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5. INTERIM RISK REDUCTION MEASURES
This chapter of the Green River System Wide Improvement Framework Plan summarizes Interim Risk
Reduction Measures (IRRM) to reduce life safety risks due to Green River levee system deficiencies while
longer term solutions are being pursued through maintenance repairs and capital projects.
Interim Risk Reduction Measures are structural and non-structural actions that reduce the likelihood
and consequences associated with inundation risk landward of the levee systems, while long-term and
comprehensive solutions are being planned and implemented (Corp of Engineers 2014). As part of the
development of the SWIF flood risk was evaluated based on the likely consequences of flooding to
public safety, infrastructure, current and future economic development, and projected cost of expected
damages in the event of levee overtopping or failure. Based on the evaluation of flood risk a set of
interim risk reduction measures was selected and is outlined within this chapter. The IRRMs are a
critically important part of the District’s approach to reducing flood risks over time.
When establishing interim risk reduction measures, the prevention of loss of life is the highest priority,
followed by prevention of high economic or environmental losses. IRRMs include both structural and
non-structural components. Examples of structural risk reduction measures include: sand bags/bulk
bags; temporary rock placement; overtopping resiliency features; erosion protection, and scour/erosion
protection. Examples of ongoing non-structural risk reduction measures currently administered by King
County include: flood warning and emergency evacuation plans; flood patrol program; comprehensive
river and floodplain management plan; emergency response and public communication plans.

5.1. FLOOD RISKS AND VULNERABILITIES
Preparation of the SWIF was informed by an analysis of flood risks and vulnerabilities of the river and
floodplain system, flood protection facilities and developed areas at risk of inundation. The analysis
evaluated the geomorphic, geotechnical and hydraulic characteristics of the system, to better
understand areas at risk in the Lower Green River Valley and how the current system of flood protection
facilities function under different flood event scenarios.
Howard Hanson Dam and the Green River’s system of levees and revetments are intended to work
together to reduce flood risks to the Lower Green River and its valley. The Dam regulates outflows from
the reservoir to 12,000 cfs at the Green River Auburn gage, located at river mile 31. Recent floods in
King County occurred in November 1990, November 1995, February 1996, November 2006 and January
2009. Typical flood damage included undermining by scour along the toe of levees and revetments in
the Lower Green River, slumping of banks and levee side slopes, and erosion of flood protection
facilities. While these events ranged from the 10- to 100-year event on other King County rivers, the
regulated flow of 12,000 cfs on the Green River meant that these flood events were the equivalent of a
much smaller 2-year event pre-dam, but extended over a longer duration, placing stress on the Lower
Green River levees.
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The lower Green River Valley was developed with the general understanding that Howard Hanson Dam
(HHD) provided 500-year containment and storage of floodwaters in the upper watershed. A 2012
USACE study concluded that HHD provides only 140-year containment. To inform SWIF preparation, a
preliminary evaluation was completed of the potential to increase the capacity of HHD, through
structural or operational approaches. This evaluation revealed that high costs, structural issues, and
other feasibility challenges limit the potential or likelihood of the dam’s future expansion to achieve
additional storage. For additional detail, please see Appendix F (Howard Hanson Dam Evaluation). These
findings place a greater importance on ensuring that downstream levees and flood facilities are
functional and built to contemporary engineering standards. Also, if the region desires a 500-year level
of protection, improvement and increased capacity of the flood protection facilities (levees and
floodwalls) would be necessary.
A Geomorphic Assessment (Appendix B) indicated that between 1986 and 2011, stream bed erosion
lowered the channel bed from one to two feet throughout the Lower Green River; greater incision
occurred on channel bends, with seven locations in the lower Green River with incision of five to ten
feet or greater. An evaluation of levee repair locations showed that damage locations are typically
located near channel bends and that when the channel bed has greater than five feet of incision there is
a substantial risk of future damage to adjacent levees and revetments.
The SWIF Geotechnical Assessment (Appendix C) reviewed previous levee stability studies and
confirmed that existing levees are vulnerable to failure and require regular maintenance to reduce flood
risks. Portions of the levees do not meet USACE recommended Factors of Safety (FOS), a common
measure of engineering safety. USACE Factor of Safety criteria vary from a minimum required value of
1.0 to 1.6. Some Lower Green River levees have FOS values of 0.6 or less, while some have a FOS of up
to 1.7 or higher. Potential levee failure modes that are common to the Lower Green River system of
flood protection include: rapid drawdown, seismic, and under-seepage. Rapid drawdown conditions
occur when river levels drop rapidly after sustained high water levels. The resulting saturated levee
conditions are less stable and subject to failure. Under-seepage is the movement of water through the
levee and its foundation, from the riverward to the landward side of the levee. Seismic failure occurs
when either ground shaking directly damages levees or when saturated soils liquefy due to earthquakes.
The Green River flood model was updated to reflect current flood facility conditions, in support of
completing the SWIF Hydraulic Assessment (Appendix D). This study revealed that current Lower Green
River levees and existing unarmored shorelines provide variable levels of protection. Bank
overtopping/inundation take place in some locations during a 2-year or 9,000 cubic feet per second (cfs)
event while other armored shoreline locations are protected to upwards of 18,800 cfs, the median 500year flood event. The river channel conveyance capacity for flows over the 12,600 cfs (median 200 –
year flood event) and the extent and depth of inundation of the floodplain and developed areas vary
widely depending on the levees and floodplain conditions. The modeled damage areas included Auburn
(left bank, upstream), Tukwila (left bank, downstream), and Kent/Renton (right bank). More detail is
found in the Hydraulic Technical Memorandum (Appendix D). Figure 5.1 presents a composite of
shoreline overtopping scenarios, generated from running the Green River Flood Model, using different
flow rate scenarios.
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Figure 5.1. Green River Flood Model Results for Variable Flow Rates1

