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additional data.

Part or all of this Flood Insurance Study may be revised and republished at any time. In addition, part of this
Flood Insurance Study may be revised by the Letter of Map Revision process, which does not involve
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Insurance Study components.
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1.0

FLOOD INSURANCE STUDY
EAGLE COUNTY, COLORADO 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 Eagle County, including the Towns of
Avon, Basalt, Eagle, Gypsum, Minturn, Red Cliff, and Vail and the unincorporated areas
of Eagle County (referred to collectively herein as Eagle County) and aids in the
administration of the National Flood Insurance Act of 1968 and the Flood Disaster
Protection Act of 1973. This study has developed flood-risk data for various areas of the
communities that will be used to establish actuarial flood insurance rates and to assist the
communities in their 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,
Section 60.3.

Please note that the Town of Basalt is geographically located in both Eagle and Pitkin
Counties. The Town of Basalt is included in its entirety in this FIS report.

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

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.

Hydrologic and hydraulic analyses for the Eagle River between the confluences of
Gypsum and Brush Creeks, and Gore Creek and its tributaries, were performed by
J.F. Sato and Associates (Sato) for the Federal Emergency Management Agency (FEMA)
under Contract Nos. EMD-96-C0-0029 and EMD-96-CO-0020. This work was
completed in March 1999 and August 1999, respectively. However, their work was
superseded by the August 22, 2003, study of Matrix Design Group, Inc. (Matrix), which
was done at the request of Eagle County in cooperation with the Colorado Water
Conservation Board (CWCB) (Reference 1). The Matrix study included a portion of the
Colorado River, but was subsequently revised, based on data supplied with Letter of Map
Revision (LOMR) No. 04-08-0165P.

The hydraulic analysis for the main channel of Gore Creek was revised in June 2003 by
Sato to incorporate comments submitted by the Town of Vail to FEMA in letters dated
December 2002 and March 2003. These letters expressed concern about cross-section
data used in the original modeling. The June 2003 hydraulic analysis was revised by
FEMA in July 2003 to incorporate additional bridge information along Gore Creek
provided by the Town of Vail.

For the Roaring Fork River in Basalt, FEMA realized many changes had occurred along
the river since the previous studies, and a new study was needed. From 1997 through
1999, Sato contracted with FEMA, under Contract No. EMD-96-C0O-0029, to redefine



the 100-year floodplain and floodway, beginning at the Garfield/Eagle County boundary
and extending upstream through the Wingo Bridge. A HEC-RAS model was developed,
and floodplain mapping was prepared for submittal to FEMA.

The Town of Basalt contracted with McLaughlin Water Engineers, Ltd. (MWE), to
review and modify the HEC-RAS model in the reach between the Lower and Upper
Basalt Bypass Bridges as part of a river master plan for the town. The Town of Basalt
also contracted with Matrix to review and modify the HEC-RAS model in the reach
between Willits Lane and the Lower Basalt Bypass Bridge, including the River Oaks
subdivision. The reach between the Wingo Bridge and the Upper Basalt Bypass Bridge
was modeled by the Roaring Fork Club for its river restoration project, and a LOMR was
accepted by the CWCB and issued by FEMA in 1998. In 2000, Pitkin County contracted
with Matrix to model the reach from the Wingo Bridge upstream to the confluence with
Snowmass Creek. The Town of Basalt then contracted with Matrix in 2000 to
coordinate and finalize the four floodplain studies into one complete Floodplain
Information Report for all the reaches and to model the 10-, 50-,and 500-year
floodplains. This report was dated July 24, 2000.

This Floodplain Information Report was republished on November 14, 2001, to include
detailed floodplain mapping with Base (1-percent-annual-chance, or 100-year) Flood
Elevations (BFEs) in the area south of the Town of Basalt, known as South Side, where
floodwater splits at the Upper Basalt Bypass Bridge and flows overland. The report also
included new topographic mapping for the Basalt area that was obtained in January 2001
from Aero-Metric, Inc. The new report also includes a floodway delineation that was not
in the earlier edition.

The Brush Creek original detailed study, Contract No. H-4549, was completed by
Gingery and Associates Inc. in October 1978 and was revised based on a LOMR,
Case No. 04-08-0145P. The hydraulic analyses were performed by Icon Engineering Inc.
for the Town of Eagle, and were completed in August 2003 (Reference 2).

Previous hydrologic and hydraulic analyses affecting Eagle County and the incorporated
communities are listed in the following chart.



8L6T 12quIads NoaxD) Aoxm],
8L61 Ioqueda( IoATY 9186y
¥oa1) wnsdAr) 0 Arenqri], pawreuu()

IoATY 9[deq

8L61 1990100 Yoo1p winsdAo
yo01D Aqq

I0ATY o[Seq

8L61 1290100 JooI1D ystnrg
8L61 1990100 IoAry uedSuriAig
6L61 Axenuef - JOATY IO, SuLeoy

J9310) 9SNOID)
6L61 Arenuef IOATY 9[8eHq

9310 9I00) IMO]/NISI)) Ylo00g
¥o21) 2100

10ddn)A901D) TITA 1SBA/N21D Iqapng
021D 2100)/321D) T[HA 1S9M

39210 2I0D) NoR[g/N231)) J[ppeIids
Joa1) wIoysig/4e21) SIPPHA

0861 1sndny 221D U /901 suolspueg pay
$861 Tudy IOATY IO, Surreoy]
p3erdmo)) a1 321n0S SUTPOOT]

Aoy a1Fex 10§ s9sATeUY JINRIPAT] PUe JI30[0IPAH SNOIAdIJ

FUD pagjoumo]

wnsd4An Jo umo,

o[deq Joumog,
1[eseq JO UmMO],
Amnop) 913eq

Jo seare
pajerodioourun)

WINJUIA JO UMO],

TIRA JO UMO],

j[eseq Jo umoJ,

BTy ApIS

6vSv-H

6vSv-H

6vSv-H

L10vH

6VSvH

6vSy-H

6vSv-H

P8TTO-NINH

‘ON 1081100

oU] ‘s9IBI00SSY AI93UID)

*OU] ‘S91B100SSY A193UID)

"OU] ‘S91B100SSY A193UID)

"oU] ‘s9)BI00SSY AITUID)

ouy ‘$91BI00SSY AI93ULD)

"0U] ‘SOIRI00SSY AIOSUIN)

oU ‘SJBIN0SSY A1o3Uln)

‘mone1odio))
Buuoouiduy 10Aus(g

10708000 ApmS



1.3

Coordination

Eagle County authorized Mairix to begin the floodplain delineation of the Eagle and
Colorado Rivers on May 7, 2002. Numerous coordination meetings were conducted
throughout the duration of this project with Eagle County and the CWCB. Draft reports
were released to the Towns of Gypsum, Eagle, Avon, and Minturn at the meeting with
FEMA on June 19, 2003. The results of this floodplain study have been reviewed and
supported by the CWCB.

For work on Gore Creek and its tributaries covered under Contract
No. EMD-96-C0-0020, the initial Consultation Coordination Officer (CCO) meeting
was held on December 17, 1996, at the Department of Community Development in the
Town of Vail. Representatives attended from the Town of Vail, the FEMA Region VIII
Office, the CWCB, and Sato. The Gore Creek main channel revised model was prepared
in coordination with the Study Contractor (SC) and representatives of the Town of Vail.
The Town of Vail submitted updated bridge information dated April 28, 2003, that was
incorporated in this study.

For the Roaring Fork River in the Town of Basalt, the results of the Floodplain
Information Report dated July 24, 2000, were reviewed by the CWCB and adopted at its
board meeting in Gunnison, Colorado, on July 24 and July 25, 2000. The Town of
Basalt Board of Trustees held a final community meeting on July 25, 2000, to adopt the
2000 Floodplain Information Report. The meeting was attended by representatives of
the CWCB, Matrix, MWE, the Town of Basalt, and Pitkin County. No significant
problems were raised at the meeting. Meetings were held on September 25, 2001, with
both the Pitkin County Board of Commissioners and the Town of Basalt Board of
Trustees to present the revised (2001) Floodplain Information Report for acceptance of
the more stringent “zero rise” floodway delineation for the studied portions of the
Roaring Fork River within their respective jurisdictions. A similar workshop meeting
was held with the Eagle County Board of Commissioners on November 13, 2001, to
review the “zero rise” floodway delineation.

The results of the study were reviewed at the final CCO meeting held on June 19, 2003,
and attended by representatives of the Towns of Vail, Gypsum, Basalt, Eagle, Minturn,
Red Cliff, and Avon; Eagle County; FEMA; GWCB; Matrix; and Michael Baker Jr., Inc.
All problems raised at that meeting have been addressed in this FIS.

Previous community meetings and cooordination are listed below for each community.

Town of Basalt :

For the Town of Basalt, the original community base map was selected, and streams
requiring detailed study were identified in a meeting attended by representatives of
FEMA, the CWCB, the Town of Basalt, and the SC on June 8, 1977.

The results of the original study for The Town of Basalt were reviewed at a final
community coordination meeting held on February 7, 1979, and attended by
representatives of FEMA, the SC, and the community. No significant problems were
raised at the meeting.

