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NOTICE TO
FLOOD INSURANCE STUDY USERS

Communities participating in the National Flood Insurance Program have
established repositories of flood hazard data for floodplain management and flood
insurance purposes. This Flood Insurance Study may not contain all data
available within the repository. It is advisable to contact the community
repository for any additional data.

Selected Flood Insurance Rate Map panels for the community contain information
that was previously shown separately on the corresponding Flood Boundary and
Floodway Map panels (e.g., floodways, cross sections). In addition, former flood
hazard zone designations have been changed as follows:

0Old Zone New Zone

Al through A30
V1l through V30
B
o]

x><§i;

This publication incorporates revisions to the original Flood Insurance Study.
These revisions are presented in Section 10.0.

Part or all of this Flood Insurance Study may be revised and republished at any
time. In addition, part of this Flood Insurance Study may be revised by the
Letter of Map Revision process, which does not involve republication or
redistribution of the Flood Insurance Study. It is, therefore, the
responsibility of the user to consult with community officials and to check the
community repository to obtain the most current Flood Insurance Study components.
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FLOOD INSURANCE STUDY
KING COUNTY WASHINGTON AND INCORPORATED AREAS

1.0 INTRODUCTION

1.1

Purpose of Study

This Flood Insurance Study investigates the existence and severity
of flood hazards in the geographic area of King County, Washington,
including the Cities of Auburn, Bellevue, Black Diamond, Carnation,
Des Moines, Duvall, Enumclaw, Issaquah, Kent, Kirkland, Lake Forest
Park, Normandy Park, North Bend, Pacific, Redmond, Renton, Seattle,
Snoqualmie, Algona, Burien, Federal Way, Hunts Point, Medina,
Mercer 1Island, Woodinville, Yarrow Point, Bothell, SeaTac, and
Tukwila, the Towns of Skykomish, Clyde Hill, and Beaux Arts
Village, and the unincorporated areas of King County (hereinafter
referred to collectively as King County), and aids in the
administration of the National Flood Insurance Act of 1968 and the
Flood Disaster Protection Act of 1973. This study has developed
flood risk data for various areas of the community that will be
used to establish actuarial flood insurance rates and to assist the
community in its efforts to promote sound floodplain management.
Minimum floodplain management requirements for participation in the
National Flood Insurance Program (NFIP) are set forth in the Code
of Federal Regulations at 44 CFR, 60.3.

This Flood Insurance Study investigates and/or revises and updates
previous Flood Insurance Studies/Flood Insurance Rate Maps for the
cities of Auburn, Bellevue, Black Diamond, Carnation, Des Moines,
Duvall, Issaquah, Kent, Kirkland, Lake Forest Park, Normandy Park,
North Bend, Pacific, Redmond, Renton, Seattle, Snoqualmie, and
Tukwila, the Town of Skykomish, and the unincorporated areas of
King County. This information will be used by King County and the
incorporated communities to update existing floodplain regulations
as part of the Regular Phase of the NFIP. The information will
also be used by local and regional planners to further promote
sound land use and floodplain development.

The City of Bothell and the Town of Milton are bi-county
communities., The technical information presented in this Flood
Insurance Study for the incorporated portions of these communities
is for information only. These communities each have individual
effective Flood Insurance Studies.

In some states or communities, floodplain management criteria or
regulations may exist that are more restrictive or comprehensive
than the minimum Federal requirements. In such cases, the more
restrictive criteria take precedence and the State (or other
jurisdictional agency) will be able to explain them.



1.2 Authority and Acknowledgments

The sources of authority for this Flood Insurance Study are the
National Flood Insurance Act of 1968 and the Flood Disaster
Protection Act of 1973.

The hydrologic and hydraulic analyses for the original King County
study were performed by the U.S. Army Corps of Engineers (COE),
Seattle District, for the Federal Emergency Managemenet Agency
(FEMA), under Inter-Agency Agreement No. IAA-H-2-73, Project Order
No. 14, and Inter-Agency Agreement No. IAA-H-19-74, Project Order
Nos. 1 and 15. This study was completed in August 1976, The
Enplan Corporation, Consulting Engineers, Kirkland, Washington,
assisted in the transfer of map data from photomosaic and
topographic maps to the report work maps for the Seattle District,

COE.

The hydrologic

performed by the U.S.

and hydraulic analyses
Soil Conservation Service (SCS) for Flood

for

the Tolt

Hazard Analyses, Tolt River, King County, Washington.

Hydrologic

County were

below.
Community

King County
(revised study)

City of Seattle
(revised study)

Portion of Upper
Green River Valley
upstream from Auburn

City of Auburn
(original study)

City of Auburn
(revised study)

City of Bellevue

and hydraulic
performed by

Contractor

CH2M Hill
Northwest, Inc.,
for FEMA

CH2M Hill
Northwest, Inc.,
for FEMA

COE,
Seattle District,
for FEMA

Tudor Engineering
Co., for FEMA

CH2M Hill
Northwest,
for FEMA

Inc.,

USGS, Water
Resources Division
for FEMA

analyses

Inter~Agency
Agreement No.
TAA-EMW-E-1153
Project Order
No. 1

H-4025,
Amendment 4

EMW-85-C~1893

Inter-Agency
Agreement No.
IAA-H-8-76,
Project Order
No.3

for the communities of King
study contractors and are summarized
Contract Completion
Number Date
EMW-85-C-1893  June 1987
EMW-85-C-1893  June 1987

February 1988

May 1978

June 1987

May 1977

River were



Community

City of Carnation

City of Des Moines

Cicy of Duvall

City of Issaquah

City of Kent
(original study)

City of Kent
(revised study)

City of Kirkland

City of Lake Forest

Park.

City of Normandy
Park

City of North Bend
City of Pacific

City of Redmond

City of Redmond

(additional hydro-

logic & hydraulic
analyses)

City of Renton
(original study)

City of Renton
(revised study)

Contractor

CH2M Hill, Inc.,
for FEMA

CH2M Hill, Inc.,
for FEMA

CH2M Hill, Inc.,
for FEMA

Tudor Engineering
Co. for FEMA

Tudor Engineering
Co., for FEMA

CH2M Hill
Northwest, Inc.,
for FEMA

Tudor Engineering
Co., for FEMA

CH2M Hill, Inc.,
for FEMA

CH2M Hill, Inc.,
for FEMA

CH2M Hill, Inc.,
for FEMA

CH2M Hill, Inc.,
for FEMA

Tudor Engineering
Co., for FEMA

COE, Seattle
District for
FEMA

Tudor Engineering
Co. for FEMA

CH2M Hill,
Norcthwest, Inc.,
for FEMA

Contract
Number

H-4600

H-4600

H-4600

H-4025

H-4025
Amendment
No. 13

EMW-85-C-1893

H-4025

H-4600

H-3815

H-4600

H~4600

N/A

N/A

H-4025

EMW-85-C-1893

Completion
Date

August 1978

September 1978

September 1978

September 1977

June 1979

June 1987

December 1977

August 1978

June 1976

October 1981

April 1979

August 1977

August 1976

July 1979

June 1987



Contract Completion

Community Contractor Number Date
Town of Skykomish CH2M Hill, Inc. H-4600 July 1979
for FEMA
Town of Snoqualmie CH2M Hill, Inc. H-4810 July 1981
for FEMA
(additional data
from COE)
City of Tukwila Tudor Engineering H=-4025, April 1979
Co., for FEMA Amendment
No. 10

1.3 Coordination

The coordination for the original King County Flood Insurance Study
was completed in multi-agency conferences managed by the FEMA

Consultation and Coordination Officer (CCO). The State of
Washington Department of Ecology provided input to establish the
study priority and the contracting agency. The King County

Division of Hydraulics offered valuable assistance to the COE and
the study contractor, in establishing the scope of this study,
coordinating basic data and defining approximate floodplain
boundaries. Topographic maps at contour intervals of 5 feet, which
served as part of the input for the hydraulic analysis and the
location of the floodplain boundary lines, were supplied by the
King County Department of Public Works. The county also provided
information on certain elevation reference marks.

Contacts with the private engineering firms of Bush Roed and
Hitchings, Inc., of Seattle, and Horton Dennis and Associates,
Inc., of Seattle, were made during the study to discuss field
surveys they had conducted.

Permission to enter restricted areas for field surveys was obtained
from the City of Seattle and the Chicago, Milwaukee, St. Paul and
Pacific Railroad.

The final CCO meeting was held at the of:ices of the King County
Public Works Department on June 25, 1976. King County officials
objected to the "equal conveyance" floodways that were developed in
accordance with FEMA guidelines, wanting to apply more stringent
floodway criteria. They were especially concerned about the
Snoqualmie River, fearing that the loss of valley storage would
increase peak discharges if the fringe were filled.

The initial coordination meeting for the original City of Auburn
study was held on April 8, 1976. At this meeting, streams to be
studied by detailed methods were identified by representatives of
the community, the study contractor, and FEMA. During the course
of the work, numerous informal contacts were made by the study



contractor with the community for the purpose of obtaining data and
base maps.

On March 17, 1978, the results of the work were reviewed at an
intermediate coordination meeting attended by representatives of
the city, the study contractor, and FEMA.

The results of this study were reviewed at a final community
coordination meeting held on December 6, 1978. Attending the
meeting were representatives of FEMA, the study contractor, and the
city. This study incorporates all appropriate comments, and all
problems have been resolved.

The initial coordination meeting for the City of Bellevue study was
held in April 1975. This meeting was attended by personnel of the
U.S. Geological Survey (USGS), FEMA, and officials of the Bellevue
Planning and Storm Drainage Utility Departments. Community base
maps were selected and streams requiring detailed study were
identified.

A search for basic data was made at all levels of government.
Topographic maps with a S5-foot contour interval were supplied by
the Bellevue city engineer; these served as preliminary work maps
on determining the location of floodplain boundary lines. Some
locations and elevations of bench marks were provided by the City
and verified by USGS levels.

During the course of the work by the USGS, flood elevationms,
floodplain boundaries, and floodway delineations were reviewed with
community officials. On April 29, 1977, the results of the work by
the USGS were reviewed at a final CCO meeting attended by personnel
of the USGS, FEMA, and officials of the Bellevue Planning and Storm
Drainage Utility Departments.

The initial coordination meeting for the City of Carnation was held
in the Carnation Town Hall on July 29, 1977, At the meeting,
flooding sources for the City of Carnation were defined and the
areas to be studied were identified. Representatives from the City
of Carnation, CH2M HILL, Inc. (the study contractor), and FEMA
attended the meeting.

Throughout the study, coordination was maintained with the COE,
King County hydraulics division, town officials, Sammamish Valley
newspaper, Carnation Planning Commission, and King County Planning
Commission. All were contacted to provide information pertinent to
this Flood Insurance Study.

The results of this study were reviewed at a final community
coordination meeting held on December 19, 1978. Attending the
meeting were representatives of FEMA, the study contractor, and the
city. No problems were raised at the meeting.

The initial coordination meeting for the City of Des Moines was
held on August 19, 1977. This meeting was attended by



representatives of the study contractor, FEMA, and the city. This
meeting was held to identify areas requiring detailed study and to
familiarize city officials with all aspects of the study and to
solicit pertinent information.

The Des Moines city government; the Covenant Beach Bible Camp
management; and King County Department of Public Works, Division of
Hydraulics, were contracted for the coordination of this Flood
Insurance Study.

The results of this study were reviewed at a final community
coordination meeting held on March 26, 1979. Attending the meeting
were representatives of FEMA, the study contractor, and the city.
No problems were raised at the meeting.

In 1981, the City of Des Moines annexed an area along Puget Sound
south of the Des Moines Marina. A detailed wave runup analysis of
this area was completed in May 1984, An area west of Pacific
Highway South (State Highway 99) between Kent-Des Moines Road and
South 252nd Street has also been annexed by the City. The analysis
to determine the extent of approximate floodplain boundaries in
this area was completed in January 1985 and used to update this
study.

The initial coordination meeting for the City of Duvall was held in
the Duvall City Hall on July 28, 1977. At the meeting, flooding
sources for the City of Duvall were defined and the areas to be
studied were identified. Representatives from the City of Duvall,
the study contractor, and FEMA attended the meeting.

The King County Department of Public Works, Division of Hydraulics;
the Sammamish Valley News; and the Duvall Planning Commission were
contracted for information pertinent to this Flood Insurance Study.

The results of this study were reviewed at a final community
coordination meeting held on October 2, 1978. Attending the
meeting were representatives of FEMA, the study contractor, and the
city. No problems were raised at the meeting.

The initial coordination meeting for the City of Issaquah was held
on April 8, 1976. The identification of streams selected for
detailed analysis was accomplished at this meeting which was
attended by representatives of the community, the State of
Washington Department of Ecology, FEMA, and a study contractor who
was initially chosen to perform the study but did not finally
participate.

During the course of the work numerous informal contacts were made
by Tudor Engineering Company personnel with the community for the
purpose of obtaining information and confirming data. Previous
work by the COE was reviewed and forms the basis of this study.

On January 27, 1977, the results of the work were reviewed at an
intermediate coordination meeting attended by representatives of



the City of Issaquah, Tudor Engineering Company, and FEMA. A final
coordination meeting held on April 2, 1979, resulted in agreement
by the same parties, and this report incorporates resclution of all
comments received as a result of coordination activities.

The initial coordination meeting for the original City of Kent
study was held on April 8, 1976. Streams to be studied by detailed
methods were identified at this meeting, which was attended by
representatives of the City of Kent and FEMA.

During the course of work, the study contractor maintained contact
with the COE; the King County Division of Hydraulics; and the City
of Kent, Department of Public Works.

On May 29, 1979, the results of the study were reviewed at an
intermediate coordination meeting attended by representatives of
the City of Kent, the study contractor, and FEMA.

The results of this study were reviewed at a final community
coordination meeting held on April 28, 1980. Attending the meeting
were representatives of FEMA, the study contractor, and the city.
No problems were raised at the meeting. :

On April 8, 1976, the initial coordination meeting for the City of
Kirkland was held to determine streams to be studied by detailed
analysis. This meeting was attended by representatives of the
city, FEMA, and the study contractor who was originally chosen to
perform the work but did who not finally participate.

During the course of the work, numerous informal contacts were made
by the study contractor with the community for the purpose of
obtaining data and base maps.

On November 30, 1977, the results of the work were reviewed at an
intermediate coordination meeting attended by representatives of
the City of Kirkland, the study contractor, and FEMA.

The results of this study were reviewed at a final community
coordination meeting held on May 12, 1980. Attending the meeting
were representatives of FEMA, the study contractor, and the City.
This study incorporates all appropriate comments, and all problems
have been resolved.

In August 1977, the 1initial coordination meeting for the City of
Lake Forest Park was held. Streams requiring detailed and
approximate study were identified at this meeting attended by
representatives of the study contractor, FEMA, and the City of Lake
Forest Park.

Initial contact with the Lake Forest Park City Manager, who is also
the Public Works Director, was made in February 1978. The City
Manager provided background data in the community and descriptions
of flood hazard areas in Lake Forest Park. The King County Public



Works Department and the USGS were contacted to provide information
pertinent to this Flood Insurance Study for Lake Forest Park.

The results of this study were reviewed at a final community
coordination meeting held on December 12, 1978. Attending the
meeting were representatives of FEMA and the study contractor, as
well as city officials and interested citizens. No problems were
raised at the meeting.

The initial coordination meeting for the City of Normandy Park was
held on December 5, 1975. It was attended by representatives of
the study contractor, FEMA, and officials of Normandy Park. This
meeting was held to identify streams requiring detailed study, to
familiarize city officials with all aspects of the study, and to
solicit pertinent information.

A search for basic data was made at all levels of government. The
City of Normandy Park, the King County Zoning and Plans Division,
the King County Hydraulics Commission and CH2M HILL, Inc. provided
maps and other data used in this study.

On August 6, 1976, the results of the work effort by CH2M HILL
Inc., were reviewed at the final CCO meeting attended by personnel
of the ~study contractor, FEMA, and officials of the City of
Normandy Park. The comments of the officials were incorporated and
the study accepted.

The initial coordination meeting for the City of North Bend was
held on July 29, 1977. Streams requiring detailed study were
identified at this meeting attended by representatives of the study
contractor, FEMA, the State of Washington Department of Ecology,
King County, and the City of North Bend.

In March 1981, an approximate study was added to the scope of study
as a result of consultation among representatives of FEMA, the City
of North Bend, and the study contractor.

The King County Engineering and Public Works Departments were
contacted to discuss past flooding problems and to gather available
topographic mapping and levee plans along with aerial photographs
of recent flooding events. The COE was also contacted to obtain
recently developed hydrologic and hydraulic information pertinent
to this Flood Insurance Study. The hydrology presented in this
study was coordinated with COE, the State of Washington Department
of Ecology, and the King County Department of Public Works.

On September 22, 1981, the results of the study were reviewed at an
intermediate coordination meeting attended by representative of the
city, the State of Washington Department of Ecology, FEMA, and the
study contractor. No problems were raised at the meeting.

The final coordination meeting was held on September 13, 1982, and
was attended by representatives of FEMA, the study contractor, and
the city. No problems were raised at the meeting.



The initial coordination meeting for the City of Pacific was held
on August 1, 1977. Rivers and drainage ditches requiring detailed
and approximate study were identified at this meeting attended by
representatives of FEMA, the city, and the study contractor.

The COE, the USGS, the Washington State Department of Highways,
Tudor Engineering, city officials, and local <citizens provided
information used in the report.

The results of the study were reviewed at a final community
coordination meeting held on December 3, 1979. Attending the
meeting were representatives of FEMA, the study contractor, and the
Pacific City Council and members of the public. As a result of
this meeting, an area of moderate flood hazard was added to the
map.

An initial coordination meeting for the City of Redmond was held to

identify streams requiring detailed study. This meeting was
attended by representatives of the City of Redmond, FEMA, and the
study contractor. Results of the hydrologic analyses were

coordinated with the City of Redmond, FEMA, and Tudor Engineering
Company. '

During the course of the work, numerous informal contacts were made
by Tudor Engineering Company, which conducted the study, with
community officials for the purpose of obtaining information and
confirming data. Previous work by the COE was reviewed and forms
the basis of this study.

The results of the study were reviewed at the final meeting
attended by representatives of the study contractor, FEMA, and
community officials. The study was acceptable to the community.

The initial coordination meeting for the original City of Renton
study was held on April 8, 1976. Streams selected for detailed
analysis were identified at this meeting attended by
representatives of the community, the original study contractor,
and FEMA.

On July 13, 1979, the results of the work were reviewed at an
intermediate coordination meeting attended by representatives of
the City, the study contractor, and FEMA.

The results of this study were reviewed at a final community
coordination meeting held on May 5, 1980. Attending the meeting
were representatives of FEMA, the study contractor, and the city.
No problems were raised at meeting.

The initial coordination meeting for the Town of Skykomish was held
on July 29, 1977. Streams requiring detailed and approximate study
were identified at this meeting attended by representatives of the
study contractor, FEMA, and the Town of Skykomish. Town officials



provided background data on the .community and descriptions of known
flood hazard areas in Skykomish.

The King County Public Works Department, the COE, and the USGS were
contacted for additional information to this Flood Insurance Study.

The results of this study were reviewed at a final community
coordination meeting held on April 21, 1980. Attending the meeting
were representatives of FEMA, the study contractor, and the town.
This study incorporates all appropriate comments, and all problems
have been resolved.

The initial coordination meeting for the City of Snoqualmie was
held on May 31, 1978. Streams requiring detailed study were
identified at this meeting attended by representatives of the study
contractor, FEMA, the COE, and the City of Snoqualmie. A series of
meetings was also attended by the city officials, FEMA, and study
contractor representatives to discuss possible floodway
alternatives. These meetings were held in March 1979, January
1981, and June 1981, and initially resulted in the selection of an
equal conveyance floodway for the study. The requirement for
expansion of the study to include additional detailed and
approximate study mapping for and expected annexation to the city
was discussed at the intermediate community coordination meeting
held November 4, 1981, and attended by representatives of the study
contractor, FEMA, and the City of Snoqualmie.

At the final community coordination meeting held on August 1, 1983,
city officials requested that an alternative negotiated floodway be
considered that would more fully meet the City's needs along with
those of the adjacent county jurisdiction and ownerships. A
negotiated floodway was developed for and approved by the City,
King County, and affected county ownerships by written
correspondence received during the period from October 1983 to
January 1984,

Results of the hydrologic analyses were coordinated with the COE,
the State of Washington Department of Ecology, and the King County
Department of Public Works.

The initial coordination meeting for the City of Tukwila was held
on April 8, 1976. Streams selected for detailed analysis were
identified at this meeting attended by representatives of the
community and FEMA.

During the course of the work, numerous informal contacts were made
by the study contractor with the community in order to obtain data
and base maps. Data were also obtained from the COE.

On March 26, 1979, the results of the work were reviewed at an

intermediate coordination meeting attended by representatives of
the City, the study contractor, and FEMA.
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The results of this study were reviewed at a final community
coordination meeting held on December 10, 1979. Attending the
meeting were representatives of FEMA, the study contractor, and the
city. No problems were raised at the meeting.

Initial community coordination meetings for the revised study for
King County, Washington, and the Cities of Auburn, Kent, Renton,
and Seattle, all within King County, were held on January 16, 1985,
and January 24, 1985. At the January 16, 1985, meeting,
representatives of FEMA, King County, the Cities of Auburn, Kent
and Renton, the Washington Department of Ecology, and the study
contractor, CH2M HILL, Inc., identified streams requiring detailed
and approximate study. Representatives of FEMA, the City of
Seattle, and CH2M HILL, Inc., identified streams requiring detailed
and approximate study at a meeting held on January 24, 1985. The
purposes of the meetings were: (1) to inform the county on its
status in the NFIP; (2) to identify existing flooding problems and
available pertinent data on flooding in the county and cities, and
(3) to reach an agreement on the areas. to be studied.

During the course of the study, numerous contacts were made and
meetings held with local agencies and community officials to
discuss and gather available data on flooding history, methods and
prelimigary results of analyses, and status of proposed near-term
drainage system improvements for those flooding sources under
study. The USGS was contacted and requested to provide available
flow data and data analyses for the streams being studied and
surrounding regional drainages. The COE and the SCS were also
contacted and asked to provide any data or studies they had that
were relevant to flooding caused by the streams under study.

Correspondence with the Washington State Department of
Transportation (WSDOT) pertained to proposed plans and timing of
drainage structure improvements for Rolling Hills Creek and
Springbrook Creek under Interstate Highway 405 (City of Renton).
Information was also requested for drainage improvements to State
Route 522 and NE 195th Street, at their crossings of Little Bear
Creek.

The initial meeting was held with King County personnel to request
available hydrologic and hydraulic information and accounts of
flooding history for the flooding sources under study on
December 5, 1985. King County Surface Water Management Division
staff were contacted and asked to provide basin planning studies
and information on any near-term planned drainage system
improvements for the flooding sources under study. Design drawings
for two bridges being constructed as part of Soos Creek Park on Big
Soos Creek were made available through contacts with the King
County Division of Parks and Recreation. The Surface Water
Division's maintenance personnel were asked to provide information
on the operation of the Pl pumping station on the Black River, and
on the flooding history of the streams being studied.
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2.0 AREA

Storage floodway concepts for local drainages in the Green River
Valley, including Mill Creek (Auburn), were discussed at meetings
attended by representatives of King County, the Cities of Auburn
and Kent, FEMA, and the study contractor, CH2M HILL, Inc.

Preliminary results of analyses for the Green River and levee
freeboard issues were presented and discussed at a public meeting
on September 11, 1986, attended by representatives from King
County, the City of Auburn, the City of Kent, FEMA, and CH2M HILL,
Inc.

City of Kent personnel were asked to provide data for a recent
drainage basin study prepared for Mill Creek (Kent). Information
on proposed drainage improvements for flooding sources under study
in the Cities of Auburn, Kent, Renton, and Seattle were requested
in the initial stages of study.

Results of the hydrologic analyses were coordinated with community
officials, the COE, the SCS, and the USGS.

In March 1987, a coordination meeting for representatives of the
COE, Seattle District, and FEMA was held. An analysis of an upper
reach of the Green River, immediately above the reach studied in
the 1987--King County restudy, was identified. This study was
performed under FEMA's Limited Map Maintenance Program.

The final community coordination meetings were held on December 6
and 7, 1988, and were attended by representatives of FEMA, the COE,
and the county. The study was acceptable to the county.

AREA STUDIED

2.1

Scope of Study

This Flocd Insurance Study covers the geographic area of King
County, Washington. The area of study is shown on the Vicinity Map
(Figure 1).

The areas studied by detailed methods were selected with priority
given to all known flood hazard areas and areas of projected
development or proposed construction through 1992,

The following streams were studied by detailed methods in the
revised study:

Raging River - From Interstate Highway 90 to 0.3 mile
upstream of the second Upper Preston
Road bridge

Creen River - From approximately 0.3 mile downstream

of Pacific Highway to confluence with
Big Soos Creek
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Black River/
Springbrook Creek

Mill Creek (Auburn)

Mill Creek (Kent) -

Big Soos Creek -

Swamp Creek -

Little Bear Creek -

Bear/Evans Creek -

Issaquah/Holder
Creek -
West Fork

Issaquah Creek -
May Creek -

May Creek Tributary

Cedar River -

North and South Forks
of Thornoton Creek -

Longfellow Creek -

Rolling Hills Creek =~

The Upper Green River was
February 1988 study from
Flaming Geyser Bridge.

From confluence with GCreen River to SW
l6th Street

From confluence with Green River to
Highway 18 bridges at RM 6.2

From Highway 167 to limit of previous
detailed study at the Earthworks Park
stormwater detention facility outlet

From confluance with Covington Creek to
SE 176th Street

From confluence with Sammamish River to
northern King County boundary

From confluence with Sammamish River to
northern King County boundary

From limit of previous detailed study
at confluence with Cottage Creek to
Paradise Lake

From limit of previous detailed study
at SE May Valley Road to Highway 18

From confluence with Issaquah Creek to
SE 128th Way

From Coal Creek Parkway bridge to SE
109 Place

From confluence with May Creek to 188th
Avenue SE

From Lake Washington to approximately
RM 2.1
From confluence with Lake Washington to

Interstate Highway 5

From SW Brandon Street to SW Thistle
Street

Between first and second crossings of
Interstate Highway 405

studied by detailed methods in the COE
its confluence with Big Soos Creek to



The Tolt River was studied by detailed methods in the SCS June 1982
study from approximately 6,300 feet upstream of the Chicago
Milwaukee, St. Paul & Pacific Railroad to approximately 5.5 miles
upstream of the Railroad, a reach of approximately 4.3 miles.

The following streams studied by detailed methods were taken
directly from previous Flood Insurance Studies covering King County
and incorporated areas (References 1 to 18).

Snoqualmie River - From the Snohomish County line to the
confluence with Middle Fork Snoqualmie
River, a reach of approximately 45
miles

Middle Fork

Snoqualmie River - From a point approximately 2,323 feet
downstream of SE 428th Avenue to a
point approximately 2,323 feet upstream
of Mount Si Road, a reach of
approximately 3.37 miles

North Fork

Snoqualmie River - From confluence with Snoqualmie River
to a point approximately 5,914 feet
upstream of 428th Avenue SE, a reach of
approximately 1.5 miles

South Fork

Snoqualmie River - From confluence with Snoqualmie River
to a point approximately 8,000 feet
downstream of 436th Avenue SE, a reach
of approximately 3.8 miles. (Note: A
portion of South Fork Snoqualmie River
just upstream of the above-referenced
detailed study reach is now depicted as
approximate 100-year flooding. This
change was made because wupdated
analysis along that reach superceded
the detailed analysis and elevations
shown on the effective county map
(Reference 1).

