 
similarly sized flood events (return period). Flow quantiles developed for FEMA floodplain mapping 
of the Cedar River are listed in Table 2.3-1. Projected flows for four different events at two different 
locations on the river are provided. The flows are based on periods of record from approximately 
1920 to 2000 at Landsburg and 1946 to 2000 at Renton. Table 2.3-2 and Table 2.3-3 show recent 
high flows and the highest flows on record since gage measurements began. 
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TABLE 2.3-1 
FLOW QUANTILES FOR THE CEDAR RIVER 

Percent Chance Exceedance Return Period 
Landsburg 

(cfs) 
Renton (USGS Gage 12119000) 

(cfs) 

10 10-year 4,880 5,940 

2 50-year 8,340 9,860 

1 100-year 10,300 12,000 

0.2 500-year 16,100 18,400 

TABLE 2.3-2 
RECENT HIGH FLOWS, CEDAR RIVER NEAR LANDSBURG GAGE (USGS 12117500) 

Date Flow 

2020-02-07 7,590 cfs 

TABLE 2.3-3 
HIGHEST FLOWS RECORDED AT CEDAR RIVER NEAR LANDSBURG GAGE (USGS 12117500) SINCE GAGE WAS INSTALLED IN 

1895 

Date Flows 

1911-11-19 14,200 cfs 

1906-11-15 12,400 cfs 

1990-11-24 10,800 cfs 

Ecological Context and Salmonid Use 
Physical and ecological processes and habitat in the Cedar River watershed have been substantially 
altered from historical conditions via hydrologic alterations, land development, and channel 
modifications. The lower Cedar River contains forested areas, but bank armoring and residential land 
uses have reduced floodplain connectivity and led to reduced sediment and wood supply, which has 
simplified instream habitat (WRIA 8 2005). Geomorphic and habitat complexity are low through 
much of the lower watershed. Large wood volumes are low and fish habitat is dominated by riffles, 
with few large pools besides lateral scour pools associated with hardened banks (King County 2018). 

The Cedar River supports the largest number of natural-origin Chinook in the WRIA 8 watershed and 
is the highest priority spawning and rearing area for WRIA 8 Chinook. The Cedar River is also the 
primary spawning area for Lake Washington sockeye and steelhead (WRIA 8 2018). The Cedar River 
is also used by coho, rainbow, and cutthroat trout, and mountain whitefish (King County 2006). The 
area above Chester Morse Lake contains bull trout, who use the lake and tributaries for spawning and 
rearing (WRIA 8 2005). 
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Flooding supports the recruitment and transport of large wood to the river, which is identified as a 
key habitat goal for the Cedar River watershed. Wood recruitment to the river is currently limited, and 
reconnected floodplain areas are critical for allowing for recruitment of wood to the river and 
providing areas for wood deposition and retention. 

Primary Flood and Erosion Hazards and Risks 
Flooding and flood damage to property and infrastructure occur throughout the basin, and the depth 
of flooding and warning time varies depending on location. The rural residential areas upstream of 
Renton can see depths of 1 to 6 feet with a warning time of 1.5 to 6 hours. Renton can experience 
depths of 3 to 6 feet and has a 6-hour warning time, and the lower river adjacent to Boeing can see 
depths of 1 – 3 feet with a 6-hour warning time. Areas of low-lying floodplain, channel banks, and 
active gravel bars can be inundated, eroded, or shifted by floodwaters. Flood protection infrastructure 
built in the last century often relied on design and construction standards that are now outdated, 
resulting in deterioration of older flood protection facilities. Additionally, extensive development in 
areas with little or no flood protection, the emergence of new flood hazard areas following major 
flood events, and an increase in the number of homes and infrastructure in flood hazard areas all 
contribute to flood risk in the basin. 

Flooding in residential areas poses the greatest risk to public safety in the lower and middle reaches 
of the Cedar River. Even moderate floods can cause high-velocity flows around homes and over sole-
access roadways. At approximately a 20 percent annual chance flood, significant overbank flooding 
and inundation of structures starts to occur. Between a 10 percent and 5 percent annual chance 
flood, homes, businesses, and infrastructure begin to experience areas of deep, fast flows and 
damage. Higher flows typically lead to widespread flooding, major safety concerns, evacuations, road 
closures, and substantial flood damage to structures and property. 

The Cedar River Trail, mostly constructed along the historical grade of the Milwaukee Road railroad, 
follows the river for much of its length and extends from Lake Washington to Landsburg. In many 
locations, the river abuts the Cedar River Trail, which needs protection due to the presence of a 
regional fiber optic line buried within the trail prism along part of its length. Just beyond the trail is 
State Route 169. Protection of these important regional infrastructure assets remains a primary focus 
of the Cedar River flood hazard mitigation capital program. 

King County mapped the channel migration zone in 2015 and 2019 and delineated severe and 
moderate channel migration hazard areas, including potential avulsion pathways (King County 2015; 
2019). Although much of the Cedar River remains a meandering single-thread channel, partial 
avulsions, constructed side channels, and floodplain reconnection efforts and levee setbacks have 
begun to restore multi-thread, braided channels. These channels have created greater diversity than 
single-threaded channels and provide additional flood storage capacity in some reaches of the river. 
Channel migration continues to present substantial risk along the Cedar River to residential 
development within the mapped channel migration zone. 

The Cedar River is also flanked by numerous steep, landslide-prone hillsides that contribute 
important sediment to the river but which have also blocked large portions of the channel during 
past landslide events. Landslides continue to remain a potential threat to floodwater conveyance 
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and pose an additional flood risk. Earthquakes have historically triggered landslides within the 
Cedar River Valley, including a large landslide at River Mile 5.0 triggered by the 6.8-magnitude 
Nisqually Earthquake on February 28, 2001, which resulted in channel avulsion and flooding 
upstream of the landslide. 

Landslides and debris flows along steep slopes at the margins of the Cedar River Valley convey 
sediment to the Cedar River channel throughout its much of its corridor. King County mapped 
landslides within the Cedar River corridors in 2016 and identified areas of potential deep-seated 
landslides that are both in contact with the river and large enough to partially or completely block the 
river channel and affect flooding occurrence and severity (King County 2016). King County also 
identified smaller landslides and debris flows, which can contribute large amounts of sediment that 
can impact flooding locally and downstream as sediment is moved and stored within the river 
channel (King County 2016). It should be noted, however, that landslides are an important source of 
sediment to the Cedar River that help form and maintain aquatic habitat. 

Overview of Sammamish River Basin 
The Sammamish River flows 13.8 miles from the weir at the outlet of Lake Sammamish near the City 
of Redmond to its mouth in Lake Washington at the City of Kenmore, draining 240 square miles of 
the foothills of the Cascade Range and the Puget Lowland. Major tributaries to the Sammamish River 
include Bear, Little Bear, North, and Swamp creeks. Issaquah, Tibbetts, and Laughing Jacobs creeks 
flow into Lake Sammamish upstream of the Sammamish River. Prior to the diversion of the Cedar 
River to Lake Washington following the construction of the Ballard Locks and the Lake Washington 
Ship Canal, the Sammamish River was the largest tributary to Lake Washington. 

The Sammamish River is a low-gradient river, at present losing about 14 feet in elevation over its 14-
mile length. The Sammamish River’s floodplain spans much of the valley floor upstream of the City 
of Woodinville where it occupies a broad valley north of Lake Sammamish but narrows downstream 
where the valley becomes more confined. The entire river is part of the Sammamish River 
Improvement Project (SRIP) completed by the Corps in 1964–1966, with King County designated as 
the local sponsor. The SRIP channelized, dredged, and straightened what was previously a highly 
sinuous, meandering channel and extensive floodplain wetland network (formerly called the 
Sammamish Slough). This project connected and completed several earlier piecemeal efforts by King 
County diking districts and individual landowners to allow the river’s floodplain to be developed. 

Much of the Sammamish River flows through incorporated areas. Starting at the mouth and moving 
upstream, the river passes through the cities of Kenmore, Bothell, Woodinville, and Redmond. The 
middle portion of the river is in unincorporated King County, with most of the land in this area 
protected for farming uses as an Agricultural Production District. While the valley was once used 
almost exclusively for agriculture, today a variety of land uses can be found along the river. 

The paved, well-maintained Sammamish River Trail lines 10.1 miles of the river. The Sammamish 
River Trail is a major connection between several other trail and park systems, including the Burke-
Gilman Trail to the City of Seattle, Wilmot Gateway Park in Woodinville, Sammamish Regional Park, 
Willows Run Golf Complex, and the largest active-use park in the King County Park system, 
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Marymoor Park. A trail extension connects the Sammamish River Trail with the East Lake 
Sammamish Trail via Marymoor Park. 

Geology and Geomorphology 
Lake Sammamish and the Sammamish River Valley are examples of a glacial trough, carved by sub-
glacial meltwater during continental glaciation (Booth 1994). The lake is naturally impounded by the 
alluvial fan formed at the mouth of Bear Creek. The present-day river is a constructed single-thread 
channel with a mildly meandering pattern. Landward of the armored riverbanks is a floodplain of 
young alluvium, wetland deposits, and older terraces. 

The historically sinuous channel that meandered through a wide, low-gradient valley bottom with 
sand and silt substrate is consistent with the glacial trough features seen in the lower Snoqualmie 
River (Collins et al. 2003). As such, naturally slow rates of lateral channel migration could be 
expected before the massive alterations that revised the Sammamish River channel and floodplain. 
With the entire river now channelized and locked in place by bank armoring, there is little likelihood 
of channel movement. 

Hydrology and Hydraulics 
Prior to European settlement, Lake Sammamish drained into Lake Washington through the old 
Sammamish Slough, a highly meandering, low-gradient river bordered by extensive wetlands and 
floodplains. The meandering course of the Sammamish Slough stretched about 30 miles from Lake 
Sammamish to Lake Washington and was an important transportation corridor. Following the 
construction of the Lake Washington Ship Canal and Ballard Locks in 1916 and the accompanying 
lowering of Lake Washington by 9 feet, the water surface of the Sammamish Slough lowered as well. 

Property owners along the slough formed a drainage district to straighten and deepen the channel so 
that the adjacent lands could be developed for agriculture. Lands along the renamed Sammamish 
River were converted into agricultural use, but from the beginning they were subjected to almost 
annual flooding from spring runoff. The Corps completed the river channelization project in 1966, 
resulting in the present 14-mile course of the Sammamish River. 

From Lake Sammamish to its outflow at Kenmore, the river was dredged, which deepened the 
channel approximately 5 feet and increased the channel width from approximately 15 feet to 
between 32 and 50 feet. A low weir at the outlet of Lake Sammamish was installed, which marks the 
upper boundary of the river. The weir outlet slows the release of water from Lake Sammamish during 
low-flow periods to maintain summer lake levels. During high flows, the weir is completely 
submerged by the river, acting as an uncontrolled spillway. The SRIP was designed to pass 
approximately a 2.5 percent annual chance springtime flood, equivalent to a 10 percent annual 
chance winter storm, over the weir without the water surface elevation in Lake Sammamish 
exceeding 29 feet. 
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Manufactured home community along the modified banks of the Sammamish River, October 2022 

Flow quantiles represent common flood events based on the percent chance that they will occur in 
any given year (percent chance exceedance) or the average interval of time that passes between 
similarly sized flood events (return period). Flow quantiles developed for FEMA floodplain mapping 
of the Sammamish River are listed in Table 2.3-4. Flow quantiles for four different events at two 
different locations on the river are shown. The flow quantiles were developed by analyzing the timing 
of flow inputs from various tributaries and are based on a period of record from 1949 to 2009. 
Table 2.3-5 and Table 2.3-6 show recent high flow on the river and the highest Lake Sammamish 
water surface elevations since gage measurements began. 

TABLE 2.3-4 
FLOW QUANTILES FOR THE SAMMAMISH RIVER 

Percent Chance Exceedance Return Period 
At Mouth 

(cfs) 
Just Downstream of Bear Creek 

(cfs) 

10 10-year 3,950 1,980 

2 50-year 4,890 2,420 

1 100-year 5,260 2,590 

0.2 500-year 6,060 2,970 
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TABLE 2.3-5 
RECENT PEAK FLOW: SAMMAMISH RIVER AT MARYMOOR WEIR (KING COUNTY 51M) 

Date Flow 

2020-02-09 1,791 cfs 

TABLE 2.3-6 
HIGHEST RECORDED LAKE SAMMAMISH LEVELS SINCE GAGE WAS INSTALLED IN 1939, SAMMAMISH LAKE NEAR REDMOND 

(USGS 12122000) 

Date Flows 

1951-02-12 33.44 feet 

2020-02-09 31.17 feet 

Ecological Context and Salmonid Use 
Habitat in the Sammamish River has been dramatically altered from historic conditions. The lowering 
of Lake Washington and the subsequent straightening, dredging, and bank armoring of the 
Sammamish River have eliminated connections between the river and its floodplain and wetlands. As 
a result, both the quantity and quality of aquatic habitats have been reduced (King County 2006). 