The final community coordination meeting for the revised study for the Town of Basalt
was held on June 9, 1986, and was attended by representatives of FEMA, the CWCB,



DEC, the City of Aspen, the Towns of Basalt and Snowmass Village, and Pitkin County.
As a result of that meeting, it was decided that flood hazard information for all of Pitkin
County, including the incorporated communities, would be shown on one Flood
Insurance Rate Map (FIRM). Therefore, flood hazard information for areas outside the
corporate limits of Basalt has also been presented on the FIRM for informational
purposes only.

Town of Eagle

The original community base map selection and the identification of streams requiring
detailed study for the Town of Eagle occurred in a meeting with representatives from the
Federal Insurance Administration (FIA), the CWCB, the SC, and Eagle County on
June 3, 1977.

During the course of work performed by the SC, the study was reviewed with community
officials and with officials of the FIA.

The results of that study were reviewed at a final community coordination meeting held
on February 13, 1979. Attending the meeting were representatives of the FIA, the SC,
and the town. No problems were raised at that meeting.

Town of Gypsum

Town of Gypsum streams requiring detailed study were identified at a meeting attended
by representatives of the SC, the FIA, the CWCB, and Eagle County on June 9, 1977.
Results of the hydrologic analyses were coordinated with the CWCB and the FIA.

The results of that study were reviewed at a final community coordination meeting held
on February 13, 1979. Attending that meeting were representatives of the FIA, the SC,
and the town.

Town of Minturn

Town of Minturn streams requiring detailed and approximate study were identified at a
meeting attended by representatives of the SC, the FIA, and the Town of Minturn on
June 8, 1977. Results of the hydrologic analyses were presented to the CWCB, which is
the State NFIP Coordinator for Colorado.

The results of that study were reviewed at a final community coordination meeting held
on September 19, 1979. Attending that meeting were representatives of the FIA, the SC,
and the town. No problems were raised at the meeting.

Town of Red Cliff

Streams within the Town of Red CIiff that required detailed study were identified at a
meeting attended by representatives of the SC, the FIA, the CWCB, and Eagle County on
June 9, 1977. Results of the hydrologic analyses were coordinated with the CWCB and
the FIA.

The results of that study were reviewed at a final community coordination meeting held
on April 2, 1979. Attending the meeting were representatives of the FIA, the SC, the
CWCB, and the town.

Town of Vail

Streams in the Town of Vail selected for detailed study were identified at a meeting
attended by representatives of the SC, FEMA, the CWCB, Eagle County, and the Town
of Vail on June 10, 1977. Results of the hydrologic analyses were coordinated with the
CWCB and FEMA.



The final coordination meeting was held on July 21, 1981, and was attended by
representatives of FEMA, the SC, and the town. All problems raised at that meeting
were resolved.

Unincorporated Areas of Eagle County

Selection of the original community base map and identification of streams requiring
detailed study within the unincorporated areas of Eagle County occurred at a meeting
attended by representatives of the SC, FEMA, the CWCB, and Eagle County on June 3,
1977. i

During the course of the work performed by the SC, flood information was reviewed
with officials of the CWCB and of FEMA.

The results of this study were reviewed at a final community coordination meeting held
on September 10, 1977. Attending the meeting were representatives of FEMA, the SC,
the CWCB, and the county. No problems were raised at the meeting.

2.0 AREA STUDIED

2.1

Scope of Study

This FIS covers the geographic area of Eagle County, Colorado, 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.

This study contains revised detailed flood hazard information for the Roaring Fork River,
the Eagle River, Brush Creek, and Gore Creck and its tributaries. The downstream end
of the restudy on the Roaring Fork River is at the Eagle/Garfield County boundary and
the upstream end is in Pitkin ‘County at the confluence of Snowmass Creek,
approximately 9.6 miles upstream. The Eagle River was restudied from the confluence
with the Colorado River to just upstream of Northern Minturn Bridge in the Town of
Minturn, a distance of approximately 46 miles. The Colorado River was studied by
detailed methods from the Eagle/Garfield County line to the Interstate Highway 70 (1-70)
Bridge, which is approximately 4 miles.

The Brush Creek LOMR covers an area approximately 1,800 feet upstream of the
confluence with the Eagle River to 8,000 feet upstream of the Allen Tract Access Road.

Gore Creek and its tributaries have limits of detailed study as follows:

° Gore Creek, from the confluence with the Eagle River upstream to just past
Main Gore Drive (approximately 7.9 miles);

® Bighorn Creek, from the confluence with Gore Creek to approximately 1,900 feet
upstream, to just past Columbine Drive;

° Black Gore Creek, from the confluence with Gore Creek to approximately
1,200 feet upstream;



Booth Creek, from the confluence with Gore Creek to approximately 1,800 feet
upstream; '

Buffehr Creek, from the confluence with Gore Creek to approximately 2,600 feet
upstream,

East Mill Creek, from the confluence with Gore Creek to approximately 1,600 feet
upstream,

Lower Gore Creek, from the confluence with Gore Creek to approximately
700 feet upstream;

Middle Creek, from the confluence with Gore Creek to approximately 1,700 feet
upstream;

Pitkin Creek, from the confluence with Gore Creek to approximately 1,000 feet
upstream, past Fall Line Drive;

Red Sandstone Creek, from the confluence with Gore Creek to approximately
2,900 feet upstream, just past Potato Patch Drive;

Spraddle Creek, from the confluence with Gore Creek upstream to approximately
1,900 feet upstream;

Upper Gore Creek, from the confluence with Gore Creek to approximately
2,400 feet upstream; and

West Mill Creek, from the confluence with Gore Creek to appoximately 1,800 feet
upstream.

The detailed study limits of the FIS for the unincorporated areas of Eagle County,
Colorado, dated January 25, 1983, were as follows:

Eagle River (at Minturn), from the Town of Minturn corporate limit to
approximately 5,420 feet upstream;

Fryingpan River, from its mouth to approximately 55,270 feet upstream;

Taylor Creek, from approximately 70 feet upstream to approximately 2,570 feet
upstream of its confluence with the Fryingpan River;

Brush Creek, from the confluence with the Eagle River upstream to the Town of
Eagle corporate limit and from approximately 500 feet upstream of Allen Tract
Access Road to approximately 11,845 feet upstream of Brush Creek Road;

Roaring Fork River, from the lower limit of detailed study near the Town of
Basalt upstream to the Eagle-Pitkin County boundary;



2.2

® Eagle River (at Red Cliff), from approximately 30 feet downstream of the
downstream Town of Red CIiff corporate limit to approximately 770 feet
upstream of the upstream corporate limit; and

L Turkey Creek, from approximately 33 feet downstream of the Town of Red CIliff
corporate limit to approximately 95 feet upstream of Shrine Pass Road.

The FIS for the Town of Basalt, Eagle, and Pitkin Counties, Colorado, dated June 4,
1987, included the Fryingpan River from the confluence with the Roaring Fork River to
approximately 0.75 mile upstream and the Roaring Fork River from the Eagle-Pitkin
County boundary to Tagerts Lake.

The FIS for the Town of Eagle, Eagle County, Colorado, dated September 1979,
included detailed study of floods caused by overflows from Brush Creek and
approximate studies of the Eagle River and Eby Creek within the corporate limits of the
Town of Eagle.

The FIS for the Town of Gypsum, Eagle County, Colorado, dated March 16, 1984,
included detailed studies of Gypsum Creek within the the Town of Gypsum corporate
limit, and of the Eagle River from U.S. Highway 24 (US24) to the western corporate
limit. The remaining portion of the Eagle River within the corporate limits of Gypsum
and the unnamed tributary to Gypsum Creek were studied by approximate methods.

The FIS for the Town of Minturn, Eagle County, Colorado, dated March 1980, included
detailed information on floods caused by the overflow of the Eagle River through
Minturn. That report also covered approximate methods used to evaluate the flood
hazards along Grouse Creek.

The FIS for the Town of Red Cliff, dated December 1979, included detailed flooding
caused by overflows from the Eagle River and Turkey Creek.

The FIS for the Town of Vail, dated November 2, 1982, included detailed study of
floods caused by overflows of Red Sandstone Creek, Middle Creek, Spraddle Creek,
West Mill Creek, East Mill Creek, Booth Creek, Pitkin Creek, Bighorn Creek, Black
Gore Creek, Gore Creek, Upper Gore Creek, Lower Gore Creek, and Buffehr Creek.

Community Description

Eagle County, which is almost entirely rural, is located in west-central Colorado. It has
an area of 1,686 square miles (sq. mi.). Eagle County is bordered by the Gore Range and
Summit County on the east, Garfield County on the west, Routt and Grand Counties on
the north, and Pitkin and Lake Counties on the south. The terrain is mostly mountainous,
with broad valleys along the Eagle River. Elevations range from 6,150 feet in the
Colorado River Valley to over 13,000 feet on some mountain peaks (Reference 3). In the
western part of the county, the economy is mainly agricultural, with farming and
ranching being the dominant land uses. In eastern Eagle County, mining, especially
along the Eagle River at the Town of Gillman, and recreation-related activities in the
Town of Vail area are the major sources of income.



The population of Eagle County grew 445 percent from 1970 to 2000, to a total of
41,659 (Reference 4). This growth has resulted from increased job opportunities
primarily in the service and professional industries (Reference 4).

