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3.9 NATURAL HAZARDS

Introduction

Coos County has inventoried the following natural hazards:
e Flood Hazards
o Riverine flooding
o Coastal flooding
e Landslides and Earthquakes
o Landslide Susceptibility
o Liquefaction potential
o Fault lines
e Tsunamis

e Erosion
o Riverine streambank erosion
o Coastal |
= Shoreline and headlands
=  Wind
e Wildfire

Purpose Statements: \

Coos County shall regulate development in known areas potentially subject to natural disasters and
hazards, so as to minimize possible risks to life and property. Coos County considers natural disasters and
hazards to include river and coastal flooding, landslides, liquefaction potential due to earthquakes, fault
lines, tsunamis, river bank erosion, coastal erosion along shorelines and headlands, coastal erosion due to
wind, and wildfires, including those areas affected by gorse.

This strategy shall be implemented by enacting special protective measures through zoning and other
implementing devices, designed to minimize risks to life and property associated with new development
and substantial improvements. The determination of whether a property is located in one of the above
referenced potentially hazardous areas shall be made by the reviewing body (Planning Director, Planning
Commission, Board of Commissioners, or any designee based upon adopted inventory mapping). A
specific site may not include the characteristics for which it is mapped.

Goal Requirements
The Statewide Planning Goals require that the comprehensive plan provide protection of life and property

from natural disasters and hazards. Specifically, Goal 7 requires that:

Developments subject to damage or that could result in loss of life shall not be planned nor
located in known areas of natural disasters and hazards without appropriate safeguards.

Goal 17 (Coastal Shorelands) requires that programs be developed to “reduce the hazard to human life
and property...resulting from the use and enjoyment of Oregon’s coastal shorelands.” The goal also
requires that land use plans, implementing actions, and permit reviews “include consideration of...the
geologic and hydrologic hazards associated with coastal shorelands.”

Goal 18 (Beaches and Dunes) requires the reduction of “the hazard to human life and property from
natural or man-induced actions” associated with beach and dune areas.
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SECTION 3.9.100 FLOOD HAZARDS
The following section is the flood hazard study completed for Coos County.

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 (FIS)
report may not contain all data available within the Community Map Repository. Please contact the
Community Map Repository for any additional data. The Federal Emergency Management Agency
(FEMA) may revise any republish part or all of this FIS report at any time. In addition, FEMA may
revise par of this FIS report by the Letter of Map Revision process, which does not involve republication
or redistribution of the FIS report. Therefore, users should consult with the community officials and
check the Community Map Repository to obtain the most current FIS report components.

Initial Countywide FIS Effective Date: September 25, 2019
Revised County wide FIS Dates: March 17, 2014 and December 7, 2018

December 7, 2018 Volume I
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1.0

v FLOOD INSURANCE STUDY
COOS COUNTY, OREGON AND INCORPORATED AREAS

INTRODUCTION

1.1

1.2

Purpose of Study

This Flood Insurance Study (FIS) revises and updates information on the
existence and severity of flood hazards in the geographic area of Coos County,
including the Cities of Bandon, Coos Bay, Coquille, Lakeside, Myrtle
Point, North .Bend and Powers; the unincorporated areas of Coos County
(referred to collectively herein as Coos County); the Coquille Indian Tribe; and
the Confederated Tribes of Coos, Lower Umpqua, and Siuslaw; 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.

Authority and Acknowledgments

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

Pre-Countywide Analyses

Coos County Unincorporated Areas. Flood Hazard Boundary Maps for Coos
County, Oregon, were produced by the U.S. Department of Housing and Urban
Development in September 1977 (community panel numbers 0001-0021).

City of Bandon. Flood Hazard Boundary Maps for City of Bandon, Coos
County, Oregon, were produced by the U.S. Department of Housing and Urban
Development in December 1973 and revised in April 1976 (community panel
numbers 410043A 01-03).

City of Coos Bay. Flood Hazard Boundary Maps for City of Coos Bay, Coos
County, Oregon, were produced by the U.S. Department of Housing and Urban
Development in March 1977 (community panel numbers 410044 0001-0005).

City of Coquille. Flood Hazard Boundary Maps for City of Coquille, Coos
County, Oregon, were produced by the U.S. Department of Housing and Urban
Development in November 1973 and revised October 1975.
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City of Myrtle Point. Flood Hazard Boundary Maps for City of Myrtle Point,
Coos County, Oregon, were produced by the U.S. Department of Housing and
Urban Development in November 1973 and revised December 1975.

City of North Bend. Flood Hazard Boundary Maps for City of North Bend,
Coos County, Oregon, were produced by the U.S. Department of Housing and
Urban Development in June 1974 (community panel numbers 410048A 01-03).

Coos County Unincorporated Areas. The detailed riverine and estuarine
hydrologic and hydraulic analyses for this study were performed by CH2M Hill
Northwest, Inc., for FEMA, under Contract No. EMW-C-0283. This work was
completed in April 1982 and represents a portion of the original FIS performed
for Coos County.

City of Bandon. The original FIS was revised to update coastal flood
information from the south jetty to the southern city limit of Bandon. The work
was performed by CH2M Hill, Inc., under FEMA Contract No. EMW-94-C-4526
and was completed in September 1995. Note that the present countywide update
revises this area and supersedes this update.

Countywide Analyses

A countywide update and vertical datum conversion was performed by WEST
Consultants, Inc., for FEMA, under Contract No. EMS-2001-C0O-0068. This
countywide update occurred under FEMA’s Map Modernization program, the
purpose of which was to create digital versions of the Flood Insurance Rate Maps
(DFIRMEs), create a single layout format for the entire area within the county, and
compile a single FIS report that includes all FIS information and data for the
entire county area. During this countywide update revised hydraulic data were
incorporated for Pony Creek (in the cities of Coos Bay and North Bend). See
Section 3.2 for more information about the hydraulic data revision for Pony
Creek. Portions of Pony Creek, Coos Bay, and the Pacific Ocean flood zones
were redelineated with 2 foot contours provided by the City of North Bend.
Portions of the Pacific Ocean flood zones were also redelineated with LiDAR
provided by NOAA. All other flood mapping was incorporated as-is from the
original FIS. This update was completed in July 2008.

The present countywide update was performed by the Oregon Department of
Geology and Mineral Industries (DOGAMI), for FEMA, under Contract No.
EMS-2008-GR-0013. During this countywide update, revised detailed and
approximate coastal hydrologic and hydraulic analyses were performed for the
entire coastline. Revised approximate riverine hydrologic and hydraulic analyses
were also performed for county where new, high quality topographic data
(LiDAR) was available. Finally, revised mapping of detailed riverine and .
estuarine study areas (from original FIS) was performed by redelineating to
LiDAR provided by the Oregon LiIDAR Consortium. This redelineation work
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supersedes all similar work performed for the previous countywide analysis. This
update was completed in March 2014.

Base map information shown on the Flood Insurance Rate Map (FIRM) was
derived from LiDAR ground and first return digital elevation models produced at
a scale of 1:2,300, from surveys conducted between June 8, 2008 and September
28, 2008. The projection used in the preparation of this map is Universal
Transverse Mercator Zone 10 North, and the horizontal datum used is NAD 1983.

Coordination

An initial meeting is held with representatives from FEMA, the community, and
the study contractor to explain the nature and purpose of a FIS, and to identify the
streams to be studied or restudied. A final meeting is held with representatives
from FEMA, the community, and the study contractor to review the results of the
study.

The initial and final meeting dates for previous FIS reports for Coos County and
its communities are listed in the following table:

Table 1. Initial, Intermediate, and Final CCO Meetings

Intermediate CCO

muni Initial CCO Date Dates Final CCO Meeting
Coos County ' .
(Unincorporated May, 1979 - November, 1980
Areas)
Bandon, City of May, 1979 March 22, 1983 August 23, 1983
Coos Bay, City of May, 1979 - August 24, 1983
Coquille, City of May, 1979 - July 20, 1983
Lakeside, City of May, 1979 March 22, 1983 August 25, 1983
Moyrtle Point, City of May, 1979 -- December 4, 1980
North Bend, City of May, 1979 - August 24, 1983
Powers, City of - ! -1
'Information not available

Streams, lakes, estuarine and coastal areas requiring detailed study were identified
at a meeting attended by the CH2M Hill Northwest, Inc., FEMA, and

representatives of Coos County in May 1979. The U.S. Geological Survey -

(USGS), the U.S. Army Corps of Engineers (USACE), and the Coos-Curry
Council of Governments were contacted for information used in the initial study.

Streams, lakes, estuarine and coastal areas requiring revision were identified at a
meeting attended by the CH2M Hill Northwest, Inc., FEMA, and representatives
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of the City of Bandon on March 22, 1983. The USGS was contacted for
hydrologic information. The USACE, the Bandon Historical Society, and the Port
of Coquille were contacted for information on past flooding in the city.

An initial community coordination meeting for Coos County was held on March
14, 2006, to address the first-time countywide update and vertical datum
conversion. This meeting was attended by representatives of the cities and
county, State of Oregon, FEMA and WEST Consultants.

The results of the update were reviewed at the final Consultation Coordination
Officers’ meeting held on November 5, 2008, and attended by representatives of
FEMA, the City of Coos Bay, the City of Coquille, the City of Lakeside, the City
of Myrtle Point, the City of North Bend, Coos County, the Oregon Department of
Land and Development (DLCD) and DOGAMI.

Present Countywide Update

The initial meeting was held on January 7, 2009, and attended by representatives
of FEMA, Coos County, the City of Bandon, the City of Coos Bay, the City of
North Bend, the City of Coquille, the Coquille Indian Tribe, DLCD, and
DOGAMI.

The results of the study were reviewed at the final meeting held on June 7, 2011,
and attended by representatives from the Coquille Indian Tribe, the Cities of
Bandon, Coos Bay, Lakeside, Myrtle Point, and North Bend, and representatives
from DOGAMI, STARR, DLCD, and FEMA. All problems raised at that
meeting have been addressed.

2.0 AREA STUDIED

2.1

Scope of Study

This FIS covers the geographic area of Coos County, Oregon, including the
incorporated communities listed in Section 1.1. The areas studied by detailed
methods were selected with priority given to all known flood hazards and areas of
projected development or proposed construction through 1987, determined during
scoping of the original FIS.
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The following flooding sources were studied by detailed methods in this FIS

report:

Table 2. Summary of Flooding Sources Studied by Detailed Methods

Flooding Source

Tenmile Creek

Tenmile Lake
North Tenmile Lake

Millicoma River

East Fork Millicoma River
West Fork Millicoma River

Coquillc River
South Fork Coquille River
Pony Creek

Cunningham Creek

Calloway Creek

Limits of Detailed Study

From Lake Front Road bridge to
Tenmile Lake within the City of
Lakeside

Within corporate limits (as of
1982) of the City of Lakeside

Within corporate limits (as of
1982) of the City of Lakeside

From river mile (RM) 8.2 to the
confluence of the East and West
Forks Millicoma River

From its confluence with West
Fork Millicoma River to RM 10.7

From its confluence with East
Fork Millicoma River to RM 2.0

Within the corporate limits (as of
1982) of the City of Bandon,
from RM 16 to RM 17 at
Riverton, from RM 23 to RM
27.5 at the City of Coquille, and
from RM 32 to RM 33 at Arago

From RM 36.4 to RM 38.4 at the
City of Myrtle Point

From the Virginia Avenue bridge
in the City of North Bend to
Ocean Boulevard in the City of
Coos Bay

Within corporate limits (as of
1982) of the City of Coquille

Within corporate limits (as of
1982) of the City of Coquille
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Table 2. Summary of Flooding Sources Studied by Detailed Methods
(continued)

Flooding Source Limits of Detailed Study
Ferry Creek From its confluence with

Coquille River to upstream of
Harlem Avenue within the City
of Bandon

Coos River From its confluence with Coos
Bay to 2 miles upstream (area of
tidal influence)

Cooston Channel From its confluence with Coos
Bay to its confluence with Coos
River

Catching Slough Within corporate limits (as of

1982) of the City of Coos Bay

Coos Bay From its confluence with the
Pacific Ocean to its confluence
with Coos River and Cooston
Channel

Isthmus Slough From its confluence with Coos
Bay to 0.3 miles upstream of
Coos-Summer Lane bridge

Coalbank Slough , From its confluence with Isthmus
Slough to Shinglehouse Road

Pony Slough From its confluence with Coos
Bay to its confluence with Pony
Creck within the City of North

Bend
Haynes Inlet From its confluence with Coos
Bay to its confluence with Larson
and Palouse Sloughs ’
North Slough From its confluence with Coos

Bay to the Highway 101 bridge
near North Bay Road at Hauser
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Table 2. Summary of Flooding Sources Studied by Detailed Methods

(continued)
Flooding Source Limits of Detailed Study
South Slough From its confluence with Coos
Bay to Valino Island

This revision used LiDAR to re-delineate Special Flood Hazard Areas (SFHAs) to
the flood elevations determined by detailed methods in the original FIS. This
approach was applied in all detailed study areas listed above.

The following flooding sources are studied by revised detailed methods in this
FIS report:

Table 3. Summary of Flooding Sources Studied by Revised Detailed Methods

F iooding Source Limits of Revised Detailed Study
Pacific Ocean From the north jetty at Coos Bay

to Sunset Bay, and from the south
jetty at Coquille River to the
southern extent of the City of
Bandon Urban Growth Boundary

The limits of detailed study are indicated on the Flood Profiles (Exhibit 1) and on
the FIRM (Exhibit 2).

Approximate analyses were used to study those areas having low development
potential or minimal flood hazards. These areas were adopted from previously
effective flood hazard boundary maps (U.S. Department of Housing and Urban
Development, 1977). The scope and methods of study were proposed to and
agreed upon by FEMA, the communities, and the study contractor, DOGAML

The following flooding sources are studied by revised approximate methods in
this FIS report:

Table 4. Summary of Flooding Sources Studied by
| Revised Approximate Methods
Flooding Source

Pacific Ocean, excluding areas studied by revised detailed methods
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Table 4. Summary of Flooding Sources Studied by Revised
Approximate Methods (continued)

E lboding Source

Tenmile Creek Basin, including these tributaries and lakes:

Saunders Creek, Clear Lake, Saunders Lake, Eel Creek, Eel
Lake, Tenmile Lake, North Tenmile Lake, Murphy Creek, Big
Creek, Noble Creek, Alder Gulch, Benson Creek, Roberts
Creek, Johnson Creek, Adams Creek, Shutter Creek

Lakes of the Oregon Dunes National Recreation Area:

Lyons Reservoir, Snag Lake, Sandpoint Lake, Spirit Lake,
Horsfall Lake

Coos River Basin, including these tributaries and lakes:

Winchester Creek, John B Creek, Talbot Creek, Talbot
Slough, Elliott Creek, Joe Ney Slough, North Fork Joe Ney
Slough, South Fork Joe Ney Slough, Tarheel Creek, Fourth
Creek, First Creek, Chickses Creek, Lower Empire Lake,
Upper Empire Lake, North Slough, Palouse Slough, Palouse
Creek, Larson Slough, Larson Creek, Kentuck Slough,
Kentuck Creek, Mettman Creek, Willanch Slough, Willanch
Creek, Johnston Creek, Coalbank Creek, C. A. Smith
Reservoir, Noble Creek, Delmar Creek, Davis Slough, Upper
Isthmus Slough, Ross Slough, Catching Slough, Catching
Creek, Millicoma River, Marlow Creek, East Fork Millicoma
River (Not Revised), Glenn Creek (Not Revised), West Fork
Millicoma River, Elk Creek, South Fork Coos River, Williams
River

Coquille River Basin, including these tributaries and lakes:

Ferry Creek, Fahy’s Creek, Fahy’s Lake, Sevenmile Creek,
Bear Creek, Lampa Creek, Hatchet Slough, Beaver Creek, Fat
Elk Creek, Calloway Creek, Cunningham Creek, Rink Creek,
Fishtrap Creek, Hall Creek, North Fork Coquille River, East
Fork Coquille River, Elk Creek, Brummit Creek (Not
Revised), Middle Creek, Cherry Creek, Evans Creek,
Woodward Creek, Catching Creek, Middle Fork Coquille
River, Big Creek, Myrtle Creek, Rock Creek, Sandy Creek
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2.2

Table 4. Summary of Flooding Sources Studied by Revised
Approximate Methods (continued)

Flooding Source

New River Basin, including these tributaries and lakes:

| Fourmile Creek, Laurel Creek, Laurel Lake, Lost Lake, Davis
Creek, Muddy Lake, Croft Lake, Conner Creek, Bethel Creek,
* New Lake, Butte Creek, Morton Creek

Threémile Creek

Twor;lile Creck

Cut Creek Basin, including Chrome Lake and Round Lake
Johnson Creek

Crooked Creek

China Creek Basin, including Bradley Lake

Twomile Creek Basin, including Lower and South Twomile Creeks

Community Description

Coos County is located in southwest Oregon. The county is bounded on the west
by the Pacific Ocean, on the south by Curry County, and on the east and north by
Douglas County. Coos County is about 66 miles long, 36 miles wide, and covers
an area of 1,629 square miles. About one-third of the county is publicly owned.
The U.S. Bureau of Land Management, the U.S. Forest Service, the U.S. Fish and
Wildlife Service, and the Oregon State Land Board own most of the public lands
(Sidor and Brown, 1967). Only about 1 percent of the area in the county has been
urbanized or built up. The county was founded on December 22, 1853. According
to the U.S. Census Bureau, Coos County’s population was 63,043 in 2010 (U.S.
Department of Commerce, 2010). In 1990, the population was 60,273 (U.S.
Department of Commerce, 2010). The Coos County economy is based on tourism,
agriculture, forest products, and fishing (Coos County Emergency Management
Department, 2005).

The Coquille River basin, with a drainage area of 1,058 square miles, covers most
of the southern two-thirds of the county. Flow from the basin enters the Pacific
Ocean at Bandon. Upstream at RM 36.3, about a mile south of Myrtle Point, the
river branches into the South Fork and North Fork Coquille Rivers. The South
Fork Coquille River has a drainage area of 598 square miles and a length of 62.8
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miles. The North Fork Coquille River has a drainage area of 289 square miles and
a length of 53.3 miles (Pacific Northwest River Basins Commission, 1968). Both
forks begin in the Coast Range Mountains. The cities of Myrtle Point and Powers
are located on the South Fork Coquille River, and the cities of Coquille and
Bandon are located on the main stem of the Coquille River. Tidal influences
extend as far upstream as Myrtle Point on the South Fork Coquille River. About
70% of the Coquille River basin is-forested. Private industrial forest holdings
make up 40% of the watershed. The remaining 30% of forested lands are federal,
state, and county lands. (Coos County Emergency Management Department,
2005) Two federal agencies, the Bureau of Land Management (BLM) and the
U.S. Forest Service (USFS), administer the largest of these public holdings.

The Coos River basin, with a drainage area of 415 square miles covers most of the
northeast corner of the county. The Coos River flows into Coos Bay at the City of
Coos Bay. Upstream at RM 5.5, the Coos River branches into the Millicoma
River and the South Fork Coos River. The Millicoma River has a drainage area of
151 square miles while the South Fork Coos River has a drainage area of 254
square miles. The Millicoma River branches into the East Fork and West Fork
Millicoma Rivers at RM 8.1. Tidal influences extend upstream to Dellwood on
the South Fork Coos River and to the confluence of the East and West Forks on
the Millicoma River. The East Fork Millicoma River has a drainage area of 79
square miles and a length of 23.9 miles. The West Fork Millicoma River has a
drainage area of 55 square miles and a length of 34.9 miles (Pacific Northwest
River Basins Commission, 1968). About 80% of the Coos River basin is forested.

Coos Bay, located in the west-central part of Coos County, is the largest estuary
in Oregon. The bay covers an area of about 17 square miles and drains a total of
605 square miles (Percy and Sutterlin, 1974). Tributaries such as the- South
Slough, North Slough, Larson and Palouse Creeks, Isthmus Slough, and Catching
Slough account for 190 square miles of the drainage area. The Coos River
accounts for the remaining 415 square miles. The Cities of Coos Bay and North
Bend are located on the bay.

The original natural estuarine environments of Coos Bay have been altered by the
community’s dependence on wetland and estuarine resources and the need for
flat, dry land. Diking, draining, and filling of marshes began in the 1870’s to
create the present city of Coos Bay, expand rail and road routes, and
accommodate more ranches and homes. In 1970, when only 15% of the original
marsh remained, state and federal laws slowed the conversion process (Coos
County Emergency Management Department, 2005).

The eastern two-thirds of the Coos River basin is sparsely populated and made up
of steep forested slopes. This area has been managed exclusively for time since
the late 1800’s. About 36,000 people live in the basin, with the bulk of the
population clustered about the eastern half of the estuary and lower riverbanks.
Until the late 1980°s the area was heavily reliant on natural resource extraction,
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such as timber production, fishing, and agriculture. Many family wage jobs have
been lost as these industries saw a decline in the availability of resources. The
area is struggling with a transition to utilize other economic opportunities, such as
tourism (Coos County Emergency Management Department, 2005).

The Tenmile Creek basin, with a drainage area of about 86 square miles, covers
most of the northwest corner of the county. Tenmile Creek flows generally west
for 5.1 miles from the outlet of Tenmile Lake at Lakeside to the Pacific Ocean.
The drainage area above the outlet of Tenmile Lake is 70.6 square miles. This
drainage area includes North Tenmile Lake which is connected to Tenmile Lake
by a 0.4-mile-long canal. The drainage area above the outlet of North Tenmile
Lake is 29.0 square miles. North Tenmile Lake and Tenmile Lake cover about
980 and 1,350 acres, respectively (Sidor and Brown, 1967). Most of the steep
forested slopes in the upper basin are found in the Elliott State Forest, which is
managed by the Oregon Department of Forestry (Coos County Emergency
Management Department, 2005).

The native fishery in the Tenmile Creek basin was primarily Coho salmon,
steelhead, and sea-run cutthroat trout. In the 1930’s, yellow perch, small mouth
bass, brown bullhead catfish and other non-native fish were introduced to the
lakes. In 1996, the lakes in the Tenmile Creek basin were placed on the
Department of Environmental Quality’s list for water quality problems with
bacteria, aquatic weeds, temperature, and algae (Coos County Emergency
Management Department, 2005).

Coos County has a temperate marine climate with typically mild temperatures,
wet winters, and dry summers. The average temperature in January is about 50°F
and in July, about 60°F. The average annual temperature ranges from 50 to 54°F.
The average yearly rainfall along the coast is about 60 inches. Further inland in
the Coast Range, average yearly rainfall may reach 100 inches or more,
depending on the location and elevation. Approximately 75 percent of the rainfall
occurs from November through March. In coastal areas prevailing winds during
March through October are from the northwest with an average speed of 17 miles
per hour. During November through February, prevailing winds are from the
southwest with an average speed of 15 miles per hour (Sidor and Brown, 1967).

The topography of Coos County is predominately steep and mountainous. The
Coast Range Mountains begin near the coastline and rise to average peak
elevations of 2,500 to 3,500 feet at the crest of the Coast Range. The Coast Range
in Coos County is predominately composed on marine sedimentary rock with
some igneous and metamorphic rock occurring in the southern end of the county.
The sedimentary rock is composed of alluvium, siltstone, mudstone, sandstone,
shale, and conglomerates. The igneous rock is composed of basalt, breccia, fuff,
diorite, and peridotite. The metamorphic rock is composed of gneiss, schist, and
serpentine. Soils in the county are generally clayey (Sidor and Brown, 1967).
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Land located in the river valleys of Coos County is used predominately for
agriculture,

City of Bandon

The City of Bandon is located on the Pacific Ocean at the mouth of the Coquille
River in southwestern Coos County. Bandon is located 23 miles southwest of
Coos Bay along U.S. Highway 101, 27 miles north of Port Orford along U.S.
Highway 101, and 18 miles southwest of Coquille along State Highway 428. The
city was incorporated in 1891. According to the U.S. Census Bureau, the
population of Bandon was 3,066 in 2010 (U.S. Department of Commerce, 2010).
In 1990, the population was 2,215 (U.S. Department of Commerce, 2010).

The Coquille River flows through the northwestern corner of Bandon and empties
into the Pacific Ocean. Most of the city is located on a high bluff overlooking the
ocean and river estuary. The Coquille River is 99 miles long from the beginning
of the South Fork Coquille River to the Pacific Ocean, and drains an area of 1,058
square miles covering most of the southern two-thirds of Coos County (City of
Bandon, 1977). The average annual precipitation over the Coquille River basin is
66 inches (Beaulieu and Hughes, 1975).

Ferry Creek flows through the southeast corner of Bandon to the Coquille River.
Ferry Creek is 3.8 miles long and drains an area of 5.2 square miles.

The corporate limits of Bandon enclose 3.2 square miles. Most of this area is
lightly developed. The two most densely developed areas are along U.S. Highway
101 and near Harbor Lights High School. All of the flood plain areas studied are

lightly developed and predominantly residential areas, except for the old

downtown area between U.S. Highway 101 and the Coquille River. Development
within the old downtown area is mainly commercial, with some industrial
development, including a fish processing plant and a lumber mill.

The average annual rainfall at Bandon is approximately 60 inches. The mean
temperature in January is approximately 50° F, and in July, approximately 60° F,
From May through August, the prevailing winds are from the northwest, while the
prevailing winds in winter are from the southwest. Winter winds are usually less
than those experienced during the summer except during an occasional winter
storm (Coos County Emergency Management Department, 2005).

Soils in the City of Bandon are predominantly sandy loams. The coastal cliffs and
offshore rocks are a mixture of sandstone, siltstone, volcanic rock, chert, and blue
schist. In undeveloped areas of Bandon south of the Coquille River estuary,
vegetation includes salal, wild rhododendron, pine, cypress, and gorse. The
Bandon tidal marsh covers approximately 25 percent of the Coquille River
estuary (City of Bandon, 1978).
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Bandon is served by U.S. Highway 101 and State Highway 428S.

City of Coos Bay

The City of Coos Bay is located in western Coos County at the southern end of a
peninsula that extends north into the Coos Bay estuary. The City of Coos Bay is
located approximately 4 miles east of the Pacific Ocean, approximately 27 miles
south of Reedsport, and approximately 17 miles north of Coquille. The City of
Coos Bay is bounded by the City of North Bend to the north, the Coos Bay
estuary to the east and west, and Coos County to the south. The city covers 16.1
square miles. The city was incorporated in 1874. According to the U.S. Census
Bureau, the population of Coos Bay was 15,967 in 2010 (U.S. Department of
Commerce, 2010). In 1990, the population was 15,076 (U.S. Department of
Commerce, 2010).

The downtown area of the City of Coos Bay is located on Isthmus Slough, which
enters the Coos Bay estuary near the intersection of Date Avenue and Front
Street. Coalbank Slough follows the southeast corporate limits and enters Isthmus
Slough east of the intersection of Hall Avenue and Front Street. Isthmus Slough
and Coalbank Slough drain an area of 33.3 square miles south of the bay.

The Coos River, the major tributary of Coos Bay, flows into the bay through the
Marshfield and Cooston Channels east and north of the developed portion of the

City of Coos Bay. The Coos River drains an area of 415 square miles and has

several forks including the Millicoma River, the East and West Fork Millicoma
Rivers, the South Fork Coos River, and the Williams River. Catching Slough also
flows into Coos Bay through the Marshfield Channel and has a drainage area of
25.2 square miles above the southern corporate limits of the City of Coos Bay.

Pony Creek has its headwaters in the hills southwest of the City of Coos Bay and
flows north to the Coos Bay estuary. Pony Creek drains the central portion of the
peninsula on which Coos Bay and North Bend are located. The creek has a length
of 5.6 miles and a drainage area of 6.4 square miles above Virginia Avenue in
North Bend. The Coos Bay North Bend Water Board operates two dams on Pony

Creek for municipal water supplies. The drainage area above the upper dam is 2.9

square miles, while the drainage area above the lower dam is 3.9 square miles. At
normal winter pool elevation, the storage volume in the reservoir behind the upper
dam is 2,090 acre-feet, and the storage volume in the reservoir behind the lower
dam is 123 acre-feet (CH2M HILL, 1978).

Blossom Creek has its headwaters in the hills between the Pony Creek basin and
downtown Coos Bay, and drains an area of 1.0 square mile above 10th Street. At
10th Street, Blossom Creek enters the Mill Slough Box, a major storm sewer that
drains several smaller systems in downtown Coos Bay and then discharges into
Isthmus Slough 3,200 feet downstream of 10" Street.
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Average annual precipitation at Coos Bay is approximately 60 inches. The
majority of the rainfall occurs from November through March (Erichsen et al.,
1966). In January, the coldest month, the mean temperature is approximately
46.6°F, and in July, the warmest month, the mean temperature is approximately
59.0°F. From May through August, prevailing winds are from the northwest,
while in winter prevailing winds are from the southwest. Winter winds are usually
milder than those during the summer, except during an occasional winter storm,

Soils in Coos Bay are predominantly sandy loams. In areas affected by tidal
action along the bay, Coalbank and Isthmus Slough, and Pony Creek, the soils
range from silty clay loams to sandy loams (U.S. Department of Agriculture,
1975). Most of Coos Bay is underlain by either coarse- to fine-grained sandstone
of the Coaledo formation or Quartenary marine terrace deposits (Beaulieu and
Hughes, 1975).

Most of the developed part of the City of Coos Bay that was formerly known as
Eastside is underlain by the Bastendorff Formation consisting of shale and
siltstone with minor sandstone interbeds (City of Eastside, 1978). A substantial
amount of land north and west of the developed area has been, and will continue
to be, filled with dredged material. Soils are predominantly silt loams where no
fill has been placed. :

A large portion of all land within the Coos Bay corporate limits is undeveloped or
open lands including rights-of-way, city parks, and land owned by the Coos Bay-
North Bend Water Board. Most residential areas are centered around downtown
Coos Bay, in the Empire area, and along major arterials such as Southwest
Boulevard, Ocean Boulevard, and Newmark Street (Coos Bay City Council,
1981). Development in areas affected by flooding is predominantly commercial
and industrial with only limited residential areas affected.

Coos Bay is served by U.S. Hiéhway 101 and the Southern Pacific Railroad.

City of Coquille

The City of Coquille is located in western Oregon, in the south-central portion of
Coos County. The closest incorporated community is the City of Myrtle Point,
located 9 miles to the south along State Highway 42. The coastal community of
Coos Bay is located approximately 18 miles to the north and is connected to
Coquille by a branch line of the Southern Pacific Railroad. State Highways 42 and
428 are the major routes between the coast, Coquille, and inland areas. The city is
bounded by the unincorporated areas of Coos County. The city was incorporated
in 1885. According to the U.S. Census Bureau, the population of Coquille was
3,866 in 2010 (U.S. Department of Commerce, 2010). In 1990, the population
was 4,121 (U.S. Department of Commerce, 2010).
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The Coquille River forms the southwest boundary of Coquille and extends
approximately 99 river miles inland from the coastal community of Bandon to the
headwaters of the South Fork Coquille River. It drains a total of 1,058 square
miles. Coquille occupies an area of high ground on the east bank of the river,
between RM 23 and RM 25. Above the State Highway 428 bridge in Coquille, the
Coquille River has a drainage area of 930 square miles. The Coquille River has
two major tributaries, the North Fork Coquille River and the South Fork Coquille
River that meet about 12 miles upstream of Coquille, near Myrtle Point. The
North Fork Coquille River drains approximately 288 square miles, while the
South Fork Coquille River drains 591 square miles (Pacific Northwest River
Basins Commission, 1968). Tidal influences extend as far upstream as Myrtle
Point on the South Fork Coquille River.

Cunningham Creek flows southwest through the City of Coquille to its confluence
with the Coquille River at RM 24.0. The Cunningham Creek floodplain divides
the developed portion of Coquille into two distinct areas that are joined by State
Highway 42 (West Central Boulevard). Total drainage area of the Cunningham
Creek basin at its confluence with the Coquille River is 14.2 square miles.
Calloway Creek is a tributary of Cunningham Creek and has a drainage area of
2.7 square miles above its confluence with Cunningham Creek. Calloway Creek
and Cunningham Creek share the flood plain for about 1,500 feet north of West
Central Boulevard.

Total land area within the corporate limits of Coquille is 2.7 square miles. About
60 percent of the city is undeveloped. Approximately one-third of this
undeveloped land is in the flood plain (City of Coquille and Coos-Curry Council
of Governments, 1978a). Existing development in the City of Coquille has
occurred mainly on the terraced area northeast of the Coquille River.
Approximately two-thirds of the developed land is currently used for residential
purposes. Commercial development, consisting almost entirely of service-oriented
business, is concentrated in the central business district. At present, commercial
development is expanding eastward along West Central Boulevard. Lands
developed for industrial purposes are primarily outside the corporate limits and, in
most cases, are near the river. Little development has occurred within the Coquille
River and Cunningham Creek flood plains because of a lack of roadway access
and the need for extensive fill. :

The Cogquille River valley is a productive agricultural area that also supports dairy
and beef production. With the exception of the river valley, much of the land
surrounding Coquille is hilly and wooded.

Annual precipitation at Coquille averages 55.2 inches (City of Coquille and Coos-
Curry Council of Governments, 1978a). Rainfall is heaviest in December and
January, when a series of frontal storms frequently pass through the area. These
storms are formed when cold, polar air from the Aleutian region merges with the
warm air of the Central Pacific. On average, only about 4 percent of the total
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annual rainfall occurs in June, July, and August. The average annual temperature
in Coquille is approximately 50 to 55°F.

Most of Coquille is underlain by Quaternary fluvial terrace deposits. Flood plain
areas along Cunningham Creek and the Coquille River are underlain by
unconsolidated deposits of sand, silt, clay, and mud (City of Coquille and Coos-
Curry Council of Govemments, 1978b).

City of Lakeside

The City of Lakeside is located in the northwestern corner of Coos County on
Tenmile and North Tenmile Lakes. Lakeside is approximately 15 miles north of
Coos Bay, 15 miles south of Reedsport, and 3 miles west of the Pacific Ocean.
The city was incorporated in 1974. According to the 2010 U.S. Census, the
population of Lakeside was 1,699 in 2010 (U.S. Department of Commerce, 2010).
In 1990, the population was 1,437 (U.S. Department of Commerce, 2010).

“The southwest corner of North Tenmile Lake, the west end of Tenmile Lake, and

1.2 miles of Tenmile Creek are within the city limits of Lakeside. North Tenmile
Lake and Tenmile Lake cover approximately 980 acres and 1,350 acres,
respectively (Sidor and Brown, 1967). The drainage area above the North
Tenmile Lake outlet near the North Lake Road Bridge is 29.0 square miles. North
Tenmile Lake drains into Tenmile Lake through a 0.4-mile-long canal. The
drainage area above the Tenmile Lake outlet and near the Hilltop Drive Bridge is
70.6 square miles. Tenmile Creek flows west from Tenmile Lake for 5.1 river
miles before entering the Pacific Ocean. Above the Wildwood Drive Bridge and
the confluence of Tenmile and Eel Creeks, Tenmile Creek drains an area of 97
square miles.

Several recreation areas border Lakeside: William M. Tugman State Park is to the
north, and the Oregon Dunes National Recreation Area and the Siuslaw National
Forest are to the west. Both Tenmile Lake and North Tenmile Lake are known for
their sports fishing. U.S. Highway 101 and the Port of Coos Bay Railway serve
the area, and Lakeside Municipal Airport is located in Lakeside.

The City of Lakeside covers 2.3 square miles, Development is primarily
residential with most commercial development located along North 8th and South
8th Streets. Development in the flood plain includes a tourist resort on North
Tenmile Lake, several residences along Tenmile Creek, and the city’s sewage
treatment plant.

Average annual precipitation at Lakeside is approximately 70 inches (Pacific
Northwest River Basins Commission, 1969). Approximately 80 percent of the
rainfall occurs between October and March, January is the coldest month, with an
average temperature of approximately 45°F. August is the warmest month, with
an average temperature of approximately 60°F. The predominant soil type found
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in Lakeside is composed of loamy sand, sand, and fine sand formed in wind-
deposited material. Gravelly loams and silty loams formed from weathered
sedimentary rock occur around Tenmile and North Tenmile Lakes (U.S.
Department of Agriculture, 1975).

City of Myrtle Point

The City of Myrtle Point is located in the south-central portion of Coos County.
The closest incorporated community is the City of Coquille, located 9 miles to the
north along State Highway 42. The coastal community of Coos Bay is located
approximately 27 miles to the north and is connected to Myrtle Point by a branch
line of the Southern Pacific Railroad. The city is bounded by the unincorporated
areas of Coos County. The city was incorporated in 1887. According to the U.S.
Census Bureau, the population of Myrtle Point was 2,514 in 2010 (U.S.
Department of Commerce, 2010). In 1990, the population was 2,712 (U.S.
Department of Commerce, 2010).

The South Fork Coquille River flows along the western boundary of Myrtle Point.
The City of Myrtle Point occupies an area of high ground on the east bank of the
South Fork Coquille River, between RM 37.0 and RM 38.0 (Pacific Northwest
River Basins Commission, 1968). The confluence of the South Fork Coquille
River and the North Fork Coquille River is at RM 36.4, a short distance
downstream of Myrtle Point. State Highway 42 is the major highway between the
coast, Myrtle Point, and inland areas. A bridge, roadway, and overflow bridge
have been constructed across the South Fork and its floodplain at Spruce Street
(RM 37.4) to serve access to a secondary highway to Bandon.

Total land area within the corporate limits of Myrtle Point is 1.6 square miles. The
majority of residential and commercial development in the City of Myrtle Point is
located on a plateau some 75 feet above the river valley. Scattered residential and
industrial development exists within and along the fringes of the floodplain
boundary.' Commercial development includes a wide spectrum of retail- and
service-oriented businesses centered along State Highway 42 and Spruce and
Maple Streets. Limited light industrial development exists close to the Southern
Pacific Railroad tracks along the western edge of the city.

The Coquille River valley is a productive agricultural area that also supports dairy
and beef production. With the exception of the river valley, much of the land
surrounding Myrtle Point is hilly and wooded.

Annual precipitation at Myrtle Point averages 56 inches. Rainfall is heaviest in
December and January, when a series of frontal storms frequently pass through
the area. On average, only about 4 percent of the total annual rainfall is received
in June, July, and August. The average daily temperature in Myrtle Point is 62°F.
Temperature extremes have been recorded as low as 0°F in winter and over 100°F
in summer (City of Myrtle Point and Coos-Curry Council of Governments, 1979).
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Sandstone, basalt, poorly sorted gravel, sand, silt, and clay are the predominate
rock and soil types found in the area (Beaulieu and Hughes, 1975).

City of Notth Bend

The City of North Bend is located in western Coos County. The city lies on the
northern end of a peninsula that extends north into Coos Bay estuary. North Bend
is located approximately 2 miles west of the Pacific Ocean, approximately 25
miles south of Reedsport, and approximately 19 miles north of Coquille. North
Bend is bounded by Coos Bay to the north and east, and by the City of Coos Bay
to the south and west. The City of North Bend covers 5.1 square miles. The
clevation in North Bend varies below sea level in the bay to approximately 160
feet at the western city limits. The city was incorporated in 1903, According to the
U.S. Census Bureau, the population of North Bend was 9,695 in 2010 (U.S.
Department of Commerce, 2010). In 1990, the population was 9,614 (U.S.
Department of Commerce, 2010)., The economy of North Bend is based on
shipping, retail trade, and tourism.

Pony Creek flows north through the center of North Bend to the Coos Bay
estuary, and drains the central portion of the peninsula on which the Cities of
Coos Bay and North Bend are located. The creek has a length of 5.6 miles and a
drainage area of 6.4 square miles above Virginia Avenue. As previously
mentioned, the Coos Bay-North Bend Water Board operates two dams on Pony
Creek for municipal water supplies.

The average annual rainfall at North Bend is 61.2 inches (Pacific Northwest River
Basins Commission, 1968). The mean temperature in January, the coldest month,
is approximately 46.6°F and in July, the warmest month, the mean temperature is
approximately 59.0°F. In winter, the prevailing winds are from the southwest,
while from May through August, the prevailing winds are from the northwest.
Winter winds are usually milder than those during the summer except during an
occasional winter storm.

Development in the floodplain is clustered around the Pony Creek and includes a
shopping mall on Virginia Avenue and several businesses along Broadway
Avenue. Some residential developments are also in the floodplain.

Soils in North Bend are predominantly sands and sandy loams. In areas affected
by tidal action along the bay and Pony Creek, the soils range from silty clay loams
to sandy loams (U.S. Department of Agriculture, 1975). Most of North Bend is
underlain by coarse- to fine-grained sandstone of the Coaledo formation (Beaulieu
and Hughes, 1975).

North Bend is served by U.S. Highway 101, the Union Pacific Railroad, and is the
site of the Southwest Oregon Regional Airport.
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City of Powers

The City of Powers is located in southern Coos County. The closest incorporated
community is the City of Myrtle Point, located 21 miles to the north along State
Highway 42. The coastal community of Coos Bay is located approximately 42
miles to the north. The city is bounded by the unincorporated arcas of Coos
County. The city was incorporated in 1945. According to the U.S. Census Bureau,
the population of Powers was 689 in 2010 (U.S. Department of Commerce, 2010).
Total land area within the corporate limits of Powers is approximately 416 acres.

The South Fork Coquille River flows through the center of Powers. Powers is
located 28 miles upstream of the confluence of the South and North Forks of the
Coquille River. Although the City of Powers participates in the National Flood
Insurance Program, a Flood Insurance Study had not been previously developed.

Principal Flood Problems
Riverine and Estuarine

Most flooding in Coos County occurs on the Coquille River and its tributaries.
The Coquille River at Coquille and the South Fork Coquille River at Myrtle Point
typically exceed flood stage at least once each winter. Most other rivers and
streams in the county flood less frequently. Riverine flooding usually occurs from
November through February when storms moving inland off the Pacific Ocean
cause heavy rainfall.

In the lower reaches of the Coquille River, higher than normal tides combining
with high runoff can cause extensive flooding. Storm runoff is high because of
moderately steep to steep terrain and the characteristic low soil permeability in the
upper Coquille River valley. A natural constriction in the Coquille River valley
downstream of Riverton and tidal influences control the flood elevations at the
City of Coquille. The river valley at Coquille is flooded an average of 3 months
each year (City of Coquille and Coos-Curry Council of Governments, 1978a).
Natural levees along the riverbanks result in poor drainage from overbank areas as
floodwaters recede. The worst flooding occurs when high tides combine with high
runoff and onshore winds during major winter storms.

Flood stage at Coquille is 21 feet while the flood stage at Myrtle Point is 33 feet
(National Oceanic and Atmospheric Administration [NOAA], 2010). Extreme
riverine floods have occurred in February 1890, December 1955, December 1964,
and November 1996. Major flooding occurred in the Coquille River valley in
December 1951, January 1953, November 1953, January 1971, January 1974,
December 1980, December 1981, January 1995, and December 2005.

The largest observed flood in the basin, in February 1890, crested at 23 feet at the
State Highway 428 Bridge in Coquille. In both December 1955 and December
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1964, the river crested at 21.1 feet at Coquille with an estimated discharge of
120,000 cubic feet per second (cfs) (City of Myrtle Point and Coos-Curry Council
of Governments, 1979). The estimated return period for both the 1955 and 1964
floods is 200 years. During floods of this magnitude, an estimated 300,000 acre-

“feet of water covers the Coquille River flood plain to an average depth of 15 feet.

Damages to the Coquille River basin during the December 1964 flood totaled
$3.1 million. About one-half of the damages were agricultural (USACE, 1969).
Flooding in the Coquille River basin during the February 1999 flood totaled $5
million in crop damage (Coos County Emergency Management Department,
2005).

Flood stage in the Myrtle Point area is higher than in the areas downstream
because of a natural constriction in the flood plain immediately downstream of the
confluence of the North and South Forks of the Coquille River. In December
1964, the Spruce Street Bridge staff gage at Myrtle Point, indicated that the South
Fork Coquille River crested at approximately 11 feet above flood stage (bankfull
discharge) (City of Myrtle Point, 1964) with an estimated discharge of 100,000
cfs. This flow has a return period greater than 500 years. Stream Gage No.
14325000 on the South Fork Coquille River at Powers recorded a peak flow of
48,900 cfs. This flow has a return period of about 500 years.

Flooding on the North Fork Coquille River is often affected by backwater from
the South Fork Coquille River. However, a localized storm system could cause
flooding on the North Fork with resulting water-surface elevations that are not
significantly affected by South Fork flows. During the December 1964 flood, the
North Fork Coquille River near Myrtle Point (Stream Gage No. 14327000)
peaked at 38,400 cfs. This flow has a return interval of 55 years (Beaulieu and
Hughes, 1975).

Flooding on Cunningham Creek and Calloway Creek is affected by backwater
from the Coquille River, During the December 1964 flood, flow from
Cunningham and Calloway Creeks was 1 to 1.5 feet deep over West Central-
Boulevard in the City of Coquille.

Most flooding on Ferry Creek, located within the corporate limits of Bandon,
results from high tides and storm surge in the Coquille River estuary backing up
flow in the creek. During the 1955 flood, there were 18 inches of water in the
Bandon Cheese Cooperative building on the west bank of Ferry Creek between
U.S. Highway 101 and 3rd Street E. In December 1981, the creek overflowed
near the intersection of 3rd Street E. and Grand Avenue. Water was 18 inches
deep in one building southeast of the intersection. The overflow traveled down
3rd Street E. and Fillmore Avenue to the Coquille River estuary.

In December 1964, the flow at the only stream gage in the Coos River basin, No.

14324500, on the West Fork Millicoma River near Allegany, peaked at 5,560 cfs.
This flow has a return period of only two years. The peak recorded flow at the
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Allegany gage was 8,100 cfs in November 1960. This ﬂow has a return period of
about 8 years.

Until 1980, the flood plain along Pony Creek, located in the cities of North Bend
and Coos Bay, had not been developed. As development occurs in this area, the
potential for flood damage could increase substantially. In December 1980, water
levels almost reached the Woodland Medical Village on Pony Creek east of
Broadway Avenue after a period of heavy rainfall. The peak flow recorded at
USGS Stream-Gage No. 14324580 below the lower Pony Creek dam for
December 1980 was 73 cfs. The peak flow of record at the gage was 181 cfs in
December 1981.

Flooding on North Tenmile Lake, Tenmile Lake, and Tenmile Creek in Lakeside
usually occurs from October through March, during periods of heavy rainfall.
Major floods in Lakeside typically have occurred in December or January. The
largest recorded flood on Tenmile Creek came in December 1964 during a period
of extensive flooding throughout western Oregon. The peak recorded flow at the
USGS gage, Number 14323200, Tenmile Creek near Lakeside, was 3,330 cfs.
This flow has a return frequency of approximately 36 years. The maximum
elevation of Tenmile Lake during the 1964 flood was 18.8 feet measured at a staff
gage maintained by the USGS near the outlet of Tenmile Lake. This elevation has
a return frequency of approximately 17 years. East of South 8th Street,
floodwaters almost reached North Lake Avenue. The Lakeside Division of
Bohemia Lumber Company was flooded. West of North 6th Street floodwaters
reached the second step of the Northlake Resort grocery store.

In January 1953, before the Tenmile Creek stream gage and Tenmile Lake staff
gage were installed, Tenmile Lake reached an elevation of 19.8 feet. This
clevation has a return frequency of approximately 53 years. Other major floods
have occurred in 1969, 1977, and 1982 as a result of heavy rainfall. Flooding in
December 1982 was close to what would be expected during the l-percent-
annual-chance event. :

There is limited development along the shoreline of the Coos Bay estuary except
in the incorporated areas of Coos Bay and North Bend, and in the unmcorporated
communities of Barview, Charleston, and Glasgow. Flooding in Coos Bay is most
hkely to occur from November through March, when rainfall is greatest and
major storms are most likely to occur. In the past, most severe flooding in the City
of Coos Bay has been caused by high tides in the Coos Bay estuary occurring
during periods of high rainfall and runoff. In December 1964, a high tide of 6.1
feet combined with strong southerly winds to flood Bayshore Drive and several
homes along Front Street to a depth of 6 inches. In December 1965, high water
flooded the lobby of the Fitzpatrick Building, the basement of the old City Hall,
and the intersection of South Broadway and Hall Avenue. In January 1966,
December 11967, December 1968, December 1969, and December 1972, high
tides of approximately 6 feet caused flooding along South Broadway and U.S.

VOLUME 1 Part 2 Section 3.9

_25_




-26-

Highway 101. In January 1973, several businesses along Front Street and North
Bayshore were flooded. Development in Eastside, North Bend, Barview, and
Glasglow has generally occurred in areas unaffected by flooding. Flooding in
Charleston has reached some of the lower-lying commercial areas in the past
when storm surge combined with high tides.

Coastal

The Coos County shoreline is the product of a variety of processes that have
helped shape the morphology of the beaches and shorelines over the past several
thousand years. These include the effects from great earthquakes associated with
the Cascadia subduction zone that produced giant tsunamis that inundated
significant areas of the coast as well as having lowered the coastal land elevations,
thereby initiating a new sequence of shoreline evolution. More recent effects are
due to humans, including the construction of the jetties at the mouth of the
Coquille and Coos estuaries, and indirectly through the introduction of non-native
dune grasses that have stabilized significant stretches of the coast, enhancing the
growth of dunes and dramatically changing the character of the coast.