The Sammamish River is used by ESA-listed Chinook salmon as well as coho, sockeye, and kokanee 
salmon, and rainbow and cutthroat trout (Kerwin 2001). There are historical accounts of salmonid 
spawning in the Sammamish River prior to its modifications, but today there is little or no spawning 
(Mattila, pers. comm., in King County 2006). Thus, the river primarily serves as a migration and 
rearing corridor for salmon that spawn in streams, such as Bear, Issaquah, Little Bear, North, and 
Swamp creeks, and a myriad of smaller streams that still retain some salmonid use, mostly for coho 
salmon and cutthroat trout (King County 2006) and possibly kokanee (Lake Sammamish Kokanee 
Work Group 2014). These streams provide important opportunities for salmon to disperse and find 
suitable habitats, and many restoration efforts led by local governments and nonprofits focus on 
improving the quality and quantity of habitat in these systems. 

Riparian areas along the river are largely lacking tall trees, although multiple recent projects (e.g., by 
the City of Redmond) have re-established native vegetation in select areas. As a result of degraded 
riparian conditions, large wood recruitment from riparian areas is reduced, which simplifies instream 
habitat (R2 Resource Consultants 1999; King County 2006). Additionally, the lack of riparian 
vegetation along the Sammamish River has resulted in extremely high water temperatures in 
summer and early fall, impacting salmon migration and likely contributing to pre-spawn mortality 
(King County 2006). Water temperatures that are both lethal and sublethal in the Sammamish River 
are key constraints on Chinook recovery (WRIA 8 2018). 

The Sammamish River is a Tier 1 area under the WRIA 8 Chinook Conservation Plan and is one of the 
highest priority habitats for protection and restoration (WRIA 8 2018). WRIA 8 habitat goals for the 
Sammamish River include increasing riparian cover and adding thermal refugia (WRIA 8 2018). These 
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actions would support survival and productivity of salmon spawned in upstream areas by reducing 
temperature problems and increasing habitat complexity, such as pools and hiding cover, along their 
migratory pathway. While the engineered nature of the Sammamish River has greatly diminished 
(and in some cases eliminated) the beneficial functions associated with connected floodplains, some 
limited areas with connected floodplains do remain that provide habitat benefits. Such areas can be 
found in the cities of Redmond, Kenmore, and Bothell. 

The shallow-water shoreline areas of Lake Sammamish are important for salmon to escape from 
predation and for feeding as fry (WRIA 8 2017). Most of the lakeshore is privately owned and 
developed, which has resulted in shoreline armoring and other modifications. Overwater structures 
along the lake impact prey resources and migration behavior of Chinook salmon and reduce the 
amount and quality of shallow water habitat (WRIA 8 2005). Predation of juvenile Chinook by native 
and non-native species in Lake Sammamish is suspected to limit juvenile survival in the watershed 
(WRIA 8 2017). Other factors limiting salmon in the lake include invasive plant species, elevated 
water temperatures, low dissolved oxygen, and inadequate riparian buffers (Ecology 2020). 

The Lake Sammamish kokanee salmon is a freshwater species that spawns primarily in tributaries to 
Lake Sammamish and on lake beaches near potential groundwater upwelling areas (Lake 
Sammamish Kokanee Workgroup 2014). Kokanee rear and mature in Lake Sammamish before 
returning to the lake’s tributaries to spawn, and they are significantly impacted by high water 
temperatures and low dissolved oxygen. The influence of water temperature and low dissolved 
oxygen result in severe limits to available habitat for kokanee from April through November (HDR 
Engineering 2009). Other limits on native kokanee salmon include low egg-to-fry survival due to 
scour during high-flow events and possibly predation (HDR Engineering 2009). While not listed 
under the ESA, Lake Sammamish kokanee are in grave decline and face a real risk of extinction. 

Primary Flood and Erosion Hazards and Risks 
The SRIP significantly reduced the frequency and severity of flooding risks along the Sammamish 
River and, when flooding occurs, it predominantly results in inundation of the agricultural and 
recreational lands that occupy the wide central floodplain. Depth of flooding along the Sammamish 
ranges from shallow flooding to 3 feet, and warning times are not available. Completed as part of the 
SRIP, the 1964 Sammamish River Operation and Maintenance Manual outlines maintenance 
practices to ensure conveyance of the design flow through the river channel. This includes annual 
mowing of the banks to keep them clear of all vegetation, as well as occasional dredging or channel 
clearing to remove any accumulated sediment or wood. 

Over time, maintenance practices evolved to reflect the emergence of new environmental 
regulations and associated regulatory drivers (i.e., listing of salmon as threatened under the ESA in 
1999). In recent years, maintenance practices have shifted away from annually mowing the banks to 
focus on selective vegetation thinning or removal where needed for flood conveyance. In many 
locations, the amount of mowing needed to control the invasive plants that dominate the riverbanks 
is neither practical nor necessary from a flood perspective. 
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King County and the Corps performed a joint inspection of the full Sammamish River in October 
2022. Substantial deficiencies were identified related to scour of rock at the base of the levees, over-
steepened banks, and overgrowth of riparian and aquatic weeds. Piping created by mammal 
burrowing is a significant issue in the City of Redmond and agricultural lands. 

The weir at the uppermost end of the river retains water in Lake Sammamish during summer, when 
the lake sees extensive recreational use. The weir includes a low-flow notch to support passage for 
migratory fish. Water that leaves the outlet of Lake Sammamish flows across the weir, then through 
the 1,432-foot-long transition zone into the trapezoidal river channel. Through this transition zone, 
the river drops 6.75 feet, approximately half the total 14-foot drop over the entire 14-mile river. 

In 1998, King County partnered with the Corps to redesign and rebuild the deteriorating weir 
structure. This work was done in concert with fish passage improvements and extensive bank 
stabilization and revegetation. The project covered several thousand feet of bank in Marymoor Park. 
More recently, the City of Redmond designed and built several habitat enhancement projects in the 
river corridor. 

In 2011, the frequency and extent of mowing in the transition zone was increased in response to 
elevated winter lake levels. In addition, trimming of the willow buffer was increased to maintain a 
navigation channel and flow conveyance. King County and the Corps are working together to update 
the 1964 Operations and Maintenance Manual to codify letters of agreement on vegetation 
management and ensure the manual is consistent with contemporary environmental regulations. 
The expected completion date is 2024. 

In 2022, King County engaged jurisdictions along the river to begin development of the 2024 
Sammamish River Capital Investment Strategy and Implementation Plan, which seeks to update the 
actions recommended in the 2002 Sammamish River Corridor Action Plan (Tetra Tech 2002) while 
integrating updates on maintenance requirements related to the Operation and Maintenance Manual 
update. This work is anticipated to be complete later in 2024. 

The goal of the SRIP was to protect farms in the valley from spring floods and to maintain a 
minimum summer water level for Lake Sammamish. The project has consistently met the outflow 
expectation from lake to the river after March 1 each year. The design of the project also anticipated 
some winter lakeshore flooding. However, as development in the basin has increased—including 
development of the lakeshore and development in areas that drain to the lake and river (most 
notably, in the Bear Creek basin)—lakeshore properties may be seeing impacts that differ from the 
past. Lakeshore flooding can result in damage to private docks and erosion of lakefront property, with 
some limited instances of flood damage to residential structures. King County continues to work with 
property owners and partners, including the King County Flood Control District, to identify 
appropriate steps to take to address lakeshore flooding through projects and planning activities. 
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Geology and Geomorphology 
The Issaquah Creek watershed has an hourglass shape with wide valley bottoms both upstream and 
downstream of a bedrock-controlled constriction located approximately at River Mile 7.3. Squak and 
Tiger mountains are underlain by bedrock and glacial deposits. The valley floor contains a mixture of 
glacial sediments and alluvium that consists of reworked glacial and mass wasting deposit materials. 

Landslides, including debris flows and shallow to deep-seated slumps, are present throughout the 
basin. Large landslides and debris flows that may interact with the creek and contribute to flood 
hazards were identified in the 2016 River Corridor Landslide Mapping (King County 2016). The 
Issaquah Creek watershed within the City of Issaquah is crossed by the Seattle Fault Zone, an active, 
east-west-trending regional reverse fault system (the primary fault planes dip to the south and bring 
land up on the south, while land to the north may drop). 

Channel migration zone mapping is underway, and the map should be adopted for land use 
regulatory purposes in 2024. In general, observations from work completed to date on that study 
indicate that Issaquah Creek freely migrates at most locations. The riparian area has abundant natural 
large wood both in channel and available for recruitment. The creek’s floodplain is actively engaged in 
many areas, with a highly mobile bed of sediment that contributes to a high rate of active channel 
migration. The creek is unregulated by any dams or major water withdrawals. The only exceptions are 
the Issaquah hatchery weir at River Mile 3.75 and an intake present at about River Mile 4.0 that 
withdraws creek water used for salmon reproduction. The water intake is protected by grade control 
structures placed in the channel for about 300 feet downstream of the intake structure. Bank armor 
is present in many areas along both banks of the creek that locally slows or redirects channel 
migration but does not prevent it. 

Hydrology and Hydraulics 
The Issaquah Flood Study is currently being updated. Hydrology for the basin will be reviewed and 
updated if indicated by analysis of the additional period of record from the previous study to the 
present. Two USGS gages are present in the basin (12121600 near Issaquah Creek mouth and 
12120600 at Hobart, on the bridge at SE 252nd Drive) and have 59 and 36 years of continuous 
record, respectively. 

Flow quantiles represent common flood events based on the percent chance that they will occur in 
any given year (percent chance exceedance) or the average interval of time that passes between 
similarly sized flood events (return period). Flow quantiles developed for the effective FEMA 
floodplain mapping are shown in Table 2.3-7 and are based on a period of record from 1964 to 
1999. Flows for four different events at two different locations on Issaquah Creek are listed. 
Table 2.3-8 and Table 2.3-9 show a recent high-flow event and the highest flows since gage 
measurements began. 

2024 King County Flood Management Plan 2.3-16 



 

    
  

  
     

 
  

 
 

 
 

 

    

    

    

    

 

  
          

  

  

 

  
           

    

  

  

  
 

  
  
 

   
  

 

 
 

 
 

 
 

 
  

  
 

TABLE 2.3-7 
FLOW QUANTILES FOR ISSAQUAH CREEK 

Percent Chance 
Exceedance Return Period 

At Mouth 
(cfs) 

At Hobart-USGS Gage 
12121600 

(cfs) 

10 10-year 2,890 2,890 

2 50-year 3,700 3,400 

1 100-year 3,960 3,560 

0.2 500-year 4,490 3,940 

TABLE 2.3-8 
RECENT HIGH STAGE (HEIGHT) AT ISSAQUAH CREEK NEAR HOBART GAGE (USGS 12120600) 

Date Height 

2020-02-06 9.53 ft 

TABLE 2.3-9 
HIGHEST STAGE (HEIGHT) RECORDED AT ISSAQUAH CREEK NEAR HOBART GAGE (USGS 12120600) SINCE STAGE 

MEASUREMENTS STARTED IN 1988 

Date Height 

1990-11-24 9.9 ft 

1996-02-08 9.73 ft 

Ecological Context and Salmonid Use 
Issaquah Creek is a significant resource for both native and hatchery salmon. Generally, the Issaquah 
Creek basin includes high-quality aquatic habitat and geomorphic conditions that contribute to 
habitat diversity within the larger Lake Sammamish-Lake Washington basin (WRIA 8 2005). Issaquah 
Creek is a Tier 1 area under the WRIA 8 Chinook Conservation Plan, one of the highest-priority 
habitats for protection and restoration (WRIA 8 2017). 