Mean winter temperatures in the upper portion of the basins range from 3°F to 31°F, and
summer temperatures range from 35°F to 74°F. At lower elevations, such as the Town
of Eagle (6,500 feet), the winter variation is from 3°F to 35°F, and summer temperatures
range from 44°F to 85°F (Reference 5).

Total precipitation ranges from 40 inches to 50 inches per year on the higher peaks to
less than 12 inches per year near the Town of Gypsum. From 20 inches to 30 inches per
year is normal for areas at elevations of 8,000 feet to 10,000 feet. At lower elevations,
such as at the Town of Gypsum (6,300 feet), and at higher elevations between the Eagle
and Colorado Rivers, 50 percent or less of the total annual precipitation occurs from
October to April. In the higher mountainous areas in the eastern and southern portions of
the county, only 7 percent of the total annual precipitation occurs in that same time
period. Major portions of the Eagle River and Fryingpan River basins are at these higher
elevations (Reference 5).

The Eagle River basin covers 57 percent, or 990 sq. mi., of Eagle County and all but
14 sq. mi. is contained entirely within the county. It drains in a northwesterly and
westerly direction through the center of the county to the Town of Dotsero, where it
joins the Colorado River.

The lower Eagle River is separated from the Colorado River by Castle Peak on the north,
and from the Fryingpan River basin by Red Table Mountain on the south. The
topography is characterized by rolling hills and a wide valley floor. Vegetation in the
basin is less dense in the lower reaches than in the upper reaches. Slopes in the lower
Eagle River basin range from 65 feet per mile near the Town of Avon to 40 feet per mile
near the Town of Gypsum. The basin averages approximately 22 miles wide, is 27 miles
long, and has a drainage area of 584 sq. mi. Elevations vary from 11,785 feet at
Red Table Mountain to 6,120 feet at the mouth of the river.

The upper Eagle River basin, which runs from just above Gore Creek to the
Continental Divide, is oriented toward the northwest and is bounded on the west by the
Sawatch Range. The southern Gore Range separates it from the Gore Creek basin on the
east. The high point in the basin is Mount of the Holy Cross with an elevation of
14,005 feet. The upper portion is open, rolling terrain; in the lower reach, near the Town
of Minturn, there are steep mountain walls. The basin is approximately 11 miles wide
and 19 miles long and has a drainage area of 260 sq. mi. just below Minturn. Slopes
range from 500 feet per mile on some smaller streams at higher elevations to 65 feet per
mile in the study area near the Town of Minturn.

The Fryingpan River flows west from the Sawatch Range to its confluence with the
Roaring Fork River at the Town of Basalt. Through the study reach, it has a moderately
steep, shallow, and wide channel. The channel slope is approximately 50 feet per mile,
while its depth and width are approximately 2 feet to 3 feet and approximately 60 feet,
respectively. Ordinarily, the floodplain is approximately 100 feet wide because the river
usually follows a narrow canyon, but the floodplain is as wide as 400 feet in some
places. The vegetation along the floodplain consists of cottonwood trees and grass in the



lower reaches and conifer forests mixed with grass in the upper reaches. The channel is
generally rough with many cobbles. The principal damage from flooding would be to
some ranches and scattered cabins.

The tributaries to the Fryingpan River—Taylor Creek, Downey Creek,
Seven Castles Creek, Otto Creek, and Frenchman Creek—are all approximately 0.5 mile
long. They all have steep, narrow channels approximately 2 feet deep and a slope of
approximately 120 feet per mile. The floodplains are approximately 10 feet to 50 feet
wide, and virtually no development has occurred in the floodplains.

The exception is Taylor Creek, which has a floodplain width of 40 feet to 100 feet and a
few residential dwellings in the floodplain. The vegetation along all these tributaries is
similar to that of the Fryingpan River.

Brush Creek flows north to northwest from the mountains of the northern Sawatch Range
into the Eagle River near the western end of the Town of Eagle. At Eagle, it has a steep,
shallow channel with a slope of approximately 90 feet per mile. The width of the channel
is approximately 30 feet, and its depth is approximately 1 foot to 2 feet. The streambed
is steep and narrow downstream of the Denver and Rio Grande Western Railroad, with a
width of approximately 70 feet; in the upper reaches, it ranges in width from
approxmiately 200 feet to 400 feet. The floodplain is generally covered with natural
grasses, willow bushes, and cottonwood trees. A trailer park and several other dwellings
are in the floodplain in the area of study near the Town of Eagle.

The Roaring Fork River originates in the Sawatch Range at an elevation above
14,000 feet, travels approximately 37 miles to the Town of Basalt, and flows along the
west side of the town. At the confluence of the Roaring Fork and Fryingpan Rivers,
53 percent of the total drainage of the Fryingpan and Roaring Fork River basins collect.

The Roaring Fork River restudy was prepared for 9.6 river miles, beginning at the
Garfield/Eagle County boundary and continuing upstream through Eagle County, the
Town of Basalt, and Pitkin County to the confluence with Snowmass Creek.

The Roaring Fork River is a major tributary to the Colorado River. The headwaters of
the Roaring Fork River emerge above the City of Aspen and continue approximately
60 miles downstream to the confluence with the Colorado River at the City of
Glenwood Springs. At the confluence, the Roaring Fork River has a 1,460-sq.-mi.
drainage basin. Major tributaries to the Roaring Fork River are the Crystal River, the
Fryingpan River, Maroon Creek, Castle Creek, and Hunter Creek.

The Roaring Fork River bank-full channel in the study area is approximately 90 feet to
120 feet wide as it flows through an alluvial valley. The average channel grade is
0.0127 foot per foot upstream of the Town of Basalt, transitioning to 0.0087 foot per foot
west of the town. The lower study reach has an average grade of approximately
0.007 foot per foot. The stream channel is braided, with a bed composed mostly of
gravel, cobbles, and small round boulders ranging from 6 inches to 15 inches in
diameter. There are many riffles, rapids, and shallow pools along its course. Several
irrigation ditches divert from the Roaring Fork along this reach. In most areas, the
riverbanks are low with steep slopes (often over 45 degrees), and are composed mostly
of sand, gravel, and cobbles, with little or no vegetation below the mean annual
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high-water mark. The steep slopes and lack of vegetation reduce the banks’ resistance to
scour (Reference 6).

The Eagle River near Red Cliff flows north and then west through the Town of
Red Cliff. The channel is steep, narrow, and deep, with a slope of approximately 90 feet
per mile, a width ranging from approximately 20 feet to 50 feet, and a depth ranging
from 3 feet to 20 feet. The streambed is cobbled and fairly straight. The floodplain is
generally confined to the channel, but it becomes as wide as 100 feet in some places.
The only vegetation along the Eagle River consists of willows and grasses along the
banks, with conifer forests in the very upper and lower limits of the study area. Only a
few residential dwellings are in the floodplain, scattered throughout the study reaches.

Turkey Creek flows east from Shrine Pass into the Town of Red CIiff and joins the
Eagle River in the center of town. Like the Eagle River, Turkey Creek channel is steep
and narrow but, unlike the Eagle River, it is not very deep. It has a slope of 125 feet per
mile and a width ranging from approximately 10 feet to 20 feet. The channel depth is
only 2 feet to 4 feet. The streambed is very rough, with many boulders. The floodplain
narrows to 20 feet near the mouth and widens to approximately 600 feet at Eagle Street.
The floodplain has little vegetation, being mostly residential; a major portion of the
Town of Red Cliff is in the Turkey Creek floodplain.

The major soil types in the Eagle River basin are of the
Haploborolls-Argiborolls-Eutroboralfs association. These cool, well-drained soils range

from deep to shallow and moderate to steep, and occur on benches and mountain slopes
(Reference 7).

In the Eagle River basin, commencing at approximately 8,500 feet, mixed aspen-pine
forests are prevalent up to the timberline at 11,500 feet, where alpine vegetation begins.
Below 8,500 feet, sage and other types of scrub bushes provide a less dense cover, with
cottonwood trees growing in the floodplain along many streams. Above 8,500 feet,
willow bushes are found along the floodplain.

The Town of Basalt is located in southwestern Eagle County and north-central Pitkin
County, approximately 20 miles southeast of Glenwood Springs. The economy of Basalt
primarily depends on farming, government, and local business, with recreation
accounting for about 30 percent of the local economy (Reference 8). Population and
development have increased steadily over the past 50 years, particularly in those areas
affected by the ski industry. According to the U.S. Census Bureau, the population of
Basalt was 2,681 in 2000 (Reference 4).

The Town of Eagle, the county seat, is in western Eagle County. Located on the
Eagle River at the mouth of Brush Creek, the town lies 7 miles east of the Town of
Gypsum and 10 miles west of the Town of Wolcott and occupies an area of
approximately 380 acres. According to the 2000 Census, the town population is 3,032
(Reference 4), with some increase in population during the winter season. Most of the
town's commerce is centered around the county government and the surrounding
farmlands, with the timber industry the main occupation for residents (Reference 8).

The Town of Gypsum is located in western Eagle County, along the Eagle River at the

mouth of Gypsum Creek. The town lies 7 miles west of the Town of Eagle and 6 miles
east of the confluence of the Eagle and Colorado Rivers. Although it experienced a
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somewhat slow growth in the past, by the year 2000, the Town of Gypsum had a
population of 3,645—10 times that of 1970 (Reference 4). The corporate limits of
Gypsum encompass an area of approximately 350 acres. Gypsum is a residential area;
most of the labor force works at various power/energy industries outside the town or on
nearby farms.