Beach morphodynamics along the Bandon shoreline today is a function of the
response of the coast to the most recent Cascadia subduction zone earthquake
(1700), with the coast now being emergent due to tectonic uplift, and human
effects associated with the construction of the Coquille jetties. The primary
sediment sources for the Bandon beaches are fine sands that are carried down the
Coquille River and gravels (sand to pebbles) supplied by the erosion of Blacklock
Point, located to the north of Cape Blanco in northern Curry County. Sand has
also been lost from this stretch of shore due to Aeolian processes that have carried
the finer sand inland where it has accumulated and formed dunes, a loss that is
particularly significant south of Bradley Lake near Bandon where a field of dunes
has formed. Sand dunes have also accumulated at the back of the beach along the
length of the New River Spit, a ridge of foredunes that separates the ocean beach
from the channel of the river.

Erosion of Blacklock Point north of Cape Arago is actively contributing coarser
sediments to the beach system. Analyses of changes in the position of the bluff-
top using historical aerial photos indicate that the bluffs along Blacklock Point are
eroding at rates of ~0.09 m per year (KKomar et al., 2001). These coarser sediments
move along the shore in a predominantly northward direction, where they have
mixed with the finer sands contributed by the Coquille River, producing a
longshore variation in beach sediment grain-sizes along this shore. Pebbles
dominate the beach sediments along the southern portion of the New River Spit,
while the sand content decreases away from the Coquille River southward toward
the southern end of the New River Spit; this southward decrease of sand in the
beach reflects both the increasing distance away from the Coquille River, its
source, as well as the loss of the sand inland to form dunes. The general patterns
of sediment movement identified by Komar et al. (2001) does not reflect any
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prevailing net longshore sediment transport in any one particular direction, since
within the “pocket beach” littoral cells of the Oregon coast the net transport is
effectively zero (Komar, 1997). Nevertheless, sand and gravel derived from the
mixing of these two sediment sources has enabled the New River Spit to prograde
as the mouth of the river has slowly migrated to the north in recent decades, and
with the elevations of the foredunes having increased with time, aided by the
introduction of European dune grass. Over approximately 1.5 km near the tip of
the Spit nearest the present day position of the river’s mouth, the beach is
characterized by intermittent clumps of low dunes, separated by zones where
winter storm waves actively wash over the Spit. With increasing distance
southward, the dunes become progressively higher and more effective at
preventing overwash during storms.

In the north along the Bandon bluffs, the beach and shoreline is considered to be
stable and appears geomorphically to be unchanged from photographs taken in the
early 1900s. The bluffs are covered by dense vegetation, mainly impenetrable
brush, such as salal and gorse, and have not been subject to wave-induced toe
erosion during the 140 years of settlement of Bandon (Komar et al., 1991).

The Bandon jetties were constructed in the late 1800s at the mouth of the Coquille
River, and this locally resulted in significant changes in the shorelines.
Construction of the jetties was initiated in December 1883 and the response of the
shoreline is documented in Figure 1, derived from periodic surveys undertaken by
USACE (Komar et al., 1976). As can be seen in Figure 1, the shoreline response
in 1884 indicates rapid accretion that took place south of the jetty. This occurred
as a sand spit that grew northward where it became attached to the south jetty.
East of the spit, the northward advance of the spit effectively trapped a low area
within the accreted land, forming a lagoon shown in the 1891 survey that still
exists today (Figure 1). Aside from the build-up of sand south of the south
Coquille jeity, sand also began to aggrade in the north adjacent to the north jetty.
Based on this evidence and from similar studies undertaken elsewhere on the
coast, this type of response demonstrates the existence of a seasonally reversing
longshore sediment transport, northward during the winter and to the south in the
summer, but with the long-term net transport being effectively zero (Komar et al.,
1976).

The shoreline adjacent to the Coquille jetties have been broadly stable for some
decades, although the dunes and low lying land characteristic of this area remain
susceptible to both dune erosion and flooding from extreme ocean waves coupled
with high tides (Figures 2 and 3). Figure 4 is an historical 1939 aerial photo of the
‘triangle’ adjacent to the jetties. Included in the figure is a dashed line that
demarcates blowouts in the foredune that is likely to have been caused by a recent
major storm(s), possible an event in January 1939 (Figure 4). Evidence for the
blowouts includes significant amounts of logs and flotsam that have been carried
well inland from the coast. The January 1939 storm resulted in extensive erosion
elsewhere on the Oregon coast and is thought to be one of the most significant
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events to affect the coast in historical times (Dr. Paul Komar, Emeritus Professor,
Oregon State University, December 2009). According to Dr. Komar, the 1939
aerial photographs were flown by USACE to document the effects of the storm,
and is the first coastwide suite of aerial photographs of the Oregon coast. A
comparison of the shoreline mapped in 1939 with the 2009 shoreline indicates
little difference in the general position, reaffirming the fact that there has been
little net change in the position of the shoreline over the past 70 years.
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Figure 1 - USACE Coquille River Survey Lines at Bandon
Survey line drawings prepared by USACE prior to and during
construction of the Coquille jetties adjacent to Bandon (Komar et al., 1991).
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Figure 2 - December 22, 2000 Coastal Flooding Debris at Bandon

High wave runup and overtopping during a major storm (December 22, 2000)
near the south Coquille jetty at Bandon carried logs onto the main parking lot,
adjacent to a public resiroom (Photo courtesy of Dr. J. Marra, pers. comm.,
May 2010). ' |

|
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Figure 3 - December 22, 2000 Wave Runup at Bandon
Wave overtopping during a major storm (22 December, 2000) surrounds
the restroom and covers the parking lot adjacent to the south Coquille jetty at
Bandon (Photos courtesy of Dr. J. Marra, pers. comm., May 2010).

VOLUME 1 Part 2 Section 3.9




& - x
i L o

Figure 4 - 1939 Aerial Photo of Wave Blowouts at Bandon
1939 aerial photograph of the Bandon ‘triangle’ adjacent to the Coquille jeities
showing evidence of blowouts in the developing foredune that likely
occurred during a major storm in January 1939.

As part of the revised FIS undertaken in Bandon, CH2MHILL (1996) compiled a
history of past flood events. These are summarized in Table 5, while Figures 2
and 3 highlight the effects of several recent storms along the Bandon ‘triangle’.
For example, one local resident described one storm between 1945 and 1977,

which generated ocean flooding near the Bandon triangle that reached an
estimated 5.6 m (NAVD88) elevation at the shore,
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Table 5. History of Coastal Flooding Events at South Jetty Area of Bandon,

Date

2/9/60
11/20/60
10/12/62

1/18/64
12/1/67
1212167
1/17/73

11/9/75

10128777

12/13177
217118
11/22/79

11/13/81
11/14/81
1/28/83
1/29/83
(dates
approx.)
11/22/88

1/29/90

Oregon (CH2MHILL, 1998)

Comments

Beach erosion at foot of South Jetty with drift
logs 1-2 ft. dia. and stumps (est. from photos)
washed est. 200’ into parking lot.

62 mph southwest winds at Bandon with high
tides and surf. No reported flooding, but flood
damage at Newport and Tillamook.

Columbus Day wind storm “hurricane-like”
winds caused much wind damage but no
reported flooding.

Stormy SW wind. Seafoam 2-3 ft. deep drified
into parking lot at S. Jetty.

Very high tides and “ferocious” winds wash
logs into S. Jetty parking lot and jetty access
road, 101 f tide (no datum reported)
associated with flooding.

S. Jetty Road and top of S, Jetty littered with
stumps 2-3 ft. dia. and 1 . (est.) logs. Sand
deposited on S. Jetty Road.

Worst windstorm since 10/12/62. 145 mph
gusts at C. Blanco. 100 mph W-NW gusts
Bandon airport. No flooding mentioned.
Highest waves in years. “Water surged 9.5
feet (2) instead of normal 1 foot in Bandon
Harbor.” Drift logs 1-2 ft. dia. washed into S.
Jetty parking lot approximately 200 feet,

Foam and sheets of water surge over foot of S.
Jetty.

3 f. dia, drift logs and sand on S. Jetty Road
fromn high tide and breaking waves

2-3 ft. diameter stumps and sand washed onto
S. Jetty Road. High waves reported.

Est. 100 mph gusts at Bandon. Much wind
damage. No reported flooding.

Waves wash across S. Jetty Road opposite
Bandon lighthouse into freshwater pond. Coos
County in process of placing rock along road
shoulder to prevent further damage.

High tides and waves scattered foam over S.
Jetty parking lot.

62-98 mph wind gusts. Driftwood tossed into
S. Jetty parking lot. “[Significant] waves
measured at 26 feet “ at wave buoy 5 miles off
Bandon’s Bar.

5.45

NHT

6.05

4.63

6.25
NHT

591

6.90

524

NHT
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Table 5. History of Coastal Flooding Events at South Jetty Area of Bandon,
Oregon (CH2MHILL, 1998) (continued)
; {Note 2)
Estimated
(Note 1) Return-
Observed  Period of

Tide Level Tide
(ft. Level
Date Comments NGVD) (yrs)
1/30/92 -  “Huge piles” of driftwood washed up on beach NHT .
1131192 atthe S. Jetty.
12/10/92 -  “Heavy surge” cuts through the bank behind
12/11/92 Bandon Boatworks Restaurant with new
channel cut to Redman Pond. Small driftwood 528 12
logs (4" dia) deposited next to 2 houses
immediately south of parking lot.
12/9/93 - Ocean waves and river erode backshore N/A
12/10/93 shoreline vicinity of Redman Pond \ -
Notes:

1. Tide elevations based on observed tides at Crescent City, which is the primary reference
station for tides at Bandon. Elevations shown are for recorded  monthly maximums. NHT =
not highest monthly tide observed at Crescent City. MD = Missing data for month. N/A =
Not available as of late 1994 from NOAA.

Beach morphodynamics along Bastendorff Beach are similar to those observed
along the Bandon shore. Prior to construction of the Coos Bay jetties, the entrance
to Coos Bay reflected a rocky stretch of coast along its south bank, while an
extensive barrier spit was located to the north that protected the Coos Bay estuary
from the direct effects of ocean waves. Jetty construction was initiated first on the
north spit and by the beginning of the 20th century the shoreline had prograded
seaward by about 1 km (~3000 ft), while the shoreline had straightened
significantly as sand piled up against the north jetty. With the construction of the
south jetty early in the 20th century, a similar response was observed in the south
(Figure 5). Sand accreted against the jetty and against the rocky shore and the
shoreline began to prograde seaward. As can be seen in Figure 5, the shoreline
rapidly prograded seaward up until the 1960s. Since 1967, however, the shoreline
has essentially remained much the same as it is today suggesting that the beach
has reached a quasi-equilibrium state with the sediment transport processes. With
the shoreline progradation having all but ceased by 1967, the back shore portion
of the beach rapidly became stabilized due to the introduction of non-native beach

grasses, particularly European Beach grass, and from growth of shore pines |

immediately landward of the primary dune (Figures 6 and 7). This type of
response is characteristic of the entire length of Bastendorff Beach. Further south
at Lighthouse Beach, the shoreline in the 1920’s is essentially unchanged from its
position in 1967 and again in 2008. This indicates that the effects of jetty
construction did not extend south of Bastendorff Beach and furthermore that the
shoreline has been broadly stable over the past 80-90 years.
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Figure 5 - Historical Shorelines at Bastendorff Beach Overlaid on 1939 Aerial Photo

Historical shoreline changes at Bastendorff Beach adjacent to the Coos Bay jetties. The
photo is of the beach in 1939.
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Figure 6 - Historical Shorelines of Bastendorff Beach Overlaid on 1967 Aerial Photo
Historical shoreline changes at Bastendorff Beach adjacent to the Coos Bay jetties. The
photo is of the beach in 1967 and shows the degree to which the backshore has become
stabilized due to introduction of European beach grass and from growth of shore pines.
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Figure 7 - April 9, 2010 Photo of Bastendorff Beach Foredune
Photo of Bastendorff Beach on April 9th 2010 showing the well vegetated foredune
and backshore. Photo taken by Jonathan Allan, DOGAMI

Flood Protection Measures

Several structural measures providing flood protection have been taken in-Coos
County. The USACE stabilized the Coos Bay and Coquille River entrances by
building jettiés on either side of the entrance channels. The Coos Bay jetties were
completed in 1929. The Coquille River jetties were completed in 1908. The
USACE has also maintained navigation channels in Coos Bay, in the Coquille
River estuary, and on the Coos and Millicoma Rivers. The Coos Bay navigation
channel is maintained at 45 feet across the outer bar, at 35 feet from Coos Head to
the junction of Coalbank and Isthmus Sloughs, and at 22 feet on Isthmus Slough
between Coalbank Slough and the community of Millington. The Coquille River
navigation channel is maintained at 13 feet between RM 0 and RM 1.3. The Coos
River and Millicoma River navigation channels are maintained at 5 feet to RM 8.3
on the Millicoma and 8.8 on the South Fork Coos River. From RM 8.8 to RM 9.2,
the South Fork Coos River navigation channel is maintained at 3 feet. All depths
in the navigation channels are measured below mean lower low water.

Low-lying areas of Palouse and Larson Creeks, Kentuck Slough, and Willanch
Slough have been diked with tide gates at their outlets. The tide gates prevent
inundation of the low-lying areas by high tides in the bay. Most of these dikes and
tide gates have been built by local drainage districts. Some areas along the South
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Slough, Isthmus Slough, Coalbank Slough, Catching Slough, and the Coos River
have also been diked. Most of these dikes are not high enough to completely
prevent flooding. In the Coos Bay estuary, 2,000 acres of tidelands have been
diked for agricultural use (Beaulieu and Hughes, 1975).

Since 1920, 1,500 acres of tidelands have been filled (Beaulieu and Hughes,
1975). Many of these fills are not high enough to completely prevent flooding.
Major fills have occurred at the mouth of Pony Slough, at the mouths of Coalbank
and Isthmus Sloughs, in the area north of the developed part of eastern Coos Bay
(formally known as Eastside), and at Graveyard Point along the Coos River. The
first three fill areas will be flooded to some extent during a 1-percent-annual-
chance event.

Since the downtown area has flooded so frequently in the past, the City of Coos
Bay has taken several structural measures to reduce flood damage. A dike was
built along Isthmus Slough from Commercial Avenue to Coalbank Slough to
protect the downtown area during high tides. The dike is frequently checked for
damage and settling. The dike provides limited protection because the lowest dike
elevation is 7.6 feet NGVD (11.2 feet NAVD) and in places the dike would be
overtopped during a 10-, 2-, or 1-percent-annual-chance tide in the bay. During a
0.2-percent-annual-chance tide, the entire length of dike would be overtopped.

To minimize ponding behind the dike when high local runoff occurs during a high
tide, the City of Coos Bay has built two pumping stations. One pumping station is
located near the intersection of Front Street and Johnson Street and protects most
of the area bounded by Golden Avenue to the north, 4th Street to the west, Kruse
Avenue to the south, and the dike to the east. The other pumping station is located
at the intersection of Commercial Avenue and 3rd Street and protects most of the
area bounded by Commercial Avenue on the north, 4% Street to the west, Curtis
Avenue to the south, and North Broadway to the east. These pumps can only
provide complete protection when there is little or no overtopping of the dike.

Several storm sewer systems in the City of Coos Bay, including the Mill Slough
Box that drains Blossom Creek, have tide gates at their outlets to prevent high
tides from backing up into the systems. During periods of high tide combined
with high runoff, ponding will occur behind the tide gates.

Some flood protection is provided on Pony Creek because flow downstream of
Ocean Boulevard is regulated by two reservoirs operated by the Coos Bay-North
Bend Water Board for municipal water supplies. The reservoirs are not operated
for flood control, but some flood control is provided because runoff is stored
during the rainy season for use during the dry season. Typically, the upper
reservoir reaches its lowest level in late fall and refills during the rainy season.
Once the water level reaches an elevation of 82 feet (85.6 feet NAVD88), the pool
level will be maintained until mid-March, and no more runoff will be stored.
During the winter, the lower reservoir is operated with frec flow over the spillway
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because of dam safety considerations. Unless the reservoir has been drawn down
below the spillway lip during the dry season, no storage volume will be available
to store runoff.

The South Fork Coquille River stream gage at Powers, the staff gage at Coquille,
and the staff gage at Myrtle Point are three of 15 key stations in Subregion 10 of
the Flood Forecasting System operated by the National Weather Service (Pacific
Northwest River Basins Commission, 1971). Subregion 10 covers coastal systems
in Oregon and part of Washington. Flood warnings are issued when forecasts
indicate that near bankfull stages are expected. When flood stage is reached,
bulletins are issued at 12-hour intervals until the streams recede and the danger
has passed.

In the City of Bandon, several property owners along the Pacific Ocean have
placed berms and riprap around their homes to protect them from wave action.

The Portland Weather Forecast Office issues storm tide warnings indicating
expected tidal flooding along low-lying coastal areas. Warnings include expected
tidal stages above mean lower low water or departure from normal high tide,
degree of flooding, possible wave or surf battering, and significant beach erosion.

The U.S. Coast and Geodetic Survey prepared warnings and advisories of
tsunamis. Local officials have the responsibility for advising the local population.

The Cities of Bandon, Coos Bay, Coquille, Lakeside, Myrtle Point, North Bend,
Powers, and Coos County participate in the National Flood Insurance Program
and each have a floodplain ordinance approved by FEMA for controlling
development in flood hazard areas.

Levees exist in the study area that provide the county with some degree of
protection against flooding. However, it has been ascertained that some of these
levees may not protect the community from rare events such as the 1-percent-
annual-chance flood. The criteria used to evaluate protection against the 1-
percent-annual-chance flood are 1) adequate design, including freeboard, 2)
structural stability, and 3) proper operation and maintenance. Levees that do not
protect against the l-pecent-annual-chance flood are not considered in the
hydraulic analysis of the 1-percent-annual-chance floodplain.
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3.0

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 that 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
that equals or exceeds the 1l-percent-annual-chance (100-year) flood in any 50-year
period is approximately 40 percent (4 in 10); for any 90-year period, the risk increases to
approximately 60 percent (6 in 10). The analyses reported herein reflect flooding
potentials based on conditions existing in 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.

Hydrology for Detailed Riverine Studies

Regionalized flood prediction equations were developed for the 10-, 2-, 1-, and
0.2-percent-annual-chance floods based on statistical analysis of the data recorded
at USGS stream gages listed in Table 6. The statistical analyses of these gages
followed the standard log-Pearson Type I method as outlined by the U.S. Water
Resources Council (1977).

Table 6. USGS Stream Gages Used for Statistical Analysis

Years of

Gage Number Location Record?
14299000 South Fork Necanicum River near Seaside 16
14301500 Wilson River near Tillamook 46
14302500" Trask River near Tillamook 37
14303600 Nestucca River near Beaver 11
14305500 Siletz River at Siletz 60
14306100 North Fork Alsea River at Alsea 18
14306400 Five Rivers near Fisher 14
14306500 Alsea River near Tidewater 37
14324500 West Fork Millicoma River near Allegany 25

VOLUME 1 Part 2 Section 3.9

-39-—




-40-

Table 6. USGS Stream Gages Used for Statistical Analysis (continued)

. Years of
Gage Number Location Record?
143246001 South Fork Coquille River above Panther 14
Creek, near Illahe
14324700’ South Fork Coquille River near Illahe 18
14324900’ South Fork Coquille River near Powers 14
14325000 ~  South Fork Coquille River at Powers 60
14326500" Middle Fork Coquille River near Myrtle 17
Point
14326800' North Fork Coquille River near Fairview 16
14327000" North Fork Coquille River near Myrtle 22
Point

! Discontinued gages
2 As of 1982

Flow records for 23 other gages were initially considered but were not used in this
study for several reasons. These reasons included significant regulation by lakes,
stream flow records from abnormally dry periods, and gauging of watersheds less
than 10 square miles where local hydrologic conditions are not representative of
regional conditions.

Flood flows for the Coquille River, South Fork Coquille River, Millicoma River,
East Fork Millicoma River, and West Fork Millicoma River were calculated using
the regional flow equation:

Q-KA"

“Q” and “A” are the discharge in cubic feet per second (cfs) and drainage area in
square miles at the study site, respectively. The constant “K” and the exponent
“n” were determined for each flood using logarithmic plots of drainage area
versus frequency-discharge relationship of the stream gages given in Table 4. The
values determined for “K” and “n” are 550 and 0.71 for the 10-percent-annual-
chance flood, 661 and 0.73 for the 2-percent-annual-chance flood, 708 and 0.74
for the l-percent-annual-chance flood, and 830 and 0.74 for the 0.2-percent-
annual-chance flood. These equations are only valid when the drainage area at the
site is greater than 10 square miles.

Drainage areas at points in the study area were measured on USGS topographic

maps or taken from the River Mile Index for Coastal Tributaries (Pacific
Northwest River Basins Commission, 1975).

VOLUME 1 Part 2 Section 3.9




Flood flows on Calloway, Cunningham and Ferry Crecks were determined using
the USGS regional method presented in Magnitude and Frequency of Floods in
Western Oregon (Harris et al., 1979). Ferry Creek has been gaged near the fish
hatchery by the Oregon Department of Water Resources since 1977 (No.
14327120) (Oregon Department of Water Resources, 1978). This gage has a
drainage area of 4.2 square miles. At the time of the original study (1983), the
gage record was too short to produce accurate estimates of low-frequency flood
flows. Flows from a log-Pearson Type III frequency analysis done by the USGS
(1980) on Gieger Creek flows, when transferred to the mouth of Ferry Creek were
only slightly lower than those determined using regional equations.

The USGS operated the Tenmile Creck gage, Number 14323200 from August
1957 to September 1976. Because of a shifting rating curve and regulation by the
two lakes, the USGS discontinued operation of the gage.

Storage volume analyses were carried out to determine the 10-, 2-, 1-, and 0.2-
percent-annual-chance outflows from Tenmile Lake and the resulting elevation of
Tenmile and North Tenmile Lakes.

The 10-, 2-, 1-, and 0.2-percent-annual-chance, 24-hour precipitation values
(Miller et al., 1973) were used to generate inflow hydrographs to the lakes. Most
major storms in this area have durations longer than 24 hours. The 24-hour
precipitation amounts were used because the analyses showed peak outflow from
Tenmile Lake was not very sensitive to duration and because precipitation records
for longer durations were not available. Hourly precipitation amounts during a 24-
hour storm were calculated using the U.S. Soil Conservation Service Type 1A
precipitation distribution (U.S. Department of Agriculture, 1970). Precipitation
excess was calculated assuming near-saturation conditions with a constant
infiltration rate of 0.02 of an inch per hour. Snyder’s unit hydrograph method was
used to generate inflow hydrographs from precipitation excess.

Base flow at the Tenmile Lake outlet was set equal to 680 cfs. The respective base
flows for North Tenmile and Tenmile Lake inflow hydrographs were estimated
using ratios of the tributary drainage areas to the total drainage area.

The infiltration rate, base flow, and lag times were assumed to be equal for the
10-, 2-, 1-, and 0.2-percent-annual-chance events. The infiltration rate, base flow,
and lag times were determined by calibrating a hydrograph, generated from
precipitation at Reedsport and Allegany recorded during the December 1964 flood
(USACE, 1966; U.S. Department of Commerce, 1965), to the recorded flood
hydrograph at the Tenmile Creek gage (City of Myrtle Point, 1964). The 24-hour
precipitation was taken as the only variable for the 10-, 2-, 1-, and 0.2-percent-
annual-chance events.

The USACE HEC-1 flood hydrograph computer program (USACE, 1973) was
used to generate the inflow hydrographs from precipitation and to route the
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hydrographs through the lakes. Routing through the lakes required storage-
capacity curves that were developed from USGS topographic maps (Harris et al.,
1979). The outflow rating curve for Tenmile Lake was developed from a
backwater analysis on Tenmile Creek. The outflow rating curve for North
Tenmile Lake was approximated by a normal depth calculation for a canal cross
section at the North Lake Avenue Bridge.

The peak lake elevation for Tenmile Lake was determined from its outflow rating
curve using the peak 10-, 2-, 1-, and 0.2-percent-annual-chance outflows. A
backwater analysis on the short canal between the two lakes showed that North
Tenmile Lake would peak at the same elevation as Tenmile Lake regardless of the
flow through the canal connecting the lakes. These analyses refiect stillwater
levels (SWLs) only. A summary of the elevation-frequency relationship for the
two lakes is shown in Table 8, “Summary of Elevations”.

Flows in Pony Creek downstream of Ocean Boulevard are regulated by two Coos
Bay — North Bend Water Board water-supply reservoirs. For this reason, the
USACE HEC-1 computer program was used to generate inflow hydrographs
through the reservoirs downstream to the former location of the tide gates at
Crowell Lane.

Inflow hydrographs were generated from the 10-, 2-, 1-, and 0.2-percent-annual-
chance, 24-hour precipitation (Miller et al., 1973) for each drainage subarea along
Pony Creek. The precipitation was distributed over a 24-hour period using the
U.S. Soil Conservation Service’s Type 1A precipitation distribution (U.S.
Department of Agriculture, 1970). Excess precipitation was calculated using an
infiltration rate of 0.43 inches per hour estimated from local soil data (U.S.
Department of Agriculture, 1975).

Peak flows from the upper reservoir inflow hydrographs were compared to peak
flows transferred from the USGS Geiger Creek Gage No. 14327100 near Bandon

using the relationship
Q=Qg( AJA g)0.92
Where:

Q is the flow in cubic feet per second at the study site.
A is the drainage area in square miles at the study site.
Qg is the flow in cubic feet per second at the gage.
A, is the drainage area in square miles at the gage.

The USGS performed a log-Pearson Type III frequency analysis on the Geiger
Creek flows following the U.S. Water Resources Council Guidelines (1977). The
hydrograph lag time was adjusted until the two frequency-discharge relationships
were in close agreement.
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The upper reservoir inflow hydrographs were then routed through the upper
reservoir assuming the water level was initially at 82 feet (85.6 feet NAVDSS).
The upper reservoir outflow rating curve was developed from spillway geometry
with stop logs placed to elevation 82 feet (85.6 feet NAVD88). The storage-
capacity curve was taken from a CH2M HILL Pony Creek Water Supply report
(1978). The outflow hydrographs were combined with local inflow between the
two reservoirs and routed through the lower reservoir assuming the water level
was initially at the spillway lip elevation of 28.4 feet (32 feet NAVD88). The
lower reservoir outflow rating curve was developed from the spillway geometry
with no stop logs in place. The storage capacity curve was taken from the Pony
Creek Water Supply report (CH2M HILL, 1978).

Downstream of the lower reservoir, local inflow hydrographs were generated
from precipitation. Urbanization was accounted for in each drainage subarea. The
percent of impervious area and the extent of storm sewers in each subarea were
used to determine hydrograph coefficients for the Denver Urban Storm Drainage
Criteria Manual (Wright-McLaughlin Engineers, 1969). The extent of storm
sewered areas was determined using a storm sewer study for the City of North
Bend (Pacific Northwest River Basins Commission, 1968) and a storm sewer
master plan for the City of Coos Bay (Erichsen et al., 1975). The percent of
impervious area was estimated using aerial photographs at a scale of 1:12,000
(CH2M HILL, 1980). Local inflow hydrographs were combined with the lower
reservoir outflow hydrographs and routed to Crowell Lane using storage-outflow
relationships developed from preliminary step-backwater calculations. Drainage
areas for Pony Creek were measured on USGS 7.5-Minute topographic maps
(USGS, various years).

Hvdrology for Approximate Riverine Studies (Revised

Stream flow data for revised approximate studies of riverine flooding in Coos
County were provided by the USGS web tool StreamStats for Oregon (Cooper,
2005). Discharges were acquired for the 1-percent-annual-chance peak flow at
each stream confluence and downstream terminus (i.e. the Coquille River’s
confluence with the Pacific Ocean).

There were several exceptions where StreamStats for Oregon was not used to
acquire stream flow data. Due to the unsuitability of using StreamStats for
reaches downstream of large water bodies, stream flow data for the approximate
study sections of Tenmile Creek was acquired from the hydrologic model
prepared by CH2M HILL for the detailed study of Tenmile Creek. Coastal lakes
in the Oregon Dunes National Recreation Area (Lyons Reservoir, Snag Lake,
Sandpoint Lake, Spirit Lake, Horsfall Lake) are not hydrologically connected to
any riverine flooding source and were therefore re-delineated to a representative
1-percent-annual-chance flooding elevation based on the previous mapping. The
Empire Lake reservoirs and Tarheel Lake reservoir were mapped to a 1-percent-
annual-chance flooding elevation equal to the elevation of dam-overtopping.

VOLUME 1 Part 2 Section 3.9

-43-




-44-

Hydrology for Detailed Estuarine Studies

The methodology developed by CH2M HILL for study of Pacific Northwest
storms was used to study the coastal flooding influence on estuaries in Coos
County. This method involves statistical analysis of the various components of
ocean flooding caused by storms and a combined probability analysis to
determine the effect of these components on flood levels. It is applicable to
detailed study areas in the cities of Bandon, Coos Bay, North Bend, and Lakeside
where static base flood elevations have been determined for Coquille River, Ferry
Creek, Coos Bay, South Slough, Pony Slough, North Slough, Haynes Inlet,
Coalbank Slough, Blossom Creek, Isthmus Slough, Catching Slough, Coos River,
North Tenmile Lake, and Tenmile Lake.

High astronomical tides are a major component of ocean flooding. Predicted
astronomical tides were calculated on an hourly basis for the study areas based on
the National Oceanic and Atmospheric Administration (NOAA) Tide Tables
(1980). The hourly predicted tides were used to compute the astronomical tide
height histogram (Brocherdt and Borgman, 1970).

Storm surge, or the rise in water from wind stress and low atmospheric pressure,
is also a common component of flooding. Significant storm surge-producing
events were selected from 3-hour surface weather maps for the period 1942 to
1980. The storm surge heights were computed for these events and grouped into
three winds direction classes. Storm-surge frequency distributions were computed
from a population of the highest storm surges for each class.

Waves are another component of ocean flooding. A wave forecasting computer
program was used to compute wind-generated wave height (Oregon State
University, 1976). The program uses wind speed, direction, and fetch data from
the surface weather maps to compute significant wave height and period at 6-hour
intervals. Frequency curves were plotted for the three wind direction classes of
both sea waves and swell wave heights.

The peak SWL at the entrance to Coos Bay and inflow to the bay from major
streams are the main causes of flooding in the Coos Bay estuary. A series of
normal winter tide cycles with the 10-, 2, 1-, and 0.2-percent-annual-chance peak
SWLs superimposed on one cycle were used in the detailed estuary analysis.
Subsequently, these tide cycles will be referred to as the 10-, 2-, 1-, and 0.2-
percent-annual-chance tide cycles.

SWL is a function of two components. The first component, astronomical tide, is
caused by the gravitational forces exerted on the earth by the sun and the moon.
The second component, storm surge, is the rise in water level due to wind stress
and low atmospheric pressure.
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A peak SWL-frequency curve was developed for the Coos Bay entrance using 47
years of observed tide data from an open-coast tide gage at Crescent City,
California, and 12 years of observed tide data from a tide gage located in Coos
Bay at Charleston. The Crescent City gage is located 100 statute miles south of
the Charleston gage but both gages were found to respond similarly to major
storms monitored at both gages. A frequency curve developed for the Crescent
City gage was transferred to the Coos Bay entrance by adjusting for datum and
location differences and compared with an elevation-frequency curve developed
for the Charleston gage. The Charleston curve was then adjusted slightly to show
the effects of a longer period of record the Crescent City frequency curve. SWLs
at the Coos Bay entrance were then taken from the revised Charleston frequency
curve.

The peak SWLs were superimposed on one cycle of a series of normal winter tide
cycles predicted using the West Coast of North and South America Tide Tables
(1980). It was assumed that the surge component would cause an increase in
water level above the normal predicated tide level for a period of 12 hours, and
that the largest increase in water level would occur half-way through that period.

Peak inflows to the Coos Bay estuary from the South Slough, North Slough,
Palouse and Larson Creeks, Isthmus Slough, Catching Slough, and the Coos River
were determined using the regional flow equation given previously. Triangular
hydrographs were then developed using the peak inflows and assumed times to
peak. A time of 20 hours was used for the Coos River basin. A time of 4 hours
was used for the South Slough, Isthmus Slough, Catching Slough, Larson and
Palouse Creeks, and the North Slough. The peak inflows are summarized in Table
6.

Estuary elevation-frequency curves were developed assuming a combination of
riverine and tidal influences. Inflow hydrographs for the major streams entering
Coos Bay were developed for the detailed estuary analysis. The peak hydrograph
flows were calculated using regional flood prediction equations. These equations
were developed for the 10-, 2-, 1-, and 0.2-percent-annual-chance flows based on
statistical analysis of the data recorded at the USGS stream gages listed in Table
6. The statistical analyses at these gages followed the standard log-Pearson Type
11l method outlined by the U.S. Water Resources Council (1977).

Drainage areas for each stream used in the estuary analysis were measured on a
South Coast Drainage Basin Map (Oregon State Water Resources Board, 1971) or
taken from the River Mile Index for Coastal Tributaries (Pacific Northwest River
Basins Commission, 1968).

Hydrology for Detailed Coastal Studies (Revised)

Measurements of tides on the Oregon coast are available from various tide gages
operated by the National Ocean Service (NOS). Hourly tidal records are available
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from the following long-term (30+ years) coastal sites: the Columbia River
(Astoria, #9439040), South Beach (Newport, #9435380), Port Orford (#9431647),
and at Charleston (#9432780) located midway along the Coos County shoreline.
Long-term tidal records are also available from the Crescent City tide gage
(#9419750), located in northern Califoria, and have been used in previous FIS
carried out in Coos County (e.g. CHZMHILL, 1995). For the purposes of this
study, we have based our SWL and wave runup calculations on the Charleston
tide gage due to its central proximity along the Coos County coast and
importantly because of its relatively long record (38 years). All hourly tide data
were purchased from the NOS and were processed using various scripts
developed in Matlab. In addition to the measured tides, hourly tide predictions
were calculated for all years using the NOS tide prediction program, NTP4,

Tides along the Oregon coast are classified as moderate, with a maximum range
of up to 14 ft and an average range of about 6 ft (Komar, 1997). There are two
highs and two lows each day, with successive highs (or lows) usually having
markedly different levels (Figure 8). Tidal elevations are given in reference to the
mean of the lower low water levels (MLLW), and can be easily adjusted to the
NAVDS8 vertical datum. As a result, most tidal elevations are positive numbers
with only the most extreme lower lows having negative values. Figure 8 shows
the tidal elevation statistics derived from the Charleston tide gage (#9432780),
with a mean range of 5.69 ft and a diurnal range of 7.62 ft. The highest tide
measured at Charleston reached 11.18 ft, recorded in January 1983 during the
peak of the strong 1982-83 El Nifio.

The actual level of the measured tide can be considerably higher than the
predicted level provided in standard Tide Tables, and is a function of a variety of
atmospheric and oceanographic forces, which ultimately combine to raise the
mean elevation of the sea. These latter processes also vary over a wide range of
timescales, and may have quite different effects on the coastal environment. For
example, strong onshore winds coupled with the extreme low atmospheric
pressures associated with a major storm can cause the water surface to be locally
raised along the shore as a storm surge, and have been found in tide-gage
measurements to be as much as 4.9 ft along the Pacific Northwest coast (Allan
and Komar, 2002). However, during the summer months these processes can be
essentially ignored due to the absence of major storms systems.

On the Oregon coast, tides tend to be enhanced during the winter months due to
warmer water temperatures and the presence of northward flowing ocean currents
that raise water levels along the shore, persisting throughout the winter rather than
lasting for only a couple of days as is the case for a storm surge. This effect can
be seen in the monthly averaged water levels derived from the Charleston tide
gage, but where the averaging process has removed the water-level variations of
the tides, yielding a mean water level for the entire month. Based on 38 years of
data, the results show that on average monthly-mean water levels during the
winter are nearly 0.7 ft higher than in the summer. Water levels are most extreme
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during El Nifio events, due to an intensification of the processes, largely enhanced
ocean sea surface temperatures offshore from the Oregon coast. This occurred
particularly during the unusually strong 1982-83 and 1997-98 El Nifios. Water
levels during those climate events were approximately 0.8 ft higher than the
seasonal peak, and as much as 1.6 ft higher than during the preceding summer,
enabling wave swash processes to reach much higher elevations on the beach
during the winter months, with storm surges potentially raising the water levels
still further.

TIDAL ELEVATIONS m ft Tide Elevations, MLLW
CHARLESTON, OREGON ]
(laformation from the National 3.5 |- 12
Ocean Service) d — 3.408 Highest measured tide
: 3.0 -4 10 (01/26/1983)
A Typical Day’s Tide )
-—hllghelr .h.:,!n. h lhart'dgh 2548 — 2.323 Mean higher high water
1 tide fide -2 - — 2,120 Mean high water
\ 7 20
1 \ over high y A 6 .
N[ tde 7 v 1.5}
\ / AN / A 44 — 1.253 Meantide level
\ Y1 7 1.0 [~
\ L/ 492
\ ] Higher low 0.5 (1< _ 0.387 Mean low water
/ — 0.152 NAVDS8
\ 00 Mean lower low water
/
\ / owar low "'0.5 o 2
tide |
1.0 |-~ — -0.939 Lowest measured tide
p———— 24 hours ———— 4.4 (06/01/1973)

Figure 8 - Daily Tidal Elevations Measured at Charleston
Duily tidal elevations measured at Charleston on the southern Oregon coast.
Data from the National Ocean Service.

Figure 9 presents results of the generalized extreme value analyses for the
Charleston tide gage. In constructing this plot, a threshold of 9.2 ft was used. The
calculated SWLs in Figure 9 project to the 1-percent-annual-chance event. As can
be seen in Figure 9, the l-percent-annual-chance SWL calculated for the
Charleston gage is 11.2 £, relative to MLLW. When adjusted to the NAVDS8
vertical datum, this value becomes 10.7 ft; note the adjustment from NAVD3S to
MLLW is 0.5 ft. The 0.2-percent-annual-chance SWL is estimated to be 10.9 ft
NAVDS8. As observed previously, the highest tide measured at the Charleston
gage reached 10.7 ft NAVDS8. Of interest, the SWL identified in the original
flood mapping calculations at Bandon, based on the Crescent City tide gage (and
compared with the Charleston tide gage) indicated a SWL of 10.6 fi, close to the
current estimate.
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Figure 9 - Extreme-Value Analyses of SWL at Charleston Tide Gauge
Extreme-value analyses of the stillwater level (SWL) determined for the

Charleston tide gage.

Flood elevations are summarized in Table 8, “Summary of Elevations”. Peak
discharge-drainage area relationships for each stream studied in detail are shown
in Table 7, “Summary of Discharges”.

Flooding Source and Location

Blossom Creek
Atintet to Mill Creek
Slough Box
Calloway Creek
Above Gentral Boulevard
Catching Slough
At east side of Coos Bay
corporate limits
Coos River
At mouth
Coquiile River
Confiuence with Pacific
Ocean
At Riverton
At Coquille
At Arago
Confluence of North and
South Forks

Cunningham Creek

At mouth

Above Central Boulevard
East Fork Millicoma River

At confluence with West Fork
Ferry Creek

Confluence with Coquille
River

Above Highway 241 bridge

Drainage Area

re miles

1.0
2.7
252
415
1,058
980

930
802

879

14.2
27

79

52
25

VOLUME 1 Part

10-Percent-
Annual-Chance

130
280
5,440
39,700
77,200
73,100

70,500
69,000

67,700

1,360
280

12,200

640
5410

Table 7. Summary of Discharges

Peak Discharges (cubic feet per second)

2-Percent- 1-Percent- 0.2-Percent-
Annual-Chance Annual-Chance Annual-Chance
170 ' 190 240
400 440 530
6,970 7.710 9,040
53,900 61,300 71,800
107,000 122,000 143,000
101,000 116,000 136,000
97,100 111,000 130,000
95,000 109,000 128,000
93,200 107,000 125,000
1,860 2,020 2,410
400 440 530
16,000 18,000 21,000
890 280 1,220
6,930 7,660 8,980
2 Section 3.9




Table 7. Summary of Discharges (continued)

Drainage Area

Flooding Source and Location  {square miles)

Millicoma River

Below Woodruff Creek 137
North Slough

Above Highway 101 bridge 11.3
Pony Creek

At Ocean Boulevard 3.9

At Woodland Drive 4.9

At Crowell Lane 6.2
South Fork Coquille River

Confluence with North Fork

at Myrtle Point 598

Tenmile Creek

At Wildwood Drive 71.2

West Fork Millicoma River

At confluence with East
Fork 55

Joodi urce

Blossom Creek
City of Coos Bay

Coos Bay
South Slough
Ponding in the City of Coos Bay
West corporate limit of North Bend
Pony Slough
North Slough
Haynes Inlet
Southeast corporate limit of North Bend
Isthmus Slough at downtown Coos Bay
Isthmus Slough at Millington
Coalbank Slough
Coos River

Cogqullle River
City of Bandon

Ferry Creek
City of Bandon

1 Peak elevation is controlled by volume of Blossom Creek hydrograph that must be stored.

Peak Discharges {cubic feet per second)

10-Percent- 2-Percent- 1-Percent-

Annual-Chance Annual-Chance Annual-Chance
18,100 24,000 27,000
3,080 3,880 4,260
84 140 180
260 350 400
320 420 480
51,100 69,700 79,600
2,640 3,480 3,900
9,460 12,300 13,700

Table 8. Summary of Elevations

0.2-Percent-
Annual-Chance

31,600

4,990

290
480
590

93,300

4,870

16,100

Peak Water Surface Elevations (Feet NAVDB8)

10-Percent- = 2-Percent- 1-Percent-

Annual-Chance Annual-Chance Annual-Chance

8.6! 11.6°
10.4 1.0
11.24 12.3°
11.2 11.8
113 12.0
115 12.1
11.5 121
1.6 12.3
1.7 123
11.8 12.4
11.9 12,5
12.3 13.1
12.6 145
126 145

12.6°

112
12.6°
12.1
12.2
124
12.4
126
12.6
12.7
12.8
135

15.2

15.2

0.2-Percent-
Annual-Chance

13.3°

11.7
13.3°
126
12.8
13.0
13.0
133
133
13.4
134
145

17.0

17.0

2 pgak elevation is controlled by the total volume of fiow over the dike stored in downtown Coos Bay and Blossom

Creek areas.

3 peak elevation is controlled by elevation in slough.
4 imited flow over city dike will fitf low areas of downtown Coos Bay.
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Flooding Source
North Tenmile Lake

At City of Lakeside

Pacific Ocean

Bastendorff/Lighthouse Beach Profile 1
Bastendorff/Lighthouse Beach Profile 2
Bastendorff/Lighthouse Beach Profile 3
Bastendorff/Lighthouse Beach Profile 4
Bastendorff/Lighthouse Beach Profile 5
Bastendorff/Lighthouse Beach Profile 6
Bastendorff/Lighthouse Beach Profile 7
Bastendorft/Lighthouse Beach Profile 8
Bastendorff/Lighthouse Beach Profile 9
Bastendorff/Lighthouse Beach Profile 10
Bastendorff/Lighthouse Beach Profile 11
Bastendorff/Lighthouse Beach Profile 12

Bandon Profile 1
Bandon Profile 2
Bandon Profile 3
Bandon Profile 4
Bandon Profile 5
Bandon Profile 6
Bandon Profile 7
Bandon Profile 8
Bandon Profile 9
Bandon Profile 10

" Bandon Profile 11

Bandon Profile 12
Bandon Profile 13
Bandon Profile 14
Bandon Profile 15
Bandon Profile 16
Bandon Profile 17
Bandon Profile 18
Bandon Profile 19
Bandon Profile 20
Bandon Profile 21

Tenmile Lake

At City of Lakeside

Table 8. Summary of Elevations (continued)

Peak Water Surface Elevations (Feet NAVD88)

10-Percent- 2-Percent- 1-Percent-
Annual-Chance Anpnual-Chance Annual-Chance

218 23.2 23.8

- 23.8
- 24.0
- 22.6
- 21.6

23.7
234
36.2
318
- 33.2
- N3
- 26.5
- 200
' 30.1
- 326
209
294
25.3
23.7
225
215
229
230
231
32.8
36.2
31.5
222
208
208
20.6
306
26.7
31.6
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3.2  Hydraulic Analyses

0.2-Percent-
Annual-Chance

250

251
255
246
233
255
25.2
39.0
340
35.7
333
279
309
31.6
34.2
31.2
30.7

245
235
22,6
246
24.6
251
34.1
40.4
329
237
221
22.0
21.9
31.3
203
321

25.0

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.

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 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
report in conjunction with the data shown on the FIRM.
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Cross sections for backwater analyses of the Coquille River at Coquille and Arago
and the South Fork of Coquille River at Myrtle Point were obtained by digitizing
aerial photographs at a scale of 1:12,000. The underwater sections were obtained
by field measurement. Cross sections for Tenmile Creek, the Millicoma River, the
West Fork Millicoma River, the East Fork Millicoma River, and the Coquille River
at Riverton were obtained by field measurement. Bridges were field checked to
obtain elevation data and structure geometry.

Cross sections for backwater analyses of Calloway Creek and Cunningham Creek
were measured on City of Coquille topographic maps at a scale of 1:1,200 with a
5-foot contour interval. The channel geometry was based on field observation.
Culvert geometry was determined using state and county bridge plans.

Cross sections for the backwater analysis of Pony Creek were scaled from City of
North Bend and City of Coos Bay topographic maps at a scale of 1:1,200 with 2-
foot contour intervals (Chickering-Green Empire Inc., 1976). Channel sections,
obtained by field measurements, were used with the scaled cross sections. All
bridges were field checked to obtain elevation data and structural geometry.

Cross sections for the backwater analysis of the Coquille River estuary were scaled
from City of Bandon topographic maps at a scale of 1:2,400 (Chickering, 1973), a
USACE pre-dredge survey map at a scale of 1:2,000 (1979), and a NOAA nautical
chart at a scale of 1:10,000 (1981). Cross sections for Ferry Creek were scaled
from the Bandon topographic maps (Chickering, 1973) with the channel section
obtained by field measurement. All bridges and culverts were field checked to
obtain elevation data and structural geometry. Starting water surface elevations for
the Coquille River and Ferry Creek were initially calculated using the slope-area
method. When the 10-, 2-, 1-, and 0.2-percent-annual-chance elevations for the
Coquille River were compared with the 10-, 2-, 1-, and 0.2-percent-annual-chance
ocean elevations, it was found that backwater from the ocean would control the
flood elevation in the estuary. It was also found that backwater from the Coquille
River estuary would control the flood elevation in Ferry Creek; therefore, no flood
profiles for the Coquille River and Ferry Creek are presented.

Channel roughness factors (Manning’s “n”) used in the hydraulic computations
were chosen by engineering judgment and based on field observation of the river
channel and flood plain. The range of roughness values for all floods is shown in
Table 9. The acceptability of all assumed hydraulic factors, cross sections, non-
effective flow areas, and hydraulic structure data was checked by hydraulic
computations that were calibrated against historic floodwater profiles.

VOLUME 1 Part 2 Section 3.9

-51-




-52-~

Table 9. Range of Manning’s Roughness Values

Flooding Source Channel “n” Overbanks “n”
Calloway Creek - 0.040-0.060 0.040-0.080
Cunningham Creek 0.040-0.060 0.040-0.080
Coquille River 0.080-0.100 0.040-0.080
Coquille River Estuary 0.030 0.030-0.035
East Fork Millicoma River  0.045 0.050-0.080
Ferry Creek 0.035-0.040 0.040-0.070
Millicoma River 0.040 0.040-0.080
Pony Creek 0.030-0.060 0.035-0.080
South Fork Coquille River  0.050-0.060 0.040-0.080
Tenmile Creek 0.030-0.085 0.060-0.120
West Fork Millicoma River 0.045 0.040-0.080

Water surface elevations of floods of the selected recurrence intervals were
computed through use of the USACE HEC-2 step-backwater computer program
(USACE,1976).

Flood profiles were drawn showing computed water-surface elevations for floods
of the selected recurrence intervals. Starting water-surface elevations for Tenmile
Creek were estimated using the relationship between peak recorded flow and
elevation at the Tenmile Creek gage. Starting water-surface elevations for the
Millicoma River, the Coquille River at Riverton, Cunningham Creek and Calloway
Creek were determined using the slope-area method. Starting water-surface
elevations for the West Fork Millicoma River and the East Fork Millicoma River
were taken from the Millicoma River profiles. It was assumed that the West Fork
and East Fork Millicoma Rivers would peak at about the same time. To determine -
starting water-surface elevations for the Coquille River at Coquille, Arago, and at
the confluence of the North and South Forks Coquille River, the backwater
analysis was continued between detailed study areas using cross sections scaled
from 1:24,000 USGS topographic maps (USGS, various dates).

Downstream of Crowell Lane the estuary elevations control the flood elevations.
Between Crowell Lane and Newmark Street, the flood elevations are controlled by
the volume of water that must be stored behind the tide gates when the gates are
closed.

