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NOTICE TO
FLOOD INSURANCE STUDY USERS

Communities participating in the National Flood Insurance Program have
established repos1tor1es of flood hazard data for floodp1a1n management
and flood insurance purposes. This Flood Insurance Study may not
contain all data available within the repository. It is advisable to
contact the community repository for any additional data.

This publication incorporates revisions to the original Flood Insurance
Study. These revisions are presented in Section 10.0.
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1.0

FLOOD INSURANCE STUDY
CITY OF AURORA, ADAMS, ARAPAHOE, AND DOUGLAS.
COUNTIES, COLORADO

INTRODUCTION =

1.1

1.2

Purpoﬁe éfvStudy -

This Flood Insurance Study investigates the existence and
|evef1ty of the flood hazards in The City of Aurora and aids
in the administration of the National Flood Insuran.e 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 assist the community in its efforts to
promote sound floodplain managemént. Minimum floodplain
management requirements for participation in the National
Flood Insurance Program (NFIP) are set forth in the COde of
Federal Regulations at 44 CFR, 60.3.

This Flood Insurance Study revises and updates a previous
Flood Insurance Study/Flood Insurance Rate Map (FIRM) for the
City of Aurora. This information will be used by the City of
Aurora to update existing floodplain regulations .as part of
the Regular Phase of the NFIP., The information will also be
used by local and regional planners to further promote sound
land use and floodplain development.

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

The original hydrologic and hydraulic analyses for this study
were performed by Gingery Associates, Inc., Englewood,
Colorado, under Contract No. H-3716. This work, which was
completed in March 1977, covered all significant flooding
sources affecting the City of Aurora.

The revised hydraulic analyses for portions of East Toll Gate
Creek and West Toll Cate Creek were performed by Merrick and
Company, Greiner Engineering, and the City of Aurora
Engineering Division (References 1, 2, 3, 4, and 5).
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2.0 AREA

The hydraulic analysis for a portion of Unnamed Creek was
performed by Holland Corporation in 1984 (Reference 6).

Coordinaticn

Community base map selection and the identification of streams
requiring detailed study were accomplished in meetings
attended by personnel of Gingery Associates, Inc., the Federal
Emergency Management Agency (FEMA), and officials of the City
of Aurora on December 5, 1975, and June 8, 1976. Further
meetings were held with the Colorado Water Conservation Board,
the Urban Drainage and Flood Control District, FEMA, Gingery
Associates, Inc., and the City of Aurora on May 26, 1976, to
discuss study areas and procedures.

On June 8, 1976, a meeting and field review were held to
discuss and inspect the floodplains in the fity of Aurora. As
& direct result of the field trip, proposed studies on Side
Creek, Side Creek Tributary, West Toll Gate Tributary between
Hampden and Yale, and Columbia Creek were changed from &
detailed analysis to an approximate floodplain delineation.
This change in study scope was agreed to by FEMA, Cingery
Associates, Inc., and the City of Aurora. )

On May 5, 1977, the results of the work by Gingery Associates,
Inc., were reviewed at a public meeting attended by personnel
of Gingery Associates Inc., FEMA, and officials of the City of
Aurora, Colorado. There was concern expressed over the width
of the floodplain in the Morris Heights addition, just south .
of Peoria. GCingery Associates, Inc., reviewed the area before
submitting the study.

Numerous other agencies and individuals were contacted for
background information; these agencies included the Colorado
Water Conservation Board (Reference 7), the Colorado Highway
Department, the Union Pacific Railroad, and the U.S. Soil
Conservation Service.

AREA STUDIED

2.1

Scope of Study

This Flood Insurance Study covers the incorporated areas of

the City of Aurora. The area of study is shown on the
Vicinity Map (Figure 1).. ‘

The areas studied by detailed methods ‘were selected with
priority given to all known flood hazard areas and areas of
projected development or proposed construction through 1991.