Green River - From its mouth to confluence with Black
River and from Flaming Geyser Bridge to
a point approximately 7,286 feet
upstream of Whitney Road

Springbrook Creek - From SW 16th Street to a point
approximately 1,690 feet upstream of
South 228th Street, a reach of
approximately 6.32 miles

15



Mill Creek (Auburn)

Mill Creek (Kent)

White River

White River (Left
Bank Overflow)

Sammamish River

North Creek

Bear Creek

Evans Creek

Issaquah Creek

North Fork
Issaquah Creek

East Fork
Issaquah Creek

From State Highway 18 to a point
approximately 845 feet upstream of 15th
Street SW, a reach of approximately
0.72 miles

From its mouth to State Highway 167, a
reach of approximately 4.24 miles

From a point approximately 4,330 feet
downstream of Burlington Northern
Railroad to the Muckleshoot Indian
Reservation, a reach of approximately
3.38 miles

From confluence with White River to the
Muckleshoot Indian Reservation, a reach
of approximately 0.70 mile

From its mouth at Lake Washington to
the mouth of Lake Sammamish, a reach of.
approximately 15.3 miles

From its mouth to a point approx-
imately 10 feet upstream of NE 205th
Street at the corporate limits of
Bothell, a reach of approximately 1.45
miles

From confluence with Sammamish River to
confluence with Cottage Lake Creek, a
reach of approximately 5.35 miles

From confluence with Bear Creek to a
point approximately 2,059 feet upstream
of 220th Avenue NE, a reach of
approximately 4.66 miles

From its mouth at Lake Sammamish to
Southeast May Valley Road, a reach of
approximately 8.0 miles

From confluence with Issaquah Creek to
a point approximately 740 feet upstream
of Issaquah Avenue North, a reach of
approximately 0.95 mile

From confluence with Issaquah Creek to
a point approximately 1,711 feet
upstream of 3rd Avenue NE, a reach of
approximately 0.87 mile
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Tibbetts Creek

May Creek

Vasa Creek

Cedar River

Mercer Creek

Mercer Creek

Right Channel

Richards Creek

Richards Creek
West Tributary

Richards Creek
East Tributary

Kelsey Creek

From its mouth to a point approx-
imately 4,610 feet upstream of State
Highway 900, a reach of approximately
2.3 miles

From Barbee Mill Road to a point
approximately 2,535 feet upstream of NE
31st Street, a reach of approx-imately
2.02 miles

From the corporate limits of the City
of Bellevue approximately 2,500 feet
upstream from its mouth to a point
approximately 225 feet upstream

From a point approximately 2,629 feet
upstream of Interstate Highway 405 to a
point approximately 7,920 feet upstream
of the Chicago, Milwaukee, St. Paul and
Pacific Railroad, a reach of
approximately 19 miles

From its mouth to the confluence of
Kelsey Creek and Richards Creek, a
reach of approximately 12.9 miles

Its entire length, a reach of
approximately 1.0 mile

From confluence with Mercer Creek to a
point approximately 380 feet upstream
of SE Allen Road, a reach of
approximately 2.65 miles

From confluence with Richards Creek to
a point approximately 310 feet upstream
of SE 32nd Street, a reach of

‘approximately 3.22 miles

From confluence with Richards Creek to
a point approximately 680 feet upstream
of SE 26th Street, a reach of
approximately 0.24 miles

From its mouth to a point approx-
imately 760 feet upstream of SE léth
Street, a reach of approximately 5.08
miles
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West Tributary
Kelsey Creek

East Branch of
West Tributary
Kelsey Creek

North Branch
Mercer Creek
(North Valley)

McAleer Creek

Coal Creek

Forbes Creek

Lyon Creek

Yarrow Creek

From confluence with Kelsey Creek to
Redmond Bellevue Road, a reach of
approximately 1.57 miles

From confluence with West Tributary
Kelsey Creek to a point approximately
842 feet upstream of 137th Avenue NE, a
reach of approximately 0.44 miles

From confluence with Kelsey Creek to a
point approximately 4,862 feet upstream
of NE 24th Street, a reach of
approximately 1.49 miles

From a point approximately 40 feet
upstream of Bothell Way NE to a point
approximately 3,340 feet upstream of NE
185th Street, a reach of approximately
2.13 miles

From its mouth to the City of Bellevue
corporate limits at Interstate Highway
405 and from the City of .Bellevue
corporate limits 8,250 feet upstream of
Interstate Highway 405 to a point 9,690
feet upstream of Interstate Highway
405, a total length of approximately
0.95 miles

From the City of Kirkland corporate
limits approximately 1,420 feet
upstream from its mouth to a point
approximately 496 feet upstream of NE
108th Street, a reach of approximately
5.66 miles ‘

From confluence with Lake Washington to
35th Avenue NE and from a point
approximately 80 feet downstream of
Ballinger Road to a point approximately
760 feet upstream of Ballinger Road, a
total distance of approximately 1.42
miles

From 116th Avenue NE to a point
approximately 1,515 feet upstream of NE
34th Street, a reach of approximately
0.36 mile
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Meydenbauer Creek

North Fork
Mendenbauer Creek

South Fork
Skykomish River

Maloney Creek

Miller Creek

Walker Creek

Des Hbines Creek

Unnamed
Drainageway

From its mouth to a point approx-
imately 520 feet upstream of 102nd
Avenue SE, a reach of approximately
0.36 mile

From confluence with Meydenbauer Creek
to a point approximately 830 feet
upstream

From a point approximately 1,505 feet
downstream of 5th Street to a point
approximately 2,693 feet upstream of
5th Street, a reach of approximately
0.8 mile

From a point approximately 100 feet
downstream of Burlington Northern
Railroad to a point approximately 890
feet upstream of NE Old Cascade
Highway, a reach of approximately 0.32
mile

From its mouth to a point approximately
2,530 feet upstream of 12th Avenue SW,
a reach of approximately 0.86 mile

From confluence with Miller Creek to a
point approximately 600 feet upstream
of 12th Avenue SW, a .reach of
approximately 0.33 mile

From its mouth at Puget Sound to a
point approximately 1,960 feet upstream

The ponding of an unnamed drainageway
in the central business district in the
City of Kirkland, between Central Way
and Kirkland Way

Approximate analyses were used to study those areas having a low
development potential or minimal flood hazards. The scope and
methods of study were proposed to, and agreed upon by, FEMA and the
community.
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2.2 Community Description

King County, located in western Washington, is the largest center
of population and economic growth in the State of Washington. Its
eastern boundary is along the divide of the rugged Cascade Range,
and is bordered on the west by Puget Sound. Contiguous counties
related economically, as well as geographically, to King County are
Kitsap County to the west, Chelan and Kititas Counties to the east,
Snohomish County to the north, and Pierce County to the south.

Seattle is the county seat and largest city in Washington. It is
located between P-get Sound and Lake Washington. Seattle is
important as a port for foreign trade with Asian and South American
countries as well as for domestic shipping with Alaska. The 1986
estimated population of Seattle was 488,200 (Reference 19). The
area within the Seattle corporate limits is currently 91.6 square
miles.

Auburn is located south of Kent. It is approximately 5 miles from
the shores of Puget Sound and 24 miles south of Seattle.. Auburn is
bordered by Pierce County to the south and by the Cities of Algona
and Pacific to the southwest. Auburn has a community area of
approximately 20 square miles, and had a population of 29,950 in
1986 (Reference 19).

The City of Bellevue is located in northwest-central King County,
8 miles east of Seattle. Bellevue, Washington's fourth largest
city, had a population of 73,903 in 1980 (Reference 20).

The City of Black Diamond is located in south-central King County.
The city had a population of 1,170 in 1980 (Reference 20).

The City of Carnation, incorporated in 1912, 1is located in
north-central King County, on the east bank of the Snoqualmie
River. It is approximately 20 miles east of Seattle. Carnation
had a population of 913 in 1980 (Reference 20).

The City of Des Moines, incorporated in 1959, is located in
west-central King County. It is just south of the City of Normandy
Park and southwest of the Seattle-Tacoma Airport. It is situated
in one of the few areas in southern King County along Puget Sound
where the land slopes gently down toward the water. According to
City of Des Moines personnel, the 1988 population was 14,120.

The City of Duvall, incorporated in 1913, is located on State
Highway 203, on the east bank of the Snoqualmie River, in
northwestern King County. It is approximately 3.0 miles from the
Snohomish County line and 7.0 miles north of Carnation. The city
had a population of 729 in 1980 (Reference 20).

The City of Enumclaw is located in south-central King County, near

the Pierce County line. Enumclaw had a population of 5,427 in 1980
(Reference.20).
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The City of Issaquah is located in west-central King County,
approximately 14 miles east of downtown Seattle. The city had a
population of 5,536 in 1980 (Reference 20).

The City of Kent is located south of Renton and is within 2 to 5
miles of the shores of Puget Sound. The City of Tukwila is
northwest of Kent and the City of Des Moines is to the west. Kent
had a population of 28,620 in 1986 (Reference 19) and occupies an
area of approximately 17 square miles. Most of Kent lies on the 2-
mile-wide low-lying valley east of the Green River. The bluff area
slong the east boundary of Kent 1is drained by several creeks,
including Mill, Springbrook, and Garrison Creeks.

The City of Kirkland is located approximately 5.0 miles northeast
of downtown Seattle, in northwestern King County. Kirkland had a
population of 18,779 in 1980 (Reference 20).

The City of Lake Forest Park is located in the Puget Sound region
of northwest Washington in northwestern King County. The community
is part of the suburban area that surrounds the Seattle
metropolitan center. Lake Forest Park had a population of 3,372 in
1990. '

The City of Normandy Park is located on Puget Sound in southwestern
King County. It is located west of the Seattle-Tacoma Airport and
due south of Burien Lake. Normandy Park had a population of 4,268
in 1980 (Reference 20). ,

The City of North Bend is located in central King County. It lies
in the foothills of the Cascade Mountains, approximately 25 miles
east of Seattle along Interstate Highway 90. The City of North
Bend had a population of 1,701 in 1980 (Reference 20).

The City of Pacific is located in southwestern King County. It
shares common boundaries with the City of Algona to the north and
Pierce County to the south. The City of Pacific had a population
of 2,261 in 1980 (Reference 20).

The City of Redmond lies in northwest-central King County. It is
approximately 10 miles northeast of downtown Seattle. Redmond had
a population of 23,318 in 1980 (Reference 20).

The City of Renton is located in western King County. It is
located approximately 11 miles southeast of Seattle just north of
Kent and just east of Tukwila. Renton had a population of 34,460
in 1986 (Reference 19).

The Town of Skykomish is located in northwestern King County. It
is in a narrow valley along the south side of the South Fork
Skykomish River and is surrounded by the Snoqualmie National
Forest. Skykomish had a population of 209 in 1980 (Reference 20).

The City of Snoqualmie is located in central King County. The city
lies near the foothills of the Cascade Mountains, approximately 25
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miles east of Seattle along Interstate Highway 90. Snoqualmie had
a population of 1,370 in 1980 (Reference 20).

The City of Tukwila is located in west-central King County. It is
northwest of Kent and west of Renton. It is approximately 12 miles
south of Seattle and 22 miles northwest of Tacoma. Tukwila had a
population of 3,578 in 1980 (Reference 20).

The population of King County was 1,361,700 as of April 1986, with
561,183 residing in the unincorporated areas, mostly surrounding
the large population center of Seattle. In most suburban
communities and unincorporated areas of west-central King County, a
decline in farming and significant transition to residential and
industrial/commercial development has occurred. Urbanization has
spread up the Green and Cedar River valleys where urban build up
now covers more than one fourth of the basin's land areas. The
Sammamish River valley is another site for increased residential
and industrial/commercial uses. The Snoqualmie River valley is
presently the county's primary district for farming and the dairy
industry, but urbanization pressures exist for conversion of those
agricultural lands to higher value, more intensive land use. '

The climate of King County is predominately a mid-latitude, west
coast, marine type. Most of the air masses that reach the Puget
Sound area originate over the Pacific Ocean. In late fall and
winter these masses are moist and about the same temperature as the
ocean surface. Orographic effects caused by lifting and cooling of
air masses moving inland result in a wide range of precipitation
patterns over King County. Fifty percent of the annual
precipitation typically occurs in the &4-month period of October
through January, and 75 percent occurs in the 6 months from October
through March. Below 1,500 feet 1in elevation, the winter
precipitation normally falls as rain, occasionally interrupted by
periods of snow. During the warmest summer months, the average
afternoon temperatures over the county's Puget Sound lowlands are
in the lower 70s, decreasing into the 60s in the mountains.
Temperatures reach 85°F to 90°F about 5 to 15 days per year, and
extremes up to 100°F have occurred in the lower valleys. In
winter, afternoon temperatures over the lowlands typically range
from 35°F to 45°F. The Japanese Current generally moderates the
temperatures of winter, but almost every winter there are a few
nighgs when the temperatures range from 10°F to 20°F, with extremes
to 0°F.

All of the watersheds in King County are free from glaciers, unlike
many streams in other counties lying between the Cascades and Puget
Sound.

The undisturbed land cover in King County is dominated by dense
conifer forests, with some grass covered prairie-like areas in the
lowlands. However, those lowland areas are interspersed with
scattered stands of Douglas fir and Oregon white oak. Scotchbroom,
and other shrubs and seasonal groundcover are typical of those
areas. Fresh water marshes commonly have cover consisting of
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2.3

cattails, rushes, and sedges. Big leaf maple trees and red alder
are very common between the foothills and Puget Sound.

Principal Flood Problems

Climatic and topographic conditions of the upper Snoqualmie Valley
create two distinct high-flow periods each year. In the spring or
early summer, the seasonal rise in temperature melts snow in the
headwaters and causes increased flow. The other high-flow period,
the winter flood, is the most damaging. Winter storms bring in
moisture-laden air from the Pacific Ocean and mild temperatures
causing snowmelt, combined to cause floods of high magn’tude and
short duration. Most of the major floods have occurred during
November, December, January, and February.

Without the protection by flood control reservoirs, the communities
along the free flowing Snoqualmie River and its forks are
vulnerable to severe flooding such as occurred in November 1959 and
December 1975. The largest known flood in the Snoqualmie-North
Bend area occurred on November 23, 1959. As the rivers in the
basin swelled on that November day, there occurred a classic
example of how wildly a river can change its course. About 9 miles
east of the City of North Bend, the South Fork cut a new channel on
the opposite side of its valley through what was a section of the
main cross state arterial, the Snoqualmie Pass Highway. Atop its
newly cut southerly bank, described as a steep clay cliff, remained
the former river bed. The torrent on the South Fork left countless
homes damaged in North Bend and contiguous areas.

The violent turbulence of the Middle Fork washed out principal
bridges and left other spans badly damaged. This misfortune left
over 50 families stranded for over a week. Some residents on
necessary business, some school children, and carriers of mail and
milk treaded lightly by foot across the listing bridges that
continued to slip on their supports after the flood.

In the City of Snoqualmie, muddy water swept through many homes
leaving a trail of destruction. A portion of a city street sank,
developing a large cavity as water collected without a natural
outlet. Truckloads of concrete slabs and 58 loads of gravel were
dumped into the cavity during the flood to save the road, and to
prevent adjacent buildings from being swept away. For the entire
night of the flood there was no electrical power in the City of
Snoqualmie. This flood had a discharge at the USGS gage near the
City of Snoqualmie of 61,000 cubic feet per second (cfs). This
discharge 1is equivalent to a 25-year flood at this point
(Reference 21).

The largest known flood in the Carnation area occurred in December

1975. Agriculture and transportation damages constituted the
principal losses. However, the lower valley is inundated to some
extent almost every winter. Other major floods occurred 1in

February 1932, December 1967, and January 1969.

23



Storms which cause flooding in the Tolt River Watershed are usually
asociated with long, steady rains (i.e., winter maritime occluded
frontal systems) which are typified by longer duration, more
uniform intensity, and more evenly distributed precipitation than
the unstable shower (convective) storms. With this type of
rainstorm, the flooding in one basin, such as the Tolt, will be
associated with flooding on adjacent basins; thus, the rare
occurrence of a 100-year frequency flood on the Tolt would most
likely be associated with high water backwater of the Snoqualmie
River.

The elevation of future floods depeids upon the level of the
Snoqualmie River at the peak discharge of the Tolt River, the
amount of landfill or diking, the physical arrangement or layout,
and the hydraulic conditions of the channel.

High water marks were provided by landowners and field estimates of
survey crews. There are no precipitation gages with long records
in the watershed, but the Seattle Water Department has 8 storage
gages established in 1962-67. The average annual precipiation at
these locations ranges from 90 inches (228.6 c¢m) to 157 inches
(398.8 cm).

The largeet historical flood since 1953 on the Tolt River near
Carnation occurred in 1959 with a peak discharge of 17,400 cfs.

The Raging River is characterized by a relatively steep gradient
resulting in high-velocity floodflows and significant bank erosion
and channel aggradation problems. These characteristics have lead
to increased flood levels, based on local resident accounts, most
likely caused by reduction in channel floodflow conveyance capacity
with aggradation. In past floods, large boulders, logs, and debris
have been swiftly transported down the river and have partially
blocked bridges and threatened the levee systems in the Fall City
area.

The peak recorded published flow at the USGS gage near Fall City
during 40 years of gage operation through 1985 is 3,960 cfs. This
occurred on January 24, 1984, and was approximately a 35-year
event. Although final estimates of peak flows for a recent event
on November 24, 1986, are not available, provisional estimates
between 4,400 and 5,300 cfs have been made by the USGS (Reference
22). Based on the existing frequency curve previous to that event,
those flows would correspond with greater than a 50-year event.
Flows in excess of 3,000 cfs were also recorded on February 9,
1951,  December 3, 1975, and December 15, 1979 (recurrence intervals
ranging from 20 to 30 years). :

Flooding damage to crops and property in the lower Green River
Valley has been a problem since the earliest settlement of cthe
area. Flooding occurred almost annually but the impact to the
farmland was minimal. After urbanization, the impact of flooding
became more severe. Rapid increase in construction of roads,
housing, and parking lots increased the wvolume and rate at which
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runoff reached the valley floor. Commercial and industrial
landfills have been typically located in the lower wvalley,
resulting in alteration of natural drainage patterns and reduction
in overbank storage.

During periods of excessive precipitation, surface and subsurface
runoff from the steep valley walls cause groundwater elevations in
the valley floor to rise significantly. This creates open ponding
in topographically depressed areas. This condition is further
aggravated by floodflows and corresponding high water elevations on
the Green River, resulting in a perched channel condition, which
prevents natural drainage of subsurface water. In some areas, the
overlying soils are generally less pervious than the deeper sands
and runoff collects in ponds perched above the water table.

The land in the lower Green River Valley from Auburn to Renton had
historically been inundated by large floods, such as occurred in
December 1933, November 1959, and February 1951, wuntil the
construction of the Howard A. Hanson Dam. Since operation
commenced in 1962, the dam, in combination with levee systems
constructed along river segments below Auburn, has prevented that
degree of flooding and limited flood damages. During the floods of
January 1965, December 1975, and December 1977, discharges
downstrgam were effectively reduced to nondamaging levels. The
1977 flood would have had the highest unregulated peak of any event
since diversion of the White River in 1906 (Reference 23).

The COE is responsible for regulation of dam outflows to a rate
that will limit flows at Auburn, together with local inflows below
the dam, to 12,000 cfs for up to a standard' project flood
frequency. This flow rate represents a 2-year recurrence interval
flood event on the unregulated discharge frequency curve
(Reference 24).

Under regulated conditions, significant flooding still does occur
in areas unprotected by levee systems and from interior local
drainage runoff that outlets to the Green River. High water levels
in the Green River and concerns with existing levee system
freeboard and structural integrity limit the discharge of runoff
waters carried by Mill Creek (Auburn), the Black River, and various
other tributaries. The high water levels of the Green River
require that the tributary flows be stored and released by gravity
or pump discharge to the river channel in a manner consistent with
the requirements of the Green River Management Agreement
(Reference 25).  Under existing conditions, extensive backwater
flooding occurs at the uncontrolled outlets of Mill Creek (Auburn)
and Mullen Slough, south and west of State Routes 516 and 167,
respectively.

The Pl pumping station pumps the flow from the Black River into the
Green River. The firm capacity of the pumping station 1is
significantly less than the peak inflows from Springbrook Creek
estimated to reach it. No major backwater effects and associated
flooding of overbank areas has occurred (Reference 26) since the
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pump station construction in 1972 and later Pl storage pond
excavation. However, analysis shows that backwater flooding will
occur upstream of the pump station under existing inflow runoff
assumptions and hydraulic structure conditions. Peak outflows from
the pump station have not exceeded 525 cfs (November 1986 event)
with nominal Pl pond storage (Reference 26).

Flooding from the Mill Creek (Kent) drainage, downstream of the
Earthworks Park regional stormwater detention basin, results
primarily from limited capacity hydraulic structures and low stream
gradients, extending downstream to its discharge to Springbrook
“reek. Downstream of James Street, east bank overflow will occur
at peak flood stages of Mill Creek and flow to the headwaters of
Springbrook Creek. Although no stream gage records exist for Mill
Creek, outflow from the Earthworks Park detention basin for the
January 1986 storm event was estimated to be approximately 90 cfs,
computed from surveyed high water mark data and hydraulic rating of
the outlet.

Flooding in the Mill Creek (Auburn) drainage is caused by backwater
effects from the Green River, and by overburdened channel
capacities and restrictive hydraulic capacities at various roadway
culvert crossings. During times of high flood stages on the Green
River, which can extend from a few days up to a l-week period for
an extreme storm event, storage of Mill Creek floodwater along the
valley floor behind the leveed Green River occurs. A portion of
the flow, which would normally enter the Green River via Mill
Creek, overflows into Mullen Slough for release back to the Green
River, as it recedes, at a lower (downstream) hydraulic gradient.

No continuous stream gage records exist within the Mill Creek
basin. Crest stage gage records between 1950 and 1970 on the
Peasley Canyon tributary drainage indicate a peak recorded
discharge of 112 cfs in February 1951 (Reference 27). Mill Creek
peak runoff for the January and November 1986 runoff events was not
considered extreme based on local accounts and field reconnaissance
of extent of flooding. '

Flooding along Big Soos Creek 1is primarily limited to the lower
gradient channel reaches in the mid to upper portion of the basin,
extending upstream from Kent-Black Diamond Road. Wide marshlands
are typical in those reaches with narrow channels with limited

hydraulic capacities. Restrictive bridges and other channel
constructions exist that result in increased flood levels and
corresponding flooding of the low-lying overbanks. Developmant

does not currently encroach significantly on the floodplain,

The maximum recorded floodflow for Big Soos Creek for the 25-year
period of record at the USGS stream gage station located above the
fish hatchery near the Green River 1s 1090 cfs. That event
occurred on February 28, 1972, and has an approximate recurrence
interval based on period of record frequency curve computation of
less than 10 years. Floodflows of greater than 1,000 cfs also
occurred in November 1960, January 1964, and February 1982.
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Preliminary estimates of peak flows for the January and November
1986 storm events do not exceed 900 cfs.

On the White River, the flood of 1975 overtopped and subsequently
eroded a section of the levee on the left (south) overbank,
upstream of the study area at approximately River Mile (RM) 10.6.
It is wunlikely that the levee will be repaired within the
foreseeable future. Consequently, high flows on the White River
are expected to cause flooding in the left overbank, outside the
levee, for a distance of approximately 2.6 miles before floodwaters
are returned to the main channel at approximately RM 8.0.
Approximately 0.8 mile of this overbank flooding occurs within the
Auburn corporate limits, inundating areas which are presently
wooded and unclassified, but which are earmarked for future single-
family residential development.

The amount of storage provided naturally by Lake Sammamish has a
moderating influence on flow, and the channelization project by the
COE has significantly reduced flood problems on the Sammamish
River. The primary areas that are subject to flooding are adjacent
to tributary inlets where the channel berm is interrupted.

On Lake Sammamish, the highest flood during a 37-year period of
record occurred on February 11, 1951, when the water-surface to the
lake reached an elevation of 33.44 feet National Geodetic Vertical
Datum (NGVD). Calculations by the COE indicate that the 1951
inflow would have raised the lake elevation to 29 feet NGVD had the
present improved outlet been in operation (Reference 28). On
December 5, 1975, the 1lake 1level reached 29.70 feet NGVD.
Generally, the lake level ranges between 25 feet NGVD in summer and
28 feet NGVD in winter.

The largest recorded floodflows on Swamp Creek occurred on
January 18, 1986, when a flow of 1,090 cfs (provisional) was
measured at the USGS gaging station at Kenmore. This flow exceeds
the 100-year event magnitude based on the 23 years of gage record
through 1986. The previous measured peak flow on Swamp Creek
occurred on March 6, 1972, with a value of approximately 490 cfs.

Numerous private bridges along the lower reaches of Swamp Creek and
encroachment on the creek channel from development provides
restrictions to flow that may result in increased flood levels and
additional overflows to typically low-lying overbank areas.
Although localized flooding damages were reported for the January
1986 extreme runoff event, they were primarily related to channel
bank erosion, overtopping of roadways and resulting damages
(including culvert washouts), and limited damages to residential
structures. ’

The natural channel of North Creek lies on the opposite side of the
valley from where the stream now flows. The creek was relocated to
the high side of the valley to improve its capacity. The last
reported flooding on North Creek occurred in March 1950, when the
flow reached 680 cfs. This event was slightly greater than the
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100-year recurrence interval. Because land use in the valley is
agricultural, the flooding had minimal impact. Highwater in
December 1975 was reportedly contained within the North Creek
channel. There are no gage records of this event. Localized
ponding areas develop every winter because of the poorly drained
soils in the valley.

Frequent flooding occurs on Little Bear Creek in the Woodinville
area near the confluence of the Sammamish River. The hydraulic
structures and channel capacities are limited along the stream
reach between the culverts under NE 178th Street and State Route
202. This causes frequent overflows, primarily along the south
bank, which are removed from the stream system and flow
independently to the Sammamish River. South overbank flows,
downstream of the State Route 202 culvert, combine with overflow
immediately upstream of the same culvert and flood the low-lying
Burlington Northern Railroad underpass area with ponding depths
exceeding 6 feet. This overflow and ponding, with outflow across
NE 175th Street south to the Sammamish River, frequently floods
local commercial structures. Limited overflows along the north
creek bank, upstream of NE 178th Street, cause shallow flooding to
commercial structures and surrounding roadways, as was experienced
in the January 1986 event. Flooding damages upstream of State
Route 202 are not typically severe, primarily because of the
undeveloped character of areas near the stream course and
floodplain.

No operational stream gages exist on Little Bear Creek to directly
estimate flooding magnitudes; however, analyses of hydraulic
ratings for the channel, culvert, and overflow components provided
an approximate peak flow estimate of 650 cfs for the January 1986
event. Review of local precipitation records and comparison with,
and transfer of, flow records from adjacent gaged basins indicates
that the event most likely represented a recurrence interval of
greater than 100-year magnitude. A private commercial business
crossing between the State Route 202 crossing and NE 178th Street
was washed out during that flooding event.

The flood season for Bear and Evans Creeks is from October to
March. The greatest floods are caused by rainstorms although
melting snow may occasionally augment flooding. Storm runoff in
the Bear Creek basin is comparatively slow because of the moderate
terrain, the unimproved condition of the channels, and the small
amount of residential and commercial developments in the watershed.
As a rule, the stream rises to a peak stage within a day and the
duration of flooding is less than a week.

The largest recorded floodflow on Bear Creek within the limited
period of gage record was a recent event on January 18, 1986, with
estimated provisional peak flows of 390 cfs at the USGS gage near
Redmond (upstream of Cottage Lake Creek) and 1,550 cfs at the USGS
gage at Redmond, upstream of the Sammamish River confluence. Based
on updated frequency curves including that event, the estimated
recurrence interval of floodflows within the Bear Creek basin for
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that event is approximately 40 to 50 years. The previous recorded
peak flows at those gages were 250 cfs and 456 cfs, respectively,
although the gage record is limited to 8 years for each station.

There are numerous bridges over Bear Creek within the study area,
many of them private crossings with restrictions that limit
capacities and increase upstream flood levels. During major
floods, debris collecting at these structures may significantly
increase the extent of flooding and potential for overflow with
resulting damages to roadways and adjacent structures. Damage
reports from the January 1986 event were not extensive; however,
roadways were overtopped at a few croesings and a mobile home park
was flooded and had to be evacuated along the lower reaches of Bear
Creek.

The flood season for Issaquah and Tibbetts Creeks is during the
winter from October to March. The greatest floods are caused by
rainstorms although melting snow occasionally augments flooding.
The creeks rise quickly during heavy rainfall because of the steep
terrain in the watersheds. As a rule, the streams rise to crest
stage within a day and the duration of flooding -is less than a
week.

The largest recorded peak floodflow on Issaquah Creek in 23 years
of USGS Zage record since 1964 occurred on November 24, 1986, when
a peak discharge of 3,050 cfs (provisional) was recorded at the
USGS gage ''near mouth, near Issaquah" (Reference 22). That
floodflow represents an approximate 25-year recurrence .interval
based on frequency curves for gage record prior to that event. The
flooding event of January 18, 1986, produced the third highest
period of record gage flow on Issaquah Creek, estimated at 2,400
cfs (provisional) by the USGS (Reference 29), with an estimated
recurrence interval of less than 10 years. Peak runoff for a
January 1, 1964, event of 2,870 cfs represents the second highest
flow on gage record.

There are numerous bridges spanning Issaquah Creek. The clearance
and flow capacity of many of these bridges are restricted. During
major floods, debris «collecting at these structures may
significantly increase the extent of flooding. Development along
Issaquah Creek has encroached on the channel, particularly in the
downstream reaches in and surrounding the City of Issaquah. This
encroachment reduces the flood-carrying capacity of the channel,
increasing the flood depths in adjacent areas. Local accounts and
aerial photographs (Reference 29) of flooding in the City of
Issaquah and along the West Fork Tributary indicated that flood
levels for the November 1986 event were the highest in recent
years. Numerous roads and structures were inundated. Peak
floodflows from the West Fork of Issaquah Creek are relatively
small compared to those of the mainstem; however, significant areas
of flooding occur in the upper reaches of that tributary. The
flooding is a result of an extremely low gradient stream channel,
having a small channel capacity with wide and flat overbanks.
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Flood damage on May Creek occurs mainly at the mouth where a lumber
mill has been built on the small delta there. Upstream of
Interstate Highway 405, May Creek flows generally within a canyon.
Flooding problems in this reach are the result of surface runoff
and ground-water seepage from the steep canyon walls rather than
excessive overflow of May Creek.