A series of outflow rating curves were developed for the Crowell Lane culverts and
tide gates assuming a range of tidal elevations downstream. A storage-capacity
curve for the area above the tide gates was developed using the City of North Bend
topographic maps (Chickering-Green Empire Inc., 1976).
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Using the outflow rating and storage-capacity curves, several frequency
hydrographs were routed through the area above the tide gates balancing inflows
and outflows with changes in the volume of stored water. The storage routing was
conducted over tide cycles predicted for the mean annual event and the 10-percent-
annual-chance event.

On log-probability paper, the maximum elevations resulting from the storage
routing for a mean annual tide cycle were plotted against the probability of the
mean annual tide cycle occurring during each runoff event. A curve was drawn
through the plotted points. The maximum elevations resulting from the routing for
a 10-year tide cycle were plotted against the probability of the 10-year tide cycle
occurring during each runoff event. A second curve was then drawn through these
points. An enveloping curve was then drawn tangent to the two curves. This
resulted in a peak elevation-frequency curve valid for other combinations of
inflows and tide cycles. During this analysis, it was reasoned and demonstrated that
the highest elevations behind the tide gates would occur when the inflow
hydrograph and tide cycle peaks coincided. This condition was assumed in the
original analysis.

During the community coordination meeting held. on March 14, 2006, it was
learned that the above tide gates on Pony Creek located at Crowell Lane had been
removed and that the portion of Pony Creek upstream is now subject to flooding
due to tidal and storm surge conditions. The flood profile and FIRM have been
updated to reflect this condition.

Calloway Creek and Cunningham Creek run along the edge of a very flat area. At
flood stage, the two creeks form one floodplain in the study area. Approximately
30 percent of the flood flow in Cunningham Creek will pass through the culvert
under Fairview Road. The remaining flow is forced across the floodplain toward
the Calloway Creek bridge at West Central Boulevard. On the downstream side of
West Central Boulevard, approximately half of the combined flow of Calloway
Creek and Cunningham Creek overflows in the area near the Cunningham Creek
Bridge. The remaining flow continues down the normal channel alignment.
Although a separate floodway was developed for the Cunningham Creek Overflow
channel, a flood profile was not developed as the entire reach is backwatered by the
Coquille River.

The profile baselines depicted on the FIRM represent the hydraulic modeling
baselines that match the flood profiles on this FIS report. As a result of improved
topographic data, the profile baseline, in some cases, may deviate significantly
from the channel centerline or appear outside the Special Flood Hazard Area.

The hydraulic analyses for this study were based on unobstructed flow. The flood

elevations shown on the Flood Profiles (Exhibit 1) are thus considered valid only if
hydraulic structures remain unobstructed, operate properly, and do not fail.
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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 (Section 4.2), selected cross section locations are also shown on the
FIRM (Exhibit 2).

Hydraulics for Detailed Estuarine Studies

Tsunami and storm flood events were considered to be independent events because
tsunami waves can occur at any time during the year and storm waves are seasonal.
Because of the uncertainties involved in combining these events, no probabilistic
mapping of tsunami hazard was undertaken in this study.

Peak elevation frequency curves were developed for the Coos Bay estuary using a
computer model that simulated the hydraulic response of the estuary to the 10-, 2-,
1-, and 0.2-percent-annual-chance tidal conditions at the entrance to the bay and to
the 10-, 2-, 1-, and 0.2-percent-annual-chance inflows from major streams entering
the bay. The hydrodynamic algorithm of the Dynamic Estuary Computer Model
(Water Resources Engineers Inc. and CH2M HILL, 1977; Federal Water Quality
Administration, 1975) was used for the hydraulic simulation.

A junction and channel grid network was constructed using the NOAA Nautical
Chart for Coos Bay at a scale of 1:20,000 (1980), to represent the geometric flow
pattern in the estuary. A total of 50 junctions and 78 interconnecting channels were
used to model the estuary and adjoining sloughs within the detailed study limits.

Inputs to the hydraulic model included surface area and depth for the area
represented by each junction, channel length, width, and roughness factors
(Manning’s “n”), and tidal and riverine inflow boundary conditions. For the Coos
Bay network, channel widths ranged from 150 to 2,000 feet and lengths ranged
from 3,200 to 8,300 feet. Channel roughness values varied from 0.023 to 0.035.

The Dynamic Estuary Model computed stage and channel velocities at each
junction for each time step throughout several complete tide cycles by
simultaneously solving one-dimensional equations of motion and continuity.
Output from the hydraulic simulation summarizes the hourly stage and channel
velocity at each junction.

The estuary computer model was calibrated to historical tide cycles recorded from
November 8-12, 1976. Coincident records for those days were available for tide
gages located throughout the bay (Water Resources Engineers Inc. and CH2M
HILL, 1977; Federal Water Quality Administration, 1975). No significant storm
activity occurred during this period. The simulated tide cycles at the junctions
agreed with recorded tide cycles. The range of computed velocities correlated with
velocity surveys conducted by the USACE in a similar study of Coos Bay during
the period October 14-22, 1976 (USACE, 1978).
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Combined tidal and riverine inflows effects were used to establish the 10-, 2-, 1-,
and 0.2-percent-annual-chance flood elevations within the estuary. Hydraulic
simulations were made using the 10-, 2-, 1-, and 0.2-percent-annual-chance tide
cycles combine with the 10-percent-annual-chance inflow hydrographs for major
stream inflows. It was assumed that the inflow hydrograph peak would coincide
with the peak tidal stillwater levels (SWLs), because high estuary elevations will
occur when they coincide.

Hydraulic simulations were also run with the 10-year tide cycle combined with the
10-, 2-, 1-, and 0.2-percent-annual-chance stream inflows. The resulting estuary
elevations were compared to those determined using the 2-, 1-, and 0.2-percent-
annual-chance tide cycles. The higher computed elevation at each junction for each
frequency was used. Flood profiles are not applicable for areas of tidal flooding;
therefore, no flood profiles are shown for Coos Bay or the Coos River.

The estuary elevations are SWLs resulting from tidal conditions at the Coos Bay
entrance. They do not include any contributions from wind setup in the estuary or
from wave action. Calculations for wind setup suggested the contribution was
insignificant, while the increase in flood hazard from wave action will be less than
1 foot.

Peak flood elevation in downtown Coos Bay results from high water in Isthmus
Slough overtopping the city dike. Peak flood elevations in Blossom Creek are
controlled by the volume of water entering the creek when the tide is high enough
to prevent any outflow past the tide gates.

During the 1- and 0.2-percent-annual-chance events, the volume of water
overtopping the dike along Isthmus Slough will be great enough to fill Blossom
Creek and the downtown area to be same elevation as the Slough. During the 2-
percent-annual-chance event, the volume of water overtopping the dike will be
great enough to fill the downtown area to the same elevation as the slough, but a
constriction at 6th Street between Central and Bennett Avenues will limit the
volume of water reaching Blossom Creek. While the dike is being overtopped, the
water level will reach an elevation of approximately 7 feet (10.6 ft NAVD) in
Blossom Creek. After the bay elevation recedes to below the top of the dike, there
will continue to be a hydraulic gradient causing water to flow from the downtown
area into Blossom Creek. This will continue until the total volume of water that
overtopped the dike reaches a constant elevation of 8 feet (11.6 ft NAVD)
throughout both areas.

Whenever the tide gates are closed and the water level in the downtown area is
greater than the water level in Blossom Creek area, the backflow will tend to
equalize the water levels in the two areas.

During the 10-percent-annual-chance event, only a small volume of water will flow
over the dike and pond in the lowest arcas of downtown Coos Bay. No dike
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overflows will reach Blossom Creek. The 10-percent-annual-chance peak flood
elevation is Blossom Creek was determined assuming that the greatest 4-hour
volume under the 10-percent-annual-chance inflow hydrograph would occur during
a high tide in the bay and have to be stored. This results in a 10-percent-annual-
chance peak elevation of approximately 5 feet (8.6 ft NAVD).

Storage capacity curves for Blossom Creek and the downtown area of Coos Bay
were developed using the City of Coos Bay topographic maps (Chickering-Green
Empire Inc., 1976). Peak flood elevations in downtown Coos Bay and Blossom
Creek are summarized in Table 5.

draulics for Approximate Riverine Studies (Revised

Cross sections were developed from aerial LiDAR surveys performed in the
summer of 2008 (Oregon LiDAR Consortium, 2009). LiDAR was collected at a
nominal density of 8 points per square meter. On flat surfaces the average vertical
accuracy of the LIDAR point cloud is within 5 centimeters of true elevation. A 1-
meter resolution digital elevation model (DEM) representing ground points was
derived from the LiDAR point cloud. No hydro-enforcement was applied to the
LiDAR DEM (e.g. the stream water surface during the time of survey was included
in the DEM).

Cross sections were developed directly from the LiDAR DEM at regularly spaced
intervals along straight channels. Where channels change direction significantly or
engineered structures (e.g. bridges) are present, cross sections were spaced more
closely.

Cross sections, overbank flow lines, banks, and stream centerlines were developed
using the HEC-GeoRAS extension (USACE, 2010) for ArcGIS Desktop 9.3.1. A
representative “Manning’s N” value of 0.04 was applied to all studied reaches.

Normal depth was calculated to produce output flood zone polygons. Output
polygons were then checked to assure flood zones had hydraulic connection to the
main channel. Output polygons were removed where no reasonable connection
could be established.
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Hydraulics for Detailed Coastal Studies {Revised)

Field surveys were undertaken during the 2008-09 winter along the two beach
study sites (Bandon, and Bastendorff and Lighthouse Beach) in Coos County. The
purpose of these surveys was to provide measurements of the beach in its most
eroded state (e.g. most eroded winter profile) in order to define the morphology,
elevation, and slope of the beach face for use in subsequent wave runup and over-
toping computations. Surveying at Bandon was carried out over a period of three
days on February 8-10, 2009, and on March 8-10, 2009 at Bastendorff and
Lighthouse Beach. In both cases, the surveys were completed late in the winter
season when Oregon beaches are typically in their most eroded state (Aguilar-
Tunon and Komar, 1978; Komar, 1997; Allan and Komar, 2002b; Allan and Hart,
2008). A total of 21 transects were established along the Bandon shoreline, while
11 transects were established between Sunset Beach State Park and Bastendorff
Beach, adjacent to the mouth of Coos Bay (Figure 10).

Figure 10 - Location Map of Beach Transects for Detailed Coastal Studiess
Location map of beach profiles measured at Bandon (lefl) and at Bastendorfl/
Lighthouse Beach (right) in Coos County.

Wave runup is the culmination of the wave breaking process whereby the swash of
the wave above the SWL is able to run up the beach face, where it may encounter a
dune, structure or bluff, potentially resulting in the erosion (Figure 11), or
overtopping and flooding of adjacent land. Runup, “R”, or wave swash is generally
defined as the time-varying location of the intersection between the ocean and the
beach, and summarized as a function of several key parameters. These include the
deepwater wave height, peak spectral wave period and the wave length
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(specifically the wave steepness), and through the breaker parameter (or Iribarren
number), which accounts for the slope of a beach or an engineering structure and
the steepness of the wave.

dune face or
bluff

breaker line limit of swash
¢ SUIf ZONE -~ e

Figure 11 - Conceptual Model of Wave Runup
Conceptual model showing the components of wave runup associated with
incident waves (modified from Hedges and Mase, 2004).

The total runup, “R”, produced by waves includes three main components:

* wave setup, <1>;
« a dynamic component, n*; and,
« incident wave runup, Ri,c

R= <’7> + 7]A+R!nc

Along the Pacific Northwest Coast of Oregon and Washington, the dynamic
component of runup, ", has been demonstrated to be a major component of the
total wave runup due to infragravity energy becoming trapped in the surf zone,
allowing the swash to reach to much higher elevations at the shore.

A variety of models have been proposed for calculating wave runup on beaches
(Ruggiero et al., 2001; Hedges and Mase, 2004; NHC, 2005; Stockdon et al.,
2006). DOGAMI employed the runup model developed by Stockdon et al. (2006)
due to its demonstrated ability to best represent beach environments in Coos
County when compared to other models.
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For calculating wave runup on barriers (e.g. bluffs) the method developed by the
Technical Advisory Committee for Water Retaining Structures (TAW) was
employed. Tables 10 and 11 provide the barrier runup reduction factors used for
those selected profile sites along the Bandon and Bastendorff/Lighthouse beach
shorelines. In the case of bluff roughness along the Bandon shore, we used a value
of 0.6 due to the highly vegetated nature of the Bandon bluffs. These bluffs are
located at their stable angle of repose and are covered with salal plants, where it

forms a deep, nearly impenetrable thicket.

Wave direction reduction factors

presented in Table 10 and Table 11 are the mean values determined for all storms
for each transect site.

Table 10. Barrier Runup Reduction Factors Used for Calculating Runup (Bandon)

Bandon
Profile Roughness
1 N/A
2 N/A
3 N/A
4 N/A
5 N/A
6 N/A
7 0.6
8 0.6
9 0.6
10 0.6
11 0.6
12 0.6
13 0.6
14 0.6
15 N/A
16 N/A
17 N/A
18 N/A
19 0.6
20 0.6
21 0.6

Berm

N/A
N/A
N/A
N/A
N/A
N/A
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
N/A
N/A
N/A
N/A
1.0
1.0
1.0

Wave
Direction

N/A
N/A
N/A
N/A
N/A
N/A
0.81
0.89
0.90
0.99
0.98
0.99
1.0
1.0
N/A
N/A
N/A
N/A
0.96
1.0
1.0

Description

Dune-backed
Dune-backed
Dune-backed
Dune-backed
Dune-backed
Dune - Bluff-backed
Dune - Bluff-backed
Bluff-backed
Bluff-backed
Bluff-backed
Bluff-backed
Bluff-backed
Bluff-backed
Bluff-backed
Dune - Bluff-backed
Dune - Bluff-backed
Dune - Bluff-backed
Dune - Bluff-backed
Dune - Bluff-backed
Dune - Bluff-backed
Dune - Bluff-backed
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Table 11. Barrier Runup Reduction Factors Used for Calculating Runup
(Bastendorff/Lighthouse Beach)

Coos Wave
Profile Roughness Berm Direction Description
1 N/A N/A N/A Dune-backed
2 N/A N/A N/A - Dune-backed
3 N/A N/A N/A Dune-backed
4 N/A N/A N/A Dune-backed
5 N/A N/A NA Dune-backed
6 N/A N/A N/A Dune-backed
7 1.0 1.0 0.73 Bluff-backed
8 1.0 1.0 0.74 Bluff-backed
9 1.0 1.0 0.72 Bluff-backed
10 1.0 1.0 0.68 Bluff-backed
11 1.0 1.0 0.64 Bluff-backed
11 N/A N/A N/A Dune - Bluff-backed

For both beach and barrier models, the calculated runup is combined with the
appropriate measured tides to develop the total water level (TWL) conditions used
to generate the 1- and 0.2-percent-annual-chance events. These extreme flood
hazard statistics were calculated using the Stockdon et al. (2006) runup model at
all 21 profiles at the Bandon focus site and 12 profiles along
Bastendorff/Lighthouse Beach. Where applicable (Bandon 7-14 and 19-21 profile
sites and for the Bastendorff/Lightbouse 7-11 profiles) these same statistics were
calculated using the TAW method. TWLs produced from both the Stockdon et al.
method and the TAW method are shown as the 1- and 0.2-percent-annual-chance
in Table 8, “Summary of Elevations”. Most TWLs come from the Stockdon et al.
method. However, where the TAW method produced higher TWLs than the
Stockdon et al. method (for bluff-backed beaches only), the TAW method TWLs
are shown,

Overtopping of natural features such as foredunes, spits and coastal engineering
structures and barriers occurs when the wave runup superimposed on the tide
exceeds the crest of the foredune or structure (Figure 12). Based on TWL
calculations, only Bandon profiles 1-6 and Bastendorff/Lighthouse profiles 1-5
and 12 experience overtopping during the !-percent-annual-chance event.

Mapping flood inundation zones requires an estimate of the velocity, “V”, or
discharge, “g”, of the water that is carried over the crest, the envelope of the water
surface that is defined by the water depth, “A”, landward of the barrier crest, and
the inland extent of green water and splash overtopping. According to NHC
(2005) these hazard zones are ultimately defined based on the following two
derivations:
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» Base Flood Elevations (BFEs) are determined based on the water
surface envelope landward of the barrier crest; and

o Hazard zones are determined based on the landward extent of green
water and splash overtopping, and on the depth and flow velocity in any
sheet flow areas beyond that, defined as AV* = 200 S,

A distinction can be made between whether green water (or bore) or splash
overtopping predominates at a particular location, dependent on the ratio of the
calculated wave runup height, “R”, relative to the barrier crest elevation, “Z;”
(Figure 11). When 1 < R/Z; < 2, splash overtopping dominates and for R/Z; > 2,
bore propagation occurs. In both cases, R and Z. are relative to the 2% Dynamic
Water Level (DWL;;) at the barrier (NHC, 2005).

Potential runup,

Extended slopa
b4 /

Crest velaclty, V. 7
)
Crest law Runup excess Overtopping jal
Relarence water level depth, h, \
Hop T T \
\ y
AN

Y ."1:‘9;,;;; =
S BHR Depth, i)

Reduction
factors Ya. ouxe

Yw surface roughness
Yy porosity
T botm

Figure 12 - Nomenclature of Wave Runup Parameters
Nomenclature of overtopping parameters available for mapping base flood
elevations (BFEs) and flood hazard zones (after NHC, 2005).

Prior to calculating the mean overtopping rate at the barrier crest, it is necessary
to first distinguish between four contrasting types of wave breaking situations that
may impact a particular barrier or dune overtopping situation. The four conditions
include (1) non-breaking or (2) breaking on normally sloped barriers, and (3)
reflecting or (4) impacting on steeper barriers. Of these, the only one that applies
to the Coos County detailed coastal study sites is the breaking wave situation (2),
where the waves have already broken across the surf zone and are reforming as
bores prior to swashing up the beach face or barrier.

At the beach or barrier crest, the relative freeboard, “Fc”, (Figure 11), is a
particularly important parameter since changing these two parameters controls the
volume of water that flows over the barrier crest. For example, increasing the
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wave height or period increases the overtopping discharge, as does reducing the
‘beach or barrier crest height or raising the water level.

A variety of prediction methods are available for calculating the overtopping
discharge and are almost entirely based on laboratory experiments based on a
range of structure slopes (slopes between 1:1 and 1:8, with occasional tests at
slopes around 1:15 or lower). Factors that reduce the potential overtopping
discharge include the barrier surface roughness, “y/’, the presence of a berm, “y;”,
wave approach directions, “y”, and the porosity of the barrier, “y,” (Figure 11).
Of the four reduction parameters, only the angle of wave attack was used to
reduce the overtopping discharge along the Coos County detailed study sites. The
presence of a berm can be ignored since berms are non-existent in a most eroded
winter profile. The surface roughness was ignored since the beach face and
backshore is composed of sand and hence has only a nominal effect on reducing
overtopping. Porosity was also ignored as the beach is characterized by medium
to coarse sand and during major storms the beach is typically in a saturated state
due to the combination of high runup and the storm duration, such that the beach
is less capable of taking up additional water.

Initial computations of the landward extent of wave overtopping using the
prescribed method (NHC, 2005) yielded narrow hazard zones for Coos County.
To calibrate the method for realistic application on the Coos County coast, wave
overtopping calculations were performed for a site on the northern Oregon coast
where field observations of wave overtopping had been observed. The site is Cape
Lookout State Park located on the northern Oregon coast in Tillamook County
(Allan and Komar, 2002a; Komar et al., 2003; Allan et al., 2006). The southern
portion of Cape Lookout State Park is characterized by a wide, gently sloping,
dissipative sand beach, backed by a moderately steep gravel berm and ultimately
by a low foredune that has undergone significant erosion since the early 1980°s
(Komar et al., 2000).

In March 1999, the crest of the cobble berm/dune at Cape Lookout State Park was
overtopped during a major storm; the significant wave heights reached 14.1 m
(46.3 ft), while the peak periods were 14.3 seconds (Allan and Komar, 2002b).
Wave overtopping of the dune and flooding extended 230 ft into the park (Dr. P.
Komar, Emeritus Professor, College of Oceanic and Atmospheric Sciences, pers.
comm., 2010), evidence for which included photos and field evidence including
pock-marks at the base of the tree trunks located in the park. These pock-marks
were caused by cobbles having been carried into the park from the beach by the
overtopping waves, where they eventually slammed into the base of the trees as
ballistics. Since the average beach slopes at Cape Lookout State park are
analogous to those observed along the shore near the Bandon south jetty and that
large wave events associated with extra-tropical storms affect significant stretches
(hundreds to thousands of miles) of the coast at any single point in time, these
data are believed to provide a reasonable means in which to investigate a range of
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alpha values, “a”, (Figure 11) that may be used to determine the landward extent
of wave inundation at Cape Lookout State Park.

Using beach morphology data from Cape Lookout State Park and deepwater wave
statistics from a nearby National Data Buoy Center (NDBC) wave buoy (#46050),
a range of alpha values were experimented with in order to replicate the landward
extent of the inundation. In order to emulate the landward extent of flooding
observed at Cape Lookout State Park the analyses yielded an alpha of 0.58. Using
this alpha value, the extent of the hazard zone was calculated where hV () = 200
ft3/s2, which was found to be approximately 34 meters from the crest of the cobble
berm/dune, consistent with damage to facilities in the park.

Table 12 presents the results of the calibrated splashdown distances, “yG ouer s
(Figure 11) and the landward extent of the flow, “AV?”, (Figure 11) where the
flows approach 200 ftj/sz. The calculated splashdown distances, “Yg oumer”, (Table
12) were based on an enhanced wind velocity of 64.3 fi/s. This enhanced wind
velocity was determined from an analysis of wind speeds measured by the Cape
Arago C-MAN station located adjacent to the mouth of Coos Bay. The range of
wind speeds identified at Cape Arago was examined for each storm event defined
for this study and revealed a wide range of values, with the maximum being 64.3
ft/s. Since the measured wind speeds reflect a 2-minute average such that higher
wind speeds have been measured throughout the entire record (e.g. the maximum
2-minute average wind speed is 96 fit/s, while the maximum 5-second wind gust
reached 125.0 fi/s), it is considered justified to use the more conservative
enhanced wind velocity of 64.3 fi/s rather than the default of 44 ft/s prescribed by
NHC (2005).

The Bastendorff/Lighthouse Beach profile 2 site presents a situation where the
calculated 1-percent-annual-chance TWL of 24 ft approximately equals the
beach/dune crest elevation of 23.9 fi, suggesting that overtopping would probably
not occur; in this situation the landward location of the primary frontal dune
(PFD) would determine the width of the hazard zone.
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Table 12. Splashdown and Flood Zone Limits for Detailed Coastal Profiles

# of Wave
Overtopping Maximum Distance
Events,and  Maximum  Maximum = Width of from -
Events where Splashdown & V(y)= Hazard Profile
V2> 200 VG outer 200£2/5% Zone Benchmark
Profile £ (f) @ (f) )
Bandon Profile Sites
1 127/ 11 43 149.3 153.2 529.2
2 115/15 112 - 193.6 204.7 432.4
3 103712 11.2 165.0 176.2 524.9
4 83/15 13.5 183.7 197.2 © 367.5
5 55/1 49 29,2 33.5 274.9
6 101/3 6.2 69.2 75.1 152.2
Bastendorff/Lighthouse Beach Profile Sites ;
1 6/0 2.0 - 2.0 998.7
2 0/0 - - - -
3 3/0 10.2 - 10.2 631.2
4 105/25 14.8 149.9 164.7 602.0
5 14/0 8.5 - 8.5 8299
12 132/132 5.6 373.7 379.3 -50.9

Mapping of the SFHA for bluff-backed beaches used TWLs shown in Table 8,
“Summary of Elevations”, and extended them into the bluff. The contour of
interest was extracted from a I-meter resolution DEM derived from LiDAR
ground points surveyed in the summer of 2008 (Oregon LiDAR Consortium,
2009). In all cases, the calculated TWLs were rounded to the nearest whole foot.
The landward extent of the SFHA (Zone VE) is defined by the contour
representing the TWL calculated for each of the surveyed profiles. To define the
landward extent of the SFHA (Zone VE) between profile locations professional
judgment was used to establish appropriate zone breaks by identifying along-
shore geomorphic barriers within which a particular TWL is valid. Slope and
hillshade derivatives of the LIDAR DEM, as well as 1-meter orthophotos (Oregon
Geospatial Data Clearinghouse, 2009), provided base reference. An effort was
made to orient zone breaks perpendicular to the beach at the location of the
geomorphic barrier. In all cases, the seaward extent of the SFHA (Zone VE) was
inherited from the previous FIS.

Mapping of the SFHA for dune-backed beaches was performed by calculating the
degree of wave overtopping at each profile location (Figure 11; Table 12). The
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furthest point landward of the dune crest that experiences coastal flooding due to
overtopping and is ultimately controlled by the extent of the landward flow where
it approaches 200 ft*/s%; values greater than 200 ft’/s? are located within the Zone
VE SFHA, while values that dissipate below that threshold are designated within
the Zone AE SFHA. For SFHAs (Zone VE) seaward of the dune crest, TWLs
shown in Table 8, “Summary of Elevations”, were used. As with bluff-backed
beaches, professional judgment was used to establish appropriate zone breaks
between profile locations. This was achieved using the LiDAR DEM (Oregon
LiDAR Consortium, 2009), supplemented by knowledge of the local :
geomorphology. Again, an effort was made to orient zone breaks perpendicular to
the beach and the seaward extent of the SFHA (Zone VE) was inherited from the
previous FIS. Elevations were identified from the LiDAR DEM to aid in
establishing zone breaks due to changes in flood depth landward of the dune crest.
Slope and hillshade derivatives of the LiDAR DEM, as well as 1-meter
orthophotos (Oregon Geospatial Data Clearinghouse, 2009), provided base
reference. Some interpretation was required to appropriately map the SFHA for
the printed FIRM panel scale.

5

RE 7

Figure 13 - Overtopping of Barrier Beach at Garrison Lake Near Port Orford
Overtopping of the barrier beach adjacent to Garrison Lake during a major storm
on February 16, 1999 (Photo courtesy of a resident at Port Orford, Oregon).

Hydraulics for Approximate Coastal Studies (Revised)

FEMA guidelines direct that for mapping the SFHA in coastal areas where no
detailed studies have occurred (Zone V), the location of the primary frontal dune
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(PFD) be defined as the most landward extent of flooding. The PFD is defined as
“a continuous or nearly continuous mound or ridge of sand with relatively steep
seaward and landward slopes immediately landward and adjacent to the beach and
subject to erosion and overtopping from high tides and waves during major
coastal storms. The landward Jlimit of the primary frontal dune, also known as the
toe or heel of the dune, occurs at a point where there is a distinct change from a
relatively steep slope to a relatively mild slope. The primary frontal dune toe
represents the landward extension of the Zone VE coastal high hazard velocity
zone” (Part 44 of the US Code of Federal Regulations, Section 59.1; FEMA
Coastal Hazard Bulletin, No. 15).

The mapping approach developed by DOGAMI addresses three distinct
geomorphic environments where the PFD variably discemible: (1) dune-backed
beaches, (2) bluff-backed beaches, and (3) areas where streams drain into the
Pacific Ocean.

The approach developed by DOGAMI to define the morphology of dune-backed
beaches, including the location of the PFD, was based on detailed analyses of
LiDAR elevation data measured by the USGS/NASA/NOAA in 1998 and 2002,
and by the Oregon LiDAR Conscrtium (OLC) in the summer of 2008. However,
because-the LiDAR flown by the USGS/NASA/NOAA is of relatively poor
resolution (nominal point spacing of 1 point per square meter) and reflects only a
single retutn (i.e. includes vegetation where present) it was not used for mapping,
only geomorphic time series analysis. OLC LiDAR is of much higher precision
(nominal point spacing of 8 points per square meter) and was characterized by
multiple returns enabling the development of a ground LiDAR DEM.
Determination of the PFD was based entirely on analysis of the OLC LiDAR.

Profiles spaced 50 meters apart were cast perpendicular to the full length of the
county coastline using the Digital Shoreline Analysis System (DSAS) developed
by the USGS (Thieler et al., 2009). For each profile, 3D coordinates for the 1998,
2002 and 2008 LiDAR were extracted at 1-meter intervals along each profile.

Processing of the LiDAR was performed in Matlab using a custom beach profile
analysis script developed by DOGAMI that interactively defines various
morphological features, including the dune/bluff crest/top, bluff slope (where
applicable), landward edge of the PFD, beach/dune juncture elevations for each
year, and the slope of the beach foreshore.

Time series analysis of morphological features identified in the serial LiDAR
indicate that erosion predominates along both the north Coos Spit and along much
of the New River Spit, while much of the shore along Bullards Beach, located
north of Bandon, appears to be accreting.

Due to uncertainties in identifying the PFD (as defined by FEMA), mapping of
the SFHA for dune-backed beaches required that some professional judgment be
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employed. For example, where there was determined to be a high probability of
erosion within ten years, the SFHA was mapped slightly landward of the PFD.

For bluff-backed beaches the landward extent of the SFHA was mapped at the top
of the bluff, a readily identifiable feature in the 2008 OLC LiDAR.

Mapping of the SFHA in areas influenced by fluvial processes (e.g. near the
mouth of Tenmile Creek) required professional judgment. Historical aerial
photos and serial LIDAR were referred to for past evidence of flotsam and debris,
wetlands, and channel migration.

3.3  Wave Height Analysis

Figure 14 - February 9, 2009 Phote of Coquille Jetties During a Winter Storm Event
Looking north toward the Cogquille River jetties in Bandon, Oregon during a
typical winter storm on February 9, 2009 (Photo by Jon Allan,
DOGAM]).

The wave climate offshore from the Oregon coast is one of the most extreme in the
world, with winter storm waves regularly reaching heights in excess of several
meters. This is because the storm systems emanating from the North Pacific travel
over fetches that are typically a few thousand miles in length and are also
characterized by strong winds, the two factors that account for the development of
large wave heights and long wave periods (Tillotson and Komar, 1997). These
storm systems originate near Japan or off the Kamchatka Peninsula in Russia, and
typically travel in a southeasterly direction across the North Pacific towards the
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Gulf of Alaska, eventually crossing the coasts of Oregon and Washington or along
the shores of British Columbia in Canada.

Wave statistics (heights and periods) have been measured in the North Pacific
using wave buoys and sensor arrays since the mid 1970s. These data have been
collected by NOAA, which operates the National Data Buoy Center (NDBC) and
by Scripps Institution of Oceanography, which operates the Coastal Data
Information Program (CDIP). The buoys cover the region between the Gulf of
Alaska and Southern California, and are located in both deep and in intermediate
to shallow water over the continental shelf. The NDBC operates some 30 stations
along the West Coast of North America, while CDIP has at various times carried
out wave measurements at 80 stations. Presently there is one CDIP buoy
operating offshore from Coos Bay (#46229), and two NDBC buoys (Oregon
[#46002] and Port Orford [#46015]) located offshore from the southern Oregon
coast. Wave measurements by NDBC are obtained hourly. CDIP provides
measurements every 30 minutes. Measurements are transmitted via satellite to the
laboratory for analysis of the wave energy spectra, significant wave heights and
peak spectral wave periods (NOAA, 2009).

Analyses of the wave climate offshore from Coos County were performed at
Oregon State University (OSU), and included numerical analyses of the 1-
percent-annual-chance extreme storm wave event and the associated wave setup
to determine the degree of coastal flood risk along the coast of Coos County.

OSU performed a series of analyses including wave transformations, empirical
wave runup modeling, and TWL modeling. For the purposes of this study, OSU
used the SWAN (Simulating Waves Nearshore) wave model to transform
deepwater waves (for a range of 1-percent-annual-chance events) to the nearshore
(typically the 65.6 ft [20 m] contour). The deep-water equivalent of these
refracted nearshore waves was determined using the linear shoaling relation in
order to calculate wave runup levels, which were then combined with the tidal
component in order to estimate the flood risk along the Bandon shore and at
Bastendorff/Lighthouse Beach.

All available NDBC and CDIP hourly wave buoy data were acquired for several
wave buoys in the region. In addition, wave hindcast information on the
deepwater wave climate determined through the Wave Information Studies (WIS)
(Baird, 2005) was acquired for station 074, located adjacent to NDBC buoy
#46002, the primary wave buoy used in this study due to its high quality long
record of data (1975-present). However, since this buoy is located in 11,500 ft of
water and is over 250 miles from the location of the shelf edge buoys (Port Orford
#46015 and Umpqua Offshore #46229), it was necessary to develop a
methodology to transform these ‘off-shelf’ waves to the ‘shelf-edge’ offshore
boundary condition of the SWAN model. The wave climate observed at NDBC
buoy #46002 has significant differences compared to the climate observed at the
Port Orford #46015 and Umpqua Offshore #46229 buoys.
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To transform the NDBC buoy #46002 waves to the shelf edge, wave period bins
were created to evaluate if there has been a wave period dependent difference in
wave heights observed at NDBC buoy #46002 compared with the Port Orford
#46015. For comparison, the time stamps associated with waves measured at
NDBC buoy #46002 were adjusted based upon the group celerity (for the
appropriate wave period bin) and travel time it takes the wave energy to propagate
to Port Orford #46015.

After cotrecting for the time of wave energy propagation the differences in wave
heights between the two buoys, for each wave period bin, were calculated in two
ways. First, a best-fit linear regression through the wave height differences was
computed for each wave period bin. Second, a constant offset was computed for
the wave height differences for each period bin.

Upon examination of the empirical probability density functions (PDF) of both
buoys® raw time series (using only approximately last 5 years of NDBC buoy
#46002, the time of overlap with the shelf buoys) and after applying both
transformation methods, it was determined that the constant offset method did a
superior job of matching the PDF, particularly at high wave heights. Therefore, a
constant offset adjustment dependent on the wave period was applied to the wave
heights of NDBC buoy #46002.

Because the WIS hindcast data used in this study was also located well beyond
the boundary of the SWAN model (effectively at the location of NDBC buoy
#46002), the same series of steps comparing WIS wave heights to those from Port
Orford #46015 were carried out, with a new set of constant offsets having been
calculated and applied. Data from the Port Orford #46015 and Umpqua Offshore
#46229 were also compared in this same manner and it was determined that their
wave height differences in the alongshore extent (e.g. offshore from Coos
County) are negligible. Therefore it is assumed that a constant offshore wave
height boundary condition is.appropriate for the SWAN model.

After applying the wave height offsets to the NDBC buoy #46002, gaps in this
time series were filled in respectively with Port Orford #46015 and subsequently
the Umpqua Offshore #46229. Where there were still gaps following this
procedure the time series was then filled in with the corrected WIS data. Because
wave transformations (particularly refraction) computed by SWAN are
significantly dependent on wave direction, when this information was missing in
the buoy records it was replaced with WIS data for the same date in the time
series; the wave height and period data was carried over from buoy observations
where applicable. For conditions in the time series that had no estimate of wave
direction from either the buoys or the WIS data a value of 270 degrees (e.g.
westerly waves) was assumed.
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The final synthesized wave time series developed for Coos County extends from
late 1979 through to the end of 2008 and consists of approximately 27.5 years of
good data (measurements including at least wave helght and periods) out of a
possible 29.2 years.

The wave climate offshore from the Oregon coast is episodically characterized by
large wave events (> 26 f), with some storms having generated deepwater
extreme waves on the order of 49 fi. The average wave height offshore from Coos
County is 8.5 ft, while the average peak spectral wave period is 11.1 seconds,
although periods of 20-25 seconds are not uncommon.

The Pacific Northwest wave climate is characterized by a distinct seasonal cycle
evident in the variability in the wave heights and peak periods between summer
and winter. Monthly mean significant wave heights are typically highest in
December and January, although large wave events (> 39.4 ft) have occurred in
all of the winter months except March. The highest significant wave height
observed in the wave climate record is 50.9 fi, substantially exceeding the 1-
percent-annual-chance wave height used in the previous Bandon FIS (1996),
which was 24,6 ft and was derived from WIS data for the period of 1956 to 1975.
In general, the smallest waves occur during late spring and in the summer, with
wave heights typically averaging approximately 5 ft during the peak of the
summer (July/August). These findings are consistent with other studies that have
examined the Pacific Northwest wave climate (Tillotson and Komar, 1997; Allan
and Komar, 2006; P. Ruggiero et al., 2010).

A probability density function determined for the complete time series indicates
that for 50% of the time waves are typically less than 7.2 ft, and less than 14.8 ft
for 90% of the time. Wave heights exceed 24.3 ft for 1% of the time. However, it
is these latter events that typically produce the most significant erosion and
flooding events along the Oregon coast.

With regard to wave direction along the south Oregon coast, in general, the
summer is characterized by waves arriving from the northwest, while winter
waves typically arrive from the west or southwest (Komar, 1997). Separate
analyses of the summer and winter directional data developed from the
synthesized time series, comprised of both WIS data from the shelf edge buoys,
agree with this pattern. To better highlight the predominant wave directions for
the winter months, wave heights less than 33 ft have been eliminated from the
analyses. Summer months are characterized by waves arriving from mainly the
west-northwest (~25%) to northwesterly quadrant (~21%), with few waves out of
the southwest. The bulk of these reflect waves with amplitudes that are
predominantly less than 9.8 ft. In contrast, the winter months are dominated by
much larger wave heights out of the west (~25-35%), and to a lesser extent the
northwest (~18%).

VOLUME 1 Part 2 Section 3.9




34

Figure 15 is a profile for a hypothetical transect showing the effects of energy
dissipation on a wave as it moves inland. This figure shows the wave elevations
being decreased by obstructions, such as buildings, vegetation, and rising ground
elevations and being increased by open, unobstructed wind fetches. Actual wave
conditions may not necessarily include all of the situations shown in Figure 15.

V Zone | AZone |
Wave Helght Greater Than 3 FL. 1 Wave Height Less Than 3 Fl, |

Base Flood Elavation
Including Wave Effects
100-Year :

Stilwaler Elevation —\

NAVD
Shareline Sand Beach Bulldings Overland Vegelated Region | Linit of Flooding
Wind Felch and Waves

Figure 15 - Schematic of Coastal Profile

Vertical Datum

All FIS reports and FIRMs are referenced to a specific vertical datum. The
vertical datum provides a starting point against which flood, ground, and structure
elevations can be referenced and compared. Until recently, the standard vertical
datum in use for newly created or revised FIS reports and FIRMs was the
National Geodetic Vertical Datum of 1929 (NGVD29). With the finalization of
North American Vertical Datum of 1988 (NAVD88), many FIS reports and
FIRMs are being prepared using NAVD88 as the referenced vertical datum.

All flood elevations shown in this FIS report and on the FIRM are referenced to
NAVDS88. Structure and ground elevations in the community must, therefore, be
referenced to NAVDS88. It is important to note that adjacent communities may be
referenced to NGVD?29. This may result in differences in Base Flood Elevations
(BFEs) across the corporate limits between the communities.

For additional information regarding conversion between NGVD29 and

NAVDSS, visit the NGS website at www.ngs.noaa.gov, or contact the NGS at the
following address:
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Vertical Network Branch, N/CG13
National Geodetic Survey, NOAA
Silver Spring Metro Center 3

1315 East-West Highway

Silver Spring, Maryland 20910
(301) 713-3191

The conversion factor from -NGVD to NAVD for all streams in this report was
+3.62 feet. The conversion was performed during the initial countywide update.

Temporary vertical monuments are often established during the preparation of a
flood hazard analysis for the purpose of establishing local vertical control.
Although these monuments are not shown on the FIRM, they may be found in the
Technical Support Data Notebook associated with the FIS report and FIRM for this
community. Interested individuals may contact FEMA to access these data.

To obtain current elevation, description, and/or location information for
benchmarks 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.

FLOODPLAIN MANAGEMENT APPLICATIONS

The NFIP encourages State and local governments to adopt sound floodplain
management programs. Therefore, each FIS provides 1-percent-annual-chance (100-
year) flood elevations and delineations of the 1- and 0.2-percent-annual-chance (500-
year) floodplain boundaries and 1-percent-annual-chance floodway to assist communities
in developing floodplain management measures. This information is presented on the
FIRM and in many components of the FIS report, including Flood Profiles, Floodway
Data Table, and Summary of Elevations Table. Users should reference the data presented
in the FIS report as well as additional information that may be available at the local map
repository before making flood elevation and/or floodplain boundary determinations.

4.1

Floodplain Boundaries

To provide a national standard without regional discrimination, the 1-percent-
annual-chance flood has been adopted by FEMA as the base flood for floodplain
management purposes. The 0.2-percent-annual-chance flood is employed to
indicate additional areas of flood risk in the community.

For each flooding source studied by detailed methods, the 1- and 0.2-percent-
annual-chance floodplain boundaries have been delineated using the flood
elevations determined at each cross section. Between cross sections, the
boundaries were interpolated using 1 meter resolution bare earth LiDAR DEMs
(effective map scale of approximately 1:2,300), with a contour interval of 0.5 feet
(Oregon LiDAR Consortium, 2009).

For streams studied by approximate methods, the 1-percent-annual<hance
floodplain boundaries have been delineated using flood elevations at every grid
cell of 1 meter resolution bare earth LIDAR DEMs (effective map scale of
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approximately 1:2,300). No interpolation was performed. Note that exceptions
exist where LIDAR was not available in the far eastern portion of Coos County.
In these areas 1-percent-annual-chance flood boundaries were delineated using
Flood Hazard Boundary Maps for Coos County (U.S. Department of Housing and
Urban Development, 1977), Geologic Hazard Maps (Beaulieu and Hughes, 1975),
and engineering judgment. These exceptions include areas along the upper East
Fork Millicoma River, Glenn Creek, upper East Fork Coquille River, West Fork
Brummit Creek, and East Fork Brummit Creek.

The 1- and 0.2-percent-annual-chance floodplain boundaries are shown on the
FIRM (Exhibit 2). On this map, the 1-percent-annual-chance floodplain boundary
corresponds to the boundary of the areas of special flood hazards (Zones A, AE,
V, and VE), and the 0.2-percent-annual-chance floodplain boundary corresponds
to the boundary of areas of moderate flood hazards. In cases where the 1- and
0.2-percent-annual-chance floodplain boundaries are close together, only the 1.
percent-annual-chance 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 1-percent-annual-
chance floodplain boundary is shown on the FIRM (Exhibit 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 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 floodway is used
as a tool to assist local communities in this aspect of floodplain management.
Under this concept, the area of the 1-percent-annual-chance floodplain is divided
into a floodway and a floodway fringe. The floodway is the channe) of a stream,
plus any adjacent floodplain areas, that must be kept free of encroachment so that
the 1-percent-annual-chance fldod can be carried without substantial increases in
flood heights. Minimum Federal standards limit such increases to 1 foot,
provided that hazardous velocities are not produced. The floodways in this study
are presented to local agencies as minimum standards that can be adopted directly
or that can be used as a basis for additional floodway studies.

Thefloodways presented in this FIS report and on the FIRM 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 have been tabulated for selected cross sections in
Table 13, “Floodway Data”. In cases where the floodway and I-percent-annual-
chance floodplain boundaries are either close together or collinear, only the
floodway boundary has been shown.

Floodways for the Coquille River and the South Fork Coquille River were
computed on the basis of equal-conveyance reduction from each side of the
floodplain. Because of the complexity and hydraulic controls on the Calloway

VOLUME 1 Part 2 Section 3.9

-73-




Creek/Cunningham Creek floodplain, a standard floodway based on equal-
conveyance reduction is not possible. Instead, the floodways for these two creeks
were calculated by trial-and-error based on the flow divisions of the normal depth
1-percent-annual-chance flood.

As shown on the Flood Information Rate Maps (FIRM), the floodway widths
were determined at cross sections; between cross sections, the boundaries were
interpolated. In cases where the boundaries of the floodway and the 1-percent-
annual-chance flood are either close together or collinear, only the floodway
boundary has been shown.

The floodway for Pony Creek above Newmark Street was computed on the basis
of equal conveyance reduction from each side of the floodplain. No floodway was
delineated on Pony Creek between Crowell Lane and Newmark Street or
downstream of Crowell Lane because the floodway concept is not applicable in
areas where flooding is controlled by tidal influences.

No floodway was determined for the Coquille River within the City of Bandon
corporate limits and for Ferry Creek because both streams are subject to tidal
influence. .

The area between the floodway and 1-percent-annual-chance 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 1-percent-annual-chance flood more than 1
foot at any point. Typical relationships between the floodway and the floodway
fringe and their significance to floodplain development are shown in Figure 16.

Figure 16. Floodway Schematic
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FLODDWAY D _|.__FLooDWAY.
FRINGE FLOODWAY > FRINGE —
STREAM
[“~CHANNEL ™|
FLOOD ELEVATION WHEN
GROUND SURFAGE CONFINED WITHIN FLODDWAY
ENCROACHMENT ENCROACHMENT
SURCHARGE:;_
AREA OF ALLOWABLE U
ENCROACHMENT: RAISING o
GROUND SURFACE WILL D R OACHMENT
NOT CAUSE A SURCHARGE ON FLOODPLAIN

THAT EXCEEDS THE
INDICATED STANDARDS

LINE A = B IS THE FLOOD ELEVATION BEFORE ENCROACHMENT
LINE C ~ D IS THE FLOOD ELEVATION AFTER ENCROACHMENT

*SURCHARGE NOT TO EXCEED 1.0 FOOT (FEMA REQUIREMENT) OR LESSER HEIGHT IF SPECIFIED BY STATE OR COMMUNITY.
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Figure 16 - Floodway Schematic

Base Flood Elevations

Areas within the community studied by detailed engineering methods have BFEs
established in AE and VE Zones. These are the elevations of the 1-percent-
annual-chance (base flood) relative to NAVD88. In coastal areas affected by
wave action, BFEs are generally maximum at the normal open shoreline. These
elevations generally decrease in a landward direction at a rate dependent on the
presence of obstructions capable of dissipating the wave energy. Where possible,
changes in BFEs have been shown in 1-foot increments on the FIRM. However,
where the scale did not permit, 2- or 3-foot increments were sometimes used.
BFEs shown in the wave action areas represent the average elevation within the
zone. Current program regulations generally requite that all new construction be
elevated such that the first floor, including basement, is elevated to or above the
BFE in AE and VE Zones.
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44  Velocity Zones

The USACE has established the 3-foot wave height as the criterion for
identifying coastal high hazard zones (USACE, 1975). This was based on a
study of wave action effects on structures. This criterion has been adopted by
FEMA for the determination of VE zones. Because of the additional hazards
associated with high-energy waves, the NFIP regulations require much more
stringent floodplain management measures in these areas, such as elevating
structures on piles or piers. In addition, insurance rates in VE zones are higher
than those in AE zones.

The location of the VE zone is determined by the 3-foot wave as discussed
previously. The detailed analysis of wave heights performed in this study
allowed a much more accurate location of the VE zone to be established. The VE
zone generally extends inland to the point where the 1-percent-annual-chance
stillwater flood depth is insufficient to support a 3-foot wave.

INSURANCE APPLICATIONS

For flood 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 risk zone that corresponds to the 1-percent-annual-chance
floodplains that are determined in the FIS by approximate methods. Because detailed
hydraulic analyses are not performed for such areas, no BFEs or base flood depths are
shown within this zone.

Zone AE

Zone AE is the flood insurance risk zone that corresponds to the 1-percent-annual-chance
floodplains that are determined in the FIS by detailed methods. In most instances, whole-

foot BFEs derived from the detailed hydraulic analyses are shown at selected intervals
within this zone,

Zone' V
Zone V is the flood insurance risk zone that corresponds to the 1-percent-annual-chance
coastal floodplains that have additional hazards associated with storm waves. Because

approximate hydraulic analyses are performed for such areas, no BFEs are shown within
this zone.
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Zone VE

Zone VE is the flood insurance risk zone that corresponds to the 1-percent-annual-chance
coastal floodplains that have additional hazards associated with storm waves. Whole-foot
BFEs derived from the detailed hydraulic analyses are shown at selected intervals within
this zone.

Zone X

Zone X is the flood insurance risk zone that corresponds to areas outside the 0.2-percent-
annual-chance floodplain, areas within the 0.2-percent-annual-chance floodplain, areas of
1-percent-annual-chance flooding where average depths are less than 1 foot, areas of 1-
percent-annual-chance flooding where the contributing drainage area is less than 1 square
mile, and areas protected from the 1-percent-annual-chance flood by levees. No BFEs or
base flood depths are shown within this zone.

Table 14 lists the flood insurance zones that each community is responsible for
regulating.

Table 14. Flood Insurance Zones within Each Community

Community Flood Zone(s
Bandon, City of A,AE V,VE, X
Coos Bay, City of ALAE X
Coos County, Unincorporated Areas A,AE, V,VE, X
Coquille, City of A AE, X
Lakeside, City of AAE X
Moyrtle Point, City of A, AE, X
North Bend, City of AE, X
Powers, City of AX
FLOOD INSURANCE RATE MAP

The FIRM is designed for flood insurance and floodplain management applications.