1

Flow rates are shown for different recurrence intervals (10, 100, 200, 500-year), which are related to the percent chance of
occurrence of a flood event in any given year (10, 1, 0.5, 0.2 percent). The 5, 50, and 95% shown in parentheses represent the
5% or 95% confidence limits, or 50% (median) estimate. The greater the flood, the more area inundated. For a 12,600 cfs flow
event (200-year, median estimate), the blue, green and purple areas would be inundated. For an 18,800 cfs flow event (500year, median), the yellow and orange areas would also be inundated.
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5.2. POTENTIAL LEVEE FAILURE MODES
The USACE requires that an IRRM Plan be informed by an evaluation of four types of levee failures,
including: (1) levee breach prior to overtopping, (2) levee overtopping with breach, (3) malfunction of
levee system components, and (4) levee overtopping without breach. The following sub-sections
describe each failure mode, and possible consequences, as they relate to the system of Lower Green
River levees.
The flood impact assessment for the four types of levee failures was informed by development of
economic modeling of different potential damage areas. The potential damage areas
are based on flood patterns and the configuration of the levee systems The hydraulic analysis included
consideration of potential levee breach locations and associated inundation at four representative
breach locations, as well as overbank flooding and levee overtopping under multiple scenarios. Each of
the scenarios modeled included a full range of flows (or flood events) with different probabilities of
occurring in any given year. Geomorphic, geotechnical, and hydraulic parameters were used as inputs to
the HEC-FDA economic model which tabulates
flood damages corresponding to various levels
of flood stage then converts these estimates to
expected annual flood damages. Expected
annual damage (EAD) is a measure that
accounts for the probability of different
magnitude flood events and the associated
damages that are estimated to occur. The
resulting EAD are the damages that can be
expected on an annual basis over a longer
evaluation period (see figure).
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Figure 5.2. Lower Green River Economic Damage Areas
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5.2.1 LEVEE BREACH PRIOR TO OVERTOPPING FAILURE MODE
Breach prior to levee overtopping refers to a general levee failure where either levee erosion or another
type of structural failure occurs. This failure mode reflects the potential for levees to breach when the
water surface is below the crest of the levee.
This failure mode was explicitly analyzed and modeled as part of the existing condition analysis
(Appendix E). Four potential levee breach locations were identified, following a review of geotechnical,
geomorphic, hydraulic and economic factors. Geotechnical analysis at each potential levee breach
location showed that the probability of geotechnical failure at lower river stages (within 1 foot of the
landside levee toe) was fairly low, varying from 0.1 to 2 percent. At higher stages, when the river stage
was near the levee crest, the composite probability of failure varied from 0.2 to 6 percent. The presence
of deficiencies may result in a higher potential for premature breach.
The EAD for the breach prior to overtopping levee failure scenario was estimated at $48.4M, assuming
potential breaches in the upstream left bank and downstream left bank damage areas. With breaches
along the right bank damage area, EAD estimates ranged from $42.8M to $50.0M per year.

5.2.2 OVERTOPPING WITH LEVEE BREACH FAILURE MODE
The overtopping with levee breach scenario starts as an overtopping event (i.e. when floodwaters
exceed channel capacity), followed by a levee breach caused by the overtopping. This failure mode was
not analyzed and modeled as part of the SWIF flood risk analysis. Instead, a composite of the existing
condition flood modeling results, from each of the breach model runs, was created as described below:
 For the 15,100 cfs event, there is no overtopping into the Auburn or Tukwila damage areas, only
overtopping into the Kent/Renton damage area. Therefore, only the Meyers Golf and Horseshoe
Bend breach depth grids were averaged, and the results only applied to the Kent/Renton
Damage Area.
 For the 18,800 cfs event, overtopping occurred into the Auburn and Kent/Renton Damage
Areas, but not the Tukwila damage area. All three breach scenarios (Dykstra/Tukwila, Horseshoe
Bend and Meyers Golf) were averaged. Only the Auburn and Kent/Renton damage areas had
composite grids applied. The Tukwila damage area did not overtop.
 The 26,800 cfs event overtops into all damage areas.
Based on the geotechnical, geomorphic, and hydraulic analyses completed for the existing condition
analysis, the probability of levee breach following overtopping is very high and it is estimated that there
is a 100% probability of breach at overtopping for all four of the potential breach locations. The systemwide expected annual damages for the overtopping with breach scenario was estimated to be $44.7M.

5.2.3 MALFUNCTION OF LEVEE SYSTEM COMPONENTS FAILURE MODE
Malfunctioning of levee system components, assuming no levee overtopping, would result in the least
amount of consequences of the four failure modes. Within the levee system, the components likely to
malfunction are interior drainage pipe flap gates or failure of pump stations designed to pump interior
drainage into the Green River during the flood event. This failure mode was not modeled or analyzed as
part of the Current Conditions Report. However, nearly all the pipe and culvert levee penetrations, as
well as flap gates, identified as PL 84-99 deficiencies are currently being evaluated and/or resolved
through Deficiency Action Plan implementation.
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5.2.4 OVERTOPPING WITHOUT LEVEE BREACH FAILURE MODE
Levee overtopping without a levee breach is the least likely failure mode evaluated. The original levees
were constructed in the 1960s, using material excavated from the river bed, without compaction
control. Thus, subsurface soils within the levee prism typically consist of loose to medium dense silty
sand that is vulnerable to erosion during an overtopping flood event. Therefore, the consensus of the
consultants and project team is that the levees are much more likely to breach, than to remain intact
when overtopped. Since construction of the levees and post Howard Hanson Dam construction in 1962,
there have been no reported occurrences of levee overtopping or breaches. For reference, the peak
flood flow during the past 53 years was 12,400 cfs at Auburn in February 1996.
This levee failure scenario was analyzed and modeled as part of the Current Conditions Report using
three flood events: 15,100 cubic feet per second (cfs); 18,800 cfs; and 26,800 cfs. Flood modeling
results noted that for flows which overtopped the levee, depths without breach are generally a few
tenths of a foot less than in the overtopping with breach scenario. The consequences are less severe
than for the overtopping with breach scenario.