Approximate analyses were. used to study those areas having a
low development potential or minimal flood hazards. The scope
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2.2

and methods of study were proposed to, and agreed upon by,
FEMA and the City of Aurora.

The streams and drainageways studied by detailed methods
include Sand Creek, Westerly Creek, Toll Gate Creek, East Toll
Cate Creek, West Toll Gate Creek, Cherry Creek Spillway Drain,

~West Toll Gate Creek Tributary, Unnamed Creek, Sable Ditch,

and Granby Ditch. The streams and drainageways studied by
approximate methods include Columbia Creek, Senac Creek, Side
Creek, First Creek, West Toll Gate Creek, and West Toll Gate
Creek Tributary.

Community Description

The City of Aurora is located immediately east of the City and
County of Denver, in the southwest corner of Adams County and
the northwest corner of Arapahoe County. The city ‘is bounded
by the City and County of Denver to the west, northwest, and
southwest; and the unincorporated areas of Arapahoe County to
the south and east.

The City of Aurora is one of the fastest growing cities in
Colorado. Its population has increased by approximately
51,800 persons from the 1970 estimate of 78,200 to the 1976
estimate of 130,000 (Reference 8). Its population in 1987 was
estimated to be 220,066. The economy of the area is based on
commercial and agricultural industries.

The upper portions of all streams studied, with the exception
of Westerly and Sand Creeks, are relatively undeveloped. Sand
Creek floodplain development consists of a mobile home park
and isolated buildings. Urban development is more extensive
in the lower reaches, especially in the shared floodplain of
Sand and Toll Gate Creeks at their confluence. The Westerly
Creek basin 1is heavily . developed for residential and
industrial uses for its entire length.

The average annual temperature in Aurora is approximately 50
degrees Fahrenheit and the average annual precipitation is
15.5 inches (Reference 9).

The streams within Aurora are intermittent, and the channel
banks are typically eroded or covered with weeds and other
vegetative cover. The major soil types within the floodplain
consist of sandy clay loam, silt loam, sand loam, and silty
clay loam to silty clay (References 10 and 1l1).

Sand Creek, which is the major drainageway through Aurora,
flows™ in a northwesterly direction through the city. The
channel is well defined through the study reach and has an
average channel slope of 26 feet per mile.

Toll Gate Creek and West Toll Gate Creek have an average
channel slope of 18 feet per mile from Interstate Highway 225
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to the confluence of Unnamed Creek. Upstream from the
confluence, the channel slope increases to 39 feet per mile.

The average slope of East Toll Gate Creek is 22 feet per mile.
The channel averages about six feet in depth and 30 to 40 feet
in width.

West Toll Gate Creek Tributary has an average channel slope of
60 feet per mile.

Unnamed Creek, a tributary of West Toll Gate Creek, has an
average channel slope of 25 feet per mile. The channel is
irregular in size and shape, ranging from very shallow depths
to depths of approximately 6 feet; widths are from 20 to 30
feet.

Westerly Creek, Sable Ditch, and Granby Ditch have almost
fully developed basins which result in more frequent flooding
damages. In many places, these drainageways have been filled
in or severely encroached upon, leaving little £flood
conveyance capacity.

Principal Flood Problems

The main causes of floods in Aurora are cloudbursts which
normally occur during the months of May through August.

There have been approximately eleven floods in the Sand and
Toll Gate Creek basins since 1896. These floods occurred in
1896, 1912, 1917, 1921, 1933, 1938, 1948, 1957, 1963, 1965,
and 1973. The following frequencies have been assigned to
historic floods: 1) 1948 flood on Sand Creek--15-year flood;
2) 1957 flood on Toll Gate Creek--35-year flood; 3) 1965 flood
on Toll Gate Creek--70-year flood; and 4) 1965 flood on Sand
Creek—-40-year flood. The following is a documentation of the
major recorded floods:

"On May 30, 1948, a localized thunderstorm dropped 8 inches of
rain and hail in four hours on the lower basin of Sand and
Toll Gate Creeks. Flooding resulted downstream of Colfax
Avenue. Estimated discharges on Sand Creek of 7,720 cubic
feet per second (cfs) and 10,500 cfs, respectively, at Colfax
Avenue and at the mouth caused overbank stages from 4 to 8
feet deep. Tourist cabins near Colfax Avenue and an oil
refinery near the mouth were damaged, but farms and livestock
feed 1lots in the flood plain suffered the most. On
May 8 and 9, 1957, intense rains occurred over Toll Gate Creek
and the middle of Sand Creek Basin. The rains began about
11:00 p.m. on May 8 and Toll Gate Creek crested at 3:30 a.m.
on May 9 at Colfax Avenue. The estimated peak discharge on
Toll Gate Creek was 10,500 cfs at 6th Avenue, while 25,500 cfs
was estimated for Sand Creek at Yosemite Street.”



2.4

", ..heavy to torrential rainfall occurred over the Sand and
Toll Gate Creek Basins on June 16, 1965. Rainfall averaged
between 2 to &4 inches over the Sand Creek Basin. Toll Gate
Creek flow was estimated to be 17,000 cfs at 6th Avenue, and
Sand Creek downstream from Toll Gate Creek was estimated to be
18,900 cfs. Nearly every bridge crossing the creeks was
damaged or destroyed. The flooding caused extensive damages
in the Aurora vicinity. The downstream 6 miles of Toll Gate
Creek overflowed from 300 to 1,000 feet wide; the downstream
10 miles of Sand Creek flooded 500 to 1,500 feet wide.
Transportation and urban damages on Sand and Toll Gate Creek
was estimated at $3,060,000.00. Additional rainstorm in J:ly
of 1965 seriously hampered recovery efforts and destroyed
temporary bridges" (References 12 and 13).

Photographs of historic flooding are shown in Figures 2
through 9. There is little documentation of, historic floods
and damage estimates on the other tributary streams within
Aurora. The tributary streams have caused overland inundation
of homes and streets to depths of as much as 4 to 4.5 feet,
but there are no recorded discharges or damage estimates
(References 12 and 14).

Flood Protection Measures

A major flood control structure in Aurora is Quincy Dam on
Toll Gate Creek, which was completed in 1974. The dam and
reservoir serve as a water storage facility and provide
approximately 4,500 acre feet of storage for flood control.
The dam controls the upper 4.5 square miles of the drainage
basin (Reference 15).

There are two significant storm water detention ponds along
Westerly Creek. The pond 1located between Alameda and
Exposition, constructed in 1972, will contain approximately 67
percent of the 100-year flood. The other facility, Kelley
Dam, constructed in 1953, would contain the ll-year flood,
although during a large magnitude flood in excess of a 40-year
flood, the pond might fail and increase flow downstream
(Reference 14). Other flood protection measures consist of
channel improvements on the Cherry Creek Spillway Drain and
West Toll Gate Creek.

A major drainageway planning report has been completed for
Sand Creek (Reference 16). This report designates various
structural measures and nonstructural actions that would be
appropriate for alleviating potential flood damage along this
stream.



FIGURE 2 Looking North Along Peoria Street; Sand Creek
Flooding Destruction in 1965 (Arden Hartzler Photo-

graph).

FIGURE 3 Near Dallas Street and Stapelton Airport; Westerly
Creek Flood of 1965 (Arden Hartzler Photograph).
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FIGURE 4 View of Twisted Railroad Tracks along Toll
Gate Creek Flood of June 1965 (Colorado
State Historical Society Photograph).

FIGURE 5 A View of Dallas Arms Apartments; Westerly
Creek Flood of 1965 (Arden Hartzler Photograph).



FIGURE 6 View of Sand Creek Near Colfax Avenue Bridge;
Sand Creek Flood of May 1973 (Colorado State
Historical Society Photograph).
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FIGURE 7 View of Sable Street Bridge as debris collects
and threatens structure; Sand Creek Flood of

May 9, 1973 (Colorado State Historical Society
Photograph).