For flood insurance applications, the map designates flood insurance risk zones as
described in Section 5.0 and, in the l-percent-annual-chance floodplains that were
studied by detailed methods, shows selected whole-foot BFEs or average depths.
Insurance agents use the zones and BFEs 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 1- and 0.2-percent-annual-chance floodplains, floodways, and the locations of
selected cross sections used in the hydraulic analyses and floodway computations.
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The countywide FIRM presents flooding information for the entire geographic area of
Coos County. Previously, FIRMs were prepared for each incorporated community and
the unincorporated areas of the County identified as flood-prone. This countywide FIRM
also includes flood-hazard information that was presented separately on Flood Boundary
and Floodway Maps, where applicable. Historical data relating to the maps prepared for
each community are presented in Table 15, “Community Map History”.

OTHER STUDIES

The Federal Insurance Administration previously published Flood Hazard Boundary
Maps for Coos County (U.S. Department of Housing and Urban Development, 1975),
City of Bandon (U.S. Department of Housing and Urban Development, 1976), City of
Coos Bay (U.S. Department of Housing and Urban Development, 1977), City of
Coquille (U.S. Department of Housing and Urban Development, 1975), the City of
Myrtle Point (U.S. Department of Housing and Urban Development, 1975), the City of
North Bend (U.S. Department of Housing and Urban Development, 1974). The present
Flood Insurance Study is more detailed and thus sup?rsedes the earlier maps.

The USACE Tsunami Prediction Study (Garcia and Houston, 1978) was used in the
coastal flood analysis.

This report either supersedes or is compatible with all previous studies published on
streams studied in this report and should be considered authoritative for the purposes of
the NFIP.

LOCATION OF DATA

Information concerning the pertinent data used in the preparation of this study can be
obtained by contacting FEMA, Federal Insurance and Mitigation Division, Federal
Regional Center, 130 228" Street Southwest, Bothell, WA 98021-8627.

For previous versions of the FIRM Index, the Map Repository information was included
on the FIRM Index itself. The map repositories are listed in Table 16 in the FIS.
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FLOOD INSURANCE STUDY
COOS COUNTY, OREGON AND INCORPORATED AREAS

REVISION DESCRIPTIONS

First Revision
Authority and Acknowledgments

This Physical Map Revision (PMR) was revised to incorporate approximately 515
miles of approximate (Zone A) analyses in Coos County, Oregon, including the Cities
of Bandon, Coos Bay, Coquille, Lakeside, Myrtle Point, North Bend, and Powers; the
in the Unincorporated Areas of Coos County; the Coquille Indian Tribe; and the
Confederated Tribes of Coos, Lower Umpqua, and Siuslaw. The engineering for this
project was initiated in 2014 by the Oregon Department of Geology and Mineral
Industries (DOGAMI) and was completed by the Strategic Alliance for Risk Reduction
(STARRII) in 2016 under contract HSFE60-15-D-0005.

Coordination

The results of the Coos County, Oregon PMR were reviewed at a meeting held on
December 13,2016, and attended by representatives of FEMA, OR DLCD, STARR,
Coos County, and the Cities of Bandon, Coos Bay, Myrtle Point, and North Bend. All

problems raised at that meeting have been addressed.

Scope of Study

The effective FIS for Coos County (FEMA, 2014) was performed by DOGAMI for
FEMA under Contract No. EMS-2008-GR-0013 in 2008. Following the 2014 Coos
County update, concerns were raised regarding the overall modeling approach that had
been previously used for the approximate streams in the county. Items of concern
included the boundary conditions, the Manning’s “n” values, the bank stations, and the
ineffective flow areas that had been used. For this revised countywide FIS report, an
approximate hydraulic analysis was performed using HEC-RAS hydraulic software
which utilized LiDAR data. The update was completed in order to revise areas of
concern as well as produce: flood maps for previously unstudied areas within Coos
County.

Important Considerations

Figures 17, 18, and 19 present important considerations for using the information
contained in this revised FIS report and the FIRM and is provided in response to
changes in format and content.

The jurisdictions that are included in this project area, along with the Community
Identification Number (CID) for each community and the USGS 8-digit Hydrologic
Unit Code (HUC-8) sub-basins affecting each, are shown in Table 16. The FIRM panel
numbers that affect each community are listed. If the flood hazard data for the
community is not included in this FIS Report, the location of that data is identified.

Table 17 is a list of the locations where FIRMs for Coos County can be viewed. Please
note that the maps at these locations are for reference only and are not for distribution.
Also, please note that only the maps for the community listed in the table are available
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at that particular repository. A user may need to visit another repository to view maps
from an adjacent community.

Each FIRM panel may contain specific notes to the user that provide additional
information regarding the flood hazard data shown on the map. However, the FIRM
panel does not contain enough space to show all notes that may be relevant in helping
to better understand the information on the panel. Figure 17 contains the full list of
these notes.

Figure 17. FIRM Notes to Users

NOTES TO USERS

widths and other pertinent floodway data are provided in the FIS Report for this jurisdiction.

For information and questions about this map, available products assoclated with this FIRM

including historic versions of this FIRM, how to order products, or the National Flood Insurance

Program in general, please call the FEMA Map Information eXchange at 1-877-FEMA-MAP (1-

877-336-2627) or visit the FEMA Map Service Center website at https://msc.fema.gov. Available
products may include previously issued Letters of Map Change, a Flood Insurance Study

Report, and/or digital versions of this map. Many of these products can be ordered or obtained

directly from the website. Users may determine the current map date for each FIRM panel by

visiting the FEMA Map Service Center website or by calling the FEMA Map Information

eXchange.

Communities annexing land on adjacent FIRM panels must obtain a current copy of the
adjacent panel as well as the current FIRM Index. These may be ordered directly from the Map
Service Center at the number listed above.

To determine if flood insurance is available in the community, contact your insurance agent or
call the National Flood Insurance Program at 1-800-638-6620.

For community and countywide map dates, refer to Table 15 in this FIS Report.

BASE FLOOD ELEVATIONS: For more defailed information in areas where Base Flood
Elevations (BFEs) and/or floodways have been determined, consult the Flood Profiles and
Floodway Data and/or Summary of Stillwater Elevations tables within this FIS Report. Use the
flood elevation data within the FIS Report in conjunction with the FIRM for construction and/or
floodplain management.

FLOODWAY INFORMATION: Boundaries of the floodways were computed at cross sections
and interpolated between cross sections. The floodways were based on hydraulic
considerations with regard to requirements of the National Flood Insurance Program. Floodway
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Figure 17. FIRM Notes to Users (continued)

FLOOD CONTROL STRUCTURE INFORMATION: Certzin areas not in Special Flood Hazard
Areas may be protected by flood control structures. Refer to Section 4.3 “Non-Levee Flood
Protection Measures” of this FIS Report for information on flood control structures for this
jurisdiction.

PROJECTION INFORMATION: The projection used in the preparation of the map was
Universal Transverse Mercator (UTM Zone 18). The horizontal datum was North American
Datum 1983. Differences in datum, spheroid, projection or State Plane zones used in the
production of FIRMs for adjacent jurisdictions may result in slight positional differences inmap
features across jurisdiction boundaries. These differences do not affect the accuracy of the
FIRM.

ELEVATION DATUM: Flood elevations on the FIRM are referenced to North American
Vertical Datum of 1988. These flood elevations must be compared to structure and ground
elevations referenced to the same vertical datum. For information regarding conversion
between the National Geodetic Vertical Datum of 1929 and North American Vertical Datum of
1988, visit the Nationa) Geodetic Survey website at http:/mwww.ngs.noaa.gov/

Local vertical monuments may have been used to create the map. To obtain current monument
information, please contact the appropriate local community listed in Table 16 of this FIS

Report.

BASE MAP_INFORMATION: Base map information shown on the FIRM was provided by
varlous sources. For information about base maps, refer to Section 6.2 ‘Base Map” in this FIS

Report.

The map reflects more detalled and up-to-date stream channel configurations than those
shown on the previous FIRM for this jurisdiction. The floodplains and floodways that were
transferred from the previous FIRM may have been adjusted to conform to these new stream
channel configurations, As a result, the Flood Profiles and Floodway Data tables may reflect
stream channel distances that differ from what is shown on the map.

Corporate limits shown on the map are based on the best data available at the time of
publication. Because changes due to annexations or de-annexations may have occurred after
the map was published, map users should contact appropriate community officlals to verify
current corporate limit locations.

NOTES FOR FIRM INDEX

REVISIONS TO INDEX: As new studies are performed and FIRM panels are updated within
Coos County, Oregon and Incorporated Areas, corresponding revisions to the FIRM Index will
be incorporated within the FIS Report to reflect the effective dates of those panels. Please refer
to Table 15 of this FIS Report to determine the most recent FIRM revision date for each
community. The most recent FIRM panel effective date will correspond to the most recentindex

date.
SPECIAL NOTES FOR SPECIFIC FIRM PANELS

This Notes to Users section was created specifically for Coos County, Oregon and
Incorporated Areas, effective date December 7, 2018.
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Figure 18. Map Legend for FIRM (continued)

GENERAL STRUCTURES
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Jelty Dam, Jetty, Weir
Weir

T HT BT Levee, Dike or Floodwall

<

Bridge Bridge

COASTAL BARRIER RESOURCES SYSTEM (CBRS) AND OTHERWISE PROTECTED AREAS
(OPA): CBRS areas and OPAs are normally located within or adjacent to Special Fiood Hazard
Areas. See Noles to Users for important information.

N
\ Coastal Barrler Resources System Area: Labels are shown to clarify
k where this area shares a boundary with an incorporated area or overlaps
CBRS AREA with the floodway.
09/30/2009

AN \\ Otherwise Protected Area

OTHERWISE
PROTECTED AREA
09/30/2009

REFERENCE MARKERS
.22'0 River mile Markers

"CROSS SECTION & TRANSECT INFORMATION

Lettered Cross Section with Regulatory Water Surface Elevation (BFE)

Numbered Cross Section with Regulatory Water Surface Elevation (BFE)

s Unlettered Cross Section with Regulatory Water Surface Elevation (BFE)

------- Coastal Transect
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Table 16. Listing of NFIP Jurisdictions

If Not
Included,
HUC-8 Location of
Sub- Flood Hazard
Community CID Basin(s) Located on FIRM Panel(s) Data
Bandon, City of 410043 | 17100305 41011C0493F, 41011C0494F, '
17100306 | "41011C0681F, 41011CO0682F,
41011C0683F
Confederated Tribes of 410292 | 17100304 41011C0169F, 41011CO195F,
Coos, Lower Umpqua and 41011C0186E, 41011CO188E,
Siuslaw 41011C0310F
Coos Bay, City of 410044 | 17100304 | 41011CO167E, 41011CO168F,
41011C0169F, 41011C0187F,
41011CO188E, 41011CO0189F,
41011C0193F, 41011C0310F,
41011C0326E, 41011CO0327E,
41011C0331F
Coos County 410042 | 17100302 | 41011C0025E, 41011C0030F,
(Unincorporated Areas) 17100303 | 41011C0031F, 41011CO032F,
17100304 | 41011C0033F, 41011C0034F,
17100305 | 41011C0040F, 41011C0045F,
17100306 | 41011C0075F, 41011C0100F,
17100310 | 41011C0125E*, 41011CO150E*,

41011C0155E*, 41011CO160E,
41011C0165E, 41011CO166E,
41011CO167E, 41011CO168F,
41011C0169F, 41011C0180F,
41011C0185F, 41011CO0186E,
41011C0187F, 41011CO188E,
41011CO0189F, 41011C0193F,
41011C0195F, 41011C0205F,
41011C0210F, 41011C0215F,
41011C0220F, 41011C0250F,
41011C0275E*, 41011CO300F,
41011C0305E, 41011C0310F,
41011C0315F, 4101 1C0320F,
41011C0326E, 41011CO0327E,
41011C0330F, 41011C0331F,
41011C0335F, 41011C0340F,
41011C0345F, 41011C0375F,
41011C0400F, 41011C0425F,
41011C0450E*, 41011C0475E*,
41011C0493F, 41011C0494F,
41011C0500F, 41011CO505F,
41011CO0510F, 41011CO515F,
41011C0520F, 41011C0529F,
41011C0533F, 41011C0537F,
41011C0540F, 41011C0541F,
41011C0545F, 41011C0550F,
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Table 16. Listing of NFIP Jurisdictions (continued)

Coos County
(Unincorporated Areas)
(continued)

41011C0575F, 41011CO600F,
41011C0625E, 41011CO650E*,
41011CO675E*, 41011CO681F,
41011C0682F, 41011CO0683F,
41011C0684F, 41011CO700F,
41011C0725F, 41011C0730F,
41011C0734F, 41011C0735F,
41011C0740F, 41011C0742F,
41011C0745F, 41011C0753F,
41011C0761F, 41011C0775F,
41011CO0800F, 41011C0825F,
41011C0850E*, 41011C0875E*,
41011C0900F, 41011C0925E*,
41011C0950F, 41011CO0964F,
41011C0975F, 41011C1000F,
41011C1025E*, 41011C1050E*,
41011C1075F, 41011C1100E*,
41011C1125E*, 41011C1150E*,
41011C1175E*, 41011C1200E*

Coquille, City of

410045

17100305

41011C0529F, 41011C0533F,
41011C0S37F, 41011C0541F

Coquille Indian Tribe

210102

17100304
17100305

41011C0168F, 41011C0169F,
41011C0188E, 41011C0189F,
41011C0310F, 41011CO600F,
41011C0681F, 41011C0775F,
41011CO0800F, 41011C0975F,
41011C1000F

Lakeside, City of

410278

17100304

41011C0030F, 41011C0031F,
41011C0033F, 41011C0034F

Myrtle Point, City of

410047

17100305

41011C0734F, 41011C0742F,
41011C0753F, 41011C0761F

North Bend, City of

410048

17100304

41011C0167E, 41011CO169F,
41011CO186E, 41011CO187F,
41011C0188E, 41011C0189F

Powers, City of

410049

17100305

41011C0964F -

*Panel not printed
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Flood Protection Measures

According to the National Levee Database, there are no levees in Coos County that
have been demonstrated by the community or levee owner(s) to meet the requirements
of 44 CFR Part 65.10 of the NFIP regulations, as it relates to the levee's capacity to
provide 1% annual chance flood protection. Please refer to the Notice to Flood
Insurance Study Users page at the front of this FIS report for more information.

Hydrology

DOGAMI estimated the discharges that were used for the model, except for the
Coquille River between the cities of Riverton and Myrtle Point, where effective
discharges were available for a detailed portion of study located within the area of
approximate study,

Portions of the Coquille River were previously mapped as Zone A, and detailed (Zone
AE) study on the effective FIRM, with considerable differences in the discharges for
the Zone A and Zone AE reaches. Because of these differences, water surface
elevations did not match at the tie-in areas between these reaches. In order to resolve
the discrepancies, the Set Water Surface Elevation option was used in the HEC-RAS
models in order to match the water surface elevations. -

Hydraulics

The hydraulic model used for this flood study was the USACE Hydraulic Engineering
Center River Analysis System (HEC-RAS), version 4.1.0 (USACE, 2010). Steady
flow HEC-RAS models were developed for the 50-, 20-, 10-, 4-, 2-, 1-, and
0.2-percent-annual-chance-flood events.

Topographic data for the floodplain models was developed using LiDAR data from
Oregon Department of Geology and Mineral Industries (Oregon LiDAR Consortium,
2009). Topographic data was converted into 1-meter and 3-meter digital elevation
models (DEM). The data is in UTM Zone 10 coordinates system, (units feet),
horizontal datum NADR83, vertical datum NAVD 88, (units feet). No field survey data
was used in this analysis.

The downstream starting water-surface elevations in the HEC-RAS models were
estimated assuming normal depth.

Stream and valley cross sections were placed at representative locations along the
stream centerline perpendicular to the flow direction. Cross section spacing varied for
all streams. Cross section geometries were obtained from the DEM topography.

Use of ineffective flow areas were limited for this analysis. Ineffective flow areas

were used only for areas of extreme expansion and contraction, and for areas of
divided flow.

For this analysis, Manning’s “n” values of 0.03-0.04 were used for channel areas, and
0.05-0.12 were used on overbank areas.

Expansion and contraction values of 0.1 and 0.03 were used at all cross sections in this
analysis.
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Letters of Map Revision

There were no Letters of Map Change (LOMCs) incorporated during this processing
of this PMR.

Bibliography for the First Revision

Federal Emergency Management Agency, Flood Insurance Study, Coos County, OR
and Incorporated Areas, March 17, 2014.

Federal Emergency Management Agency, Guidelines and Specifications for Flood
Hazard Mapping Partners, U.S. Department of Homeland Security, November, 2009.

Hydrologic Engineering Center, HEC-RAS River Analysis System, Version 4.1,
U.S. Army Corps of Engineers, Davis, California, Jan 2010,

Oregon LiDAR Consortium, 1-Meter Resolution Bare Barth LiDAR Digital Elevation

Models for Coos County, Oregon South Coast Project, Acquired June-August 2008,
May 2009.
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SECTION 3.9.200 LANDSLIDES AND FARTHQUAKES

Landslides: New development or substantial improvements proposed in such areas shall be subject to
geologic assessment review in accordance with this section. Potential landslide areas subject to
geologic assessment review shall include all lands partially or completely within “very high” landslide
susceptibility areas as mapped in DOGAMI Open File Report 0-16-02, “Landslide susceptibility map
of Oregon.”

Earthquakes: New development or substantial improvements in mapped areas identified as potentially
subject to earthquake induced liquefaction shall be subject to a geologic assessment review as set out in
this section. Such areas shall include lands subject to “very high” and “high” liquefaction identified in
DOGAMI Open File Report 0-13-06, “Ground motion, ground deformation, tsunami inundation, co-
seismic subsidence, and damage potential maps for the 2012 Oregon Resilience Plan for Cascadia
Subduction Zone Earthquakes.”

In the past earthquakes have not been addressed in the mapping as most of those experienced in the
county originate on the Mendocino Fault off the northern Californian coast. Earthquakes originating
there in 1922, 1923, and 1954 caused no damage here, though buildings swayed and sleepers were
awakened in 1922 and shaking was observed in 1954. The potential for damage from earthquakes is
greater in the Coos Bay area and southern part of the county, and damage is more likely to be a result
of liquefaction and landslides than of faulting. Structural design incorporating seismic considerations
is a good response 1o earthquake potential in all parts of the county. This is especially critical in the
Coos Bay/North Bend area because of the greater instability of the older stabilized dunes, former
marshes, and fills material that much of the development occurs on. High occupancy and critical use
facilities such as schools and hospitals should be located in areas of solid ground conditions.
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Landslide Susceptibility Overview Map of Oregon

1.0 REPORT SUMMARY

This project provides a generalized (1:500,000 data scale;
~32 ft? grid) landslide susceptibility overview map of the
entire state. The intended use of this overview map is to
help identify regions (cities, counties, communities, por-
tions of lifelines, watersheds, etc.) that may be at risk for
future landslides. The map is designed to provide landslide
hazard information for regional planning and specifically
to identify areas where more detailed landslide mapping
is needed.

The landslide susceptibility overview map of Oregon
uses three statewide data sets: 1) geologic map (a pre-re-
lease version of the Oregon Geologic Data Compilation,
release 6), 2) landslide inventory (Statewide Landslide In-
formation Layer for Oregon [SLIDO], release 3.2), and 3)
slope map (lidar-derived data and U.S. Geological Survey
national elevation data). We combined generalized geol-
ogy and landslide inventory to determine landslide area
per geologic unit area and to establish classes of low,
moderate, and high landslide density. Then we calculated
spatial statistics of the slope map to determine classes of
low, moderate, and high slopes prone to landsliding within
each geologic unit. Using a hazard matrix, we combined
these two data sets, landslide density and slopes prone to
landsliding, with the original landslide inventory to estab-
lish final landslide susceptibility overview map zones.

The statewide overview map zones classify Oregon into
the following susceptibility zones: 37% low, 28% moder-
ate, 30% high, and 5% very high (the very high zone by
definition consists of mapped landslides). Most areas
classified as moderate or higher landslide susceptibility
are located in the Cascade Mountains, the Coast Range,
and the Klamath Mountains and portions of central and
northeastern Oregon.

We used the SLIDO-3.2 historic landslide point data
set (9,997 points) to test the landslide susceptibility over-
view map. We found approximately 80% of the landslide
points in the high and very high classes. We examined cor-
respondence between landslide susceptibility and the 242
cities, 36 counties, and 536 watersheds (average watershed
size of 170 mi?) in Oregon (Appendix C). In the counties,
high and very high susceptibility percentages range from
less than 10% in Deschutes County to greater than 80% in
Tillamook County. Note, however, that a high percentage
of landslide susceptibility for county, city, or watershed
does not mean there is an equivalent high risk, because
risk is the intersection of hazard and assets. For example,
Tillamook County has greater than 80% high and very
high landslide susceptibility, but if the majority of assets
(people, buildings, infrastructure, etc.) are located in the
other 20%, which is ranked moderate to low susceptibility,
this indicates a relatively high overall susceptibility for the
county, but a relative low risk for the county.

Oregon Department of Geology and Mineral Industries Open-File Report 0-16-02
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Landslide Susceptibility Overview Map of Oregon

2.0 INTRODUCTION

Climate, geology, and topography combine to make por-
tions of Oregon landslide-prone, Precipitation, earth-
quakes, and human activity are the main triggers of
landslides. The growing Oregon population has pushed
development into landslide-prone areas, putting peo-
ple and infrastructure at risk. Detailed (large scale, e.g.,
1:8,000 or better) landslide hazards maps provide the pub-
lic and local officials one of the tools to reduce this risk.
However, there is as yet neither the data nor the capacity
to create detailed landslide hazards maps across the entire
state of Oregon.

The purpose of this project is to create a generalized
data (coarse grid: ~32 ft% small scale: 1:500,000) land-
slide susceptibility overview map of the entire state. The
intended use of this overview map is to help identify re-
gions (cities, counties, communities, portions of lifelines)
that maybe more or less at risk for future landslides. This
information facilitates regional planning by providing an
understanding of relative vulnerability to slides and iden-
tifying areas where more detailed mapping is needed. The
Oregon Department of Administrative Services, Geospa-
tial Enterprise Office, partially funded this study (Inter-
agency Agreement No. 55019).

3.0 SOURCE DATA, METHODS,
AND RESULTS

Several other state geological surveys have completed
similar statewide landslide susceptibility maps: California
(Willis and others, 2011), Utah (Giraud and Shaw, 2007),
and Alabama (Ebersole and others, 2011). The method de-
scribed in this paper was developed on the basis of these
existing methods and is described in detail in the sections
below.

3.1 Overview

We used these statewide data sets to produce the landslide
susceptibility overview map of Oregon:

+ Generalized geologic map (148 generalized geologic
unit polygons) created from a pre-release version of
the Oregon Geologic Data Compilation [OGDC],
release 6 (statewide) provided by I. P. Madin, 2014

+ Landslide inventory (54,758 landslide polygons)
from the Statewide Landslide Information Database
for Oregon [SLIDO}, release 3.2 (Burns, 2014)

« Slope map, in degrees, based on a 32.8 ft? grid
derived from lidar-derived elevation data and U.S.
Geological Survey National Elevation Data (NED)
[Gesch, 2007]

The general steps to produce the overview map are:

1. Create a geology-landslide intersect map by com-
bining the generalized geology (described in more
detail in section 3.2.1) and landslide inventory
(described in detail in section 3.2.2) to determine
landslide area per geologic unit area. We then used
the percent of landslide areas in each of 148 gen-
eralized geologic units to establish classes of low,
moderate, and high Landslide Density (i.e., land-
slide area/geologic unit area).

2. Calculate spatial statistics between the geology-
landslide intersect map and the slope map to de-
termine the mean and standard deviation of slope
angles within the landslides per geologic unit. We
used the mean and standard deviation to establish
classes of low, moderate, and high Slopes Prone
to Landsliding within each geologic unit.

3. Use a hazard matrix to combine these two data
sets, Landslide Density and Slopes Prone to Land-
sliding, along with the original landslide inventory
to establish zones in the final landslide susceptibil-
ity overview map.

Each of these steps is described below and in more de-
tail in Appendix A and on Plate 1.

3.2 Source data

Geological and geomorphic information from the Oregon
Department of Geology and Mineral Industries (DOGA-
MI) and the U.S. Geological Survey (USGS) are the best
available statewide data at the time of this publication.

3.2.1 Generalized geologic map

We created the generalized geologic map by starting with
the same pre-release version of OGDC-6. The compila-
tion has over 120,000 geologic unit polygons. This is too
much detail for a statewide overview map. We generalized
the geology polygons on the geology general unit (GEO_
GENL_U; general rock type) and geologic rock type (G_
ROCK_TYP; characteristic lithology type) fields, which
resulted in 190 unique generalized geologic units.

Oregon Department of Geology and Mineral Industries Open-File Report O-16-02
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Landslide Susceptibility Overview Map of Oregon

This pre-release version of OGDC-6 contained land-
slides as a "unit.”" We needed to remove these so that land-
slide inventory polygons (see section 3.2.2) would corre-
late not to landslides in the geology but to geologic units.
We removed the 11,373 landslide polygons from our pre-
release version of OGDC-6 and stored these in a separate
file. We tested several GIS tools and found that the Esri®
Eliminate tool worked best at merging these separated
landslides into the 190 generalized geologic units. The
tool allowed us to determine which units had the most
coincident boundaries with landslides (or in other words,
correlated best) and then merge the landslides with those
units. After we performed this process, several hundred
landslide polygons remained. We manually merged these
with adjacent and appropriate geology units.

We then examined the 190 generalized geology units for
size and lack of attributes. If the generalized geologic unit
had a small extent (for example 1,000 ft?) and/or if the unit
did not have information that distinguished it from other
similar units, we merged these units with other similar
units. The final generalized geology data set has 148 units.

See Appendix A.1 for GIS process details and Appendix
B for a list of geologic units.

3.2.2 Landslide inventory

This project required two landslide inventory files. The
first inventory was of landslide polygons (mapped depos-
its in SLIDO), which we used as a model input. The second
inventory was of historic landslide points, which we used
as a quality assurance test of the landslide susceptibility
model output. We created both inventory data sets from
the Statewide Landslide Information Database for Oregon
(SLIDO) release 3.2 (Burns, 2014).

Landslide polygon inventory

We began by removing the debris fans and talus-colluvi-
um polygons from the landslide polygon data set. We did
this because the end product is a generalized overview
landslide susceptibility map and is not intended to iden-
tify debris flows or similar generally long-runout landslide
hazard areas or rock fall/topple hazard areas. We divid-
ed the remaining landslides into two sets: those mapped
following general procedures of Special Paper 42 (SP-42;
Burns and Madin, 2009), which is a method using light de-
tection and ranging (lidar) data and a base map; and those
mapped without a lidar base or mapped using a lidar base

but that did not follow the SP-42 method completely. We
then cleaned these two data sets to remove overlapping
polygons and very small polygons (<35,000 ft?) (see Ap-
pendix A). We did this because the end product is not in-
tended to identify future very small shallow landslides that
in any case would be inappropriate for the ~32-ft* grid.
Finally, we intersected the landslide polygons with the 148
generalized geological units by running the Esri Intersect
tool, because the statistics calculated later in this method
must be for each generalized geologic unit. This resulted
in 6,629 SP-42 landslides and 48,129 non-SP-42 landslide
and portions of landslide polygons (Plate 1). Each land-
slide area was unique to each generalized geology unit.
See Appendix A.2 for GIS processing details.

Historic landslide point inventory

The second landslide data set is the historic landslide
points, Like the other landslide data set, we first removed
the debris flow fan and rock fall by determining where the
points intersected debris fans and talus-colluvium poly-
gons. We then removed points attributed as shallow de-
bris flow runout deposits and points with areas or volumes
too small for the grid resolution. This resulted in 9,997 his-
toric landslide points.
See Appendix A.2 for GIS processing details.

3.2.3 Digital elevation models (DEMs)

We started with two DEMs. The first is from the USGS
National Elevation Data set (NED, http://ned.usgs.gov/),
which has a 10-m? grid resolution. The second is a compi-
lation of available lidar derived bare-earth DEMs, which
have a 3-ft? grid resolution (see Appendix A.3 for GIS pro-
cess details).

We projected the NED data set into the NAD1983HARN
Oregon Statewide Lambert projection, which is in feet and
has a grid cell size of 32.8 ft? and elevation in feet. We re-
sampled the lidar-derived DEM to a 32.8-ft* grid. We then
merged these two data sets to create a statewide DEM by
using lidar-derived data where available. We converted the
DEM into a statewide slope map in degrees.

3.3 Analysis

We used the three generalized data sets—the geologic map,
landslide inventory, and slope map—to create two suscep-
tibility data sets: one focused on identification of slopes

Oregon Department of Geology and Mineral industries Open-File Report O-1 6-02
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3.3.2 Slopes prone to landsliding

To establish Slopes Prone to Landsliding, we used two
data sets: a slope map and a map of generalized geologic
units intersected with landslide polygons. We started by
converting the statewide DEM into a slope map in de-
grees. We used the slope map grid and landslide polygons
(attributed with associated generalized geology) to estab-
lish spatial statistics or slope statistics within the landslide
polygons in each of the 148 generalized geologic units
(Appendix B). The spatial statistics examine the slope
grid cells within the landslide polygons attributed with
the same generalized geologic unit. The output includes
the mean and standard deviation of the slope within those
landslide polygons (i.e., post-failure slope) per generalized
geologic unit (Appendix B).

Following the Burns and Madin (2009) landslide inven-
tory method results in an estimated overall pre-failure
slope angle at each individual landslide. This slope angle is
estimated through measurement, directly adjacent to each
landslide, on the native 3 ft*> cell size lidar-derived bare-
earth slope map and is therefore considered to be as close
to the pre-landslide slope angle as possible. We compared
the results of the analysis done on the statewide best avail-
able DEM (post-failure) to the results of the landslides with
the lidar data estimated slopes (pre-failure). There were
6,629 landslides with both measurements. We subtracted
the mean from the estimated slope at each landslide and
then examined statistics on the entire 6,629. We found
that the mean slope of the pre-failure measurements was
approximately 9 degrees higher than the post-failure. This
makes sense, as we expect the slope to be steeper before
failure and less steep on the landslide body after failure.
On the basis of this analysis, we used the more conser-
vative (less steep and thus more “safe”), post-failure slope
angle to establish the Slopes Prone to Landsliding used
in the final landslide susceptibility matrix. This also helps
justify using the mean slope as a threshold for the high and
moderate Slopes Prone to Landsliding classes, instead of
the likely overly conservative one standard deviation less
than the mean, which would capture the majority of slopes
identified as associated with existing landslides.

Similarly to other statewide or regional landslide sus-
ceptibility methods (used in other U.S. state surveys), we
used the following relative hazard thresholds to establish
classes of slopes prone to landsliding:

« Highly Prone Slopes: slopes equal or greater than

the mean slope found within the landslides per geo-
logic unit.

» Moderately Prone Slopes: slopes less than the mean
and greater than the mean minus one standard de-
viation slope found within the landslides per geo-
logic unit.

+ Least Prone Slopes: slopes less than the mean minus
one standard deviation slope found within the land-
slides per geologic unit.

We then saved the Slopes Prone to Landsliding map as
raster file with 32.8-ft? grid cell size to match the resolu-
tion of the landslide density map. We attributed each grid
cell with a value of Low, Moderate, or High.

3.4 Landslide susceptibility categories

We combined the two final data sets, Landslide Density
and Slopes Prone to Landsliding, with the existing land-
slides as shown graphically in Figure 3 and on Plate 1. We
defined each susceptibility class on Plate 1 as:

¢ Low: Landsliding unlikely. Areas classified as
Landslide Density = Low (less than 7%) and areas
classified as Slopes Prone to Landsliding = Low.
Note that landslide density and slopes prone to
landsliding data were not considered in this category
because existing slides are inherently prone to insta-
bility. Note also that the inventory quality of existing
landslides varies highly across the state.

¢ Moderate: Landsliding possible. Areas classified
as Landslide Density = Low to Moderate (less than
17%) and areas classified as Slopes Prone to Land-
sliding = Moderate OR areas classified as Landslide
Density = Moderate (7%-17%) and areas classified as
Slopes Prone to Landsliding = Low.

+ High: Landsliding likely. Areas classified as Land-
slide Density = High (greater than 17%) and areas
classified as Slopes Prone to Landsliding = Low and
Moderate OR areas classified as Landslide Density =
Low and Moderate (less than 17%) and areas classi-
fied as Slopes Prone to Landsliding = High.

» Very High: Existing landslides. Landslide Density
and Slopes Prone to Landsliding data were not con-
sidered in this category. Note: the quality of land-
slide inventory (existing landslides) mapping varies
across the state.

The statewide results for the classes are:

o 37%low

+ 28% moderate

» 30% high

+ 5% very high (mapped landslides)

Oregon Department of Geology and Mineral Industries Open-File Report 0-16-02
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7.0 APPENDICES
Appendix A: GIS processing details for input data sets
A.1 Geology

We used the following procedure to determine the final

set of generalized geologic units.

1. Working with our pre-release copy of the OGDC-6 geo-
database provided by 1. P. Madin, DOGAM], 2014), in
Esri ArcGIS v. 10.2 we determined the attributes that
would be used during the merge in step #3: GEO_GENL_U
(Geology Generalized Unit) and G_ROCK_TYP (General-
ized Rock Type) fields.

2. Next, we removed landslide polygons from the data set.
In our pre-release OGDC-6 data set, landslide poly-
gons are attributed with GEO_GENL_U = Sediments and
G_ROCK_TYP = mixed grained sediments. To remove the
landslide polygons, we extracted the polygons from
a copy our pre-release version of OGDC-6 to a single
shapefile. We removed the landslide polygons by exam-
ining the MAP_UNIT_N field and extracting polygons with
the following attributes:

* Bedrock landslides

* Bedrock landslides, Pleistocene

* Debris avalanche deposits

* Dutch Canyon Landslide Complex
* landslide

* Landslide-Columbia River

* Landslide-John Day

* Landslide area

* Landslide areas

* Landslide debris

* Landslide Debris

* Landslide debris

* Landslide deposit

* Landslide deposits

* Landslide Deposits

* Landslide deposits {grades into Qg)
* Landslide deposits and colluviums
* Landslide material

* landslides

* Landslides
* Landslides-blocky surfaces of andesite fragments and

debris, some are older than last glaciation
* Landslides and landslide deposits

The landslides were selected by the following attributes:
"MAP_UNIT_N" = 'Bedrock landslides’ OR "MAP_UNIT_N" =
'‘Bedrock landslides, Pleistocene' OR "MAP_UNIT_N" = 'De-
bris avalanche deposits' OR "MAP_UNIT_N" = 'Dutch Canyon
Landslide Complex' OR"MAP_UNIT_N"="'Landslide' OR "MAP_
UNIT_N" = 'Landslide-Columbia River' OR "MAP_UNIT_N" =
'Landslide-John Day' OR "MAP_UNIT_N" = 'Landslide area’
OR "MAP_UNIT_N" = 'Landslide areas’ OR "MAP_UNIT_N"
= ‘Landslide debris' OR "MAP_UNIT_N" = 'Landslide Debris’
OR "MAP_UNIT_N" = 'Landslide deposit' OR "MAP_UNIT_N"
= 'Landslide deposits' OR "MAP_UNIT_N" = ‘Landslide De-
posits' OR "MAP_UNIT_N" = 'Landslide deposits (grades into
Qg)' OR "MAP_UNIT_N" = 'Landslide deposits and colluvium’
OR "MAP_UNIT_N" = 'Landslide material' OR “MAP_UNIT_N"
= 'landslides’ OR "MAP_UNIT_N" = 'Landslides’ OR "MAP_
UNIT_N" = 'Landslides-blocky surfaces of andesite fragments
and debris, some are older than the last glaciation' OR *"MAP_
UNIT_N" = 'Landslides and landslide deposits'

This extraction resulted in 11,373 landslide polygons.

. In parallel, we used the Esri Dissolve tool to join the

11,373 landslide polygons into a single multipart land-
slide polygon. Then we used the Esri Erase tool to re-
move these areas of landslide out of the generalized
geology file. With the landslides temporarily out of the
database, we merged the geology units into 190 unique
generalized geologic units (determined in step 1). Final-
ly, we used the Esri Merge tool to merge the individual
landslide polygons back into the generalized geology
dataset.

. The next challenge was to merge the landslide polygons

into the geology. We tested several methods including
using the Esri tool Polygon Neighbors, which creates a
table with statistics based on polygon contiguity (over-
laps, coincident edges, or nodes). If the edges of a land-
slide touched only one geologic unit, the landslide was -
merged with that unit. However, this left thousands of
landslides. After extensive testing, we determined that
the Esri Eliminate tool selected and combined land-
slides with surrounding geology with the fewest capture
errors.

We then used the Eliminate tool to merge landslide

" polygons into geologic unit polygons. First we removed

alluvium, so that none of the landslide polygons would
merge into alluvium. In order to remove the alluvium,
we examined the G_ROCK_TYP field and included the
polygons with the following attributes, where the first
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term is the GEO_GENL_U and the second term is the G_
ROCK_TYP:
Sediments-turbidite (two polygons on the bottom
of Crater Lake)

« Sediments-tufa (a single polygon that appears to be
fine grained Quaternary alluvium [Qal]) -

* Sediments-sinter deposit (a single polygon sur-
rounded by volcaniclastic deposits)

* Sediments-no data (a single polygon surrounded by
coarse grained sediment Qal)

* Sediments-mudflow breccias (a handful of polygons
which make up one half of the Sandy River delta)

» Sediments-mixed lithologies (landslides from Wiley
and others, 2014)

* Sediments-mixed grained sediments (landslides and
alluvium)

* Sediments-metamorphic rocks

* Sediments-ice (glacial ice on the High Cascade
Mountzins)

* Sediments-fine grained sediments (Qal fine)

* Sediments-coarse grained sediments (Qal coarse)

* Sediments-ash (a single polygon)

* No data-nodata (recent Qal)

* No data-fine grained sediments (two polygons in
northeast Oregon adjacent to Sediments-fine
grained sediments)

We temporarily removed these 14 units. Then we se-
lected the landslides and ran the Eliminate tool again.
The result left 397 landslide polygons. We then merged
the alluvium back into the geology. We visually exam-
ined the 397 landslides and merged them with the ap-
propriate geology units.

5. Next, we examined the 190 generalized geologic units
from step 1 for polygon size. Some units had very small
total areas. For example, we established a minimal land-
slide size of 35,000 ft? (see Section 3.2). We found only
one geology polygon that matched his criterion. We
merged it into the appropriate adjacent geology poly-
gon, giving the database 189 units.

6. Next, we looked at units with “no data” in the attribute

fields GEO_GENL_U and/or G_ROCK_TYP, These included:
* GEO_GENL_U=no data, G_ROCK_TYP=fine grained

sediments. We merged this single polygon with
adjacent unit sediments, fine grained sediments.

* GEO_GENL_U=no data, G_ROCK_TYP=no data. This
unit looked like the “water” polygon. We merged
it with unit sediments, mixed grained sediments
because that unit made up most of the surround-
ing polygons.

+ GEO_GENL_U=sediments, G_ROCK_TYP=no data. We
merged this single polygon with adjacent unit

sediments, coarse grained sediments.
* GEO_GENL_U=volcaniclastic rocks, G_ROCK_TYP=no

data. We merged several polygons with adjacent
unit volcaniclastic rocks, mixed lithologies.

* GEO_GENL_U=volcanic rocks, G_ROCK_TYP=no data
(six polygons). We merged six polygons with adja-
cent unit volcanic rocks, basait.

* GEO_GENL_U=vent and pyroclastic rocks, G_ROCK_

TYP=no data (one polygon). We merged one poly-
gon with surrounding unit volcanic rocks, basaltic
andesitic.

* GEO_GENL_U=intrusive rocks, G_ROCK_TYP=no data
(one polygon) (four polygons). We merged four
polygons with adjacent unit intrusive rocks, inter-
mediate composition lithologies.

After this process, the database had 182 units.

7. Next, we merged those gelogic units covering only small

areas and that had only 1-10 polygons into units on the
basis of the following: 1) same GEO_GENL_U, 2) similar
G_ROCK_TYP, and 3) spatial correlation; in other words,
if individual small polygons were surrounded by like

polygons we merged them. These consisted of:
GEO_GENL_U=mélange rocks, G_ROCK_

TYP=conglomerate. We merged two very small
polygons with surrounding unit mélange rocks,
mixed grained sediments.

* GEO_GENL_U=mélange rocks, G_ROCK_TYP=dacite.
We merged six very small polygons with the clos-

est unit, mélange rocks, mixed lithologies.
* GEO_GENL_U=mélange rocks, G_ROCK__

TYP=limestone. We merged six very small polygons

- with the closest unit, mélange rocks, mudstone.

* GEO_GENL_U=mélange rocks, G_ROCK_TYP=breccia.
There was one very small polygon near Mount
Hood where there are no other mélange rocks.
This polygon was surrounded by mudflow brec-
cias. The GEO_GENL_U was likely mislabeled, so
we merged it with the closest unit, volcaniclasic,

mudflow breccia.
* GEO_GENL_U=mélange rocks, G_ROCK_

TYP=ultramafic. We merged five very small poly-

gons with surrounding unit mélange, serpentinite.
* GEO_GENL_U=mélange rocks, G_ROCK_TYP=schist.

We merged five very small polygons with sur-

rounding unit mélange, serpentinite.
* GEO_GENL_U=batholiths rocks, G_ROCK_

TYP=lamprophyre. We merged one very small
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polygon with surrounding unit batholiths rocks,

intermediate composition lithologies.
GEO_GENL_U=batholiths rocks, G_ROCK_TYP=mafic

composition lithologies. We merged ~six very small
polygons with surrounding unit batholiths rocks,

intermediate composition lithologies,
GEO_GENL_U=intrusive rocks, G_ROCK_

TYP=trachydacite. We merged one very small poly-
gon with surrounding unit intrusive rocks, interme-
diate composition lithologies.
GEO_GENL_U=intrusive rocks, G_ROCK_TYP=marble,
We merged one very small polygon with sur-
rounding unit intrusvie rocks, mafic composition

lithologies.
GEO_GENL_U=marine sedimentary rocks, G_ROCK_

TYP=marble. We merged one very small polygon
with surrounding unit marine sedimentary rocks,

quartzite.
GEO_GENL_U=marine sedimentary rocks, G_ROCK_

TYP=marine sedimentary rocks. We merged one very
small polygon with nearby unit marine sedimentary

rocks, sedimentary rocks.
GEO_GENL_U=marine sedimentary rocks, G_ROCK_

TYP=dolomite. We merged two small polygons
with adjacent unit marine sedimentary rocks, fine

grained sediments.
GEO_GENL_U=metamorphic rocks, G_ROCK_

TYP=limestone. We merged ~5 small polygons
with adjacent unit metamorphic rocks, marine sedi-

mentary rocks.
GEO_GENL_U=metamorphic rocks, G_ROCK_

TYP=gneiss. We merged one very small polygon
with nearby unit metamorphic rocks, ultramafic

composition lithologies
GEO_GENL_U=terrestrial sedimentary rocks, G_

ROCK_TYP=limestone. We merged three very small
polygons with adjacent unit terrestrial sedimentary

sediments, mixed grained sediments.
GEO_GENL_U=sediments, G_ROCK_TYP=sinter depos-

it. We merged one small polygon with the nearby

unit sediments, mixed grained sediments.
GEO_GENL_U=vent and pyroclastic rocks, G_ROCK_

TYP=trachyandesite. We merged one small polygon

with unit vent and pyroclastic rocks, andesite unit.
GEO_GENL_U=vent and pyrociastic rocks, G_ROCK_

TYP=dacite. We merged one small polygon with

unit vent and pyroclastic rocks, basaltic andesite unit.
GEO_GENL_U=vent and pyroclastic rocks, G_ROCK_

TYP=brecciated rock. We merged one small polygon
with surrounding unit vent and pyroclastic rocks,

basaltic andesite.
GEO_GENL_U=vent and pyroclastic rocks, G_ROCK_

TYP=vitrophyre. We merged one small polygon
with surrounding unit vent and pyroclastic rocks,

mixed lithologies.
GEO_GENL._U=volcaniclastic rocks, G_ROCK__

TYP=pumice. We merged five small polygons with

unit volcaniclastic rocks, mixed grained sediments.
GEOQ_GENL_U=volcaniclastic rocks, G_ROCK_

TYP=rhyolite. We merged two small polygons with

unit volcaniclastic rocks, rhyodacite.
GEO_GENL_U=volcaniclastic rocks, G_ROCK_

TYP=breccia. We merged about a dozen small poly-

gons with unit volcaniclastic rocks, mixed lithologies.
GEO_GENL_U=volcaniclastic rocks, G_ROCK_

TYP=tuffaceous sedimentary rocks. We merged one
small polygon with unit volcaniclastic rocks, mixed

lithologles.
GEO_GENL_U=volcaniclastic rocks, G_ROCK_

TYP=basaltic andesite. We merged about five small

polygons with unit volcaniclastic rocks, andesite.
GEO_GENL_U=volcaniclastic rocks, G_ROCK_

TYP=rhyodacite. We merged about five small poly-
gons with unit volcaniclastic rocks, dacite.

rocks, fine grained sediments.
* GEO_GENL_U=terrestrial sedimentary rocks, G_ROCK_

TYP=basaltic sandstone. We merged one small

Performing these merges resulted in 150 units.
8. We combined marine sedimentary rocks_slope channel
sandstone and marine sedimentary rocks_tuff with like ma-

polygon with the similar unit terrestrial sedimen- rine sedimentary rocks.
tary rocks, sandstone 9. This process r in n nerali logi
* GEO_GENL_U=terrestrial sedimentary rocks, G_ROCK_ : unitsPS?ee Tablee 511;1 ;ed in 148 final ge ralized geologic

TYP=mixed lithologies. We merged tens of small
polygons with similar unit sediments, mixed grained
sediments.

* GEO_GENL_U=sediments, G_ROCK_TYP=tufa. We
merged three small polygons with the similar unit
sediments, mixed grained sediments.

* GEO_GENL_U=sediments, G_ROCK_TYP=ash. We
merged one small polygon with the adjacent unit
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A.2 Landslide inventory

We used the following procedures to determine the final
sets of landslide polygons and landslide points.

Landslide Polygons (Deposits)

1. We started with and landslide polygons from the SLIDO
3.2 database (Burns, 2014): 41,029 landslide polygons.
2. We deleted Fans and Talus-Colluvium (9,869 polygons).
3. We removed all landslides attributed as shallow (4,143

polygons) and saved the removed ploygonsas a separate

data set for use later in step #5.

4. We split the remaining landslide polygons into two files:
lidar landslides (8,504 polygons) and non-lidar land-
slides (18,513 polygons)

5. From both data sets, we deleted all landslide polygons
that had areas less than 35,000 ft2. We chose 35,000 ft?
as the cutoff because:

1. 35,000 ft? is less than a 6 x 6 cell area, which means
the polygon size is getting close to the resolution
of the grid cell size used for the map.

2. The intended use of the map is to predict future lo-
cations of relatively large landslides. Therefore we
ran statistics on the areas of the shallow landslide
polygons saved in step #3 and found the mean plus
2 standard deviations, or 95% of the shallow slides,
was less than 32,000 ft2

6. This resulted in 6,738 lidar landslide polygons and
16,868 non-lidar landslides polygons.

7. For non-lidar landslides:

a. We merged into one polygon.

b. We clipped the polygon by geology.

c. We deleted landslides that had areas less than
35,000 ft*

The final number of non-lidar landslide polygons was

41,500.

8. For lidar landslides:

a. We ran the Feature to Point tool on polygons.

b. We ran the Feature to Line tool on polygons.

¢. We ran the Delete Identical on the Line file (step
b result).

d. We ran the Feature to Polygon tool with the Line
file (step c result), using the Point file (step a result)
in the Label Features option (see Figure A.2.1).

e. We deleted all polygons with areas less than 9,000
fe

f. We hand merged the remaining polygons (see Fig-
ure A.2.2).

9. From the lidar landslide set, we removed landslide poly-
gons situated in Washington:
a. Vancouver quadrangle: 24 polygons
b. Washougal quadrangle: 45 polygons
c. Camas quadrangle: 13 polygons

The final number of landslide polygons was 6,629.

Historic Points

1. We started with the Historic Landslide points data set
from SLIDO 3.2 (Burns, 2014): 12,095 points.

2. We deleted all Movement class (MOVE_CLASS) points
classed as: ‘

* Debris Flow (255 points)

* Rockfall; all of these were from ODOT and along
roads. (1,051 points).

* Rock Fall, rock fall, and Rock fall (11 points).

* debris/rock fall (1 point).

* Fall (57 points).

* fall/topple (14 points).

3. We deleted “Type_MTRL" = debris and “"MOVE_CLASS" =
flow (521 points).

4. We selected by location: point intersects fan polys, then
deleted points where the comments field indicated a
debris flow or location of point on a fan (37/65 points
deleted).

5. We selected by location: point intersects talus/collu-
vium polys, then deleted points where the comments
field indicated a debris flow or location of point on a fan
(13/23 deleted).