For the reach of May Creek under study upstream of the Coal Creek
Parkway, flooding results from channel and bridge capacities
restrictions and flattening of stream gradients in the upper May
Valley area. For the reach extending upstream to 146th Avenue SE,
flooding 1is typic~lly confined to a relatively narrow, steep
channel. Upstream from that crossing, the floodplain expands to
the overbanks where floodplain inundation widths between 500 and
1,000 feet are typical for significant storm events. Filling of
floodplain overbanks and reduction in storage, and debris buildup
at the hydraulic structures, can increase flood levels and the
extent of upstream overbank flooding. Flooding extent on the May
Creek Tributary, upstream of SE May Valley Road, results primarily
from backwater effects of the main channel at their confluence.

A USGS stream gage exists on May Creek (discontinued) at its mouth
near Renton. The peak flow recorded at that station during the 15
years of gage operation was 510 cfs on December 3, 1975. This
corresponds to a storm with a recurrence interval of approximately
10 to 15 years based on the period of record frequency curve. High
water marks located immediately upstream and downstream of the gage
were observed for the January 1986 storm event. Results of
approximate rating analyses at the gage for that event indicated
floodflows potentially exceeding 800 <cfs with an expected
recurrence interval of greater than 50 years. Flooding, including
inundation of structures 1in the upper May Valley area, were
reported for that event.

Flooding along Vasa Creek generally occurs during the winter
months, November through February, when storms originating over the
Pacific Ocean bring intense precipitation. These storms usually
last two or three days, and streams may increase from low flow to
flood discharge within 6 to 12 hours. The major flood problems are
those of inundation and damage of private property from out-of-bank
floodwaters, primarily along low gradient reaches of the streams.

The Cedar River 1is subject to frequent flooding damages,
particularly in its upper reaches, beginning with minor flooding
and bank erosion when the river flow, measured at Landsburg,
exceeds 2,500 cfs. This magnitude of flows typically occurs
annually. Major flooding occurs when river flows reach 4,000 cfs,
which happens on the average once every 5 to 10 years. Topographic
and climatic conditions of the basin produce two high-water periods
during the year. The highest flows normally result from extreme
rainfall and the accompanying snowmelt that can occur during the
late fall and early winter. Flooding can also occur during spring
months, resulting primarily from snowmelt events.
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Stream flow on the Cedar River has been recorded almost
continuously since 1895 at the gage near Landsburg. The greatest
flood which has occurred over the past 50 years took place on
December 4, 1975, with a peak discharge at Landsburg of 8,800 cfs.
Based on an updated frequency curve for the Renton USGS stream gage
for the 40 years of record through 1985, the recurrence interval
for that event exceeded 100 years. Preliminary peak flow estimates
by the USGS (Reference 22) for the recent November 1986 event
indicate a peak flow of approximately 5,300 cfs, with a recurrence
interval of approximately 100 vyears. Preliminary peak flow
estimates by the USGS (Reference 22) for the recent November 1986
avent indicate a peak flow of approximately 5,300 cfs, with a
recurrence interval of approximately 10 years.

Damages in the Cedar River basin from the December 1975 flood event
were estimated at $1,760,000. In the reach under study, the west
bank of an improved channel at the mouth of the Cedar River was
overtopped above the South Boeing Bridge and the Renton Municipal
Airport experienced significant flooding and had to close down
until the floodwaters receded. Extent of flooding for the November
1986 event in the lower 2-mile reach under study was mainly limited
to the improved channel with the exception of some overbank
flooding adjacent to the Renton Airfield. Upstream of the improved
channel, portions of the Maplewood Addition and other scattered
residential developments have been inundated by past flooding
events. Log and debris jams have been experienced on the lower
river channel, especially during the 1933 and 1975 floods.

The lower reach of the river channel, through the City of Renton,
has been aggrading in recent years based on comparison of current
and previous cross section data. This may result in increases in
flood levels and potential overflows.

A reach of the Cedar River about 0.8 mile in length along the right
bank immediately upstream of Interstate 405 highway is seriously
obstructed. Various private enterprises along this river reach
have encroached on the stream bed by dumping waste concrete and
asphaltic concrete. A fill has been placed, paved, and riprapped
to accommodate parking facilities for tenants residing at the
Riveria Motel. This fill encroaches into the river 25 to 40 feet
along the entire width of the property. Encroachment of this type
reduces the river channel capacity, creating higher water levels
adjacent to and upstream of these areas.

Flooding along Mercer Creek, Richards Creek and its tributaries,
Kelsey Creek and its tributaries, and North Branch Mercer Creek
generally occurs during the winter months, November through
February, when storms originating over the Pacific Ocean bring
intense precipitation. These storms usually last two to three days
and streams may increase from low flow to flood discharge within 6
to 12 hours. The major flood problems are those of inundation and
damage of private property from out-of-bank floodwaters, primarily
along low-gradient reaches of the storms.
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Ice jams have little impact on flooding when culverts and bridges
are free of debris. Flood elevations, however, are increased due
to the limited capacity of some culverts. This limited capacity in
some cases is intentional as a means of peak-flow retention.

Numerous bridges and culvert systems exist along Thorton Creek from
its outlet to Lake Washington at Matthews Park to its forks and
extending upstream to and above Interstate 405. Flooding for
moderate runoff events is primarily contained by the Thornton Creek
drainage system. However, the restrictions imposed by the
crossings and encroachment on the channel in this heavily urbanized
basin result in backwater flooding and overflow of channel banks
and structures, with resulting damages, under more severe runoff
conditions. Debris collection, particularly as it affects outflow
to the diversion works, has had significant impacts on increasing
inundation levels during past flooding events. Since the November
1978 storm event that resulted in flooding problems augmented by
debris, the City of Seattle has improved the operation and
maintenance of the diversion works structure, located at RM 1.3 on
Thornton Creek, below the confluence of the North and South Forks.
This diversion works structure diverts flows up to an estimated 340
cfs for the 100-year event into an abandoned 72-inch concrete sewer
pipe. This pipe discharges directly into Lake Washington just
north of .Matthews Beach. The diversion structure functioned
adequately during the January 1986 storm event. Based on hydraulic
rating analyses performed from surveyed high water marks, peak
runoff for that event was estimated at 560 cfs above the diversion
and downstream of the creek forks and 220 cfs in the main channel
downstream of the diversion works.

Some minor flooding has occurred in the past in the lower reaches
of McAleer Creek. This flooding was caused by hydraulic structures
of inadequate capacity or sedimentation and debris accumulation.
Particular dates of past flooding are not available.

Flooding along Coal Creek generally occurs during the winter
months, November through February, when storms originating over the
Pacific Ocean bring intense precipitation. These storms usually
last two to three days, and streams may increase from low flow to
flood discharge within 6 to 12 hours. The major flood problems are
those of inundation and damage of private property from out-of-bank
floodwaters, primarily along low gradient reaches of the streams.

The flood season for Forbes Creek in the lower Puget Sound region
is normally during the winter from October to March. The larger
floods are caused by rainfall, although melting snow occasionally
augments flooding.

Forbes Creek has no gaging station and there is no written record
of historical flooding. Discussions with residents revealed a
history of localized flooding of short durations caused by brief
periods of intense rainfall.
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Debris collecting at structures and residents encroaching on the
channel capacity by placing various types of materials to stabilize
the streambank, may significantly increase the extent of flooding.

Flooding along Lyon Creek has occurred in the lower reaches and
also in the southwest corner of NE 185th Street and 35th Avenue NE
nearly every winter. Hydraulic capacity has been greatly reduced
in the two concrete box culverts under Bothell Way Northeast.
Sedimentation in the southern portion, up to approximately 2 feet
from the original invert, has diverted all the flow through the
northern portion. At higher flows this would create unnecessary
backwater in the upstream channel in front of the shoppiig center
complex or the sediment could become dislodged causing a blockage
elsewhere downstream.

Flooding along Yarrow Creek, Meydenbauer Creek, and North Fork
Meydenbauer Creek generally occurs during the winter months,
November through February, when storms originating over the Pacific
Ocean bring intense precipitation. These storms usually last two
to three days, and streams may increase from low flow to flood
discharge within 6 to 12 hours. The major flood problems are those
of inundation and damage of private property from out-of-bank
floodwaters, primarily along low-gradient reaches of the streams.

The major source of flooding within Skykomish is the South Fork
Skykomish River. Flooding occurs primarily during the winter due
to rainstorms which bring intense precipitation and are accompanied
by warm winds that rapidly melt the accumulated snowpack. During
such storms, river discharges may increase from a relatively low
base flow to near flood stage within a few hours.

Residents report that the largest flood on record occurred in
November 1959. The return period for that flood is approximately
30 years. Although a dike contained most of this flow in the
eastern part of the town, water covered the central and western
areas. A flood also occurred in 1975, and floodwaters reached the
tops of the levees. The return period for that flood is less than
3 years.

The other potential source of flooding within Skykomish is Maloney
Creek, which meets the South Fork Skykomish River near the western
corporate limits. This stream flooded in 1933 when a logjam that
had been holding back the flow broke. No information on the
recurrence interval for this flood is available. There has been no
flooding reported on Maloney Creek since that time.

The flooding problems in the lower portions of Miller and Walker
Creeks are a result of increasing development, which has ‘caused
more rapid runoff in those creeks. This development is primarily
outside the City of Normandy Park boundary and has been the subject
of much discussion and some 'itigation. Damage has generally been
limited to stream erosion and some limited flooding around
residences.
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2.4

The area most subject to flooding along the lower portions of Des
Moines Creek is owned by the Covenant Beach Bible Camp.

The streamflow of Des Moines Creek exceeds the channel capacity
several times each year, resulting in several thousands of dollars
of damage each year. Damage is usually limited to bank erosionm,
overbank deposition, and some shallow flooding in and around
occasionally occupied camp cottages.

The last major flood event along Miller and Des Moines Creeks was
in February 1972, and had a recurrence interval estimated at 10
years. As a result of Miller Creek flooding, a suit was brought
against the county to restrict the diameter of the 8-1/2 foot
culvert on First Avenue South through which Miller Creek passes. A
6-foot diameter collar was placed in the upper end of the culvert.
The effects of the collar have been included in the hydraulic
analysis of Miller Creek. As a result of Des Moines Creek
flooding, a 4-foot-deep hole was eroded around one of the cottages
and water up to approximately 2 feet deep was standing in others.
The December 15, 1977, high tide provided a high tide in Puget
Sound of an approximate recurrence interval of 70 years. This high
tide was accompanied by very little wind.

Flooding occurs at numerous locations along Longfellow Creek
because of restricted channel and culvert capacities and partial
obstruction of the natural channel because of debris accumulation.
Overtopping of the majority of the roadway crossing between SW
Brandon Street and SW Myrtle Street, including localized - flooding
of properties, structures, and bank erosion, occurred during the
January 1986 flooding event. Downstream of the study limit, flows
at SW Nevada Street overtopped an approximate 30-foot-high roadway
fill, partly because of culvert debris blockage, and resulted in
failure of that crossing with extreme floodflows released to the
downstream drainage. Surface flooding also occurs at locations
where the lateral storm drainage systems have insufficient capacity
to convey storm runoff into Longfellow Creek.

The existing culverts that convey Rolling Hills Creek under
Interstate 405 at 1its intersection with State Route 167, and
through a closed culvert behind the Renton Cinema, cause overbank
flooding north of the channel in the parking areas for the Cinema
and the Renton Village Development. Significant reduction in peak
flows through the downstream highway culvert 1is achieved from
routing of floodwaters that pond in the overbank.

Flood Protection Measures

The Seattle office of the National Weather Service maintains and
collects hydrometeorological reports from a network of substations
and uses this information to prepare flood forecasts for King
County streams. Flood warnings are issued by them and given wide
dissemination through all media by cooperative efforts with local
and Federal agencies.
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Levees on the Tolt River, near its confluence with the Snoqualmie
River, provide moderate protection to urban development in the City
of Carnation and to adjacent agricultural lands. A 600-acre
agricultural area on the left bank of the Snoqualmie River, 1 mile
downstream from Fall City, is protected from minor spring floods by
a levee approximately 1 mile long. Levees along the lower 2 miles
of both banks of the Raging River and its confluence with the
Snoqualmie River protect a portion of Fall City and agricultural
lands. Levees along the South Fork of the Snoqualmie River provide
approximately 50-year flood protection to the City of North Bend.

Bank erosion occurs at nearly all river stages, but is most severe
during medium and high flows. Bank protection projects have been
constructed at numerous locations along the Snoqualmie River and
its major tributaries by riparian owners, local governmental
agencies, and the Federal government.

In 1960, the City of Seattle constructed a water supply project on
the South Fork of the Tolt River. Total storage capacity of the
reservoir 1is about 58,000 acre-feet. Although flood control
storage 1s not a project feature, some minor storage of flood
discharges does occur.

The COE operates the Howard A. Hanson Dam at Eagle Gorge on the
upper Green River. Completed 1in 1962, the dam provides
approximately a 500- to 600-year level of protection against
overbank flooding by the Green River. The dam 1is a rockfill
embankment approximately 235 feet high with a gated spillway and a
maximum reservoir elevation of 1,222 feet. Stored water 1is
released as soon as possible after a flood to provide for the
possibility of a second flood. The COE current operation of Hanson
Dam provides that all runoff is passed through the dam until the
flow at the Auburn gage is expected to reach 12,000 cfs. At that
point, further releases are regulated to maintain no more than
12,000 cfs at Auburn.

Channelization and levee construction, primarily downstream of
Auburn, has provided additional flood protection for the overbanks.
A total of approximately 16 miles of levees have been constructed
in addition to roadway systems that function as levees, between
State Route 18 at Auburn and the Black River confluence at Tukwila.

Based on information received from the COE, the levee system along
the left (west) bank of the Green River, from Strander Boulevard to
RM 16.7, in the City of Tukwila, will adequately provide protection
against overtopping or failure caused by the 100-year flood, with
at least two feet of freeboard.

King County and the various incorporated citied along the Green
River (Tukwila, Renton, Kent, and Auburn) are responsible for
maintenance of portions of those levee systems. Since the adoption
of enabling legislation by the State of Washington 1in 1945, the
State and King County have combined to controi riverbank erosion.,
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The Black River basin, including Springbrook Creek, has been the
object of the ongoing East Side Green River Watershed Study
(Reference 30). That study was initiated in 1965 by the SCS with
the support of King County and the Green River Valley cities. The
Pl pumping station and storage pond, as part of the plan, were
constructed in 1972 and 1984, respectively. A major box culvert
replacement was installed at SW Grady Way in 1986 and is considered
in this study in its partially obstructed condition. Preliminary
plans exist for the construction of the Pl channel from SW Grady
Way north to the storage pond and additional culvert replacements
under Interstate 405 and SW 16th Street. The timing and funding
for construction of these improvements is not finalized; therefore,
they are not considered in this study.

A regional detention basin was constructed on Mill Creek (Kent) in
1981 at Earthworks Park in order to provide flood control storage
for reduction in downstream peak runoff. A second smaller upstream
detention basin was previously constructed in the Upper Mill Creek
basin to provide for additional reduction in peak flows to the
lower valley areas. This has reduced the magnitude and frequency:
of, but not eliminated, flooding problems downstream of the
Earthworks Park structure. The City of Kent is developing a plan
to construct more detention storage in order to further alleviate
their flooding problems.

Partial reduction in peak runoff conveyed to Mill Creek (Auburn) is
provided by stormwater detention storage basins constructed on the
south tributary to Mill Creek, above its confluence with the
Peasely Canyon tributary. Locally referred to as the "Auburn 400"
ponds, and located east of and adjacent to State Route 167 and l5th
Street SW, they provide an unidentified effect on routing of peak
tributary flows to Mill Creek. Additional regional detention
storage is being considered for other study reaches of Mill Creek,
downstream of State Route 18, in an attempt to maintain adequate
storage capacities for 1limiting downstream discharges with
continued floodplain development.

On the White River, peak flows are regulated by the Mud Mountain
Dam, a structure built by the COE. Storage was initiated in 1942,
and the project was finally completed in 1953. The structure is an
earth and rockfill dam, 425 feet above bedrock. The reservoir has
a storage capacity of 106,000 acre-feet of water and is capable of
controlling floods 50 percent greater than the maximum flow of
record.

Levees have also been constructed along portions of the White River
along its course through the Cities of Auburn and Pacific.

The amount of storage provided naturally by Lake Sammamish has a
moderating influence on flow, and the channelization project of the
Sammamish River by the COE has significantly reduced flood
problems. Major drainage improvement and partial flood protection
are provided by the channel improvement project completed in 1966
by the COE for King County. The project extends from below Lake
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Sammamish to Kenmore, a distance of approximately 14 miles. The
river channel was deepened an average of 5 feet and increased in
width from a former average of about 15 feet to the improved 32 to
50 feet. Excavated material from the channel enlargement was used
to construct the levees. A low weir vith a crest elevation of 24.5
feet NGVD was constructed to control the outlet of Lake Sammamish.
The channel improvement and outlet project provide protection
against spring floods with a recurrence interval of 10 years
without causing Lake Sammamish to rise higher than elevation 29.0
feet NGVD. No significant flood control measures have been
developed on the Sammamish River <tributaries except for
channelization of the lowex end of Bear Creek at Redmond (Reference
28).

Most of the channel of May Creek is in its natural condition. The
lower 1,000 feet have been channelized to alleviate flooding
problems caused by channel aggradation resulting from excessive
siltation problems.

King County has established a flood fighting plan that is activated
when the Cedar River reaches a discharge of about 4,000 cfs at
Renton. The plan consists of patrolling and making emergency
repairs to contain this discharge. When the flow exceeds 4,000
cfs, efforts are concentrated on protecting the safety of the
affected residents and their personal property. The Sheriff's
office, the Office of Civil Defense, fire districts, and the Red
Cross are notified for assistance.

The lower l-mile reach of the Cedar River channel was initially
stabilized in 1912. King County and the City 6f Renton have
provided major capital improvements and maintenance for flood and
erosion control along the Cedar River. This has included riprap
bank protection works, bulkheads construction, cleaning, and snag
removal. Major reconstruction of levees and bank protection work
was accomplished after the December 1975 flood. River channel
dredging upstream from the mouth of the Cedar River has been
performed, most recently in 1972, in an attempt to maintain 100-
year flood protection of the improved channel system through the
City of Renton.

The major flood control improvement to Thornton Creek is the
diversion works with a 72-inch overflow pipeline to Lake
Washington. The diversion reduces the peak flows to the lower
mainstem reach of Thornton Creek such that only minimal downstream
flooding hazards exist up to a 100-year frequency existing
conditions flooding event. This assumes that full unobstructed
capacity is maintained to the diversion pipeline.

In 1946, the COE constructed a levee along the south bank of South
Fork Skykomish River in Skykomish. This levee is approximately 970
feet long and provides variable flood protection to a portion of
the town.
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3.0

A flood protection structure that significantly influences flooding
on Des Moines Creek is the road embankment from Marine View Drive
located in the City of Des Moines, which creates enough detention
storage to reduce the peak 100-year flood by almost 50 percent on
Des Moines Creek.

In 1983, the City of Seattle constructed a regional storm-ater
detention basin on Longfellow Creek south of SW Webster St :et.
The detention basin has helped reduce downstream flooding prob.ams,
although basin overflow for more severe storms, as evidenced in the
January 1986 event, will reduce the basin's effectiveness on
reduction in peak flows.

There are no other flood control measures for other streams studied
that significantly reduce flooding.

ENGINEERING METHODS

For the flooding sources studied by detailed methods in the community,
standard hydrologic and hydraulic study methods were used to determine
the flood hazard data required for this study. Flood  events of a
magnitude which are expected to be equaled or exceeded once on the
average during any 10-, 50-, 100-, or 500-year period (recurrence
interval) have been selected as having special significance for
floodplain management and for flood insurance rates. These events,
commonly termed the 10-, 50-, 100-, and 500-year floods, have a 10-,
2-, 1-, and 0.2-percent chance, respectively, of being equaled or
exceeded during any year. Although the recurrence interval represents
the long-term average period between floods of a specific magnitude,
rare floods could occur at short intervals or even within the same
year. The risk of experiencing a rare flood increases when periods
greater than 1 year are considered. For example, the risk of having a
flood which equals or exceeds the 100-year flood (l-percent chance of
annual exceedence) in any 50-year period is approximately 40 percent
(4 in 10), and for any 90-year period, the risk 1increases to
approximately 60 percent (6 in 10). The analyses reported herein
reflect flooding potentials based on conditions existing 1in the
community at the time of completion of this study. Maps and flood
elevations will be amended periodically to reflect future changes.

3.1 Hydrologic Analyses

Hydrologic analyses were carried out to establish peak discharge-
frequency relationships for each flooding source studied by
detailed methods affecting the community.

For those flooding sources being restudied or that are extensions
of previous detailed riverine studies, peak discharge results
presented in the previous Flood Insurance Studies for King County
and the Cities of Auburn, Kent, and Renton (References 1, 2, 8, and
15) were compared with updated discharges estimated to determine
the appropriate values to be used in this revised study. The peak
discharge estimates assume that existing basin hydraulic structures
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remain unobstructed and existing upstream dams or impoundment
structures remaln 1intact with no changes 1in operating
characteristics.

Discharge-frequency for the Snoqualmie River, South, Middle, and
North Forks Snoqualmie River, Sammamish River, North Creek, Bear
Creek, Evans Creek, Issaquah Creek, North and East Forks Issaquah
Creek, Tibbetts Creek, Vasa Creek, Cedar River, Mercer Creek, Right
Channel Mercer Creek, Richards Creek, East and West Tributaries
Richards Creek, Kelsey Creek, West Tributary Kelsey Creek, East
Branch of West Tributary Kelsey Creek, North Branch Mercer Creek,
McAleer Creek, Coal Creek, Lyon Creek, Meydenbauer Creek, North
Fork Meydenbauer Creek, South Fork Skykomish River, Maloney Creek,
and the Tolt River were developed from USGS stream gaging stations
on the respective streams by applying the standard log-Pearson Type
III methods with the expected probability corrections as outlined
by the U.S. Water Resources Council (Reference 31).

Discharge-frequency relationships in the revised study for Raging
River, Issaquah Creek, Cedar River, Swamp Creek, May Creek, May
Creek Tributary, and Big Soos Creek were developed from streamflow
records at USGS gages within those watersheds. The gage reference
numbers, descriptions, and periods of record (Reference 32) used in
the analyses are summarized below. That listing 1includes
additional gages used for correlating and transferring flows
between local, hydrologically similar basins or for comparison of
results. The Flood Flow Frequency Analysis computer program
(Reference 15) was used to determine the discharge-frequency
relationships by applying log-Pearson Type III analysis techniques
in accordance with methods presented in USGS Bulletin 17B
(Reference 33) to the annual peak flow data for each gage site.

USGS GAGES
Flooding USGS Gage Period of
Source Ref. No. USGS_Gage Description Record
Snoqualmie River 12-1490 Near Carnation 1930-1965
N/A Near Snoqualmie Falls 1929-1965
12-1445000 Near Snoqualmie 1959-1978
South Fork
Snoqualmie River N/A At North Bend 1911-12, 1914-16,
1918-26, 1930-38,
1946-50, 1961-78
North Fork
Snoqualmie River N/A Near North Bend 1910-12, 1914-18,
1920, 1922-26,
1930
Middle Fork
Snoquaimie River N/A Near Tanner 1962-1978



Raging River
Tolt River

Green River
N/A
N/A
N/A
N/A

Big Soos Creek

Sammamish River

Swamp Creek

Little Bear Creek

Bear Creek

Issaquah Creek

Tibbetts Creek
May Creek

Cedar River

McAleer Creek
Lyon Creek
Mercer Creek
Coal Creek

North Branch
Mercer Creek

South Fork
Skykomish River

Beckler River

12-145500 Near Fall City

12-148500 Near Carnation
N/A Near Tukwila
Near Auburn

Near Black Diamond

Near Palmer

Near Lester

12-112600 Above Hatchery, Near
Auburn

1250 At Bothell

N/A Near Redmond

12-127100 At Kenmore

12-126000 North Creek, Near
Bothell

12-122500 Near Redmond

12-124500 At Redmond

12-124000 Evans Creek, Above
Mouth Near Redmond

12-121600 Near Mouth

12-121000 Near Issaquah

12-121700 Near Issaquah

12-119600 At Mouth, Near Renton

12-119000 At Mouth

12-1175 Near Landsburg

12-1276 At Lake Forest Park

12-1273 At Lake Forest Park

N/A At Bellevue

N/A At Bellevue

N/A At Bellevue

12-1330 Near Index

12-1305 Near Skykomish

12-1310 Near Skykomish

1946-1985
1959-1971
1959-1963
1937-1962
1940-1948
1932-1962
1946-1962
1961-1986

1940-1963
1940-1957

1964~-1986

1946-1976, 1986
1946-49, 1980-81,
1986 :
1946-50, 1956-58,
1986 ' ‘
1956-1977

1964-present
1946-1964

1964-present
1965-1979

1946-1985
1948-present

1963-72, 1973-74
1964-68, 1969-75
1945-present
1963-present

1949-present

69 years
26 years

28 years



Discharge-frequency relationships established for gage locations
were transferred to selected runoff concentration points along the
study reaches through the application of regional regression
techniques per published regression equations (Reference 34).

USGS gage flow records from the adjacent, hydrologically similar
North Creek basin were used to establish flow estimates for Little
Bear Creek. Evaluation of peak recurrence interval discharges in
the lower reaches of Little Bear Creek, downstream of the State
Route 202 crossing, include reductions in main channel flow to
reflect overflows away from the main channel that enter the
Sammamish River at other locations.

Updated hydrology for flooding sources either being restudied or
that are extensions of existing detailed studies were compared
using statistical confidence limits with existing published Flood
Insurance Study discharges at identified locations. Comparison of
peak discharge estimates for the May Creek gage site with those
published in the previous Flood Insurance Study for the City of
Renton 1indicated no significant statistical differences.
Therefore, in accordance with FEMA guidelines, the previous flow
estimates for the gage site have been used in the present study.

Recurrence interval peak discharge estimates established for the
added detailed study reach of Bear Creek, upstream from its
confluence with Cottage Lake Creek, are based on the results of the
statistical analysis of annual peak flows at USGS gage No. 12-
122500 near Redmond. The limited period of gage record (8 years,
including January 1986 event provisional flow estimates) would
normally preclude analysis using this method. However, additional
gages located on Cottage Lake Creek (No. 12-123000), Evans Creek
(No. 12-124000), and on the downstream reach of mainstream Bear
Creek, (No. 12-124500) provided adequate data for comparative
assessment of results.

Discharge-frequency relationships for Thornton Creek, Longfellow
Creek, Mill Creek (Auburn), and Rolling Hills Creek were developed
using the COE HEC-1 computer program (Reference 35). The basic
application of this synthetic hydrograph model included computation
of drainage subbasin runoff hydrographs using the SCS Type 1A storm
distribution (Mill Creek and Rolling Hills Creek), routing of those
hydrographs through channel reaches and detention storage areas,
and combining them with downstream subbasin hydrographs at selected
study reach runoff concentration points. Calibration of those
models to discharge estimates, developed from high water mark data
collected for the January 1986 event, was performed.

Peak-flow estimates for Thornton Creek include consideration of
unobstructed diversion of flows to the overflow pipeline to Lake
Washington. Runoff estimates for Thornton and Longfellow Creeks
used a multiple peak design storm distribution pattern based on the
actual January 17 through 19, 1986, storm event, taken from a
network of local precipitation gage data (Reference 36). In
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addition to localized culvert backwater routing effects, routing of
flows through the SW Webster Street detention basin and outlet
structure was included in the Longfellow Creek modeling analyses.
Discharge estimates computed at the mouth of Mill Creek (Auburn)
consider noncoincidence of peak flows in the Green River and Mill
Creek. Storage routing effects of backwater storage at the
location have therefore not been considered in this analysis.
Discharge estimates for Mill Creek for the floodway determination
were modified to reflect reduction in storage with encroachment on
the storage provided by the natural floodplain.

Recent modeling analyses of the Mill Creek (Kent) and the
Springbrook Creek basins using the SCS TR-20 hydrograph program
have been performed by a local consultant for the City of Kent
Drainage Master Plan (Reference 37). That study developed 25- and
100-year recurrence interval discharge estimates based on a l2-hour
duration, SCS Type 1A storm distribution for the valley floor
basins. It included consideration of significant storage-routing
components within the Mill/Springbrook Creek system, including the
recently completed Earthworks Park stormwater detention facility..
The discharge estimates presented in the City of Kent Drainage
Master Plan and supplemental computer output files, for existing
land use conditions have been accepted for use in this restudy.
Additional. recurrence interval flows were extrapolated from the
computer flows. The resultant flow estimates were reduced by
overflow estimates to Springbrook Creek north of James Street,
computed using hydraulic backwater rating methods, to provide the
downstream estimates.