The Town of Minturn is located in eastern Eagle County and is completely surrounded
by unincorporated areas of the county. The town is a small mountain community
situated approximately 5 miles southwest of the Town of Vail. The 2000 population
was 1,068 (Reference 4). Minturn is principally a residential community for persons
who work in the mines in the surrounding area.

The Town of Red CIiff is in southeastern Eagle County, approximately 9 miles south of
the Town of Minturn and 21 miles north of the City of Leadville along US24. 1t is
located along the upper Eagle River and is surrounded by steep mountains. The Sawatch
Mountain range is to the west, and the southern Gore range is to the east. The Town of
Red Cliff is completely surrounded by unincorporated areas of Eagle County. A small
community, the town population was 289 in 2000 (Reference 4).

The Town of Vail is located in eastern Eagle County along I-70, approximately
100 miles west of the City of Denver. The Town of Vail is between the rugged Gore
Range to the north and the southern Gore Range to the south and is bordered completely
by unincorporated areas of Eagle County. The Town of Vail has a population of
approximately 4,500 permanent residents. Because the Town of Vail is an
internationally recognized ski resort area, the Town of Vail’s population can swell to
24,000 during the winter months. Because of the seasonal population increase, many
townspeople are employed by private businesses that accommodate tourists. The Town
of Vail and Vail Associates, Inc., also employ many people in the town and surrounding
area.

Principal Flood Problems

Flooding in Eagle County usually occurs during the months of May through August, with
the most frequent flooding occurring in June (Reference 9). Floods may be caused by
rainfall or snowmelt, alone or in combination (Reference 9). Analysis of the records
(Reference 9) indicates that snowmelt is the primary cause of most annual flood peaks.
However, for smaller drainage basins, rainfall-induced flood peaks are likely to be higher
than the snowmelt flood peaks (Reference 10). Damage has occurred in many forms,
including bridges, railroad tracks, and roads washed out; mudslides and other debris
covering roads; farmlands damaged; water systems fouled; buildings sustaining water
damage; and power outages (Reference 11).

For the Roaring Fork and Fryingpan Rivers, major floods result from rapid melting of
mountain snowpack from late May through early July. These snowmelt floods are
characterized by moderate peak flows, large volumes, long durations, and marked diurnal
fluctuations in flow. Rainfall on melting snow may accelerate the rate of the snowmelt,
thus augmenting floodflows.
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On the Roaring Fork River, the largest discharge recorded was in July 1957 with a peak
of 19,000 cubic feet per second (cfs). A U.S. Army Corps of Engineers (USACE) letter
report (Reference 12) described the 1957 flood as follows:

Floods on the Roaring Fork result from snowmelt and occur principally
during the month of June. The flood of July1, 1957, had an
instantaneous peak discharge of 18,700 cfs at the Glenwood Springs
gage. This flood was the maximum of 49 years of record, and its
magnitude has an estimated frequency of occurrence of once in
approximately 60 years.

The river in the problem area is characterized by low banks, braided
channels, and a considerable amount of gravel, cobbles, and snags
deposited on gravel bars.

The river carries a large bedload of gravel and cobbles, some of the latter
being more than 6 inches in diameter. The capacity of the channel has
been reduced by this sediment. In some instances, where channel
changes took place during the flood, the original channels were so filled
with sediment that nearly all of the present flows are discharging
through the new channels. Generally, however, the new channels are old
watercourses abandoned by the river in previous years. The littered
condition of the channels, and the increased danger of bank erosion,
inundation, and resultant channel changes constitute the present flood
problem.

The principal items damaged caused by the 1957 flood were the
agricultural lands and roads and bridges adjacent to, or over the river. A
few farm buildings were flooded. The total known damages in all
categories along this reach amounted to slightly more than $45,000.

A common type of damage from the 1957 flood was bank erosion. The
slope of the stream ranges from 65 feet per mile above Basalt to 40 feet
per mile below Basalt. Velocities probably in excess of 10 feet per
second occurred during the 1957 flood. The banks are composed largely
of sand, gravel, and cobbles overlain by a comparatively thin mantle of
soil, and are quite erosible. Spoil-type dikes, constructed by local
interests with material bulldozed in the process of channel clearing,
proved to be very erosible.

A substantial percentage of the total damages were due to overtopping of
the low banks and the inundation of pasture and croplands. The banks in
most instances range from only 2feet to 5feet in height. In
two locations, where old channel areas have been reclaimed,
considerable volumes of overflow and widespread flooding resulted
from bank overtopping at the upper ends of the areas.

More than one-half of the known damages in the 1957 flood were caused
to roads and bridges in the area, with nearly $24,000 of damages being
caused to 3 bridges and their abutments. Two of these were public
bridges that have since been restored. A third bridge, which was private,
was completely destroyed and has not been replaced.

On the Roaring Fork River Basin, precipitation varies widely above the Town of Basalt.
On the Continental Divide, near Independence Pass, the average annual precipitation is
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26.3 inches, with 17.5 inches occurring during the winter months (November-April).
Near Basalt, the average annual precipitation is approximately 17.2 inches, with
8.7 inches occurring during the winter months. Data on precipitation from the National
Oceanic and Atmospheric Administration indicate that in the Aspen area, the 100-year,
24-hour storm would produce 2.6 inches of precipitation (Reference 6).

Temperature and precipitation vary greatly from location to location and season to
season within the drainage basin and are important variables in flooding conditions.
Above-normal spring temperatures can cause early and heavy flows on the Roaring Fork
River. Records from the Aspen weather station indicate that the month of July has the
highest normal total precipitation for the year at 2.06 inches. The month of March
follows closely with 1.98 inches of total precipitation. The first month with a normal

spring temperature above the freezing point is April, with a mean monthly temperature of
38.6°F (Reference 6).

Floodflows on the Roaring Fork River typically result from rapid melting of the
mountain snowpack during the period from May to early July. Snowmelt runoff may
occasionally be augmented by rain. The snowmelt runoff is characterized by sustained
periods of high flow and marked diurnal fluctuation. Examination of meteorological and
climatological conditions and precipitation and stream flow records show that summer
cloudbursts are not a great flood threat on these streams (Reference 6).

Along the Eagle River, Brush Creek, and Eby Creek in the Town of Eagle, flooding
normally occurs from May through September. Floods can occur from runoff, snowmelt,
intense rainstorms and cloudbursts, or rainstorms augmented by snowmelt. Past floods
in the Town of Eagle along both the Eagle River and Brush Creek occurred in June 1947,
June 1957, June 1959, August 1965, August 1968, and May 1970. All these floods
caused minor damage and erosion problems. There were no recorded or estimated
discharges for the town (Reference 13).

Along the Eagle River and Gypsum Creek in the Town of Gypsum, flooding usually
occurs from May through September. Floodwater can occur as a result of snowmelt,
intense rainstorms and cloudbursts, or rainstorms augmented by snowmelt. Past floods
in Gypsum, along the Eagle River and Gypsum Creek, occurred in
August-September 1963 and in June 1965. Both these floods caused minor damage
(Reference 13). No recorded discharges are available for these floods.

On June 7, 1957, the Eagle River flooded from a combination of snowmelt and rainfall
runoff. The 1957 flood had a discharge of 1,500 cfs, which is approximately equivalent
to an 8-year flood event (Reference 13). From June5 to June 26, 1969, flooding
occurred along the Eagle River. The 1969 flood had a discharge of 800 cfs, which is
approximately equivalent to a 2-year flood event. Power outages were caused by walls
of water flowing down the Eagle River. Six inches of snow fell at the Town of Vail
(Reference 13). On May 21, 1970, excessive snowmelt runoff caused water seepage
under the foundation of the domestic water storage tank in the Town of Minturn. Efforts
were made to save the foundation from washing out (Reference 13).

Along the Eagle River and Turkey Creek in the Town of Red Cliff, flooding normally
occurs from May through July, and is usually the result of snowmelt. No floods have
been documented in the Town of Red Clff along Turkey Creek or the Eagle River.
However, when snowmelt flooding occurred elsewhere along the Eagle River, as it did in
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May 1970 and June 1969 in Minturn and Dowd, high water may have also occurred in
Red CIliff (Reference 13).

Flooding along the streams in the Town of Vail usually occurs from May through
August. Floods may be caused by rainfall or snowmelt either alone or in combination. -
Few definitive data regarding past flooding are available for the Town of Vail since its
development in the early 1960s. However, on June 25, 1978, some minor damage
occurred at the Racquet Club near Bighorn Creek as a result of mud and debris flow.

Flood Protection Measures

The Ruedi Dam affects the flow of the Roaring Fork River. Located on the Fryingpan
River approximately 17 miles east of Basalt within Eagle County, the Ruedi Dam is part
of the Fryingpan-Arkansas Project to divert water from the Colorado River Basin to the
Arkansas River Basin. The Ruedi Reservoir was constructed by the U.S. Bureau of
Reclamation and made operational in May 1968.

The dam was designed for an inflow design flood of 17,500 cfs at a 15-day volume of
100,000 acre-feet. The probable maximum discharge is 5,540 cfs from the spillway and
1,810 cfs from the outlet structure. The total probable maximum discharge from the
outlet structure and spillway is 7,350 cfs, which approximates the 500-year flood in the
Town of Basalt.