6. We deleted points with attribute shallow (109 points).

7. We deleted points with areas less than 35,000 ft* (28
points).

'The final total of landslide points was 9,997.
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. g g 5. We re-projected the raster files into the NAD1983
A3 C?nstructlon of 10-m* digital HARN Oregon Statewide Lambert projection, and we
elevation model (DEM) recalculated the elevation values from meters to feet by
1. We gathered all existing lidar-derived bare-earth DEMs using the Times tool in Spatial Analyst.
for the state of Oregon. The native resolution of most of 6. We mosaicked data sets from #5 with the ones from #3
these lidar data sets was 3-ft2 cell size in the NAD1983 above to create a data set of all existing lidar-derived
HARN Oregon Statewide Lambert projection. bare-earth DEMs for the state.
2. We resampled the lidar data to a cell size of 32.8 ft2 (10 7. We acquired the statewide USGS 10-m DEM (NED)
m?) to match the data resolution available for the rest ~ from DAS GEO and re-projected it into NAD1983
of the state. In the Environmental Settings, we set the =~ HARN Oregon Statewide Lambert, again converting

Resample type to Bilinear, which gave us the best repro-  elevation values from meters to feet.
jection resuit. 8. We mosaicked the NED and lidar-derived DEM togeth-
3. We mosaicked the lidar data to a new raster file. er with lidar grids on top of the mosaic.

4. Some of the lidar data sets were in a different projec-
tion. We mosaicked these raster files with output at a
10-m? cell size, using the same methods as above.

The result is a 32.8 ft* (10 m?) statewide elevation grid.
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Appendix B. Generalized geologic unit details

These data are also available in Excel spreadsheet format (Appendix B_Generalized Geologic Unit Details.xIsx) in the
digital appendix folder.

Table B.1. Generalized Geologic Unit Details. STD is standard deviation.

Slope Slope
Moderate Moderate
Landslide Slope (Upper {Lower
Area/ Landslide Slope Slope Substitution High Bound) Bound)  SlopelLow
Generalized Unit Area, Landslide Geologic Density Mean, STD, UnitifNo => < =>(Mean- <(Mean-
Geology ft2 Frequency UnitArea Class deg deg Landslides Mean,deg Mean,deg STD),deg STD), deg
1 batholith 180,794,000 0 0.1 Low 17.40 565 batholith 17.40 17.40 11.75 175
rocks_felsic rocks_inter-
composition mediate
lithologies composition
litholog
2 batholith 10,548,599,808 3 0.1 Low 17.40 565 1740 1740 11.75 1.7
rocks_inter-
mediate
composition
litholog
3 batholith 83,264,800 0 84 Moderate 17.40 5.65 batholith 17.40 17.40 11.75 1n.75
rocks_mafic rocks_inter-
composition mediate
lithologies composition
litholog
4 intrusive 4,157,400 0 84 Moderate 15.45 952 intrusive 15.45 1545 593 593
rocks_alkali rocks_basalt
basalt
5 intrusive 465,027,008 6 41 Low 22,58 1276 22.58 22,58 9.81 9.81
rocks_andes-
ite
6 Intrusive 10,563,900,416 286 84 Moderate 1545 9.52 1545 1545 593 593
rocks_basalt
7 intrusive 77,009,000 0 0.7 Low 12,52 349 12.52 12,52 9.03 9,03
rocks_basal-
tic andesite
8 Intrusive 111,681,000 1 26 Low 17.74 1063 17.74 17.74 n 7
rocks_basan-
ite
9 Intrusive 2,604,820 0 5.1 Low 15.21 944 intrusive 15.21 15.21 577 577
rocks_brec- rocks_mixed
cia lithologies
10 intrusive 13,996,400 0 51 Low 15.21 944 intrusive 1521 1521 577 577
rocks_breccl- rocks_mixed
ated rock lithologies
11 intrusive 276,081,984 2 19 Low 15.65 842 15.65 15.65 7.22 7.22
rocks_dacite
12  intrusive 3,510,180,096 101 22 Low 18.63 782 1863 18.63 10.81 1081
rocks_felsic
composition
lithologies
13  intrusive 1,704,649,984 2 18 Low 19.10 9.86 19.10 19.10 9.24 9.24
rocks_gab-
bro

(table continued on next page)
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Table B.1. Generalized Geologic Unit Details (continued)

Generalized
Geology

Unit Area,
ftl

Landslide
Area/

Landslide Geologic
Frequency UnitArea

Landslide Slope
Density Mean,

Class

deg

Slope

Slope Substitution High

STD,
deg

Unitif No =>

Landslides Mean, deg Mean,deg

Slope
Moderate
(Upper
Bound)
<

Slope
Moderate
(Lower
Bound)
=>{Mean-
STD), deg

SlopelLow
< {(Mean-
STD), deg

14

15

16

17

18

19

20

21

22

23

24

26

27

intrusive
rocks_inter-
mediate
composition
lithology
Intrusive
rocks_mafic
composition
lithologies
Intrusive
rocks_mixed
lithologies
Intrusive
rocks_neph-
eline syenite
intrusive
rocks_rhyo-
dacite
intrusive
rocks_rhyo-
lite

intrusive .
rocks_ultra-
mafic
composition
lithologies
invasive
extrusive
rocks_basalt
marine
sedimentary
rocks_basalt
marine
sedimentary
rocks_basal-
tic sandstone
marine
sedimentary
rocks_basin
plain
mudstone
marine
sedimentary
rocks_chert
marine
sedimentary
rocks_coarse
grained
sediments
marine
sedimentary
rocks_con-
glomerate

15,081,799,680

14,896,900,096

3,582,259,968

34,438,700

20,913,100

758,097,024

2,818,860,032

2,027,820,032

179,880,992

1,417,430,016

2,666,289,920

69,545,200

5,656,909,824

2,446,579,968

242

142

47

18

21

30

61

51

225

108

36

36

5.1

09

04

6.9

36

36.0

8.1

1.5

39

10

46

32

Low

Low

High

Moderate

Moderate

Low

16.23

15.78

15.21

12.55

10.89

15.18

19.98

16.46

19.18

17.88

1030

20.62

17.99

18.12

8.08

833

944

632

421

9.1

851

9.51

768

9.70

sn

532

9.07

9.33

16.23

15.78

1521

1255

10.89

15.18

19.98

16.46

19.18

17.88

10.30

20.62

17.99

18.12

16.23

15.78

15.21

12.55

10.89

15.18

19.98

16.46

19.18

17.88

10.30

20.62

17.99

18.12

8.15

7.46

577

6.23

6.67

6.07

11.48

6.95

1150

817

5.19

15.30

8.92

8.79

8.15

7.46

577

6.23

6.67

6.07

1148

6.95

1150

8.17

5.19

1530

892

8.79

(table continued on next page)
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Table B.1. Generalized Geologic Unit Details (continued)

Slope Slope

Moderate Moderate

Landslide Slope {Upper {Lower
: Area/ Landslide Slope Slope Substitution High Bound) Bound)  Slopelow
Generalized Unit Area, Landslide Geologic Density Mean, STD, UnitifNo => < =>(Mean- < (Mean-
Geology ft? Frequency UnitArea Class deg deg Landslides Mean,deg Mean,deg STD),deg STD),deg

28 marine 25,663,799,296 664 5.1 Low 16.69 939 16.69 16.69 7.30 730
sedimentary
rocks_deltaic
sandstone
29 marine 40,649,699,328 585 49 Low 15.24 7.74 15.24 15.24 7.50 750
sedimentary
rocks_fine
grained
sediments }
30 marine 1,473,469,952 3 26 Low 17.76 9.71 17.76 17.76 8.05 8.05
sedimentary
rocks_lime-
stone
31 marine 39,723,798,528 760 93 Moderate  16.32 8.07 16.32 16.32 825 825
sedimentary
rocks_mixed
grained
sediments
32 marine 1,980,429,952 48 155 Moderate  10.70 693 10.70 10.70 3.77 377
sedimentary
rocks_mixed
lithologies
33 marine 981,353,024 201 180 High 14.80 773 14.80 14.80 7.06 7.06
sedimentary
rocks_mud-
stone
34 marine 788,094,016 6 03 Low 21.07 931 21.07 21.07 11.76 11.76
sedimentary
rocks_
quartzite
35 marine 14,473,600,000 648 8.1 Moderate 14,02 7.89 14.02 14,02 6.13 6.13
sedimentary
rocks_sand-
stone
36 marine 136,055,008 0 93 Moderate 1632 8.7 marine 1632 16.32 8.25 825
sedimentary sedimentary
rocks_sedi- rocks_mixed
mentary grained
rocks sediments
37 marine 8,189,259,776 469 240 High 13.86 8.59 13.86 13.86 527 5.27
sedimentary
rocks_shelf
sandstone
38 marine 567,308,032 18 50 Low 17.80 8.66 17.80 17.80 9.13 913
sedimentary
rocks_silt-
_ stone
39 marine 34,879,901,696 1148 171 High 14.48 836 1448 14.48 6.12 6.12
sedimentary
rocks_slope
mudstone

(table continued on next page)
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Table B.1. Generalized Geologic Unit Details (continued)

Slope Slope
Moderate Moderate
Landslide Slope {Upper {Lower
Area/ landslide Slope Slope Substitution High Bound) Bound)  Slopelow
Generalized Unit Area, Landslide Geologic Density Mean, STD, Unitif No => < =>(Mean- <{Mean-
Geology ft? Frequency UnitArea Class deg deg Landslides Mean, deg Mean deg STD),deg STD), deg
40 marine 11,790,699,520 409 353 High 13.07 774 13.07 13.07 532 532
sedimentary
rocks_tuffa-
ceous
sedimentary
r
41 marine 95,471,099,904 3696 76 Moderate 15.79 8.80 15.79 15.79 7.00 7.00
sedimentary
rocks_turbi-
dite
42 marine 5,132,789,760 166 178 High 1943 1003 1943 19.43 9.40 940
volcanic
rocks_basalt
43 marine 2,096,269,952 386 9.0 Moderate 14.77 707 1477 14.77 7.7 771
volcanic
rocks_pillow
lavas
44 melange 47,127,000 0 05 Low 2519 595 melange 25.19 25.19 19.25 1925
rocks_basalt rocks_volca-
nic rocks
45 melange 23,567,400 1 274 High 16.28 7.69 16.28 16.28 8.59 8.59
rocks_blue-
schist
46 melange 10,110,600 0 19.7 High 15.69 6.11 15.69 15.69 9.58 9.58
rocks_chert
47 melange 93,498,800 0 140 Moderate  14.04 693 melange 14.04 14.04 AL 71
rocks_gneiss rocks_mixed
lithologies
48 melange 61,177,100 1 06 Low 2341 1156 2341 2341 1184 11.84
rocks_green-
stone
49 melange 14,815,300 0 140 Moderate 1404 693 melange 14.04 14.04 7.1 71
rocks_hom- rocks_mixed
fels lithologies
50 melange 32,433,700 0 140 Moderate 1404 693 melange 14.04 14.04 AL 711
rocks_inter- rocks_mixed
mediate lithologies
composition
lithologies
51 melange 309,947,008 1 05 Low 17.90 634 17.90 17.90 11.56 11.56
rocks_mafic
composition
lithologles
52 melange 16,558,600 0 0.0 Low 21.63 468 melange 2163 21.63 16.95 1695
rocks_marine rocks_sedi-
sedimentary mentary rocks
rocks
53 melange 316,150,016 0 140 Moderate 1404 693 melange 14.04 14.04 yAR) 71
rocks_meta- rocks_mixed
morphic lithologies
rocks
54 melange 239,838,000 0 140 Moderate 1404 693 melange 14.04 14.04 7.1 n
rocks_mixed rocks_mixed
grained lithologies
sediments
(table continued on next page)
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Table B.1. Generalized Geologic Unit Details (continued)

Slope Slope

Moderate Moderate

Landslide Slope {Upper {Lower
Area/ Landslide Slope Slope Substitution High Bound) Bound) Slopelow
Generalized Unit Area, Landslide Geologic Density Mean, STD, UnitifNo => < =>(Mean- <{(Mean-
Geology ft2 Frequency UnitArea Class deg deg Landslides Mean,deg Mean,deg STD),deg STD), deg

55 melange 3,089,100,032 13 14.0 Moderate 14.04 6.93 14,04 14.04 AL YAR)
rocks_mixed
lithologies

56 melange 1,405,059,968 53 6.0 Low 1450 6.09 14.50 14.50 8.40 840
rocks_mud-
stone

57 melange 170,484,000 2 0.0 Low 21.63 468 21.63 21.63 16.95 16.95
rocks_sedi-
mentary
rocks

58 melange 4,301,579,776 182 929 Moderate  15.17 7.4 15.17 157 8.03 8.03
rocks_ser-
pentinite

59 melange 6,029,810,176 625 18.2 High 16.21 7.08 16.21 16.21 9.3 9.13
rocks_turbi-
dite

60 melange 479,552,992 1 20 Low 1293 539 1293 12.93 7.54 7.54
rocks_ultra-
mafic
composition
lithologies

61 melange 354,894,016 1 0.5 Low 25.19 595 25.19 25.19 19.25 19.25
rocks_volca-
nic rocks

62 metamor- 3,817,609,984 40 32 Low 15.64 792 1564 15.64 773 773
phic
rocks_am-
phibolite

63 metamor- 1,679,410 0 19 Low 14.73 6.50 metamorphic 1473 14.73 8.23 8.23
phic rocks_marine
rocks_chert sedimentary

rocks

64 metamor- 159,252,992 4 258  High 2162 684 21.62 2162 1477 1477
phic
rocks_felsic
composition
lithologies

65 metamor- 43,611,400 0 54 Low 19.23 820 metamorphic 19.23 19.23 11.03 11.03
phic rocks_mixed
rocks_fine lithologies
grained
sediments

66 metamor- 4,737,339,904 10 48  Low 1445 723 1445 1445 7.22 722
phic
rocks_green-
stone

67 metamor- 265,698,000 0 54 Low 19.23 820 metamorphic  19.23 19.23 11.03 11.03
phic rocks_mixed
rocks_homn- lithologies
fels

68 metamor- 4,012,140,032 25 10 Low 20.31 8.09 2031 20.31 12.22 12.22
phic
rocks_mafic
composition
lithologies

(table continued on next page)
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Table B.1. Generalized Geologic Unit Details (continued)

Generalized
Geology

Unit Area,
ft!

Landslide
Area/
Landslide Geologic
Frequency UnitArea

Landslide Slope
Density Mean,

Class

deg

Slope Substitution

STD,
deg

Unit if No

Slope
High
=>

Slope

Slope

Moderate Moderate

(Upper
Bound)
<

{Lower
Bound)
=> (Mean-

Landslides Mean, deg Mean,deg STD), deg

Slope Low
< {Mean-

69

70

71

72

73

74

75

76

77

78

79

80

81

metamor-
phic
rocks_marble
metamor-
phic
rocks_marine
sedimentary
rocks
metamor-
phic
rocks_mixed
lithologies
metamor-
phic

rocks_
quartzite
metamor-
phic
rocks_schist
metamor-
phic
rocks_sedi-
mentary
rocks
metamor-
phic
rocks_ser-
pentinite
metamor-
phic
rocks_tuff
metamor-
phic
rocks_ultra-
mafic
composition
litholog
metamor-
phic
rocks_volca-
nicrocks
metamor-
phic
rocks_volca-
niclastic
rocks
terrestrial
sedimentary
rocks_coarse
grained sedi
terrestrial
sedimentary
rocks_con-
glomerate

350,920,992

992,348,992

4,324,490,240

909,939,008

9,031,879,680

2,051,849,984

1,569,350,016

687,987,968

6,439499,776

14,677,200

16,943,500

13,842,299,904

2,789,070,080

4

46

207

28

316

24

53

83

62

39

0.5

19

54

06

6.4

3.1

29

0.7

57

32

32

a5

12

Low

Low

Low

Low

fow

fow

23.93

14.73

19.23

1991

18.14

18.75

16.03

23.80

17.69

25.61

25.61

1226

10.56

7.67

650

8.20

7.60

7.64

789

839

6.1

8.07

4.98

498

724

6.81

metamorphic
rocks_volca-
nic rocks

2393

14.73

19.23

199

18.14

18.75

16.03

2380

17.69

2561

2561

1226

1056

23.93

14.73

19.23

19.91

18.14

18.75

16.03

23.80

17.69

25.61

25.61

12.26

10.56

16.26

8.23

11.03

1231

10.50

10.86

7.63

17.69

9.62

20.62

20.62

5.03

375

16.26

823

11.03

1231

10.50

10.86

7.63

1769

9.62

20.62

20.62

503

375

(table continued on next page)
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Table B.1. Generalized Geologic Unit Details (continued)

Slope Slope

Moderate Moderate

Landslide Slope (Upper {Lower
Area/ landslide Slope Slope Substitution  High Bound) Bound)  Slopelow
Generalized Unit Area, Landslide Geologic Density Mean, STD, UnitifNo => < =>(Mean- < {Mean-
Geology ft? Frequency UnitArea Class deg deg Landslides Mean,deg Mean,deg STD),deg STD) deg

82 terrestrial 33,139,200,000 79 20 Low 1241 722 1241 1241 5.20 520
sedimentary
rocks_fine
grained
sedime
83 terrestrial 55,252,398,080 168 20 Low 11.35 753 1135 11.35 3.82 382
sedimentary
rocks_mixed
grained
sedim
84 temestrial 11,288,500,224 245 22 Low 12.05 757 1205 12.05 4.47 447
sedimentary
rocks_mixed
lithologles
85 temestrial 650,190,976 345 277 High 13.36 824 13.36 13.36 5.12 512
sedimentary
rocks_mud-
stone
86 terrestrial 3,235,010,048 279 148 Moderate 12.18 7.8 1218 12.18 5.00 5.00
sedimentary
rocks_sand-
stone )
87 temestrial 67,723,300,864 114 25 Low 1249 8.03 1249 1249 445 445
sedimentary
rocks_tuffa-
ceous
sediment
88 terrestrial 2,912,360 0 49 Low 1241 722 marine 1241 1241 5.20 520
sedimentary sedimentary
rocks_turbi- rocks_fine
dite grained
sediments
89 ventand 245,724,000 2 09 Low 2393 695 2393 23.93 16.98 16.98
pyroclastic
rocks_andes-
ite
90 ventand 6,930,509,824 4 02 Low 18.44 898 1844 1844 945 9.45
pyroclastic ’
rocks_basalt
91 ventand 27,678,500 0 98 Moderate 1032 742 volcanic 1032 10.32 290 290
pyroclastic rocks_basalt
rocks_basalt trachyandes-
trachyandes- ite
ite
92 ventand 656,190,016 3 19 Low 1227 8.10 1227 12.27 417 417
pyroclastic
rocks_basal-
tic andesite
93 ventand 177,392,992 0 04 Low 13.06 787 ventand 13.06 13.06 5.19 5.19
pyroclastic pyroclastic
rocks_felsic rocks_mixed
composition lithologies
lit :
(table continued on next page)
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Table B.1. Generalized Geologic Unit Details (continued)

Slope Slope
Moderate Moderate
Landslide Slope (Upper (Lower
Area/ Landslide Slope Slope Substitution High Bound) Bound)  Slope Low
Generalized UnitArea, Landslide Geologic Density Mean, STD, UnitifNo => < =>(Mean- <(Mean-
Geology ft? Frequency UnitArea Class deg deg Landslides Mean,deg Mean,deg STD),deg STD) deg
94 ventand 101,398,000 3 9.6 Moderate 11.68 6.18 11.68 11.68 550 550
pyroclastic
rocks_inter-
mediate
composit
95 ventand 10,948,800,512 2 03 Low 17.25 8.84 17.25 17.25 841 841
pyroclastic
rocks_mafic
composition
lith
96 ventand 27434,400 (] 04 Low 1306 787 ventand 13.06 13.06 519 5.19
pyroclastic pyroclastic
rocks_mixed rocks_mixed
grained lithologies
sediments
97 ventand 4,759,139,840 1 04 low 1306 787 13.06 13.06 5.19 519
pyroclastic
rocks_mixed
lithologies
98 ventand 1,173,180,032 0 04 Low 13.06 787 ventand 13.06 13.06 5.19 5.19
pyroclastic pyroclastic
rocks_palag- rocks_mixed
onite tuff lithologies .
99 ventand 347,207,008 3 15.2 Moderate 18.44 8.67 18.44 18.44 9.77 9.77
pyroclastic
rocks_rhyo-
dacite
100 ventand 2,785,619,968 0 04 Low 13.06 787 ventand 13.06 13.06 5.19 519
pyroclastic pyroclastic
rocks_rhyo- rocks_mixed
lite lithologies
101 ventand 27,373,500 0 04 Low 13.06 787 ventand 13.06 13.06 519 5.19
pyroclastic pyroclastic
rocks_volca- rocks_mixed
nic rocks lithologies
102 volcanic 161,908,992 2 50 Low 927 4.0 9.27 9.27 5.18 5.18
rocks_alkali
basalt
103 volcanic 1158 77 Moderate 14.68 9.15 14.68 14.68 5.53 553
rocks_andes- 101,151,997,952 '
ite
104 volcanic 475A84,992 43 277 High 1130 6.28 1130 11.30 5.03 503
rocks_ash-
flow tuff
105 volcanic 3392 20 Low 1406 936 14.06 14.06 470 470
rocks_basalt 799,083,986,944
106 volcanic 11,272,800,256 58 98 Moderate 10.32 742 1032 10.32 290 290
rocks_basalt
trachyandes-
ite
107 volcanic 76,228,501,504 327 1.9 Low 13.24 8.06 13.24 13.24 518 5.18
rocks_basal-
tic andesite
(table continued on next page)
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Table B.1. Generalized Geologic Unit Details {continued)

Slope Slope
Moderate Moderate
Landslide Slope (Upper (Lower
Area/ Landslide Slope Slope Substitution High Bound) Bound) Slopelow

Generalized UnitArea, Landslide Geologic Density Mean, STD, UnitifNo => < =>(Mean- <(Mean-
Geology ft2 Frequency UnitArea Class deg deg Landslides Mean,deg Mean,deg STD),deg STD),deg

108 volcanic 363,599,008 6 111 Moderate 17.45 7.09 1745 17.45 1036 1036
rocks_basan-
ite

109 volcanic 10,567,400,448 59 5.1 Low 14.35 8.09 1435 14.35 6.26 6.26
rocks_dacite

110 volcanic 5.362,160,128 62 52 Low 15.74 856 1574 15.74 7.8 7.8
rocks_felsic
composition
lithologies

111 volcanic 5,540,669,952 15 49 Low 10.24 6.95 10.24 10.24 3.29 329
rocks_green-
stone

112 volcanic 6,223,240,192 126 137 Moderate  14.00 880 1400 14.00 5.20 520
rocks_inter-
mediate
composition
lithologi

113 volcanic 56,834,498,560 296 58 Low 14.31 8.74 14.31 14.31 557 557
rocks_mafic
composition
lithologies

114 volcanic 746 54 Low 13.27 8.15 1327 13.27 5.12 512
rocks_mixed 115,082,002,432
lithologies

115 volaanic 15,229,400,064 47 37 Low 1729 901 17.29 17.29 8.28 828
rocks_piltlow ’
lavas

116 volcanic 9,860,119,552 1 04 Low 18.66 927 18.66 18.66 939 939
rocks_rhyo-
dacite

117 volcanic 30,387,599,360 85 28 low 1395 845 1395 13.95 5.50 550
rocks_rhyo-
lite

118 volcanic 3,172,489,984 16 55 Low 9.60 570 9.60 9.60 3.90 390
rocks_trachy-
andesite

119 volcanic 753,340,032 0 55  low 960 570 volcanic 9.60 9.60 3.90 3.90
rocks_tra- rocks_trachy-
chyrhyoda- andesite
cite

120 volcanic 515,476,992 3 63 Low 11.68 728 11.68 11.68 440 440
rocks_tuff

121 volcanic 1,781,510,016 199 385 High 11.51 637 11.51 11.51 515 515
rocks_volca-
nic rocks

122 volcaniclastic 13,443,399,680 0 0.1 Low 1202 662 1202 12.02 541 541
rocks_airfall
deposits

123 volcaniclastic 605,153,984 6 14 Low 18.34 9.10 18.34 18.34 9.24 9.24
rocks_andes-
ite

124 volcaniclastic 183 09 Low 1468 926 1458 14.68 5.43 543
rocks_ash-  122,157,998,080
fiow tuff

{table continued on next page)
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Table B.1. Generalized Geologic Unit Details (continued)

Slope Slope
Moderate Moderate
Landslide Slope {Upper {Lower
Area/ Landslide Slope Slope Substitution High Bound) Bound) SlopelLow
Generalized Unit Area, Landslide Geologic Density Mean, STD, UnitifNo .= < =>(Mean- <(Mean-
Geology ft2 Frequency UnitArea Class deg deg landslides Mean,deg Mean,deg STD),deg STD) deg
125 volcaniclastic 606,001,024 57 454 High 16.20 10.15 16.20 16.20 6.05 6.05
rocks_basalt
126 volcaniclastic  1,614,680,064 1 02 Low 1435 6.64 1435 14.35 1" 771
rocks_breccl-
ated rock
127 volcaniclastic  6,551,580,160 80 140 Moderate 14.03 782 14.03 14.03 6.20 620
rocks_coarse
grained
sediments
128 volcanidastic 17,828,900,864 63 82 Moderate 13.56 8.58 1356 13.56 498 498
rocks_felsic
composition
lithologi
129 volcaniclastic  5,601,990,144 13 38 Low 1076 672 10.76 10.76 4.03 403
rocks_fine
grained
sediments
130 volcaniclastic  1,384,550,016 9 1.1 Low 1797 1030 1797 17.97 7.68 768
rocks_inter-
mediate
composition
Jit
131 volcaniclastic 584,782,016 0 109 Moderate 1939 11.13 volcanidastic 1939 19.39 8.26 8.26
rocks_mafic rocks_mixed
composition grained
lithologies sediments
132 volcaniclastic 415,331,008 66 109  Moderate 1939 1113 1939 19.39 826 826
rocks_mixed
grained
sediments
133 volcaniclastic 80,244,998,144 951 75 Moderate 1431 9.00 1431 14.31 531 531
rocks_mixed
lithologies
134 volcaniclastic  6,151,810,048 298 150 Moderate 19.08 1085 19.08 19.08 8.22 822
rocks_mud-
flow breccia
135 volcaniclastic  5,483,970,048 7 06 Low 1642 859 1642 16.42 7.83 783
rocks_palag-
onite tuff
136 volcaniclastic 388,414,016 5 44 Low 1356 858 volaaniclastic 1356 13.56 498 498
rocks_rhyo- rocks_felsic
dacite composition
lithologi
137 volcanidastic 349,228,000 172 399 High 13.07 8.11 13.07 13.07 4.96 496
rocks_sand-
stone
138 volcaniclastic  2,261,890,048 258 369 High 11.60 6.89 11.60 11.60 471 471
rocks_sedi-
mentary
rocks
139 volcanidastic 51,977,400,320 586 130 Moderate  15.65 9.21 15.65 15.65 6.45 6.45
rocks_tuff
(table continued on next page)
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Table B.1. Generalized Geologic Unit Detalils (continued)

Slope Slope
Moderate Moderate
Landslide Slope {Upper {Lower
Area/ landslide Slope Slope Substitution High Bound) Bound)  Slopelow
Generalized Unit Area, landslide Geologic Density Mean, STD, UnitifNo => < =>(Mean- <{Mean-
Geology ft? Frequency UnitArea Class deg deg Landslides Mean,deg Mean,deg STD),deg STD), deg
140 volcaniclastic  1,195,510,016 50 8.0 Moderate 12.35 6.78 1235 1235 557 557
rocks_volca-
niclastic
rocks
141 volcaniclastic 21,104,300,032 124 49 Low 13.70 8.1 13.70 13.70 5.59 559
rocks_weld-
ed tuff
142 sediments_  15,792,900,096 14 04 Low 1054 764 sediments_ 1054 10.54 289 289
coarse . mixed grained
grained sediments
sediments
143 sediments_.  82,409,603,072 196 03 Low 10.54 764 sediments_ 10.54 10.54 2.89 2.89
fine grained mixed grained
sediments sediments
144 sediments_ 167,380,992 0 2.1 Low 10.54 764 sediments_ 1054 10.54 2.89 289
ice mixed grained
sediments
145 sediments_ 69,495,000 9 17 Low 22.02 746 2202 22.02 14,56 14.56
metamorp hic
rocks
146 sediments_ 1192 2.1 Low 10.54 764 10.54 10.54 2.89 289
mixed 374,805,987,328
grained
sediments
147 sediments_ 83,508,000 0 2. Low 1054 764 sediments_ 1054 10.54 2.89 2.89
mudflow mixed grained
breccia sediments
148 sediments_ 94,284,304 0 2.1 Low 1054 764 sediments_ 10.54 10.54 2.89 289
turbidite mixed grained
sediments
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Appendix C. Landslide susceptibility exposure details

C.1 Oregon cities

Table C.1 data are also available in Excel spreadsheet format (C_1_Cities_LS_Suscep.xlsx) in the digital appendix folder.

Table C.1. Landslide Susceptibility Exposure of Oregon Cities

Landslide Susceptibility Exposure, ft*

Landslide Susceptibility Exposure, %

City Area, ft* Low Moderate High Very High Low Moderate  High VeryHigh
1 AdairVillage 6,502,473 4,831,914 1,650,107 20,451 74.3% 254% 03% 0.0%
2 Adams 10,047,074 8,647,766 1,331,496 67,813 86.1% 133% 07% 0.0%
3 Adrian 6,791,006 4,631,765 2,086,046 73,195 68.2% 30.7% 1.1% 0.0%
4 Albany 493,730,826 383,109,043 101,264,716 9,348,456 08,611 77.6% 20.5% 19% 0.0%
5 Amity 17,399,913 14,141,678 2,539,206 719,029 81.3% 14.6% 4.1% 0.0%
6 Antelope 12,855,262 715,724 12,119,087 20,451 5.6% 943% 0.2% 0.0%
7 Arlington 90,501,540 57,117,272 22,823,796 10,560,473 63.1% 252% 11.7% 0.0%
8 Ashland 182,893,560 72,236,256 77,903,802 32,590,968 162,535 39.5% 426% 178% 0.1%
9 Astoria 284,243,880 117,733,720 56,341,536 62,951,654 47216969 41.4% 198% 221% 16.6%
10  Athena 14,999,561 13,719,732 1,269,065 10,764 . 91.5% 8.5% 0.1% 0.0%
11 Aumsville 30,637,393 28,494,299 1,961,184 181,910 93.0% 6.4% 0.6% 0.0%
12 Aurora 13,534,706 7,537,055 4,836,225 1,161,426 55.7% 35.7% 8.6% 0.0%
13 BakerCity 201,005,707 141,939,825 34,968,716 24,097,166 70.6% 174% 12.0% 0.0%
14 Bandon 88,960,027 65,511,924 15,382,704 7015917 1,049,481 73.6% 173% 79% 12%
15  Banks 10,375,465 8,733,969 1,523,093 118,403 84.2% 14.7% 1.1% 0.0%
16 Barlow 1,498,532 1,466,241 32,2292 97.8% 22% 0.0% 0.0%
17  Bay(City 53,898,193 26,126,228 7,203,209 2,084,969 18,483,787 48.5% 13.4% 3.9% 34.3%
18  Beaverton 523,956,667 313,957,080 188,689,197 19,146,844 2,163,546 59.9% 36.0% 37% 0.4%
19 Bend 929,767,080 712,058,381 181,520,432 36,188,267 76.6% 19.5% 39% 0.0%
20  Boardman 112,562441 97,905,224 13,755,201 902016 87.0% 122% 08% 0.0%
21 Bonanza 22,832,023 17,094,858 5,045,045 692,119 74.5% 221% 3.0% 0.0%
22  Brookings 116,049,956 37,070,839 49,439,717 26,259,636 3,279,764 31.9% 426% 22.6% 2.8%
23 Brownsville 35,575433 23,386,381 4,919,107 6,893,208 376,737 65.7% 138% 194% 1.1%
24  Bums 99,648,808 92,356,258 5,944,908 1347642 92.7% 6.0% 14% 0.0%
25  ButteFalls 10,731,642 8,982,506 1,049,481 699,654 83.7% 9.8% 6.5% 0.0%
26 Canby 121,922,939 108,736,073 10,961,966 2,224,900 89.2% 9.0% 1.8% 0.0%
27  CannonBeach 40,483,346 18,734,865 10,650,889 2574727  8,522864 46.3% 263%  64% 21.1%
28  Canyon(ity 38,600,926 3,751,689 12,492,594 18997225 3,359,416 9.7% 324% 49.2% 8.7%
29  Canyonville 26,805,376 11,220,310 7,987,898 7,597,168 41.9% 29.8% 283% 0.0%
30 Carlton 24,865,027 15,604,835 8,143,975 1,116,218 62.8% 32.8% 4.5% 0.0%
31 Cascade Locks 82,944,979 42,818,197 12,134,156 7,203,209 20,789417 51.6% 14.6% 8.7% 25.1%
32 Cavelunction 49309811 36,907,633 8,973,872 3,428,305 74.8% 18.2% 7.0% 0.0%
33  Central Point 107,071,293 98,437,560 7,992,203 641,529 91.9% 75% 0.6% 0.0%
34  Chiloquin 21,205490 16,301,452 3,749,070 1,154,968 76.9% 177% 54% 0.0%
35 Clatskanie 33,986,115 6,262,588 3,929,904 16,162,011 7,631,612 18.4% 11.6% 47.6% 22.5%
(table continued on next page)
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Table C.1. Landslide Susceptibility Exposure of Oregon Cities (continued)

Landslide Susceptibility Exposure, ft2 Landslide Susceptibility Exposure, %

City Area, ft? Low -Moderate High Very High Low Moderate  High  VeryHigh
36 Coburg 28,193496 26,240,923 1,925,664 26910 93.1% 68%  0.1% 0.0%
37  Columbia City 32,536,182 20,209,352 9,157,935 3,154,902 13,993 62.1% 28.1% 9.7% 0.0%
38 Condon 22,758,604 21,568,116 1,190,488 94.8% 52% 0.0% 0.0%
39  CoosBay 449,002,677 279,589,491 90,908,758 71,927,679 6,576,749 62.3% 20.2% 16.0% 1.5%
40 Coquille 76,098,101 20,009,517 25,322,099 24,715015 6,051,470 26.3% 333% 325% 8.0%
41 Comelius 56,007,097 50,756,461 4,685,530 565,105 90.6% 84% 1.0% 0.0%
42  Corvallis 398,128,460 255,682,099 133,975,164 8,280,676 190,521 64.2% 337% 2.1% 0.0%
43  Cottage Grove 106,649,738 83,241,462 20,213,547 3,194,729 78.1% 19.0% 3.0% 0.0%
44  Cove 22,377,224 11,365,744 8,262,378 2,749,103 50.8% 369% 123% 0.0%
45  Creswell 47,917,456 42,869,182 4,819,003 229,27 89.5% 10.1% 05% 0.0%
46  Culver 19,219,963 19,141,386 78577 99.6% 04% 0.0% 0.0%
47  Dallas 135,561,360 91,209,743 18,193,161 26,158,455 67.3% 134% 193% 0.0%
48  Damascus 430,099,603 197,582,992 155,394,269 62,580,299 14,542,043 45.9% 36.1% 146% 3.4%
49  Dayton 21,139,259 15,029,663 3,943,897 2,165,699 71.1% 187% 102% 0.0%
50 Dayville 13,395,202 6,827,064 2,836,290 1656566 2,075,282 51.0% 212% 124% 15.5%
51 Depoe Bay 50,271,265 9,850,628 13,071,693 21,282,404 6,066,540 19.6% 26.0% 423% 12.1%
52 Detroit 26,659,361 12,120,547 9,056,754 5,482,060 45.5% 34.0% 20.6% 0.0%
53  Donald 7,787,724 7,728,523 59,202 99.2% 0.8% 0.0% 0.0%
54 Drain 17,288,670 8,406,291 6,081,609 2,800,769 48.6% 352% 162% 0.0%
55  Dufur 16,272,333 10,249,926 5,557,407 465,001 63.0% 342%  29% 0.0%
56  Dundee 38,346,886 22,888,834 13,042,630 241541 59.7% 340% 63% 0.0%
57  DunesCity 96,073,828 30,985,538 51,467,638 13,596,972 23,681 32.3% 53.6% 142% 0.0%
58  Durham 11,438,791 7,886,700 2,501,533 1,050,558 68.9% 219% 92% 0.0%
59  EaglePoint 81,613,814 26,516,585 50,718,469 4,378,759 32.5% 62.1% 54% 0.0%
60 Echo 16,039,344 11,166,521 4,365,842 506,980 69.6% 272%  32% 0.0%
61 Elgin 27,061,424 22,334,991 4,066,605 659,828 82.5% 15.0% 24% 0.0%
62  Elkton 5/644,785 -04,115 5373344 275,556 -0.1% 952% 49% 0.0%
63  Enterprise 39,805,554 26,642,368 8,791,962 2017157 2,354,067 66.9% 22.1% 5.1% 5.9%
64  Estacada 62,896,341 37,640,978 9,205,296 14402112 1,647,955 59.8% 146% 229% 2.6%
65  Fugene 1,225,382,361 800,412,413 335,475,567 66,663,050 22,831,330 65.3% 27.4% 5.4% 1.9%
66  Fairview 96,035,709 60,730,083 30,284,262 5,021,364 63.2% 315% 52% 0.0%
67  Falls City 33,481,019 8,242,879 5,393,796 19,844,345 24.6% 16.1% 59.3% 0.0%
68  Florence 164,025,566 108,460,108 42,242,966 13,322,492 66.1% 25.8% 8.1% 0.0%
69  Forest Grove 171,253,021 128,102,657 26,048,663 15,285829 1,815,872 74.8% 15.2% 89% 1.1%
70  Fossil 21,837,713 -59,310 14,032,910 515591 7348522 -0.3% 64.3% 24% 33.7%
1 Garibaldi 37,176,767 14,712,486 2,939,624 7,083,729 12,440,928 39.6% 79% 19.1% 33.5%
72  Gaston 9,598,220 1,911,711 6,466,957 1,219,551 19.9% 674% 12.7% 0.0%
73  Gates 17,683,876 8,875,768 5,712,407 3,095,701 50.2% 323% 175% 0.0%
74  Gearhart 50,545,983 32,413,099 15,587,219 2,439,102 106,563 64.1% 308% 48% 0.2%
75  Gervais 10,716,349 10,579,647 136,702 98.7% 13% 0.0% 0.0%
76  Gladstone 69,974,152 49,557,167 15,533,399 3233479 1,650,107 70.8% 222% 469% 24%
77  Glendale 10,965,472 5,556,607 3,793,202 1,615,663 50.7% 346% 14.7% 0.0%

(table continued on next page)
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Table C.1. Landslide Susceptibility Exposure of Oregon Cities (continued)

Landslide Susceptibility Exposure, ft?

Landslide Susceptibility Exposure, %

City Area, ft? Low Moderate High Very High Low Moderate  High  Very High
78  Gold Beach 74,149,696 24,899,424 22,029419 21,461,085 5,759,768 33.6% 297% 289% 7.8%
79  Gold Hill 20,166,729 10,304,835 5,621,990 4,239,904 51.1% 279% 21.0% 0.0%
80 Granite 10,569,031 3,658,600 4,277,578 2,632,852 34.6% 405% 249% 0.0%
81 Grants Pass 306,611,299 223,194,222 63,034,536 20,382,541 72.8% 20.6% 6.6% 0.0%
82  Grass Valley 14,217,570 12,226,247 1,913,823 77,500 86.0% 135% 059 0.0%
83  Greenhorn 2,409,944 603,760 1,526,322 279,862 25.1% 633% 116% 0.0%
84  Gresham 655,176,345 436,098,476 153,111,244 63,947315 2,019,310 66.6% 23.4% 9.8% 0.3%
85  Haines 21,065,791 20,419,956 645,835 96.9% 3.1% 0.0% 0.0%
86  Halfway 10,412,591 10,412,591 100.0% 0.0% 0.0% 0.0%
87  Halsey 15,747,777 15,446,387 301,389 98.1% 1.9% 0.0% 0.0%
88  HappyValley 255,471,143 91,850,017 124,068,061 38,962,127 590,939 36.0% 486% 153% 0.2%
89  Harrisburg 40,248,157 37,536,728 2,121,567 589,862 93.3% 53% 1.5% 0.0%
90  Helix 3,550,496 3,281,398 269,098 92.4% 7.6% 0.0% 0.0%
91 Heppner 34,307,735 7.345,215 19,437,469 7,525,050 21.4% 56.7% 21.9% 0.0%
92  Hemmiston 222,701,378 203,323,110 18,250,210 1,128,058 91.3% 8.2% 0.5% 0.0%
93  Hillsboro 665,310,594 542,574,029 108,698,273 14,038,292 81.6% 163% 2.1% 0.0%
94  Hines 58,915,900 48,665,428 9,288,178 | 962,294 82.6% 158% 1.6% 0.0%
95  Hood River 93,822,728 55,837,965 27,591,132 10,039,499 354,133 59.5% 294% 10.7% 0.4%
96  Hubbard 19,587,769 18,157,245 1,060,245 370,279 92.7% 5.4% 1.9% 0.0%
97  Huntington 20,476,011 8,591,578 7,243,035 4,641,398 42,0% 354% 22.7% 0.0%
98 Idanha 23,496,523 7,018,053 6,146,193 4926642 5,405,636 29.9% 262% 21.0% 23.0%
99  Imbler 6,013,929 5,460,664 553,265 90.8% 9.2% 0.0% 0.0%
100 Independence 82,442,831 72,845,729 8,106,301 1,490,802 88.4% 9.8% 1.8% 0.0%
101 lone 18,907,066 9,120,518 6,418,520 3,368,028 48.2% 339% 178% 0.0%
102 lrigon 44,926,107 39,249,220 5,601,539 75347 87.4% 125% 0.2% 0.0%
103 sland Gity 27,315,950 25,841,294 1,404,690 69,965 94.6% 5.1% 03% 0.0%
104 Jacksonville 53,163321 26,784,206 16,949,930 9429,186 50.4% 319% 17.7% 0.0%
105 Jefferson 22,291,901 20,144,501 1,961,184 186,216 90.4% 8.8% 0.8% 0.0%
106 John Day 68,803,023 24,160,781 16,949,930 13,350,478 14,341834 35.1% 246% 194% 20.8%
107 Johnson City 1,896,509 1,401,369 440,244 54,896 73.9% 23.2% 29% 0.0%
108 JordanValley 57,948,263 41,288,959 10,098,701 6,560,603 713% 174% 113% 0.0%
109 Joseph 25,011,507 21,558,445 3,081,708 371,355 86.2% 12.3% 1.5% 0.0%
110 Junction City 90,422,755 86,214,066 4,204,383 04,306 95.3% 4.6% 0.0% 0.0%
111 Keizer 202,393,226 179,024,776 19,774,380 3,594,070 88.5% 9.8% 1.8% 0.0%
112 King City 19,890,612 14,204,038 5,278,622 407,952 71.4% 26.5% 2.1% 0.0%
113 Klamath Falls 573,575,428 270,337,773 190,949,618 112,154,565 133,472 47.1% 333% 19.6% 0.0%
114 laGrande 128,160,058 102,209,347 15,551,698 2723269 7675745 79.8% 12.1% 21% 6.0%
115 LaPine 194,669,670 190,154,210 4,343,238 172,223 97.7% 2.2% 0.1% 0.0%
116 lafayette 24,326,932 12,673,923 8,983,560 2,669,450 52,1% 369% 11.0% 0.0%
117 Lake Oswego 317,377,635 133,455,774 138,422,812 40,859,804 4,639,245 42.0% 436% 129% 1.5%
118 lakeside 63,150,962 37,569,453 11,946,864 12,281,622 1,353,024 59.5% 189%  19.4% 21%
{table continued on next page)
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Table C.1. Landslide Susceptibility Exposure of Oregon Cities (continued)

Landslide Susceptibility Exposure, ft2 Landslide Susceptibility Exposure, %

City Area, ft? Low Moderate High Very High Low Moderate  High VeryHigh
119 Lakeview 68,487,997 50,159,211 8,448,593 9,880,193 73.2% 123% 144% 0.0%
120 Lebanon 189,742,294 162,255,572 11,720,822 10,530334 5,235,566 85.5% 6.2% 55% 2.8%
121 Lexington 12,483,669 7,088,797 4,929,871 465,001 56.8% 39.5% 3.7% 0.0%
122 Llincoln City 166,883 441 38,264,399 40,029,906 82,727,110  5862,026 22.9% 240% 49.6% 35%
123  Lonerock 28,613,118 4,259,771 19,695,803 4,657,544 14.9% 68.8% 16.3% 0.0%
124 Long Creek 28,142,077 25,190,613 2,951,464 89.5% 105% 0,0% 0.0%
125 Lostine 7,979,980 7,166,228 512,362 301,389 89.8% 6.4% 3.8% 0.0%
126 Lowell ‘31 684,873 14,358,206 14,528,050 2,798,617 45.3% 459% 8.89% 0.0%
127 Llyons 24,374,762 20,979,825 2,835214 559,723 86.1% 11.6% 23% 0.0%
128 Madras 138,729,533 103,485,262 31,199,194 4,045,078 74.6% 225% 29% 0.0%
129 Malin 13,940,913 12,676,154 1,139,898 124,861 90.9% 8.2% 09% 0.0%
130 Manzanita 22,951,252 9,161,606 9,516,373 3205493 1,067,780 39.9% 415% 14.0% 4.7%
131  Maupin 39,844,166 10,625,532 13,266,520 14,532,355 1,419,760 26.7% 333% 36.5% 3.6%
132 Maywood Park 4,659,279 3,089,901 1,213,093 356,285 66.3% 26.0% 76% 0.0%
133 McMinnville 293,827,529 235,497,898 36,205,489 22,124141 80.1% 12.3% 75% 0.0%
134 Medford 715,933,475 420,235,939 233,209,807 44,206,304 18,281 ,47_5 58.7% 326% 6.2% 2.6%
135 Memill 12,240,962 11,840,545 400417 96.7% 33% 0.0% 0.0%
136 Metolius 13,310,280 12,884,029 389,654 36,597 96.8% 29% 03% 0.0%
137  MillCity 23,105,987 17,208,440 3,908,376 1,989,171 . 74.5% 16.9% 8.6% 0.0%
138 Millersburg 126,183,608 101,937,899 20,647,333 3,598,375 80.8% 164%  29% 0.0%
139 Milton-Freewater 54,481,595 46,566,892 5,627,372 2,287,331 85.5% 10.3% 4.2% 0.0%
140 Milwaukie 137,561,959 88,671,201 42,977,065 5913,692 64.5% 31.2% 4.3% 0.0%
141 Mitchelt 35,606,271 3513,672 17,432,153 14,660,446 9.9% 49.0% 41.2% 0.0%
142 Molalla 65,771,550 62,954,635 2,742,644 7427 95,7% 4.2% 0.1% 0.0%
143 Monmouth 58,577,531 53,363,493 5,096,712 117,327 91.1% 8.7% 02% 0.0%
144 Monroe 13,254,822 9,940,614 3,213,027 101,181 75.0% 24.2% 08% 0.0%
145 Monument 14,182,111 8,142,480 5,018,135 1,021,495 57.4% 35.4% 72% 0.0%
146 Moro 13,725A435 5,044,342 8,647,726 33,368 36.8% 63.0% 0.2%6 0.0%
147 Mosler 17,517,333 5,163,593 1,751,288 1,362,711 9,239,741 29.5% 10.0% 7.8% 52.7%
148 Mt Angel 29,486,393 26,246,456 3,094,624 145313 89.0% 10.5%  0.5% 0.0%
149 Mt.Vernon 19,248,051 11,231,091 3,812,577 4,204,383 58.3% 198% 21.8% . 0.0%
150 Myrtle Creek 68,324,272 28,436,449 25,831,232 13,122,283 934,307 41.6% 378% 19.2% 1.4%
151  Myrtle Point 44,648,927 15,969,564 18,379,377 6,276436 4,023,550 35.8% 412% 14.1% 9.0%
152 Nehalem 7452353 286,818 122,709 1337954 5,704873 3.8% 16% 18.0% 76.6%
153 ' Newberg 162,397,179 121,280,118 32,637,2 53 7,938,384 541425 74.7% 20.1% 49% 0.3%
154 Newport . 291,240,190 128,789,101 56,861433 83,676,487 21,913,169 44.2% 19.5% 28.7% 7.5%
155 North Bend 141,780,912 98,812,458 31,691,105 11,277,349 69.7% 22.4% 8.0% 0.0%
156 North Plains 25,226,515 20,045,845 4,900,808 279,862 79.5% 19.4% 1.1% 0.0%
157 North Powder 17,417,513 16,018,205 1,182,954 216,355 92,0% 6.8% 1.2% 0.0%
158 Nyssa 43,306,926 37,732,296 4,272,196 1,302,433 87.1% 9.9% 3.0% 0.0%
159 Oakland 20,565,744 11,379,823 7,687,585 1,498,336 55.3% 374% 73% 0.0%

{table continued on next page)
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Table C.1. Landslide Susceptibility Exposure of Oregon Cities (continued)

Landslide Susceptibility Exposure, ft?