Stream gage records are not available for the Black River and
Springbrook Creek. In the absence of gaged discharge data for
statistical determination of peak flow estimates, information from
several previous hydrologic modeling studies within the Black River
basin were collected and reviewed for comparison of results and for
determination of acceptability for use in the restudy. Synthetic
unit hydrograph modeling of basin runoff has been performed by the
COE using the HEC-1 Flood Hydrograph model (Reference 38); the SCS
using the TR-20 model (Reference 39); by the previous study
contractor for the existing Renton Flood Insurance Study using the
TR-20 model (Reference 15); and, more recently, by other
consultants for upstream reaches of the basin, using the TR-20
model. The flow estimates from the previous Flood Insurance Study
were determined to be the most representative of the conditions
existing in the basin at the time of this restudy, and were
therefore used. Since the previous Flood Insurance Study only
calculated the 10~ and 100-year hydrographs, the 50-year hydrograph
was interpolated from those previously computed. The 500-year .
hydrograph was not analyzed because of the extensive changes in
overbank storage that occur at Pl pond stages in excess on the 100-
year recurrence interval.

The Green River basin has been studied extensively by the Seattle
District of the COE. The COE operation of Howard A. Hanson Dam
provides flow regulation for flood protection to the downstream



river reaches, particularly the lower Green River Valley downstream
from Auburn. Current COE operation of the dam regulates the peak
downstream flow releases up to the standard project flood to 12,000
cfs at the USGS Auburn gage. This includes consideration of
tributary inflows downstream of the dam (i.e., Newaukum Creek and
Big Soos Creek). Discharge-frequency analyses have been performed
by the COE as part of the Green River Flood Reduction Study
(Reference 23) for estimation of peak unregulated and regulated
floodflows at the Auburn steam gage. Results of those analyses
were reviewed and used in this restudy. The flows are also in
agreement with previously published Flood Insurance Study discharge
estimates.

Discharge-frequency relationships for the White River were obtained
from a backwater channel-capacity study by the COE (Reference 40).
The selected stations were Mud Mountain Dam and the White River at
the mouth. The peak discharges were adjusted for the White River
near Auburn. Those adjusted discharges were used directly for this
study.

Because there are no streamflow records on Forbes Creek and Yarrow
Creek, runoffs for the floods of interest were calculated using
rainfall relationships developed for the area and a computerized
stormwater routing model. The model incorporates the unit
hydrograph methodology developed by the SCS (Reference 41). The
peak discharges obtained by this method were comparable to those
derived from regional regression equations published by the USGS
(Reference 42).

The hydrologic analysis of Miller and Walker Creeks 'in the Sea-Tac
communities plan (Reference 43) used a stormwater management model
developed in earlier river basin studies. A single large storm and
measurements at temporary gaging stations along the creeks were
used to calibrate the model, and flows for the 10-, 50-, and 100-
year storms were computed. The 500-year flood was estimated by
extending the curve through the computed points.

A gaging station on Miller Creek was established in 1973 to provide
a better understanding of hydrologic conditions in the stream.

No gage records exist for Des Moines Creek. Because of highly
similar drainage basin characteristics, peak discharges per square
mile for Miller and Walker Creeks were applied to the Des Moines
Creek drainage basin. These flows gave flood elevations well in
excess of local -experience. The excessive flow rates were
explainable because an 80-foot-high road embankment (Marine View
Drive) crosses Des Moines Creek Canyon at the upper end of the
detailed study area. The box culvert flowing under the embankment
has a capacity of 300 cfs before peak flow storage begins.
However, even assuming that no outflow was allowed, the impoundment
can store 65 percent of the runoff that would occur during a 6-day,
100~year storm. Therefore, reservoir routing capacity exists to
significantly reduce peak flows. Utilizing rainfall-runoff data
and techniques developed by the study contractor during a recent
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study of a similar urban area located several miles to the north, a
100-year synthetic runoff hydrograph was developed for a 6-day
storm for Des Moines Creek.

The 100-year hydrograph was routed through the storage reservoir
created by the road embankment, reducing the unrouted peak
discharge. This same percentage of flow reduction was applied to
the 10-, 50-, and 500-year unrouted peak flows.

Peak discharge-drainage area relationships for the streams studied
by detailed methods are shown in Table 1.

Hydraulic Analyses

Analyses of the hydraulic characteristics of flooding from the
sources studied were carried out to provide estimates of the
elevations of floods of the selected recurrence intervals.

Cross section data for the backwater analysis for Miller Creek,
Walker Creek, and a portion of Des Moines Creek were taken from
topographic maps with 2 foot contour intervals (Reference 44).
Cross section data for North Creek and White River (left bank
overflow) ~were taken from aerial photographs (References 45 and
46). Cross section data for the Snoqualmie River and North,
Middle, and South Forks Snoqualmie River were obtained from field
surveys and aerial photographs (References 1, 47, 48, and 49). The
cross section data for the backwater analyses for the remaining
streams studied by detailed methods were obtained by field survey.
Cross section data for the overbank areas of Green River, Tibbetts
Creek, Issaquah Creek, and East Fork Issaquah Creek were based on
topographic base maps (References 50 and 51).

The flooding potential, in the form of ponding, for the unnamed
drainageway in the central business district in Kirkland, is
directly related to the capacity of the existing stormwater
drainage system. The capacity of this system was determined and
removed from the runoff produced by the design storm. The volume
of the remaining excess runoff was then compared to a storage-
elevation curve developed for the central business district. This
comparison yielded the maximum expected elevation for the predicted
100-year event. Based on a Letter of Map Revision (LOMR) dated
January 30, 1989, and due to improvements done in that area, the
drainageway was moved to reflect the LOMR.

Water-surface elevations of floods of the selected recurrence
intervals on Mercer Creek, Right Channel Mercer Creek, Meydenbauer
Creek, North Fork Meydenbauer Creek, Coal Creek, Vasa Creek,
Richards Creek East Tributary, Richards Creek West Tributary,
Kelsey Creek, West Tributary Kelsey Creek, East Branch of West
Tributary Kelsey Creek, North Branch Mercer Creek, and Yarrow Creek
were computed using the USGS E-431 step-backwater computer model
(Reference .52). Water-surface elevations of floods of the selected
recurrence intervals on Lyon Creek and McAleer Creek downstream of
Northeast 178th Street were computed by hand calculations.
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McAleer Creek passes through 10 significant hydraulic structures,
one private culvert, and numerous private bridges. Lyon Creek
passes through 12 significant hydraulic structures. Each of these
structures was rated for hydraulic capacity by applying standard
hydraulic calculations and hydraulic nomographs (References 53, 54,
55, and 56).

The water-surface elevations for a portion of the upper Green River
Valley were computed using the COE G3722110 Water-Surface Profiles
computer program (Reference 57).

The water-surface elevations of floods of the selected recurrence
intervals on the remaining streams studied by detailed methods were
computed using the COE HEC-2 step-backwater computer program
(Reference 58).

The starting water-surface elevations for the Snoqualmie River and
North, South, and Middle Forks Snoqualmie River, Sammamish River,
Tibbetts Creek, and Green River were developed using the slope-area.
method or were developed from hydraulic rating data. For the most
downstream portion of the Green River, the starting water-surface
elevation was based on previous studies. The starting water-
surface elevation of 6.6 feet, which Llies below the highest
estimated tide and above the mean high water elevation, was
calculated by the COE with the coordination of FEMA Region X.

Starting water-surface elevations for Raging, Cedar, and South Fork
Skykomish Rivers, and Big Soos, Swamp, Issaquah, West Fork
Issaquah, Thornton, Longfellow, Forbes, Yarrow and Maloney Creeks
were determined using normal depth from slope-area methods.

Starting water-surface elevations for Rolling Hills Creek and May
Creek were determined to be critical depth. Starting water-surface
elevations for May Creek Tributary were the corresponding
recurrence interval event water-surface elevations in the main stem
at the point of confluence with the tributary.

The starting water-surface elevations for Bear and Evans Creeks are
coincident with the elevations at the confluences of the Sammamish
River and Bear Creek, respectively.

Starting water—surface elevations for the White River were taken
from the COE computer printout and flood profile prepared in 1974
(Reference 40).

| The starting water-surface elevation for Lyon Creek and McAleer
Creek was the maximum control elevation of Lake Washington, which
i.s 15 feet.

The starting water—surface elevation for North Creek at its mouth
was the 10-year flood elevation from the Sammamish River.
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Starting water-surface elevations for Little Bear Creek were based
on a coincident 25-year recurrence interval Sammamish River flood
stage, as was estimated to occur for the January 1986 flooding
event. The starting water-surface elevation for Mill Creek
(Auburn) was based on computed Green River backwater elevations at
the Mill Creek outlet using mean monthly Green River flow data for
December and January.

The starting water-surface elevation on Mill Creek (Kent) was
obtained from the Springbrook Creek flood profile.

Starting water-surface elevations for the flood profiles for Miller
Creek and Walker Creek were taken from the hydraulic study of Puget
Sound. Starting elevations for the flood profiles for Des Moines
Creek were taken using the 10-year elevation computed for Puget
Sound.

For the coastal area studied by detailed methods, the effects of
high tidal levels and wave runup were combined to determine the
maximum flood elevations above the NGVD of 1929 datum. Wave
prediction and wave runup calculations were performed by methods
prescribed in the COE Shore Protection Manual (Reference 59).

Starting water-surface elevations for Mercer, Right Channel Mercer,
Meydenbauer, North Fork Meydenbauer, Coal, Vasa, Richards, East
Tributary Richards, West Tributary Richards, Kelsey, West Tributary
Kelsey, East Branch of West Tributary Kelsey, and North Branch
Mercer Creeks were computed from:

1. Frequency analysis of lake elevations

2. Profile conveyance of downstream cross sections

3. Culvert ratings where an approach section was the section
farthest downstream

The starting water-surface elevations for the Black River, North
and East Forks Issaquah Creek, and North and South Forks Thornton
Creek are coincident with the elevations at the confluences of the
Green River, Issaquah Creek, and Thornton Creek, respectively.

For the Green River, analyses were performed in accordance with
FEMA's levee policy. In accordance with those guidelines, two
backwater profiles were computed for the reach under study, one for
flows confined to the levee system, and a second for the condition
of complete levee systems assumed removed for analysis, where levee
system freeboard is less than minimum FEMA standards. The general
freeboard standard of 3.0 feet for consideration of levee flood
protection was lowered by FEMA for the Green River to 2.0 feet
based on COE review and recommendations, at the request of King
County (Reference 60). Based on the computed with levees water-
surface profiles and surveyed cross section and levee profile data,
a total of approximately 5.7 river miles of levees were identified
as having less than 2.0 feet of freeboard at some locations along a
particular levee system.

56



On Little Bear Creek, high water marks for the January 1986 event
were used to calculate flows through culverts and to reduce flows
at overbank breakout points, from upstream of the SR 202 culvert,
downstream to the Sammamish River confluence. The HEC-2 step-
backwater model was calibrated to these conditions. A range of
flows were input to the model to develop rating curves for the
structures and overflow weirs. The recurrence flows, derived from
the hydrologic analyses, were modified to reflect the overflow
conditions from review of the rating curves. Sheetflow and ponding
caused by the channel overflow was approximated from photographs,
topographic ma;s, high water marks, and local accounts of flooding
extent and depths.

The maximum water-surface elevation of the Pl storage pond in
Renton was determined by routing the hydrograph through the storage
pond and pumping station by using the storage-elevation
relationship for the pond and the pumping station's firm capacity
of 875 cfs as the maximum discharge. The 10-year water-surface
profile for Springbrook Creek was started at normal depth because
normal depth was greater than 3.5 feet NGVD, which is the maximum.
water-surface elevation of the Pl storage pond under standard
operating procedures. The peak 10-year flow into the storage pond
is less than the maximum pumping rate and, therefore, no rise in
the watgr-surface elevation of the storage pond should occur during
the 10 year event. Two conditions were considered for each of the
50- and 100-year events. The first consisted of modeling the
effects on the Springbrook Creek study reach of the computed
maximum water-surface elevation that may be reached in the storage
pond (the starting water-surface elevation) coincident with the
flow that would be discharged from Springbrook Creek at that time
step in the inflow runoff hydrograph. The second condition of
analysis consisted of modeling the effects of Springbrook Creek
peak inflows for the recurrence interval event under consideration,
with a starting water-surface elevation of the higher of normal
depth, or the coincident elevation of the storage pond at the time
of the peak inflow. For each recurrence interval, the higher
water-surface elevation resulting from each of those analysis
conditions at the study reach cross sections was used for final
flood profile determination.

The COE regulates the water level of Lake Washington at the
Hiram M. Chittenden Locks on the Lake Washington Ship Canal. The
lake level is drawn down during the winter months and is typically
regulated at elevation 13.2 NGVD for that period.

In the summer months, the lake level is raised to an elevation of
15.0 feet NGVD. That elevation exceeds the normal depth water-
surface elevation determined at the mouth of the Cedar River for
the 10-, 50-, and 100-year recurrence interval flows. Therefore,
the flood profiles for the Cedar River includes the backwater
impact from Lake Washington until the profile that was started at
normal depth exceeds the 15.0-foot elevation for the 100-year
recurrence interval event at the first cross section, with lake
backwater shown for the lesser recurrence intervals.
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For the coastal areas studied by detailed methods near Des Moines
and Normandy Park, the effects of high tidal levels and wave runup
were combined to determine the maximum flood elevations. Wave
prediction and wave runup calculations were performed by methods
prescribed in the COE Shore Protection Manual (Reference 59) and
wave runup elevations for the 10-, 50-, 100-, and 500-year
conditions for Puget Sound north of and outside the breakwater of
Des Moines Marina, and the 100-year condition for unprotected areas
south of Des Moines Marina are shown in Table 2, '"Summary of
Elevations."

Table 2 ~ Summary of Elevations

Flooding Source and Elevation in Feet (NGVD)
Location 10-Year 50-Year 100-Year 500-Year
Puget Sound

Area from northwest corporate
limits of Normandy Park to
confluence with Miller Creek 10.2 13.5 16.3 16.7

Area from confluence with
Miller Creek to vicinity of
Shorebrook Drive 8.3 8.9 9.1 9.5

Area from vicinity of Shorebrook
Drive to vicinity of SW
Shoremont Avenue 10.2 13.5 16.3 16.7

Area from vicinity of SW
Shoremont Avenue to just south
of Normandy Park Creek 8.6 9.6 10.1 10.5

Area from just south of
Normandy Park Creek to vicinity
of SW 201st Street extended 10.2 13.5 16.3 16.7

Area from vicinity of SW 201st
Street extended to vicinity of
SW 202nd Street extended 8.3 8.9 9.1 9.5

Area from vicinity of SW 202nd
Street extended to vicinity of
SW 203rd Street extended 8.6 9.6 10.1 10.5

Area from vicinity of SW 203rd

Street extended to vicinity of
SW 207th Street extended 10.2 13.5 16.3 16.7
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Table 2 - Summary of Elevations (Cont'd)

Flooding Source and Elevation in Feet (NGVD)
Location 10-Year 50-Year 100-Year 500-Year

Area in the vicinity of SW
207th Street extended 8.6 9.6 10.1 10.5

Area from vicinity of SW 207th
Place extended to Normandy Park-
Des Moines corporate limits 10.2 13.5 16.3 16.7

Unprotected Area
North of Des Moines Marina and
Area Outside the Breakwater 10.2 13.5 16.3 16.7

Protected Area
Within the Breakwater and Area

Shadowed by the Breakwater 8.3 8.9 - 9.1 9.5
Unprotected Area

South of Des Moines Marina 8.3 8.9 9.1/12.71 9.5
Lake Sammamish 29.0 31.3 32.5 34.0

lstillwater Elevation/Wave Runup Elevation

Areas of coastline subject to wave attack are referred to as
coastal high hazard zones. Factors considered in determining wave
runup included length of fetch, sustained wind velocities, coastal
water depths, land slopes, and other physical features of the
coastline that could appreciably affect wave propagation. Much of
the coastline along Des Moines is protected by a breakwater that
extends north and south along the coast to protect the Des Moines
Marina. The area west of this breakwater and the unprotected area
north and south of the breakwater have been designated coastal high
hazard zones. The unprotected sections of the coastline are
subject to wave attack generated by high winds from a southwest
direction across Puget Sound. The remaining coastal areas inland
from the breaking waves, subject only to wave runup, and areas
sheltered by the breakwater are not exposed to severe wave attack
and have not been designated as part of a coastal high hazard zone.

Elevations on Lake Sammamish for the various frequency floods are
controlled by the COE Lake Sammamish outlet project built in 1966.
This project consists of a low weir designed to maintain the lake
elevation at 29.0 feet for the 10-year flood. The elevations for
the 50-, 100-, and 500-year floods were computed by routing
techniques through the 1lake. Elevations for floods for the
selected recurrence intervals are also presented in Table 2.
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Channel and overbank roughness factors (Manning’s “n”) used in the
hydraulic computations were chosen by engineering judgment and were
based on field observations of the stream and floodplain areas, and
hydraulic calibration of flood profiles to available high water mark
data. The range of channel and overbank “n” values for the various
flooding sources are listed in Table 3.

Flood profiles were computed an accuracy of approximately 1.0 foot
for floods of the selected recurrence intervals and are shown in
Exhibit 1. The degree of accuracy of the water-surface profiles is
limited to 1.0 foot by the location and accuracy of the cross
sections, the extent of the various energy losses of the system, and
the general limitations of backwater calculations. The accuracy of
1.0 foot is consistent with the accuracy of predicted peak
discharges and the knowledge that unpredictable events during actual
floods will likely cause deviations from the predicted profile.

Locations of selected cross sections used in the hydraulic analyses
are shown on the Flood Profiles (Exhibit 1). For stream segments
for which a floodway was computed (see Section 4.2), selected cross
section locations are also shown on the Flood Insurance Rate Maps
(Exhibit 2).

For streams studied by approximate methods, the 100-year floodplains
were approximated by field inspections and observations and by
normal depth calculation wusing estimated 100-year recurrence
interval floodflows and approximate cross sections taken from field
investigations or from topographic maps, where available. Computed
depth from minimum channel elevation and average floodflow velocity
are shown on the maps.

The hydraulic analyses for this study were based on unobstructed
flow. The flood elevations shown on the profiles are thus
considered valid only if hydraulic structures remain unobstructed,
operated properly, and do not fail.

All elevations are referenced to the National Geodetic Vertical
Datum of 1929 (NGVD). Elevation Reference Marks (ERMs) and their
descriptions are shown on the maps. ERMs shown on the FIRM
represent those used during the preparation of this and previous
Flood Insurance Studies. The elevations associated with each ERM
were obtained and/or developed during FIS production to establish
vertical control for determination of flood elevations and
floodplain boundaries shown on the FIRM. Users should be aware that
these ERM elevations may have changed since the publication of this
FIS. To obtain up-to-date elevation information on National
Geodetic Survey (NGS) ERMs shown on this map, please contact the
Information Services Branch of the NGS at (301) 713-3242, or visit
their website at www.ngs.noaa.gov. Map wusers should seek
verification of non-NGS ERM monument elevations when using these
elevations for construction or floodplain management purposes.
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4.0 FLOODPLAIN MANAGEMENT APPLICATIONS

The NFIP encourages state and local governments to adopt sound
floodplain management programs. Therefore, each Flood Insurance Study
provides 100-year flood elevations and delineations of the 100- and 500-
year floodplain boundaries and 100-year floodway to assist communities
and counties in developing floodplain management measures.

4.1 Floodplain Bourdaries

To provide a national standard without regional discrimination, the
1 percent annual chance (100-year) flood has been adopted by FEMA
as the base flood for floodplain management purposes. The 0.2
percent annual chance (500-year) flood is employed to indicate
additional areas of flood risk in the community. For each stream
studied by detailed methods, the 100- and 500-year floodplain
boundaries have been delineated using the flood elevations
determined at each cross section. Between cross sections,  the
boundaries were interpolated. using topographic maps at scales of
1:240, 1:1,200, 1:2,400, 1:4,800, and 1:6,000, with contour
intervals of 1, 2, 4, 5, and 10 feet (References 46 and 63 to 78).

The 100< and 500-year floodplain boundaries are shown on the Flood
Insurance Rate Map (Exhibit 2). On this map, the 100-year
floodplain boundary corresponds to the boundary of the areas of
special flood hazards (Zones A, AE, AH, A0 and VE); and the 500-
year floodplain boundary corresponds to the boundary of areas of
moderate flood hazards. In cases where the 100~ and 500-year
floodplain boundaries are close together, only the 100~year
floodplain boundary has been shown. Small areas within the
floodplain boundaries may lie above the flood elevations but cannot
be shown due to limitations of the map scale and/or lack of
detailed topographic data.

For the streams studied by approximate methods, only the 100-year
floodplain boundary 1is shown on the Flood Insurance Rate Map
(Exhibit 2).

Approximate 100-year floodplain boundaries in some portions of the
study area were taken directly from Flood Hazard Boundary Maps
(References 79 to 89), or Flood Insurance Rate Maps (References 90
and 91).

4.2 Floodways

Encroachment on floodplains, such as structures and fill, reduces
flood-carrying capacity, increases flood heights and velocities,
and increases flood hazards in areas beyond the encroachment. One
aspect of floodplain management involves balancing the economic
gain from floodplain development against the resulting increase in
flood hazard. For purposes of the NFIP, a floodway is used as a
tool to assist local communities in this aspect of floodplain
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management. Under this concept, the area of the 100-year
floodplain is divided into a floodway and a floodway fringe. The
floodway is the channel of a stream, plus any adjacent floodplain
areas, that must be kept free of encroachment so that the 100-year
flood can be carried without substantial increases in flood
heights. Minimum Federal standards limit such increases to 1.0
foot, provided that hazardous velocities are not produced. The
floodways in this study are presented to local agencies as a
minimum basis for additional floodway studies.

The floodways presented in this study were computed for certain
stream segments on the basis of equal conveyance reduction from
each side of the floodplain. Floodways widths were computed at
cross sections. Between cross sections, the floodway boundaries
were interpolated. The results of the floodway computations are
tabulated at selected cross sections (Table 4). In cases where the
floodway and 100-year floodplain boundaries are either close
together or collinear, only the floodway boundary has been shown.

The area between the floodway and 100-year floodplain boundaries is
termed the floodway fringe. The floodway fringe encompasses the
portion of the floodplain that could be completely obstructed
without increasing the water-surface elevation of the 100-year
flood more than 1.0 foot at any point. Typical relationships
between the floodway and the floodway fringe and their significance
to floodplain development are shown Figure 2.

}; 100-YEAR FLOODPLAIN A,!
l«—— FLOODWAY > | - FLOODWAY ——3le fLOODWAY ]
FRINGE FRINGE
STREAM
CHANNEL
FLOOD ELEVATION WHEN
CONFINED WITHIN FLOODWAY
ENCROACHMENT : ENCROACHMENT

LINE AB IS THE FLOOD ELEVATION BEFORE ENCROACHMENT.
LINE CD IS THE FLOOD ELEVATION AFTER ENCROACHMENT.
*"SURCHARGE IS NOT TO EXCEED 1.0 FOOT (FIA REQUIREMENT) OR LESSER AMOUNT IF SPECIFIED BY STATE.

| A
AREA OF FLOODPLAIN THAT COULD BE USED FLOOD ELEVATION BEFORE _
FOR DEVELOPMENT BY RAISING GROUND ENCROACHMENT ON FLOODPLAIN

Figure 2. Floodway Schematic
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5.0 INSURANCE APPLICATION

For floodplain insurance rating purposes, flood insurance zone
designations are assigned to a community based on the results of the
engineering analyses. These zones are as follows:

Zone A

Zone A is the flood insurance rate zone that corresponds to the
100-year floodplains that are determined in the Flood Insurance
Study by approximate methods. Because detailed hydraulic analyses
are not performed for such areas, no base flood elevations or
depths are shown within this zone.

Zone AE

Zone AE is the flood insurance rate zone that corresponds to the
100-year floodplains that are determined in the Flood Insurance
Study by detailed methods. Whole-foot base flood elevations
derived from the detailed hydraulic analyses are shown are selected
intervals within this zone.

Zone AH

Zone AH is the flood insurance rate zone that corresponds to the
areas of 100-year shallow flooding (usually areas of ponding) where
average depths are between 1 and 3 feet. Whole-foot base flood
elevations derived from the detailed hydraulic analyses are shown
at selected intervals within this zone.

Zone AO

Zone A0 is the flood insurance rate zone that corresponds to the
areas of 100-year shallow flooding (usually sheetflow on sloping
terrain) where average depths are between 1 and 3 feet. Average
whole-foot depths derived from the detailed hydraulic analyses are
shown at selected intervals within this zone.

Zone VE

Zone VE is the flood insurance rate zone that corresponds to the
100-year coastal floodplains that have additional hazards -
associated with storm waves. Whole-foot base flood elevations
derived from the detailed hydraulic analyses are shown within this

zone.
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6.0

7.0

Zone X

Zone X is the flood insurance rate zone that corresponds to areas
outside the 500-year floodplain, areas within the 500-year
floodplain, areas of 100-year flooding where the average depths are
less than 1 foot, areas of 100-year flooding where the contributing
drainage area is less than 1 square mile, and areas protected from
the 100-year flood by levees. No base flood elevations or depths
are shown within this zone.

Zone D

Zone D is the flood insurance rate zone that corresponds to
unstudied areas where flood hazards are undetermined, but possible.

FLOOD INSURANCE RATE MAP

The Flood Insurance Rate Map is designed for flood insurance and
floodplain management applications.

For flood insurance applications, the map designates flood insurance
rate zones as described in Section 5.0 and, in the 100-year floodplains
that were studied by detailed methods, shows selected whole-foot based
flood elevations or average depths. Insurance agents use the zones and
base flood elevations in conjunction with information on structures and
their contents to assign premium rates for flood insurance policies.

For floodplain management applications, the map shows by tints, screens
and symbols, the 100- and 500-year floodplains, the floodways, and the
locations of selected cross sections used in the hydraulic analyses and
floodway computations.

The current Flood Insurance Rate Map presents flooding information for
the entire geographic area of King County. Previously, separate Flood
Insurance Rate Maps were prepared for each identified flood-prone
incorporated community and the unincorporated areas of the county.
Historical data relating to the maps prepared for each community are
presented in the Community Map History data (Table 5).

OTHER STUDIES

Due to its more detailed hydraulic analyses, this Flood Insurance Study
supersedes all previous Flood Insurance Studies/Flood Insurance Rate
Maps covering King County and the incorporated areas (References 1 to
18, 90, and 91). The City of Bothell and the Town of Milton have
individual effective Flood Insurance Studies. (References 92 and 93,
respectively). .
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8.0 LOCATION OF DATA

9.0

Information concerning the pertinent data used in the preparation of this
study can be obtained by contacting FEMA, Mitigation Division, Federal
Regional Center, 130 228th Street, SW, Bothell, Washington 98021-9796.

BIBLIOGRAPHY AND REFERENCES

1.

10.

11.

U.S. Department of Housing and Urban Development, Federal Insurance
Administration, Flood Insurance Study, King County, Washington,
(Unincorporated Areas), March 1978, -

Federal Emergency Management Agency, Federal Insurance
Administration, Flood Insurance Study City of Auburn, Washington,
December 1980. -

Federal Emergency Management Agency, Federal  Insurance
Administration, Flood Insurance Study, City of Bellevue,

Washington, February 23, 1982.

Federal Emergency Management Agency, Federal Insurance
Administration, Flood Insurance Study, Town of Carnation,
Washington, September 1979.

Federal Emergency Management Agency, Federal .Insurance
Administration, Flood Insurance Study, City of Des Moines,
Washington, November 15, 1985.

Federal Emergency Management Agency, Federal Insurance
Administration, Flood Insurance Study, Town of Duvall, Washington,
December 1979.

Federal Emergency Management Agency, Federal Insurance
Administration, Flood Insurance Study, City of Issaquah,
Washington, November 1979,

Federal Emergency Management Agency, Federal Insurance
Administration, Flood Insurance Study City of Kent, Washington,
October 1980.

Federal Emergency Management Agency, Federal Insurance
Administration, Flood Insurance Study, City of Kirkland,
Washington, December 15, 1980.

Federal Emergency Management Agency, Federal Insurance
Administration, Flood Insurance Study, City of Lake Forest Park,
Washington, August 1979.

Federal Emergency Management Agency, Federal Insurance
Administration, Flood Insurance Study, City of Normandy Park,
Washington, August 1980.

149



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Federal Emergency Managemént Agency, Federal Insurance
Administration, Flood Insurance Study, City of North Bend,
Washington, February 1, 1984.

Federal Emergency Management Agency, Federal Insurance
Administration, Flood Insurance Study, City of Pacific, Washington,
June 1980.

Federal Emergency Management Agency, Federal Insurance
Administration, Flood Insurance Study, City of Redmond, Washington,
January 1982.