Ruedi Reservoir has a total capacity of 102,373 acre-feet at the spillway and provides
replacement water for out-of-priority depletions to the Colorado River by the
Fryingpan-Arkansas Project, as well as water for West Slope agricultural, municipal,
and industrial uses on a contractual basis. The reservoir is also operated for recreation
and wildlife habitat, and indirectly for flood control.

Permanently assigned flood-control storage in Ruedi Reservoir could not be
economically justified at the time of construction. However, annual storage of snowmelt
runoff indirectly provides the objective of flood control and can appreciably reduce the
downstream flood menace in the Fryingpan, Roaring Fork, and Colorado Rivers. If the
reservoir is operated carefully for flood control by evacuation of storage before forecast
heavy inflow, complete control of most snowmelt floods in the reservoir can be attained.
A possibility still exists of rare extreme floods that exceed the Ruedi Reservoir’s
capacity to control. With the exception of these extreme events, the operation of Ruedi
Reservoir reduces and stabilizes flows downstream of the dam. By providing more
uniform flows, fish habitat can be established to provide better fishing conditions in the
early months of the fishing season.

According to the Annual Operation Plans of the Fryingpan-Arkansas Project for Water
Year 1995-96 (Reference 6), the following describes the operation of Ruedi Reservoir
during the 1995 flood event:

Releases were increased throughout June to delay the filling of the
Reservoir beyond the customary date of July 1 to avoid a spill of the
reservoir caused by continuing precipitation on an unusually late
occurring snowpack. The peak average daily inflow of 1,796 cfs
occurred on June 17, 1995. The Reservoir filled to the crest of the
spillway on July 11, 1995. Outlet works releases were reduced, forcing
[the water level to rise above the overflow spillway], and the flow below
the Reservoir was maintained below the maximum safe channel
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capacity. The maximum average daily release of 933 cfs was made on
July 13, 1995, and the maximum storage of 103,927 acre-feet occurred
on July 14, 1995. Releases were then reduced until they were below the
recommended maximum fishery flow (250 cfs) by the middle of August.

The total April through September inflow was 154,235 acre-feet, which
was 130 percent of average and greater than the reasonable maximum
forecast inflow. The high inflows were due, in part, to waters left in the
Fryingpan River Basin which normally would have been diverted to the
East Slope but were not because the reservoirs on the East Slope had
fllled during the spring runoff.

No call was placed on the Colorado River at the Cameo gage by senior
water right holders due to high flows in the Colorado River throughout
the irrigation season. Because of that, there were no releases made for
either Project depletions or for depletions caused by Ruedi Reservoir
water contract holders during the 1995 water year. High flows in the
Colorado River also eliminated the need to release any water to augment
the habitat of endangered aquatic species in the Colorado River
downstream of the Grand Valley Diversion Dam and above the
confluence with the Gunnison River.

The Corps of Engineers estimated that the operation of Ruedi Reservoir
to fill the operating storage, the Boustead Tunnel diversion, and
Turquoise Lake prevented $1,770,000 of flood damage in the Colorado
River Basin during 1995.

Homestake Reservoir Dam was constructed on Homestake Creek in 1967 for water diversion to
Colorado Springs and Aurora. It has acted to inadvertently reduce the peak flood discharges on
the lower Eagle River. The dam was not constructed for flood control, but acts to fill during the
spring runoff and has reduced peak flooding on the Eagle River.

An informal levee exists along the north bank of the Eagle River at the gravel ponds in Dotsero.
This levee was field investigated and determined to be “non-FEMA compliant,” meaning it does
not have a formal maintenance program, may not withstand 100-year flooding, and does not have
the required freeboard. Further, the field investigation indicated that once the floodwater does
breach the levee, it would be effective flow.

No other significant flood control resources affect the flooding sources in Eagle County.

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 is 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 100-year flood (1-percent chance of annual
exceedence) 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
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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 Analysis

Hydrologic analyses were performed to establish the peak discharge-frequency relationships for
floods of the selected recurrence intervals for each stream studied in detail in the county.

The hydrologic analyses for the August22, 2003, Matrix study of Colorado River and
Eagle River were authorized by the CWCB and completed by Water Resource Consultants, LLC
(WRC) (Reference 14). WRC completed their work on May 13, 2002, to update flood hydrology
on the main stem of the Eagle River. Previous studies published by FEMA in May 1980 did not
cover all the reaches of the Eagle River. A regression analysis of tributary area above
10,000 feet elevation was performed where gage data was lacking. Stream data taken at gages
for the limited years of existence in the Eagle Basin was analyzed and natural flow frequency
curves were developed. The peak flows determined for the 10-, 2-, 1-, and
0.2-percent-annual-chance floods were used to determine the flood profiles and the 100-year
floodplain for this report. Table 1 lists the peak discharges for these floods on the Eagle and
Colorado Rivers.

There is not a long history of stream gage records on the Eagle River. The gage on the
Eagle River with the longest period of record is located outside this study area. The Eagle River
at Red CIliff gage is located upstream from this floodplain study area and has 73 years of record.
The peak flood of record occurred in 1912. The Eagle River below Gypsum gage has the next
longest period of record and has been in existence since 1947. This gage has a drainage basin of
944 sq. mi. The U.S. Geological Survey (USGS) gage records do not show a significant flood
during this period of record. However, high flows occurred on the Eagle River in the years 1952,
1957, 1983, 1984, 1995, 1997, and 2003.

There are five active USGS gages located on the main stem of the Eagle River and the portion of
the Colorado River in this study area. Two other gages have existed in the past, but are no longer
active, although records from the gages are useful in statistical gage analysis. The gages are
listed in order from upstream to downstream.

Eagle River USGS Gaging Stations

Station No. Station Name Drainage Gage Period of Record Status Peak

Area Elev. Discharge

(sq.mi.) (feet) (cfs)

09063000 Eagle River at Red Cliff 70 8,654 1911-1925,1924-present  Active 1,010
09064600 Eagle River near Minturn 186 8,078 1990-present Active 1,810
09067005 Eagle River at Avon 395 7,410 1989-1999 Inactive 3,930
09067020 Eagle River WWTP at Avon 402 7,380 1999-present Active 3,640
09067500 Eagle River at Eagle 629 6,560 1911-1924 Inactive 6,760
09070000 Eagle River below Gypsum 944 6,275 1947-peresent Active 7,020
09070500 Colorado River near Dotsero 4,394 6,130 1941-present Active 22,200
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The hydrologic analysis for the August 2003 Brush Creek LOMR was based on the effective
information.

For the Eagle River near the Towns of Minturn and Red Cliff, Taylor Creek, Brush Creek, and
Turkey Creek and discharges for approximate study areas, discharge were determined using
regression analyses based upon regional gage analyses. These regional analyses of streamflow
data were completed assuming a log-Pearson Type Il distribution (Reference 10). The
streamflow data were separated into snowmelt and rainfall peaks, and each type was analyzed
separately. Fifteen stream gages located in Eagle County were analyzed. The length of record of
these gages ranged from 6 years to 43 years. Drainage area-discharge curves were developed
from these data for the 10-, 50-, 100-, and 500-year flood events. Snowmelt peaks were found to
produce the flood peaks for larger drainage areas, and cloudbursts produced the peaks in smaller
basins, generally less than 20 sq. mi. in area.

Peak discharge-drainage area relationships for the Eagle River, Taylor Creek, Brush Creek, and
Turkey Creek are shown in Table 1.

For Gore Creek and tributaries, flood frequency analyses of annual peak flow data were made for
nine stream gages in the Gore Creek basin. It is unusual to have records available from that
many stream gaging stations in a 102-square-mile drainage basin. Many of those stations now
have records of more than 30 years in length. In addition, data for 11 gaging stations located in
eastern Eagle County, but outside the Gore Creek basin, were analyzed to obtain a larger data
sample and to better fill out the range of drainage areas for which data are needed.

Previous flood frequency studies by GAI for the FIS used peak flow data through 1976. The
current study used data through 1997, so 21 additional years of data were available for the
current study. The orographic effects of mountain barriers have an effect on precipitation in the
Gore Creek basin; this was a consideration in selecting stations to supplement the Gore Creek
gages. The Piney and Eagle River peak flow data used in this study are all nearby and drain the
western slope of the Gore Mountain Range. Care was taken to ensure the streams adopted for
use in the regional study reflect reasonably similar orographic effects and runoff characteristics
to the Gore Creek basin.

The flood frequency analyses for individual stream gaging stations were performed using the
computer program, FFFREAK, Version 1, that was developed by US West. The program was
designed to run using peak annual discharge values contained in their HYDRODATA product.
The program follows procedures recommended in Bulletin 17B (Reference 15).

A plot of the standard deviations computed for these records versus their drainage areas resulted
in a wide scatter of data points. No meaningful relationship was apparent. The average value of
the standard deviation was just under 0.20, which is typical when snowmelt floods dominate
frequency distributions.

A generalized coefficient of skew of -0.3 was adopted for all stations based on the generalized
skew map presented in Bulletin 17B (Reference 15). The average unadjusted coefficient of skew
computed from the station record is -0.33, and the average adjusted skew is -0.28, which are both
very close to the -0.3 value that was adopted from the generalized skew map.