Middle and upper sections of Issaquah Creek have exceptional fish habitat. Carey Creek and Holder 
Creek (tributaries to Issaquah Creek) also provide excellent salmon habitat (WRIA 8 2005). Issaquah 
Creek supports Chinook, coho, kokanee, steelhead, and potentially also bull trout. Issaquah Creek 
supports a naturally spawning population of Chinook, which is supplemented by hatchery fish that 
are propagated at the Issaquah hatchery. The hatchery also produces coho and steelhead, and in 
2013 fish passage was provided at the hatchery, which restored access to 11 miles of Chinook 
spawning and rearing habitat. Currently, all tributaries and the mainstem of Issaquah Creek are used 
by Chinook, although McDonald Creek has low Chinook abundance and infrequent use (WRIA 8 
2005). The North Fork and East Fork of Issaquah Creek periodically support late-run spawning of 
kokanee (Lake Sammamish Kokanee Workgroup 2014). 
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Water quality in Issaquah Creek is impaired by fecal coliform bacteria. Sources of bacterial 
contamination in the Issaquah Creek basin include on-site septic systems, possible sanitary sewer line 
leaks, agriculture, landfills, and wildlife (Ecology 2004). Lack of suitable substrate in the lower section 
of Issaquah Creek reduces salmonid population capacity, as well as loss of off-channel rearing refugia 
and lack of large wood (Kerwin 2001). WRIA 8 habitat goals for Issaquah Creek include increasing 
riparian cover and wood volume (WRIA 8 2017). 

Primary Flood and Erosion Hazards and Risks 
Flooding impacts from inundation are common in the City of Issaquah, where floods affect 
commercial and residential properties. Depth of flooding can be 6 to 8.5 feet with measurable 
velocity, and the warning time is 3 to 4 hours. The city has identified flooding resulting from 
insufficient stormwater system capacity or peak flow rates exceeding the normal capacity of the 
existing conveyance system, which can cause the creek to overtop its banks. Some localized flooding 
is also caused by the limited capacity of existing stormwater infrastructure or a lack of infrastructure 
in neighborhoods such as Olde Town (Otak 2021). Most structural flooding occurs because of 
development located within the floodplain. 

Erosion from Issaquah Creek flooding, January 2021 
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In unincorporated King County, lowland and localized flooding occurs along middle Issaquah Creek, 
and flooding also occurs along East Fork Issaquah Creek and McDonald Creek. Channel migration 
can cause bank failures, undermine roads, and result in road closures of extended duration until 
they are repaired. Channel migration from the 2020 and 2022 flood events caused bank erosion 
that impacted private property and several residences in the middle and upper basin. Several small 
bridges are at or nearing their functional design life and at risk from channel migration of debris 
accumulations on bridge piers and abutments. Steep drainages on the west slope of Tiger 
Mountain experience high flows with high sediment loads that impact downstream channels, 
habitat, and road culverts. 

Issaquah-Hobart Road SE plays a key regional mobility role in the county’s transportation system. 
The road is impacted by major storm events, and debris flows from tributary drainages can block 
culverts under Issaquah-Hobart Road SE and result in temporary road closures. Erosion of road 
embankments is also a concern in multiple places. 

Potential Impacts from Climate Change and Other Future Changes 
Because analyses of future flows in the Cedar and Sammamish rivers have not been completed, 
analyses completed for the Snoqualmie and Green rivers can be used to provide some insights into 
what to expect for the Cedar and Sammamish rivers. By the 2080s, average streamflow for October 
through March is projected to increase by approximately 10 to 30 percent for these river systems, 
relative to the 1970–1999 average. Changes in peak flows are influenced by both the declines in 
snowpack and by higher intensity heavy rain events. The decline in snowpack is projected to have a 
corresponding decrease in the average summer flow. Because of the variability in basin characteristics 
across the county (e.g., elevation, snowpack area, and dam management), extrapolating these results 
to the Cedar and Sammamish rivers should be done with caution until the basin-specific analyses can 
be completed (Lee et al. 2018). 

Cedar River 
Larger and more frequent floods resulting from increased winter streamflow may increase the risk of 
bank erosion, channel migration, damage to levees and revetments, and damage to the private and 
public infrastructure they protect. Except for the levees along the lower 2.5 miles of the Cedar River, 
most of the flood facilities in the basin are revetments or training levees that do not provide 
containment for moderate flood events. This makes floodplain areas along the Cedar River 
susceptible to flood impacts from increased winter streamflow. Larger and more frequent floods 
increase the chance for communities to be cut off and isolated by road flooding. 

An increase in the frequency, size, or duration of high-flow events on the Cedar River could have 
mixed effects on riverine functions. Increased high-flow events could create or sustain off-channel 
habitats in reconnected floodplain areas that rely on floods to keep side channels open and/or recruit 
large wood. Conversely, in confined channel areas, redd scour could worsen or occur more 
frequently. Additionally, the anticipated reduction in summer flows will shrink available habitat areas 
and negatively impact migrating adult and juvenile salmonids in the Cedar River. 
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Following from the exposure analysis, Hazus generated potential flood damages in the watershed, 
which are illustrated in Table 2.3-10 for three different return intervals. 

TABLE 2.3-10 
SUMMARY RESULTS FROM HAZUS ANALYSIS OF POTENTIAL RIVERINE FLOOD DAMAGES 

IN THE LAKE WASHINGTON/CEDAR/SAMMAMISH WATERSHED 

Percent Chance 
Exceedance Return Period 

Potential Structure and Contents 
Damage – All Structures 

Potential Structure and Contents 
Damage – Critical Facilities 

10 10-year $2,271,454,913 $4,450,492 

1 100-year $4,732,706,045 $1,137,685 

0.2 500-year $9,904,063,406 $6,304,589 
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Green/Duwamish River overbank flooding (left) and 
levee containment of floodwaters (right) in Auburn, 1996 

Channel geometry throughout the lower Green River has been simplified, and bankfull width 
increases only slightly in the downstream direction. Actively managed levees and revetments from 
River Mile 32 to River Mile 11 confine the lower Green River channel and limit channel migration. 
Channel confinement within the lower Green River has steepened channel banks and increased 
streambed erosion and incision, particularly at outside bends. Over the last several decades, 
streambed erosion caused widespread lowering of the channel floor from 1 to 2 feet. Channel bed 
incision is typically exacerbated by the presence of levees and revetments that harden the banks, 
thereby preventing lateral slope erosion and thus increasing stress along the toe of levees (King 
County 2019). 

Hydrology and Hydraulics 
Major flood events on the Green River generally occur between November and February. Flood 
conditions are primarily influenced by the operation of Howard Hanson Dam. During a flood event, 
outflows from Howard Hanson Dam are regulated based on the hydrologic conditions at a 
downstream control point at the USGS gage at Auburn. 

Howard Hanson Dam and the Green River’s system of levees and revetments work together to 
reduce flood risks to the lower Green River Valley. The dam regulates outflows from the reservoir to 
target a maximum of 12,000 cfs as measured at the Auburn gage (RM 31.0) for most flood events. 
This target regulated flow rate at Auburn represents the approximate channel capacity of the leveed 
portions of the lower Green River Valley. Land use in this area was developed with the general 
understanding that flood management regulation at Howard Hanson Dam could maintain the target 
flow of 12,000 cfs at Auburn up to the 0.2 percent annual chance flood (equivalent to a 500-year 
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event). However, a 2012 Corps study concluded that the dam is capable of maintaining the 12,000 
cfs target flow only for events up to a 0.7 percent flood (equivalent to a 140-year event). 

Operations at Howard Hanson Dam must consider the magnitude and timing of local inflows from 
tributaries below the dam, such as Soos and Newaukum creeks. The 12,000 cfs target flow is the 
medium annual exceedance probability for the 10 percent to 1 percent annual chance floods. The 
median flow for a 0.5 percent annual chance flood is 12,600 cfs, and 18,800 cfs for the 0.2 percent 
annual chance flood. 

The high degree of flow regulation provided by Howard Hanson Dam results in most of the flood 
hydrographs having peaks at or very close to 12,000 cfs, although the total flood volumes and peak 
flow durations vary widely. The discharge is shown in Figure 2.4-1 and the variation in flood volume is 
reflected in Table 2.4-1 as the duration in days that the flows are kept at an elevated level to 
evacuate the reservoir. Table 2.4-1 also includes a range of flows in addition to the median expected 
peak flow to reflect uncertainty (high and low confidence limits) for each flood. The significance of 
flood volume is also reflected in the stage-discharge curves. There is a more-than-1-foot difference in 
the maximum channel water surface elevations between 11,900 cfs and 12,600 cfs, which can result 
in significant differences in the extent of inundation in the event of levee failures or levee 
overtopping (King County 2019). Table 2.4-2 and Table 2.4-3 highlight recent high flows and the 
highest flows recorded on the Green River. 
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Figure 2.4-1 

Discharge vs. Annual Exceedance Probability & Flood Frequency at Auburn 
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TABLE 2.4-1 
SIMULATED REGULATED FLOW AT AUBURN GAGE (USGS GAGE 1211300) 

Flood Event Confidence Level 

Regulated 
Peak Flow 

(cfs) 

Approximate 
Duration Above 

12,000 cfs (days) 

Approximate 
Duration Above 

10,000 cfs (days) 

0.2% AEP Flood 
(500-year) 

Median 18,800 3.8 >13 

High Confidence Limit (5%) 26,800 4.3 >13 

Low Confidence Limit (95%) 12,000 0 11 

0.5% AEP Flood 
(200-year) 

Median 12,600 3.2 >13 

High Confidence Limit (5%) 20,000 4.3 >13 

Low Confidence Limit (95%) 12,000 0 9.4 

1% AEP Flood 
(100-year) 

Median 12,000 0 11 

High Confidence Limit (5%) 15,100 2.6 >13 

Low Confidence Limit (95%) 12,000 0 7.5 

2% AEP Flood 
(50-year) 

Median 12,000 0 9 

High Confidence Limit (5%) 12,000 0 11.7 

Low Confidence Limit (95%) 12,000 0 6.3 

4% AEP Flood 
(25-year) 

Median 12,000 0 5.7 

High Confidence Limit (5%) 12,000 0 8.9 

Low Confidence Limit (95%) 12,000 0 4.5 

10% AEP Flood 
(10-year) 

Median 12,000 0 3.5 

High Confidence Limit (5%) 12,000 0 5.7 

Low Confidence Limit (95%) 11,900 0 2.8 

50% AEP Flood 
(2-year) 

Median 9,200 0 0 

High Confidence Limit (5%) 9,900 0 0 

Low Confidence Limit (95%) 9,200 0 0 

NOTE: The shaded cells indicate those flood events with peak flows greater than the target flow rate at Auburn. 
Source: Corps of Engineers (2012) 

TABLE 2.4-2 
RECENT HIGH FLOWS AT GREEN RIVER NEAR AUBURN GAGE (USGS 12113000) 

Date Flows 

2020-11-07 11,700 cfs 

2015-12-09 10,900 cfs 
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TABLE 2.4-3 
HIGHEST FLOWS RECORDED AT GREEN RIVER NEAR AUBURN GAGE (USGS 12113000) SINCE PEAK MEASUREMENTS AT THE 

GAGE BEGAN IN 1937 

Date Flows 

1959-11-23 28,100 cfs 

1946-12-11 22,000 cfs 

1955-12-12 20,300 cfs 

Ecological Context and Salmon Use 
The middle Green, lower Green, and Duwamish rivers span a wide array of river and estuarine 
conditions, ranging from moderate-gradient, gravel-bedded channel segments in the middle Green 
River to a low-gradient, single-thread, silt- and sand-bedded channel, followed by a mix of armored 
and unarmored banks in the lower river and estuary areas as the river empties into Elliott Bay. 

The modification and diversion of river flows, channelization, removal of vegetation, and construction 
and operation of Howard Hanson Dam, levees, and other flood protection infrastructure supported 
growth and economic development in much of the lower watershed. However, these changes have 
negatively affected floodplain, aquatic, and riparian habitat and water quality, which, in turn, have 
negatively affected salmon populations in the basin, including Puget Sound populations of Chinook 
salmon and steelhead listed as threatened under the ESA. The present-day lower Green/Duwamish 
River is highly engineered and characterized by confined channels lined with bank armoring. In this 
condition, instream complexity and floodplain connectivity are significantly limited. 

McCoy Levee on the Green/Duwamish River in Kent, 2021 
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Throughout the watershed, roughly 80 percent of the historic Green/Duwamish floodplain is entirely 
cut off from the river. This equates to almost 25 square miles that will no longer flood and are thus no 
longer accessible to fish during the key juvenile rearing and outmigration period. The WRIA 9 
Watershed Ecosystem Forum, in partnership with numerous other partners and funders, has pushed 
the completion of 34 habitat restoration projects by 2023, most of which address primary habitat 
limiting factors (M. Goehring, personal communication, 2023). Many other projects to address habitat 
deficiencies in the Green River have been proposed as part of the WRIA 9 2021 Habitat Plan Update. 