Federal Emergency Management Agency, Federal Insurance
Administration, Flood Insurance Study, City of Renton, Washington,
November 1980.

Federal Emergency Management Agency, Federal Insurance
Administration, Flood Insurance Study, Town of Skykomish,
Washington, January 2, 1981.

Federal Emergency Management Agency, Federal Insurance
Administration, Flood Insurance Study, City of Snoqualmie,
Washington, January 5, 1984.

Federal - Emergency Management Agency, Federal Insurance
Administration, Flood Insurance Study, City of Tukwila, Washington,

February 3, 1981.

Puget Sound Council of Governments, "Puget Sound Trends No. 5
(Revised)," July 1986.

U.S. Department of Commerce, Bureau of the Census, 1980 Census of
Population, Number of Inhabitants, Washington.

U.S. Department of Interior, Geological Survey, Magnitude and
Frequency in Washington, Open-File Report 74-336 by J.E. Cummans,
M.R. Collings, and E.GC Nassar, Tacoma, Washington, 1975.

U.S. Department of Interior, Geological Survey, Tacoma, Washington,
Personnel Communication, 1986.

U.S. Department of the Army, Corps of Engineers, "Green River Flood
Reduction Study: Appendix E, Section 1--Hydrology," 1984.

U.S. Department of the Army, Corps of Engineers, Seattle District,
"Maximum Annual . Peak Frequency Curve, Green River Near Auburn,"
January, 19813 "Maximum Annual Peak Discharge Frequency Curve,
Green River at Tukwila," January 14, 1986.

King County Department of Public Works, "Green River Management
Agreement," 1985.

150



26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

King County Department of Public Works, Surface Water Management,
Operation and Maintenance Division "Personal Communication - Pl
Pump Station Operation," September and December 1986.

U.S. Department of Interior, Geological Survey, "Peak Flows from
Drainage Areas in Washington," by J.H Bartells and G.T. Higgins,
July 1966.

U.S. Department of the Army, Corps of Engineers, Seattle District,
Flood Insurance Study-King County, Washington (Unincorporated
Areas), Seattle, Washington, March 1978.

Issaquah Environmental Council, "Aerial Photographs and Videotape
of November 24, 1986 Flooding Event, Issaquah, Washington," January
6, 1986.

U.S. Department of Agriculture, Soil Conservation Service,
Watershed Work Plan, Appendix A, Preliminary Plans Structural
Measures East Side Green River Watershed King County, Washington,"
April 1965. '

U.S. Water Resources Council, "A Uniform Technique for Determining
Flood Flow Frequencies," Bulletin 15, December 1967.

U.S. Department of the Interior, Geological Survey, "Program G745:
Flood Flow Frequency Analysis," Olympia, Washington, October 1985.

U.S. Department of the Interior, Geological Survey, Office of Water
Data Coordination, Bulletin #17B, "Guidelines for Determining Flood
Flow Frequency,"” Revised September 1982.

U.S. Department of Interior, Geological Survey, "Evaluation and
Design of a Streamflow-Data Network in Washington," Open-File
Report 78-167, by M.E. Moass and W.L. Haushild, Tacoma, Washington,
1978.

U.S. Department of the Army, Corps of Engineers, Hydrologic
Engineering Center, "HEC-1 Hydrograph Package Users Manual,"
Computer Program 723-X6-12010, Revised January 1985.

Seattle Engineering Department, Office for Planning, Sewer and
Drainage Planning - Rain Gaging Program, "Storm Summaries for Storm
of January 17-18, 1986 and Hourly and Daily Rainfall Totals
(stations 1, 2, 4, S5, 14, 15, 17)," January 1986.

City of Kent, URS Engineers Matrix Management Group, "City of Kent
Surface Drainage Utility Drainage Master Plan," February 1984.

U.S. Department of the Army, Corps of Engineers, Flood Plain

Management Division, "Green River Interior Runoff Test File, HEC-1
Program Run for Basin E, 100-Year Event," September 1981.

151



39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49,

50.

51.

52,

53.

U.S. Department of Agriculture, Soil Conservation Service, "Fast
Side Green River Watershed: Design Discharges--Pl Channel," April
1980.

U.S. Department of the Army, Corps of Engineers, Backwater Channel
Capacity Study, R.M. 0.0 to R.M. 28, White River, Auburn,
Washington, November 25, 1974.

U.S. Department of Agriculture, Soil Conservation Service,
Engineering Division, Technical Release No. 20, Computer Program
for Project Formulation Hydrology, May 1965. T

U.S. Department of Interior, Geological Survey, Open-File Report
74-336, Magnitude and Frequency of Floods in Washington, Tacoma,
Washington, 1975.

Stevens, Thompson and Runyan, Inc., "Sea~Tac Communities Plan, Port
of Seattle," August 1974.

CH2M HILL, Inc., Contour Maps, Scale 1:1,200, Contour Interval 2
feet, Normandy Park 1963.

King County Engineering Department, 1953 Aerial Topographic Survey
(Sheets 1} and 2), Scale 1:4,800, Contour Interval 10 Tfeet:
Bothell, Washington (1953).

U.S. Department of the Army, Corps of Engineers, Topographic Maps,
Scale 1:2,400, Contour Interval 2 feet: Auburn, Washington (1984).

U.S. Department of the Army, Corps of Engineers, Ortho-
Photogrammetric Happing, Snohomish River Basin, Washington, Scale
1:12,000: Seattle, Washington, June 7, 19/5 (revised 1979).

CH2M HILL, Inc., Aerial Photographic Mosiac, North Bend,
Washington, Scale 1:%4,800, Washington, Photographed October 35,

CH2M HILL, Inc., Composite Mapping of North Bend, Washington, Scale
1:4,800, Contour Interval 2 feet, October 5, 1977.

U.S. Department of the Army, Corps of Engineers, "Topographic Maps
of the Green River and Vicinity," Scale 1:1,200, Reduced to
1:4,800, Contour Interval 2 Feet, 1980.

Norman Associates, Inc., Topographic Maps, Scale 1:1200, Contour
Interval 2 feet, 1977.

U.S. Department of the Interior, Geological Survey, Geological
Survey Open-File Report No. 76-499, Computer Applications for Step
Backwater and Floodway Analysis, User's Manual No. 76-499, Reston,
Virginia, 1976.

American Concrete Pipe Association, Concrete Pipe Design Manual,
Arlington, Virginia, February 1974.

152



54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Portland Cement Association, Handbook of Concrete Culvert Pipe
Hydraulics, .Chicago, Illinois, 1964.

University of California at Berkeley, Street and Highway Drainage
Volume 2 - Design Charts, Berkeley, California, November .

Washington State Highway Commission, Department of Highways,
Highway Hydraulics Manual, Olympia, Washington, 1972,

u.s. Department of the Army, Corps of Engineers, Seattle District,
Computer Program G3722110, Backwater Curve Method II-With Floodway
Analysis, Seattle, Washington.

U.S. Department of the Army, Corps of Engineers, Hydrologic
Engineering Center, "“HEC-2 Water Surface Profiles, Users Manual,"
Davis, California, September 1982.

U.S. Department of the Army, Corps of Engineers, Coastal
Engineering Research Center, "Shore Protection Manual," Fort
Belvoir, Virginia, 1973.

U.S. Department of the Army, Corps of Engineers, Letter to FEMA,
"Green River Levee Freeboard Recommendations," September 1986.

U.S. Department of the Army, Corps of Engineers, Coastal
Engineering Research Center (CETA 78-2), Revised Wave Runup Curves
for Smooth Slopes, July 1978.

U.S. Department of the Army, Corps of Engineers, Coastal
Engineering Research Center (CETA 79-1), Wave Runup on Rough
Slopes, July 1979.

Jones and Associates, Inc., "Renton Village Company--1981 Aerial
Mapping," Scale 1:600, Reduced to 1:1,200, Contour Interval 1 Foot,
September 1981.

U.S. Department of the Army, Corps of Engineers, "Topographic Maps
of the Green River and Vicinity," Scale 1:1,200, Reduced to
1:4,800, Contour Interval 2 Feet, 1980.

CH2M Hill, Inc., "Topographic Maps" Scale 1:4,800, Contour Interval
4 Feet, Big Soos Creek (1986), Bear Creek (1986), Swamp Creek
(1986), May Creek (1986), Little Bear Creek (1986), Issaquah Creek
(1986), Raging River (1986), Thornton Creek (1986), Longfellow
Creek (1986), Cedar River (1986).

Kings County Engineering Department, River Valley Topography, Scale
1:2,400, Contour Interval 10 feet, Flood Control Division, Seattle,
Washington, December 1961.

U.S. Department of the Interior, Geological Survey, Topographic
Photo Maps, Scale 1:2,400, Contour Interval 5 Feet: City of
BelTevue, Washington, 1970. .

153



68.

69.

70.

71.

72,

73.

74.

75.

76.

17.

78.

79.

80.

81.

82.

Kings County Engineering Department, Flood Control Division, River
Valley Topography, Scale 1:2 »400, Contour Interval 5 feet: Seattle,
Washington, December 1961.

King County Department of Public Works, Division of Hydraulics,
Topographic Maps, Southwestern King County, Washington, Scale
1:2,400 Contour Interval 5 feet, June 1974.

Harry P. Jones and Associates, Topographic Maps, Scale 1:2,400,
Contour Interval 5 feet: Kirkland, Wash ngton .

King County Engineering Department, Aerial Photography, Scale
1:2,400, Contour Interval 5 feet: Sections 3, 4, 9, and 10. T26N,
RAE, WM, King County, Washington (1958), Revised (1965).

CH2M HILL, Inc., Contour Maps, Scale 1:1,200, Contour Interval 2
feet, Normandy Park, 1963.

U.S. Department of the Army, Corps of Engineers, Topographic
Happxng of North Bend, Washington, Scale 1:2,400, Contour IntervaI

2 feet: Seattle, Washington (1978).

U.S. Department of the Army, Corps of Engineers, Topographic Maps,
Scale 1:4,800, Contour Interval 5 feet: Pacific, Washington (1974).

Aerial Mapping Company, Topographic Maps 1:2,400, Contour Interval
5 feet: Renton, Washington .

Harstad Associates, Inc., Topographic Maps, Scale 1:2,400, Contour

Interval 5 feet: Town of Skykomish, Washington (June 1979).

U.s. Army Corps of Engineers, Topographic Mapping, Scale 1:2,400,
Contour Interval 2 feet: Snoqualmie, Washington (1978).

Walker and Associates, Topographic Map, Scale 1:2,400, Contour
Interval 5 feet: Tukwila, Washington ).

U.S. Department of Housing and Urban Development, Federal Insurance
Administration, Flood Hazard Boundary Map, King County, Washington,
J‘nu‘ty 17 ’ 1975 .

U.S. Department of Housing and Urban Development, Federal Insurance
Administration, Flood Hazard Boundary Map, City of Auburn,
Washington, Scale 134,800, February 18, 1977.

' Federal Emergency Management Agency, Federal Insurance

Administration, Flood Hazard Boundary Map, City of Bellevue, King
County, Washington, August 2, 1974; revised August 13, 1976.

Federal Emergency Management Agency, Federal Insurance
Administration, Flood Hazard Boundary Map, City of Kent, King
County, Washington, April 22, 1977.

154



83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94,

95.

U.S. Department of Housing and Urban Development, Pederal Insurance
Administration, Flood Hazard Boundary Map, City of Kirkland,
Washington, September 12, 1975.

U.S. Department of Housing and Urban Development, Federal Insurance
Administration, Flood Hazard Boundary Map, City of North Bend,
Washington, Scale 1:9,600, May 7, 197/6.

U.S. Department of Housing and Urban Development, Federal Insurance
Administration, Flord Hazard Boundary Map, City of Pacific, King
County, Washington, Scale 1:9,600, December 26, 197/5.

U.S. Department of Housing and Urban Development, Federal Insurance
Administration, Flood Hazard Boundary Map, City of Renton, King
County, Washington, Scale 1:9,600, June 7, 1974.

U.S. Department of Housing and Urban Development, Federal Insurance
Administration, Flood Hazard Boundary Map, Town of Skykomish, King
County, Washington, Scale 1:6,000, February 14, 1975.

U.S. Department of Housing and Urban Development, Federal Insurance
Administration, Flood Hazard Boundary Map, City of Snoqualmie,
Washington, Scale 1:7,300, December 21, 1973.

U.S. Department of Housing and Urban Development, Federal Insurance
Administration, Flood Hazard Boundary Map, City of Tukwila, Scale
1:12,000, May 24, 1974 (Revised September 13, 1977).

Federal Emergency Management Agency, Federal Ingurance
Administration, Flood Insurance Rate Map, City of Seattle,
Washington, July I9, 1977.

Federal Emergency Management Agency, Federal Insurance
Administration, Flood Insurance Rate Map, Town of Black Diamond,
Washington, October 30, 1979.

Federal Emergency Management Agency, Federal Insurance
Administration, Flood Insurance Study, City of Bothell, Washington,
unpublished.

Federal Emergency Management Agency, Federal Insurance
Administration, Flood Insurance Study, Town of Milton, Washington,
February 17, 1982. ‘

Federal Emergency Management Agency, Flood Insurance Study, King
County and Incorporated Areas, revised September 29, 1989.

Northwest Hydraulic Consultants, Inc., Miller Creek Regional
Stormwater Detention Facilities Design Hydrologic Modeling, Report
for King County Division of Surface Water Management, Seattle,
Washington, November 1990.

155



96.

97.

98.

99.

100.

101.

102.

103.

104,

105.

106.

107.

U.S. Environmental Protection Agency, Hydrologic Simulation Program
- FORTRAN (HSPF), USEPA Environmental Research Laboratory, Athens,
GCeorgia, 1988.

U.S. Army Corps of Engineers, Hydrologic Engineering Center, HEC-2
Water—Surface Profiles Generalized Computer Program, Davis,
California, September 1990.

U.S. Geological Survey, Roughness Characteristics of Natural
Channels, U.S. Geological Survey Water Supply Paper 1849, Denver,

Colorado, 1987.

Chow, V.T., Open—Channel Hydraulics, McGraw-Hill Book Company,
Inc., New York, 1959.

Harper Righellis, Inc., King County Flood Boundary Work Map,
Scale 1:2,400, Contour Interval 2 feet, December 20, 1993.

Hugh G. Goldsmith & Associates, Inc., Klahanie South Final Master
Drainage Plan Update, prepared for Lowe Enterprises Northwest,
Inc., March 1992.

D1nacolaL R.S., Characterization and Simulation of Rainfall-Runoff
Relations for Headwater Basins in Western King and Snohomish
Counties, washington, U.S. Geological Survey, Water Resources
Investigations Report 89-4052, Tacoma, Washington, 1990.

City of Issaquah, Draft Supplemental Environmental Impact Statement
for the I-90 Corporate Center and Southeast 56th Street Road
Improvements, December 1992,

U.S. Army Corps of Eng1neers, Hydrologic Engineering Center, HEC-2
Water-Surface Profiles, User's Manual, Davis, California, September
1990, Revised February 1991.

U.S. Geological Survey, Roughness Characteristics of Natural
Channels, Water Supply Paper 1849, U.S. Geological Survey, Denver,
Colorado, 1987, Williams, J.R., Pearson, H.E., and Wilson, J.D.,
Streamflow Statistics and Drainage-Basin Characteristics for the
Puget Sound Region, Washington, Volume II Eastern Puget Sound from
Seattle to the Canadian Border, U.S. Geological Survey, Open-File
Report 84-114-B, Tacoma, Washington, 1985.

U.S. Geological Survey, Guide for Selecting Manning's Roughness
Coefficients for Natural Channels and Flood Plains, Water Supply
Paper 2339, U.S. Government Pr1nt1ng Office, Washington, D.C.,
1989.

Alpha Engineering Group, Inc., Avondale Road Improvement Project
(Redmond City Limit to N.E. 132nd Street) Mitigation Plan for

Floodplain Impacts, Report “for Klng County Department of Public
Works, Bothell, Washington, August 1992,

156



108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

Entranco Engineers, Inc., Hydrologic Remodeling Report, Bear Creek,
Report prepared for King County Surface Water Management Division,
Bellevue, Washington, July 1993,

CH2M Hill, Supplemental Information for Request for Letter of Map
Revigion for Lower Bear Creek, in King County and the City of

Redmond, Washington, submitted by the Washington Department of
Transportation to King County Department of Public Works and City
of Redmond Department of Public Works for their submittal to FEMA,
Bellevue, Washington, August 1993, :

Land Tech, Hydraulic Study, 100 Year Flood Elevations, Bear Creek,
Hydraulic Analysis by G.R. Bob Parrott, Consulting Engineer,
Topographic Survey by Jim Hart & Associates, 1986.

CH2M Hill, Analysis of Flood at Bear Creek Project 86-SD-25, Report
to City of Redmond Public Works Department, Bellevue, Washington,
July 1986.

CH2M Hill and Sajan, Inc., Hydraulic Report and Appendices A
through F. SR 520, O0ld SR 901 Interchange to SR 202, Report for
Washington State Department of Transportation, July 1993.

U.S. Geological Survey, Water Resources Data - Washington Water
Year 1986, Water-Data Report WA-86-1, prepared by McGavock, E.H.,
Wiggins, W.D., Boucher, P.R., Blazs, R.L., Reed, L.L., and Smith,
M.L., in cooperation with the State of Washington and other
agencies, Water Resources Division, Pacific Northwest District,
U.S. Geological Survey, Tacoma, Washington, 1988.

Chow, V.T., Open-Channel Hydraulics, McGraw-Hill Book Company,

Montgomery Water Group, Inc., Letter of Map Revision for Lower Bear
Creek at Redmond Town Center, City of Redmond, WA, Kirkland,
Washington, July 1994, revised November 1994.

Montgomery Water Group, Inc., Redmond Town Center LOMR Supplemental
Information, Report to City of Redmond Stormwater Division to

satisfy the Appendix M requirements of the Community Development
Guide, Kirkland, Washington, November 1994.

Montgomery Water Group, Inc., Letter of Map Revision and
Conditional Letter of Map Revision for Lower Bear Creek at Redmond
Town Center, City of Redmond, WA, Supplemental Information for City

of Redmond Community Development Guide, Appendix M, Kirkland,
Washington, November 1994, revised May 1994.

157



118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

Federal Emergency Management Agency, Flood Insurance Study,
Snohomish County, Washington and Incorporated Areas, Washington,
D.C., November 8, 1999.

U.S. Environmental Protection Agency, Environmental Research
Laboratory, Hydrologic Simulation Program—FORTRAN (HSPF); User’s
Manual for Release 8.0, EPA 600/3-84-066, Athens, Georgia, 1984.

City of Bothell, Department of Public Works, Topographic Map,
Scale 1:4,800, Contour Interval 2 feet, Bothell, Washington, 1991.

Northwest Hydraulic Consultants, Inc., North Creek, Bothell,
Washington, Limited Map Maintenance Study, Work Map, Scale 1:24,000,
Contour Interval 2 feet, undated.

City of Bothell, Engineering Study, Horse Creek Drainage Area,
May 1965.

Harper Righellis, Inc., King County Flood Boundary Work Map,
Scale 1:2,400, Contour Interval 2 feet, October 17, 1996.

U.S. Army Corps of Engineers, Hydrologic Engineering Center,
HEC-REGFRQ, Regional Freguency Computation, Computer Program, Davis,
California, September 1989.

U.S. Army Corps of Engineers, Hydrologic Engineering Center,
HEC-FFA, Flood Fregquency Analysis, Computer Program, Version 3.1,
Davis, California, February 1985.

U.S. Army Corps of Engineers, Hydrologic Engineering Center,
HEC-RAS, River Analysis System, Computer Program, Version 2.1,
Davis, California, October 1997.

Harper Righellis, Inc., King County Flood Boundary Work Map,
Scale 1:2,400, Contour Interval 2 feet, March 31, 1997.

U.S. Army Corps of Engineers, Seattle District, Topographic Map,
Scale 1:24,000, Contour Interval 4 feet, March 1998.

U.S. Army Corps of Engineers, Seattle District, Draft Detailed
Project Report and Environmental Assessment for the Smogualmie River
at Snogqualmie Flood Damage Reduction Study in King County,
Washington, January 19%9, (draft).

Harper Righellis, Inc., South Fork Snoqualmie River, Hydrology and
Hydraulics Report, Prepared for King County, Surface Water
Management Division, March 13, 1997.

U.S. Geological Survey, Guide for Selected Manning’s Roughness
Coefficients for Natural Channels and Flood Plains, Water-Supply
Paper 2339, U.S. Government Printing Office, 1989.

U.S. Geological Survey, Roughness Characteristics of Natural
Channels, Water-Supply Paper 1849, U.S. Government Printing Office,
1987.

158



133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

Harper Houf Righellis Inc., Technical Support Data Notebook for
the Cities of North Bend and Snoqualmie and King County,
Washington, Upper Snoqualmie Floodplain Flood Insurance Study,
October 21, 2001.

URS Greiner Woodward Clyde, Tollgate Final Environmental Impact
Statement Report, Vol. 1 and 2, June 1, 2000.

U.S. Army Corps of Engineers, Hydrologic Engineering Center,
HEC-RAS, River Analysis System, Computer Program, Version 2.2,
Davis California, September 1998.

Harper Houf Righellis Inc., Upper Snoqualmie Floodplain Flood
Insurance Study Work Maps, Scale 1:2,400, October 2001.

U.S. Oceanic and Atmospheric Administration, National Geodetic
Survey, Vertcon Conversion Program, Version 2.1, August 1996.

Montgomery Water Group, Inc. Revisions to FEMA Flood Insurance
Study, Issaquah Creek and East Fork Task 5 Memorandum - Hydrology
Update to April 28, 2000, Memo to Kerry Ritland, City of Issaquah,
May 24, 2001.

King County, City of Issaquah, and Washington State Department of
Ecology, Issaquah Creek Basin Current/Future Conditions and Source
Identification Report, King County Surface Water Management
Division Department of Public Works, City of Issaquah Department
of Public Works, Washington State Department of Ecology Water
Quality Financial Assistance Program. Seattle, Washington,
October 1996.

U.S. Army Corps of Engineers, Hydrologic Engineering Center,
HEC-FFA Version 3.1. Davis, California, February 1995.

U.S. Department of Interior, Office of Water Data Coordination,
Geological Survey, Guidelines for Determining flood Flow Frequency
Bulletin 17B, Revised September 1981.

United States Department of Interior, Geological Survey, Magnitude
and Frequency of Floods in Washington. Water-Resources
Investigations Report 97-4277, 1998.

Montgomery Water Group, Inc., Issaquah Creek FIS Revisions-Lower
Mainstem Overflow Analysis Summary, Update to April 20, 2001 Memo
to Kerry Ritland, City of Issaquah, May 24, 2001.

U.S. Army Corps of Engineers, Hydrologic Engineering Center.
HEC-RAS, Version 3.0.1, Davis, California, March 2001

Montgomery Water Group, Inc., Bridge and Channel Improvements and
Status Update, March 20, 2001.

Montgomery Water Group, Inc., Issagquah Creek FIS revisions Draft
Work Maps, Scale 1:4800, August 2001.

U.S. Department of Agriculture, Soil Conservation Service, Flood
Hazard Analyses, Tolt River, King County, Washington.

159



U.S. Department of the Interior, Geological Survey, 7.5-Minute
Series Topographic Maps, Scale 1:24,000, Contour Interval 20 feet,
Bothell, Washington, 1953 (Photorevised 1981); Kirkland,
Washington, 1950 (Photorevised 1968 and 1973).

U.S. Army Corps of Engineers, Hydrologic Engineering Center,
HEC-DSS, User’s Guide and Utility Manuals, User’s Manual, Davis,
California, October 1994.

U.S. Army Corps of Engineers, Hydrologic Engineering Center,
STATS, Statistical Analysis of Time-Series Data, Computer Program,
Davis, California, May 1997.

U.S. Army Corps of Engineers, Hydrologic Engineering Center,
STATS, Statistical Analysis of Time-Series Data, Input
Description, Davis, California, May 1987.

U.S. Army Corps of Engineers, Hydrologic Engineering Center,
HEC-FFA, Flood Frequency Analysis, User’s Manual, Davis,
California, May 1992.

U.S. Army Corps of Engineers, Hydrologic Engineering Center,
Regional Freguency, User’s Manual, Davis, California, July 1972.

U.S. Army Corps of Engineers, Hydrologic Engineering Center, UNET,
One-Dimensional Unsteady Flow Through a Full Network of Open
Channels, Computer Program, Version 3.2.0, Davis, California,
August 1997.

U.S. Army Corps of Engineers, Hydrologic Engineering Center,
HEC-RAS, River Analysis System, User’s Manual, Version 2.0, Davis,
California, April 1997.

U.S. Army Corps of Engineers, Hydrologic Engineering Center,
HEC-RAS, River Analysis System, Hydraulic Reference Manual,
Version 2.0, Davis, California, April 1997.

U.S. Army Corps of Engineers, Hydrologic Engineering Center,
HEC-RAS, River Analysis System, Application’s Guide, Version 2.0,
Davis, California, April 1997.

King County, Surface Water Management Division, Basin Planning
Program, Sediment Transport Along the South Fork and Mainstem of
the Snoqualmie River, June 1991.

Converse Consultants, NW, Report on Geotechnical Services,
Snoqualmie Falls Hydroelectric Project, Snoqualmie, Washington,
Prepared for Puget Sound Power and Light Company, October 1991.

Horton Dennis and Associates, Inc., South Fork Snogualmie River,
Aerial Mapping and Flood Plain Analysis, King County Surface Water
Management, Harper Righellis, Inc., Temporary Benchmarks,
August 1995.

Northwest Hydraulics, Inc., Snogqualmie River Flood Control
Project, Pre-Feasibility Investigation Final Report, Prepared for
King County, Surface Water Management Division, March 1996.

160



King County, Surface Water Management Division, Environmental
Assessment, Reif Road Project, FEMA DR-833-WA, May 24, 1996.

King County, Department of Public Works, Surface Water Management
Division, River management Section, Reif Road Flood Hazard
Reduction Project, Design Report, Draft, July 31, 1995.

King County, Engineering Department, Flood Control Division,
Snogqualmie River Valley Topography, Scale 1:2,400, Contour
Interval 5 feet, December, 1961.

U.S. Geological Survey, North Bend, Washington 7.5-Minute
Quadrangle Map, Scale 1:24,000, Contour Interval 40 feet, 1993.

U.S. Geological Survey, Snogualmie, Washington 7.5-Minute
Quadrangle Map, Scale 1:24,000, Contour Interval 20 feet, 1953,
Photorevised 1968.

Montgomery Water Group, Inc., Preliminary Review Draft, Tollgate
EIS, Hydraulic Model Study of South Fork Snoqualmie River and
Gardiner Creek, September 1997.

Montgomery Water Group, Inc., Appendix, Hydraulic Modeling

Analysis of South Fork Snoqualmie River and Gardiner Creek,
Tollgate Preliminary Draft EIS, December 1997.

Montgomery Water Group, Inc., Middle Fork Snoqualmie River
Overflow Work Map, November 1997.

King County, Surface Water Management Division, Preliminary Work
Maps for Middle Fork Snogualmie River, Prepared by Harper
Righellis, Inc.

U.S. Army Corps of Engineers, Seattle District, Snogualmie River
Flood Insurance Study Drawings, 1971.

City of Issaquah. 2000. City of Issaguah Comprehensive Plan.
Adopted 1995 and amended in 2000. City of Issaquah Planning
Department, Issaquah, Washington.

Federal Emergency Management Agency. September 29, 1989. Flood
Insurance Study for King County, Washington. and Incorporated
Areas. FEMA Region X.

King County and Issaquah/East Lake Sammamish Watershed Management
Committee. December 1996. Final Issaquah Creek Basin and Nonpoint
Action Plan. King County Department of Natural Resources, Seattle,
Washington.

Montgomery Water Group, Inc. September 25, 2001. FEMA FIS
Elevation and Discharge Comparison Memorandum.

Montgomery Water Group. April 30 1996. Preliminary Hydraulic
Modeling Analysis of Issaquah Creek for Proposed Basin Flood
Control Program. Prepared for RH2 Engineering, Inc., and City of
Issaquah Public Works Department. Kirkland, Washington.

16l



10.0 REVISION DESCRIPTIONS

This section has been added to provide information regarding
significant revisions made since the original Flood Insurance Study was
printed. Future revisions may be made that do not result in the
republishing of the Flood Insurance Study report. To assure that any
user 1is aware of all revisions, it is advisable to contact the
comnunity repository of flood hazard data located at the Department of
Land and Water Resources, 201 South Jackson Street, Suite 600, Seattle
Washington 98104-3855.

10.1 PFirst Revision

The purpose of this revision is to update the corporate limits of
the City of Bothell and to add floodplain information for Miller
Creek that affects the unincorporated areas of King County,
Washington (Reference 94), and the incorporated Cities of
Normandy Park (Reference 11) and SeaTac. Approximately 4.0 miles
of Miller Creek were studied by detailed methods. The revised
floodplain along North Creek shown within the City of Bothell is
for information only. For flood insurance purposes, refer to the
separately published Flood Insurance Rate Map.