Three events could produce runoff in the study area for Gore Creek and Tributaries
(Reference 16): thunderstorms, general storms, and snowmelt. Floods could occur as a result of
rapid snowmelt or rainfall alone, or a combination of those events. The seasonal distribution of
peak flow data was reviewed for the 20 stream gaging stations to assist in defining the primary
source of flooding.

A total of 650 station years of record were examined, and about two-thirds (435) of the annual
peak discharges occurred during June, 188 during May, and 24 during July. Only three of
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650 station year events occurred outside those 3 months. While floods as a result of rainfall
alone could be important for small drainage areas, peak flow records show snowmelt is the
primary cause of peaks at the stations studied. Rainfall may have contributed some runoff to a
few of the annual peak flows, but it is very difficult to identify the amount of contribution from
available hydrologic records. During spring months, much of the precipitation that occurs as
rainfall will be retained in the snowpack. The ground is often still frozen during the spring
snowmelt season, so runoff occurs with very little infiltration. Rainfall did not result in
significant independent peak discharge events because the annual peaks occurred during the
snowmelt season.

The Hydrometeorological Branch of the National Weather Service, in cooperation with other
Federal agencies, made a major effort to identify historic thunderstorms in the Rocky Mountain
region during probable maximum precipitation (PMP) studies. The results were documented in
U.S. Commerce Hydrometeorological Reports No. 554 and No. 49, dated June 1988 and
September 1977, respectively. They found that a few severe thunderstorms have occurred in the
mountains of Colorado, New Mexico, and Utah. However, these storms are very rare, and
precipitation data for them are sparse, partially because only a limited number of rainfall gages
are located at high elevations. Thunderstorm, or local storm, rainfall is a significant factor for
small drainage areas at the extreme PMP level, but it has not been observed often enough to be a
significant factor at the more frequent flood levels considered in this floodplain study.

The best technical evaluation procedure would be to determine an independent series of
exclusive snowmelt and rainfall events that could be analyzed independently and combined on a
probability basis into an all-season flood frequency curve. However, this is not possible, so as a
practical matter, the peak annual events that were recorded at each of the gaging stations,
whether exclusive snowmelt or with some rainfall contribution, were analyzed and their
frequency determined for application to this study. The streamflow records reflect the flood
history at those stations.

Discharges for specific frequencies are needed for performing hydraulic analyses in the ungaged
reaches that are part of this study. Discharges and drainage areas were subjected to regression
analyses using a log-log relationship. Drainage area was adopted as the only predictor because
pre\g‘ous studies by GAI indicated that additional predictors did not improve the correlation
coefficient.

A review of a plot of the discharges for specific frequencies versus their drainage areas shows
that the three smallest basins, all of which have areas under 4 sq. mi., plot low compared to other
stations. These three stations were located close to Gore Creek, but were at high elevations that
exceeded 9,000 feet mean sea level (msl). They were eliminated from the final regression
analysis to avoid distorting the lower end of the regression range. The 17 stream gaging stations
listed below were used in the final regression analyses.

Drainage
ID No. Gaging Station Name Area (sq. mi.)

1 Bighorn Creek Near Minturn 4.5
2 Pitkin Creek Near Minturn 5.3

3 Middle Creek Near Minturn 5.9
4 Booth Creek Near Minturn 6.0

5 Red Sandstone Creek Near Minturn 7.3
6 Black Gore Creek Near Minturn 12.6

7 Piney River Below Piney Lake Near Minturn 13.0

8 Gore Creek at Upper Station Near Minturn 14.4

9 Beaver Creek at Avon 14.8
10 Turkey Creek Near Red Cliff 23.8
11 Homestake Creek at Gold Park 36.0
12 Eagle River at Red Cliff 70.0
13 Brush Creek Near Eagle (Discontinued 1972) 71.4
14 Gore Creek Lower Station at Vail 77.1
15 Piney River Near State Bridge 86.2
16 Gore Creek at Mouth Near Minturn 101.0
17 Eagle River at Eagle (1911-24) 629.0
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The regression equations were used to develop discharges for specific frequencies on ungaged
tributaries. Spraddle Creek was an exception to this general rule because it is the only stream in
the study with a drainage area of less than 4 sq. mi. (2.2 sq. mi.). The discharges developed by
GAI during previous studies using rainfall-runoff relationships were adopted for this one small
area.

The discharges for the main stem of Gore Creek plotted significantly above the average data
points from the stream gaging records. Discharges for ungaged reaches on the main stem were
determined using the three gages on that stream. One of those new stations, Gore Creek Lower
Station in the Town of Vail, with 77.1 sq. mi. of area, is in the Gore Creek study reach. It has
9 years of record that were extended by adjusting 6 years of data for an upstream gage that had
been in place from 1974 through 1979 for a total 15-year record. Annual peak flows recorded for
the 57.3-sq.-mi. upstream drainage area were adjusted to the downstream location based on the
ratio of their respective areas raised to the 0.7 power. While the 6-year adjustment had little
impact on the final results, the longer record is more reliable. The Gore Creek gage at the mouth
has 14 years of peak flow data, and the gage upstream of the confluence with Black Gore Creek
has 40 years of data.

The discharges for specific frequencies for the main stem Gore Creek stations, when plotted
versus their drainage areas, all plot higher than most of the other data points in the analysis. The
three stations are consistent with each other for each frequency. A line was drawn through those
three data points and parallel to the regression equations for each frequency. Consequently, the
slope of the relationship for the three main stem stations is the same as that for the regression
equations. This curve was used to determine discharges for specific frequencies for ungaged
reaches along the main stem of Gore Creek.

The results of hydrologic analyses that are recommended for use in the Gore Creek basin
hydraulic analyses are presented in Table 1. The same computation points that were used in the
original FIS were adopted for this evaluation to facilitate comparison of results. In general, the
results of both studies are quite similar. Some of the specific discharges computed for tributaries
during current studies are slightly higher than those from previous studies. Discharges computed
for the main stem of Gore Creek are slightly lower than previously developed, particularly for
less frequent events. The 100-year floods computed for large areas are about 200 cfs less, with
smaller differences for small areas.

During review of previous studies, it was learned that the discharges that were adopted by GAI
for the main stem were from previous studies by Hydro-Triad. Hydro-Triad used a Log-Normal
distribution in its flood frequency computations for individual gaging stations. This procedure
overstates the magnitude of infrequent floods at stations such as those in this region whose peak
flow records exhibit negative skewness. They computed a mean curve through the data points
for individual stations and an upper envelope curve that was 1.5 standard deviations above the
mean curve. Hydro-Triad recommended using the upper envelope curve to be conservative and
because data on which to determine flood frequencies were limited at that time. That was a good
decision because main stem stations would have otherwise been understated when compared to
current results.

The 100-year discharges presented in a table in the FIS were compared to the upper envelope
curve presented by Hydro-Triad. This comparison revealed that the discharges came directly
from the Hydro-Triad report, even though this is not so stated. The additional years of data that
have become available for three main stem Gore Creek stations allows an analysis to be made
specifically for Gore Creek. These are the major reasons for differences between studies of
discharge for specific frequencies.

The slopes of the four regression equations computed for specific frequencies varied uniformly

from 0.73 at the 10-year event to 0.70 at the 500-year event. This is a reasonable range of slopes
since 0.7 is a rule of thumb value for a snowmelt-dominated relationship and provides comfort
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that the results are reasonable. The fact that 21 additional years of peak flow data are now
available also increases confidence in the results of the current study.

For the Roaring Fork and Fryingpan Rivers, the hydrologic analyses were completed by the
USACE (Reference 17). A regional analysis of stream data taken at gages in the Roaring Fork
Basin was performed and natural flow frequency curves were developed. The peak flows
determined for the 10-, 50-, 100-, and 500-year floods were used to determine the flood profiles
and the 100-year floodplain for this report.

Data from a large number of stream gaging stations located within the homogenous watershed
area similar to this area were analyzed. These gages are located within Pitkin County and nearby
Summit, Eagle, Garfield, Mesa, Delta, and Gunnson Counties. The streamflow data were
separated into snowmelt and rainfall peaks and analyzed separately.

Snowmelt peaks from a total of 40 gages and rainfall peaks from 25 gages were analyzed to
obtain individual and regional statistical parameters of mean, standard deviation, and skew for
the two types of flow peaks. In numerous instances, the rainfall peaks were of very small
magnitude. Several stream gages did not show any significant peaks caused by rainfall.

Using log-Pearson Type Il distribution as described in U.S. Water Resources Council
Bulletin 174, the discharge-frequency information was developed separately for the snowmelt
peaks and the rainfall peaks for the 10-, 50-, 100-, and 500-year recurrence intervals. These two
distributions were combined to obtain the overall peak discharge-frequency relationship for each
stream. For ungaged streams, the values of regional statistical parameters were used and the
drainage area curves were developed for the 10-, 50-, 100-, 500-year recurrence intervals.

Peak discharges for the Roaring Fork and Fryingpan Rivers are shown in Table 1.