The Green River System Wide Improvement Framework (SWIF) assessed aquatic, floodplain, and 
riparian habitat for reaches within the lower Green River. The evaluation was completed to highlight 
regional considerations related to habitat and environmental compliance that must be addressed as 
part of levee management. The assessment is intended to inform habitat restoration opportunities, 
levee vegetation management, and capital project design, with a focus on instream and riparian 
habitat enhancements and water quality improvements that would benefit salmonids. 

Additionally, the U.S. Congress recently authorized $878.5 million to construct a juvenile fish passage 
facility through the Howard Hanson Dam (Tacoma Water previously built a trap-and-haul facility to 
transport adult salmon above the dam). Once completed in approximately 2030, salmon will have 
access to nearly 100 miles of additional habitat above the dam (TPU 2023). 

Primary Flood and Channel Migration Hazards and Risks 
Even with the Howard Hanson Dam and extensive flood protection infrastructure, flood risk 
continues to be a concern in the river corridor and valley. Flood depths are generally 1 to 3 feet in the 
middle Green River agricultural and rural residential areas and 1 to 6 feet in the lower Green and 
Duwamish rivers. Warning times range from 8 hours for the middle Green River to 12 hours for the 
lower Green River. 

The extent of development in the floodplain and the large number of people who live, work, and 
transit through the lower valley mean that the potential impacts of major flooding on structures, 
infrastructure, the economy, and the public are substantial. Industrial, commercial, and residential 
development; highways, roads, utilities, and other critical infrastructure; agricultural operations; and 
more are subject to flood risk. With a 0.2 percent annual chance flood event (18,800 cfs), 
approximately 7,400 acres of the lower valley would be inundated from less than 1 foot to 6 to 10 or 
more feet in depth (King County 2019). The Duwamish River faces combined risk from upstream, 
freshwater inputs and downstream coastal and tide-related factors. The South Park neighborhood 
along the Duwamish River was impacted by significant flooding in December 2022 and January 2023 
because of a combination of stormwater runoff, snowmelt-driven river flow overtopping the river’s 
banks, high groundwater, king tides, and a very strong low pressure weather system, which resulted in 
impacts to businesses and residential properties. This neighborhood also experienced flooding in 
January 2022 due to some of the same conditions. Areas like the lower Duwamish River are subject to 
a variety of natural processes that present significant hazards to public safety and public and private 
property, including storm-surge flooding, waves, erosion, rainfall, wind, and sea level rise. Public 
health impacts associated with flooding are also of particular concern in this area due to sewer 
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system backups and the potential for contaminated floodwaters carrying industrial pollutants to 
enter vulnerable communities. 

Flooding of South Park neighborhood in Seattle near 
mouth of Green/Duwamish River, December 2022 

The lower Green River levees and existing unarmored shorelines provide variable levels of protection. 
Bank overtopping can occur in some locations during a 50 percent annual chance flood or 9,000 cfs 
event, while other armored shoreline locations are protected to upwards of 18,800 cfs, the median 
0.2 percent annual chance flood event. River channel conveyance capacity for flows over 12,600 cfs 
(median 50 percent annual chance flood event) and the extent and depth of inundation of the 
floodplain and developed areas vary widely depending on the levees and floodplain conditions (King 
County 2019). 
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The magnitude and frequency of flood events and the condition of the levee system contribute to 
risk. While many levee rehabilitation projects have been completed in the lower Green subbasin, 
levees that do not meet current construction standards continue to present risk. Portions of the levee 
system in the lower Green River do not meet the Corps’ recommended factors of safety, a common 
measure of engineering safety. For levees and revetments that have not been recently improved, 
many have over-steepened banks, areas with inadequate or deteriorating rock buttressing at the 
embankment toe, and incrementally slumping or sloughing riverbank slopes supporting constructed 
earthen levee berms. Beyond this instability, the potential for liquefaction during an earthquake is a 
primary concern. 

While Howard Hanson Dam significantly reduces flood peaks, it results in longer durations of 
elevated flows. With flows confined to a narrow, leveed channel, the potential for flood scour of the 
riverbed is significant. Where this occurs, undermining and deterioration of the embankment toe of 
levees has been observed, especially on the outside of river bends. Such conditions can stress the 
levee and revetment system and potentially increase the occurrence and magnitude of slump 
failures. An evaluation of levee repair locations showed that greater than 5 feet of channel bed 
incision is associated with a substantial risk of future damage to adjacent levees and revetments (King 
County 2019). 

Rapid changes in dam releases, especially a decrease in outflows, can lead to rapid drawdown of 
hydrostatic pressure on the river side of a levee. High pore pressure within the levee prism due to 
saturated soil conditions can lead to riverbank slumping that can damage the integrity of the levee 
core. As a result, many Green River levees require frequent maintenance, and nearly all have been 
identified as needing rehabilitation so that they are better suited to provide protection. 

Levees and revetments along the middle Green River are scattered, discontinuous, and largely 
deteriorating. They are not designed to contain flood flows or prevent inundation, but rather to direct 
high flows and inhibit channel migration that impacts rural residential and agricultural land use. These 
discontinuous levees and revetments will continue to experience lateral channel migration and 
channel avulsion. In some locations, broad meanders and braiding channels are constantly shifting 
within a complex of active gravel bars, vegetated riparian floodplains, and remnant side channels. 

The upper Green River basin (above Howard Hanson Dam) and portions of the middle Green River 
have a medium/high intermix areas (where structures and vegetation are mingled). King County 
mapped landslides within the river corridors, including the middle Green, in 2016 and identified areas 
of potential deep-seated landslides that are both in contact with the river and large enough to 
partially or completely block the river channel and affect flooding occurrence and severity (King 
County 2016). King County also identified smaller landslides and debris flows, which can contribute 
large amounts of sediment that can impact flooding locally and downstream as sediment is moved 
and stored within the river channel (King County 2016). 

Post-wildfire flooding, landslides, and mudslides pose a secondary hazard from extreme wildfires in 
areas with steep slopes. Soils in areas burned by fire not only lose their stabilizing vegetation but can 
also become hydrophobic (water repelling), leading to massive water runoff that carries debris down 
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slopes and into nearby waterways. Post-fire flooding is a serious threat in King County, including 
portions of the middle and upper Green River (OEM 2020). 

A failure of the Howard Hanson Dam would produce devastating consequences to the regional 
economy. Major employers such as Boeing, REI, distribution centers for Amazon and Walmart, and 
many other companies that comprise the second largest warehouse and distribution network on the 
west coast would be impacted by a dam failure, along with major roadways and rail lines, municipal 
offices, and an array of other important infrastructure. 

Potential Impacts from Climate Change and Other Future Changes 
By the 2080s, average streamflow for October through March is projected to increase by 10 to 22 
percent for the Green River near Auburn (USGS ID: 12113000), relative to the 1970–1999 average. 
Changes in peak flows are influenced by both the declines in snowpack and by higher intensity heavy 
rain events (Lee et al. 2018). 

The lower Green/Duwamish basin will continue to be developed, with much of that development 
occurring within the 0.2 percent annual chance floodplain. Impacts from climate change are 
expected from increased runoff in the basin, particularly from tributaries and creeks such as Soos, 
Mill, and Springbrook creeks, which are all expected to experience substantially increased flows with 
climate change. 

In the lower portion of the watershed along the Duwamish River, larger storms and future sea level 
rise due to climate change have the potential to exacerbate impacts associated with coastal hazards 
and compound flooding, including potential public health impacts related to industrial contaminants, 
combined sewer overflows, and sewer backups. Near-term and long-term actions are underway to 
address these various issues, including King County’s implementation of its third 5-year Lower 
Duwamish Waterway Source Control Implementation Plan, which outlines the County’s efforts to 
keep pollutants out of the Duwamish River in support of the Duwamish Superfund Sediment 
Cleanup Plan, the combined sewer overflow control program, and implementation of National 
Pollution Discharge Elimination System (NPDES) permit requirements. 

The Black River Pump Station was constructed in 1972 to address numerous drainage and river 
alterations. The pump station provides an outlet for Springbrook Creek and serves as a dam to keep 
high tides and Green River floods out of Renton and parts of Kent and Tukwila. The pump station 
may be impacted with sea level rise, changes in tidal influence area, and saltwater intrusion. 

Risk Assessment 
The flood hazard risk assessment using Hazus evaluated the effects of riverine flooding on more than 
260,000 total structures in the Green/Duwamish watershed. While Hazus used the most current 
flood depth information available from FEMA, it is important to note that this analysis was not nearly 
as detailed as the modeling conducted for the Green River SWIF. Furthermore, inconsistencies in the 
FEMA flood insurance study data resulted in higher exposure values for the 1 percent annual chance 
riverine flood than the 0.2 percent annual chance riverine flood. Despite these limitations, Hazus 
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provides useful approximations for understanding potential risk in the watershed, and the analysis 
revealed the following: 

 In the entire watershed, 730 structures were found to be exposed to the 10 percent annual 
chance flood, 3,481 structures were found to be exposed to the 1 percent annual chance flood, 
and 3,783 structures were found to be exposed to the 0.2 percent annual chance flood. 

 Of the 3,109 critical facilities located in the watershed, 80 would be exposed to the 10 percent 
annual chance flood, 148 would be exposed to the 1 percent annual chance flood, and 156 are 
exposed to the 0.2 percent annual chance flood. 

 None of the 11 repetitive loss structures would be exposed to the 10 percent annual chance flood, 
and three would be exposed to the 1 percent annual chance flood and to the 0.2 percent annual 
chance flood. 

With the numbers of structures identified as exposed to flooding, Hazus generated estimates of 
potential flood damage. Table 2.4-4 illustrates potential flood damages for three return intervals. 

TABLE 2.4-4 
SUMMARY RESULTS FROM HAZUS ANALYSIS OF POTENTIAL RIVERINE FLOOD DAMAGES 

IN THE GREEN/DUWAMISH RIVER WATERSHED 

Percent Chance 
Exceedance Return Period 

Potential Structure and Contents 
Damage – All Structures 

Potential Structure and Contents 
Damage – Critical Facilities 

10 10-year $17,674,045 $80,429,034 

1 100-year $156,539,380 $94,022,126 

0.2 500-year $111,136,841 $93,983,398 
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Public and Partner Input on Flooding in the White River Watershed 

Community members and partners submitted less input about flooding in the White River watershed than 
the other watersheds of the county. Feedback shared with King County identified a need for more 
information about emergency response and evacuation resources and an interest in maintenance of the 
White River channel through dredging and removing instream wood. Partners also shared information about 
tributary flooding concerns in and around the City of Enumclaw that are arising due to channel changes, 
which affect residential neighborhoods, city streets, and the city’s sanitary sewer system. 

Geology and Geomorphology 
The White River basin is geologically very young. It extends from the peak of Mount Rainier to the 
Puget Lowland, with headwaters that drain slopes of volcanic bedrock and glacially scoured terrain. 
Multiple episodes of continental glaciation that covered the Puget Lowland shaped much of the 
lower river valley, while glacial and volcanic processes have shaped the middle and upper river 
valleys. 

About 5,600 years ago, the Osceola Mudflow, a clay-rich lahar from an eruption on Mount Rainier, 
flowed down the north flank of the volcano, filled the White River Valley, and spread out over the 
glacial troughs and outwash plains of the Puget Lowland. Prior to the Osceola event, the White River 
flowed southwest out of the Cascade Range foothills along the path of present-day South Prairie 
Creek to a confluence with the Carbon and Puyallup rivers. The White River carved a new channel 
through the Osceola deposit and underlying glacial sediments along its present course, discharging 
into the wide, north-south-trending glacial trough that includes the Duwamish and Stuck river valleys 
near present-day Auburn and Pacific. 

At least three more lahars deposited material in the White River drainage after the Osceola. This 
young geologic history and setting of the White River is the reason that the river has the largest 
sediment loads of any river in King County, and the sediment strongly influences flooding and 
channel migration hazards. 

As a result of the combined effects of glacial and postglacial alluvial processes, the White River has 
formed distinct reaches, from upstream to downstream: mountain valley headwaters, a canyon 
reach, and an alluvial fan that is progressively filling a low-gradient glacial valley. The mountain valley 
headwaters reach in King County includes the portion of the river upstream of Mud Mountain Dam 
and downstream of the dam for about 2 miles to where the river exits a bedrock-controlled gorge. 
The canyon reach extends downstream from the gorge outlet past the City of Enumclaw, which is 
elevated above the river on the Osceola plateau, and through a forested and undeveloped canyon 
that includes Muckleshoot Tribe lands. The alluvial fan reach begins at the outlet of the canyon reach 
at about River Mile 8.2 and extends to the confluence with the Puyallup River. The river crosses the 
King-Pierce County boundary at about River Mile 5.55. 