The hydrologic and hydraulic analyses were performed by Northwest
Hydraulic Consultants, Inc. (NHC), for FEMA under Contract
No. EMW-90-C-3134. This work was completed in September 1991.

Various contacts for information were made by the study
contractor in October, November, and December 1990. Coordination
with the regional project office and county and city officials,
as well as local residents, produced a variety of information
pertaining to flood history, available community maps, and other
hydrologic data.

Detailed methods were used to study 4.0 miles of the study reach
extending from Puget Sound upstream to the proposed King County
Lake Reba detention facility near State Route 518.

Approximate methods were used to study the 0.4-mile-long Tub Lake
Tributary located just upstream of the proposed detention
facility. This minor channel is dry except during flood events.

Miller Creek passes through several communities as it flows
jownstream to Puget Sound. The upper end of tie study reach
passes through the newly formed City of SeaTac. About mid-reach,
the channel passes under Des Moines Way (near State Route 509)
and enters unincorporated King County. Downstream of 1lst Avenue
South, near 6th Avenue SW, the channel enters the City of
Normandy Park and remains within the city limits .until it empties

into Puget Sound. Land neighboring the stream channel is
occupied by private residences and forest, farm, and pasture
lands.
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The average annual precipitation, as recorded at the nearby
Seattle-Tacoma International Airport, is approximately 38 inches.
The heaviest rainfall occurs during the months of November
through January, with little rainfall during the summer months of
July and August. The average annual temperature is 50°F, with
average daily highs of 59°F and lows of 44°F. July and August
are the warmest months, with average daily maximum temperatures
of 75°F, while January is the coldest, with average daily minimum
temperatures of 34°F.

Flood Problems and Flood Protection Measures

On January 8, 1990, a flood on the order of a 100-year event
inundated farm lands, pasture lands, and residential yards
neighboring the creek. Farm and pasture lands sustained no
significant damage, but several homes did. A homeowner located
at the northwest corner of South 160th and 9th Avenue South
reported 4 feet of water in her basement. The yard of the home
located on the southwest corner of this intersection was severely
eroded by high-velocity water issuing from the culvert that
conveys Miller Creek flow under 160th Avenue. Near 8th Avenue
South, the stream jumped its west bank and damaged the contents
of a garage/workshop. Several homes between 8th Avenue South and
Des Moines Way were also flooded.

Downstream from lst Avenue, the creek is confined to a deep
ravine, which does not pose a threat to neighboring property. As
it leaves the ravine, the creek flows along the west side of the
Southwest Suburban Sewer District sewage treatment plant. During
the January 1990 flood, the creek remained within its banks
through this reach. Below the treatment plant, the stream
profile begins to flatten and the floodplain widens. Two homes
at the intersection of Miller Creek and SW 175th Place were
flooded. Below SW 175th Place, the floodplain widens and has
been preserved as a community park for residents of the City of
Normandy Park. Much of it was also covered by water during the
flood.

In October 1992, King County completed the construction of the
Lake Reba Regional Stormwater Detention Pond, which will
attenuate flood flows in Miller Creek. The facility is located
at the site of Lake Reba, just south of State Route 518. The
effect of this facility has been accounted for in the hydrologic
and hydraulic analyses. There are no other major structural
flood-protection measures planned for Miller Creek.

Hydrologic Analysis

Estimation of flood discharges along Miller Creek and 1its
tributaries. was based on a previous study performed by NHC in
1990 for the King County Division of Surface Water Management
(Reference 95). In this study, the Environmental Protection
Agency's Hydrologic Simulation Program - FORTRAN (HSPF) model
(Reference 96), was used to describe the hydrology of the Miller
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Creek basin. HSPF is a state-of-the-art hydrologic simulation
model that is rapidly becoming the model of choice for simulating
streamflow values by many government and private agencies. The
model was used to compute time series of streamflows estimated
from observed rainfall, evaporation, and soil-characteristic
data. The model included the effect of the Lake Reba Regional
Stormwater Detention Pond, which was constructed in 1992 near the
headwater of Miller Creek.

The Miller Creek basin HSPF model was calibrated using 2 years of
recorded streamflow data collected at a gage near the Southwest
Suburban Sewer District treatment plant, recorded precipitation
at the National Weather Service SeaTac weather station, and
evaporation data from the Puyallup station. Calibration was
performed for current basin land-use conditions.

To develop flood-frequency curves, the calibrated model was then
used to simulate Miller Creek streamflows. A time series of
streamflow values was created for the 29 years between October 1,
1961, and January 11, 1990, using historical SeaTac precipitation
and Puyallup evaporation data. Log-Pearson III distributions
were fit to the annual peaks from the simulation to determine the
10-, 50-, 100-, and 500-year flood discharges for Miller Creek.
It should be noted that considerable extrapolation was required
to determine the 100- and 500-year flow rates. The areas of Tub
Lake Tributary make part of the total of 22 subbasins of the main
stem of Miller Creek. Flood estimates for the Tub Lake Tributary
were also computed using the HSPF model. Peak discharge-drainage
area relationships for the stream studied by detailed methods are
shown in Table 1, "Summary of Discharges."

Hydraulic Analyses

Analyses of the hydraulic characteristics of Miller Creek were
carried out to provide estimates of flood elevations for the 10-,
50-, 100-, and 500-year events. Water-surface elevations were
computed using the September 1990 release of the COE HEC-2
backwater computer program (Reference 97). Data required to
develop the HEC-2 model include channel and floodplain geometry,
roughness coefficients, and starting water-surface elevations.
Cross-section data for the backwater analyses were obtained from
field surveys performed between November 1990 and January 1991.
A total of 32 sections were surveyed. All significant bridges,
culverts, and weirs were surveyed to obtain elevation data and
structural geometry. A total of six bridges, eight culverts, and
11 weirs were surveyed.

In the HEC-2 program, the special bridge routine was used for
bridges with piers and for those where pressure flow occurred.
The normal bridge routine was used for bridges without piers and
for low-flow conditions where the water surface was below the
low-chord elevation of the bridge. Local residents have built a
number of small, wooden foot bridges across the creek. These
were not included in the model.
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Water-surface elevations at each culvert were also computed using
the HEC-2 model, which incorporates the capability to simulate
culvert hydraulics using Federal Highway Administration culvert
procedures. For weir flow, water-surface elevations at each weir
were computed using the HEC-2 model. The geometry of each weir
was defined in the model, and water-surface elevations were
computed using standard step-backwater analyses.

Channel roughness (Manning's '"n") values used in hydraulic
computations were determined using engineering  judgment,
reference to classical publications (References 98 and 99), and
calibration to observed conditions. Flood profiles were matched
with high-water marks and discharge data collected during January
and February 1991 events. Selected channel "n" values range from
0.040 to 0.057, and overbank values range from 0.070 to 0.110.

The starting water-surface elevation was calculated using the
slope-area method, based upon an assumed water-surface slope of
0.003.

Tub Lake Tributary flows from a depression area south of Beverly
Park along Des Moines Way heading south. It then empties into
the Lake Reba Detention Pond through a culvert underneath State
Highway 518. Because this is a minor tributary to the mainstem
of Miller Creek, approximate methods were used to assess the
flood hydraulics. This tributary consists of approximately 1,300
feet of open channel and 250 feet of piped segments. From its
confluence with Miller Creek, the tributary begins as an open
channel. Approximately 900 feet upstream, a 200-foot 1long,
18-inch-diameter steel pipe carries flow under a little league
baseball field. Upstream, 400 feet of open channel carry flow
from a 240-inch-diameter corrugated metal pipe (CMP) culvert that
conveys flow under South 144th Street. The Tub Lake marsh area
begins north of South 144th Street. Both open channel reaches
are represented in the HEC-2 model by a trapezoidal cross section
that has a 4-foot depth, a 4-foot bottom width, and 2H:1V side
slopes. Channel and floodplain geometry used in the model were
estimated from available topographic mapping and data collected
during a site reconnaissance.

Channel roughness coefficients were assumed to be 0.065 for open
channel, 0.070 for overbanks, 0.015 for the steel culvert, and
0.024 for the CMP culvert.

The hydraulic analyses for this study were based on unobstructed
flow. The flood elevations shown on the profiles are thus
considered valid only if  hydraulic structures remain
unobstructed, operate properly, and do not fail.

All elevations are referenced to the NGVD. Elevation reference
marks (ERMs) and the descriptions of those marks used in this
restudy are shown on the maps. The remaining descriptions are
presented in Elevation Reference Marks (Exhibit 3).

165



10.2

ERMs were established at eight sites along the stream.
Floodplain boundaries were delineated in the detailed study reach
of Miller Creek and its tributary using topographic maps at a
scale of 1:2,400, with 5-foot contour intervals, provided by the
King County Department of Public Works and the City of Seattle
Engineering Department.

The floodways developed in this study were computed with the
HEC-2 model, generally with the assumption of equal-conveyance
reduction from each side of the floodplain. Floodway widths were
computed at each cross section. Between sections, the floodway
boundaries were interpolated. The results of the floodway study
are tabulated for each cross section in Table 4, "Floodway Data."
No floodway was computed for the Tub Lake Tributary.

The information for this restudy of Miller Creek supersedes the
data presented in the previous Flood Insurance Study for King
County, dated September 29, 1989 (Reference 94). The discharges
used in this study of Miller Creek were revised to account for
the effects of wurbanization and operations of the newly
constructed Lake Reba Detention Pond. This restudy was completed
in September 1991.

Second Revision

This study was revised on May 16, 1995, to incorporate the
results of an analysis of existing hydraulic studies that was
performed for the Snoqualmie River in the vicinity of the City of
Snoqualmie. The analysis was performed by NHC, the study
contractor, for FEMA under Contract No. EMW-90-L-3134, as part of
its Limited Map Maintenance Program.

NHC compared the two hydraulic studies performed by Hosey &
Associates for Puget Power and measured high~water marks with the
profiles published by FEMA for the Snoqualmie River in the
vicinity of the City of Snoqualmie. The most recent of these two
studies incorporated updated topographic information and was
calibrated using information from recent storms. When the
profiles produced by these studies matched FEMA's profile, it was
determined that a restudy of the area was not warranted at that
time. However, upon comparison between the base (100-year) flood
elevation (BFE) placements shown on Flood Insurance Rate Map
Panels 53033C0737 E, 53033C0739 E, 53033C0741 E, and 53033C0743 E
and those shown on the published profile, it was determined that
the BFE placements shown on the above-mentioned Flood Insurance
Rate Maps were incorrect. Therefore, the BFE placements shown on
the above-mentioned Flood Insurance Rate Map panels were revised
along the Snoqualmie River from approximately 1,530 feet upstream
of State Highway 202 to its confluence with the South Fork
Snoqualmie River to match those shown on the published profiles
for that reach.
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In addition to the above revision, the mapping for King County
has been prepared using digital data. Previously published Flood
Insurance Rate Map data produced manually have been converted to
vector digital data by a digitizing process. These vector data
were fit to raster digital images of the USGS quadrangle maps of
the county area to provide horizontal positioning.

Road, highway names, and centerline data have been obtained from
an enhanced TIGER (Topologically Integrated Geographic Encoding
and Referencing) File, obtained through the King County Computer
and Communications Services Division. For county areas outside
of the City of Seattle, the centerlines were modified to the
positional accuracy of the USGS quadrangle maps, and the roads,
highways, and street names, if needed, were taken from the Flood
Insurance Rate Map panels, where appropriate. The adjusted
centerline data were then computer plotted with the digitized
floodplain data to produce the countywide Flood Insurance Rate
Map panels.

The ERM descriptions are now included on the individual Flood
Insurance Rate Map panels. This information has been removed
from the text. Also, several additional incorporated areas have
been identified in this update. They are the Cities of Algona,
Burien, Bothell, Federal Way, Hunts Point, Medina, Mercer Island,
Woodinville, and Yarrow Point and the Towns of Clyde Hill and
Beaux Arts Village.

The LOMR issued on December 18, 1990, for the City of North Bend,
to show the effects of more detailed hydrologic/hydraulic
information- along the Snoqualmie River was included in this
update. As a result of more detailed hydrologic/hydraulic
information, the floodway was revised along the Snoqualmie River
throughout the corporate limits of the City of North Bend.

The LOMR issued on May 13, 1992, for the unincorporated areas of
King County, to show the effects of more detailed topographic
information adjacent to the Sammamish River, was included in this
update. As a result of the more detailed topographic
information, the 100-year floodplain boundary was revised to
exclude the K & S Business Park from the 100-year floodplain.

The LOMRs issued on April 28, 1994, for the City of Redmond and
the unincorporated areas of King County, to show the effects of
more detailed hydrologic/hydraulic information along Bear Creek,
were included in this update. As a result of the more detailed
hydrologic/hydraulic information, the Flood Insurance Rate Map
was revised to modify elevations, floodplain and floodway
boundary delineations, and zone designations along Bear Creek
from its confluence with the Sammamish River to State Highway 202
(Redmond Way). In addition, a Flood Profile Panel was included
for the Bear Creek Overflow Channel.
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10.3 Third Revision

This study was revised on May 20, 1996, to incorporate the results
of detailed hydrologic and hydraulic analyses of the Raging River
affecting King County, Washington. The revised analyses for the
reach of the Raging River from its confluence with the Snoqualmie
River to approximately 0.6 mile upstream of Interstate Highway 90
(I-90) (downstream reach) were performed by Harper Righellis, Inc.,
Portland, Oregon, for the King County Surface Water Management
Division. The revised analyses for the reach from approximately
0.6 mile upstream of I-90 to approximately 0.3 mile upstream of the
second Upper Preston Road bridge (upstream reach) were performed by
FEMA. This work was completed in March 1995.

The initial CCO meeting was held on October 27, 1993, and was
attended by representatives of FEMA, King County, the consultant,
and the community.

Prior to this revision, the reach of the Raging River from its
confluence with the Snoqualmie River to I-90 had not been studied
in detail and asppeared as an approximate Zone A on the maps. The
reach from I-90 to approximately 0.3 mile upstream of the second
Upper Preston Road bridge was studied by detailed methods prior to
this revision and appeared as Zone AE on the maps. The information
for this restudy supersedes the data presented for the Raging River
for both the upstream and downstream reaches.

The discharge values for the downstream reach were developed using
a statistical analysis of the stream-gage data at USGS Gage
No. 12145500 along the Raging River. The period of record from
1945 to 1992, plus an historic event in 1932, was used in the
analysis. The discharge values from this revised hydrologic
analysis are significantly higher than the discharge values from
the Summary of Discharges Table in the previous Flood Insurance
Study for King County, Washington and Incorporated Areas, dated
September 29, 1989 (Reference 94), which were used in the detailed
study performed by CH2M HILL, Inc., for the reach upstream of I-90.
Therefore, FEMA revised the discharge values for the upstream reach
using drainage area-discharge relationships established in the
detailed hydrologic analysis for the downstream reach.

The hydraulic analysis for the revised study of the downstream
reach was performed using the COE HEC-2 backwater computer program
(Reference 97). Data for the cross sections, including overbank
areas, were taken from field surveys performed in April 1993. A
total of 52 sections were surveyed, including seven bridges. There
are additional bridges along the Raging River that were not modeled
because they do not affect the water-surface elevations of the
river.

Channel and overbank roughness coefficients (Manning's "n'") used in
the computer program for the downstream reach were estimated from
experience and field observations. Values range from 0.035 to
0.055 in the channel and from 0.050 to 0.090 in the overbank areas.
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The starting water—surface elevation was obtained by the slope-area
method based on an estimated slope of the energy-grade line.

Downstream of 328th Way to the confluence with the Snoqualmie
River, the Raging River is confined between levees. However, these
levees do not meet FEMA freeboard requirements. Therefore, the
water-surface profiles for the area affected by the levees were
computed as follows:

1. For the area between the levees, the profiles were
determined considering that both levees would remain in
place.

2. For the right overbank (looking downstream), the profiles
and floodplain boundary were determined without
considering the effects of the right levee.

3. PFor the left overbank, the profiles and floodplain
boundary were determined without considering the effects
of the left levee.

For the upstream reach, the revised discharge values were used to
complete a revised hydraulic analysis using HEC-2 and the cross-
section information and Manning's '"n" values from the previous
Flood Insurance Study. The water-surface elevations increased by a
maximum of 4.7 feet approximately 0.6 mile upstream of I-90 and the
floodplain width increased by a maximum of 120 feet approximately

1.3 miles upstream of I-90.

The 100- and 500-year floodplain boundaries for both the upstream
and downstream reaches were delineated using the flood elevations
determined at each cross section. Between cross sections, the
boundaries were interpolated using topographic maps at a scale of
1:2,400, with a contour interval of 2 feet (Reference 100) for the
downstream reach. The topographic work maps (Reference 65) from
the previous Flood Insurance Study were used to delineate the
floodplain boundaries between cross sections for the upstream
reach. In cases where the lines are collinear, only the 100-year
flood boundary has been shown.

The floodway determined for the Raging River was computed based on
equal conveyance reduction from each side of the floodplain, and in
the floodplain area downstream of 328th Way, the floodway was
determined without consideration of the levees. Floodway widths
were computed at each cross section. Between sections, the
floodway boundaries were interpolated. In cases where the floodway
line is collinear with the 100-year floodplain line, only the
floodway line has been shown.

Locations of selected cross sections used in the hydraulic analyses
are shown on the Flood Profiles (Exhibit 1).

The hydraulic analyses for this study were based on unobstructed
flow. The flood elevations shown on the profiles are thus
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considered valid only if hydraulic structures remain unobstructed,
operate properly, and do not fail.

All elevations are referenced to the NGVD. ERMs used in this study are
shown on the maps.

Table 1, “Summary of Discharges,” Table 3, “Manning’s “n” Values,”
Table 4, “Floodway Data,” and the Flood Profiles were revised to
reflect the results of the study.

Fourth Revision

This study was revised on March 30, 1998, to incorporate the
results of detailed hydrologic and hydraulic analyses of North Fork
Issaquah Creek in the City of Issaquah, Bear and Evans Creeks in the
City of Redmond, South Fork Skykomish River in the Town of Skykomish
and the unincorporated areas of King County, and the Middle and North
Fork Snoqualmie Rivers in the unincorporated areas of King County.
This study also incorporates the results of an approximate analysis of
Tate Creek in the unincorporated areas of King County.

The hydrologic and hydraulic analyses for North Fork Issaquah Creek
were prepared by NHC, for FEMA, under Contract No. EMW-93-C-4152.
This work was completed in September 1995.

The initial coordination meeting was held on October 20, 1994, and
was attended by FEMA and NHC representatives.

Various agencies contacted for information include: the City of
Issaquah and King County Public Works Departments; the Washington
State Department of Transportation (WSDOT); and the COE, Seattle
District. Local residents and engineers for private developers
provided information pertaining to flood history and recent and
proposed basin development.

North Fork Issaquah Creek is locally known as Jordan Creek. The
study reach -extends approximately 1.2 miles, beginning at the
confluence with Issaquah Creek and ending at 230th Avenue SE. The
study reach. of North Fork Issaquah Creek is primarily located in
the unincorporated areas of King County, but includes a very short:
segment that passes through the City of Issaquah at the I-90
interchange. North Fork Issaquah Creek originates in King County
just northeast of the City of Issaquah and flows in a mostly
southwesterly direction to the main stem of Issaquah Creek. The
contributing basin area is approximately 4.5 square miles, ranging
in elevation from approximately 60 feet near the mouth to a maximum
elevation of approximately 1,200 feet.

Much of the upper basin was forested as of 1989, Since then, the
major "Klahanie" urban development has largely been completed and
covers most of the northern side of the upper basin. A second
major urban development, "Grand Ridge," is presently in the
planning stages and will cover most of the southern side of the
upper basin,

Information on the frequency and extent of past flooding along

North Fork Issaquah Creek is very limited, and no information is
available for most of the study reach. Areas where past flooding
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has occurred were identified through interviews with 1local
residents during field surveys made by NHC in October and November
1994, and during a 2-year flood event in February 1995.

At Issaquah Creek near the mouth, a 56.6-square-mile basin area,
major floods with nearly identical peak flows, 3,100 and 3,200 cfs,
respectively, were recorded on November 24, 1986, and January 9,
1990. These floods each had a return period of approximately 30
years. Major floods are believed to also have occurred on North
Fork Issaquah Creek on the same dates. Coincident flooding is
confirmed by a King County stream gage on the North Fork Issaquah
Creek channel to have occurred on January 9, 1990; that gage had
not yet been installed at the time of the 1986 flood.

No information on past flooding was available for the 0.7-mile
reach between the 60th Street SE bridge and the I-90 interchange.
Flooding of the area immediately upstream of the I-90 interchange
occurred on several occasions after construction of this
interchange in approximately 1968.

Additional information on past high-water levels is available from
a stream gage operated by the King County Divigsion of Surface Water
Management .(KCSWM) at the 66th Street SE bridge crossing of North
Fork Issaquah Creek. The maximum water elevation recorded during
the January 9, 1990, flood was 72.8 feet, which is approximately
0.6 foot below the low cord of the bridge. There are no existing
flood-protection measures along North Fork Issaquah Creek.

Flows estimated using the HSPF flow are based on a model that was
calibrated to streamflow data collected on North Fork Issaquah
Creek for the years 1988 through 1990, based on the forested land-
use conditions that existed. Peak flows from the calibrated HSPF
model are substantially lower than other estimates primarily
because the basin contains proportionally more highly permeable
outwash soils than other gaged basins in the region.

Revigsions to -the King County HSPF model were made as part of the
restudy to reflect major residential developments that have been
constructed since 1989 and others that were in the planning stage
as of 1995. The Klahanie and Grand Ridge developments will cover
essentially all of the upper basin area. Both of these
developments are located primarily within the North Fork Issaquah
Creek basin, but extend across basin boundaries into other basins
as well,

The Klahanie project is an 856-acre development located in the
upper North Fork basin north of the Issaquah Fall City Road and
covering approximately 25 percent of the North Fork basin
(Reference 101). Construction for this development began in 1987
and was nearly complete as of 1995. Stormwater peak flows are
controlled through a series of detention ponds including a major
facility developed by construction of a control structure at the
outlet of Yellow Lake within the development area. The stormwater
facilities for the Klahanie development, and the Yellow Lake outlet
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control in particular, were designed so that peak flows leaving the
site would not be increased as a result of the development.

The Grand Ridge project is a proposed 2,200-acre development
located in the upper North Fork basin south of the Issaquah Fall
City Road and which will cover approximately 50 percent of the
North Fork basin. Environmental Impact Statement hearings for this
project were in progress during 1995. Discussions with the
project's engineers revealed that stormwater control is planned to
be provided entirely through infiltration systems, which will
preclude peak flows from developed areas being released directly to
the stream system. With infiltration systems, the GCrand Ridge
development is not expected to cause any significant increase in
peak flows in the North Fork basin.

While updating the HSPF model, it was discovered that the major
stormwater detention control facility at Yellow Lake had been
constructed in 1987 in advance of most other Klahanie development
activity, but had not been included in the original HSPF model.
Calibration of the original model had been attained to some extent
by adjusting the model's pervious surface runoff parameters to
reflect the flow attenuation effects actually caused by the outlet
controls at Yellow Lake (Reference 102).

Because of the changing land use, neither the original calibrated
HSPF model nor the revised model with 1989 land use are directly
suitable for estimating flood discharges for 1995 conditions. The
original flood frequency curve for the calibration period is
artificially suppressed because of the timing of the HSPF
calibration in relation to phasing of the Klahanie development:
the Yellow Lake stormwater facility had been constructed, but the
development to be serviced by that facility had not. The flood
frequency curve from the revised model with 1989 1land use
underestimates the calibration-period flows by about 25 percent.

For purposes of the restudy, it is assumed that flows from the
"HSPF Model Revised, 1995 Land Use" underestimate actual flows by
25 percent. The 25-percent value is based on the peak-flow
reduction that resulted when the original calibrated model based on
the 1989 land use was revised to include the Yellow Lake outlet
control. For the restudy, a 100-year discharge of 315 cfs was used
near the mouth of North Fork Issaquah Creek.

Flood discharges in the lower portion of the restudy reach are
supplemented by floodwater originating from the main stem Issaquah
Creek. Main stem Issaquah Creek channel overtopping between the
I-90 crossing and the confluence with the North Fork channel is
shown by high-water-mark information to have occurred during the
November 1986 flood, and probably also the January 1990 flood,
which had a nearly identical main-channel discharge (Reference
103). These floods each have a return interval of approximately 30
years. Water that overtops the right bank of the main stem
Issaquah Creek channel downstream of the I-90 crossing will flow
toward the North Fork channel.
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Updated estimates of Issaquah Creek 100-year elevations affecting
the North Fork channel have been reported by the City of Issaquah
in 1992, based on a HEC-2 model that was calibrated to high-water
marks for the January 1990 flood (Reference 103).

Estimates of Issaquah Creek overbank flow entering the North Fork
channel were made by assuming weir flow in two segments that
correspond to relatively low sections along the channel banks. The
first (upstream) section was represented as a 500-foot-long weir
located between Cross Sections C and D. The second (downstream)
section was represented as a 200-foot-long weir between Cross
Sections B and C. Average depths of flow over these sections under
100-year flood conditions were estimated to be 0.5 and 0.3,
respectively. Depths of flow for 50- and 500-year events were
estimated to be approximately 0.2 foot lower and 0.5 foot higher,
respectively, than the 100-year flow depths. A broad-crested weir
coefficient of 2.5 was assumed for computing overbank flow.
Approximately 440 cfs additional flow enters North Fork Issaquah
Creek from Issaquah Creek between Cross Sections C gnd D, and
approximately 80 cfs enters between Cross Sections B and C. The
floodway analyses considered only the basin flows and did not
include additional flows due to overtopping.

A detailed backwater model was created for the entire study reach
using the February 1991 release of HEC-2 (Reference 104). An
existing HEC-2 model of the lower portion of the study reach was
obtained from King County and modified for purposes of the restudy.

The physical geometry of the North Fork Issaquah Creek channel was
represented by 11 cross sections surveyed in 1989 and 1994.
Channel cross sections were surveyed in April and May 1989 by David
Evans and Associates (DEA) for King County at six locations from
the mouth to just upstream of SE 64th Place. An additional five
channel cross sections were surveyed in October and November 1994
by NHC to define the upstream portion of the study reach.

Floodplain geometry was estimated from 2-foot contour mapping
obtained from the City of Issaquah Department of Public Works in
digital and hard-copy format. The contour mapping was prepared by
David C. Smith and Associates of Portland, Oregon, based on
photography dated April 11, 1989.

Eight bridges, one rectangular weir, and a complex multiple-culvert
crossing at the I-90 interchange are represented in the North Fork
Issaquah Creek HEC-2 model. The data to define these structures
were obtained from DEA surveys made for the lower portion of the
study reach in 1989, from NHC field surveys made for the upper
portion of the study reach in 1994, and from construction drawings
for the I-90 interchange obtained from the WSDOT.

A small footbridge located approximately 20 feet upstream of the

rectangular weir in the upstream portion of the study reach was not
represented in the model. The footbridge spans the full channel
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without any fill or encroachments, and appeared unlikely to survive
a major flood.

Approximate methods were used to assess the complex culvert
crossing at the I-90 interchange. The existing crossing consists
of an original dual-culvert system that was augmented by a large
bypass culvert after the original system failed to perform
satisfactorily.

The original I-90 crossing design was constructed in 1968/1969. It
is a complex design with three sections of dual 42-inch- and 54-
inch-diameter culverts at different invert elevations and slopes,
alternating with two open—water sections in the areas enclosed by
on and off ramps between I-90 and East Lake Sammamish Parkway. In
each of the dual-culvert segments, one of the two culverts is
constructed with zero slope. Sediment obstruction of the upstream
(3.5-foot-diameter) zero-slope culvert is believed to have been a
major cause of upstream flooding following completion of the
original crossing design. The 1I-90 crossing design was
substantially modified in 1973, with the addition of a single 260-
foot-long, 66-inch-diameter bypass culvert beneath East Lake
Sammamish Parkway.

The complex crossing at the I-90 interchange is represented in the
HEC-2 model by an equivalent culvert that was determined using the
WSDOT's HY-8 culvert program. In determining an equivalent
culvert, it was assumed that the =zero-slope culvert from the
original design 1is completely ineffective due to sediment
obstruction, consistent with verbal reports that such blockage has
occurred during past flood events. All remaining culverts were
assumed to be in good hydraulic condition and free of blockages.

Individual rating curves based on a constant (approximately 100-
year) tailwater level of 66.5 feet were determined for the two
active flow paths, and manually summed to derive a composite rating
curve. An equivalent culvert was then determined by trial and
error so that the equivalent rating curve matches the composite
rating curve at the 100-year discharge.

The equivalent culvert used in the HEC-2 model is a single 6.3-
foot-diameter culvert that is 250 feet long and follows the
alignment and slope of the bypass culvert under East Lake Sammamish
Parkway.