5.3. RISKS TO PEOPLE, PROPERTY AND THE REGION’S ECONOMY
People, homes and businesses are at risk from flooding in the Lower Green River Valley. Collectively,
these assets serve as a vital economic engine for the region and state. Industrial, commercial, and
residential development located in the cities of Kent, Auburn, Renton and Tukwila are subject to flood
risks, as well as very significant infrastructure comprised of state highways, railroads, local roads and
utilities. A snapshot of what is at risk in the Lower Green River Valley from flooding includes (based on
2014 data):


22,000 residents living in portions of the valley that may be inundated from a 500-year flood
event



$7.3 billion in floodplain structures and contents



100,000+ jobs (REI Corporate Offices, Boeing, Amazon Fulfillment Center, Starbucks Roasting
Plant and many other small, intermediate and larger sized companies)



100 million sf warehouse + distribution space (2nd largest on West Coast)



Comprises 1/8th of the GDP for WA State, with an annual taxable revenue of $8 billion

The potential impacts of major flooding to people, communities, structures, infrastructure, businesses
and jobs in the Lower Green River could be substantial. With a 500-year flood event (18,800 cfs),
approximately 7400 acres of the valley would be inundated from <1 to 6-10 or more feet in depth. This
area of potential inundation was further analyzed to better understand the total number of people and
types of structures possibly affected (Tables 5.1 and 5.2).

King County, Washington

5-7

February 2019

FCD2019-02

Green River System -Wide Improvement Framework Interim Report
CHAPTER 5 INTERIM RISK REDUCTION MEASURES PLAN
Table 5-1 Residents within potential inundation areas associated with a 500-year flood event (data sources:
Green River Flood Model; 2010 Census Block Information)
RACE

Population #s

under 18

18-65

65 or older

White

12660

2004

8558

2098

Black/African American
Native American or Alaskan
Native
Asian
Native Hawaiian or Pacific
Islander
Other

2391

666

1639

86

304

80

203

21

1916

404

1354

158

639

233

394

12

2511

888

1578

45

Two or More

2278

668

1578

32

22,699

4,943

15,304

2,452

Total # residents

The area of inundation that may result from levee overtopping, as a result of a 500-year flood event was
further examined using the Flood Damages Assessment model to estimate system-wide expected annual
damages over a period of 50 years. With a 500-year flood event (18,800 cfs), the damages and impacts
to residential, commercial, and public structures and contents, vehicles, post-flood cleanup, utility
repairs, crop losses and lost recreation value, and reduced output (sales/gross revenue) from closures of
businesses following inundation was estimated at $47.1 million/year. As economic recovery progresses
following a flood event, this estimate of annual damages is expected to decrease with time.
In addition to the commercial, industrial and other land uses that contribute to regional and state-wide
economic health, the valley also contains single and multi-family residences, mobile homes, apartments
and condominiums. Table 5-2 summarizes the number of structures, by type, in the floodplain. The
structure counts are presented according to four economic modeling damage areas that were used to
assess risks of levee overtopping and breaching (e.g., levee failure). Additional information can be found
in the SWIF Current Conditions Reports (Appendices A-E).
Table 5-2 Structures in the Floodplain
Analysis Unit

Number of Structures by Type
Residential
Commercial
Industrial
3,484
873
74
30
273
13
1,266
1,769
178
591
196
36
5,371
3,111
301
8,908

Auburn (Upstream Left Bank: RM 17 – RM34)
Tukwila (Downstream Left Bank: RM10.5 – RM17)
Kent/Renton (Right Bank: RM10.5 to RM34)
Duwamish (Downstream: RM4.5 to RM10.5)
Sub-Total
TOTAL

Other*
72
3
44
6
125

Other land use types and resources at risk from flooding include farms and regionally significant
agricultural resources located within the unincorporated King County portion of the project area. The
King County Lower Green Agricultural Production District (APD) is located along the left bank of the river
and consists of about 1,400 acres of prime soil, split into two separate areas. Approximately 75 percent
of the Lower Green APD is in the King County Farmland Preservation Program which purchased the
development rights for these properties.
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Recreational resources in the project area include city owned parks, natural areas and local trails. King
County maintains multiple use regional trails within the project area, including the Green River Trail,
which travels along significant portions of the right bank shoreline of the Lower Green River. Though no
comprehensive recreational use studies have been completed for the project area, across jurisdictions,
these recreational assets are used by local residents as well as recreationists who live outside of the
project area.

5.4. EXISTING FLOOD RISK MANAGEMENT PLANS
This section provides a brief description of three planning documents, prepared by King County, which
informed preparation of the IRRM Plan: the Deficiency Action Plan; the King County Flood Hazard
Management Plan; and the Regional Hazard Mitigation Plan.

5.4.1. GREEN RIVER LEVEE DEFICIENCY ACTION PLAN
The Levee Deficiency Action Plan (DAP) is an inventory of the most recent levee inspections for the
twelve PL 84-99 levee segments and documentation on all inspection items including those of concern,
current status and planned actions. The DAP is a foundation document for the Green River System Wide
Improvement Framework and is maintained and used to track correction activities. The DAP tracks and
summarizes actions the King County Flood Control District has taken or will take to correct deficiencies
related to erosion, levee stability and encroachments and other inspection items.