The White River alluvial fan underlies the cities of Auburn and Pacific, and fluvial processes active on 
the fan were the cause of a 1906 channel avulsion that resulted in the White River abandoning its 
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channel flowing north to the Green River and shifting to the south to a confluence with the Puyallup 
River. River engineering led by the Inter-County River Improvement District and its successors built 
and maintained levees and a concrete wall, cleared large wood from the river, and straightened and 
dredged the channel until 1987. The vertical adjustments of the White River channel following the 
1906 avulsion have been strongly influenced by human river management. 

A recent study of sediment flux trends along the White River determined that coarse sediment 
delivered to the lower White River in the alluvial fan reach is sourced from the canyon reach 
immediately upstream (King County 2019, Anderson and Jaeger 2019). A grade break in the river 
channel called a knickpoint that demarcates the transition between erosion upstream and deposition 
downstream is located at approximately River Mile 9.5 (and migrating upstream) within a low-
gradient reach on the alluvial fan. As a result of the 1906 avulsion and subsequent channel dredging, 
the current White River channel remains shorter and steeper than the pre-avulsion channel. 
Sediment will continue to deposit on the alluvial fan as the river adjusts to the avulsion and 20th 
century river engineering disturbances. 

A primary tributary to the White River, the Greenwater River basin is in the Cascade Range at the 
eastern edge of the Puget Lowland, with headwaters that drain slopes of volcanic bedrock associated 
with Mount Rainier. Bedrock exposures in the river valley bottom exert influence on fluvial processes 
at the basin scale and control channel migration in a few locations. Younger geologic formations that 
determine the sediment regime and that are relevant to flooding and channel migration in the 
Greenwater River include more erodible sedimentary deposits, such as lahar deposits including the 
Osceola mudflows, alpine glacial deposits, and landslide debris. The Greenwater River headwaters are 
in a forested, nonglaciated alpine basin. 

Hydrology and Hydraulics 
Most major White River floods occur between November and February. With headwaters on Mount 
Rainier glaciers, snowmelt also increases White River flows in late summer, but typically not to a level 
of flood concern. The primary determinant for flooding characteristics in the White River since 1948 is 
the presence and flow control operations of the Mud Mountain Dam project operated by the Corps 
(King County 2006). 

As a sole-purpose flood protection facility near River Mile 29.0, Mud Mountain Dam reduces peak 
flood flows and releases the stored water at a lower flow over a longer duration than would occur if the 
dam were not in place. The dam is Congressionally authorized with a primary purpose of controlling 
floods along the lower Puyallup River in Pierce County; however, the Corps also operates the dam to 
achieve flood benefits on the White River whenever feasible (King County 2006). A diversion dam at 
the City of Buckley also diverts flow to Lake Tapps that is eventually returned to the river in Sumner. 
Since the cessation of the Lake Tapps hydropower project in 2004, flow diversions have not had a 
significant effect on flows on the White River. The diversion dam and associated fish trap were 
replaced in 2021 with the Mud Mountain Dam Fish Passage Facility, operated by the Corps in 
cooperation with Cascade Water Alliance, the operator of the adjacent Lake Tapps diversion structure. 

The Corps revised the Mud Mountain Dam operations through an update to the Water Control 
Manual (WCM) in 2004. The significant change in operations was to limit discharges to 12,000 cfs 
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when feasible for all events up to and including the 1 percent annual chance flood (Northwest 
Hydraulic Consultants 2008). The Corps again modified dam operations after flooding in January 
2009. This flood event greatly affected the downstream communities of Pacific and Sumner due to 
high flows encountering diminished channel capacity from ongoing sedimentation in this portion of 
the river. Since 2009, various approved deviations from the 2004 WCM have been in effect to allow 
for dam operations to target lower outflows from Mud Mountain Dam, with the goal of reducing 
flood risks to the communities of Pacific and Auburn. 

Flood hydrology below Mud Mountain Dam is expected to change as flood risk reduction projects 
along the lower White River are completed. The Corps revisits channel capacity below the dam over 
time and as flood mitigation projects are implemented. Levee setback projects completed and 
planned by King County and the City of Sumner are designed to increase channel capacity in the 
vicinity of Auburn, Pacific, and Sumner. These projects will mitigate downstream flooding such that 
the Corps can release larger peak flows from Mud Mountain Dam. Future peak flows are expected to 
more closely resemble the historic peaks from the years following dam construction. All present and 
future outflows from the dam are at the discretion of the Corps. 

Table 2.5-1 lists the current flow quantiles developed for FEMA floodplain mapping of the White 
River. The flow quantiles are based on hydrologic data for the post-Mud Mountain dam period of 
record from 1946 to 2007. Table 2.5-2 shows recent high flows from the White River above Boise 
Creek at the Buckley gage, and Table 2.5-3 shows the highest flows recorded at the White River near 
the Buckley gage. The “White River near Buckley” gage operated from 1928 – 2003, at which point it 
was removed as part of a Tacoma Water pipeline replacement project. It was replaced with the 
“White River above Boise Creek at Buckley” gage in 2004, which continues to operate. 

TABLE 2.5-1 
FLOW QUANTILES FOR THE WHITE RIVER 

Percent Chance Exceedance Return Period 
At Auburn 

(cfs) 

10 10-year 14,000 

2 50-year 15,300 

1 100-year 15,500 

0.2 500-year 19,000 

TABLE 2.5-2 
RECENT HIGH FLOWS AT THE WHITE RIVER ABOVE BOISE CREEK AT BUCKLEY GAGE (USGS 12099200) 

Date Flows 

2022-03-01 6,630 cfs 

2015-12-08 6,760 cfs 

2012-02-23 7,290 cfs 
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TABLE 2.5-3 
HIGHEST PEAK FLOWS RECORDED AT THE WHITE RIVER NEAR BUCKLEY GAGE (USGS 12098500) 

FOR THE PERIOD OF RECORD, 1928–2003 

Date Flows 

1933-12 (specific date unknown) 28,000 cfs 

1932-02-26 17,000 cfs 

1932-11-13 16,500 cfs 

Ecological Context and Salmonid Use 
The White River and its tributaries provide spawning and rearing habitat for ESA-listed spring-run 
Chinook, winter-run steelhead, and bull trout. Non-listed species present in the watershed include 
coho, pink, chum, sockeye, rainbow, cutthroat, and whitefish. Pristine tributaries in Mount Rainier 
National Park provide most of the critical bull trout spawning/rearing habitat within the system (Marks 
et al. 2021). The White River spring Chinook population is the only remaining spring Chinook salmon 
stock in the south Puget Sound (WRIA 10 2018). 

Above Mud Mountain Dam (River Mile 35.5), the river is largely unconfined by artificial structures, 
except where State Route 410 is adjacent to the river and at the mouth and lower section of the 
Greenwater River (King County 2006). Mud Mountain Dam (River Mile 29.6) is a complete barrier to 
upstream fish passage on the White River. Salmon are collected at the Mud Mountain Dam Fish 
Passage Facility, located near Buckley (River Mile 23.6), and trucked upstream (WRIA 10 2018). The 6 
miles between Mud Mountain Dam and the fish passage facility are suitable habitat for salmonids, 
but there is only modest spawning in this reach because of lack of fish access (Marks et al. 2021). 

Between the fish passage facility and River Mile 11, there are some areas of high-quality habitat, 
particularly on the Muckleshoot Reservation, where the channel has been allowed to migrate and 
damaged levees and revetments have not been repaired or replaced (King County 2006). Several 
large side channels and log jams in this reach provide valuable spawning and rearing habitat. 

Below River Mile 11, the river is largely confined by levees and revetments, and there is substantially 
less habitat complexity and spawning gravel in this reach. Extensive removal of large wood and 
channelization in the lower river in the early to mid-1900s have greatly simplified habitat (King 
County 2006; WRIA 10 2018). Riparian buffers are limited along the lower White River, contributing 
to higher water temperatures. 

Several tributaries to the White River are important for salmonids, including the Greenwater, 
Clearwater, and West Fork White rivers, as well as Boise and Huckleberry creeks. The West Fork White 
River, in particular, offers excellent salmonid habitat, while Huckleberry Creek—a tributary to the West 
Fork White River—consistently supports the highest densities of spring Chinook and coho spawning in 
its lowermost half mile. 
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project in the lower White River also provides a large area of reconnected floodplain that is used by 
juvenile salmonids and provides flood conveyance. Several future projects along the lower White River 
are being planned by the City of Sumner, King County, and Pierce County that will reconnect 
additional floodplain areas and improve habitat function and flood conveyance in the reach. 

Primary Flood and Erosion Hazards and Risks 
The Mud Mountain Dam project, located at River Mile 29.6 of the White River, is a single-purpose 
project providing congressionally authorized flood control focused on a control point on the lower 
Puyallup River in Pierce County (50,000 cfs at the USGS Puyallup River at Puyallup gage), with 
secondary flood control benefits to the lower White River Valley in King County. 

Flood and channel migration hazards pose risks to rural residences in the Enumclaw area and to the 
communities of Auburn and Pacific along the lower White River in the alluvial fan reach. Along the 
White River, the primary flood protection infrastructure maintained by King County is a set of levees 
and revetments that were built through the 1914 Inter-County River Improvement Agreement. Flood 
depths in the Greenwater and Boise Creek areas range from shallow flooding to 3 feet, and the lower 
White River sees flood depths of shallow flooding to 6 feet with some measurable velocity. The 
approximate warning time for the lower White River is 4 to 5 hours. Channel migration hazards have 
the potential to impact roads, bridges, park amenities, utilities, residential property, and other 
infrastructure. 

White River overbank flooding near Pacific, November 2021 

In and around the cities of Auburn and Pacific, flood and channel migration risk along the lower White 
River is being driven, in large part, by the natural accumulation of sediment. These cities are situated 
on a large-scale alluvial fan that receives sediment eroded from the steep channel bed and banks 
upstream. The decrease in channel slope at about River Mile 9.0 (where the White River flows out of 
the canyon reach and onto the lower gradient valley) induces sediment deposition. Where levees are 
present on both sides of the river, sediment is unable to be deposited across the floodplain, resulting 
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in concentrated deposition within the river channel. Monitoring of the channel bed elevation since 
1988 documents this sediment accumulation and shows a reduction in channel capacity, which is 
resulting in an increased risk of overbank flooding into the cities developed on the floodplain. 

The Greenwater River, a tributary to the White River, has two revetments that deter channel 
migration, one of which protects a sole-access bridge to King County residences on the north side of 
the river. These structures are at risk of overbank flooding and channel migration during large flood 
events. Landslides and debris flows in the upper Greenwater River watershed can also increase flood 
risk by delivering large amounts of sediment to the channel, thereby reducing channel capacity to 
carry floodwater. 

King County mapped landslides within river corridors, including the White River and a portion of the 
Greenwater River, in 2016. This work identified areas of potential deep-seated landslides that are in 
contact with the river and large enough to partially or completely block the river channel and affect 
flooding occurrence and severity (King County 2016). King County also identified locations of 
potential smaller landslides and debris flows, which can contribute large amounts of sediment that 
impact flooding locally and downstream as sediment is moved and stored within the river channel 
(King County 2016). 

Other tributaries to the White River with flood risk concerns include Boise Creek and Red Creek. 
Most of Boise Creek is a low-gradient stream on the surface of the poorly drained Enumclaw 
plateau. Much of the channel of Boise Creek and its tributaries has been straightened and deepened 
to improve drainage in rural areas. Several rural residences are present on the portion of Red Creek 
that runs on the White River floodplain, and the flood risk includes inundation, channel migration, 
and access road flooding. 

Flooding could worsen water quality issues through inundating contaminated areas, particularly areas 
with fecal coliform bacteria (thought to be caused at least partly by failing septic systems in Boise 
Creek; King County 2013) and pH impairment (due to excessive algal growth stemming from excess 
phosphorous from both wastewater treatment plants and nonpoint sources; Ecology 2022). Also, 
wood accumulations on the lower White River occur on riverbanks, gravel bars, and bridge piers and 
abutments, and can pose a risk to infrastructure and increase flood risk in the vicinity of bridges. 

Potential Impacts from Climate Change and Other Future Changes 
Analysis of projected changes in flood flows for the White River will be completed in 2024. In the 
interim, analysis completed for the Green River can provide some insights into what to expect for the 
White and Greenwater rivers. 