Landslide Susceptibility Exposure, %

City Area, ft2 Low Moderate High Very High Low Moderate  High  VeryHigh
160 Oakridge 58,231,688 33,767,472 17,015,590 748,626 58.0% 292% 128% 0.0%%
161 Ontario 147,310,728 134,593,168 11,133,113 1,584,448 91.4% 7.6% 1.1% 0.0%
162 Oregon City 278,148,504 200,125,223 44,903,805 22,695,705 10,423,771 71.9% 16.1% 82% 3.7%
163 Paisley 11,938,629 10,117,375 1,325,037 496,216 84.7% 11.1% 4.2% 0.0%
164 Pendleton 317,155,211 172,742,283 114,561,375 29,851,553 54.5% 36.1% 949% 0.0%
165 Philomath 56,547,689 39,803,350 15,219,093 1,525,246 704% 269% 2.7% 0.0%
166 Phoenix 37,694,474 28,640,949 7,841,509 1,212,016 76.0% 208% 32% 0.0%
167 Pilot Rock 41,472,261 27,447,962 11,241,828 2,782,471 66.2% 27.1% 6.7% 0.0%
168 Port Orford 45,796,683 15,320,823 15,566,767 13,785340 1,123,752 33.5% 340% 301% 25%
169 Portiand 4,040,518,130 2,541,540,271 908,393,310 532,641,343 57,943,206 62.9% 225% 13.2% 1.4%
170 Powers 18,246,359 10,057,176 5,096,712 3,092471 55.1% 279% 169% 0.0%
171  Prairie Gty 26,784,825 17,776,509 5,233413 3,774,903 66.4% 195% 14.1% 0.0%
172 Prescott 2,095,752 896,652 714,724 484,376 42.8% 341% 23.1% 0.0%
173  Prineville 311,169,408 238,844,541 44,168,630 21,280,251 6,875,986 76.8% 142% 6.8% 2.2%
174 Rainler 136,298,546 41,892,593 46,345,093 48,060,860 30.7% 34.0%. 353% 0.0%
175 Redmond 455,144,170 395,260,231 56,622,474 3,261,465 86.8% 124% 0.7% 0.0%
176 Reedsport 63,755,190 30,629,256 17,448,299 15,677,636 48.0% 274% 246% 0.0%
177  Richland 2,779,004 2,779,004 100.0% 0.0% 0.0% 0.0%
178 Riddle 17,157,224 9,676,307 5,325,983 2,154,935 56.4% 31.0% 126% 0.0%
179 Rivergrove 4,977,219 3,387,389 1,266,912 322917 68.1% 25.5% 6.5% 0.0%
180 Rockaway Beach 43,858,941 26,590,399 11,645,475 3403,548 2,219,518 60.6% 26.6% 78% 51%
181 Rogue River 26,623,249 16,521,319 7,051,438 3,050,492 62.1% 26.5% 11.5% 0.0%
182 Roseburg 296,511,002 183,883,902 74,873,761 35,088,195 2,665,144 62.0% 253% 11.8% 0.9%
183 Rufus 37,553,807 17,712,691 13,598,048 6,243,068 47.2% 36.2% 16.6% 0.0%
184 Salem 1,368,874,853 949,019,916 318,283,449 48,539,854 53,031,634 69.3% 233% 3.5% 3.9%
185 Sandy 93,736,907 48,967,651 27,663,250 14,060,896 3,045,110 52.2% 29.5% 150% 3.2%
186 Scappoose 75,080,604 54,400,979 14,984,440 5,695,185 72.5% 20.0% 76% 0.0%
187 Scio 11,469,571 10,650,438 625,383 193,750 92.9% 5.5% 1.7% 0.0%
188 Scotts Mills 10,197,012 3,015,331 1,055,940 332,605 5,793,137 29.6% 1049% 339% 56.8%
189 Seaside 111,642,929 78,840,988 17,355,729 2,811,533 12,634,678 70.6% 155% 25% 11.3%
190 Seneca 22,717,797 14,015,175 6,352,860 2,349,762 61.7% 28.0% 103% 0.0%
191 Shady Cove 56,666,101 30,130,909 19,105,941 7A429,251 53.2% 337% 13.1% 0.0%
192 Shaniko 13,861,168 12,090,504 1,305,662 465,001 87.2% 94% 34% 0.0%
193 Sheridan 54,273,946 43,691,945 7,600,397 2,981,603 80.5% 14.0% 5.5% 0.0%
194 Sherwood 120,961,557 80,332,101 35,162,466 5A454,073 12917 66.4% 29.1% 4.5% 0.0%
195 Siletz 17,593,580 12,045,860 3,767,369 1,780,351 68.5% 214% 10.1% 0.0%
196 Silverton 97,150,554 65,299,067 25,007,793 6,796,333 47361 67.2% 25.7% 7.0% 0.0%
197  Sisters 53,371,760 51,004,776 2,192,609 174,375 95.6% 4.1% 039% 0.0%
198 Sodaville 8,456,767 2,131,894 4,736,121 757,779 830,974 25.2% 56.0% 9.0% 9.8%
199 Spray 7,642,839 2,615,017 4,653,238 374,584 34.2% 60.9% 49% 0.0%
200 Springfield 440,460,888 356,261,275 45,690,647 21466467 17,042,499 80.9% 10.4% 49% 3.9%
{table contlnued on next page)
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Table C.1. Landslide Susceptibility Exposure of Oregon Cities (continued)

Landslide Susceptibility Exposure, ft? Landslide Susceptibility Exposure, %

City Area, ft2 Low Moderate High Very High Low Moderate  High VeryHigh
201 St Helens 165,426,372 128,332,861 30,277,804 6,090,221 725,488 77.6% 18.3% 3.7% 0.4%
202 St Paul 8,154,929 7,510,170 582,328 62,431 92.1% 71% 08% 0.0%
203 Stanfield 42,092,309 36,924,555 5,005,218 162,535 87.7% 119% . 04% 0.0%
204 Stayton 81,891,198 69,275,895 10,983,494 1,631,809 84.6% 13.4% 20% 0.0%
205 Sublimity 25,724,506 24,010,892 1,684,552 29,063 93.3% 65% 0.1% 0.0%
206 Summerville 7,261,527 7,075,312 186,216 97.4% 26% 0.0% 0.0%
207 Sumpter 60,793,097 18,653,464 16,410,658 11,405439 14,323,536 30.7% 27.0% 18.8% 23.6%
208 Sutherlin 176,078,361 88,751,832 59,725,710 27,600,819 50.4% 339% 157% 0.0%
209 Sweet Home 161,643,770 116,812,083 27,699,847 12,919,922 4,211,918 72.3% 17.1% 8.0% 2.6%
210 Talent 36,432,983 27,418,208 7,751,092 1,263,683 75.3% 213% 35% 0.0%
211 Tangent 104,961,049 100,998,854 3,650,042 312,153 96.2% 3.5% 03% 0.0%
212 TheDalles 193,454,116 105,916,614 59,777,376 13,001,727 14,758,398 54.8% 30.9% 6.7% 7.6%
213 Tigard 329,116,905 177,830,144 132,030,125 19,109,170 147,466 571.0% 40.1% 5.8% 0.0%
214 Tillamook 49,863,373 45,146,627 4,453,030 263,716 90.5% 8.9% 05% 0.0%
215 Toledo 64,963,983 17,166,839 8,963,108 25,535,225 13,298,811 26.4% 138% 393% 20.5%
216 Troutdale 167.509,670 110,101,431 42,834,982 12,436,622 2,136,636 65.7% 256% 7A% 1.3%
217 Tualatin 227,130,320 156,641,776 62,537,243 7,951,301 69.0% 27.5% 35% 0.0%
218 Turner 40,337,405 25,713,556 9,772,554 2917,020 1,934,275 63.7% 242% 7.2% 4.8%
219 Ukiah 6,169,580 5,476,384 504,827 188,368 88.8% 8.2% 3.1% 0.0%
220 Umatilla 132,316,242 101,592,812 27,788,111 2935318 76.8% 210%  22% 0.0%
221 Union 69,457,696 62,206,050 6,793,104 458,543 89.6% 9.8% 0.7% 0.0%
222 Unity 17,890,847 15,738,065 2,069,900 82,882 88.0% 11.6% 05% 0.0%
223 Vale 31,736,557 28,101,584 3,372333 262,639 88.5% 10.6% 0.8% 0.0%
224 Veneta 71,679252 56,935,923 14,484,994 258,334 794% 20.2% 04% 0.0%%
225 Vemonia 47,639,672 10,445 43,249,392 4,379,835 0.0% 00% 90.8% 9.2%
226 Waldport 85,619,621 34,431,845 22,837,789 26,364,046 1,985,941 40.2% 26.7% 30.8% 2.3%
227 Wallowa 17,076,179 12,211,968 3,455,215 1,408,996 71.5% 202% 83% 0.0%
228 Warrenton 495,000,314 406,918,159 72,004,102 16,078,053 82.2% 14.5% 32% 0.0%
229 Wasco 28,223,080 17A43,024 10,707,938 72,118 61.8% 37.9% 03% 0.0%
230 Waterloo 3424384 3,045,494 349,827 29,063 88.9% 10.2% 0.8% 0.0%
231  Westlinn 223,398,149 78,826,992 98,247,592 35,138,786 11,184,779 353% 440% 15.7% 5.0%
232  Westhir 8,733,352 2,184,589 5121469 1427295 25.0% 586% 16.3% 0.0%
233  Weston 15,553,290 6,992,752 8,320,503 240,035 45.0% 535% 1.5% 0.0%
234 Wheeler 14,299,955 672,844 709342 3,102,159 9,815,610 4.7% 50% 21.7% 68.6%
235  Willamina 26,402,748 6,912,535 2,196,914 17,293,298 26.2% 83% 65.5% 0.0%
236 Wilsonville 207,231,898 153,329,464 42,435,640 11,331,168 135,625 74.0% 205% 55% 0.1%
237 Winston 72,606,099 30,059,591 10,319361 32,227,148 41.4% 142% 44.4% 0.0%
238 Wood Village 26,028,757 13,864,462 10,616,445 1,547,850 53.3% 40.8% 59% 0.0%
239  Woodburn 148,853,259 136,877,332 10,912,452 1,063,474 92.0% 73% 0.7% 0.0%
240 Yachats 25,746,552 8,388,670 6,518,624 8374322 2,464,935 32.6% 253% 325% 9.6%
241 Yamhill 14,049,006 10,313,929 3,532,715 202,362 73.4% 25.1% 1.4% 0.0%
242 Yoncalla 18,183,525 15,602,339 2,289,484 291,702 ' 85.8% 12.6% 1.6% 0.0%
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C.2 Oregon counties

Table C.2 data are also available in Excel spreadsheet format (C_2_Counties_LS_Suscep.xlsx) in the digital appendix

folder.
Table C.2. Landslide Susceptibility Exposure of Oregon Counties
Landslide Susceptibility Exposure, ft* Landstide Susceptibility Exposure, %
Very High +
County Area, ft2 Low Moderate High Very High Low Moderate High High  VeryHigh
1 Baker 85,745,041,556  18,427,313,309 28,591,102,078 36,652,548,721 2,074,077A47 21.5% 33.3% 42.7% 24% 45.2%
2 Benton 18,898,991,855 4992,678,348 6,847,896,474 6304,116,636 754,300,397 264%  362% 33.4% 4.0% 37.3%
3 (Clackamas 52,482,820,515  12,355,700,886 16,302,031,666 18,117,009,949 5,708,078,013 23.5% 311% 345% 10.9% 45,4%
4 Clatsop 22,700,260,108 2,057,579,309 2,998,727490 8,227,272,218 9,416,681,090 9.1% 13.2% 362% 415% 77.7%
5 Columbia 18,493,573,546 3,374,518,239 4,776,747887 8,769,151,149 1,573,156,271 18.2% 25.8% 47.4% 8.5% 55.9%%
6 Coos 45,354,938,031 5041,191570 9,481,330,213 27,924,790,190 2,907,626,058 11.1% 20.9% 61.6% 6.4% 68.0%
7 Crook 83,235,830,831 31,141,381,608 32,866,611,254 15526,337,997 3,701,499,972 37.4% 395% 18.7% 4.4% 23.1%
8 Curry 45,638,104,103 2,650,164,204 9,240,540,460 29,689,033,857 4,058365,582 5.8% 202% 65.190 8.9% 73.9%
9 Deschutes 85,109,220,479  56,546,695,507 21,081,050,738 7,454,901,368 26,572,866 66.4% 24.8% 8.8% 0.0% 8.8%
10 Douglas 141,317,397,747  12,133,858,652 34/455,769,154 86,836,593,291 7,891,176,650 8.6% 244% 614% 5.6% 67.0%
11 Gilliam 33,662,136,614  12,523,087,774 10,703,927449 10,212,038,271 223,083,120 37.2% 31.8% 30.3% 0.7% 31.0%
12 Grant 126,193,657,306  21,247,595,262 47,465,778,299 49,675296,954 7,804,986,790 16.8% 37.6% 394% 6.2% 45.5%
13 Hamey 285,145,843,006 179,502,123,490 70,358,116375 33,801,473,019 14841 30,121 63.0% 24.7% 11.9% 0.5% 12.4%
14 Hood River 14,582,414,844 1A51272,957 4,745622963 7A27,134,785 958,384,139 10.0% 32.5% 50.9% 6.6% 57.5%
15 Jackson 78,133,339,144  13,872,632,498 24,452,787,551 34,772,529,510 5,035,389,585 17.8% 31.3% 44,5% 6.4% 50.9%
16 Jefferson 49,946,523,725 16,986,526,937 16,904,142211 14442,672,705 1,613,181 872 34.0% 338% 289% 3.2% 32.1%
17 Josephine 45,768,477,096 5,686,920,023 8,136,650,857 31,328,675,574 616,230,642 12.4% 17.8% 68.5% 1.3% 69.8%
18 Klamath 171,143,448,274 102,628506,245 48063317411 19,450,752,096 1,000,872,523 60.0%  28.1% 114% 0.6% 11.9%
19 Lake 233,060,448,824 158,329,067,591 51,170,622,619 20,371,153,624 3,1 89,604,990 67.9% 22,0% 8.7% 1.4% 10.1%
20 Lane 128,802,991,658  16,755,013,466 38,682,477,990 64,663344,708 8,702, 55,495 13.0% 300% 502% 6.8% 57.0%
21 Lincoin 27,673,176,599 1,939,016,555 5,560,163,586 17,098,652,531 3,075343,928 7.0% 20.1% 61.8% 11.1% 72.9%
22 Lnn 64,272,873,796  18507,907440 13,731,267,567 23,983,676,960 8,050,021,829 28.8% 214% 373% 12.5% 49.8%
23 Malheur 276,601,766,018 141,882,833,248 85,058,608415 45456,525427 4,203,798,928 51.3% 30.8% 16.4% 1.5% 18.0%%
24 Marion 33,185,295,063  14,072342462 7,642297819 9,550,677,782 1,919,977,000 42.4% 23.0% 28.8% 5.8% 34.6%
25 Morrow 56,628,190,492  24,805,570,909 20,356,455,504 11,380,627,588 85,536,491 43.8% 359% 20.1% 0.2% 20.2%
26 Multnomah  12,223,672,777 4,712992,825 3,638,767,903 3,250418,931 621,493,118 38.6% 298% 26.6% 5.1% 31.7%
27 Polk 20,738,900,872 6,469,153,617 4,251,225794 9,539,951,545 478,569,915 31.2% 205% 46.0% 2.3% 48.3%
28 Sherman 23,057,239,569  11,360,531,905 6,323,824,280 5,342,690,616 30,192,769 49.3% 274% 23.2% 0.1% 23.3%
29 Tillamook 31,340,756,476 2,581,502,742 2,662,963451 19,610,618,770 6485,671,513 8.2% 8.5% 626% 20.7% 83.3%
30 Umatilla 89,769,773,294  31,779,595,578 31,033,819,776 26,074,546,107 881,811,833 35.4% 34.6% 29.0% 1.0% 30.0%
31 Union 56,832,962,984  13,721,146,622 21,385,787,806 18,471,463,366 3,254,565,190 24.1% 37.6% 325% 5.7% 38.2%
32 Wallowa 87,790,890,515  14,105,102,624 22,837,879,148 49,487,844,531 1 360,064,213 16.1% 26.0% 56.4% 1.5% 57.9%
33 Wasco 66,503,203,674  18,224,397,082 27,164,026,064 17,382971,537 3,731 808,991 27.4%  408% 26.1% 5.6% 31.8%
34 Washington 20,258,824,921 6,371,254,612 5934460272 7,147,799,469  805310,569 31.4% 293% 35.3% 4.0% 39.3%
35 Wheeler 47,835,198,973 4,792,578,409 17,939,448483 19,167,910,975 5,935,261,107 10.0% 37.5% 40.1% 12.4% 52.5%
36 Yamhill 20,024,032,738 5285461212 4,235,189,720 9.399,065951 1,104,315854 26.4% 212% 46.9% 5.5% 52.5%
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C.3 Oregon watersheds
Table C.3 data are also available in Excel spreadsheet format (C_3_Watersheds_LS_Suscep.xlsx) in the digital appendix
folder. Landslide Susceptibility Zones are 1: Low; 2: Moderate; 3: High; 4: Very High. Also see Figures 7 and 8 in the

main text.

Table C.3. Landslide Susceptibility Exposure of Oregon Watersheds

Minimum Maximum Mean
Landslide Landslide Landslide
Susceptibility  Susceptibility = Susceptibllity
Watershed Name Area, ft? Zone Value ZoneValue Zone Value

1 Abernethy Creek-Willamette River 3,796,649,711 1 4 1.72
2 Abiqua Creek-Pudding River 7,803,107,412 0 4 177
3 Agency Creek-South Yamhill River 3,897,263,211 1 4 278
4 Alder Creek-Pritchard Creek 3,890,099,829 1 3 219
5 Alkali Canyon-Umatilla River 5,759,238,880 1 3 1.72
6 Alkali Lake ’ ' 6428,647,545 1 4 130
7 Althouse Creek 1,318,699,582 0 4 200
8 Alvord Lake 12,058,663,527 0 4 1.88
9 Anna River-Summer Lake 11,230,222,391 1 4 161
10 Antelope Creek 9,536,669,629 1 3 115
1n Antelope Creek 4,382,826,439 1 4 213
12 Bakeoven Creek 4,278,018,244 1 4 1.76
13 Baldock Slough-Powder River 3,156,271,313 1 4 152
14 Bear Creek 10,081,026,412 0 4 254
15 Bear Creek 3,037,011,491 1 4 1.94
16 Bear Creek 2,016,650,908 1 3 275
17 Bear Creek 6,016,835,402 0 4 205
18 Beaver Creek 4,650424,787 1 3 1.82
19 Beaver Creek-Frontal Columbia River 4,256,493,652 0 4 2,05
20 Beaver Creek-Frontal Pacific Ocean 1,851,713,356 0 4 264
21 Beaver Creek-Grande Ronde River 5,733,475460 1 4 229
22 Beaver Marsh 8,734,962817 1 3 139
23 Beech Creek 3,082,511,616 1 4 252
24 Big Alvord Creek 7,638464,791 1 4 159
25 Big Butte Creek 6,896,471,848 1 4 205
26 Big Creek 2,389,165,091 1 4 228
27 Big Creek-Burnt River 4,098,152,224 1 4 223
28 Big Creek-Frontal Columbia River 3,252,238,032 0 4 284
29 Big Creek-Middle Fork John Day River 4,857,660,201 1 4 242
30 Big Creek-North Fork John Day River 4,602,223,99 1 4 275
31 Big Elk Creek 2A77,174,052 1 4 3.16
32 Big Springs Creek-Klamath Marsh 2,791,526,521 1 3 115
33 Big Stick Creek 3,796,797,177 1 3 121
34 Birch Creek 7,929,956,867 1 4 2.10
35 Birch Creek-Snake River 3,926,550,735 0 4 1.66
36 Blue River 2,566,780,377 1 4 292
37 Breitenbush River 3,018,714,996 1 4 279
38 Bridge Creek 7,501,660,871 1 4 261
39 Bridge Creek-Middle Fork John Day River 3408,182,337 1 4 2.19
40 Briggs Creek 1,907,167,946 1 4 273
41 Browns Creek-Deschutes River 5,718,945,257 1 3 1.61
42 Buck Creek 2,793,408,052 1 3 146
43 Buck Hollow Creek 5.517,944300 1 3 153
44 Buckaroo Lake 5,178,670,149 1 3 131
(continued on next page)
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Table C.3. Landslide Susceptibility Exposure of Oregon Watersheds (continued)

Minimum Maximum Mean
Landslide Landslide Landslide
Susceptibility  Susceptibility  Susceptibility
Watershed Name Area, ft? Zone Value Zone Value Zone Value

45 Bull Run River 3,876,322,023 1 4 241
46 Burnt River 6,731,254,435 0 4 249
47 Burnt River Canyon-Bumt River 2336819118 0 4 255
48 Butte Creek 5,055,656,952 1 4 24
49 Butte Creek-Pudding River 3,067,502,420 1 4 1.80
50 Buzzard Creek 6,810,359,489 1 3 1.15
51 Cabin Creek-Grande Ronde River 4,722,481,632 1 4 225
52 Calapooya Creek 6,857,483,889 0 4 249
53 Camp Creek 2,262,079,906 1 4 248
54 Camp Creek 4,863,132,573 1 4 208
55 Camp Creek-Middle Fork John Day River 5/488,710,595 1 4 253
56 Campbell Lake 8,267,485,111 1 4 m
57 Canton Creek 1,768,298,432 1 4 284
58 Canyon Creek 3,221,005,470 1 4 284
59 Cedar Island-Deschutes River 5,357,294,013 0 3 232
60 Chaln Lakes-5unset Valley 2,071,156,121 1 3 1.13
61 Chehalem Creek-Willamette River 7,495,200,372 1 4 155
62 Chesnimnus Creek 5,348,766,843 1 3 1.85
63 Chetco River 9,818,687,311 0 4 280
64 Chimney Rock-Crooked River 2,605,451,878 1 4 155
65 Christmas Lake Valley 6,415,157,136 1 4 1.22
66 Clark Branch-South Umpqua River 2,595,620,122 1 4 259
67 Clarks Creek-Burnt River 2,638,884,583 1 4 249
68 Clarno Rapids-John Day River 3,156,409,091 1 4 34
69 Clatskanie River 2,680,708,834 1 4 248
70 Claw Creek 2,591,418968 1 3 1.65
7 Clearwater River 2,147,429,19 1 4 209
72 Clover Creek 4,693,550,394 1 3 222
73 Clover Swale 4,691,034,868 1 3 1.16
74 Cold Springs Canyon 5591,352,016 1 3 176
75 Collawash River 4,245,413,282 1 4 3.28
76 Coos Bay-Frontal Pacific Ocean 6,603,879,701 0 4 225
77 Coquille River 4,863,618,026 0 4 238
78 Cottonwood Creek 6,360,566,888 0 4 1.98
79 Cottonwood Creek 6,490,380,724 1 4 223
80 Cow Creek 2,195,369,495 1 4 164
81 Crabtree Creek 4,342,301,393 1 4 227
82 Crane Creek 3,817,101,141 1 -4 1.86
83 Crater Lake-Williamson River 4,584,608,857 1 4 145
84 Crescent Creek 5,205,802,738 1 3 174
85 Crooked Creek 2,075338,977 1 4 246
86 Crowley Creek 10,618,434,015 0 4 145
87 Crump Lake 9,390,382,704 1 4 1.56
88 Dairy Creek 6,444,061,464 1 4 207
89 Days Creek-South Umpqua River 6,168,192,128 1 4 275
920 Deadwood Creek 1,637,946,401 1 3 276
91 Deep Canyon 4,245 446,651 1 3 152
92 Deep Creek 7.544,169,706 1 4 172
93 Deep Creek 2,413,520,591 1 3 161
94 Deep Creek-South Yamhill River 3,316,881,773 1 4 223
95 Deer Creek 3,164914,733 1 4 254
96 Deer Creek-South Umpqua River 4,795,051916 1 4 221
{continued on next page)
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Table C.3. Landslide Susceptibility Exposure of Oregon Watersheds (continued)

Minimum Maximum Mean
Landslide Landslide Landslide
Susceptibllity  Susceptibility  Susceptibility
Watershed Name Area, ft? Zone Value Zone Value Zone Value

97 Deschutes River-Charleton Creek 7,166,475,930 0 4 178
98 Desolation Creek 3,033,113,879 1 4 260
99 Diamond Lake 1,868,718,182 1 4 1.66
100  Drews Creek-Frontal Goose Lake 7361,370,521 1 4 1.89
101 Drift Creek 1,930,819,487 1 4 279
102  DryCreek 8,332,692,881 1 3 mm
103  DryCreek-Fort Rock Valley 7,479,968,363 1 3 1.26
104  DryCreek-Jordan Creek 5,374,434464 1 3 124
105  Dumont Creek-South Umpqua River 4,308,602,819 1 4 286
106 Duncan Creek-Silver Lake 3,389,943,967 1 3 131
107  Eagle Creek 5,381,969,201 0 4 263
108  Eagle Creek 2,507,079,424 1 4 234
109  East Fork Coquille River 3,744,936,657 0 4 274
110  East Fork Hood River 4,399,821,577 0 4 244
111 Eight Mile Creek-Middle Fork John Day River 2,639,528,265 1 4 234
112 Eightmile Canyon 7,076,460,576 1 4 158
113 Eightmile Creek 3,295,062,250 1 4 231
114  ElkCreek 2,368,434,876 1 4 284
115  Elk Creek 8,149,532,028 1 4 254
116  ElkCreek 3,724,006,233 1 4 279
117 - Elk River 2,544,431,269 0 4 276
118  Emigrant Creek 7,381,668,027 1 4 174
119  Euchre Creek-Frontal Pacific Ocean 2,452,125,356 0 4 277
120  Evans Creek 6,248,387,566 1 4 255
121 Fall Creek 5,392,645,924 1 4 2.65
122  Fall River-Deschutes River 5,122,149,932 1 3 142
123  Fanno Creek-Tualatin River 2,679,762,686 1 4 1.65
124  Ferry Canyon-John Day River 6,025,865,246 1 4 212
125  Fields Creek-John Day River 4,826,632,153 1 4 274
126  Fifteenmile Creek 6,989,369,777 0 4 203
127  Fire Lake 3,954,593,951 1 3 1.19
128  Fish Creek 2,342,528,296 1 4 240
129  Fishhole Creek 2,836,736,021 1 4 1.65
130  Five Points Creek-Grande Ronde River 3,808,662,235 1 4 2,10
131 Five Rivers 3,328,293,670 0 4 273
132 Flybee Lake 3,312,028,325 1 4 1.20
133  Fourmile Creek 3,222,517,799 1 4 209
134  Gales Creek 2,090,612,966 1 4 266
135  Gerber Reservoir-Miller Creek 7,669,261,415 1 4 135
136  Gold Hill-Rogue River 5929,647,727 1 4 229
137  Granite Creek 4,113,927,811 1 4 245
138  Grants Pass-Rogue River 2,345,224,656 1 4 215
139  GrassValley Canyon 5,919,470,450 1 3 141
140  Grave Creek 4,554,590,463 1 4 272
141 Griffin Creek-Upper Malheur River 3,721,133,345 1 3 185
142  Grindstone Creek 2,995,117,275 1 3 1.69
143  Grossman Creek-Grande Ronde River 5,003,868,549 1 4 257
144  Grub Creek-John Day River 6,520,250,575 1 4 231
145  Hamilton Creek-South Santiam River 5,141,554,033 0 4 229
146  Hamey Lake-Malheur Lake 11,608,559,849 1 3 m
147  HayCreek 3,843,718,139 1 4 235
148  Hayden Island-Columbia River 809,201,723 0 3 027
{continued on next page)
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Table C.3. Landslide Susceptibility Exposure of Oregon Watersheds (continued)

Minimum Maximum Mean
Landslide Landslide Landslide
Susceptibility  Susceptibility  Susceptibility
Watershed Name Area, ft? Zone Value Zone Value Zone Value

149  Headwaters Malheur River 6.323,796,293 1 4 197
150 Headwaters McKenzie River 10,045,690,647 1 4 213
151  Headwaters Middle Fork Willamette River 4,941,448,633 1 4 271
152  Headwaters Middle Santiam River 2,906,570,119 1 4 290
153  Headwaters Nehalem River 6,216,217,467 1 4 287
154  Headwaters North Fork John Day River 3,121,137,909 1 4 234
155  Headwaters North Santiam River 6378,725,605 1 4 252
156  Headwaters North Umpgqua River 3.340,692,619 1 3 194
157  Headwaters Rogue River 10,828,597,213 1 4 2.01
158  Headwaters Silvies River 4A16,993,244 1 4 1.86
159  Headwaters Umatilla River 3,781367,111 1 4 265
160  Hellgate Canyon-Rogue River 4,068,850,707 1 4 271
161 Hidden Lake 2,556,026,154 1 3 1.10
162  Hills Creek 1,675,895,643 1 4 3.06
163  Hills Creek Reservoir-Middle Fork Willamette River 4,782,968,351 1 4 279
164  Hog Creek-Lower Malheur River 4,630,797 873 0 4 21
165 Hog Creek-Williamson River 6,278,703,043 1 3 144
166 Home Creek-Garrison Lake 5.856,130,219 1 4 129
167 Honey Creek 4,690,717333 1 4 1.69
168  Hood River 2,205,879377 0 4 224
169 Horse Creek 4,436,704,116 1 4 237
170  Horse Heaven Creek-Crooked River 7,102,718,060 1 4 237
171 Horseshoe Bend-Rogue River 4,537,293,936 1 4 2.88
172  HuntDitch-Umatilla River 5345,806,768 0 3 126
173 Hunter Creek 1,240,343,696 0 4 294
174  Hunter Creek-Lower Malheur River 4522619497 0 4 255
175  Indian Creek 1.341,753,725 1 4 273
176  Indian Creek-Grande Ronde River 4,150,966,194 0 4 197
177  Indigo Creek 2,134,593,228 1 4 290
178  Jack Creek-Williamson River 10,267,756,577 1 3 129
179  JackassCreek 5414,636,593 1 3 1.29
180  Jackson Creek 4,463,730,143 1 4 321
181  Jackson Creek-Owyhee River 9,294,447,200 0 4 1.78
182  Jackson Creek-Williamson River 7,449,826,184 1 3 149
183  Jenny Creek 5,830457,216 0 4 187
184  John Day River 2,259,188,720 0 3 175
185  John Day River-Johnson Creek 4,365,067,063 1 4 266
186  Johnson Creek 2,620480,449 1 4 159
187  Johnston Guich Reservoir-Lower Matheur River 3,709,922,732 1 4 1.62
188  Jordan Creek-Sheep Spring Creek 5817,156,252 0 4 128
189  Josephine Creek-lllinois River 3,563,531,398 0 4 273
190  Jumpoff Joe Creek 3,038.800453 1 4 231
191  Juniper Basin Creek-Upper Malheur River 3,589,439,054 1 4 2,01
192  Juniper Butte-Crooked River 2,733,439,078 0 4 153
193 Juniper Canyon 4,227,758,317 1 3 1.27
194  Juniper Creek-DryValley 6,448,349,806 1 4 127
195  Kahler Creek-John Day River 8,611,853,821 1 4 2,60
196  Kiger Creek-Diamond Canal 6,002,187,872 1 4 178
197  Kilchis River 1,798,109,082 1 4 295
198  KitCanyon-Frontal Blue Joint Lake 6,592,260,059 0 4 127
199  Klondike Creek-lllinois River 2,925,568421 1 4 289
200 Kotzman Basin 6,660,684,085 1 3 1.28
{continued on next page)
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Table C.3. Landslide Susceptibility Exposure of Oregon Watersheds (continued)

Minimum Maximum Mean
Landslide Landslide Landslide
Susceptibility  Susceptibility  Susceptibility
Watershed Name Area, ft? Zone Value Zone Value Zone Value
201 Ladd Creek 2,555,651,570 1 4 201
202  Lake Creek 3,244514,927 1 4 269
203  Lake Ewauna-Klamath River 3,393,168,835 1 4 1.50
204  Langell Valley-Lost River 4,274,079,729 0 4 151
205  Lawson Creek-lllinois River 1,794,674,319 0 4 2,63
206 Laycock Creek-John Day River 4,713,908,178 1 4 256
207  Little Applegate River 3,152,286,513 1 4 274
208  Little Butte Creek 10,411,768,011 0 4 239
209  Little Fall Creek 1,635,326,465 1 4 248
210  Little Malheur River 3,767,242,708 1 4 238
211 Little Nestucca River 1,716,921,212 0 4 3.28
212  Little North Santiam River 3,146,268411 1 4 3.06
213 Little River 5,746,945417 1 4 267
214  Little Sandy Reservoir-Lower Malheur River 2,608,739,176 1 4 174
215  LitleTank Creek-Big Tank Creek 3,858,349,522 1 3 136
216  Little Walker Mountain 3,782497,322 1 3 150
217  Lobster Creek 1,931,050911 1 4 269
218 Long Creek 5,682,730,081 1 4 194
219  Long Lake Valley-Upper Klamath Lake 11,699,613,920 0 4 1.60
220 Long Prairie 7599,314,296 1 3 125
221 Long Tom River 11,478,156,151 0 4 1.88
222 Lookingglass Creek 2,638,772,639 1 4 248
223  Lookout Point Reservoir-Middle Fork Willamette 4,450,360,290 1 4 258
River '

224  Lost Creek-Rogue River 1,398,046,824 1 4 239
225 Lostine River 2,530,957,006 1 3 256
226 Love Creek-Powder River 3,831,796,032 1 4 200
227  Lower Alsea River 4,341,839,621 [ 4 274
228  Lower Applegate River 3,949,189,391 1 4 248
229  LowerBeaver Creek 3,542,473,960 1 3 157
230  Lower Big Sheep Creek 5,648A409,352 1 3 236
231 Lower Bully Creek 4,956,597,760 1 4 1.89
232 LowerButter Creek 3,531,757411 1 4 204
233 Lower Calapooia River 2,387,617,240 1 4 132
234  LowerCamas Creek 6,834,251,064 1 4 167
235 Lower Catherine Creek 3,641,172,560 1 4 1.65
236 LowerChewaucan River 7,965,092423 1 4 1.74
237  Lower Clackamas River 5,147,580,747 1 4 1.85
238  Lower Coast Fork Willamette River 3,881,798,701 0 4 190
239  Lower Cow Creek 4,821,177,003 1 3 1.22
240  Lower Cow Creek 4,463,805490 1 4 275
241  Lower Crooked Creek 7,308,456,214 1 3 144
242  Lower Crooked Valley-Crooked River 4,386,190,161 1 4 179
243  Lower Donnerund Blitzen River 3,710,164,920 1 3 117
244  LowerDryCreek 6,790,902,644 0 4 1.80
245  Lower Dry River 9,099,154,344 1 4 132
246  LowerGuano Slough 5,884,873,089 1 3 1.14
247  Lower Imnaha River 6,403,188,744 1 3 274
248  LowerJoseph Creek 4,565A450,173 0 3 244
249  Lower Little Deschutes River 4,802,265,889 1 4 150
250 Lower Metolius River 6,349,262,629 1 4 199
251 Lower Molalla River 4,022,603,566 1 4 1.7
{continued on next page)
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Table C.3. Landslide Susceptibility Exposure of Oregon Watersheds {continued)

Minimum Maximum Mean
Landslide Landslide Landslide
Susceptibility ~ Susceptibility ~ Susceptibility
Watershed Name Area, ft? Zone Value Zone Value Zone Value

252  Lower Nehalem River 3,052,273,639 0 4 284
253  Lower North Fork Crooked River 1,956,068,391 1 4 201
254  Lower North Fork John Day River 5,090,858,168 1 4 226
255  Lower North Fork Malheur River 6,109,767,775 0 4 221
256 Lower North Santiam River 3,171,230,995 0 4 145
257  Lower North Umpqua River 4,634,988,263 1 4 232
258 Lower Ochoco Creek 3,256,599,569 1 4 2,18
259  Lower Powder River 2,678,855,288 1 4 238
260 Lower Rock Creek 6,397,400,989 1 3 198
261 Lower Sandy River 1,946,250,629 1 4 194
262 Lower Siletz River-Frontal Pacific Ocean 5.330,529,550 0 4 266
263  Lower Silver Creek 6,647,655,448 1 3 1.09
264  Lower Silvies River 7.885,787,160 1 4 127
265 Lower Siuslaw River 4,813,935,045 0 4 2.65
266  Lower Smith River 6,133,170,669 1 4 277
267  Lower South Fork Crooked River 7,231,415,678 1 4 152
268  Lower South Fork John Day River 3,773,935,708 1 4 243
269 Lower South Fork Malheur River 7,732,679,146 1 4 1.87
270  Lower Sycan River 6,386,293,710 1 3 141
271 Lower Trout Creek 1,622401,161 1 4 225
272  Lower Umpqua River 2,976,301,960 0o 3 256
273  Lower Wallowa River 4,813,106,223 1 3 213
274  Lower Willow Creek 3,799,353,606 1 3 165
275  Lower Willow Creek 3,078,750,706 0 4 1.65
276  Lower Yaquina River 2,207,864,242 0 4 268
277  Luckiamute River 8,787,194,692 1 4 219
278  Malheur Gap 1,721,646,568 1 3 138
279  Malheur Slough 6,640,847,275 1 4 147
280  MarysRiver 8,445,112,237 0 4 2.19
281  Mayfield Pond-Central Oregon Canal 1,977,222,704 1 3 1.05
282  McKay Creek 5,551,669,784 1 3 229
283  McKay Creek 2,763,927 854 1 4 257
284  McKenzie Canyon-Deschutes River 9,507,903,078 1 4 124
285  McKenzie River 7,197,933,458 1 4 248
286  Meacham Creek 4,972,289389 1 4 259
287 Meadow Creek 5,053,516,010 1 3 1.91
288  Miami River 1,004,343 884 1 4 295
289  Middle Applegate River 3,600,881,091 1 4 267
290  Middle Chewaucan River 2,192,994976 1 4 213
291  Middle Clackamas River 6,039,249,092 1 4 3.00
292  Middle Cow Creek 4,932,330,524 1 4 275
293  Middle Donner und Blitzen River 6,471,257 561 1 4 148
294  Middle Fork Coquille River 8,596,632,575 0 4 2,69
295  Middle Imnaha River 3,829,800,403 1 3 2,70
296  Middle Little Deschutes River 2,118,768,126 1 3 120
297  Middle Nehalem River 4,962,681,523 1 4 3.07
298  Middle North Santiam River 2,471815,777 1 4 276
299  Middle North Umpqua River 6,317,679,163 1 4 291
300 Middle Sandy River 1,780,150574 1 4 227
301 Middle Siletz River 1,808,091,533 1 4 273
302 Middle Silver Creek 7,778,017,813 0 3 138
303  Middle Silvies River 3,490,542,398 1 3 1.85
(continued on next page)
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Table C.3. Landslide Susceptibility Exposure of Oregon Watersheds (continued)

Minimum Maximum Mean
Landslide Landslide Landslide
Susceptibllity  Susceptibility  Susceptibility
Watershed Name Area, ft? Zone Value ZoneValue ZoneValue

304 Middle South Fork John Day River 5,298,659,764 1 4 2566
305 Middle Sycan River 6,280,044,227 1 3 130
306 Middle Wallowa River 3,701,612,993 1 3 192
307 MiddleWillow Creek 5376,490,371 1 4 2.02
308 MiddleWillow Creek 3,569,832,591 1 3 164
309 Middle Willow Creek 2,852,947,546 1 4 245
310  Mill Creek 1,994,287,808 1 4 277
n Mill Creek 3,008,381,642 1 3 1.72
312 MillCreek 3,129,524,072 1 4 1.40
313  Mill Creek 3,750,162,535 1 4 287
314  Mill Creek 1,A491,787,567 1 3 262
315  Millicoma River 4,211,515576 0 4 283
316  Minam River 6,660,325,647 1 4 266
317  Mission Creek-Umatilla River 5,724 A85,442 1 4 195
318  Mohawk River 4,991,696,719 1 4 273
319  Mosby Creek 2,645,719,666 1 4 268
320 Mountain Creek 5.117,292179 1 4 231
321  Mud Creek-Grande Ronde River 6,716,980,413 1 4 221
322  Mud Springs Creek 2,567414.371 1 4 177
323  Muddy Creek-John Day River 9,334,585,822 1 4 275
324  Muddy Creek-Willamette River 13,091,538,232 1 4 136
325  Murderers Creek 3,699,204,030 1 4 273
326 Myrtle Creek 3,321,939,734 1 4 2.70
327  Necanicum River-Frontal Pacific Ocean 3.814,143219 0 4 3.29
328  Nestucca River-Frontal Pacific Ocean 7,178,555,190 0 4 312
329  New River-Frontal Pacific Ocean 4,339,744,964 0 4 270
330  North Basin 7,668,836,240 1 4 144
331  North Fork Burnt River 5,407,936,059 0 4 227
332 North Fork Coquille River 4,286,794,060 0 /a4 273
333  North Fork Middle Fork Willamette River 6,949,932,962 1 4 234
334  North Fork of Nehalem River 2,711,313,860 0 4 339
335  North Fork Siuslaw River 1.832,505,158 1 4 297
336  North Fork Sprague River 5,777852,910 1 3 160
337  North Powder River 3,270,353,693 1 4 219
338  North Unit Diversion Dam-Deschutes River 4,A07,386,454 1 3 142
339  North Yamhill River 4,942,973,.879 1 4 244
340  Oak Grove Fork Clackamas River 3,941,202,570 1 4 216
341 Olalla Creek-Lookingglass Creek 4,496,507,326 1 4 243
342  OtisCreek 4309,714,731 1 3 190
343  PaulinaCreek 2,256,787,291 1 3 1.46
344  Peters Creek 5ink 3,579,009,901 1 3 1.02
345 Pine Creek 3,204,463,492 0 4 1.93
346 PineCreek 4,680,611,097 0 3 176
347  PineCreek 8,430,325,854 1 4 24
348  Pine Hollow 3,645,328,506 1 4 2.10
349  Pine Lake-Devils Garden 7,356,404,053 1 3 1.28
350  Pistol River 2,933,019,199 0 4 285
351  Plympton Creek-Frontal Columbia River 1,369,018,710 0 4 262
352 PostlLake 1,950,086,886 0 3 145
353  Potamus Creek-North Fork John Day River 8,077,133,967 1 4 2nm
354  Potter Canyon-Deschutes River 2,549,226,591 1 4 140
355  Poverty Basin 3,490,693,092 1 3 120
{continued on next page) ’
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Table C.3. Landslide Susceptibility Exposure of Oregon Watersheds (continued)

Minimum Maximum Mean
Landslide Landslide Landslide
Susceptibility  Susceptibility  Susceptibility
Watershed Name Area, ft? Zone Value Zone Value Zone Value

356  Prineville Reservoir-Crooked River 2,356,074,677 1 4 213
357  Pudding Creek-Middle Fork Willamette River 1,535,282,376 0 4 193
358  Quail Creek 3,968,834,604 1 4 193
359 Quartz Creek-McKenzie River 2,080,579,925 1 4 280
360 Quartzville Creek-Green Peter Lake 4,768311,134 1 4 290
361 Rabbit Creek 7,763,096,880 1 4 130
362  Rattlesnake Creek 8,299,496,981 1 3 143
363  Reynolds Creek-John Day River 4,646,353,876 1 4 243
364 RheaCreek 6,358,048,133 1 4 212
365 Rickreall Creek-Willamette River 5.394,978,464 1 4 173
366 Riddle Creek 5.358,509,259 1 3 152
367 RockCreek 3,138,840,236 1 4 253
368 RockCreek 2,387,290,018 1 4 150
369 RockCreek 1,201,537,646 1 4 276
370 Rock Creek 2,732,269,041 1 4 293
3n Rock Creek 8,052,233,813 1 4 1.14
372  Rock Creek-Buck Creek 8,288,921,439 1 3 126
373  Rock Creek-Fronta! Pacific Ocean 1,790,195,455 0 4 271
374  Rock Creek-Powder River 5,258,647,080 1 4 1.85
375  Rock Creek-Tualatin River 4,213,627 A55 0 4 1.68
376 Rogue River 3,604,797,001 0 4 256
377 RowRiver 7,800,160,253 1 4 292
378  Ruckles Creek-Powder River 7,260,255423 0 4 1.79
379  Ryegrass Creek-Owyhee River 8,148,585,880 1 4 129
380 SageHen Creek 3,758,265,607 1 4 144
381 SagehenWaterhole 3,441,271,674 0 3 1.08
382  SalmonCreek 3,577,187,571 1 4 276
383  Salmon River 3,212,104,792 1 4 259
384  Salmon River 2,073,858,939 1 4 291
385 Salmonberry River 1,986,122,306 1 4 283
386  Salt Creek 3,152,860,229 1 4 263
387  SaltCreek 2,726,643,821 1 4 193
388 Sand Canyon-Lake Abert 7,495,207,907 0 3 129
389 SandHollow 4,663,324,257 1 4 149
390  Sand Hollow Creek 4,599,381,247 1 4 174
391  Sand Hollow Creek-Owyhee River 6,279,629,816 1 4 193
392  Sand Lake-Frontal Pacific Ocean 2,.351,293,348 0 4 278
393  Scappoose Creek-Frontal Columbia River 5,368,308,723 0 4 212
394  Scoggins Creek-Tualatin River 4,334,551377 1 4 235
395  Scott Canyon-John Day River 7,193,650,498 1 3 207
396 Seekseequa Creek-Deschutes River 2,613,572,172 1 4 1.74
397  Sellers Creek 2,388,653,805 1 3 135
398  Senecal Creek-Pudding River 1,478,884,867 1 4 1.19
399  Service Creek-John Day River 7,350,022,131 1 4 267
400  Shady Cove-Rogue River 3,236,698,175 1 4 219
401  Shallow Lake-Slickey Lake 10,574,793,893 1 3 135
402  Shasta Costa Creek-Rogue River 1,962,018,681 1 4 283
403  Shitike Creek-Deschutes River 6,318,028,990 1 4 1.81
404  Siltcoos River-Frontal Pacific Ocean 3,634,237,373 0 4 242
405  Siiver Creek 2,249,680,958 1 4 288
406  Silver Creek 10,565,708,076 1 3 132
407  Sixes River 3,758,267,760 0 4 285
{continued on next page)
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Table C.3. Landslide Susceptibility Exposure of Oregon Watersheds (continued)

Minimum Maximum Mean
Landslide Landslide Landslide
. Susceptibility  Susceptibility  Susceptibllity
Watershed Name Area, ft? Zone Value Zone Value Zone Value

408  Sixmile Canyon 4,223,556,086 0 4 125
409  Skull Creek 3,409,032,686 1 3 1.84
410  Skull Creek-Owyhee River 5/560,743,760 1 4 148
411 Soldiers Cap 5.690,409,054 1 3 112
412  South Fork Beaver Creek 2,873.315,017 1 3 207
413 South Fork Burnt River 3,271,619,529 1 4 2.29
414  South Fork Coos River 6,975,872,910 1 4 277
415  South Fork Coquille River 7,972,073,895 1 4 273
416  South Fork McKenzie River 5994,102,023 0 4 270
417  South Fork Rogue River 7,005,115,225 0 4 218
418  South Fork Sprague River 5.303,250,572 1 4 1.62
419  South Santiam River 4,437332,729 1 4 2.76
420  South Santiam River-Foster Reservoir 1,591,465,683 1 4 3.09
421  Spencer Creek 2,364,615,840 1 4 1.87
422  Sprague River 15,456,924,768 1 4 157
423  Squaw Lake-Capehart Lake 1,692,845,573 1 3 1.16
424  Stage Gulch 3,099,542,275 1 3 124
425  Stair Creek-Rogue River 1,592,312,803 1 4 282
426  Steamboat Creek 4,564,677324 0 4 290
427  Stinkingwater Creek 4,547,628,366 1 4 1.7
428  Sucker Creek 2,682,037,100 1 4 262
429  Summit Creek-Storehouse Canyon 7338,695,268 1 4 1.98
430  Sutton Creek-Powder River 5,044,158,942 1 4 219
431  Swan Lake Valley 3,621,926,688 1 4 184
432  Tenmile Creek-Frontal Pacific Ocean 3,017,067,041 0 4 278
433  Tenmile Creek-Frontal Pacific Ocean 2,762,969,866 0 4 254
434  Thirtymile Creek 7,596,500,610 1 4 2.16
435 ThomasCreek 7,886,490,044 1 4 1.92
436 ThomasCreek _ 4,048,788,931 0 4 235
437  Thorn Lake 12,503,835,181 1 3 1.16
438  Three Fingers Gulch-Owyhee River 8,146,030,528 1 4 240
439  Tillamook Bay-Frontal Pacific Ocean 926,582,166 0 4 1.65
440  Tillamook River 1,714,566,068 0 4 3.07
441  Tired Horse Lake 7.574,107,370 1 3 1.24
442 Trail Creek 1,539,832,281 1 4 255
443  Trask River 4,860,356,561 0 4 282
444  Tumalo Creek 1,654,705,809 1 3 192
445  Twelvemile Creek 3,919,127,942 1 4 147
446  Twelvemile Creek-Coyote Lake 7,674A482,988 1 3 141
447  Twin Lakes ’ 3,756,613,347 1 4 1.44
448  TyghCreek 3,513,133,693 1 4 233
449  Umpqua River-Sawyers Rapids 2,767,747,966 1 4 280
450  Upper Alsea River 3541424479 0 4 258
451  Upper Applegate River 2,280,065,324 1 4 2.86
452  Upper Beaver Creek 2,706,825,309 1 3 1.61
453  Upper Big Sheep Creek 3,894,271,920 1 3 2.51
454  Upper Bully Creek 6,678,088,252 0 4 207
455  Upper Butter Creek 9,001,633,316 1 4 ; 221
456  Upper Calapooia River 7,993,351,994 1 4 235
457  Upper Camas Creek 4,562,420,132 1 4 1.98
458  Upper Catherine Creek 5,110,144,942 1 4 238
459  Upper Chewaucan River 5,272,500,232 1 4 2.1
{continued on next page)
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Table C.3. Landslide Susceptibility Exposure of Oregon Watersheds (continued)