5.4.2. KING COUNTY FLOOD HAZARD MANAGEMENT PLAN
The King County Flood Hazard Management Plan (2013) is the principle policy document guiding
regional investments to reduce the flood and channel migration risks to people, property, and the
region’s economy. Whenever possible, recommended flood hazard management actions seek to reduce
flood and channel migration risks while protecting, restoring, or enhancing riparian and aquatic
ecosystems. The Water and Land Resources Division (WLRD) of the Department of Natural Resources
and Parks (DNRP) is the service provider to the King County Flood Control District (District) in support of
the District’s mission to bring a comprehensive approach to floodplain management. The District’s work
program is comprised of six service areas to reduce flood risk.
Structural Protection
Reducing flood risks through physical changes to flood risk reduction facilities.
Hazard Identification and Mitigation
Identifying risks and removing people from harm.
Asset Management
Protecting public investments in flood risk reduction facilities and properties.
Flood Warning Program
Distributing information about flood conditions and self-protection methods.
Consulting to County Agencies
Supporting floodplain-related development regulations and public safety work.
Risk Reduction Through Partnership
Supporting regional partners to reduce risk.
Taken together, these six service areas have resulted in a robust floodplain
management program that works with tribal governments, state agencies, cities, towns,
residential communities, and other stakeholders to develop projects and policies that
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reduce flood risks throughout the Lower Green River and the region. King County has been
implementing the Flood Hazard Management Plan and annual reports can be found here:
http://www.kingcounty.gov/services/environment/water-and-land/flooding/flood-control-zonedistrict/governance.aspx.

5.4.3. KING COUNTY REGIONAL HAZARD MITIGATION PLAN UPDATE
Hazard mitigation is the use of policies, programs, projects, and other activities to alleviate harm to
people, injury, and property damage that can result from a disaster. King County and a partnership of
local governments have developed and maintained a regional hazard mitigation plan to reduce risks
from natural disasters. The plan complies with hazard mitigation planning requirements to maintain
eligibility for funding under Federal Emergency Management Agency grant programs and contributes to
many communities’ participation in the FEMA Community Rating System. The King County Office of
Emergency Management is currently updating the Hazard Mitigation Plan and is scheduled to be
completed in 2020.

5.5. EXISTING AND ONGOING MEASURES TO ADDRESS FLOOD RISKS
The goal of IRRMs is to reduce the likelihood and consequences associated with inundation risk. IRRMs
include emergency measures that are implemented during a flood event as well as measures
implemented in advance of a flood event. In establishing IRRMs, the prevention of loss of life is the
highest priority, followed by prevention of high economic or environmental losses. The King County
Flood Control District funds and administers a comprehensive set of flood hazard management projects
and programs that are intended to reduce risk to people, economy and environmental losses.
Following the convention of USACE guidance, IRRMs are presented using two categories: structural and
non-structural. Many of the identified IRRMs currently exist and are incorporated within the District’s
operating budget. There is an important connection between unresolved PL 84-99 deficiencies (see
Chapter 2) and IRRMs. Unresolved deficiencies that are in the process of being corrected and/or
monitored may require an IRRM in advance, during or after a flood. For example, if a culvert or other
type of levee penetration deficiency has yet to be resolved, it may be appropriate to target flood patrols,
site scale monitoring during a flood event, or other interim measures to address the increased risk
posed by the deficiency. Table 5.3 provides a summary of all Green River IRRMs and whether each
measure is an existing measure or a new measure developed as part of the SWIF process. The remainder
of this section provides a greater level of detail for each structural and non-structural risk reduction
measure. The Animal Burrow Pilot was identified as a new IRRM and is included below. Ongoing
activities related to management of animal burrows is a programmatic activity and is covered in
Chapter 4.
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Table 5-3 Green River SWIF Interim Risk Reduction Measures Summary
Structural (S) or
Non-Structural
(NS) Measure?

Interim Risk Reduction Measure Name

Existing or new
measure?

1. King County Flood Warning Center and Program

NS

Existing

2. King County Flood Patrol and Levee Inspection Program

NS

Existing

3. King County Flood Hazard Management Plan

NS

Existing

4. Public Communication Program: preparedness, education, and
understanding of residual risk

NS

Existing

5. Emergency Response (Post Flood Recovery) Program

NS

Existing

6. Animal Burrow Response Plan (Includes Pilot)

NS

New/Programmatic

7. Technical Studies

NS

Existing

9. Flood Hazard Area Regulations

NS

Existing

10. Effectiveness Monitoring To Improve Performance

NS

New

11. Sandbags

S

Existing

12. Bulk Bags

S

Existing

13. Earthen Levee Raising (Low Spots)

S

New

14. Small Capital Projects for Scour & Erosion

S

Existing

15. Temporary Rock Placement

S

Existing

8. Assistance and Consultation

5.5.1. NON-STRUCTURAL INTERIM FLOOD RISK REDUCTION MEASURES
Many of King County’s non-structural risk reduction measures are programmatic and implemented on a
County-wide scale. This section provides an overview for each nonstructural IRRM. King County
administers a comprehensive emergency response program (Table 5.4) and many nonstructural flood
risk reduction measures are critical elements of that program.
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Table 5-4 Emergency Preparedness and Response Program Elements
Program Element
Communication
Program: Flood Hazard
Education, Flood
Preparedness
Flood Warning Program

Description

•

King County conducts public education and outreach on flooding issues in
conjunction with area cities, local residents, and provides risk and
emergency response information.