By the 2080s, the 10 percent and 1 percent annual chance peak flow events for unregulated 
streamflow for the Green River near Auburn (USGS ID: 12113000) are projected to increase 19 
percent (range of -8 to 75 percent) and 28 percent (range of -34 to +96 percent), respectively, under 
a high greenhouse gas emissions scenario, relative to the 1970–1999 average (Mauger and Won 
2020). The degree to which Howard Hanson Dam can mitigate these projected changes is a current 
area of research. Preliminary analysis suggests relatively small changes in regulated peak flows in the 
Green River below the Howard Hanson Dam, assuming that future regulated flows are managed in 
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the same way (Mauger and Won 2020). Expanded streamflow modeling to be conducted in 2024 
will provide updated insights on projected changes in both regulated and unregulated flood flows for 
the Green River due to climate change, in addition to projected flows (regulated and unregulated) for 
the White River. 

Higher winter streamflows and increases in flood flows are expected in the White River watershed as 
warmer winter temperatures drive a shift toward less snow and more rain at lower and mid-
elevations.31 Warmer winter temperatures also contribute to decreased water storage in snow and 
glaciers and increased glacial retreat on Mount Rainier. A 2023 study by the USGS found that glacial 
area around Mount Rainier declined 41.6 percent between 1896 and 2021 (Beason et al. 2023). 

Loss of glaciers is expected to contribute more sediment to rivers and streams. However, an 
evaluation of the effects of glacial retreat from climate change on sediment supply to the White River 
found that a change in sediment supply to the alluvial fan reach of the river near Auburn, Pacific, and 
Sumner should not be expected for a period of decades, even with substantial glacial retreat 
(Anderson and Jaeger 2019). This conclusion was based on a sediment flux analysis that showed the 
majority of sediment sourced from Mount Rainier’s glaciers is stored in the upper reaches of the river 
between the glacier’s terminuses and the alluvial fan reach. As a result, the effect of glacial retreat on 
sediment supply in the White River—and the corresponding effect on flood risk—is uncertain. 

Historically, high flows on the White River resulted in channel migration upstream of Auburn and the 
transport and deposition of sediment in the Pacific and Auburn reaches of the river. Consequently, 
the lower White River may experience an increase in sediment deposition and an accelerated loss of 
flood conveyance due to higher peak flows resulting from climate change. This is because higher 
flows can transport more sediment, of which there is an abundant supply upstream of Auburn and 
Pacific. The result could produce extreme consequences for communities along the lower White 
River as the active channel and areas of connected floodplain fill with sediment over several decades. 
Although raising levees can restore flood conveyance lost to sediment deposition, they can also 
“perch” the river above the floodplain and exacerbate shallow groundwater conditions that already 
impact urban flooding in portions of the City of Pacific. 

Changes in high-flow frequency or duration caused by climate change may increase juvenile salmon 
access to off-channel floodplain habitats for rearing and refuge, although juvenile stranding could 
occur in response to reduced summer flows (Whitely Binder et al. 2019). Increasing summer water 
temperatures associated with climate change will negatively impact migrating adult and juvenile 
salmonids in the White River and its tributaries, as water temperatures in the lower watershed are 
already elevated due to insufficient riparian buffers in developed and agricultural areas. Increased 
water temperatures could influence behavior and migration of bull trout in particular, as bull trout 
require colder temperatures than many other salmonids in the White River. Under future climate 
change scenarios, thermal refugia provided by reconnected floodplain areas, riparian buffers, and 
diversity in habitat types (e.g., deep pools) will become even more important. 

31 Higher elevations that remain below freezing in a changing climate may see higher snowpack in response to projected 
increases in winter precipitation. However, the total amount of snowpack will still decline given the smaller amount of 
surface area receiving snow. 
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Ultimately, Mud Mountain Dam operations by the Corps will determine high flows that impact 
changes to both sediment transport and salmon. 

Risk Assessment 
A flood hazard risk assessment using Hazus evaluated the effects of riverine flooding on nearly 
30,000 total structures in the King County portion of the White River watershed. This analysis 
revealed the following: 

 In the watershed, 35 structures were found to be exposed to the 10 percent annual chance flood, 
311 structures were found to be exposed to the 1 percent annual chance flood, and 352 structures 
were determined to be exposed to the 0.2 percent annual chance flood. 

 Of the 351 critical facilities located in the watershed, two are exposed to the 10 percent annual 
chance flood, 18 are exposed to the 1 percent annual chance flood, and 20 are exposed to the 0.2 
percent annual chance flood. 

 The White River watershed has one repetitive loss structure, which is not exposed to the 10 
percent annual chance flood but is exposed to the 1 percent and 0.2 percent annual chance 
floods. 

With the numbers of structures identified as exposed to flooding, Hazus generated estimates of 
potential flood damages in the watershed. Table 2.5-4 illustrates potential flood damages resulting 
from three return intervals. 

TABLE 2.5-4 
SUMMARY RESULTS FROM HAZUS ANALYSIS OF POTENTIAL RIVERINE FLOOD DAMAGES IN THE WHITE RIVER WATERSHED 

Percent Chance 
Exceedance Return Period 

Potential Structure and Contents 
Damage – All Structures 

Potential Structure and Contents 
Damage – Critical Facilities 

10 10-year $0 $0 

1 100-year $8,825,719 $1,093 

0.2 500-year $10,427,406 $1,093 
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2.6 Tributary, Coastal, and Urban Flooding 
Overview 
Flooding associated with King County’s mainstem rivers, like the Cedar, Green, Snoqualmie, South 
Fork Skykomish, and White rivers, was the primary focus of King County’s past flood plans. While 
natural riverine flooding and channel migration continue to present risks to county communities, 
property, and infrastructure, other sources of flooding also present risks. Although these are not new 
risks, management of these risks is becoming more challenging due to continued population growth 
and development, changing environmental conditions and regulations, and the potential effects of 
climate change. This Flood Plan is intended to represent the range of flooding and erosion hazards 
that pose risks across the county, so the scope of the 2024 Flood Plan includes tributary, urban, and 
coastal areas. 

The following sections summarize, at a high level, flood or flood-related issues for tributary, coastal, 
and urban settings in King County. Since King County has not included these topics as deliberately in 
past flood planning, the planning process involved a series of workshops focused on each of these 
three flooding types. The workshops were structured to hear from city, tribal, special-purpose district, 
and nonprofit staff, as well as members of the public, about the nature of flooding caused by these 
sources, the impacts, and potential solutions. The information shared during these workshops directly 
informs the following discussion. 

While each of the topics is treated separately, it is important to note that extensive overlap exists 
across these flooding types (for example, many coastal and tributary flood hazard areas are located 
within urban areas). The many linkages between these sources of flooding means that solutions must 
also recognize and address the overlap and be coordinated across county agencies and between King 
County and other local governments and partners. 

Tributary Streams 
Tributary streams comprise a vast drainage network that delivers water, sediment, wood, and other 
organic material to King County rivers, lakes, and Puget Sound. The natural function of tributary 
networks is vital to flood resilience, stormwater management, ecosystem health, and sustenance of 
threatened and endangered salmonids. The total number of named and unnamed tributary streams 
in cities and unincorporated King County is in the thousands. 
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 Alluvial fans – While not a stream type, per se, alluvial fans occur with some frequency where 
streams discharge from a steep valley onto flatter ground (some rivers, such as the Tolt and 
Raging, also have alluvial fans). The term is used here to denote a feature associated with 
tributaries that was not identified in previous King County flood plans. An alluvial fan is a cone-
shaped accumulation of sediment situated where a stream transitions from steep topography to 
the flatter floodplain of a larger river, a lakeshore, or the coast. The fan typically has multiple 
stream channels that were occupied by the stream at some point and could become active again 
in the future. Streams with an alluvial fan typically have a moderate-to-high sediment load and 
may be subject to debris flows. (Examples: Tokul, Griffin, Tuck, and Money creeks; unnamed 
streams along valley walls of the Green, Raging, Snoqualmie, Cedar, and Sammamish rivers.) 

 Non-alluvial – A non-alluvial stream lacks a well-developed floodplain and tends to be steep and 
subject to debris flows and rapid flooding. Bedrock may be exposed in the stream or present in or 
near the subsurface. The stream type usually transitions to an alluvial fan at the downstream end. 
(Examples: Tokul, Griffin, Maloney, and Adair creeks, and many Cascade Mountain streams.) 

 Enumclaw Plateau – Deposition of the Osceola mudflow, a coarse- to fine-grained volcanic 
deposit from an eruption on Mount Rainier’s north side about 5,600 years ago, formed a broad 
plateau near Enumclaw. Flat topography and slow-draining soils characterize the Enumclaw 
Plateau, except for the White River and parts of Newaukum and Boise creeks, which have carved 
channels into the plateau through the surface of the mudflow deposits. Limited drainage within 
the Enumclaw Plateau resulted in a distinct natural stream pattern that was heavily modified 
into a network of straight, narrow, and deep stream channels and ditches constructed along road 
rights-of-way and property lines to provide agricultural drainage. Although this type of 
orthogonal drainage pattern is somewhat typical of areas modified to improve agricultural 
drainage, the slow-draining subsurface soils from the Osceola mudflow contribute to an 
exaggerated version of this pattern. Figure 2.6-1 shows the plateau’s engineered network of 
stream channels that flow straight and have right angle turns rather than the more gradual 
meanders of natural streams. 

Ecological Context of Tributary Streams 
Tributaries provide spawning, foraging, rearing, and overwintering habitat for salmonids (Rice et al. 
2008), including tributaries that are non-natal systems (King County 2019). Small streams and 
tributaries are also important year-round habitat for resident salmonids like trout. Tributary mouths 
are known for having high ecological diversity and being very productive for salmonids. Pools formed 
at tributary confluences can provide holding habitat for adult salmonids, and the area between 
tributaries and mainstems can also increase habitat diversity and complexity (Rice et al. 2008). 

Tributaries offer refugia from high mainstem flows during floods. Some tributaries provide cool water 
inputs, provide cold water refugia from warmer mainstem rivers in summer, and increase mainstem 
productivity via nutrient input (Rice et al. 2008). Tributaries vary in habitat quality and seasonal 
availability, but even intermittent streams and severely altered tributaries (e.g., channelized streams) 
support salmonid use (Lucchetti et al. 2014). Tributary streams and their associated riparian forests 
also provide valuable habitat for terrestrial wildlife species in King County, including many species of 
birds, mammals, and amphibians. 
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Figure 2.6-1 
Drainage Pattern of the Enumclaw Plateau 
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that were previously unaffected or if the severity of flooding would mostly increase in areas that are 
already at risk. To address questions like this, the county is working on a project to model sea level 
rise and coastal flooding impacts using the USGS’s Coastal Storm Modeling System (CoSMoS). The 
results of the modeling effort should be available in 2024 and will inform capital planning, 
vulnerability assessment, shoreline management, and other decisions related to preparing for and 
adapting to the impacts of sea level rise and increased coastal flooding. 

In addition to coastal flooding and coastal erosion hazards, active faults in the Puget Lowland can 
generate tsunamis within Puget Sound waters and can cause coastal flooding in very unexpected 
ways. Although Puget Sound tsunamis are rare events, the time between the occurrence of a 
tsunamigenic earthquake in the Puget Sound region and the arrival of a wave will be very short— 
likely too short to warn residents—and their occurrence likely will be completely unexpected by the 
general public. 

Urban Flooding 
King County has extensive urban areas, most of which, but not all, are located within the county’s 39 
incorporated municipalities. Several urban areas are also located within unincorporated King County, 
including the communities of East Federal Way, North Highline, West Hill, Fairwood, East Renton, 
Skyway, and South Park (most of which is in the City of Seattle). Many of these urban areas 
experience urban flooding, which includes flooding and flood-related erosion that is not always 
caused by overbank flow from King County’s rivers and tributary streams. This may include flooding 
caused by stormwater runoff, high groundwater tables, ponding following intense rainfall, and 
overwhelmed urban storm sewer systems. 