21



Table 1. Summary of Discharges

Flooding Source and Study Reach Drainage Area  Peak Discharges (cfs) (Annual Chance)
(sq. mi.) 10% 2% 1% 0.2%
NORTH
TRIBUTARIES
Bighorn Creek Near Mouth 4.5 180 250 280 340
Black Gore Creek Near Mouth 20.7 440 590 640 770
Booth Creek Near Mouth 6.0 245 330 370 460
Brush Creek
At downstream corporate limits
of the Town of Eagle 150 875 1,150 1,225 1,400
Buffehr Creek Near Mouth 4.6 150 200 220 270
Colorado River s
Downstream of Eagle River 4,344 18,950 24,900 27,140 31,830
Upstream of Eagle River 3,400 14,649 19,685 21,650 25,933
Eagle River
Downsteam of Gypsum Creek 944 5,890 7,430 8,030 9,330
Downstream of Brush Creek 808 5,300 6,690 7,230 8,400
Downstream of Lake Creek 658 4,530 5,710 6,170 7,060
Downstream of Beaver Creek 402 3,980 5,010 5,430 6,210
Downstream of Gore Creek 361 3,800 4,790 5,190 5,940
Downstream of Minturn 260 2,520 3,290 3,490 3,980
East Mill Creek/West Mill Creek Near Mouth 7.2 200 280 300 370
Fryingpan River
At Mouth 298 2,250 3,300 3,950 7,150
Above Basalt 290 2,200 3,230 3,860 7,000
At upstream limit of study 253 2,000 2,950 3,500 6,350
Gore Creek
Near Mouth : 102 1,990 2,490 2,650 2,930
Upstream of Buffehr Creek 90.6 1,950 2,420 2,620 2,880
Upstream of Red Sandston 77.1 1,790 2,170 2,310 2,610
Upstream of Middle Creek 68.8 1,600 1,990 2,150 2,380
Upstream of Spraddle Creek 66.5 1,560 1,940 2,100 2,320
Upstream of Mill Creek 58.9 1,420 1,780 1,930 2,130
Downstream of 1st Vail Course Bridge 55.0 1,350 1,690 1,840 2,030
Upstream of Booth Creek 48.0 1,230 1,530 1,670 1,850
Upstream of Pitkin Creek 40.3 1,080 1,350 1,470 1,640
Upstream of Bighorn Creek 35.7 990 1,240 1,350 1,500
Gypsum Creek
At Confluence with Eagle River 100 1,450 1,775 1,950 2,150
Middle Creek Near Mouth 5.9 110 130 140 160
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Table 1. Summary of Discharges

Flooding Source and Study Reach Drainage Area  Peak Discharges (cfs) (Annual Chance)
(sq. mi.) 10% 2% 1% 0.2%
Pitkin Creek Near Mouth : 5.3 180 260 290 380
Red Sandstone Creek Near Mouth 13.9 330 440 490 590
Roaring Fork River
Roaring Fork River, above Garfield County Line 870 7,300 9,800 10,800 14,700
Roaring Fork River, above Sopris Creek, 850 7,100 9,400 10,400 14,300
below Fryingpan River
Roaring Fork River, above Fryingpan River 510 6,100 8,500 9,400 12,200

Below Spris Creek

Spraddle Creek Near Mouth 2.2 95 115 170 370
Taylor Creek

At Downstream Limit of Study 8.8 245 300 325 480
Turkey Creek At Upstream Limit of Study

At USGS Gage No. 635 30 525 720 795 955
Upper Gore Creek

Just upstream of confluence with Gore Creek 14.4 550 690 740 845
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3.2

Hydraulic Analysis

The August 22, 2003, hydraulic analyses of the Colorado and Eagle River
computed the water-surface elevations (WSELs) for floods of the selected
recurrence intervals using the USACE HEC-RAS backwater computer program
(Reference 18). A total of 471 cross sections were secured from topographic
mapping and field surveys.

One bridge is located within this study reach of the Colorado River. The bridge
is a cable and wood bridge used for livestock to cross the river. A total of
42 bridges are located within this study reach of the Eagle River. There are four
old concrete arch bridges on the Eagle River: an abandoned bridge at Gypsum,
an abandoned bridge between Eagle and Wolcott, Highway 131 Bridge at
Wolcott, and an old bridge with a new deck on the County Road at Minturn.
These bridges have limited hydraulic capacity and provide little or no freeboard
during a 100-year flood. Of these four bridges, only the Highway 131 Bridge is
not overtopped in a flood. The Gypsum Bridge and the bridge between Eagle
and Wolcott have failed structurally and are no longer used for vehicular traffic.

Detailed field survey measurements were taken along the bridge decks, and at
every cross section upstream and downstream of the bridges. This survey
information was completed between May and October of 2002.

The cross sections for the Eagle River near Minturn and Eagle River near
Red Cliff, Fryingpan River, Taylor Creek, and Turkey Creek were obtained by
field surveys. Cross sections for the backwater analyses of Brush Creek,
Reach 1, were also obtained from field surveys. Cross sections for Brush Creek,
Reach 2, were obtained from topographic maps with a contour interval of 2 feet
(References 19 and 20). In undeveloped areas, field surveys were supplemented
using aerial photographs (Reference 21). All bridges and culverts were field
checked to obtain elevation data and structural geometry.

Cross sections for Gore Creek and Gore Creek Tributaries were cut from the
topographic mapping provided by the Town of Vail. The Town of Vail
contracted with Peak Land Surveying to provide survey data for all crossing
structures within the study reaches. The February 1999 Sato work maps used
this topography. Revised work maps dated June 6, 2003, were provided to show
new locations of cross sections (Reference 22). In April 2003, the Town of Vail
provided updated survey data for some bridges, walls, and berms along Gore
Creek.  The additional data included revised survey information for
Circle K Bridge, Ford Park Covered Bridge, and Ford Amphitheater Bridge and
new survey information that identified Nugget Lane and the Donavan Park foot
bridge. Information on the Chammonix Lane culvert along Buffehr Creek was

" also revised. This information was incorporated into this study.

A total of 112 cross sections secured from topographic mapping and field
surveys were analyzed for the hydraulic analysis of the Roaring Fork River.
The locations of these cross sections are shown by reference point on the flood
maps and the flood profiles.
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The cross sections for the revised reach of Brush Creek were based on as-built
construction surveys and associated topographic information for the new bridges and
channel. The input and output HEC-2 data and the engineering report were used in
recoding the original HEC-2 model into one HEC-RAS model.

Two additional cross sections were analyzed using normal depth in order to determine
the flooding extent of a divided flow condition.

The model for Brush Creek incorporates the addition of the new bridges in addition to
the minor grading that has occurred in the floodplain as a result of the development of
Eagle County Ranch Development, namely the Capital Street Bridge, Sylvan Road
Bridge, and Eagle Ranch Bridge No. 1.

In the vicinity of new bridge structures, as-built surveys were completed to verify the
channel grades and bridge geometries (Reference 23). Field surveys were completed at
various times between December 2001 and January 2003. Geometry data for small
existing bridges that have remained in place since the effective information were
developed from field measurements in February 1997.

Cross sections for the backwater analyses of Gypsum Creek were obtained from
topographic maps at a scale of 1:1,200, with a contour interval of 2 feet (References 24
and 25). All bridges were field checked to obtain elevation data and structural geometry.

Starting WSELs for the Colorado River were calculated using normal depth at the
beginning of the study with a gradient of 0.00954. The upstream ending water surface
was also computed as normal depth downstream of the I-70 bridges at a gradient of
0.00244. Mapping indicates the channel gradient is greater upstream of the confluence
with the Eagle River.

The starting WSEL for the Eagle River model was computed based on the known
WSELs from the Colorado River model at Cross Section 44. This appears to be a
reasonable and conservative assumption because a coincidental flood peak in the
Colorado River would create backwater upstream on the Eagle River through
Cross Section 5. By viewing the Eagle River profile, it is apparent that either a large
deposit of volcanic ash and debris, or channel degradation from the Colorado River
propagating up the Eagle River, has caused a relatively steep slope in the Eagle River
channel near the confluence. Because of the steep channel slope in this area, a normal
depth calculation would produce a lower water surface on the Eagle River than the
backwater elevation caused by a 100-year flood on the Colorado River. The upstream
ending water surface on the Eagle River was computed as critical depth near the town
limits of Minturn at a county bridge structure, a hydraulic control structure. This is a
reasonable assumption as a result of the steep gradient, narrow channel geometry, and
limited conveyance capacity of the bridge.

Starting WSELSs for the Eagle River near Minturn were obtained using the slope-area
method at a starting cross section 800 feet downstream of the Town of Minturn corporate
limits. Starting WSELs for the Eagle River near Red Cliff were calculated using critical
depth downstream of the corporate limits of the Town of Red Cliff.
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The starting WSEL for Fryingpan River was obtained from a flood study along the
Fryingpan River through the Town of Basalt (Reference 26). Along Taylor Creek, the
starting WSELSs were taken from those elevations calculated for the Fryingpan River.

For the original Brush Creek Study, starting WSELs were calculated using critical depth
at the mouth of Brush Creek, however, the starting water surface elevation for the
August 2003 study of Brush Creek was computed based on a known WSEL. Starting
WSELSs for Turkey Creek were derived from the calculated flood elevations along the
Eagle River near the Town of Red CIiff.

Starting WSELSs for Gypsum Creek and Gore Creek were calculated using the slope-area
method.