King County operates the Flood Warning Center and Emergency
Coordination Center to provide information to municipalities in conjunction
with USACE information from Howard Hanson Dam and the National
Weather Service
The Flood Warning Center operates under a four-phase response system
based on Green River flow at the Auburn gage
Individuals can subscribe to receive King County flood alerts via text, email
and voice call
King County provides financial support to the U.S. Geological Survey for
maintenance and operation of a river gage network




Emergency Response
Actions





Emergency Evacuation

The USACE has a dam safety and emergency response plan in place for
Howard Hanson Dam
King County staff may begin patrolling flood control facilities at Phase III
King County may make available sandbags to citizens

•
•

Evacuation routes have been designated and road signage installed
Cities individually make the decision when to evacuate

5.5.1.1. KING COUNTY FLOOD WARNING PROGRAM AND FLOOD WARNING CENTER
The Flood Warning Program coordinates with local, state, and federal emergency warning and
evacuation systems, including King County Office of Emergency Management, King County Sheriff’s
Department, the Road Services Division, local jurisdictions and other agencies to obtain and share up-todate information about major flood risks, road closures, evacuations and other emergency services.
Ongoing coordination also occurs with the USACE regarding dam operations and effects on flood flows
within the Green River system.
The Flood Warning Center is the location of operations for the Flood Warning Program during flood
events. King County’s flood warning program includes a four-phase warning and alert system. The
program warns residents and agencies of impending floodwater levels so they can take action before
serious flood damage occurs. When high water conditions are imminent, King County activates its Flood
Warning Center, operation of which is based on a four-phase warning system. Flood phases reflect
cubic feet of water per second (cfs) and are taken at the Auburn gage at River Mile 31.
 Phase I – 5,000 CFS
 Phase II – 7,000 CFS
 Phase III – 9,000 CFS
 Phase IV – 12,000+ CFS
The flood warning center is activated for the Green River when the gage near Auburn reaches flood
phase II at 7,000 CFS.
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Flood phase information is updated online http://green2.kingcounty.gov/RiverGageData/gagedata.aspx. River gages are monitored by King County staff on a 24-hour basis. At increasing phases,
activities are triggered, including field inspection teams (flood patrols), press releases via local
broadcasting media as well as county websites and social media. It also includes an opt-in
phone/email/text message alert system. Early flood warning notifications are critical in providing
additional time for property owners, floodplain occupants and those responsible for their safety to
respond to flood threats. The Flood Alert System is implemented to simultaneously send voice calls, text
messages and emails.

5.5.1.2. KING COUNTY FLOOD PATROL AND LEVEE INSPECTION PROGRAM
King County on behalf of the District inspects levees annually during low water conditions to monitor
and assess levee conditions. In addition to PL 84-99 eligibility inspections conducted with USACE
personnel; King County conducts post flood inspections for all PL-84 99 levees and for 10 local levees.
King County also receives and investigates inquiries about flooding, channel migration, severe bank
erosion and logjams on a year-round basis, especially during and immediately following flood events.
During flood events, King County deploys patrol teams to monitor river conditions. The primary
emphasis is to monitor levee system performance, but they also monitor conditions at other locations,
sometimes in response to citizen complaints. Patrol teams are trained to recognize situations that
warrant emergency action to preserve levee system function or reduce flood risk. During large floods,
two-person teams patrol flooded areas along the major rivers to provide rapid response to flooding
complaints and evaluate whether logjams pose an imminent threat to public safety and/or public
facilities. Patrols inspect County river facilities for structural damage and other warning signs that
indicate potential facility failure that could adversely impact developed property. King County deploys
patrol teams to the Green River to monitor conditions at flood phase III, at 9,000 CFS.

5.5.1.3. PUBLIC COMMUNICATION: FLOOD PREPAREDNESS, EDUCATION AND RISK
INFORMATION
King County on behalf of the Flood District runs a flood hazard and flood preparedness
outreach/education program. A summary of flood preparedness outreach/education programs Include:


Annual distribution of flood warning information and preparedness brochures that features flood
warning and emergency response services, flood phase explanations, flood insurance and personal
preparedness information, and important contact numbers and web addresses for additional
information and assistance;
o Annual flood preparedness brochure to everyone in a floodplain in King County. This
brochure tells readers how to sign up for flood warning alerts, other important contacts for
emergency flood information, how to prepare for flooding and how to purchase flood
insurance – with relevant phone numbers and web addresses for all listed contacts. It also
includes a map that shows the 100-year floodplain and flood phase information by river
system in King County. In 2016, the brochure went to 2,200 residences in the Green River
floodplain. In 2017, it went to 4,000 residences (included condo units in 2017). The flood
preparedness brochure is translated into 21 different languages. A News releases issued on
September 30, 2016, October 9, 2017 and October 24, 2018 just before the start of flood
season, urged residents to prepare for flooding by purchasing flood insurance.
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Annual outreach to repetitive loss properties and floodplain residents via informational letters and
flood warning information brochures;
o Mailed letters in December 2017 (and a similar one in December 2016) to people with
repetitive loss properties. The mailing went only to residences in unincorporated King
County, and there were none along the Green River. The City of Kent and The City of Auburn,
however, likely sent repetitive loss letters.



Annual outreach and social media campaigns to announce flood preparedness information and
services and special emergency conditions
o

o

o

o

o
o

An up-to-date website (www.kingcounty.gov/flood) which hosts extensive and detailed
information about flood warning, safety, and preparedness; local flooding conditions; flood
mitigation programs; flood mapping information; and flooding documents. The website also
has a flood safety video in 17 different languages.
A news release on September 18, 2017, highlighted the potential impact of dam failure on
the Kent Valley and in other regions, including the impact a dam failure and the ensuing
massive flood could have on economic activity in the region.
Take Winter by Storm, a region-wide, collaborative campaign to educate people about a
number of different weather-related hazards, used social media (Facebook), a website,
some advertising, and news media outreach to raise awareness about flooding and to urge
residents to be prepared for weather hazards.
The King County Flood Warning app helps safeguard people and property by providing realtime flooding information for the Green River. The app shows current river flows, flood
stage data and forecasts plus real-time flood phases. Hydrographs make it easy to see
several days of river data and forecasts. This app uses data from U.S. Geological Survey and
National Weather Service and Northwest River Forecast Center downloaded every 10
minutes (source data update timing varies).
Outreach to vulnerable and underserved populations with on-call interpretation services,
and flood preparedness and safety videos available in over 20 languages; and
Encourage all businesses and residents in low-lying areas near rivers, regardless of levee
accreditation, to purchase flood insurance.