Public and Partner Input on Urban Flooding 

Community members and numerous government partners raised concerns about increased stormwater 
flooding. Common observations about urban flooding problems related to increased development, 
inadequate capacity of stormwater management infrastructure, a lack of permeability in built environments, 
climate change, and urban areas located in the floodplains of major rivers, tributaries, and coastal areas. 
Community members and partners noted that heavy precipitation is exceeding the capacity of urban 
stormwater management infrastructure with increasing frequency because of climate change. Sediment 
loads from stormwater runoff are reducing conveyance capacity for urban streams and stormwater 
infrastructure, often exacerbating urban flooding issues and requiring increased maintenance. Partners noted 
that high water levels in receiving water bodies, especially in low-lying urban areas near rivers, lakes, and 
Puget Sound, are leading to decreased effectiveness of gravity drainage systems and pump stations. Beaver 
activity and sediment accumulation in stormwater systems and streams were also discussed as exacerbating 
issues in some cities. Commonly reported impacts from urban flooding included inundation of roads and 
other transportation infrastructure. 
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Potential Impacts from Climate Change and Other Future Changes 
Effects of Climate Change on Tributary Streams & Urban Flood Hazards 
Climate change is projected to enhance existing seasonal precipitation patterns in the Puget Sound 
region, leading to wetter winters and drier summers. While individual model results will vary, climate 
modeling predicts more winter rain overall and more winter precipitation falling as rain rather than 
snow in upper watersheds. The Puget Sound lowlands and lower-elevation mixed rain-and-snow 
watersheds are particularly sensitive to these changes, given the relatively warm winter temperatures 
already seen in these basins. Heavy rain events (e.g., atmospheric river events) are also expected to 
become more intense and more frequent. These changes collectively point to an increase in the 
volume of winter runoff into tributary systems and an increase in urban flooding in locations where 
stormwater control facilities are absent or unable to keep up with runoff volumes. 

More research is needed on current trends and possible future changes in the frequency, intensity, 
and location of convective storms in King County and Western Washington. Climate scenarios 
project a decrease in summer precipitation; however, warmer land temperatures could create 
conditions more favorable for summer thunderstorms. On the other hand, a warming climate may 
make the atmosphere more stable and thus reduce the chance of thunderstorms. Climate models 
have difficulty capturing these storms due to their small size, making it difficult to assess changes in 
these systems. 

Similar challenges exist for projecting changes in the location and intensity of rainfall in wintertime 
convective storms associated with the Puget Sound Convergence Zone (PSCZ). The PSCZ is a 
common weather phenomenon in which storms coming in from the Pacific Ocean are split by the 
Olympic Mountains and then reconverge in the Puget Sound area. This can bring bands of intense 
localized rainfall, typically over northern King County and southern Snohomish County. The PSCZ is 
more likely to occur in fall and winter. Because the PSCZ is driven by large-scale atmospheric 
circulations, models may be able to better capture changes in the PSCZ. However, these effects have 
not yet been studied. 

Despite the uncertainty that currently exists regarding projected changes in convective storms, these 
storms could be a potential driver of flooding in small basins in King County and warrant further 
investigation, especially since flashy flows may result in sudden flooding and a limited ability to 
provide adequate warning. Stormwater management efforts to account for more intense winter 
precipitation, including more intense rainfall associated with atmospheric river events, should help 
address the potential for convective flooding in all seasons. 

Changes in summer conditions will also impact tributaries. Lower snowpack, earlier spring snowmelt, 
and warmer and drier summer conditions extend and exacerbate summer drought conditions and 
low-flow impacts. These include warmer stream temperatures, disconnected streams, less available 
habitat for juvenile salmon, and direct mortality of salmonids. For example, lower summer 
streamflows may reduce available spawning habitat for early Chinook spawners and lead to 
dewatering of steelhead redds. Warmer stream temperatures can also decrease growth rates or kill 
juvenile salmon outright, slow or block adult salmon migration, and reduce adult salmon productivity. 
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The increased potential for wildfire in Western Washington may impact tributary streams and stream 
flooding post-fire, depending on fire location and intensity. Wildfires can increase the potential for 
landslides, erosion, flash floods, sediment loading, and debris flows in rivers, lakes, and streams due 
to the loss of vegetation and root structures that would normally hold soils in place. This risk is most 
acute within the 3 years following a fire. In more severe fires, the intense heat can also form a surface 
layer of hydrophobic soils (those that tend to repel water) that can dramatically increase runoff rates 
as infiltration is reduced. This can lead to flooding in the lowlands during even moderate storm 
events as runoff is concentrated in tributary stream channels. 

Effects of Climate Change on Coastal Flood Hazards 
Global sea level has risen on average eight to nine inches since 1880 and the rate of rise is 
accelerating (Lindsey 2022). Many factors contribute to how much sea level rises globally (absolute 
sea level rise) and at a given location (relative sea level rise). Major factors at the global scale include 
thermal expansion of the ocean and snowmelt contributions from land-based snow and ice, 
particularly from Greenland and Antarctica. The relative contribution of these water sources changes 
over time, with contributions from land-based snow and ice becoming the dominant contributing 
source later in the century (Miller et al. 2018, Appendix B; NRC 2012). 

Locally, changes in vertical land elevation are a major factor affecting sea level rise at a specific 
location. One key contributor to changes in vertical land elevation is plate tectonics. The movement 
of tectonic plates can cause uplift or subsidence of the land surface over time that can offset (in the 
case of uplift) or exacerbate (in the case of subsidence) sea level rise at a given location. Other local 
factors that can contribute to changes in land elevation are soil compaction in areas built on fill or 
with heavy groundwater extraction, human activities that reduce the transport of sediment to 
floodplains and estuaries (such as constructing dams and levees), and geologic rebound from the last 
ice age (a process known as “glacial isostatic adjustment”). 

Sea level has risen more than 10 inches in Seattle since 1899 (as measured at NOAA’s tide gage at 
Coleman Dock) and will likely rise approximately 1 to 2 feet by mid-century and 2 to 3 feet by 2100, 
relative to 2000, under a high greenhouse gas scenario (Miller et al. 2018). Lower and higher 
amounts of sea level rise are possible, with up to 5 feet of sea level rise considered a plausible upper 
estimate for 2100 based on current scenarios. Inundation of low-lying areas is expected along the 
Puget Sound shoreline due to sea level rise and increased tidal reach. This will expose more shoreline 
areas to periodic or permanent flooding, wave action, erosion, and damage from saltwater corrosion, 
and these factors can contribute to an additional risk of displacement. See the examples presented in 
Figure 2.6-2 (showing the Fauntleroy, Vashon-Maury Island, and South Park Areas), and Figure 2.6-3 
and Figure 2.6-4. 
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Sea Level Rise Risk Area 
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l(ing County Coastal Floodplain Regulations BEFORE 
Adopting the Sea Level Rise Risk Area 

A new building or a 
substantially-improved building in the 

coastal high hazard area floodplain is 
required to be built to 3 feet above the 

coastal high hazard area flood 
elevation. 

3 feet above the coastal 
_____ high hazard area flood elevatioff--------i _~ :;:;;;:;;;;;;;::;;;;;;;;~ 

_ Coastal h!g,h hazard area flood elevation _ _ 

Edge of existing coastal 
high hazard area floodplain 
(Coastal High Hazard Area) 

This house is not required to be 
built 3 feet above the coastal 
high hazard area flood 
elevation, even though it is in an 
area of increased risks 

l(ing County Coastal Floodplain Regulations AFTER 
Adopting the Sea Level Rise Risk Area 

A new building or a 
substantially-improved building in the 

coastal high hazard area floodplain is 
required to be built to 3 feet above the 

coastal high hazard area flood 
elevation. 

Under the adopted regulations, 
a new or substantially-improved 
building must now be built 3 feet 
above the adjoining coastal high 
hazard area flood elevation. 

3 feet above the coastal Sea Level 
____ high hazard area flood elevation~...+;~ ~;::::::;::;::::;:+,.. Rise Risk Area 

_ Coastal h!g,h hazard area flood ~el~ev~a~ti~on~~-~-.....LWLIW.J..J4.-~,1 u..-- extends inland from 
L ________ _, the edge of the existing 

Edge of existing coastal 
high hazard area floodplain 
(Coastal High Hazard Area) 

coastal high hazard area 
floodplain. The width of the Sea 
Level Rise Risk Area varies with 
topography. 

Figure 2.6-3 
Comparison of Regulations (Before and After), Sea Level Rise Risk Area 

This figure illustrates the boundary and associated building elevation requirements of the King County Sea Level Rise Risk Area, which 
applies only to Vashon-Maury Island. Additional provisions related to bluff setbacks and groundwater wells are not shown here. 
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SHORELINE 
Current sea level 

ARMORED SHORELINE 
Current sea level 

NATURAL SHORELINE 
Future sea level 

ARMORED SHORELINE 
Future sea level 

Figure 2.6-4 
Coastal Squeeze in the Puget Sound Nearshore 

Graphic illustrates the shallow areas where forage fish spawn and are being squeezed out 
of existence by shoreline armoring and sea level rise (Coastal Geologic Services). 

The potential for coastal squeeze also increases with sea level rise. In undeveloped nearshore 
systems, beaches and coastal marsh shorelines will migrate inland as sea level rises. However, in 
heavily armored areas, beaches and coastal marshes tend to be restricted by infrastructure. In these 
cases, rising sea level will degrade and permanently inundate beach habitats along the shoreline, 
eventually causing the habitats to disappear or become nonfunctional, as shown in Figure 2.6-4 
(Krueger et al. 2009). 

Other potential impacts of sea level rise include a greater potential for erosion and landslides and 
exacerbation of freshwater flooding in the lower Duwamish watershed. Storm surge and storm-
related wave events can overtop existing bulkheads and cause erosion of the shoreline, increasing the 
potential for slides. The projected increases in winter precipitation and heavy rain events noted above 
can further destabilize nearshore slopes. While these processes bring added risks to nearshore 
structures, sediment inputs from erosion, particularly from feeder bluffs, are critical to adapting the 
nearshore to rising seas and can be beneficial to maintaining salmon habitat in the nearshore 
environment.33 

33 Feeder bluffs are coastal bluffs that deliver sand and gravel to nearby beaches as a result of erosion. The amount of 
sediment delivered, and how quickly it is delivered, will depend on a variety of factors. For more on feeder bluffs, see 
Ecology (2023). 
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Finally, sea level rise can slow drainage of floodwaters, extending the duration of flooding or 
contributing to more widespread flooding. As noted above, more information on sea level rise and 
coastal flooding impacts in King County will be available in summer 2024 with completion of the 
USGS’s CoSMoS model. 

Risk Assessment 
King County’s Hazus assessment evaluated the exposure of structures and critical facilities to coastal 
flood vulnerability (see Section 2.7 for more detail). This was possible with use of King County’s 
delineation of a coastal high-hazard area, which is reflected on effective flood insurance rate maps 
and is used for regulatory purposes. The scope of the analysis was countywide and included all 
unincorporated and incorporated areas in the watershed-based results presented in the previous 
sections. However, the analysis did not isolate the potential vulnerability to tributary and urban 
flooding due to the complexity involved in that analysis. 

The analysis used best available information, which included all flood modeling available through 
King County or the FEMA map service center, meaning that the vulnerability results may include data 
beyond what is reflected in effective Digital Flood Insurance Rate Maps. This section presents coastal 
flood vulnerability results. 

Coastal Flooding 
Hazus is a tool to estimate potential losses from flooding, but it is not without limitations. Namely, 
the model relies on available information, is an approximation, and does not account for the unique 
nature of each flood event. In the case of estimating the potential impacts associated with coastal 
flooding, the model used the existing coastal high-hazard area and did not incorporate data on 
potential sea level rise scenarios. 

Neither the South Fork Skykomish/Snoqualmie or White River watersheds have any coastal flood 
exposure. Table 2.6-1 presents exposure as identified for the Lake Washington/Cedar/Sammamish 
and Green/Duwamish watersheds. Of note, there is no critical facility exposure to coastal flooding in 
the Lake Washington/Cedar/Sammamish watershed. 

Potential coastal flood damages were also assessed using Hazus, and those results are presented in 
Table 2.6-2. 