Channel roughness values (Manning's "n") in the HEC-2 model were
determined by calibration to observed water levels and by reference
to USGS Water Supply Papers 1849 and 2339, which discuss roughness
characteristics of natural channels and floodplains (References 105
and 106).

Manning's "n" values ranged from 0.03 to 0.12 for channel sections
and from 0.06 to 0.20 for overbank areas. The highest channel
roughness values correspond to reaches of the channel having well-
established trees and other vegetation within the sections coded in
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the HEC-2 model as being the main channel section. The values
presented in the model are reasonable in relation to values
presented by the USGS (1978 and 1989) (Reference 106).

Inundated areas that do not convey flow were assigned “n” values of
0.99 or higher. High “n” values were defined during the hydraulic
analysis of the 100-year flood condition and were used to balance
the horizontal distribution of main-channel and overbank flows, with
consideration of contraction and expansion of flow upstream and
downstream of bridge crossings.

Starting water-surface elevations for the analysis assume coincident
peak water levels in the main stem Issaquah Creek channel.
Coincident peaks were assumed because 100-year flood conditions in
the lower reach of North Fork Issaquah Creek will be dominated by
flows that originate from the main stem channel.

There are floodplain boundary discontinuities between the North Fork
Issaquah Creek and main stem channels in the vicinity of Cross
Section D. Issaquah Creek floodplain boundaries through this reach
were last studied in 1977. Most of the Zone X areas between the
North Fork Issaquah Creek and main stem channels are subject to
inundation during a 100-year flood on Issaquah Creek.

The normal depth of flow was used to determine the starting water-
surface elevation for the floodway analysis.

The flood risk in the upper study reach from SE 66th Street to the
downstream crossing at the I-90 interchange is highly dependent on
culvert maintenance at the 1I-90 interchange and on channel
aggradation upstream from the rectangular weir located in this
reach. At the I-90 interchange, it was assumed for the restudy that
the zero-slope culvert of the original design is fully obstructed,
but that the second (sloping) culvert from the original design plus
the bypass ‘culvert are both maintained to be in good hydraulic
condition. It was further assumed that the channel from the SE 66th
Street bridge to the rectangular weir is not prone to aggradation,
which would cause a significant reduction of the channel capacity.

The floodway boundaries developed in the restudy were computed with
the HEC-2 model based on the North Fork basin 100-year discharge of
315 cfs, which excludes any additional flow originating from the
main stem Issaquah Creek. The starting water 1level for the
encroachment analyses was set at 1 foot above the normal depth of
flow for the 100-year discharge of 315 cfs.

The stream has a small active channel, typically approximately 10
feet wide and 3 feet deep, which is contained within a larger main
channel that is typically approximately 35 to 50 feet wide and 8
feet deep. Top-of-bank stations in the HEC~2 model are coded to
reflect the smaller active channel in order to recognize substantial
variations in roughness across the larger main channel. However,
top-of-bank stations corresponding to the larger main channel are
more appropriate in the context of determining minimum floodway
widths.

The floodway width and other floodway data that correspond to

encroachment limits set at the top of the main channel banks were
incorporated in Table 4, “Floodway Data.”
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The profile for North Fork Issaquah Creek was revised as a result
of the restudy.

The hydrologic and hydraulic analyses for the restudy along Bear
and Evans Creeks were prepared by NHC, for FEMA, under Contract No.
EMW-93-C-4152., This work was completed in September 1995, The
initial coordination meeting was held on October 20, 1994, and was
attended by representatives of FEMA and NHC.

Various agencies contacted for information included: the WSDOT;
City of Redmond Public Works Department; KCSWM; King County
Engineering Department; and the COE, Seattle District. The
following engineering consultants, who performed previous hydraulic
analyses of Bear Creek, were also contacted for information: CH2M
Hill; Montgomery Water Group, Inc.; Alpha Engineering Group, Inc.;
Land Tech; and Robert Parrott. In addition, local residents and
business owners provided helpful information pertaining to previous
flooding and development history along Bear Creek.

The restudy covers riverine flooding on approximately 4.6 miles of
Bear Creek, a tributary to the Sammamish River. The restudy reach
extends from approximately 5,000 feet upstream of the mouth at the
Sammamish River, at State Route 202, to approximately 250 feet
upstream of the confluence of Bear and Cottage Lake Creeks at
Avondale Road NE.

The restudy included detailed and approximate hydraulic analyses to
estimate floodplain and floodway boundaries along the entire study
reach. Detailed methods were used to determine the floodway
boundaries and estimate the majority of the floodplain along Bear
Creek. Approximate methods were used to determine depths of flow
and inundation limits in the overbank area associated with a flow
split downstream of NE 95th Street near the Friendly Village
mobile-home park. At the upstream end of the study reach, the
detailed hydraulic analyses were extended approximately 420 feet
upstream of Avondale Road NE to tie into the previous study
(Reference 94). A detailed hydraulic analysis was made of the
lower 0.74 mile of Evans Creek to tie into the previous study for
that creek (Reference 94). Approximate methods were wused to
determine flow depths and inundation limits on the right overbank
of Evans Creek. Flow reaches this overbank area via two locations
where flow splits from the main channel at high flow.

The hydraulic analyses performed for the restudy only extended up
Cottage Lake Creek approximately 150 feet to include the entire
width of the floodplain shared jointly by the two creeks. No
further analysis or floodplain mapping was performed for Cottage
Lake Creek.

Most of the Bear Creek study reach lies along Avondale Road NE,
which is the extension of State Route 520. Avondale Road NE runs
primarily north-south and crosses Bear Creek at three locations
approximately at River Miles 1.4, 5.4, and 5.7 (Reference 107).
The most upstream Avondale Road NE crossing is the upstream limit
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of the restudy. Bear Creek originates in an extensive network of
wetlands near Paradise and Echo Lakes in southern Snohomish County,
and flows primarily southward for approximately 14 miles to its
confluence with the Sammamish River (Reference 105). The
contributing drainage area is approximately 51 square miles at its
mouth.

The lower portion of the restudy reach flows through a flat
floodplain that ranges in width from approximately 250 feet wide
downstream of Union Hill Road to nearly 1,800 feet wide downstream
of the confluence of Bear and Evans Creeks. Most of the lower
portion of the floodplain is bounded by road or business park fills
including those of State Routes 202 and 520, Union Hill Road,
Avondale Road Extension, Avondale Rcad NE, Bear Creek Business Park
(Harvard College), and Redmond Village. Beginning approximately
one-half mile upstream of the confluence with Evans Creek, the Bear
Creek floodplain is generally narrower, ranging between 200 and 350
feet wide, bordered by gentle, rolling hills.

Some flow may overtop sections of Union Hill Road upstream of
Avondale Road NE. Although the area near Union Hill Road is
presently developed, these flows were assumed to be relatively
minor.

Discharges from the previous study dated September 1989 were used
directly..at three locations in the HEC-2 model: at the downstream
end of the study reach on Bear Creek, near the mouth of Evans Creek,
and at the upstream end of the study reach above the confluence with
Cottage Lake Creek. Discharges at other points in the study reach
were recomputed after review of the previous model indicated
discharges at intermediate points were not consistent or reasonable.

Because discharges for intermediate points along the main stem of
Bear Creek appeared unreasonable in the previous study, new
discharges were computed based on a combination of the peak flows at
the mouth of Bear Creek and the distribution of flows across the
study reach computed by Entranco Engineers, Inc., in the 1993 HSPF
hydrologic analysis (Reference 108). To determine the flow at any
point along Bear Creek, the appropriate recurrence interval flow at
the downstréam end of the study reach, from the previous study, was
multiplied by the ratio of discharges at the two locations from the
Entranco analysis. Discharges along Bear and Evans Creeks were
incorporated in Table 1, “Summary of Discharges.”

The KCSWM developed detailed backwater models of Bear, Evans, and
Cottage Lake Creeks for the 1990 Bear Creek Basin Plan using the COE
HEC-2 model (Reference 104).

The HEC-2 model was modified as follows:
* More detailed cross-section data from a recent LOMR issued
April 28, 1994, on lower Bear Creek were substituted for the

King County data for the reach between State Route 202 and
Union Hill Road (Reference 109).
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. The representation of the Union Hill Road bridge was
updated to reflect the construction of a new bridge in
1994,

. The KCSWM HEC-2 model was augmented with additional
detailed cross-section data from a 1986 hydraulic
investigation for the reach between Union Hill Road and
the Redmond Animal Clinic (Reference 110).

. Encroachment cards in the KCSWM HEC-2 model, used to
limit effective flow areas at bridges, were replaced with
NH cards to facilitate floodway analyses. The locations
of the fully expanded flow sections were also adjusted
consistent with recommendations in the HEC-2 User's
Manual.

o The model configuration at several bridges was updated to
more accurately simulate roadway overtopping and
corresponding hydraulic losses.

. Split-flow analyses were included to represent areas in
the Bear and Evans Creeks models where significant flow
exits the main channel and flows in a hydraulically
separate flow path before returning to the main channel
downstream.

. The Bear Creek model was updated to reflect recent bridge
replacements on Avondale Road NE at the two most upstream
crossings, approximately at River Miles 5.4 and 5.7.
Updated bridge geometry was based on NHC field surveys
performed in August 1995.

) The model was calibrated to high-water marks from the
January 18, 1986, and January 10, 1990, flood events.
Calibration led to modifications in Manning's "n"
roughness values and the addition of several intermediate
cross sections.

The physical geometry of the Bear Creek channel was represented by
74 surveyed cross sections. These cross sections were developed
primarily by the KCSWM based on field surveys by DEA in 1987.
Surveyed cross sections were extended by the KCSWM using the 1987
aerial topographic mapping prepared by David Smith and Associates.
Some cross sections were further extended by NHC to encompass the
entire Bear Creek floodplain. Intermediate cross sections were
added at several locations to improve the model's stability and
accuracy or as necessary for computation of bridge expansion and
contraction losses. These were developed by interpolating the
channel portion of adjacent cross sections and extending the
overbanks based on the topographic base map.

Simulated water-surface elevations, field reconnaissance, and
anecdotal reports from residents indicate that during severe
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floods, flow breaks out of the main Bear Creek channel downstream
of NE 95th Street and passes to the east of the Friendly Village
mobile-home park. This split flow travels overland in a southerly
direction, joins floodwater from Evans Creek, and returns to the
Bear Creek system near the confluence of these creeks. The split
flow was modeled in the HEC-2 model using the weir split-flow
option. The split flow returns to Bear Creek via the Evans Creek
overbank so the modeled Evans Creek discharges were modified to
reflect this additional flow.

Because the Bear Creek split flow affects water-surface elevations
in Evans Creek, and the two creeks jointly share an extensive
floodplain at their confluence, the restudy included detailed
hydraulic modeling of Evans Creek from its mouth at Bear Creek
upstream to River Mile 0.74.

For the portion of Evans Creek investigated in the restudy, 12
cross sections were used to define the channel and floodplain
geometry. These include one at the confluence with Bear Creek, one
just upstream of the confluence with Bear Creek where the
floodplain is shared jointly by the two creeks, and one further
upstream where the Evans Creek floodplain conveys part of the flow
from the flow split in Bear Creek. Beginning approximately at
River Mile 0.3, Evans Creek is characterized by a well-defined
channel with a relatively steep left bank rising well above flood
stages to a developed area. The right channel bank also rises
steeply to residential areas above the floodplain with the
exception of two locations, one downstream of River Mile 0.50 and a
second approximately at River Mile 0.60. Cross sections upstream
of River Mile 0.3 were extracted from the King County HEC-2 model
of Evans Creek. Cross sections downstream of River Mile 0.3 were
developed by NHC from the available topographic and survey data.

Initial HEC-2 model results indicated that during significant
floods, water-surface elevations in Evans Creek would rise such
that flow would split overbank at the two low points in the right
channel banks and pass to the north of the developed areas on the
right bank. Therefore, the HEC-2 formulation was modified to
reflect a split-flow analysis with flow splits occurring in these
locations and returning to Evans Creek further downstream.

Nineteen bridges are represented in the Bear Creek HEC-2 model.
The bridge shown on the base map downstream of NE 116th Street has
been removed since the aerial photogrammetry was performed and,
therefore, was not coded in the HEC-2 model. Bridges were coded as
special bridges in HEC-2 if there was likely to be significant
pressure flow at the bridge in the 100-year event or if the special
bridge method provided more reasonable results for bridge hydraulic
losses. Otherwise, bridges were coded as normal bridges.

Two bridges were coded in the Evans Creek HEC-2 model using the

normal bridge method because simulated water-surface elevations
would not cause pressure or weir flow during the 100-year event.
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The representations of these bridges from the KCSWM HEC-2 model
were not modified.

Roughness values (Manning's '"n") used in the HEC-2 model were
determined by calibrating the Bear Creek model to the January 18,
1986, and January 10, 1990, flood events. High-water data for
these events were obtained from various sources, including a report
by CH2M Hill for the City of Redmond (Reference 111); a hydraulic
analysis by CH2M Hill for the WSDOT (Reference 112); and
photographs by the City of Redmond, the owners of Friendly Village,
and the owners of the Redmond Animal Clinic. Anecdotal reports of
flooding were also provided by the owner of the farm near the
confluence of Bear and Evans Creeks and the owners of property near
the NE 106th and NE 116th Street crossings. These events are the
most significant floods recorded in recent history and provide
useful data for calibration of roughness coefficients both in the
channel and on the overbank floodplain. Most of the calibration
data are for the reach of Bear Creek downstream of NE 95th Street.
For other reaches of the creek for which little or no calibration
data were available, roughness coefficients were estimated using
engineering judgment and reference to classical publications
(References 113 and 114). Manning's "n" values range from 0.045 to
0.075-for the main channel and from 0.050 to 0.200 for the overbank
and floodplain.

Starting water-surface elevations at the downstream end of the Bear
Creek restudy reach were extracted from the most recent approved
LOMR for lower Bear Creek by the Montgomery Water Group, Inc.,
(References 115-117).

Starting water-surface elevations for the Evans Creek HEC-2 model
were extracted from the results of the Bear Creek model runs at the
confluence of the two creeks.

The 1987 aerial photogrammetry and base maps show that the restudy
reach of Bear Creek (between State Route 202 and the uppermost
Avondale Road crossing) is approximately 0.4 mile longer than that
shown in the previous study profiles. This could be the result of
changes in the stream channel but is most 1likely a result of
improved photogrammetric techniques. The revised profile panels
are measured in feet above State Route 202 along the restudied
portion of Bear Creek.

The floodplain boundaries for the 100- and 500-year events were
taken from a topographic work map at a scale of 1:2,400. The base
map was obtained from the KCSWM and was prepared by David Smith and
Associates from aerial photographs taken in March 1987.

The floodway boundaries developed in the restudy were computed with
the HEC-2 model, generally with the assumption of equal-conveyance
reduction from each side of the floodplain (HEC-2 encroachment
method 4). The floodway model run was complicated by several
factors. First, subsequent to the preparation of the previous
study, several large fills were placed in the floodway fringe, thus
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using up a portion of the allowable floodway surcharge. These
fills include a large fill on the left bank downstream of Union
Hill Road, a fill on the right bank between Union Hill Road and the
Avondale Road Extension, the roadway fill of the Avondale Road
Extension, and a large fill on the left bank upstream of the
Avondale Road Extension to the north side of Union Hill Road.
Similarly, several bridges have been replaced with large structures
subsequent to the previous hydraulic analysis, tending to lower
water-surface elevations for the same discharges. Based on NFIP
regulations, target water-surface elevations for the floodway runs
were based on a 1'0" surcharge above baseline conditions at the
time of the previous study of 1978.

The second factor complicating the floodway analysis is that the
current hydraulic modeling shows significant deviations from the
computed 100-year water-surface elevations reported in the previous
study, particularly in the reach below the confluence with Evans
Creek. Some of the difference results from the modifications to
the floodplain described above. However, further investigation
showed that the greatest portion of the difference is a result of
the selection and application of the hydraulic model. The previous
study analysis was performed with the COE, Seattle District, step-
backwater -model (1983) using a total of six channel cross sections
and one bridge to define the reach between State Route 202 and the
confluence of Bear and Evans Creeks. In contrast, the restudy uses
the COE HEC-2 model and a total of 30 channel cross sections and
four bridges in this reach.

A third factor complicating the floodway analysis was that HEC-2 is
unable to wuse the split-flow option and automatic floodway
encroachment options together. This necessitated the construction
of a model of the existing condition with the split flow removed (a
pseudo 100-year flood model) as the basis for the floodway runs.
Finally, although the automated encroachment option in HEC-2 is
designed to meet target water-surface elevations at each cross
section, there are cases where the model does not 1limit the
surcharge to the desired elevation or results in an unusual
floodway shape. Therefore, the floodway model runs were performed
in the following manner:

. A baseline HEC-2 model was configured corresponding to
the 1978 conditions using recent channel survey data with
the overbanks modified to remove fills and bridge
modifications that have occurred since 1978. This model
was run to determine appropriate regulatory BFEs.

. Target floodway elevations were computed as the
regulatory BFEs plus 1'0".

. A floodway HEC-2 model was configured to reproduce
results of the existing condition 100-year profile while
eliminating the split-flow cards. This model was run
using only the flow in the main channel (minus the
portion that had previously been computed as split flow)
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e to develop a pseudo 100-year profile that provided HEC-2 with
a basis for the automatic encroachment run.

e A second profile was run using the floodway model with the
full 100-year discharge and the equal-conveyance reduction
encroachment option (HEC-2 method 4). Target surcharges as
established using the 1978 baseline model were input for this
model run.

e The floodway model was revised iteratively using manual
encroachments (HEC-2 method 1) to meet surcharge targets
(regulatory BFEs plus 1'0") and provide a reasonably shaped
floodway.

Using the final HEC-2 floodway model, floodway widths were computed
at each cross section. Between cross sections, the floodway
boundaries were interpolated. As a result of the restudy, Table 4,
“Floodway Data,” was revised. The ™“Regulatory” and “Without
Floodway” elevations are based on existing conditions. The
surcharge is the difference between the existing “With Floodway”
elevation and the 100-year water-surface elevation using the 1978
baseline model. Flood Profile Panels for Bear and Evans Creeks were
revised as a result of the restudy.

The hydrologic and hydraulic analyses for the restudy along the
South Fork Skykomish and Middle and North Fork Snoqualmie Rivers and
Tate Creek were performed by Harper Reghellis, Inc., Portland,
Oregon, for the KCSWM.

This study revises the detailed analyses of the South Fork Skykomish
River through the Town of Skykomish and incorporates new detailed
analyses affecting King County for reaches extending downstream and
upstream of Skykomish. The study area begins at the county line for
Snohomish and King Counties and extends 13 miles upstream nearly to
the confluence of the Tye and Foss Rivers. The initial CCO meeting
was held on April 6, 1995, and attended by representatives of FEMA,
the consultant, and the community. The information for this study
supersedes the data presented for the South Fork Skykomish River
through the Town of Skykomish.

This study includes detailed analyses of a 3.9-river-mile reach of
the Middle Fork Snoqualmie River and revises detailed analyses and
includes new detailed analyses affecting King County. The study
area begins approximately 0.35 mile downstream of the Mount Si Road
bridge. The initial CCO meeting was held on January 24, 1995, and
attended by representatives of FEMA, the consultant, and the
community.

This study includes detailed analyses for the North Fork Snoqualmie
River upstream from its mouth for a distance of 2.41 miles affecting
King County, revising previous effective detailed analyses and
adding new detailed analyses in the upstream reaches of the study
area.

The peak discharge-frequency relationships for the reach of the
South Fork Skykomish River below the confluence with Beckler Creek
were developed using a statistical analysis of the stream-gage data
from the Index, Washington, gage (No. 12133000). This gage has a
total of 74 records for the water years ranging from 1897 through
1982. The hydrologic analysis for the South Fork Skykomish River
upstream of the confluence with Beckler Creek was based on the
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annual peak-flow data from the Skykomish, Washington, gage
(No. 12130500), with 26 years of record from water years 1930
through 1970. The floodplain boundaries along the South Fork
Skykomish River in Snohomish County are based on an approximate
study and do not match those from the detailed study in King County
at the county line.

The hydrologic analysis for the Middle Fork Snoqualmie River was
based on flow rates from the previous effective FEMA study.

The hydrologic analysis for the North Fork Snoqualmie River was
based on peak-flow gage data on the river from the gages near North
Bend, Washington (No. 12143000), and Snogualmie Falls, Washington
{No. 12142000). The North Bend gage includes 43 records from 19089
to 1978. The Snoqualmie Falls gage includes 61 peak records from
1930 to 1992.

The revised peak discharges for the South Fork Skykomish and North
Fork Snoqualmie Rivers are shown in Table 1, “Summary of
Discharges.”

The cross-section data for the study along the South Fork Skykomish,
Middle Fork Snoqualmie, and North Fork Snoqualmie Rivers were taken
from field surveys and topographic mapping prepared by David C.
Smith and Associates, Inc. The water-surface elevations of the
floods of.the selected recurrence intervals were computed using HEC-
2. The 100-year floodplain boundary was delineated using the
water-surface elevation determined at each cross section. Between
cross sections, the 100-year floodplain was interpolated using
topographic mapping at a scale of 1:2,400, with contour intervals of
2 and 10 feet. Flood profiles for the Middle Fork Snoqualmie River
were calibrated using high-water marks at the Mount Si Road bridge.

Channel and overbank roughness factors (Manning’s “n”) used in the
hydraulic analyses were based on engineering judgment. The range of
channel roughness factors of 0.038 to 0.048 and overbank roughness
factors of 0.080 to 0.120 weres used to model the South Fork
Skykomish River. The hydraulic profile for the Middle Fork
Snoqualmie River was generaiiy calibrated to a known flood-stage
water-surface elevation (at the bridge where a high-water mark was
identified). The estimated roughness coefficients for this study
were adjusted to attain a relatively close elevation match to known
high-water marks. The range of channel roughness factors of 0.035
to 0.046 and overbank roughness factors of 0.070 to 0.100 were used
to model the North Fork Snoqualmie River.

The floodway was determined based on equal-conveyance reduction from
both sides of the floodplain. Floodway widths were determined at
each cross section, and between cross sections the floodway
boundaries were interpolated. 1In cases where the floodway line is
collinear with the 100-year floodplain line, only the floodway line
has been shown.

The approximate analyses for Tate Creek were based on a range of
calculated peak flows used to determine typical flow depths and
widths for various cross sections. The delineation of the 100-year
flood boundary was based on field observation of the entire length
of the study reach, topographic maps, and calculated typical flow
depths and widths.
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10.5

Fifth Revision

This study was revised on November 8, 1999, to incorporate the
Flood Insurance Study information and data for the City of
Bothell into the Flood Insurance Study report for King County,
Washington and Incorporated Areas. The City of Bothell is
located in the Puget Sound region of northwestern Washington,
approximately 3.5 miles northeast of the City of Seattle. The
City of Bothell 1is a bi-county community within King and
Snohomish Counties. Because the Flood Insurance Rate Map and
Flood Insurance Study report for Snohomish County, Washington and
Incorporated Areas is being published in a countywide format
(Reference 118), the portions of the City of Bothell that lie
within King County are included on the Flood Insurance Rate Map
for King County, and the portions of the City of Bothell that 1lie
within Snohomish County are included on the Flood Insurance Rate
Map for Snohomish County.

North Creek was revised to incorporate the results of detailed
hydrologic and hydraulic analyses performed by the Northwest
Hydraulic Consultants, Inc., (NHC), for FEMA, under Contract No.
EMW-93-C-4152. This work was completed in April 1994.

The initial CCO meeting was held on September 21, 1993, and
attended by representatives of FEMA and NHC. To acquire
information for this revision, NHC contacted the Public Works
Department of the City of Bothell; the Surface Water Management
Division of Snohomish County; Montgomery Water Group, Inc.;
Quadrant Company; Alderwood Water District; Bush, Roed and
Hitchings; and the U.S. Army Corps of Engineers (USACE).

The reach of North Creek that was studied for this revision
extends approximately 1,000 feet upstream from the North Creek
Parkway to the King-Snohomish County line at 205th Street.

Peak discharge-frequency relationships for the revised reach of
North Creek were determined from the hydrologic computer model
developed for the original study of North Creek wusing the
U.S. Environmental Protection Agency HSPF model (Reference 119).
For the original study, the North Creek HSPF model was run with
39 years of 15-minute rainfall and daily evaporation to develop
flood-frequency curves. The resulting 39-year time series of
simulated North Creek stream flows were used to create 39 years
of annual instantaneous peak flow data at four locations along
the study reach. A Log-Pearson Type III distribution was fitted
to the annual peaks using the procedures of Water Resources
Council Bulletin 17B, and the magnitudes of flows with return
periods of 10, 50, 100, and 500 years were determined.

The hydraulic analyses for the revised study were performed using
the USACE HEC-2 computer program (Reference 97). The physical
geometry of the North Creek channel was represented by 39 cross-
sections surveyed by NHC between December 1993 and February 1994.
Only the channel portion of each section was surveyed. The
cross-sections were extended to include the floodplain using
2-foot~contour-interval mapping provided by the City of Bothell
Department of Public Works (Reference 120) and the Quadrant
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Company. The HEC-2 model contains the surveyed sections as well
as sections synthesized from the survey data to define the
characteristics of bridges and complex study areas.

The starting water-surface elevations were determined from the
flood profiles computed for the original study for the 10-, 50-,
and 100-year events. The 500-year flood profile was not computed
for the previous study due to complex hydraulic conditions
downstream of the County line. Therefore, the starting water-
surface elevation for the 500-year event was determined based on
normal depth.

Channel roughness coefficients (Manning’s “n” values) used in the
HEC-2 model were determined by calibrating the model to
conditions observed in the field on December 10, 1993. The
December 10 calibration event generally stayed within the channel
banks. Therefore, floodplain “n” values were estimated using
engineering judgment and reference to classical publications
(References 98 and 99). The final calibrated “n” wvalues for
North Creek are shown in Table 3, “Manning’s “n” Values.”

Twelve bridges are represented in the HEC-2 model for the revised
reach of North Creek. The data used to define these structures
were obtained during NHC field surveys. No other permanent
structures were identified that would significantly affect flood
levels.

Downstream of the King-Snohomish County line, North Creek is
confined between levees. At the County line, tieback levees have
been constructed across both the left and right floodplains to
direct upstream flow into the North Creek channel. Just upstream
of the County 1line, in the Monte Villa Center development, a
setback levee parallels the channel to the east. At the County
line, it connects to the downstream levee. At its upstream end,
it tapers into higher ground near 240th Street Southeast.

The 100- and 500-year floodplain boundaries were delineated using
the flood elevations determined at each cross-section. Between
cross-sections, the boundaries were interpolated using
topographic maps at a scale of 17=200’, with a contour interval
of 2 feet (Reference 121).

Two small streams were identified for study by approximate
methods. These were Horse Creek, which was studied from the
confluence with the Sammamish River to the Bothell corporate
limits, and an unnamed creek that flows north along 96th Avenue
Northeast from the Sammamish River for approximately 0.5 mile
upstream. Horse Creek originates in a steep, wooded gully near
the northern corporate 1limits and drains approximately 1 square
mile. It flows through downtown Bothell in a series of culverts,
ditches, and closed pipes. The unnamed creek that flows north
along 96th Avenue Northeast drains approximately 0.6 square mile
of wooded area south of the Sammamish River (Reference 122).

This study has also been revised to incorporate Letters of Map

Revision (LOMRs) issued on March 3, 1995 (Case Nos. 94-10-053P
and 94-10-067P), and July 5, 1995 (Case No. 95-10-041P). The
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March 3, 1995, LOMR revised Flood Insurance Rate Map Panel
0007 C, dated March 2, 1994, to show the effects of a private
flood protection system along North Creek from just upstream of
I-405 to 3just downstream of Monte Villa Parkway. The £lood
protection system comprises interconnected levees located along
three separate project areas: the downstream reach of the levee
system for the Quadrant Business Park project area is located
along the east bank of North Creek from I-405 to 195th Street
Northeast; the levee system for the Koll Business Center project
area is located along the east and west banks of North Creek from
195th Street Northeast to Northeast 205th Street; and the
upstream reach of the levee system for the Quadrant Monte Villa
Center project area is located along the east bank of North Creek
from Northeast 205th Street to Monte Villa Parkway.

The base condition HEC-2 hydraulic model (Reference 97) for North
Creek was revised to reflect the levee system and new topographic
information. The use of a revised base condition hydraulic model
resulted in both increases and decreases in the BFEs along the
revised reach of North Creek within the levee system. The BFEs
decreased by 0.2 foot to 0.3 foot from approximately 400 feet
upstream of I-405 to just downstream of the southernmost North
Creek Parkway bridge crossing, and increased by 0.3 foot to 1.4
feet from approximately 500 feet upstream of the southernmost
North Creek Parkway bridge crossing to just upstream of the
northernmost North Creek Parkway bridge crossing.