5.5.1.4. EMERGENCY RESPONSE (POST FLOOD RECOVERY) PROGRAM
King County’s Emergency Response Program is designed to be invoked following a disaster. A
presidential major disaster declaration authorizes a wide range of programs for recovery, including
financial assistance to public agencies, loans for individuals, families and small businesses, loans for
farmers and ranchers, financial assistance grants, and housing grants. Major disaster assistance is
provided through regional FEMA centers and the state. Since 1990, there have been 12 federal disaster
declarations related to flooding.
A secondary component of the County’s Emergency Response Plan is the post-flood recovery program.
The recovery process includes immediate actions, such as recording high water marks, debris removal,
and conducting inspections, and longer term actions such as seeking financial assistance and making
repairs. All of these actions are necessary to assess damage, restore services and make repairs quickly.
Several King County departments play a role in post-flood recovery, with much of the overall
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coordination provided by the King County Office of Emergency Management. Actions that King County
may take or assist with to help minimize flood damage include:
•
•

Inspecting flood protection facilities to identify damage during and after major flood events;
Repairing damaged flood protection facilities that must be repaired as emergency actions
before or during a flood event, or soon after floodwaters have receded;
• Staging of flood-fighting materials and equipment near potential areas of concern. For
example, FCD 2013-02 requires King County to provide emergency materials and equipment
for floodwall installations protecting highly developed areas in the City of Kent;
• Providing information to flood response agencies engaged in flood fighting and evacuations;
and
• Making flood and flood fighting information and flood fighting materials available.
Precautions that citizens can take to avoid or reduce flood emergency damage and risk include:
evacuation, avoiding flooded roads, moving possessions and livestock to higher elevations, and building
temporary sandbag walls to keep floodwaters out of homes and structures.

5.5.1.5. TECHNICAL ASSISTANCE AND CONSULTATION
King County currently offers technical assistance and consultation to public and private entities to make
informed land use decisions that result in reduced flood related risks. King County’s wide range of
technical assistance and consultation services to the public include: sharing expertise in hazard
identification techniques; interpreting flood hazard data, maps, and regulations; and reviewing and
coordinating planning and design efforts by public and private entities that overlap, impact or are
impacted by flood hazard areas. Table 5-5 below for the King County Hazard Certifications issued
between 2016 and 2018.
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Table 5-5 King County Flood Hazard Certifications

Permit #

General Description

Drainage Basin

GRDE16-0063

Trail bridge replacement

Mud Mountain

AGBD16-0003

Construct new ag structure - barn

Middle Green River and
Newaukum Creek

GRDE16-0122

Pre-load and Bridge replacement

Soos Creek

GRDE16-0120

Porter Reach Restoration

Middle Green River

GRDE13-0018

Farmstead Restoration

Lower Green River - West

ADDC17-0279

Construct detached garage

Middle Green River

GRDE17-0057

Big Spring Creek Adaptive
Management

Newaukum Creek

GRDE16-0147

Road Repair

Middle Green River

GRDE16-0063

Trail bridge replacement

Mud Mountain

AGBD16-0003

Construct new ag. Structure-barn

Middle Green River and Newaukum
Creek

GRDE16-0122

Pre-load and Bridge replacement

Soos Creek

GRDE16-0120

Porter Reach Restoration

Middle Green River

GRDE16-0120

Farmstead Restoration

Lower Green River-West

ADDC17-0279

Construct detached garage

Middle Green River

GRDE17-0057

Big Spring Creek Adaptive
Management

Newaukum Creek

GRDE16-0147

Road Repair

Middle Green River

5.5.1.6. TECHNICAL STUDIES
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As an early implementation action item, the District will prepare a set of maps that summarize known
low points in the levee system; levee toe locations that are vulnerable to scour and erosive riverine
processes; and locations landward of each landward system that may benefit from interim flood
proofing measures. These maps will be updated periodically to account for new information and
changed conditions, to ensure that structural risk reduction measures can be targeted and effective. The
District will share this information with local cities and other agency partners to improve inter-agency
coordination and effectiveness. Critical infrastructure, located landward of the Lower Green River levee
system, will be included on these maps to guide bulk bag placement and improved flood resiliency for
local and regionally significant infrastructure assets.

5.5.2. STRUCTURAL INTERIM RISK REDUCTION MEASURES
Five structural Interim Risk Reduction Measures are proposed for the Lower Green River levee system,
one of which is a newly proposed risk reduction measure and four that are currently part of the Flood
Control District’s approach to structural flood risk reduction. This section of Chapter 6 provides a short
summary of each measure.

5.5.2.1. SANDBAGS
The District provides sand, sandbags and funds to cities that wish to set up sandbag distribution
locations within their jurisdictions. Materials are stored at sites within ten miles of the Green River and
can be transported quickly to the river. The Lower Green River cities of Tukwila, Kent and Auburn
participate in this program and are responsible for notifying residents about sandbag availability.
Placement of sandbags can help protect structures and infrastructure from floodwater inundation. As
part of SWIF Interim Report implementation, King County will develop a map of known low points along
the Lower Green River levee system that will be updated periodically. Public facilities suitable for
sandbag storage will be evaluated for their proximity to areas of concern.