Minimum Maximum Mean
Landslide tandslide Landslide
Susceptibility  Susceptibility  Susceptibility
Watershed Name Area, ft? ZoneValue Zone Value Zone Value

460 UpperClackamas River 4,395,708,687 1 4 225
461  Upper Coast Fork Willamette River 4,245,164,636 1 4 239
462  UpperCow Creek 2,069,740,667 1 4 265
463  Upper Crooked Creek 9,029,700,212 1 3 1.54
464  Upper Donner und Blitzen River 5835,981,255 1 3 1.79
465  Upper Dry Creek 5,783,801,047 1 4 157
466  Upper Dry River 11,844,830,912 0 3 4
467  Upper Grande Ronde River 5.825,143,074 1 4 247
468  Upper Guano Slough 8,655,378,769 1 3 124
469  Upperimnaha River 3,936,656,971 1 4 264
470  Upper Joseph Creek 5A457,229,387 1 3 225
471  Upper Little Deschutes River 3,447,611,617 1 3 1.60
472 Upper Metolius River 6,135,153,381 1 4 2.10
473  Upper Middle John Day 3,082,532,068 1 4 2.56
474  Upper Molalla River 5.640,439,753 1 4 270
475  Upper Nehalem River 4,905472415 0 4 2.88
476  Upper North Fork Crooked River 4,938,031,091 1 4 195
477  Upper North Fork Matheur River 4,793,466,392 1 3 214
478  Upper North Santiam River 3,109,342,816 1 4 290
479  Upper North Umpqua River 2,830,923,509 1 4 257
480  Upper Ochoco Creek 4,181,716,766 1 4 270
481  Upper Powder River 4,591,509,600 1 4 251
482  Upper Rock Creek 7,715,033 868 1 4 230
483  Upper Sandy River 1,489,025,547 1 4 276
484  Upper Siletz River 1,938,434,953 1 4 262
485  Upper Silver Creek 4,777,719,868 1 4 1.69
486  Upper Silvies River 6,766,785,027 1 4 1.89
487  Upper Siuslaw River 5,562,305,604 1 4 249
488  Upper Smith River 4,162,862,701 1 4 2.77
489  Upper South Fork Crooked River 8,636,376,162 1 3 1.27
490  Upper South Fork John Day River 4,120,445,359 1 4 222
491  Upper South Fork Malheur River 7,615,576,412 1 3 1.63
492  Upper South Umpqua River 3,799,649,613 1 4 290
493  Upper Sycan River 2,871,936,161 1 3 1.29
494  Upper Trout Creek 6,872,286,418 1 4 243
495  Upper Umpqua River 7,397,619,066 1 4 2,67
496  Upper Walla Walla River 4,438,691,134 0 3 2,60
497  UpperWallowa River 6,877,294,866 1 4 2.03
498  Upper Willow Creek 4,915,021,080 1 3 193
499  Upper Willow Creek 4,097,509,619 1 4 236
500 Upper Yaquina River 2316,931,717 1 4 280
501  Walker Creek 3/419,231,49 1 3 117
502  Wall Creek 5,589,211,074 1 3 212
503  Walls Lake Reservoir 10,413,534,369 0 3 1.19
504  Warm Springs Reservoir-Upper Malheur River 3,990,777,912 1 4 212
505  Warm Springs River 7,426,665,478 1 4 1.83
506 Watson Creek-Crooked River 2,565,035,547 1 4 1.60
507  West Fork Cow Creek 2/436,737,269 1 3 278
508  West Fork Hood River 2852,977,685 0 4 2.69
509  West Little Owyhee River 8,635,305,152 0 4 1.18
510 WestTub Mountain Reservolr 2,029,648,330 1 3 1.75
511  Wheatgrass Lake 1,771,479,168 1 3 124
{continued on next page)
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Table C.3. Landslide Susceptibility Exposure of Oregon Watersheds (continued)

Minimum Maximum Mean
Landslide Landslide Landslide
Susceptibility  Susceptibility = Susceptibility
Watershed Name Area, ft2 Zone Value ZoneValue Zone Value
512  White Horse Rapids-Deschutes River 8,511,118,689 1 4 228
513  White River 7,721,064,887 0 4 186
514  Whitehorse Creek 5,257,611,592 1 4 1.71
515  Whychus Creek 7,175323,.864 1 3 1.74
516  Wildcat Creek 4,103,090,706 0 4 181
517  Wildcat Creek 1,518,866,336 1 3 267
518  Wildhorse Creek 5465,362,597 1 3 152
519  Wiley Creek 1,771,934481 1 4 284
520 Willamette River-Frontal Columbia River 3,429,236,546 0 4 150
521  Willamina Creek 2,342,889964 1 4 285
522  Williams Creek 2,308,926,597 1 4 247
523  Willow Creek . 2,334,249,773 1 4 1.95
524  Willow Creek 5,068,118,331 1 4 1.61
525  Willow Creek 6,648401,387 1 4 149
526  Wilson Creek 3,896,067,341 1 3 113
527  Wilson River 5,360,862,249 1 4 299
528 Wolf Creek 4,148,873,923 1 4 233
529  WolfCreek 1,651,096,670 1 3 249
530  Wolf Creek-Powder River 4,733,030,265 1 4 207
531 Wood River 5,270,962,070 1 4 1.67
532  YachatsRiver 1.214,490,936 0 4 281
5§33  Yambill River 2,789,890,406 1 4 147
534  Yonna Valley-Lost River 6,289,041,779 0 4 166
535  Youngs River-Frontal Columbia River 5,859,665,087 0 4 3.17
536  Zigzag River 1,645,509,124 1 4 251

Oregon Department of Geology and Mineral Industries Open-File Report 0-16-02

-186- VOLUME 1 Part 2 Section 3.9






1.0
2.0

3.0

4.0

5.0

Introduction
Site Condition Maps
2.1 Statewide NEHRP site class/Vr30 map
2.1.1  Shear wave velocity measurements
2.1.2 NEHRP site class and Vs30 values
2.1.3 Incorporation of SLIDO-2 data
2.1.4 Incorporation of “3D” study data
2.1.5 Final Oregon NEHRP site class map
2.2 Statewide liquefaction susceptibility map
23 Statewide landslide susceptibility map
2.3.1 Spatial statistics of mapped landslide deposits
2.3.2 Slope classes
2.3.3 Landslide susceptibility map
Ground Motion Maps
3.1 Peak ground acceleration (PGA)
3.1.1 Bedrock shaking map
3.1.2 Site-amplification calculations
3.2 Peak ground velocity (PGV)
Ground motion maps
4.1 Liquefaction
4.1.1 Probability of liquefaction
4.1.2 Liquefaction-induced lateral spreading permanent ground deformation (PGD)
42 Earthquake-induced landslides
4.2.1 Probability of earthquake-induced landslides
42.2 Earthquake-induced landslide PGD
Other Hazard Maps
5.1 Tsunami inundation maps
52 Coseismic subsidence map
5.3 Damage potential map

Acknowledgments
References

~188-

SRR LN

List of Figures
Shear wave velocity measurement sites in Oregon
Shear wave velocity measurement site database structure
Shear wave velocity measurement interval database structure
Map displaying Oregon Geologic Data Compilation “General Geology” attribute
Spatial data sources for NEHRP site class map. OGDC and lidar-based suficial map data
Landslide polygons used for SLID-2 (Burns and others, 2011) NEHRP site class map
New NEHRP site class for Oregon
U.S. Geological Survey Pacific Northwest gridded Vs30 data for Oregon
Liquefaction susceptibility map for Oregon

. Histogram showing the frequency of the fraction of a unit’s polygons that intersect a mapped

landslide for 732 OGDC

. Geologic group map for HAZUS-MH landslide susceptibility calculation

. Slope class map for HAZUS-NH landslide susceptibility map

. The landslide susceptibility class map derived from HAZUS-MH methodology

. Bedrock (Vs30=760m/sec) peak ground acceleration (PGA) map for scenario magnitude 9.0

earthquake

VOLUME 1 Part 2 Section 3.9



15. Esri ArcMap geoprocessing model for calculation of pga values with site amplification

16. Site amplification factors for PGA for the scenario magnitude 9.0 earthquake

17. Site PGA map for the scenario magnitude 9.0 earthquake

18. Site amplification values for SA01 (1-second spectral acceleration) for scenario M 9.0 earthquake

19. Site SA01 map for the scenario M 9.0 earthquake

20. Site PGV map for the scenario M 9.0 earthquake

21. Liquefaction probability map for M 9.0 scenario earthquake

22. Liquefaction-induced lateral spread PGD map for the M 9.0 scenario earthquake

23. Areas where critical acceleration for earthquake-induced landsliding is exceeded in the M 9.0
scenario

24. Landslide probability map for M 9.0 scenario earthquake

25. Earthquake-induced landlide permanent ground deformation (PGD) map for the M 9.0 scenario
earthquake

26. Map showing landslide probability > 25% and permanent ground deformation (PGD) > 200 cm
for the M 9.0 scenario earthquake

List of Tables

1. NEHRP site class, measured Vs30, liquefaction susceptibility, and U.S. Geological Survey

Pacific Northwest Vs30 values for OGDC and SLIDO-2 units

Assignment of NEHRP site classes and Vs30 values from published 3D studies

Comparison of Vs30 profiles measured by Cakir and Walsh (201 1) and values from this

study

Liquefaction susceptibility of select cohesionless sediments (Youd and Perkins, 1978)

Assignment of liquefaction susceptibility classes and Vs30 values from published 3D studies

Landslide susceptibility of geologic groups (HAZUS-MH 2.0 Table 4-15 [FEMA,2011])

HAZUS-MH Geologic Group assignments for OGDC units

Boore and Atkinson (2008) PGA site amplification coefficient values for Vs30 values

represented in the statewide Vs30 map

9. Boore and Atkinson (2008) SA01 site amplification coefficient values for Vs30 values
represented in the statewide Vs30 map

10. Equations for conditional liquefaction probability as a function of PGA (HAZUS-MH manual
Table 4.12 [FEMA,2011]) ‘

11. Relationships between susceptibility category and threshold accelerating (PGA() for lateral
spread deformation, and formulas for lateral spread displacement as a function of PGA
normalized by threshold acceleration (PGAn) (from HAZUS-MR4 Figure 4.9 and Table 4-
13)

12. Critical acceleration values and likelihood of landslide values for landslide susceptibility
categories )

hadl

RN R

Maps
Peak Ground Acceleration for a Simulated Magnitude 9 Cascadia Earthquake

Peak Ground Velocity for a Simulated Magnitude 9 Cascadia Earthquake

Probability of Liquefaction for a Simulated Magnitude 9 Cascadia Earthquake

Permanent Ground Deformation Due to Liquefaction Lateral Spreading for a Simulated Magnitude 9
Cascadia Earthquake

Probability of Earthquake-Induced Landslide from a Simulated Magnitude 9 Cascadia Earthquake
Permanent Ground Deformation Due to Landslides for a Simulated Magnitude 9 Cascadia Earthquake
Earthquake and Tsunami Damage Potential for a Simulated Magnitude 9 Cascadia Earthquake
Coseismic Subsidence Map for a Simulated Magnitude 9 Cascadia Earthquake — Coos County
Tsunami Inundation Map for a Simulated Magnitude 9 Cascadia Earthquake Coos Bay East
Tsunami Inundation Map for a Simulated Magnitude 9 Cascadia Earthquake Coos Bay West
Tsunami Inundation Map for a Simulated Magnitude 9 Cascadia Earthquake Bandon

VOLUME 1 Part 2 Section 3.9 -189-



Methodology and Geodatabase for the 2012 Oregon Resilience Plan for Cascadia Subduction Zone Earthquakes

1. INTRODUCTION

During the 2011 Oregon Legislative Assembly the House
of Representatives passed House Resolution 3, which
acknowledged the threat posed to Oregon by great subduc-
tion earthquakes from the Cascadia Subduction Zone that
lies off the coast of Oregon, Washington, northern Cali-
fornia, and British Columbia. The Resolution also charged
the Oregon State Seismic Safety Policy Advisory Commis-
sion (OSSPAC) with the preparation of a resilience plan
for Oregon (http://www.oregon.gov/OMD/OEM/Pages/
osspac/osspac.aspx#Oregon_Resilience Plan) that would
estimate current vulnerabilities and recommend policies to
address those vulnerabilities and increase the state’s resil-
ience to a great earthquake. OSSPAC developed a strategy
that involved the use of several workgroups to look at dif-
ferent parts of the problem and populated these groups
with volunteers from the engineering, planning, emergency
management, architectural, business, and geoscience com-
munities as well as members of the public and representa-
tives of state and local government. The workgroups were:

+ Cascadia Earthquake Scenario

» Business

» Energy

» Transportation

« Water and Wastewater

o Communication

+ Critical Buildings

« Coastal Communities

The workgroups analyzed the vulnerability of their
respective sectors to the chosen earthquake scenario, a
magnitude 9.0 (M 9.0) great subduction earthquake off
the coast of Oregon, accompanied by a large tsunami. The
likelihood of this earthquake is currently estimated to be
7-12% in the next 50 years (Goldfinger and others, 2012);
the magnitude is essentially the same as the 2011 Tohoku
event (http://earthquake.usgs.gov/earthquakes/egarchives/
poster/2011/20110311.php). The geologic record of great
subduction earthquakes in Oregon for the last 10,000 years
(Goldfinger and others, 2012) suggests that this event is
about average in size for the Cascadia Subduction Zone.

The Cascadia Earthquake Scenario workgroup was
charged with developing a description of the likely ground
motion (strength of shaking) and ground deformation
(earth movements) to be expected from the scenario event,
as well as maps of the likely tsunami inundation for coastal
cities, Workgroup members were:

o Ian Madin, Oregon Department of Geology

and Mineral Industries (DOGAM]I), Chair

o Art Frankel, U.S. Geological Survey (USGS)

+ Ivan Wong, URS Corporation

o Matthey Mabey, Oregon Department of

. Transportation

o Chris Goldfinger, Oregon State University

+ George Priest, DOGAMI

+ Yumei Wang, DOGAMI

o Bill Burns, DOGAMI

This report describes the data sources and methods
used to prepare the scenario maps. The goal was to provide
maps that were as detailed and accurate as possible, using
published methodology, combined with the best available
published and unpublished data sources as determined
by the workgroup. We made no attempt to test and com-
pare different methods or data sources, which was beyond
the scope of the report. The maps initially were intended
primarily for the use of the Oregon Resilience Plan (ORP)
workgroups and OSSPAC. However, because the maps and
data were widely distributed to workgroup participants, it
was necessary to publish this documentation along with
definitive digital versions of the maps. We also expect that
the information will be useful to those interested in region-
al Cascadia ground motion and ground failure models.

The report first describes the methods used to prepare
site condition maps: National Earthquake Hazards Reduc-
tion Program (NEHRP) site class (or Vo values), lique-
faction, and susceptibility landslide susceptibility. Data
sources are introduced and described at the first instance
in which they are used to prepare one of the site condition
maps. For example, shear wave velocity data were used to
male the NEHRP site class map, and it is described before
the site class map; the statewide digital geologic map was
used to develop the shear wave velocity database, so it is
described in the beginning of that section. The report then
describes the methods combining the site condition and
ground motion input data to prepare the final maps.
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Digital versions of the maps and GIS data described in
this report are included on the publication DVD as a digi-
tal appendix. Maps are provided in pdf format, and the
GIS data are provided in an Esri® version 10.1 geodata-
base: Oregon_Resilience_Plan_Ground_Motion_and_Ground_Fail-
ure_Maps.gdb. Vector data are provided as feature classes
in the geodatabase and raster data as raster datasets in the
geodatabase. All feature classes and raster datasets are in

Oregon Lambert Projection NAD 83 International Feet
(EPSG 2292), and all rasters have a cell size of 30 m (98.4
ft). The maps have been prepared using data sources that
have native resolutions in the range of several kilometers
to tens of meters. These maps are not appropriate for
site specific investigations, and investigations using site
specific data are likely to produce results that vary from
what is shown on these maps.

2, SITE CONDITION MAPS

2.1 Statewide NEHRP site class/Vi0 map

The intensity of ground shaking during an earthquake
depends on the geotechnical properties of the soil or bed-
rock at a particular site; NEHRP has classified building sites

according to geotechnical properties, including average .

shear wave velocity (Building Seismic Safety Council, 1997):

« siteclass A hard rock

+ siteclassB  rock

« site class C  very dense soil and soft rock

« site class D stiff soil

. siteclassE  soft soil

« siteclass F  soils susceptible to potential failure
under seismic loading

In order to produce site condition maps, we created a
new map of Vio shear wave velocity values for Oregon by
combining a statewide digital geologic map with a catalog
of measured shear wave velocity values, a statewide land-
slide inventory (SLIDO-2 [Burns and others, 2011]), and
data from published hazard studies.

* The average shear wave velocity within 30 meters of the ground surface.

2.1.1 Shear wave velocity measurements

Since the early 1990s DOGAMI has been collecting shear
wave velocity measurements throughout western Oregon
to support a variety of earthquake hazard assessment proj-
ects. The data were collected using either a downhole geo-
phone in purpose-built boreholes with fully grouted cas-
ings or with a geophone on the tip of a cone penetrometer.
Additional data were derived from horizontal shear wave
(SH) refraction profiles. Details of these procedures are
provided by Mabey and others (1993) and Madin and Wang
(1999). Many of these measurements were previously pub-
lished (Mabey and others, 1993; Madin and Wang, 1999;
Wang and Priest, 1995; Mabey and Madin, 1995); many
others were used to make published hazard maps but were
not included in those publications (Black and others, 2000a;
Wang and Wang, 2000; Wang and others, 2001a,b), and
some have never been published or used for a published
map. Figure 1 shows the distribution of the 260 measure-
ment sites in the database, and Figure 2 shows the format of
the tabular data in the database.
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“Geologic Merge” units based on Table 1. NEHRP site class, measured Vi, liquefaction susceptibility, and
expert opinion. The merge units are U.S. Geological Survey Pacific Northwest Vi values for OGDC (Ma
based on general geology (igneous, sed- and others, 2009) and SLIDO-2 (Burns and others, 2011) units.
imentary, etc.), age, stratigraphic name UnitVs INEHRP| |\ cion
. 0GDC avg Site PNW_Vs30
Egroi% forma;tlon, etczi ?nd r(t)cl)< tge 0GDC Geo_Genl U |0GDC Formation 6_Rock_Typ | (m/sec) | Class |*USCePHplity
asalt, gravel, serpentinite, etc.). The Tt wit edvelocity
values in these fields are concatenated -z tresive all W of Cascades 756] ¢ ) 464
into a Geologic Merge Unit label that  [sedimer:s alluvium coarse 134] D 3 201
. . . sedimerts alluvium fine 157 E a4 163
serves as a map unit label and simpli- r— Hoviam p—— 180 D 3 301
fies queries. Surficial deposits area spe-  [seatmeny beach 314 D 3 301
cial case; these are assigned a General ~ fsediers colluvium 14 E 3 163
. “« . » sedimerts . coastal terrace 389 D 2 201
Geology attribute of “sediment” and are P — eolian 220 D z 301
assigned a formation attribute that des- sedimers estuarine 139 F 5 98
ignates origin (landslide, beach, glacial ::‘:;::i: ;::':“C ;;.3, g : 3‘;:
till, etc). The Vs measurement sites are  [sedierts Missoula flod |gravel 42| ¢ z 464
attributed with the Merge Unit label of L Hissoula flood st o : =
. sed:merts artifi :
the OGDC polygon that the site falls I —— marsh 162 F S )
in. The Vs measurement intervals are sedZmerts eluvial fan 307 D z H
attributed with interpreted values for zf:".:“;, - fl‘l‘“a"‘m“ 26';' [c’ ;‘; 32:
rine sedimentary o L1
General Geology and Rock Type. The servestrialsecimertary [all coarse 585 C 0 6%
interpreted OGDC values for each  |eestialsedmertary Jal fime a4 € e 464
measur t inte 1 d t volczr:clastic all 401 C 0 46
asurement interval were used to rolczric all W of Cascades 716] € e 264
aggregate the measurements by geolog- sediments with inferred velacity
ic e, an the v l . ve e sed'rierts |alluvium E 4 163
type, d elocity averag d sedimerts Bornevile Flood D 4 291
for each type. Averages were calculated  [sceimers aluvial fan-delta D 3 301
as: sediziernte laclal till (4 2 464
sedimieris lsladal outwash D 2 201
V‘u = Z dlu / Z L sediments \lacustrine E 3 163
sec’ments {landslide F 2 98
where Vi, is the average shear wave secimers mine tailings D 4 3N
. , Y . R seGizenly older fluvial and lacustrine [ 1 464
velocity for a given unit, du is the thick- -~ older alluvial fon c I P
ness of each measurement interval for a sedimexts playalake E 4 163
. . e . sedinerts pluvial lzke D 3 n
given unit, and tiu IS the interval tl.'ayel e Mder forialtormacs c T e
time for each unit, calculated by divid-  [seczez= Holocene glacial till D 3 301
ing each interval thickness by the mea- sedimerte Holacene glaclal outwash D 3 301
R . seciners Holocene lacustrine E 4 163
sured velocity. The resultant velocity I —— <pring precipitzte > 2 01
averages are shown in Table 1. volczr!castic Holocene ash il D 2 n
The Vs site and interval databases voicar:castic Holacene Ishar D 2 3%
. rocks with inferred velocity
are provided as feature classes named mvasive c 0 464
Oregon_Vs_Measurement_Sites and Oregon_Vs_  |metzmorptic W of Cascades c 0 464
N o melange 4 0 464
Measurer.nent_lntervals in the Esri geoda- rrne vilee c o 264
tabase included in the appendix of this  Jvolcznicvers c 0 464
ublication. Yz tholith B [ 686
P iztrusive E of Cascades B 0 686
metzmorpkic E of Cascades B 0 686
volcer.ic E of Cascades B o 686
[sLmo-z Ui
landslide F 3 98
Telus-Coliavium E 3 163
Fzna D 2 301
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2.1.4 Incorporation of “3D” study data

Numerous studies (e.g., Mabey and others, 1993; Madin
and Wang, 1999a,b,c; Wang and Wang, 2000) provide
maps of NEHRP site class derived from three-dimensional
geologic models based on interpretation of borehole data
in Oregon. Because these studies are more detailed and
take into account velocity change with depth, we consider
these published values to be more reliable than the values
estimated by the procedure outlined in section 2.1.2. The
NEHRP site class values from these studies are stamped
onto the GIS data derived from all of the other data sources,
replacing the underlying data. Not all studies provided site
class information in NEHRP terms, so Table 2 shows how
the values from each study were translated for the NEHRP
site classes. The DOGAMI “3D” sources and extents are
shown in Figure 5.

Table 2. Assignment of NEHRP site classes
and Viso values from published 3D studies.

n3p" publication Publication unit  NEHRD vess
category Class
IMS-1 1 C 464
IMS-1 2 D 301
IMS-1 3 E 163
IMS-7,8,9, 10 B 5 636
Vs-7,8, 9,10 ¢ C 464
IMS-7,8,9,10 D D 0
IMS-7, 8, 9,10 £ £ 163
IMS-14 1 ) 301
IMS-14 2 C 464
IMS-14 3 B 686
(hWi5-19 1 5 €36
MS5-19 2 < 464
I1S-18 3 D 501
|Gias-93 1 B 636
GhLS-93 2 C 464
GIVIS-93 3 D 301
GMS-105 1 C 464
GMIS-103 2 D 301
Gh1S-103 3 £ 163
GMS-105 2 E 165
0-01-06 B B 686
0-01-06 C C 464
0-01-06 D D 301
0-01-05 5 B 636
0-01-03 C < 364
0-01-05 D D 301,

Publications (in chronological order):

GMS-93, Siletz Bay area (Wang and Priest, 1995)

GMS-105, Salem area (Wang and Leonard, 1996)

IMS-1, Portland metro area (Mabey and others, 1997)

IMS-7, Dallas, Hood River, McMinnville-Dayton-Lafayette, Monmouth-
Independence, Newburg-Dundee, Sandy, Sheridan-Willamina, and St.
Helens-Columbia City-Scappoose areas (Madin and Wang, 1999a)
IMS-8, Canby-Barlow-Aurora, Lebanon, Silverton-Mt. Angel, Stayton-
Sublimity-Aumsville, Sweet Home and Woodburn-Hubbard areas (Madin
and Wang, 1999b)

IMS-09, Ashland, Cottage Grove, Grants Pass, Roseburg, and Sutherlin-
Oakland areas (Madin and Wang, 1999¢)

IMS-10, Astoria-Warrenton, Brookings, Coquille, Florence-Dunes City,
Lincoln City, Newport, Reedsport-Winchester Bay, Seaside-Gearhart-
Cannon Beach and Tillamook areas (Madin and Wang, 1999d)

IMS-14, Eugene area (Black and others, 2000a)

IMS-19, Klamath Falls area (Black and others, 2000b)

0-01-05, Eastern Benton County area (Wang and others, 2001a)
0-01-06, Tillamook area (Wang and others, 2001b)
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It should be noted that in many instances, the liquefac-
tion susceptibility values from the published "3D" studies
are significantly lower than the surrounding data based
on OGDC and SLIDO. This is in part because the OGDC
assignments assumed saturation, whereas the detailed
studies typically looked at realistic depths to groundwater
in assessing overall liquefaction potential, and those stud-
ies also considered Standard Penetration Test values and Vi
data where available. This suggests that, overall, the suscep-
tibility map based on OGDC and SLIDO-2 is conservative.

Future refinements of this susceptibility map would
include the use of water well logs to constrain the thick-
ness of liquefiable deposits, and development of seasonal
groundwater level maps.

The liquefaction susceptibility data are provided as a fea-
ture class named Oregon_Liquefaction_Susceptibility in the Esri
geodatabase included in the appendix.

2.3 Statewide landslide susceptibility map

We made a new statewide landslide susceptibility map
for Oregon by following the methodology outlined in the
FEMA HAZUS-MH 2.0 technical manual (FEMA 2011;
hereafter called HAZUS-MH) with some modifications
based on the spatial distribution of mapped landslides
in OGDC and SLIDO-2. Table 6 shows the classification
scheme used in HAZUS-MH, which recognizes three geo-
logic groups and six slope classes.

We divided the geologic units in OGDC into the three
geologic groups defined in Table 6. For surficial units (units
classified as sediments in the OGDC General Geology field
[Geo_Genl_U]), the units were assigned to a HAZUS-MH
geologic group based on the Formation field of OGDC, as
shown in Table 7.

The remaining OGDC units were classified based on the
combination of the General Geology and Rock Type (G_
Rock_Typ) fields as shown in Table 7. These assignments
were based on our knowledge of the various rock types in
OGDC.

Table 6. Landslide susceptibility of geologic groups (HAZUS-MH 2.0 Table 4-15 [FEMA, 2011]).

Geologic Group Slope Angle, degrees
0-10 | 10-15 | 15-27% 20-30 | 3040 | >40
(a) DRY (groundwater below level of sliding)
Strongly Cemented Rocks (crystalline s
A | rocks and well-cemented sandstone, Nonc | None I I 1AY VI
¢’ =300 psf, ¢' =359
Weakly Cemented Rocks and Soils (sandy
B | soils and poorly cemented sandstone, None m v v VI v
¢ =0,¢' =35
Argillaceous Rocks (shales, clayey soil,
C | cxisting landslides, poorly compacted fills, v VI viI X X IX
c' =0 ¢'=209)
(b) WET (groundwater level at ground surface)
Strongly Cemented Rocks (crystalline .
A |rocks and well-cemented sandstone, ¢' | None | III VI VII Vil | Vil
=300 psf, ¢’ = 359)
Weakly Cemented Rocks and Soils (sandy
B | soils and poorly cemented sandstone, ¢’ =0, | V vl X IX X X
¢' =352
Argillaceous Rocks (shales, clayey soil,
C | existing landslides, poorly compacted fills, | VI X X X X X
¢’ =0 ¢'=20°
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0GDCGeo_Genl U

batholith rocks

intrusive rocks

invasive extrusive

melange rocks
metamorphic rocks
metamorphic rocks
sediments

sediments

sediments

sediments

sediments

sediments

sediments

sediments

sediments

sediments

sediments

sediments

sediments

sediments

sediments

sediments

sediments

sediments

sediments

sediments

sediments

sediments

sediments

sediments

sediments

sediments

marine sedimentary rocks
marine sedimentary rocks
marine sedimentary rocks
marine sedimentary rocks
marine sedimentary rocks
matrine sedimentary rocks
marine sedimentary rocks
marine sedimentary rocks
marine sedimentary rocks
marine sedimentary rocks
marine sedimentary rocks
marine sedimentary rocks
marine sedimentary rocks
marine sedimentary rocks
marine sedimentary rocks
marine sedimentary rocks
marine sedimentary rocks
marine sedimentary rocks
marine sedimentary rocks
marine sedimentary rocks
terrestrial sedimentary rocks
terrestrial sedimentary rocks
terrestrial sedimentary rocks
terrestrial sedimentary rocks
terrestrial sedimentary rocks
terrestrial sedimentary rocks
terrestrial sedimentary rocks
terrestrial sedimentary rocks
terrestrial sedimentary rocks
volcaniclastic rocks
volcaniclastic rocks
volcaniclastic rocks
volcaniclastic rocks
volcanicrocks

vent pyroclastic rocks

Table 7. HAZUS-MH (FEMA, 2011) Geologic Group assignments for OGDC units.

OGDC Formation

nd

nd

nd

alluvial deposits

alluvial fan deposits
beach deposits
Bonneville Flood deposits
coastal terrace deposits
colluvial deposits

eolian deposits

estuarine deposits

fan delta deposits

glacial deposits

glacial outwash deposits
lacustrine deposits
landslide deposits

laterite deposits

loess

man-made fill deposits
marsh deposits

mine tailings

missouta Flood deposits
playa lake deposits
pluvial lake valley deposits
spring chemical sediments
terrace deposits

~ 0GDCG_Rock_T:

HAZUS-
MH Group
all
all
all
all
all but serpentine
serpentine
coarse-grained sediments
mixed-grained sediments
mudflow breccia

basalt

basaltic sandstone

basin plaln mudstone
chert

coarse-grained sediments
conglomerate

deltaic sandstone
dolomite

fine-grained sediments
limestone

marble

mixed-grained sediments
mudstone

sandstone

shelf sandstone

siltstone

slope channel sandstone
slope mudstone
tuffaceous sedimentary rocks
turbidite

basaltic sandstone
coarse-grained sediments
conglomerate
fine-grained sediments
limestone

mixed-grained sediments
mixed lithologies
sandstone

tuffaceous sedimentary rocks
airfall deposits
fine-grained sediments
mudflow breccia

all others

>mmnnnﬁmmmmnmmmwnnwmmmnm>w0>mmwmnmmmmﬁﬁﬁnﬁﬁnmﬁnwwmnﬁwmﬁnmnnmmm>mw>>

Oregon Department of Geology and Mineral Industries Open-File Report 0-13-06

VOLUME 1 Part 2 Section 3.9

-203-


















Methodology and Geodatabase for the 2012 Oregon Resilience Plan for Cascadia Subduction Zone Earthquakes

The Boore and Atkinson (2008) equations for the non-
linear component of amplification are calculated different-
ly for three ranges of bedrock PGA (pgas), so the bedrock
raster was divided into three rasters:

pgar<0.03g
0.03g<pga,<0.09g
0.09 g < pgas

with zero values in areas outside of the respective pgas
range.

The bedrock shaking map is provided as a raster dataset
named Oregon_M_9_Scenarlo_Bedrock_PGA in the Esri geodata-

base included in the appendix.
3.1.2 Site-amplification calculations

To calculate site amplification, we used equation 6 of Boore
and Atkinson (2008):

Fi=Fy + Fu
where the linear term Fun is given by
Fur = bunIn (V;ao/an)

with bu. a period-dependent coefficient that has a value of
—0.36 for PGA (Table 3 of Boore and Atkinson, 2008) and
Vs = 760 m/sec. The nonlinear term Fy is given by one of
three equations, dependent upon the strength of the input
bedrock ground motion pgs:

For pga» < 0.03 g,
Fu = bn[In(0.06/0.1)].

For pga» > 0.03 gand < 0.09 g,

Fu= bnl In (0.06 / 0-01) +
c[In (pgas / 0.03)}? + dlIn (pgas / 0.03)}>.

For pgas > 0.09 g,
Fu= bn In (pgablo-l).

The coefficients ¢ and d are given by equations 9-12 of
Boore and Atkinson (2008):

¢ = (3Ay - bubx) | A%

and
d=(2Ay - bul\x)| Ax®
where
Ax =1n(0.03 g/0.09 g) = 0.69314
and

Ay = ba1n(0.09 g/0.06 g).

Finally, b is given by equations 13a—13c and Table 3 of
Boore and Atkinson (2008):

For Vo < 180 m/sec,
Bnl = '—0.64.

For Viso > 180 m/sec and < 300 m/sec,

b = (-0.64 — ~0.140 In (Viz0 / 300 m/sec) /
In (180 m/sec / 300 m/sec) + —0.14.

For Vi > 300 m/sec < 760 m/sec,

b = -0.141In(Vizo/ 760 m/sec) /
1In (300 m/sec / 760 m/sec).

Because there are only five possible values of Vi in the
site class map (Table 1), it is easy to constructa table (Table
8) of all the necessary values of bw, ¢, and d to calculate Fu
as a function of pgas. It is also possible to calculate the nec-
essary values of Fu as a function of V. Fields for these
values were added to the polygons of the 173 map, and then
populated with the appropriate values for each value of
Viao. We then developed a multi-step geoprocessing model
in ArcMap (Figure 15) that carried out all of the required
calculations using the Viso polygon map and the raster of
pgas values.

Table 8. Boore and Atkinson (2008) PGA site amplification
coefficient values for Vizo values represented

in the statewideViso map.
Viso, m/sec Fin < d bu
98 0.737406  -0.0624 -0.1388 -0.64
163 0.554245 -0.0624 -0.1388 -0.64
301 0.333435 -0.0136 -0.0302 -0.1394
464 0.177636  -0.0072 -0.0161 -0.0743
680 0.036879  -0.0015 -0.0033 -0.0154
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4 GROUND DEFORMATION MAPS

4.1 Liquefaction

We used the methods described in the HAZUS-MH tech-
nical manual (FEMA, 2011) to make a map of liquefaction
probability and lateral spread permanent ground deforma-
tion (PGD). This approach provides results that are consis-
tent and compatible with HAZUS-MH but that have much
higher spatial resolution, so that important spatial varia-
tions in liquefaction susceptibility are reflected.

4.1.1 Probability of liquefaction

Equation 4-20 of the HAZUS-MH manual gives the relation
between the probability of liquefaction of a deposit with a
particular susceptibility category P and the strength and
duration of shaking and the depth to the water table. The
equation is

Py = Pisea | (Ko - Ki) + Pt

where Pu. is the conditional probability of liquefaction for
a given susceptibility as a function of PGA, K- is a moment
magnitude correction factor, K. is a ground water correc-
tion factor, and P is the proportion of a map unit sus-
ceptible to liquefaction. Px, is given by Table 4.12 of the
HAZUS-MH manual, shown here as Table 10.

Table 10. Equations for conditional liquefaction probability as a
function of PGA (HAZUS-MH manual Table 4.12 [FEMA, 2011]).

Susceptibility Category Pisca Pav
Very High 0<9.09y ~0.82<1 025
High 0<7.67pc—092x1 02
Moderate 0<6.67pa~1 <1 0.1
Low 0<557ma-1.18<1 0.05
Very Low 0<4.16p0a - 1.08< 1 0.02
None 0 0

The factors for the equations shown in Table 10 were
added as attribute fields with appropriate values for each
susceptibility category in the vector landslide susceptibility
map (section 2.3.3), and then the vector map was converted
into rasters containing the factors with 30-m cells. A raster
of Puca values was then calculated following the equations
from Table 10, and using the PGA values derived in section
3.1. The moment magnitude correction factor is meant to
account for the effect of duration on Ps, with the values of
Table 10 calculated for a reference earthquake of M7.5. The
equation is

K = 0.0027M - 0.0267M2 - 0.2055M + 2.198,

and for M = 9.0 the value is 0.8749. The groundwater cor-
rection factor is meant to account for how likely the deposit
is to be saturated and is used only when depth to ground-
water # 5 ft. For these calculations, we use the HAZUS-MH
default assumption of 5 ft to groundwater, so the K, term
is not needed. It should be noted that the assumption that
groundwater is everywhere within 5 ft of the surface makes
the liquefaction probability map more conservative.
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5.2 Coseismic subsidence map

In addition to the immediate but transitory coastal inun-
dation caused by the tsunami accompanying the scenario
M 9.0 earthquake, there is an additional impact along the
coast due to permanent coseismic subsidence. The extent
of subsidence is an important factor in assessing the likely
recovery times for coastal communities, so we provided
maps showing modeled subsidence due to the M 9.0 scenar-
io event. We used data from the elastic dislocation models
used by Witter and others (2011) to drive DOGAMI's new
tsunami models for the Oregon coast. Witter and others
modeled five differently sized earthquakes, each of which
used different values of dislocation, proportional to the size
of the earthquake. The “medium” size model is the best fit
for our M 9.0 shaking model, so we used those data from
Witter and others (2011). The data were provided as ASCII
xyz files. We converted the data into a point shapefile in
ArcMap, gridded the data at 30-m cells, and overlaid the
data on an Esri map service base map to produce a subsid-
ence map for each coastal county. The maps are provided in
the appendix:

5.3 Damage potential map

Many of the ORP workgroup participants were not familiar
with the technical aspects of earthquake ground motions,
so we provided a simplified damage potential map to help
those users understand the relative impacts of the M 9.0
scenario earthquake across the state. We used the site PGV
map (section 3.2) to create a map of Mercalli Intensity, using
the same relationships as USGS ShakeMap products (Wald
and others, 2006). To more accurately capture the impact of
the tsunami, the tsunami inundation zone (section 5.1) was
stamped on to the PGV-based map with a value of intensity
X, which is described as “poorly built structures destroyed
with their foundations; bridges and weli-built wooden
structures heavily damaged and in need of replacement”
(http://quake.abag.ca.gov/shaking/mmi/), which seems an
appropriate description of likely tsunami damage.

The map, which covers the western half of Oregon
(because modeled damage for most of Oregon east of Bend
is Mercalli V or less, i.e., very light damage or less) is pro-
vided as Plate 7 in the appendix.

+ Clatsop County (Plate 8)

+ Coos County (Plate 9)

» Curry County (Plate 10)

+ Lane and Douglas Counties  (Plate 11)

« Lincoln County (Plate 12)

+ Tillamook County (Plate 13)
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1. INTRODUCTION
1.1 General
Coastal unincorporated areas of Coos County, OR are vulnerable to the effects of a local Cascadia

Subduction Zone (CSZ) earthquake and tsunami event. In addition to the potentially catastrophic
damage caused by the earthquake event itself, the resultant tsunami will inundate portions of the
community and a risk-based and community-specific approach to evacuation will be critical to save
lives. This Tsunami Evacuation Facilities Improvement Plan (TEFIP) is a comprehensive look at
existing and potential evacuation routes and needed improvements for these coastal communities,
and includes identified facility and infrastructure improvement projects and potential financing
strategies. This TEFIP is essential to the implementation of evacuation route development
and improvement in conjunction with the land use review and approval process, established
through Coos County’s Tsunami Hazard Overlay Zone (Article 4.11.260-270). The cities of Coos
Bay and North Bend also have tsunami risk but are not included in this plan because they are not
within the jurisdiction of the Coos County Planning Department.

The Oregon Department of Geology and Mineral Industries (DOGAMI) has been identifying and
mapping the tsunami inundation hazard along the Oregon coast since 1994. DOGAMI developed a
series of tsunami inundation maps in 2013 to help residents and visitors along the entire Oregon
coast prepare for the next CSZ earthquake and tsunami, called the Tsunami Inundation Maps
(TIMs). The TIMs display five scenarios, labeled as “T-shirt sizes” (S, M, L, XL, and XXL), showing the
impact of Cascadia Subduction Zone tsunamis that reflect the full range of possible inundation. The
geologic record shows that the amount of time that has passed since the last great Cascadia
earthquake (in January 26, 1700) is not a reliable indicator of the size of the next one, so the size
ranges are intended to be inclusive of the range of scenarios that a community might expect during
a CSZ event.

1.2 Limitations and Constraints
Because life safety risk is present in all areas potentially subject to inundation during a tsunami

event, the XXL tsunami scenario is used for evacuation facility planning, so that all areas with the
XXL scenario can be effectively evacuated. This local tsunami is generated by a high magnitude
earthquake just off the Oregon Coast and thus the inundation area is much larger than for a distant
tsunami event. Also, unlike a distant tsunami that can be predicted several hours prior to its arrival
(4 or more hours), this local CSZ tsunami can strike the coast within 15 - 20 minutes after the

earthquake.

For the purposes of this plan, tsunami evacuation means the immediate movement of people from
the tsunami inundation zone to high ground or safety following a CSZ earthquake. Comprehensive
_disaster planning for a CSZ earthquake and tsunami event requires a phased and scalable approach

to planning and coordination; immediate evacuation for the purposes of life safety is only one
(albeit a very important) phase. This TEFIP does not include planning for earthquake shaking
damage mitigation or post-event disaster response and recovery. Other entities at the local, state,
and federal level continue to prepare for those additional phases.
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1.3 Definitions
Horizontal evacuation is the preferred response for tsunami evacuation, which is the movement

of people to high ground and/or inland away from tsunami waters. In some locations, high ground
may not exist, or tsunamis triggered by a local event may not allow sufficient time for communities
to evacuate low-lying areas. Where horizontal evacuation out of the tsunami inundation zone is
neither possible nor practical, a potential solution is vertical evacuation?! into the upper levels of
structures designed to resist the effects of an earthquake as well as a tsunami. A vertical
evacuation structure is a building or earthen mound that has sufficient height to elevate evacuees
above the level of tsunami inundation, and is designed and constructed with the strength and
resiliency needed to resist the expected earthquake shaking and the loading due to tsunami waves.

This TEFIP identifies and discusses tsunami evacuation facilities, which are defined as places,
amenities, infrastructure, or equipment that can be used to assist in tsunami evacuation
(horizontally or vertically). Tsunami evacuation facilities generally include (but are not limited to):
roads, trails, wayfinding elements (signs, kiosks, trail markers), supply caches, assembly areas,
bridges, and vertical evacuation structures. Evacuation improvements for a community may also
include education and outreach activities. ‘

14 Whole Community
Every person who lives, works, or visits Coos County (including access and functional needs

populations) shares responsibility for minimizing tsunami risks and vulnerabilities. These
individual responsibilities include tsunami awareness, knowledge of appropriate protective actions,
and preparations for personal and family safety. Knowledgeable residents and visitors who are
prepared to take care of themselves and their families and to assist neighbors in the early phases of
a tsunami event can make a significant contribution towards survival and community resiliency.

The development of this TEFIP involved a range of stakeholders including the public, scientific
community, local government, and community-based organizations.

1.5 Coordination with the Tsunami Hazard Overlay Zone (Article 4.11.260-270)

Coos County has adopted land use regulations addressing tsunami risk for certain types of new
development and substantial improvements. These regulations are implemented through the
Tsunami Hazard Overlay Zone, Article 4.11.260-270 of the Balance of County. Except single family
dwellings on existing lots and parcels, all new development, substantial improvements and land
divisions in the Tsunami Hazard Overlay Zone (everything within the XXL tsunami scenario) are
required to incorporate evacuation measures and improvements which are consistent with and
conform to this adopted Tsunami Evacuation Facilities Improvement Plan.

For purposes of compliance with this TEFIP and the THOZ, applicants should review the entire plan,
particularly the following sections as they relate to the proposed development and related
evacuation improvements:

! Applied Technology Council. April 2012. FEMA Guidelines for Design of Structures for Vertical Evacuation from
Tsunamis, Second Edition. Federal Emergency Management Agency, National Oceanic and Atmospheric
Administration.
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Section 3: Evacuation Facility Assessments and Recommendations - this section is
organized into four discrete geographic areas. Review the subsection applicable to the
proposed project location for evacuation routes and identified improvement projects.
Section 4: Implementation Resources for Evacuation Projects - this section describes
resources related to different types of evacuation improvements. In particular, the Oregon
Tsunami Evacuation Wayfinding Guidance (Version 05-13-2019) developed by the Oregon
Office of Emergency Management and the Department of Geology and Mineral Industries
should be reviewed for compliance with evacuation signage standards.

Section 5: Education, Outreach, and Training - this section describes resources related
to education, outreach, and training materials and activities for tsunami evacuation. If an
applicant is proposing evacuation improvements related to this topic, this section should be
consulted for consistency.

Appendices A-D as needed.
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2. TSUNAMI RISK AND VULNERABILITY ASSESSMENT
2.1 Hazard Identification
The hazard being addressed by this TEFIP is a tsunami event that results in the need for community

evacuation. A tsunami impacting the County would be the result of an earthquake from one of two
categories:

¢ Local Tsunami: Generated by an earthquake immediately offshore of the Oregon Coast (e.g. a
Cascadia Subduction Zone earthquake) and would result in a tsunami to come onshore within
15-20 minutes following the earthquake.

e Distant Tsunami: Generated by a distant earthquake (e.g. large event occurring off a distant
coastline such as Japan or Alaska) and would result in a tsunami to come onshore 4 hours or
more following an earthquake on another continent.

A local earthquake resulting in a tsunami is likely to generate additional hazards that may further
hinder an individual’s ability to evacuate and may increase the time needed to evacuate. Such
examples include:

e Damage to buildings: Severe shaking, especially in areas of poor soils, will damage buildings,
making it difficult to evacuate. Homes built before 1974 may not be tied to foundations and can
shift off foundations. Unreinforced masonry buildings and under-reinforced concrete buildings
will be severely damaged or collapse. Furnishings and equipment not securely fastened can
cause injuries.

¢ Damage to infrastructure: Severe shaking and areas of poor soils will result in infrastructure
failures. Infrastructure systems that may cause barriers to evacuation are water, wastewater,
and stormwater facilities, liquid fuel and natural gas tanks and lines, electrical systems, bridges,
embankments and roads. Shaking damage may result in fallen electrical lines, damaged gas
lines, tank and pipeline failures and leaks, bridge failures, as well as physical interruptions in
the surface transportation system due to slope failures and gr:ound failures.

¢ Landslides: Landslides and ground movement may present added barriers to evacuation
resulting in blocked roads, bridges, and walking trails.

o Fires: Fires from damaged electrical lines or propane may result in injuries that hinder an
individual’s ability to evacuate.

e Liquefaction: Similar to landslides, liquefied soils may result in unstable, damaged roads,
bridges, and walking trails that present added barriers to an individual’s ability to evacuate,
especially those who experience access and functional needs.

¢ Vehicular accidents and traffic jams: Individuals may attempt to evacuate in personal
vehicles en masse and push their vehicles to cover unusual terrain either due to damaged
infrastructure or an attempt to bypass typical infrastructure to save time. This may result in
accidents and traffic jams that prevent individuals from reaching higher ground.

**NOTE: Vehicle evacuation is NOT recommended following a local CSZ event!**

2.2 Mapping

Mapping produced by the Oregon Department of Geology and Mineral Industries (DOGAMI) is the
primary source of information for the identification of areas subject to tsunami inundation.
DOGAMI has produced a number of map products depicting tsunami inundation for the county,
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Population or Asset #'s in the L tsunami #'s in XXL tsunami
zone zones

Residents 1,605 3,385

Residents 65 and older 395 861

Employees 152 1,309

Employers No data 116

Public Venues 3 No data

Dependent-Care 1 No data

Facilities

Community Businesses 8 No data

Because population estimates are based on census data, only resident populations are reflected and
not transient populations.

2.3.3 Access and Functional Needs Populations
Access and Functional Needs populations (also referred to as vulnerable populations and special
needs populations) are members of the community who experience physical, mental, or medical
care needs and who may require assistance before, during, and after an emergency incident after
exhausting their usual resources and support network. In the case of evacuations, examples of
individuals who have access and functional needs that may make evacuation challenging include,
but are not limited to:

e Individuals who experience mobility challenges (e.g. physical disabilities, elderly, children)

e Individuals who are blind or have low vision

¢ Individuals with limited-English proficiency

¢ Individuals who are deaf or hard of hearing

e Individuals who have been injured during the earthquake

Tsunami evacuation requires the ability to move from the inundation zone to high ground (or
safety) in a timely matter. Due to this short onset time, individuals who experience access and
functional needs may lack the resources to travel such distances.