The Special Flood Hazard Area (SFHA) is contained by the 1levee
system along this reach of North Creek and, therefore, the SFHA
width decreased and the areas protected from 100-year flooding by
the levee system have been redesignated Zone X.

The floodway for the reach of North Creek from I-405 to 240th
Street Southeast was computed based on incorporating the credited
levee system and equal conveyance reduction from each side of the
flooding.

The July 5 LOMR revised portions of the March 4 LOMR to revise
the floodplain boundary delineations and zone designations of the
base flood for the three ponded areas located just northeast of
the intersection of I-405 and State Route 522 to reflect a lower
BFE at the culvert under State Route 522 as computed from the
revised hydraulic analysis of the Sammamish River. The zone
designation of the ponding area was also changed from Zone AH to
Zone A.

This restudy also incorporates changes described in a protest
resolution letter dated December 15, 1998, based on data received
from Ms. Lynn A. Guttmann, Director of Public Works and Community
Development and Flood Program Administrator, City of Bothell,
with letters dated May 6 and July 8, 1998, indicating that the
placement of £fill in the vicinity of the Home Depot site elevated
the ground higher than the BFE. As a result, the width of the
SFHA located northeast of the I-405 and State Route 522
interchange decreased.
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10.6

Table 1, *“Summary of Discharges”; Table 3, “Manning’s “n”
Values”; Table 4, “Floodway Data”; Table 5, “Community Map
History”; and Exhibit 1 “Flood Profiles,” were revised to reflect
the results of this restudy and to incorporate the results of
LOMRs and a protest resolution.

Sixth Revision

This study was revised on December 6, 2001, to incorporate the
results of detailed hydrologic and hydraulic analyses of Tolt
River in the Town of Carnation and the unincorporated areas of
King County:; and the South Fork Snoqualmie River from
Interstate 90 (I-90) to approximately 4,000 feet upstream of
468th Avenue.

The hydrologic and hydraulic analyses for the Tolt River restudy
were performed by Harper Righellis, Inc., Portland, Oregon, for
the King County Surface Water Management Division. This work was
completed in October 1996.

This restudy revises the detailed analysis of Tolt River from the
confluence with Snoqualmie River through the Town of Carnation
and the unincorporated areas of King County to approximately 6.5
miles upstream of the confluence. A public meeting was held
September 13, 1995, to present the proposed floodplain and
floodway boundaries. Representatives of King County, the City of
Carnation, the consultant, Federal Emergency Management Agency
(FEMA), and U.S. Army Corps of Engineers (USACE), Seattle
District, attended the meeting along with about 70 residents.

The hydrologic analysis for Tolt River was based on a statistical
analysis of peak-flow data from the gage near Carnation,
Washington (No. 12148500). This gage has a total of 58 water
years of record: 1929, 1931, and 1938 through 1993.

The hydraulic analysis was performed using the USACE HEC-2 step
backwater computer program (Reference 97). Data for the cross
sections were taken from field surveys performed in August
through November, 1994 and from data extracted from planimetric
maps. The starting water-surface elevation was obtained by the
slope-area method based on an estimated slope of the energy
grade. The roughness coefficients were adjusted to calibrate the
hydraulic model to observed high water marks, and the range of
values are shown in “Manning’s “n” Values”, Table 3.

From just upstream of the abandoned railroad (Snoqualmie Valley
Trail) to the Holburg levee area, Tolt River is confined between
levees. However, these 1levees do not meet FEMA freeboard
requirements. Therefore, the water-surface profiles for the area
affected by the levees are computed for both with and without
consideration of the levees.

The 100~year floodplain boundaries for Tolt River were delineated
using the flood elevations determined at each c¢ross section.
Between cross sections, the boundaries were interpolated using
topographic maps at a scale of 1:2,400, with a contour interval
of 2 feet (Reference 123).
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All elevations are referenced to National Geodetic Vertical Datum
of 1929 (NGVD). To convert from NGVD to North American Vertical
Datum of 1988 (NAVD) for the Tolt River information, add 3.58
feet to the NGVD elevations.

The hydrologic and hydraulic analyses for the South Fork
Snoqualmie River were performed by the USACE, Seattle District,
for FEMA, under Interagency Agreement EMW-97-IA-0140, Project
Order No. 1. The work was completed in December 1998. The USACE
restudy covers the mainstem of the Snogqualmie River £from
Meadowbrook Bridge to the confluence of the Middle and South
Fork. The hydraulic analysis of the South Fork Snogualmie River
upstream of I-90 was initially performed by Harper Righellis,
Inc., Portland, Oregon, for the King County Surface Water
Management Division. The data prepared by Harper Righellis were
incorporated into the analysis performed by the USACE and revised
where necessary.

The USACE restudy was requested because the USACE, Seattle
District, determined that the levees on the South Fork do not
meet FEMA‘s current standards for providing protection from the
100-year flood.

Hydrologic analysis records for the various gages on the
Snoqualmie River system were intermittent. Missing data in the
intermittent records were synthetically reconstituted using the
USACE Regional Frequency computer program HEC-REGFRQ (Reference
124). This program fills in and extends the records for all
gages using flow data at nearby 1long-record stations. All
stations above the Snoqualmie near Carnation station were
included in the initial HEC-REGFRQ analysis. This initial
HEC-REGFRQ analysis significantly improved the station statistics
(primarily the regression coefficient and equivalent record
length) for all stations except the Snoqualmie near Snoqualmie
gage. Therefore, this station was eliminated from the analysis
and the final HEC-REGFRQ analysis included only the gages on the
South Fork. The reconstituted period of record for these gages
was 89 years, from approximately 1909 to 1997.

A two-station comparison with the long-term gage at Carnation was
used to extend the record for the short-term gage at Snogqualmie
near Snogualmie.

Log-Pearson Type III frequency curves were computed for all the
gages with the USACE Flood Frequency Analysis computer program
HEC-FFA (Reference 125) using the reconstituted HEC-REGFRQ data
as input for the gages on the North, Middle and South Forks. The
extended record from the two-station comparison was used as input
for the gage on the mainstem of the Snogqualmie River near the
City of Snogqualmie.

Discharges at locations other than the gages were computed using
drainage area ratio equations with the nearest gage.

The resultant frequency curves were compared with previously
published discharges in the Flood Insurance Study. wWith a few
minor exceptions, the previously published discharges for the
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South Fork gages at the City of North Bend fell within the 25%
and 75% confidence limits of the newly computed frequency curves.
Therefore, the previously published discharge for the North Bend
station was adopted for this restudy.

Final water-surface profiles for each reach were computed using
the USACE steady flow computer program HEC-RAS (Reference 126).

Topographic maps from studies completed by Harper Righellis, Inc.
for the South PFPork were used for this restudy (Reference 127).
The topographic maps for the mainstem were prepared by the USACE
by converting circa 1979 maps to the same horizontal and vertical
datums (Reference 128).

Cross sections for the mainstem were converted from an HEC-2 data
deck from a study currently underway by the USACE
(Reference 129). Overbank portions of some of these cross
sections were modified using the new topographic maps. Cross
sections for the Middle Fork and the South Fork upstream of I-90
were converted from the HEC-2 data deck from a study recently
completed by Harper Righellis, Inc. (Reference 130).

Data for all bridges were obtained from historic files maintained
by the USACE. All bridges were field checked in 1998 to be
certain there were no changes in the bridges. The hydraulic
analyses for this restudy were based on unobstructed flow at
bridges and culverts.

Roughness factors (Manning’s “n”) used in the backwater analyses
were based on field observations by the USACE of the channel and
overbank areas using guidelines established by U.S. Geological
Survey (References 131 and 132). The range of values are shown
in Table 3, “Manning’s “n” Values”.

Starting water-surface elevations for the mainstem were taken
from the previous FIS. Starting water-surface elevations for the
South Fork were based on the corresponding mainstem levels.

Since the levees on the South Fork did not meet FEMA’s current
standards for providing protection from the 100-year flood,
“with” and “without” levee conditions were analyzed. Since there
were levees on both sides of the river, the following analyses
were conducted: “with both levees”, “without right levee”, and
“without left levee”.

Existing floodways were retained wherever possible. Only the
mainstem met this criterion. Floodways for the Middle Fork, the
Middle Fork Overflow channels, and the South Fork, were computed
based on equal conveyance reduction from each side of the
floodplain was returned to the existing floodway for the
mainstem. The floodway for the South Fork Snoqualmie River was
computed for the “without levee” condition.

All elevations shown on the Flood Insurance Rate Map, Flood
Profiles, and Floodway Data table are referenced to NGVD. To
convert from NGVD to NAVD for the Snoqualmie River and South
Fork, add 3.58 feet to the NGVD elevations.

Table 1, “Summary of Discharges”; Table 3, ™“Manning’s “n”

Values”; Table 4, “Floodway Data”; and Exhibit 1, “Flood
Profiles,” were revised to reflect the results of this restudy.
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10.

10.7.1

Seventh Revision

This Flood Insurance Study (FIS) was revised on April 19, 2005,
to incorporate the results of revised hydraulic analysis of
Snoqualmie River main stem, South Fork and Middle Fork of the
Snoqualmie River, performed by Harper Houf Righellis 1Inc.,
completed in October 2001. This revision affects the Cities of
North Bend and Snoqualmie, and the unincorporated areas of King
County, Washington.

In addition, this revision will incorporate the results of a
revised hydrologic and hydraulic analysis of Issaquah Creek, East
Fork Issaquah Creek, and Gilman Boulevard Overflow of Issaquah
Creek, performed by Montgomery Water Group Inc., completed in
August 2001. This revision affects the City of Issaquah, and the
unincorporated areas of King County, Washington.

This revision will incorporate the results of a revised hydraulic
analysis of Tibbetts Creek performed by Concept Engineering, Inc.
This revision affects the City of Issaquah, and the
unincorporated areas of King County, Washington.

Snoqualmie River Study

This restudy covers the Snoqualmie River main stem, South Fork,
and Middle Fork, of the Snoqualmie River, including overflows

from Middle Fork, Ribary Creek, and Gardiner Creek. The
Snoqualmie River detailed study covers a reach of approximately
10 miles. The main stem Snoqualmie River study starts at the

Meadow Brook bridge and extends upstream 1.5 miles to the
confluence of Middle Fork and South Fork. The Middle Fork study
reach extends 3.4 miles, starting from the confluence with South
Fork, upstream to the Mt. Si Road bridge. The South Fork study
reach extends 5 miles starting from the confluence with Middle
Fork, upstrean to the Interstate 90 (I-90) bridges
(Reference 133).

The hydrologic analyses for this restudy were based on the
U.S. Army Corps of Engineers (USACE) study completed in December
1998 that was described in Section 10.6. The hydraulic analyses
were performed by Harper Houf Righellis Inc. and completed in
October 2001. This restudy effort was identified in the
Cooperating Technical Community Memorandum of Agreement dated
September 26, 2000, between King County and FEMA.

The scope of the remapping project along the Snoqualmie River was
determined at meetings attended by representatives of Cities of
North Bend and Snoqualmie and King County on March 29, May 1,
May 31, and September 26, 2000.

Regulatory floodways were computed for all studied reaches of the

Snoqualmie River; however, only the 100-year flood event was
analyzed for Ribary Creek and Gardiner Creek.
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The results of the restudy were reviewed at +the final
Consultation Coordination Officer (CCO) meeting held on June 186,
2003. All problems raised at that meeting have been addressed in
this restudy.

Hydrologic Analyses

Hydrologic analyses were performed to establish peak
discharge-frequency relationships for each fleocoding source
affecting the communities that was studied by detailed methods.

The peak flows used in the steady-state analysis for the three
forks of the Snoqualmie River were derived from values previously
accepted by FEMA, based on the hydrologic analyses performed by
the USACE, Seattle District, for South Fork, as described in
Section 10.6.

The peak flows for Gardiner Creek and Ribary Creek were not based
on runoff from their catchments, both of which are 1.3 square
miles, but rather from an overflow of South Fork through an
assumed breach in the left levee. At the downstream end, the
100-year discharge for Ribary Creek used for this restudy is
2,675 cubic-feet-per-second (cfs), which is the combined South
Fork overflow and the Ribary Creek flow. At the upstream end,
the combined Socuth Fork overflow and the Ribary Creek peak flow
is 2,950 cfs. The Gardiner Creek 100-year discharge at the
downstream end is 575 cfs, which combines Gardiner Creek, South
Fork, and the Ribary Creek split flow. The Gardiner Creek split
of the combined South Fork overflow and Ribary Creek flow is
275 cfs (Reference 134). Discharges are shown in tabular format
in Table 1.

Hydraulic Analyses

Analyses of the hydraulic characteristics of flooding from the
studied sources were performed to provide estimates of the
elevations of floods of the 10-, 50-, 100-, and 500-year
recurrence intervals. Users should be aware that flood
elevations shown on the Flood Insurance Rate Map (FIRM) represent
rounded whole-foot elevations and may not exactly reflect the
elevations shown on the Flocod Profiles (Exhibit 1) or in the
Floodway Data Table in the FIS report. Flood elevations shown on
the FIRM are primarily intended for flood insurance rating
purposes. For construction and/or floodplain management purposes,
users are cautioned to use the flood elevation data presented in
this FIS in conjunction with the data shown on the FIRM.

The prior USACE hydraulic analyses were reviewed in detail, and
appropriate revisions were made. The revisions include updating
some cross sections based on more recent channel surveys and
modifying the effective limits of flow, roughness coefficients,
expansion and contraction coefficients, peak flows, and starting
condition methods.

Water-surface elevations (WSELs} for the 100-year flood on the
Snoqualmie River, Ribary Creek, and Gardiner Creek were computed
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using the USACE Hydrologic Engineering Center River Analysis
System (HEC-RAS Version 2.2 Reference 135), step-backwater
computer program.

Because the Middle Fork and South Fork peak flows are near
coincident, all the hydraulic analysis models assume coincident
peak flows; therefore, the starting condition for each model is
the WSEL of the appropriate cross section of the downstream
model. The main stem model starting WSEL was taken from the FEMA
published WSELs. The overflow values from Middle Fork to South
Fork were estimated using engineering judgment based on the
terrain, because cross sections were not available at the split
location to yield a more precise computation. The Gardiner Creek
and Ribary Creek starting WSELs were based on a known WSEL at the
downstream end.

Roughness coefficients (Manning’s “n”) values for South Fork
Snoqualmie River, Snoqualmie River main stem, Middle Fork
Snoqualmie River-Overflows, Gardiner Creek, and Ribary Creek are
shown in Table 3.

Ribary Creek detailed study elevations were superseded by the
elevations of South Fork using the “without levee” analysis. The
floodplain delineation at the confluence of Gardiner Creek with
South Fork was based on the South Fork model.

Because the levees on South Fork, beginning at the I-90 bridge
and extending downstream to the Snoqualmie Valley Trailbridge,
did not meet FEMA’'s standards for providing protection from the
100-year flood, “with levee” and “without levee” conditions were

analyzed. To reflect the levees on both sides of the river, the
fellowing analyses were conducted: “with both levee”, “without
right levee”, “without left levee.”

The regulatory floodway along the Snoqualmie River study reach
was determined using the equal-conveyance reduction option in the
HEC-RAS backwater model from each side of the floodplain.

The Floodway Data Table and the FIRM show the results of the
floodway computations for the studied reach of the Snoqualmie
River.

The boundaries of the area inundated by the 100-year flood were
plotted on U.S. Geological Survey (USGS) 1:24,000-scale Digital
Raster Graphics (DRGs) enlarged to 1:2,400 (Reference 136).
Topographic data, roads, and canals on the DRGs; recent aerial
photographs; and field observations were reviewed to aid in
plotting the flood boundaries between cross sections. Inundated
areas with little or no flow were identified. More precise data
on the extent of inundation may be determined at any given
location by using the computed WSEL and detailed field surveys of
the land surface.

For this restudy, all elevations are referenced tc the National

Geodetic Vertical Datum of 1829 (NGVD). A conversion factor of
3.6 feet was determined using the VERTCON program
(Reference 137). To convert elevations from NGVD to
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North American Vertical Datum of 1988 (NAVD), add 3.6 feet to the
NGVD levations shown. To obtain up-to-date elevation information
on National Geodetic Survey’s (NGS) Elevation Reference Marks
(ERMs) shown on the FIRM, please contact the Information Services
Branch of the NGS at (301) 713-3242 or visit their website at
WWW.ngs.noaa.gov. Map wusers should seek verification of
non-NGS ERM monument elevations when using these elevations for
construction or floodplain management purposes.

The National Flood Insurance Program (NFIP) encourages State and
local governments to adopt sound floodplain management programs.
To assist in this endeavor, each FIS provides 100-year floodplain
data, which may include a combination of the following: 10-, 50-,
100-, and 500-year flood elevations; delineations of the 100- and
500-year floodplains; and the 100-year floodway. This
information is presented on the FIRM and in many components of
the FIS, including the Flood Profiles, Floodway Data tables, and
the Summary of Discharges table. Users should reference the data
presented in the FIS as well as additional information that may
be available at the local community map repository before making
flood elevation and/or floodplain boundary determinations.

Issaquah Creek Study

The Issaquah Creek detailed study reaches cover approximately
6.3 miles. Issaquah Creek was studied from the northern
corporate limit of the City of Issaquah in Lake Sammamish State
Park, to the southern corporate 1limit, for a reach of
approximately 4.7 miles. East Fork Issaquah Creek (East Fork)
was studied from the confluence with Issaquah Creek upstrean
approximately 1.0 mile to I-90. The Gilman Boulevard Overflow of
Issaquah Creek was studied from the point of overflow from
Issaquah Creek to its confluence with Tributary 0170
approximately 0.6 mile downstream.

The scope of the re-mapping project for the flooding on Issaquah
Creek was determined at meetings attended by representatives of
the City of Issaquah, King County, and FEMA, on January 12 and
March 28, 2000.

Regulatory Floodways were computed for all studied reaches of
Issaquah Creek, including East Fork.

The results of the restudy were reviewed at the final CCO meeting
held on January 8, 2003. All problems raised at that meeting

have been addressed in this restudy.

Hydrologic Analyses

Hydrologic analyses were performed to establish updated
recurrence interval peak discharge estimates for Issaquah Creek
and East Fork (Reference 138). For those flooding sources being
restudied or that are extensions of previous detailed riverine
studies, peak discharge results presented in the previous FIS for
King County and in the Issaquah Creek Basin Plan (Reference 139)
were compared to updated estimated discharges to determine
appropriate values for this revised study. The peak discharge
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estimates assume that existing basin hydraulic structures remain
unobstructed and that existing upstream dams or impoundment
structures remain intact, with no changes in operating
characteristics.

Discharge-frequency analysis in this revised study for
Issaquah Creek and East Fork were performed as described in the
hydrologic memorandum completed for this study (Reference 138).
The Flood Flow Frequency Analysis computer program HEC-FFA
(Reference 140) was wused to determine the discharge-frequency
relationships by applying log-Pearson Type III analysis
techniques, in accordance with methods presented in the
USGS publication Guidelines for Determining Flood Flow Frequency,
Bulletin 17B (Reference 141) to the annual peak flow data for the
gage sites.

The resulting flood flow frequency results for the Issaquah Creek
gages and reported/adjusted periods of record were compared to
previously published flood flow frequency values. In accordance
with Bulletin 17B guidance, a generalized skew of -0.02 was used
as a HEC-FFA input parameter applicable for this region.

Flood flow frequency analyses also were completed for the period
1964-75 in an attempt to validate the published FEMA record. The
computed 100-year peak flow result was much lower (2,990 cfs)
than the 100-year peak flow previously published (4,700 cfs).
The expected probability estimate of 3,410 cfs was also
considerably lower.

The revised flood flow frequencies were used because the
difference compared to the previous flood flow frequencies was
statistically significant. The updated flood flow frequency
results computed at Gage 12121600 were adopted for the FIS
restudy. (The actual record used was for the period 1964-99 with
some updates and was based on no loss of flow from Issaquah
Creek.)

Flood flow frequency on East Fork could not be analyzed directly
because of the limited stream gage record. Therefore, confidence
limits could not be computed to measure against the standard FEMA
criteria for acceptance of prior or new flood flow estimates.
Considering the similarities in peak flow between the King County
Basin Plan Modeling Results (for existing conditions) and the

flood flows estimated from gage transfer (using
USGS gage 12120600), the higher of those two flow estimates was
adopted. Additional documentation of the hydrologic analysis

procedures and results are found in the hydrologic analysis
memorandum (Reference 138).

Discharge-frequency relationships established for gage locations
on the creeks were transferred to selected runoff concentration
points along the study reaches through the application of
standard USGS methods for transfer of peak flow records
(Reference 142).
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An analysis of streambank overflows was conducted at five

locations along Issaquah Creek (Reference 143). On Issaquah
Creek, recurrence interval overflows were taken into account to
establish peak flow estimates for downstream reaches. Overflows

are located at the Pickering reach, two places along the Gilman
reach, the Dogwood Street bridge, and the Newport Way bridge. An
overflow path upstream of Gilman Boulevard was rated, and a
separate overflow model was developed that extends approximately
0.6 mile downstream (northwest) of the main channel.

Two overflow paths were identified on East Fork, one located on
the west bank upstream of the Dogwood Street bridge and one
located on the east bank between the Dogwood Street bridge and

the Crescent Drive footbridge. The discharges for the streams
studied by detailed methods are shown in Table 1, “Summary of
Discharges.” However, the following estimates account for

current loss of flows upstream and downstream of Gilman
Boulevard.

Hydraulic Analyses

Analyses of the hydraulic characteristics of flooding from the
sources studied were performed to provide estimates of the
elevations of floods of the selected recurrence intervals. Users
should be aware that flood elevations shown on the FIRM represent
rounded whole-foot elevations and may not exactly reflect the
elevations shown on the Flood Profiles or in the Floodway Data
tables in the FIS report. Flood elevations shown on the FIRM are
primarily intended for flood insurance rating purposes. For
construction and/or floodplain management purposes, users are
cautioned to use the flood elevation data presented in this FIS
in conjunction with the data shown on the FIRM.

Cross-section and bridge data for the backwater analysis on
Issaquah Creek and East Fork were field surveyed in April and
May 2000 and February 2001 to obtain invert elevations and other
hydraulic parameters. To define overbank areas and areas
in-between cross-sections, these data were supplemented with City
of Issaquah digital mapping with a contour interval of 2 feet
from Nies based on a March 1988 aerial survey. High-water mark
data based on community input were also field surveyed as part of
this study.

WSELs of floods of the selected recurrence intervals on Issaquah
Creek, East Fork, and Gilman Boulevard Overflow were computed
using the USACE HEC-RAS, Version 3.0.1, step-backwater computer
program (Reference 144). The hydraulic analyses for this study
were based on uncbstructed flow. Therefore, the flood elevations
shown on the profiles are considered wvalid only if hydraulic
structures remain unobstructed, are operated properly, and do not
fail.

For this restudy, all elevations are referenced to NGVD. A
conversion factor of 3.6 feet was determined using the VERTCON
program (Reference 137). To convert elevations from NGVD to
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NAVD, add 3.6 feet to the NGVD elevations shown. To obtain
up-to-date elevation information on NGS ERMs shown on the FIRM,
please contact the Information Services Branch of the NGS at
(301) 713-3242 or visit their website at www.ngs.noaa.gov. Map
users should seek verification of non-NGS ERM monument elevations
when using these elevations for construction or floodplain
management purposes.

The starting WSELs on Issaquah Creek at the northern corporate
limit of the City of Issaquah were based on previous studies.
The water surface elevations published in the King County FIS
closely matched the predicted elevations for this analysis at
that location.

The starting WSELs on East Fork were developed through normal
depth computation using the slope-area method. The regulatory
WSELs were influenced by backwater from the main stem of Issaquah
Creek, as shown on the Flood Profiles.

The starting WSELs of floods of the selected recurrence intervals
on the Gilman Boulevard Overflow and the main stem of Issaquah
Creek were set wusing computed WSELs at hydraulic control
sections. The upper main stem starting WSEL was set at the upper
fish hatchery weir control section. The Gilman Boulevard
Overflow model starting WSEL was set below a culvert control
section.

Channel and overbank roughness factors (Manning’s “n” Values)
used in the hydraulic computations were chosen by engineering
judgment and were based on field observations of the stream and
floodplain areas and on hydraulic calibration of flood profiles
to available high-water mark data. The February 8, 1996, flood
event was used for hydraulic model <calibration. Model
calibration results are discussed in detail in the calibration
and bridge improvement memorandum by the Montgomery Water Group
(Reference 145). The range of channel and overbank “n” values
for Issaquah Creek, East Fork, and the Gilman Boulevard Overflow
path are listed in Table 3.

Locations of selected cross sections used in the hydraulic
analyses are shown on the Flood Profiles. For stream segments
for which a regulatory floodway was computed (see Section 4.2),
selected cross-section locations are also shown on the FIRM.

The NFIP encourages State and local governments to adopt sound
floodplain management programs. To assist in this endeavor, each
FIS provides 100-year floodplain data, which may include a
combination of the following: 10-, 50-, 100-, and 500-year flood
elevations; delineations of the 100- and 500-year floodplains;
and the 100-year floodway. This information is presented on the
FIRM and in many components of the FIS, including Flood Profiles,
Floodway Data tables, and the Summary of Discharges table. Users
should reference the data presented in the FIS as well as
additional information that may be available at the 1local
community map repository before making flood elevation and/or
floodplain boundary determinations. Overflows from Issaquah
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Creek and East Fork are shown on the maps as shallow flooding
zones (Zone AOQ) with average depths identified.

To provide a national standard without regional discrimination,
the l-percent-annual-chance (100-year) flood has been adopted by
FEMA as the base flood for floodplain management purposes. The
0.2-percent-annual-chance (500-year) flood is employed to
indicate additional areas of flood risk in the community. For
each stream studied by detailed methods, the 100- and 500-year
floodplain boundaries have been delineated using the flood

elevations determined at each cross section. Between cross
sections, the boundaries were interpolated, wusing digital
topographic maps with contour intervals of 2 feet

(Reference 146).

The 100- and 500-year floodplain boundaries are shown on the
FIRM. On this map, the 100-year floodplain boundary corresponds
to the boundary of the areas of special flood hazards (Zones AE,
AH, and AO), and the 500-year floodplain boundary corresponds to

the boundary of areas of moderate flood hazards. In cases where
the 100- and 500-year floodplain boundaries are close together,
only the 100-year floodplain boundary is shown. Small areas

within the floodplain boundaries may lie above the flood
elevations but cannot be shown because of limitations of the map
scale and/or lack of detailed topographic data.

Encroachment on floodplains, such as structures and fill, reduces
flood-carrying capacity, increases flood heights and velocities,
and increases flood hazards in areas beyond the encroachment

itself. One aspect of floodplain management involves balancing
the economic gain from floodplain development against the
resulting increase in flood hazard. For purposes of the NFIP, a

regulatory floodway is used as a tool to assist local communities
in this aspect of floodplain management. Under this concept, the
area of the 100-year floodplain is divided into a floodway and a
floodway fringe. The floodway is the channel of stream, plus any
adjacent floodplain areas, that must be kept free of encroachment
so that the 100-year flood can be carried without substantial
increases in flood heights. Minimum Federal standards limit such
increases to 1.0 foot, provided that hazardous velocities are not
produced. The floodways in this study are presented to local
agencies as a minimum basis for additional floodway studies.

The floodways presented in this study were computed for certain
stream segments on the basis of equal conveyance reduction from
each side of the floodplain. Floodway widths were computed at

cross sections. Between cross sections, the floodway boundaries
were interpolated. The results of the floodway computations are
tabulated at selected cross sections. In cases where the

floodway and 100-year floodplain boundaries are either close
together or collinear, only the floodway boundary has been shown.

The area between the floodway and 100-year floodplain boundaries
is termed the floodway fringe. The floodway fringe encompasses
the portion of the floodplain that could be completely obstructed
without increasing the water-surface elevation of the 100-year
flood more than 1.0 foot at any point. The Flood Profiles,
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Floodway Data tables, and the FIRM show the results of the
floodplain and floodway computations for the studied reaches of
Issaquah Creek, including East Fork. Floodways were not computed
for the Gillman Boulevard Overflow. The Gillman Boulevard
Overflow area is designated on the FIRM as a breakout flow area,
where the flow conveyance during the base flood must be
maintained to avoid increasing downstream flood hazards in
Issaquah Creek. This breakout flow area extends from the left
overbank (looking downstream) of Issaquah Creek Dbetween
Cross Sections M and N toward the west along Gillman Boulevard.

Tibbetts Creek LOMR

The LOMR issued on February 23, 2005, for the City of Issaquah
and the unincorporated areas of King County, to show the
hydraulic effects of the channel relocation and £fill along
Tibbetts Creek, was included in this update. As a result of the
channel relocation, £ill and more detailed topographic
information, the Flood Insurance Rate Map, Flood profiles, and
Floodway Data Tables were revised to modify elevations, floodway
data, and floodplain and floodway boundary delineations along
Tibbetts Creek from approximately 150 feet upstream of Interstate
Highway 90 (eastbound) to approximately 700 feet downstream of
Newport Way Northwest.
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