5.5.2.2. BULK BAGS (TEMPORARY INCREASE IN LEVEE HEIGHT OR AS CONTAINMENT)
Bulk Bags (common industry name includes ‘hescos’ and ‘super sacks’) are oversized sandbags that can
be placed along the levee crest and at low points, temporarily providing increased levee height and
reducing risk of levee overtopping. They can also be used behind levees to create containment areas if
there is concern of flooding in a specific location.
Bulk Bags were used along the Green River in response to the increased risk of flooding due to the
limited storage capacity of the Howard Hanson reservoir while the dam was being assessed and repaired
following the January 2009 flood event. They were put into place along 26 miles of Green River levees
and remained in place until after the 2013 flood season.
A related non-structural risk reduction measure (as described within Nonstructural/Technical Studies
portion of this IRRM Plan) is preparation of maps to identify key locations landward of existing levees
and floodwalls that, in the event of levee breach or overtopping, would be protected with emergency
placement of bulk bags.

5.5.2.3. SMALL CAPITAL PROJECTS TO PROACTIVELY ADDRESS EMERGENT SCOUR,
EROSION AND STABILITY PROBLEMS
As an implementation action, the District will identify locations where toe scour, erosion, and slumping
are an emergent problem that can be resolved proactively, to avoid a PL 84-99 deficiency determination.
King County, Washington

5-17

February 2019

FCD2019-02

Green River System -Wide Improvement Framework Interim Report
CHAPTER 5 INTERIM RISK REDUCTION MEASURES PLAN

Some PL 84-99 shoreline locations would benefit from a small capital project to address steep, scouring,
undercut, and slumping riverside toe areas. Small site scale capital projects may incorporate instream
piling buttress, soil arching reinforcements, or rock placement if necessary for scour protection. Steep,
slumping lower embankment zones may be reinforced with live cuttings driven in one or more rows, and
supplemented with water tolerant tree plantings in this zone, such as Oregon Ash.

5.5.2.4. TEMPORARY ROCK PLACEMENT DURING FLOOD EVENTS
Response activities during a flood event or high water episode are expected to continue and therefore
have been included as an IRRM. A rapid response during a flood fight including placement of temporary
rock to address scour or levee slumping is sometimes necessary to protect homes, businesses and
infrastructure. These emergency activities would be expected to continue as part of the IRRM Plan.
Materials and crews for this work are available through the King County Roads Maintenance Section or
private contractors and can be mobilized within hours if necessary. In the event these crews are already
working at capacity during a flood event, on-call contractors can be brought in to supplement the
workload. In the event all County resources are fully maximized, USACE flood-fighting response can be
mobilized during a flood emergency as well.

5.6. NEW IRRMS
5.6.1. EFFECTIVENESS MONITORING TO IMPROVE PERFORMANCE
King County on behalf of the District completed a pilot levee repair effectiveness monitoring study,
“Lower Green River Levee Repair Retrospective” (2014). This information informed preparation of a
flood risk reduction effectiveness monitoring program. Effectiveness monitoring is focused on evolution
of three flood facility design and maintenance: (1) floodwall and levee performance over time; (2)
shoreline trees and levee/floodwall performance; and (3) levee stability related to scour and slope
failure. A variety of geotechnical/hydraulic levee designs and repairs along the Green River will be
assessed over time to inform an adaptive management approach to SWIF Interim Report updates and
management of the river and its flood protection facilities. This targeted monitoring program will
identify primary successes and limitations in levee/floodwall designs and management to inform ways to
improve performance. This nonstructural risk reduction measure was a recommendation in the Green
River External Advisory Review Panel Report (Tetra Tech 2010).
GEI consultants prepared a memo (GEI 2016) regarding Recommendation for Emergency Monitoring at
Briscoe-Desimone Reach 1, 2, 3 and 4 set back floodwalls in Kent, Washington, dated February 17, 2016.
The flood walls have been included in routine inspection protocols based on Corps of Engineers
inspection guidance (USACE 2014) for floodwalls. Visible settlement, tilting, or joint
separation would be signs of wall movement and stresses within the steel. Damaged interlocks and
separation between adjacent sheets could reduce the structural integrity of the wall and increase
seepage potential through the levee. If the sheet pile floodwalls show signs of settlement or tilting and
the movement is considerable, a licensed engineer would be contacted to determine the best approach
to correct the problem (GEI, 2016). The monitoring and inspection protocols recommended in the
February 17, 2016 memo will be implemented for the Briscoe-Desimone floodwalls in Kent and also
floodwalls located in Tukwila. Actions outlined below are intended to supplement annual routine
inspections of floodwalls which occur prior to the beginning of each flood season.
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Floodwall Surveys in Kent and Tukwila
An initial survey of floodwalls in Kent and Tukwila will be completed and include installation of
permanent survey markers with subsequent survey every 5 years or after a phase 4 event, whichever
comes first. A phase 4 event is 12,000 c.f.s. measured or expected flow at the Green River gage at
Auburn. A vertical measurement of pre-determined and agreed locations every year to check that the
top of the walls are vertical (plumb) and after a phase 4 event.




Kent: Briscoe-Desimone, Boeing, Horseshoe Bend. Survey and install permanent survey
markers in the flood walls at the following locations in Kent, WA on the right bank of the Green
River: Boeing Floodwall, Briscoe, and Desimone levees. The flood walls on the right bank are
located at approximate River Mile 14.5 to 14.6, 15.6 to 15.45, and 16.0 to 16.35. There is a few
hundred feet of flood wall at the Plemmons segment of the Horseshoe Bend levee near the
Central Ave S bridge on the left bank at River Mile 25.21. The total length of the walls are
approximately 3,400 requiring approximately 400 survey markers.
Tukwila: Tukwila 205 at Segale and Ratolo. Survey and install permanent survey markers in
the flood walls in Tukwila, WA on the left bank of the Green River. The Tukwila flood walls are
located at the Tukwila 205 Segale and Ratola levees. The flood walls on the left bank are located
at approximate River Mile 14.75 to 15.10. The total length of the walls are approximately 1,900
feet, requiring approximately 200 survey markers.