Starting WSELSs for the Roaring Fork River were calculated using critical depth at the
beginning and end of the study. This is a reasonable assumption because of the steep
gradient.

The USACE Hydraulic Engineering Center-River Analysis System (HEC-RAS)
computer program was used to determine WSELSs for the August 2004 Eagle River study,
the August 2003 Brush Creek study, Gypsum Creek, Gore Creek and its tributaries, and
the Roaring Fork River. WSELs of the other flooding sources in Eagle County were
computed through use of the USACE HEC-2 step-backwater computer program
(Reference 26).

A channel roughness value of 0.035 was selected for Gypsum Creek; floodplain
roughness values ranged from 0.040 to 0.090. Roughness coefficients for Brush Creek
range from 0.03 to 0.035 for the channel and 0.030 to 0.060 for the overbank areas.
Manning’s “n” values for the Colorado River range from 0.030 to 0.070 for the main
channel and 0.050 to 0.080 for the overbank areas. Channel and overbank roughness for
the Eagle River were determined from field investigations and use of the ortho-rectified
aerial imagery. The values for the Eagle River channel vary from 0.035 to 0.050 and
0.040 to 0.100 for the overbank areas.

The Manning's “n” values for Gore Creek and its tributaries were determined by field
inspection by the SC and were estimated to be 0.04 for the main channel and 0.05 to 0.08
for the overbank areas.

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

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 (NGVD). With the finalization of the North American Vertical Datum of 1988
(NAVD), many FIS reports and FIRMs are being prepared using NAVD as the
referenced vertical datum.
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4.0

All elevations are referenced to the NAVD. To obtain up-to-date elevation information
on National Geodetic Survey (NGS) Elevation Reference Marks (ERMs) shown on this
map, please contact the Information Services Branch of the NGS at (301) 713-3242, or
visit their website at www.ngs.noaa.gov. Map users should seek verification of
non-NGS ERM monument elevations when using these elevations for construction or
floodplain management purposes. It is important to note that adjacent communities may
be referenced to NGVD. This may result in differences in BFEs across the corporate
limits between the communities.

For more information on NAVD, see the FEMA publication entitled Converting the
National Flood Insurance Program to the North American Vertical Datum of 1988

(FEMA, June 1992), or contact the Vertical Network Branch, NGS, Coast and Geodetic

Survey, National Oceanic and Atmospheric Administration, Rockville, Maryland 20910.

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.

FLOODPLAIN MANAGEMENT APPLICATIONS

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

4.1

Floodplain Boundaries

To provide a national standard without regional discrimination, the
1-percent-annual-chance (100-year) flood has been adopted by FEMA as the base flood
for floodplain management purposes. The 0.2-percent-annual-chance (500-year) flood is
employed to indicate additional areas of flood risk in the community. For each stream
studied by detailed methods, the 100- and 500-year floodplain boundaries have been
delineated using the flood elevations determined at each cross section. Between cross
sections, the boundaries were interpolated using topographic maps at a scale of 1:1,200,
with a contour interval of 2 feet (References 20, 27, and 28); 1:2,400, with contour
intervals of 2, 5, 10, and 20 feet (References 29, 30, and 31); and 1:2,400, with contour
intervals 20 feet and 40 feet (References 32 and 33).

The Brush Creek LOMR used the aerial topographic mapping provided by Alpine
Engineering Inc. dated August 2003 (Reference 34). Flood boundaries for Brush Creek
were delineated using topographic base maps with a scale of 1”’=100, with a contour
interval of 2 feet (Reference 35).

The base topographic mapping for the Matrix study of the Eagle River was provided by
Analytical Surveys, Inc. Aerial imagery and mapping was completed October 1998. This
mapping was available at scales of 1” = 200’ and has a contour interval of 2 feet

27



(References 36, 37, and 38). The topographic mapping for the Eagle River was flown
over a 2-week period during the middle of October 1998 when the flow was
approximately 270 cfs to 300 cfs at a location downstream of Gypsum. This is a
relatively low flow for the Eagle River, and represents only 3.5 percent of the 100-year
flow of 8,030 cfs. The average depth of water in the channel during the mapping was
negligible. The model input channel geometry assumes negligible channel geometry
below the water surface at the time of the aerial mapping (Reference 36).

The topographic mapping for the Colorado River was flown in October 1998 when the
flow was approximately 1,300 cfs to 1,400 cfs. Although this is a relatively low flow for
the Colorado River, it represents approximately 5.8 percent of the 100-year flow. On
average, the depth of water in the channel during mapping was approximately 2 feet to
3 feet (Reference 36).

The 100- and 500-year floodplain boundaries are shown on the FIRM. On this map, the
100-year floodplain boundary corresponds to the boundary of the areas of special flood
hazards (Zones A and AE), and the 500-year floodplain boundary corresponds to the
boundary of areas of moderate flood hazards. In cases where the 100- and 500-year
floodplain boundaries are close together, only the 100-year floodplain boundary has been
shown. Small areas within the floodplain boundaries may lie above the flood elevations
but cannot be shown because of limitations of the map scale and/or lack of detailed
topographic data.

For the streams studied by approximate methods, only the 100-year floodplain boundary
is shown on the FIRM.

Within the Town of Eagle, Eby Creek was studied by approximate methods and the
boundary of the 100-year flood was developed from normal depth calculations and
topographic maps at a scale of 1:1,200, with a contour interval of 2 feet (Reference 39).

For the Town of Gypsum, approximate and shallow flooding boundaries were delineated
on these maps and on topographic maps at a scale of 1:24,000 with a contour interval of
20 feet (Reference 33).

Within the Towns of Minturn and Red Cliff, for streams studied by approximate
methods, the boundary of the 100-year flood was delineated using topographic maps at a
scale of 1:2,400, with a contour interval of 5 feet (References 27 and 39).

For the Town of Vail, boundaries of the shallow flooding areas were delineated, using
field inspection and engineering judgment, on topographic maps at a scale of 1:2,400
with contour intervals of 2, 10, and 20 feet. (Reference 29). The Gore Creek floodplain
was manually redelineated based on Geographic Information System data that were
supplied by the Town of Vail in November 2003. The supplied topographic coverage
had a contour interval of 2 feet.

Approximate 100-year floodplain boundaries in some portions of the study area were
taken directly from the Flood Hazard Boundary Map (FHBM) for Eagle County,
Colorado and other FHBMs for the incorporated communities within Eagle County,
where appropriate (Reference 22).

The SC determined that some areas shown on the FHBM are areas of minimal flooding;
therefore, they were not delineated on the maps.
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4.2

Floodways

Encroachment on floodplains, such as structures and fill, reduces flood-carrying
capacity, increases flood heights and velocities, and increases flood hazards in areas
beyond the encroachment 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 100-year floodplain is divided into a floodway and a floodway fringe. The floodway
is the channel of a stream, plus any adjacent floodplain areas, that must be kept free of
encroachment so that the 100-year flood can be carried without substantial increases in
flood heights. Minimum Federal standards limit such increases to 1 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.

The floodways presented in this study were computed for certain stream segments on the
basis of equal-conveyance reduction from each side of the floodplain. Floodway widths
were computed at cross sections. Between cross sections, the floodway boundaries were
interpolated. The results of the floodway computations are tabulated for selected cross
sections (see Table 2, “Floodway Data”). In cases where the floodway and 100-year
floodplain boundaries are either close together or collinear, only the floodway boundary
is shown.

The floodway along the Colorado River and Eagle River detailed studied reach were
determined by specifying the elevations and stations of the left and right encroachments
for individual cross sections as desired in the HEC-RAS backwater model.

The floodway along Brush Creek was computed using two methods; equal conveyance
method and specifying the elevations and stations of the left and right encroachments of
individual cross sections as desired in the HEC-RAS backwater model.

Because of the supercritical flow on Reach 2 of Brush Creek, the floodway was
delineated to include all of the 100-year flood limits except for areas of ineffective flow.

The area between the floodway and 100-year floodplain boundaries is termed the
floodway fringe. The floodway fringe encompasses the portion of the floodplain that
could be completely obstructed without increasing the WSEL of the 100-year 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 1.
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Figure 1. Floodway Schematic

INSURANCE APPLICATION

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 rate zone that corresponds to the 100-year floodplains that are
determined in the FIS by approximate methods. Because detailed hydraulic analyses are not
performed for such areas, no BFEs or depths are shown within this zone.

Zone AE

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

Zone D

Zone D is the flood insurance rate zone that corresponds to unstudied areas where flood hazards
are undetermined, but possible.
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6.0

7.0

8.0

FLOOD INSURANCE RATE MAP

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

For flood insurance applications, the map designates flood insurance rate zones as described in
Section 5.0 and, in the 100-year floodplains that were studied by detailed methods, shows
selected whole-foot 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
100- and 500-year floodplains, floodways, and the locations of selected cross sections used in the
hydraulic analyses and floodway computations.

The countywide FIRM presents flooding information for the entire geographic area of
Eagle County. Previously, FIRMs were prepared for each incorporated community and the
unincorporated areas of the county identified as floodprone. 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 3, “Community Map History.”

OTHER STUDIES

This report supersedes all previous studies published for 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, Mitigation Division, Denver Federal Center, Building 710, Box 25267,
Denver, Colorado 80225-0267. '
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