2.3.4 Using Key Locations as a Proxy

Specific information about where or how many access and functional needs individuals would need
assistance in an evacuation is not available; however, by identifying key locations that can be used
as a proxy for access and functional needs, we can extrapolate where those individuals may be in a
CSZ event. In the event of an update more information needs to be obtained regarding tourist
facilities, childcare facilities, youth organizations and other meeting facilities that have the ability to
high volumes of population to gather.

5 Gabel, LS, Bauer, JB, O’Brien, FE, Bauer, JM, and Allan, JC. 2019. OFR O-19-07, Tsunami evacuation analysis
of communities surrounding the Coos Bay Estuary: Building community resilience on the Oregon coast.
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2.3.5 Housing

According to the 2015 Oregon Natural Hazard Mitigation Plans, 78.5% of the housing stock in Coos
County was built pre-1990, before seismic building standards were put into place. This could have
implications for sheltering needs after a Cascadia earthquake and tsunami event, meaning more
people could be displaced following an event beyond those in the tsunami inundation zone due to
extensive earthquake damage in the community.

2.3.6 Community Sheltering
The following facilities are outside of the XXL tsunami inundation zone and may be used for
community sheltering after a CSZ event:

Table 3: Potential Community Shelters

Several facilities were named during the process (Future Coos Head Conference Center, Coquille
Tribes Maintenance Building and Former Charleston School Site but the capacity and other factors
were not completed through this study and should be considered in an updated revision.

2.4 Conclusions

Tsunami vulnerability for Coos County is relatively low. The coastal areas of the county have: a)
relatively low numbers of residents, employees, and customer-heavy businesses in the tsunami
hazard zone; and b) those that occupy the zone will likely have enough time to reach high ground
before the first tsunami wave (see Section 3 for more information). However, of those people that
are in the tsunami hazard zone, there is a relatively high percentage of residents over 65 years old,
persons in poverty, and persons with mobility challenges. Additionally, the coastal areas of Coos
County experience high numbers of visitors and tourists, who are unfamiliar with the landscape
and tsunami hazards. These groups may need additional assistance in evacuating effectively.

Additionally, successful evacuations are not guaranteed in these communities, because individuals
still need to understand the threat, recognize signs of imminent waves, and take self-protective
action. Education efforts that recognize demographic differences (e.g. age, living situation, and
resident vs. tourist) may be the best course of action for these communities. Specifically, evacuation
improvement efforts focused on communicating to and supporting visitors and populations over 65
years would be the most beneficial strategies for these communities.

§ State Interagency Hazard Mitigation Team. 2015. Oregon Natural Hazards Mitigation Plan.
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3.1 North Spit

3.1.1 Community Overview

For this plan, the North Spit is defined as the area from the northern edge of Horsfall Lake south to
the southern-most tip of the spit at the north jetty of the Coos Bay estuary. It is bounded on the east
by the Coos Bay estuary and on the west by the Pacific Ocean. The area consists mostly of open sand
dunes, forested islands, wetlands, and a few developed areas. There are only a few access roads
across the spit and the area is primarily used (and zoned) for recreation or industry.

Recreational Uses:

A significant portion of land on the North Spit is federally owned and managed (Bureau of Land
Management and the Siuslaw National Forest) and open to recreational uses, including: hiking,
horseback riding, sand driving, boating, and fishing. There are three campgrounds along Horsfall
Beach Road (two public and one private), and a few Off-Highway Vehicle (OHV) staging areas and
day-use parking lots.

Industrial Uses:

Several areas along the eastern shoreline of the North Spit are owned and managed by the
International Port of Coos Bay and are utilized as industrial sites by private companies. Currently,
there are about 170 employees on the North Spit, working at a few different industrial sites.

3.1.2 Existing Evacuation Facilities Analysis

Tsunami Wave Arrival Time

The first tsunami wave arrives at the western edge of the North Spit between 14 and 16 minutes.
The wave crosses the North Spit fairly uniformly, coming across the spit as one wave. It gets to the
eastern shore of the southern portion of the spit (near DB Western and Southport Lumber)
between 20 and 24 minutes. Bluebill campground gets inundated by 20 to 24 minutes; Roseburg
Forest Products is inundated by 24 to 26 minutes; and the eastern edge of the northern portion of
the spit is completely inundated by 26 to 30 minutes.

See Appendix B for wave arrival time maps.

Existing Evacuations Routes

Main evacuation routes in the area have been determined for the following locations (see Appendix

Q):

e For the Horsfall Beach area, the main evacuation route is along Horsfall Beach Road east
towards the high dunes near Horsfall Campground.

* The high dunes along the central portion of Trans Pacific Lane serve as the nearest high ground
for the industrial sites along Coos Bay estuary and the southern portions of the spit.

Evacuation Speeds

For locations within the central and eastern portions of the North Spit, walking speeds range from a
slow walk to a fast walk. Areas along the beach and western portion of the spit reach much higher
pedestrian speeds (jog, run, and sprint) because of their distance from high ground. The southern
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end of the spit is especially challenging to evacuate with walking speeds of sprint (7-10 mph) and
unlikely to survive (>10 mph) near South Dike Lane, DB Western, and Southport Lumber. There is a
high dune near DB Western that is safe in a LARGE (L) tsunami scenario but would be overtopped
by XL and XXL.

Critical Facilities

The North Spit area is primarily used recreationally and for industry. There are four companies
with operations on the spit currently, with potential for growth in the future. While there are no
critical facilities on the spit, there are potentially hazardous materials housed within the industrial
complexes that will likely be damaged by an earthquake and tsunami event. Additionally, there
could be substantial large debris created from the lumber yard. There is one main bridge (via Trans
Pacific Lane) east across Coos Bay estuary connecting to Highway 101 (which is also a bridge) that
will likely fail or incur significant damage after the earthquake and tsunami, leaving those on the
North Spit isolated from other communities.

Conclusions

The people working or recreating in this area could become very isolated in alocal earthquake and
tsunami event. Additionally, evacuation speeds are quite high in some areas, especially further
south on the spit or out on the open sandy beach areas. There is limited high ground and evacuation
success could be severely limited under current evacuation conditions. If people have access to
their ATV’s when evacuation is necessary, they will be able to use those vehicles to more quickly
access high ground over potentially challenging terrain. However, anyone on foot will have a much
more difficult time evacuating on loose sand. Current signage for tsunami evacuation on the North
Spit is sparse. There are currently no designated assembly areas. There is also potential for growth
in the industrial sector of the North Spit and so evacuation facilities should anticipate the potential
for increased numbers of workers and tourists for this area. Vertical evacuation structures,
increased signage and education, and emergency caches are recommended for evacuation facility
improvements to this area.

3.1.3 Evacuation Improvements Project Identification

WAYFINDING & EDUCATION
Project Name Priority | Potential Project Potential Project
Partners Funding Sources | Beneficiaries
Evacuation route High BLM, County Emergency NTHMP Visitors/tourists
markers from Management, Campground | (OEM/DOGAMI),
beach access Managers, Public Works, FEMA HMA, BLM
Road Department
Entering/Leaving High BLM, County Emergency NTHMP Visitors/tourists
Signs Management, Campground | (OEM/DOGAMI),
Managers, Public Works, FEMA HMA, BLM
Road Department
Evacuation High Industrial facilities, Port of | NTHMP, County | Employers and
Training for Coos Bay, County Emergency employees of
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Employees Emergency Management Management, industrial sites

Industrial

Facilities
Informational High BLM, US Forest Service, | NTHMP Visitors/tourists
Kiosks Oregon State Parks, County | (OEM/DOGAMI),

Emergency Management, FEMA HMA, BLM
Campground Managers

Problem Statement: Limited existing signage and educational materials may present difficulty to
residents and visitors in evacuating from the inundation zone.

Project Descriptions:

1.

~254~

Evacuation route markers along major tsunami evacuation routes starting from beach
access points: Individuals on the beach and other recreational sites on North Spit are
challenged to get to high ground during a tsunami event, due to difficult terrain (loose sand)
and unclear evacuation routes. There are existing numbered beach access point signs (large
neon yellow signs) that could be tied into the tsunami evacuation system. From major beach
access points on the North Spit, mark every quarter mile along major evacuation routes to lead
people to high ground (safety destination). Major evacuation routes are Horsfall Beach Road
and Trans Pacific Lane. Route markers could be small, blue, reflective signs (similar to hiking
trail markers) leading the way to high ground. Once trail markers are installed, their description
should be tied into the informational kiosks described above and other education efforts so that
visitors know what the markings mean and what to do in an earthquake and tsunami event.
Evacuation communities (Appendix C) show the flow of people on existing roads to high ground
(safety destinations). This concept should be followed when installing tsunami evacuation route
markers.

Entering/leaving tsunami zone signs at high ground intersections along major
evacuation routes: Signs indicating the extent of the XXL tsunami inundation zone should be
placed at high dune areas along Horsfall Beach Road and Trans Pacific Lane. See Appendix C
(Beat the Wave maps) for locations of the intersection of tsunami zones and high ground (green
dots). Entering signs should be placed on the side of the road where travel is moving into the
tsunami zone. Leaving signs should be placed on the side of the road where travel is moving out
of the tsunami zone. These signs help both to educate people of these zones before an event and
to let them know when they've reached safety during an evacuation event.

Evacuation training for all workers located on the North Spit: Provide all employers and
employees located on the North Spit with tsunami evacuation education and training to ensure
everyone knows when and how to evacuate in the event of a local CSZ tsunami event. The
County Emergency Management Division does presentations about preparing for a Cascadia
subduction zone earthquake and tsunami to various audiences around the County regularly and
should be able to provide this training for North Spit employees.

Information kiosks at every major parking lot and campground entrance on the North
Spit: Create a centralized tsunami information platform for visitors. Develop informational
kiosks at the following populated locations:
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a. Parking lots at Horsfall Beach

b. 0ld Bark Road OHV Staging Area

c. Campgrounds: Bluebill, Horsfall, and Box Car Hill
Kiosk messaging should focus on tsunami education and evacuation for visitors and ATV riders.
Include information that says “you are x number of minutes from high ground” and maps the
route visitors should follow in the event of needed evacuation. Work with the property owner
or manager of each site on the best design for a kiosk or to integrate with existing educational
information.

CONSTRUCTION
Project Name Priority | Potential Project Potential Project
Partners Funding Sources | Beneficiaries
Vertical Evacuation | Medium | Industrial Facilities, Port Of | FEMA HMA, Industry
Structures for (2) Coos Bay, County Municipal Employees,
Industrial Sites Emergency Management Financing Visitors
Long Term High Industrial Facilities, Port Of | FEMA HMA, Industry
Emergency Cache Coos Bay, County Municipal Employees,
Emergency Management, Financing, Port of | Visitors
Local Food Banks Coos Bay, Private
Financing

Problem Statement: Two industrial sites on the North Spit are currently very far from high ground,
presenting the potential for unsuccessful evacuation prior to the tsunami's arrival.

Project Descriptions:

1.

Vertical evacuation structure and emergency caches to serve DB Western and southern
portion of North Spit: Because of the high evacuation clearance times required for employees
and visitors of the southern end of the North Spit to evacuate in a local tsunami event, a vertical
evacuation structure constructed near DB Western would greatly enhance the evacuation
success of this area (Appendix C). There is a high dune to the west of DB Western where such a
structure could be constructed, since that dune is already of sufficient height to place people
above the LARGE tsunami event. A vertical evacuation structure built here would be designed to
place evacuees above the XXL tsunami event and would be potentially less intensive to build
because of the advantage of the height of the high dune. No other tsunami evacuation
improvements have been identified that could improve evacuation success for these
communities. A trail or road to access the structure would also have to be designed and built as
part of this project. Lastly, the vertical evacuation structure should contain an emergency cache
as part of the overall project and design to aid the evacuees once they’ve reached safety.

Vertical evacuation structure and emergency caches to serve Southport Lumber and
surrounding area: Because of the high evacuation clearance times required for employees and
visitors of the southern end of the North Spit to evacuate in a local tsunami event, a vertical
evacuation structure constructed near Southport Lumber would greatly enhance the evacuation
success of this area (Appendix C). A vertical evacuation structure built here would be designed
to place evacuees above the XXL tsunami event. No other tsunami evacuation improvements
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have been identified that could improve evacuation success for these communities. A trail or
road to access the structure would also have to be designed and built as part of this project.
Lastly, the vertical evacuation structure should contain an emergency cache as part of the
overall project and design to aid the evacuees once they've reached safety.

Considerations: A vertical evacuation refuge from tsunamis is a building or earthen mound that
has sufficient height to elevate evacuees above the level of tsunami inundation, and is designed
and constructed with the strength and resiliency needed to resist the effects of tsunami waves.
Vertical evacuation refuges can be stand-alone or part of a larger facility. They can be single-
purpose refuge-only facilities, or multi-purpose facilities in regular use when not serving as a
refuge. In concept, these options are applicable to new or existing structures, but it is generally
more difficult to retrofit an existing structure than to build a new tsunami-resistant structure?’.
Loading and other criteria for the design of vertical evacuation structures are provided in
Section 4.

NOTE: While building one vertical evacuation refuge would be more efficient and cost-effective
than having to build two (one for each industrial facility), the stretch of landscape between
Southport Lumber and DB Western is long, low in elevation, and of loose sandy material. A mid-
way point would likely cost too much in terms of engineering and construction compared to
locating such structures elsewhere (e.g. closer to one or the other industrial site). A more
detailed geotechnical investigation would be required to make an ideal location determination
for such a structure.

3. Longterm cache near Roseburg Forest Products: A community cache would contain
supplies to assist the population on the North Spit in surviving immediately after a CSZ tsunami
event because this community is likely to be isolated from other communities in Coos County
(due to bridge failures and geography). This emergency supply cache would be located in the
high dunes near the industrial sites of Roseburg Forest Products and others, and provide
shelter and supplies to anyone isolated on the North Spit for at least two weeks (Appendix C).
Considerations: Emergency caches are complex stores of emergency supplies. A community
must think about: where to locate the cache; how many people it should serve and for how long;
who are the potential users; what and how much of: food, water, shelter, first aid, sanitation,
communication, mental health support; access to (and security of) the cache; incident command
procedures; camp layout; ownership of the supplies; and a maintenance plan.

7 Applied Technology Council. April 2012. FEMA Guidelines for Design of Structures for Vertical Evacuation from
Tsunamis, Second Edition.
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32 Barview

3.2.1 Community Overview

For this plan, Barview is defined as the area from Wisconsin Ave (border of Coos Bay City Limits)
south to Giddings Boat Works and the bridge over South Slough. It is bounded on the west by the
Coos Bay estuary. The area consists mostly of residential and small commercial development. While
much of the residential areas are within the XXL tsunami inundation zone, high ground is
immediately nearby as described below.

3.2.2 Existing Evacuation Facilities Analysis

Tsunami Wave Arrival Time

The first wave reaches the southern end of Barview in about 18 minutes. It reaches Cape Arago
Highway in about 20 minutes and reaches the extent of inundation by about 26 minutes (up to 30
minutes in the Joe Ney Slough area).

See Appendix B for wave arrival time maps.

Existing Evacuations Routes & Speeds

Most evacuation routes in the area are west to east on existing streets. Evacuation speeds for the
community range between a slow walk (0-1.4 mph) and fast walk (2.7-4.1 mph). See Appendix C for
Beat the Wave pedestrian speed maps and evacuation communities.

Considerations: There are two reservoirs (4th Creek and Tarheel) in the tsunami inundation area

and the reservoir dams may be prone to failure during an earthquake. Dam failure is unlikely to
have negative impacts on evacuation success because those areas can be avoided by going on
eastbound streets to the south or north of the respective dam. Also, the bridges over South Slough
and Joe Ney Slough have not been earthquake retrofitted and will likely fail during an earthquake.
The inability to use the bridges as an evacuation route does not impact evacuation speeds for the
community in Barview because there is high ground on both sides of the bridges. However, the
bridges are important for community connectivity (movement of people and supplies) post-event.

Critical Facilities

The majority of the structures in the tsunami inundation zone consist of residential development or
small businesses, as well as some of the Coquille Indian Tribe reservation lands. Charleston Fire
District does have one fire station in the Barview tsunami inundation zone. The Coquille Indian
Tribal Police Department and the Charleston wastewater treatment facility are also in the
inundation zone. No other critical or essential facilities are in the inundation zone.

Future development: A 200-lot RV pérk is under development in Barview, in the inundation zone.
This area may be challenging to evacuate due to its proximity to the river; however, high ground is
nearby (to the east) and accessible by foot.

Conclusions
While much of this community is within the XXL tsunami inundation zone, no evacuation routes
identified through BTW prevent evacuation clearance, assuming a slow or fast walking speed.
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However, additional demographic data indicates that a high percentage of this population is older
and mobility-limited, which may make successful evacuation more challenging, especially if road
conditions post-earthquake are not accessible to wheelchairs or other walking aid devices (e.g.
scooters). Additionally, routes are not currently marked or lit for escape during the night or in poor
weather conditions. Current signage for tsunami evacuation in Barview is sparse. There is one
Assembly Area at the Baseball Field off Libby Lane. Adding additional assembly areas and signage is

suggested.

3.2.3 Evacuation Improvements Project Identification

WAYFINDING & EDUCATION
Project Name Priority | Potential Project Potential Project
Partners Funding Sources | Beneficiaries
Directional High Oregon Department Of NTHMP Residents and
Evacuation Transportation, County (OEM/DOGAMI), | Visitors
Highway Signs Roads Department, Public | FEMA HMA
Works
Entering/Leaving High Oregon Department Of NTHMP Residents and
Signs Transportation, County (OEM/DOGAMI), | Visitors
Roads Department, Public | FEMA HMA
Works
Assembly Area Medium | School Districts, Private County (in-kind) | Residents
Designations Landowners, Coquille
Indian Tribe, Confederated
Tribes Of Coos, Lower
Umpqua, And Siuslaw
Outreach with High School districts, County School Districts, Residents
Schools Emergency Management County
Emergency
Management (In-
Kind), OEM
Community-wide High School Districts, County County (in-kind) | Residents
Evacuation Drills Emergency Management,
Police And Fire Districts,
Public Health
Organizations, CERT Or
Other Emergency Response
Volunteer Groups
Flood Insurance Medium | County Emergency FEMA HMA, OEM, | Residents

Outreach

Management, DLCD, FEMA,
insurance agents

DLCD grants

Problem Statement: Limited existing signage may present difficulty to residents and visitors in
evacuating from the inundation zone.
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6. Flood insurance outreach for tsunami damage protection: The National Flood Insurance

Program (NFIP) flood insurance covers losses due to flooding, including after a tsunami.
Conduct outreach efforts with property owners to encourage the purchase of flood insurance
for properties within the tsunami hazard area (but outside of the special flood hazard area
outlined in NFIP Flood Insurance Rate Maps). This insurance is offered at a much discounted
rate compared to mandatory flood insurance and covers losses from tsunami damage. Contact
FEMA NFIP staff for further information. This type of outreach can be done in every residential
community in a tsunami hazard area.

CONSTRUCTION

Project Name - Priority | Potential Project Potential Project
Partners Funding Sources | Beneficiaries

Elevated Scooter High County Emergency FEMA HMA, Industry

Trail Management, Oregon Municipal Employees,
Department Of Financing, Port of | Visitors
Transportation, County Coos Bay, Private
Roads Department, Public | Financing
Works

Supply Caches Medium | County Emergency FEMA HMA, Residents,
Management, School Municipal Visitors
Districts, Local Food Banks | Financing, Private '

financing

Problem Statement: A high percentage of residents in Barview are mobility-challenged and may
have difficulty evacuating in a local tsunami event. Additionally, because of the high numbers of
homes in the XXL tsunami scenario, many residents will be displaced after a tsunami event and will
need supplies and shelter.

Project Descriptions:

1. Elevated scooter trail (or similar improvement): Although evacuation speeds for the
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Barview area range between a slow and fast walk, mobility is an issue for about a quarter of the
population living there. Residents may need a centralized infrastructure improvement to
withstand earthquake shaking and allow for scooter/wheelchair passage to high ground. This
would be a major engineering project and require considerable capital investment. An
engineering geologic report would have to be completed to locate the best road to build this
improvement on or near, and an engineer to design a concept that might meet the need.

Supply caches for Barview residents and visitors: A community cache would contain
supplies to assist the population in Barview in surviving immediately after a CSZ tsunami event.
This community may initially be somewhat isolated from other communities in Coos County
(due to transportation network failures). These emergency supply caches would be located in
the eastern part of the community above the XXL tsunami zone, at designated areas. Two
locations are suggested: at the baseball field off Libby Lane and at the end of Spaw Lane.
Considerations: Emergency caches are complex stores of emergency supplies. A community
must think about: where to locate the cache; how many people should it serve and for how long;
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who are the potential users; what and how much of: food, water, shelter, first aid, sanitation,
communication, mental health support; access to (and security of) the cache; incident command
procedures; camp layout; ownership of the supplies; and a maintenance plan (rotation of
supplies). It might be beneficial to coordinate with local food banks who could benefit from
supplies when they need to be rotated, so nothing goes to waste. Additionally, when siting
caches, public property would provide be the most ideal location, especially at an existing office
building or heavily used area, so that the supplies could be monitored more easily by the
relevant local, state, or federal authorities.
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33 Charleston

3.3.1 Community Overview

For this plan, Charleston is defined as the area from the mouth of the Coos Bay estuary to Roosevelt
Road. It is bounded on the east by the Coos Bay éstuary. The area consists of the Oregon Institute
for Marine Biology campus, the Charleston Marine Life Center, the Charleston Marina complex, US
Coast Guard facilities, and several other small businesses and restaurants. While much of this
community is within the XXL tsunami inundation zone, high ground is immediately nearby as
described below.

3.3.2 Existing Evacuation Facilities Analysis

Tsunami Wave Arrival Time

The first wave reaches the northern part of Charleston in 16 to 18 minutes and reaches the Oregon
Institute for Marine Biology campus by about 20 minutes. The extent of inundation of the first
tsunami wave occurs by 24 to 26 minutes.

Existing Evacuations Routes and Speeds

Coos Head Loop is the main evacuation route for the northern part of the community and Cape
Arago Highway is the main route for the southern part of the community (Kingfisher Road is the
approximate split between evacuation communities). Coos Head Loop is a steep road; however,
landslide risk appears to be low in this area. Evacuation speeds for this community range between a
slow walk (0-1.4 mph) and fast walk (2.7-4.1 mph). See Appendix C for pedestrian evacuation
speeds and evacuation communities.

Critical Facilities

Charleston Fire District has a fire station in the inundation zone (although it only houses
equipment, no personnel). The Oregon Institute for Marine Biology campus, the Charleston Marina
complex, and the Coast Guard Station are also in the inundation zone. The remaining structures are
generally small businesses and light industrial facilities (including a boat fueling facility). The
bridge over South Slough has not been earthquake retrofitted and will likely fail during an
earthquake. The inability to use the bridge as an evacuation route does not impact evacuation
speeds for the community in Charleston, but will impact community connectivity post-event.

Conclusions

While much of this community is within the XXL tsunami inundation zone, no evacuation routes
identified through the BTW analysis prevent evacuation clearance, assuming a slow or fast walking
speed. However, there is a high percentage of tourists and visitors in this area during certain times
of the year, who may not be familiar with the tsunami hazard and evacuation routes. Also, routes
are not currently well marked or lit for escape during the night or in poor weather conditions.
Evacuation improvements targeted to tourist groups are recommended. Current signage for
tsunami evacuation in Charleston is sparse. There are two designated Assembly Areas at Seven
Devils Rd and Cape Arago Highway. Adding additional assembly areas (such as at the former
Charleston school site) and evacuation signage may be warranted.
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3.2.3 Evacuation Improvements Project Identification’

WAYFINDING & EDUCATION ]
Project Name Priority | Potential Project Potential Project
Partners Funding Sources | Beneficiaries
Directional High Oregon Department Of NTHMP Residents and
Evacuation Route Transportation, County (OEM/DOGAMI), | Visitors
Signs Roads Department, Public | FEMA HMA
Works
Entering/Leaving High Oregon Department Of NTHMP Residents and
Signs Transportation, County (OEM/DOGAMI), | Visitors
Roads Department, Public | FEMA HMA
Works
Visitor Education Medium | School Districts, Private County (in-kind) | Residents
Landowners, Coquille
Indian Tribe, Confederated
Tribes Of Coos, Lower
Umpqua, And Siuslaw
Community Medium | School districts, County School Districts, Residents
Outreach 5K Emergency Management County
' ' Emergency
Management (In-
Kind), OEM

Problem Statement: Limited existing signage may present difficulty to residents and visitors in
evacuating from the inundation zone.

Project Descriptions:
1. Directional evacuation highway signs off Cape Arago Highway and Boat Basin Road,

towards high ground: There are two major evacuation routes in Charleston: 1) Cape Arago
Highway towards Seven Devils Road, and 2) Coos Head Loop. Tsunami evacuation signs with a
directional arrow should be placed along Boat Basin Road and Cape Arago Highway, pointing in
the direction of these two main evacuation routes. Increased signage in this area will help to
reinforce the evacuation flow to residents, visitors, and businesses on a daily basis, as well as
act as a wayfinding aid during tsunami evacuation. Evacuation communities (Appendix C) show
the flow of people on existing roads to high ground (safety destinations). This concept should be
followed when installing new road signs.

2. Entering/leaving tsunami zone signs at high ground intersections along major
evacuation routes: Signs indicating the extent of the XXL tsunami inundation zone should be
placed along the two major evacuation routes in Charleston. See Figure 17 for locations of the
intersection of tsunami zones and high ground (green dots). Entering signs should be placed on
the side of the road where travel is moving into the tsunami zone. Leaving signs should be
placed on the side of the road where travel is moving out of the tsunami zone. These signs help
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both to educate people of these zones on a daily basis and to let them know when they’'ve
reached safety during an evacuation event. Blue lines could be used in addition to or instead of
signs, but must be easily visible and include public outreach and education about what they
mean. OEM has more information and guidance about tsunami blue lines.

3. Visitor Education: Provide educational and evacuation information at the Charleston Marine
Life Center and Charleston Welcome Center. This could include evacuation brochures and route
maps, background information on the CSZ earthquake and tsunami hazard, and tips for
becoming prepared (as a resident or as a visitor). Some of this information could be developed
as an interpretive sign or informational kiosk, as well as to be handed out to visitors as

brochures.

4, Community Outreach Event - “Race the Wave 5k”: Similar to what has been done in Cannon
Beach, the community could host a run/walk event that has participants race a tsunami
evacuation route as a fun awareness event. An emergency preparedness fair could be
incorporated at the event finish to answer questions and give tips on personal preparedness to
participants in a fun learning environment. See maps in Appendix C for potential race routes.

CONSTRUCTION

Project Name Priority | Potential Project Potential Project
Partners Funding Sources | Beneficiaries

Bridge Retrofit Low ODOT, County Public FEMA HMA, Residents,

Over South Slough Works, Confederated Municipal Employees,
Tribes Of The Coos, Lower | Financing, ODOT, | Visitors
Umpqua, And Siuslaw Federal Highway

Pedestrian Bridge Low ODOT, County Public FEMA HMA, Residents,

Construction Works, Confederated Municipal Employees,
Tribes Of The Coos, Lower | Financing, ODOT, | Visitors
Umpqua, And Siuslaw Federal Highway

Trail Medium | County Public Works, ODOT, Residents,

Improvements for Confederated Tribes Of The | Recreational Trail | Employees,

Coos Head Coos, Lower Umpqua, And | Grants Visitors
Siuslaw, Oregon State Parks

Problem Statement: The highway bridge over South Slough is not earthquake or tsunami retrofitted
and will likely fail in a CSZ event. While this bridge is not necessary for pedestrian evacuation
according to the Beat the Wave analysis, it does serve an important purpose to the community for
connectivity post-event.

Project Descriptions:

1. Bridge retrofit of Cape Arago Highway Bridge over South Slough: If this bridge needs
improvements in the future, it may be beneficial to incorporate earthquake and tsunami
retrofits into the bridge at that time. For example, it would be good to include the estimated
wave height of tsunami waves at that location in order to ensure the bridge is high enough to
survive the tsunami and be functional after a CSZ event. This project would be a major

undertaking.
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2. Pedestrian/recreational bridge across South Slough: Retrofitting a vehicle bridge may be
too costly, but constructing a new pedestrian or multi-use pathway bridge may be more feasible
and provide additional community benefits. Such a pathway could be developed alongside the
existing bridge and be used as a walking/cycling pathway on a day-to-day basis to relieve
congestion and provide safety for bikers and pedestrians. It can be incorporated into the
County’s Transportation System Plan and ongoing traffic planning for the Coos Head area.
Construction of this type of bridge should incorporate both earthquake and tsunami design
principles to be able to withstand both events. Additionally, the bridge would need to
accommodate maritime traffic entering and leaving the slough (e.g. a draw bridge).

3. Trail improvements along Coos Head Loop: There is an existing pedestrian trail off Coos
Head Loop. This trail could be improved for tsunami evacuation purposes. This could include
adding lighting, signage, trail hardening, and vegetation maintenance. This pathway would
serve to provide additional evacuation access from the Charleston area to high ground.
Additionally, it could provide added community benefits by providing a recreational hiking trail
and scenic overlook on a daily basis.
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34 Outer Coast (South of Coos Bay Estuary)

3.3.1 Community Overview

For this plan, the Outer Coast is defined as the area from the south jetty of the Coos Bay estuary to
Shore Acres State Park and includes Bastendorff Beach and Sunset Bay State Park and Campground.
Cape Arago State Park was also included in the BTW modeling for this area, but is outside of the
tsunami inundation zone so was left out of this analysis for evacuation purposes. This area includes
two state parks, one county park, a campground, a golf course, an RV resort, and a few residential
areas.

3.3.2 Existing Evacuation Facilities Analysis

Tsunami Wave Arrival Time

The first wave reaches the beaches here around 16 minutes. This whole outer coast area gets
completely inundated quickly - in 18 to 20 minutes. The extent of inundation (to areas southwest of
Cape Arago Highway) occurs by 22 to 24 minutes.

Existing Evacuations Routes and Speeds

The evacuation routes for this area vary. There are no critical or essential facilities in the
inundation zone here. Evacuation speeds for these predominantly beach areas range between a
slow walk (0-1.4 mph; near developed areas) to a sprint (6.8-10 mph; out on beaches) and even to
“unlikely to survive” categories (>10 mph; in isolated areas). See Appendix C for pedestrian
evacuation speeds and evacuation communities.

Challenging areas to evacuate include the beach at the south jetty; Bastendorff beach; the beach
between Yoakam Point and Gregory Point; and some areas near Sunset Bay and Sunset Bay
campground.

Critical Facilities
There are no critical facilities in this area.

Conclusions

Areas out on the beach and away from existing development or facilities will be hard to evacuate on
foot and may prevent evacuation clearance. New or improved pedestrian evacuation trails may help
some of these more remote areas evacuate more easily. Additionally, evacuation signs and route
markers would help direct pedestrians in the right direction, as evacuation routes may not be
intuitive and this area experiences high volumes of visitors. Current signage for tsunami evacuation
along the Outer Coast is inadequate. There are no designated assembly areas. Adding assembly
areas and signs is suggested.

3.2.3 Evacuation Improvements Project Identification

WAYFINDING & EDUCATION
Project Name Priority | Potential Project Potential Project
Partners ' Funding Beneficiaries
Sources
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Directional High County Emergency NTHMP Tourists/Visitors
Evacuation Route Management, Oregon (OEM/DOGAM]I),
Signs Department Of FEMA HMA,

Transportation, County Recreational

Roads Department, Public | Funds

Works, Oregon State Parks
Entering/Leaving | High County Emergency NTHMP Tourists/Visitors
Signs Management, Oregon (OEM/DOGAMI),

Department Of FEMA HMA,

Transportation, County Recreational

Roads Department, Public | Funds

Works, Oregon State Parks
Visitor Education Medium | Chamber of Commerce, Oregon State Tourists/Visitors

Travel Oregon (Oregon Parks, Coos

1 Coast Visitor’s County Parks,
Association), Oregon Sea FEMA HMA

Grant, Oregon State Parks,
Coos County Parks

Problem Statement: Limited existing signage may present difficulty to residents and visitors in
evacuating from the inundation zone.

Project Descriptions:

1. Directional evacuation highway signs off Cape Arago Highway, towards high ground:
Tsunami evacuation signs with a directional arrow should be placed along Cape Arago Highway
at intersections with major evacuation routes that continue to high ground. For areas south of
the Coos Bay estuary south jetty, these intersections include: Ocean View Road, Coos Head
Loop, Bastendorff Beach Road, Cottell Lane, and an unnamed road to a wastewater treatment
facility off Cape Arago Highway. Signage will help to reinforce what roads go to high ground to
residents, tourists, and visitors on a daily basis, as well as act as a wayfinding aid during
tsunami evacuation. (NOTE: “You are Here” tsunami evacuation signs already exist at the main
beach access points at Bastendorff Beach.)

2. Entering/leaving tsunami zone signs at high ground intersections along major
evacuation routes: Signs indicating the extent of the XXL tsunami inundation zone should be
placed along the major evacuation routes off Cape Arago Highway as noted above. See maps in
Appendix C for locations of the intersection of tsunami zones and high ground (green dots).
Entering signs should be placed on the side of the road where travel is moving into the tsunami
zone. Leaving signs should be placed on the side of the road where travel is moving out of the
tsunami zone. These signs help both to educate people of these zones on a daily basis and to let
them know when they’ve reached safety during an evacuation event. Blue lines could be used in
addition to or instead of signs, but must be easily visible and include public outreach and
education about what they mean. OEM has more information about tsunami blue lines.

3. Visitor Education: Provide educational and evacuation information at every state and county
park in this area: Bastendorff Beach, Sunset Bay State Park, Shore Acres State Park, and Cape
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Arago State Park. This could include evacuation brochures and route maps, background
information on the CSZ earthquake and tsunami hazard, and tips for becoming prepared (as a
resident or as a visitor). Some of this information could be developed as an interpretive sign or
informational kiosk, as well as to be handed out to visitors as brochures. Interpretive walks
along tsunami evacuation routes could be integrated in ongoing park educational activities.

CONSTRUCTION

Project Name Priority | Potential Project Potential Project
Partners Funding Sources | Beneficiaries

Pedestrian Trail Medium | County Public Works, ODOT, Residents,

Improvements Confederated Tribes Of The | Recreational Trail | Employees,
Coos, Lower Umpqua, And | Grants Visitors
Siuslaw, Oregon State Parks

Problem Statement: Evacuation from the beach is very difficult in this area.

Project Descriptions:

1. Pedestrian trail improvements: Evacuation on the beach areas between Bastendorff Beach
and Cape Arago Lighthouse is difficult. Adding additional pedestrian evacuation trails off Cape
Arago Highway in key places could significantly help decrease pedestrian walking speeds for
these areas (Appendix C.8). While locations have been suggested, an investigation into land
ownership and easements would have to be conducted, as well as an engineering geologic
review of sites to find the best locations to put new pedestrian trails. Additionally, the existing
trail located behind Sunset Bay Campground could be more clearly signed and hardened as an
official tsunami evacuation route.
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4, IMPLEMENTATION RESOURCES AND EVACUATION PROJECTS
4.1 Design and Construction Standards

Below is a list of resources related to Evacuation Facility Design and Construction Standards,
applicable for a variety of projects suggested in the sections above:
e Bicycle and Pedestrian Design:

o Oregon Department of Transportation. 2011. Oregon Bicycle and Pedestrian Design

Guide, 3rd Edition. Oregon Highway Design Manual Appendix L.
e Design requirements and ideas for wayfinding signage:

o PUARL (Portland Urban Architecture Research Lab). 2014. "Up and Out” Oregon
Tsunami Wayfinding Research Project: Final Project Report and Guidance
Document.

o PUARL (Portland Urban Architecture Research Lab). 2015. "Up and Out 2" Oregon
Tsunami Wayfinding Research Project: A Study in Seaside and Warrenton.

o DOGAMI. 2003. OFR-03-06 Tsunami Sign Placement Guidelines.

o OEM & DOGAML Version 05-13-2019. Oregon Tsunami Evacuation Wayfinding
Guidance.

e Vertical evacuation structures:

o Applied Technology Council. April 2012. FEMA Guidelines for Design of Structures
for Vertical Evacuation from Tsunamis, Second Edition. Federal Emergency
Management Agency, National Oceanic and Atmospheric Administration.

o Chock, G. 2016. Design for Tsunami Loads and Effects in the ASCE 7-16 Standard.
Journal of Structural Engineering: 142 (11). (International Building Code standards)

o Applied Technology Council. June 2009. Vertical Evacuation from Tsunamis: A Guide
for Community Officials. Federal Emergency Management Agency, National Oceanic
and Atmospheric Administration.

4.2 Tsunami Evacuation Wayfinding Signage
Any proposed tsunami evacuation wayfinding signage proposed for the unincorporated coastal

areas of Coos County should conform to the publication: OEM & DOGAML. Version 05-13-2019.
Oregon Tsunami Evacuation Wayfinding Guidance.

A tsunami evacuation wayfinding system informs people what to do and when to do it. The system
is designed to make the process clear and efficient before, during, and after a tsunami. Prime
elements to include in wayfinding improvements:

e Awareness kiosks '

o Tsunami hazard zone signs

e Tsunami evacuation route signs

e Zone thresholds (entering/leaving)

e Assembly areas

For different populations, such as people with disabilities and the many unprepared tourists during

the summer season, special escape sequences and patterns provide innovative wayfinding solutions
for tsunami evacuation. These populations include elderly, disabled, children, visitors in hotels, RV
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The United States Supreme Court has held that under limited circumstances, a government may have the
right to limit certain uses, and invoke certain permit conditions and exactions if they are necessary to limit
or avoid specific public harms threatened by the development. The Court has set forth a three part test to
determine whether an exaction results in an unconstitutional taking. To avoid resulting in a taking, an
exaction must:

= Sybstantially advance a legitimate public purpose;

» Be based on an essential nexus between that purpose and the harm threatened by

the proposed use; and

*  Be roughly proportional to the degree of threatened harm.
The public purpose advanced by exactions for tsunami evacuation improvements is to reduce life safety
risk. New or intensified development within the tsunami hazard area will, by definition, place more
people at risk from tsunami; thus the clear nexus for evacuation related exactions is to mitigate the harm
presented by this increased risk. Proportionality can be addressed by establishing a process for evaluating
the impacts of new development in terms of increased risk exposure, and identifying evacuation
improvements or other measures that are roughly proportional to those impacts.
In adopting regulations that establish evacuation system related exactions, jurisdictions should
incorporate findings that address these three requirements. Such findings should clearly articulate the
purpose of the regulations, the essential nexus between new development and increased risk, and the
process for determining proportionality. The TEFIP provides a key foundation for these findings and the
establishment of regulation based exactions.

The local government should seek guidance and direction from its legal counsel and other qualified
professionals to assist in development of this option. Local government organizations such as the League
of Oregon Cities and Association of Oregon Counties also may have helpful information on this topic.

e Local improvement districts, or special assessment districts, function as mainstays of focal
improvement fiﬁancing. A local improvement district is a geographic area in which real property is
taxed to defray all or part of the cost of a public improvement. The distinctive feature of a special
assessment is that its costs are apportioned according to the established benefit that will accrue to
each property. In Oregon, local improvement districts are governed by local ordinances, but the
Bancroft Bonding Act (ORS 223.205-295) addresses the means by which local governments may
finance public improvements.

In the case of tsunami evacuation route improvements, a local government can use this financing
mechanism to work with neighborhoods lacking needed route facilities to help them overcome those
deficiencies in their portion of the evacuation route system. The costs of the needed evacuation
route improvements would be apportioned to each property owner according to the direct benefit of
the route improvement to the property.

The local government should seek guidance and direction from its legal counsel and other qualified
professionals to assist in development of this tool. Local government organizations {LOC, AOC) may also
have information on this option.
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acquisition of development and easement rights, and relocation of existing structures in the
hazardous areas pre-disaster. These programs can be costly for local governments; although in
certain cases, significant life safety benefits may be realized.

Local governments should seek guidance and direction from legal counsel and other qualified

professionals to assist in development of this tool. Local government organizations (LOC, AOC) may
also have information on this option. ‘
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SECTION 3.9.500_EROSION

1.1 Critical Streambank Erosion

Streambank erosion (other than by flash flooding) occurs constantly on all rivers and streams in the Coos
and Coquille drainage basins. Critical erosion causes a loss of land to streambank cave-ins and can initiate
landslides on the adjacent uplands. Critical streambank erosion occurs most commonly along floodplains
and at the base of river terraces or landslide deposits in the uplands. Valuable farmland is being lost from
the floodplains in the Broadbent area, for example, and along Highway 42 several landslides are kept
active by streambank erosion at their bases. The problem is naturally occurring and can be most
effectively and most economically controlled by protection of bank vegetation and by careful planning,
which can prevent the location of structures in areas threatened by this hazard. Careful engineering of
roads is also necessary to prevent frequent need for expensive repairs. Riprap and other structural
solutions are less preferred but may be useful or desirable for protection of existing roads or structures

and land.

1.2 Coastal Erosion

Coastal erosion is a natural process that continually affects the Oregon coast. Erosion becomes a hazard
when human development or public safety is threatened. Beaches, sand spits, dunes, and bluffs are
constantly affected by waves, currents, tides, and storms, resulting in chronic erosion, landslides, and
flooding. Changes may be gradual over a season or many years. Changes may also be drastic, occurring
during the course of a single storm event. Erosion may be caused by large waves, storm surges, rip cell
embayments, high winds, rain, runoff, flooding, or increased water levels and ocean conditions caused by
periodic El Nifios. Coastal dunes and bluffs comprised of uplifted marine terrace deposits are especially
vulnerable to chronic and catastrophic erosion. Coastal erosion processes create special challenges for
people living near the ocean, requiring thoughtful planning in order to minimize the potential dangers to
life and property. Attempts to stabilize the shoreline or beach are often futile, because the forces that
shape the coast are persistent and powerful.

1.3 Wind Erosion and Deposits

Wind erosion and deposits are essentially coastal processes locally and, together with wave action,
contribute to our changing coastline. Areas subject to the effects of wind erosion and deposition are
indicated in the mapping and include the sand dune areas inland from the Coos-Umpqua beach in the
Oregon Dunes National Recreation Area, the Bandon spit on the Coquille River, and the New River area.

Blowing sand can be a nuisance to recreational users and a long-term hazard to structures located in the
path of migrating dunes, which can move as much as 6 feet per year. This is a hazardous factor in local
planning because of an abundant sand supply, persistent winds, and an absence of stabilizing vegetation.
Identification and mapping of areas subject to wind erosion and deposition can aid in planning the
optional location on development. Concern should also be shown for the impact of development on
currently stabilized areas. ? ‘

Such development could open new deposits of loose sand causing problems on adjacent properties.
Protecting existing vegetation and requiring revegetation as soon as possible when the plant cover must

% See “Dunes and Ocean and Lake Shorelands” (Section 3.8, this document) for a discussion of the hazards of
development in dune areas. “Stabilized areas” refers both to recently stabilized dunes and older established dunes
(DS, DC, and OSC; and ODS respectively on the sand dunes maps in the Background Document, pp. 15-11 through
15-13). Older stabilized dunes generally have well-developed soil profiles. Both types are vegetated, whereas active
dune forms are not.
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be disturbed are ways of reducing this hazard. Additional hazards of development in dune areas are
covered in the section on dunes (Section 3.8).

Section 3.9.600 Other Coastal Erosion

1.1 Winds

Persistent winds are a feature of much of Coos County and are of particular importance as a potential
hazard to the siting of mobile homes. Accordingly, the State Department of Commerce enforces siting
and tie-down regulations that govern the placement of mobile homes.

1.2 High Groundwater and Ponding

High groundwater and ponding are most common in the coastal lowlands, marine terraces, inland
floodplains, and some areas of Coos County’s sand dunes. Uneven settling, flooding of basements,
floatation of septic tanks, and septic system failure are common consequences of development in these
areas. Potential for pollution of domestic water sources is also high. Since public health is at issue,
encouraging development of public water and/or sewer systems where dense development already exists
in such areas is desirable.

1.3 Shoreline Erosion and Deposition

Beach and headland erosion occur along the entire Coos County coastline. These hazards are addressed in
greater detail in Section 3.8, “Dunes and Ocean and Lake Shorelands.” Areas of beach erosion and
deposition and coastal headland erosion rates are shown on the map accompanying that section.

Wave erosion poses a major hazard to coastal development. Wave energy is highest during winter
months, and erosion is consequently greater then. Broad summer beaches become narrow and steep as
vast amounts of sand are moved offshore. Development that appears to be a safe distance from the sea
becomes threatened when a particularly powerful series of storms pound the coast, as in the winter of
1976-1977.

The pattern of erosion of upland areas by waves depends on the geology. Sheared or crumbly rock leads
to earthflow and slumping with rapid rates of erosion. Development in such areas can be dangerous.
Wave erosion of hard bedrock forms cliffs and erosion rates are slow (except along faults or joints); when
significant erosion does occur, it is be the breaking off of large chunks of rock. Hazard, however, is slight
and moderate setbacks are generally considered adequate protection. Removal of driftwood and rock
debris from the bases of cliffs and areas where mass movement is occurring probably increases erosion
rates significantly.

Sand is constantly being moved by wave and current action. Interruption of this movement can cause
formation of new beaches, as at Bastendorff following jetty construction. This generally occurs at the
expense of other areas — existing beaches may get smaller or disappear altogether and headland erosion
may increase. Placement of large rocks (riprap) and construction of protective structures like seawalls
(which are parallel to the coast) and groins (rigid structures which project outward from the shore), then,
should be discouraged since they have a negative impact on the properties of others by typing up sand that
would have been deposited elsewhere and in some instances by removing a source of beach sand. They
may also increase future costs to the public; on the East Coast and in California increased threat to coastal
developments have lead to a hue and cry for publicly-funded coastal protection prOJects many of which
seem to be fraught with unforeseen impacts. One means of dealing with beach erosion holds much
promise: beach nourishment (supplying sand, generally from dredging projects or from well offshore) is
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being tried by the Army Corps of Engineers in the Miama, Florida, area and elsewhere. The mining and
removal of sand from beaches also increases erosion and should be carefully controlled.

SECTION 3.9.700 WILDFIRE

Fire poses a major hazard to development in forested areas of the county and especially to the residential
development in brushy coastal areas such as the Bandon area where there are extensive stands of highly
inflammable gorse and broom. The problem is often compounded by inadequate roads serving residential
developments in forested areas.

Community Wildfire Protection Plans (CWPPs) have helped communities work together to achieve
common goals and deal with often controversial issues. CWPPs have offered many valuable opportunities
to communities, allowing them to identify local priorities for community protection and resource
management. In addition to enhancing safety and reducing risk to human structures and watersheds,
communities with CWPPs are also given priority for USFS and BLM funded hazardous fuels reduction
projects as authorized under the Healthy Forest Restoration Act of 2003 (HFRA). In the end, CWPPs
have helped communities better protect themselves for fire risk and better manage their forested
landscape.

The collaborative efforts of foresters from the federal and state agencies, rural fire departments, private
landowners, local government agencies, volunteer organizations, and concerned citizens who live in the
wildland urban interface, have resulted in signed CWPPs in every county and many communities across
Oregon.

Coos County developed a Community Wildfire Protection Plan through a partnership among the
University of Oregon’s Community Service Center, local wildfire planning experts, and a range of
federal, state, and local stakeholders. The project is funded through federal Title Il funds. The project
utilized a four-phase planning process developed in part based on guidance contained in Preparing a
Community Wildfire Protection Plan: A Handbook for Wildland-Urban Interface Communities (2004)
and the Community Guide to Preparing and Implementing a Community Wildfire Protection Plan (2008).
The CWPP is hereby adopted by reference in the Coos County Comprehensive Plan.

Gorse (Ulex europaeus) is a perennial, heavily armored evergreen shrub growing from 3 to over 10 feet
tall. Gorse plants are shrubby with stout and erect spreading branches covered in terminal thorns
frequently forming dense thickets. Clusters of yellow pea-like flowers can be found on the plant
throughout the year but peak bloom occurs March through May. Seedpods are hairy % to % inch long, and
brown when ripe. Mature pods burst, scattering seeds for several feet. Gorse was introduced from Europe
in the 1890’s at Bandon as an ornamental and living fence. Worldwide, European settlers brought the
plant with them to more than 15 countries or islands where it has escaped causing significant economic
harm. Currently Oregon has at least 55,000 acres at some level of infestation.

This plant is highly flammable and the morning of Saturday, Sept. 26, 1936, was the reason the City of
Bandon burnt to the ground. The first started as a small forest fire but bursts of flame became fueled by
the gorse. The fire completely consumed the City of Bandon, population 1,800. At least 10 people were
killed, and all but a handful of buildings burned to the ground. Coos County is working to make sure this
fire hazard is reduced through vegetation management requirements.
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