5.6.2. EARTHEN LEVEE RAISING
Forthcoming technical map products, to be produced in 2018 and 2019 will be used to identify locations
where small increases in levee height, with accompanying levee width adjustments as needed, could
provide incremental increases in channel capacity and prevent overtopping. Depending on the scope,
earthen levee raising can be implemented in less than one year assuming no in-water work with
accompanying permits and compliance, are needed. Earthen levee raising is only feasible where the
existing riverward side slope is relatively stable and where there is existing land available on the
landward side. Each earthen levee raising project will require a structural analysis as part of the design
to ensure that the extra weight cause by adding levee material does not add to instability of the existing
levee.
The Tukwila Levee Accreditation Phase 1 – Engineering Analyses and Improvement Identification (NHC
2015) was prepared for the City of Tukwila by Northwest Hydraulic Consultant (NHC 2015). The report
evaluated the certification of the Tukwila 205 Levee in accordance with FEMA requirements. The 4.6
mile long levee is located on the left bank of the Green River between I-405 and S 196th Street. Of the
levee certification criteria, embankment and foundation stability pose the most significant obstacle to
accreditation with many segments not meeting the requirements. Other certification concerns are
relatively minor. For example, only 2,000 feet of levee are below the minimum freeboard elevation, and
then typically only on the order of inches. For those sections of the levee that cannot be certified in the
current state, Phase 2 will then determine construction options for certifying levee sections, conduct an
alternatives analyses, select a preferred alternative, and then develop conceptual level construction
plans. The construction repair for each deficient section of the levee will then move into final design,
permitting, and construction in Phase 3. Phase 4 will provide the documentation necessary to certify the
Tukwila 205 Levee.
The City of Kent has produced technical maps to identify locations where small increases in levee height,
with accompanying levee width adjustments as needed, could provide incremental increases in channel
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capacity and prevent overtopping. A total of nine locations were identified and six of the locations have
been raised. The City of Kent will evaluate the other three locations in 2018-2019.
King County will provide technical maps to the City of Auburn to identify locations where small increases
in levee height, with accompanying levee width adjustments as needed, could provide incremental
increases in channel capacity and prevent overtopping. King County will prepare a project charter and
accompanying scope to work to evaluate and implement actions as part of this IRRM during 2018-2019.
Anticipated work will be focused on the Lone’s Addition, Dykstra, and Galli’s levee systems in
accordance with FEMA requirements (44 CFR 65.10) to support future certification efforts. The 1.3 miles
long section of levees are located on the left bank of the Green River between 8th Street NE to Brannan
Park in Auburn, WA. This is a multi-phase project; Phase 1, Engineering Analyses and Improvement
identification, will collect data, perform analyses required under 44 CFR 65.10, and identify deficiencies.
In “Phase 2 – Alternatives Analysis and Small-Scale Improvements”, any necessary improvements will
begin to be addressed. Documentation and administrative deficiency issues regarding the levee
certification will be dealt with as they are identified. Physical improvements identified during the various
technical analyses will require a different approach. Physical improvements with simple fixes will go
immediately to a design stage while more complex fixes will go through alternatives analysis. The more
complex issues will then move into permitting, design, and construction in “Phase 3 – Large Scale
Improvements”.

5.7. ASSESSMENT OF INTERIM RISK REDUCTION MEASURES AND
RECOMMENDATIONS
Interim Risk Reduction Measures represent an important step in an ongoing, adaptive risk management
process that recognizes the dynamic nature of the sources of inundation risk. Prevention of loss of life is
paramount, followed by the prevention of losses to economic and ecological resources. The attributes
of each levee system are unique and the mix of risk reduction measures appropriate to each levee will
vary, should the levee not function as designed.
All structural and nonstructural risk reduction measures were evaluated according to USACE defined
IRRM evaluation criteria (USACE Engineering and Construction Bulletin 2014-2) for the purpose of
establishing relative priorities between risk reduction measures. Table 5-6 summarizes the results of this
evaluation.
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Table 5-6 Lower Green River IRRM Evaluation Matrix

King County, Washington

c. No Adverse Impacts to Levees

d. Detection Confidence

e. Notification Confidence

f. Warning Time & Evacuation

g. Reduce Loading

h. Public Trust

i. Problem Understanding

j. Permanent Solution

k. Other project impacts

l. Cost Effectiveness

m. Social / Environmental Impacts

1. King County Flood Warning
Center and Program
2. King County Flood Patrol and
Levee Inspection Program
3. King County Flood Hazard
Management Plan
4. Public Communication Program:
preparedness; education; residual
risk
5. Emergency Response (Post Flood
Recovery) Program
6. Animal Burrow Response Plan
7. Technical Studies, Assistance and
Consultation
8. Flood Hazard Area Regulations
9.Effectiveness Monitoring to
Improve Performance
10. Sandbags
11. Bulk Bags
12. Earthen Levee Raising (Low
Spots)
13. Small Capital Projects for Scour
& Erosion
14. Temporary Rock Placement

a. Reduce Probability of
Inundation
b. No Life Safety Increase

Legend:
● Factor is well addressed by this
measure and/or No Adverse Impact
◒ Factor is marginally addressed by
this measure and/or potential
concern
○ Factor is not addressed by this
measure or not applicable
Priority measure, based on #
of factors addressed

IRRM Evaluation Criteria (USACE Bulletin, 2014)
Structural (S) or Non-Structural
(NS) Measure?

Risk Reduction Measure
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