Urban and Tributary Flooding 
As noted in the introduction, urban and tributary flood hazards were not analyzed separately in the 
Hazus analysis, as the tool is not able to easily model these flooding types separately. Urban and 
tributary flooding result in exposure and potential flood damages, yet these were not analyzed as 
part of this planning effort. Obtaining a better understanding of potential exposure to urban and 
tributary flooding and quantifying associated potential damages could be an area for future analysis. 
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TABLE 2.6-1 
EXPOSURE TO COASTAL FLOODING 

Flood Event WRIA 

Number Exposed 
(General Building 

Stock) 

Total Structure 
Value Exposed 

(General Building 
Stock) 

Total Content Value 
Exposed (General 

Building Stock) 
Number Exposed 

(Critical Facilities) 

Total Structure 
Value Exposed 

(General Building 
Stock) 

Total Content Value 
Exposed (General 

Building Stock) 

10% Annual Chance 
Coastal Flood 

Lake WA/Cedar/Sammamish N/A N/A N/A N/A N/A N/A 

Green/Duwamish 5 $4,509,914 $3,232,414 N/A N/A N/A 

2% Annual Chance 
Coastal Flood 

Lake WA/Cedar/Sammamish N/A N/A N/A N/A N/A N/A 

Green/Duwamish 5 $4,509,914 $3,232,414 N/A N/A N/A 

1% Annual Chance 
Coastal Flood 

Lake WA/Cedar/Sammamish 42 $19,791,028 $12,997,828 N/A N/A N/A 

Green/Duwamish 818 $685,929,108 $486,575,075 26 $25,661,291 $33,213,049 

0.2% Annual Chance 
Coastal 

Lake WA/Cedar/Sammamish 42 $19,791,028 $12,997,828 N/A N/A N/A 

Green/Duwamish 1,119 $910,555,296 $640,100,699 27 $26,863,436 $35,016,266 

TABLE 2.6-2 
POTENTIAL DAMAGES FROM COASTAL FLOODING 

Flood Event WRIA 
Total Structure Value Damages 

(General Building Stock) 
Total Content Value Damages 

(General Building Stock) 
Total Structure Value Damages 

(Critical Facilities) 
Total Content Value Damages 

(Critical Facilities) 

10% Annual Chance 
Coastal Flood 

Lake WA/Cedar/Sammamish N/A N/A N/A N/A 

Green/Duwamish $111,530 $376,163 N/A N/A 

2% Annual Chance 
Coastal Flood 

Lake WA/Cedar/Sammamish N/A N/A N/A N/A 

Green/Duwamish $112,397 $378,858 N/A N/A 

1% Annual Chance 
Coastal Flood 

Lake WA/Cedar/Sammamish $4,636,598 $3,524,225 N/A N/A 

Green/Duwamish $45,955,081 $59,544,610 $249,306 $247,803 

0.2% Annual Chance 
Coastal Flood 

Lake WA/Cedar/Sammamish $4,677,758 $3,526,367 N/A N/A 

Green/Duwamish $53,937,525 $63,116,587 $89,456 $247,803 
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flooding along the river in Redmond and in Marymoor Park persisted for nearly 1 week due to 
sustained inputs from Bear Creek that inhibited and delayed outflows from the lake. 

December 2022 – The peak of December king tides and a very strong low-pressure system moving 
through Western Washington occurred simultaneously, and the result was coastal flooding with the 
water level of Puget Sound peaking at 3.76 feet above the normal mean higher high water (MHHW) 
mark. Estimates determined that the astronomical king tide produced a tide that was 1.53 feet above 
the normal MHHW mark, and the low-pressure system added another 2.23 feet above the predicted 
king tide. The resulting water level surpassed the previous record of 3.16 feet above MHHW set in 
January 2022 and resulted in major coastal flooding throughout the Puget Sound region. In King 
County, coastal flooding and compound flooding impacts were seen in numerous locations along the 
marine shoreline but were especially significant in the South Park neighborhood on the lower 
Duwamish River, which overtopped its banks, and along the shoreline of Vashon-Maury Island. 

Countywide Flood Hazard Risk Assessment 
To better understand flood risk within King County, a countywide flood hazard risk assessment was 
performed using FEMA’s Hazus Risk Assessment Platform (Version 6.0, Level 2 analysis). Hazus 
calculates losses to structures due to inundation by looking at depth of flooding and structure types. 
Using historical flood insurance claim data, Hazus can estimate the percentage of damage to 
structures and their contents by applying established damage functions to an inventory of structures. 

King County’s analysis evaluated the risk from flooding for the 10-, 5-, 2-, 1-, and 0.2 percent annual 
chance flood events faced by the general building stock (all structures), critical facilities, and repetitive 
loss properties. The results of the analysis present both exposure to flooding (number of structures 
and dollar value of structures and contents that fall within flood hazard areas) and estimated damage 
from the specified flood events (dollar-value estimates of potential structure and contents damage, 
determined using flood depth data and known property replacement cost values). Best available data 
were used in the analysis, including parcel and structure information from King County’s Geographic 
Information System (GIS) data hub,34 the King County Assessor, and flooding information from King 
County and FEMA. The analysis included all incorporated and unincorporated areas within King 
County. 

Earlier subsections in this chapter present exposure and estimated damage information by 
geography. The tables that follow (Table 2.7-1 through Table 2.7-7) present aggregated county-level 
information. While these data help assess the magnitude of exposure to flooding and the potential 
damage that could result, it is important to keep in mind that this analysis represents general 
approximations and is a simplified assessment of flood risk. Furthermore, the unique nature, 
geographic extent, and severity of each flood event means that not all areas experience flooding in 
the same way each time a flood occurs. The potential exposure and loss estimates provided in the 
tables below are approximate and should be used only to understand relative risk. 

34 https://kingcounty.gov/en/legacy/services/gis/gisdata. 
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TABLE 2.7-1 
SUMMARY OF ASSETS IN KING COUNTY 

Asset Type Total Number of Structures Total Structure Value Total Content Value 

General Building Stock 716,919 $529,771,821,643 $330,124,585,742 

Critical Facility 7,878 $41,346,749,136 $35,150,703,096 

Repetitive Loss Property 187 $80,088,352 $48,009,425 

The exposure analysis determined that approximately $11.9 billion of structural value for the general 
building stock is at risk to the 1 percent annual chance riverine flood event, and approximately $15.3 
billion of general building stock structural value is at risk to riverine flooding up to the 0.2 percent 
annual chance flood event. For the 1 percent annual chance riverine event, the exposure of content 
value exposed is approximately $10.2 billion, and for the 0.2 percent annual chance riverine event, 
the content value exposed is approximately $13.0 billion. Additionally, approximately $706 million of 
structural value is at risk to the 1 percent annual chance coastal flooding event, and these structures 
have a content value of approximately $500 million. 

TABLE 2.7-2 
COUNTYWIDE EXPOSURE OF BUILDINGS LOCATED IN KING COUNTY 

Flood Event 
Number of Structures 

Exposed 
Total Structure Value 

Exposed Total Content Value Exposed 

10-year – Riverine 5,453 $4,860,375,948 $3,830,123,225 

10-year – Coastal 5 $4,509,914 $3,232,414 

50-year – Riverine 5,491 $4,874,864,605 $3,838,216,669 

50-year – Coastal 5 $4,509,914 $3,232,414 

100-year – Riverine 10,885 $11,907,318,847 $10,233,604,608 

100-year – Coastal 860 $705,720,136 $499,572,903 

500-year – Riverine 13,987 $15,334,703,166 $13,037,237,111 

500-year – Coastal 1,161 $930,346,325 $653,098,527 

The exposure analysis determined that approximately $1.3 billion of structural value for critical 
facilities is at risk to riverine flooding up to the 1 percent annual chance flood event. These critical 
facilities have a content value of approximately $1.6 billion. Additionally, approximately $26 million 
of structural value for critical facilities is at risk to coastal flooding up to the 1 percent annual chance 
flood event. These critical facilities have a content value of approximately $33 million. 
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TABLE 2.7-3 
COUNTYWIDE EXPOSURE OF CRITICAL FACILITIES LOCATED IN KING COUNTY 

Flood Event 
Number of Critical Facilities 

Exposed 
Total Structure Value 

Exposed Total Content Value Exposed 

10-year – Riverine 335 $665,248,786 $894,393,151 

10-year – Coastal 0 $0 $0 

50-year – Riverine 338 $665,677,786 $895,036,151 

50-year – Coastal 0 $0 $0 

100-year – Riverine 498 $1,268,527,576 $1,626,431,506 

100-year – Coastal 26 $25,661,291 $33,213,049 

500-year – Riverine 574 $1,656,824,335 $2,127,750,883 

500-year – Coastal 27 $26,863,436 $35,016,266 

The exposure analysis determined that approximately $70 million of structural value for repetitive 
loss properties is at risk to riverine flooding up to the 1 percent annual chance flood event. These 
repetitive loss properties have a content value of approximately $43 million. Additionally, 
approximately $1.6 million of structural value for repetitive loss properties is at risk to coastal flooding 
up to the 1 percent annual chance flood event. These repetitive loss properties have a content value 
of approximately $800,000. 

TABLE 2.7-4 
COUNTYWIDE EXPOSURE OF REPETITIVE LOSS PROPERTIES LOCATED IN KING COUNTY 

Flood Event 
Number of Repetitive Loss 

Structures Exposed 
Total Structure Value 

Exposed Total Content Value Exposed 

10-year – Riverine 151 $64,984,603 $39,684,926 

10-year – Coastal 0 $0 $0 

50-year – Riverine 151 $64,984,603 $39,684,926 

50-year – Coastal 0 $0 $0 

100-year – Riverine 162 $70,026,646 $42,740,447 

100-year – Coastal 4 $1,565,000 $782,500 

500-year – Riverine 165 $71,929,896 $43,930,197 

500-year – Coastal 4 $1,565,000 $782,500 

Hazus estimates up to $700 million in structural damages and up to $507 million in content 
damages to buildings from the 0.2 percent annual chance riverine flood. Additionally, Hazus 
estimates up to $58.6 million in structural damages and up to $66.6 million in content damages to 
buildings from the 0.2 percent annual chance coastal flood. Due to data limitations in the flood depth 
information available to support the analysis, the results for the 1 percent annual chance flood event 
appear lower than the results for the 5 and 2 percent annual chance flood events. However, actual 
damages from a 1 percent annual chance flood event are likely to be significantly higher than for the 
5 or 2 percent annual chance flood events. 
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TABLE 2.7-5 
COUNTYWIDE DAMAGES OF BUILDINGS LOCATED IN KING COUNTY 

Flood Event Total Structure Value Damages Total Content Value Damages 

10-year – Riverine $313,490,496 $134,430,093 

10-year – Coastal $111,530 $376,163 

25-year – Riverine* $348,870,082 $164,564,546 

25-year – Coastal* $111,855 $377,174 

50-year – Riverine $407,836,059 $214,788,636 

50-year – Coastal $112,397 $378,858 

100-year – Riverine $165,802,623 $202,700,222 

100-year – Coastal $50,591,679 $63,068,835 

500-year – Riverine $699,808,925 $507,049,406 

500-year – Coastal $58,615,284 $66,642,954 

NOTE: 
* 25-year flood event values were linearly interpolated between the 10- and 50-year flood results modeled for each structure. 

Hazus estimates up to $84.5 million in structural damages and up to $18.3 million in content 
damages to critical facilities from the 2 percent annual chance riverine flood. Additionally, Hazus 
estimates approximately $250,000 in structural damages and approximately $250,000 in content 
damages to critical facilities as a result of the 1 percent annual chance coastal flood. The same data 
limitation described above applies to these results; thus, additional study may be useful to better 
understand the vulnerability of critical facilities to flooding. 

TABLE 2.7-6 
COUNTYWIDE DAMAGES OF CRITICAL FACILITIES LOCATED IN KING COUNTY 

Flood Event Total Structure Value Damages Total Content Value Damages 

10-year – Riverine $83,148,718 $13,066,297 

10-year – Coastal $0 $0 

25-year – Riverine* $83,638,966 $15,016,490 

25-year – Coastal* $0 $0 

50-year – Riverine $84,456,046 $18,266,811 

50-year – Coastal $0 $0 

100-year – Riverine $39,502,277 $75,032,944 

100-year – Coastal $249,306 $247,803 

500-year – Riverine $46,921,760 $89,218,285 

500-year – Coastal $89,456 $247,803 

NOTE: 
* 25-year flood event values were linearly interpolated between the 10- and 50-year flood results modeled for each structure. 
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Hazus estimates up to $27.2 million in structural damages and up to $15.8 million in content 
damages to repetitive loss properties from the 0.2 percent annual chance riverine flood. Additionally, 
Hazus estimates up to $55,000 in structural damages and up to $23,000 in content damages to 
repetitive loss properties as a result of the 0.2 percent annual chance coastal flood. 

TABLE 2.7-7 
COUNTYWIDE DAMAGES OF REPETITIVE LOSS PROPERTIES LOCATED IN KING COUNTY 

Flood Event Total Structure Value Damages Total Content Value Damages 

10-year – Riverine $4,815,178 $2,409,442 

10-year – Coastal $0 $0 

25-year – Riverine* $8,504,655 $4,528,211 

25-year – Coastal* $0 $0 

50-year – Riverine $14,653,784 $8,059,492 

50-year – Coastal $0 $0 

100-year – Riverine $14,899,809 $9,755,949 

100-year – Coastal $55,146 $23,262 

500-year – Riverine $27,152,762 $15,839,880 

500-year – Coastal $55,146 $23,262 

NOTE: 
* 25-year flood event values were linearly interpolated between the 10- and 50-year flood results modeled for each structure 
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