FIGURE 8

FIGURE 9

View of Toll Gate Creek near Morris
Heights Area; Toll Gate Creek Flood of
June 1965 (Colorado State Historical
Society Photograph).

Looking North at 8th and Hannibal; Granby
Diteh Flood of May 1973 (Colorado State
Historical Society Photograph).

11
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ENGINEERING METHODS

For the flooding sources studied by detailed methods in the
community, standard hydrologic and hydraulic study methods were
used to determine the flood hazard data required for this study.
Flood events of a magnitude which are expected to be equaled or
exceeded once on the average during any 10-, 50-, 100-, or 500-year
period (recurrence interval) have been selected as having special
significance for floodplain management and for flood insurance
rates. These events, commonly termed the 10-, 50-, 100-, and 500-
year floods, have a 10-, 2-, 1-, and 0.2-percent chance,
respectively, of being equaled or exceeded during any year.
Although the recurrence interval represents the long-term average
period between floods of a specific magnitude, rare floods could
occur at short intervals or even within the same year. The risk of
experiencing a rare flood increases when periods greater than 1
year are considered. For example, the risk of hdving a flood which
equals or exceeds the 100-year flood (l1-percent chance of annual
exceedence) in any S50-year period is approximately 40 percent (4 in
10), and 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 the peak
discharge-frequency relationships for floods of the selected
recurrence intervals for each stream studied by detailed
methods in the community.

The U.S. Army Corps of Engineers (COE), Omaha District,
provided the flood discharge characteristics of Sand Creek,
determined as part of a Flood Control District (Reference 18).
The hydrologic analysis of Sand Creek was based on the
development of a surface runoff model of the Sand Creek basin
using the runoff block of the Environmental Protection
Agency's Storm Water Management Program (Reference 19).

Toll Gate Creek drains approximately 40 square miles at its
confluence with Sand Creek and receives runoff from two major
tributaries. The first tributary, West Toll Gate Creek,
originates south of Quincy Dam, approximately three miles east
of Cherry Creek Reservoir. The second tributary, East Toll
Gate Creek, extends into Arapahoe County southeast of Buckley
Air National Guard Base. Runoff calculations for the 10-,
25-, and 100-year and Standard Project Floods were made by the
COE, Omaha District, for both major tributaries. The
intermediate regional or 100-year flood discharges, which were
computed by the COE, are given in the June 1973 Special Flood
Hazard Information Report for Upper Toll Gate Creek and
Tributaries (Reference 13). Discharges for the other

12



frequencies were obtained from the COE during the preparation
of the 1973 Special Flood Hazard Information Report.

The discharges developed in 1973 by the COE for East Toll Gate
Creek were used 1in this study. Due to the more recent
construction of Quincy Dam, the discharges developed by the
COE for Upper West Toll Gate Creek were reevaluated. The 500-
and 100-year flood hydrographs for West Toll Gate Creek,
obtained from the Omaha District office, were routed through
the Quincy Dam Spillway. By routing these hydrographs through
Quincy Dam the 100-year flood discharge is reduced from 4,840
cfs to 2,300 cfs; the 500-year discharge is reduced from 7,600
cfs to 5,300 cfs. Because of a perimeter channel around the
reservoir with a capacity of approximately 1,000 cfs, the 50-
year and 10-year flood discharges are not changed
significantly from those computed for the uncontrolled
condition.

Runoff predictions for the West Toll Gate Creek Tributary, the
Cherry Creek Spillway Drain and Unnamed Creek were made by the
COE and are represented in the 1973 Special Flood Hazard
Information Report (Reference 13). The 50- and 500-year
discharges were determined by extrapolating the data computed
for the 10-, 25-, and 100-year floods.

The discharges for Westerly Creek were taken from the Phase A
Report of the Westerly Creek Master Plan completed in January
1976, by Camp, Dresser & McKee, Inc., for the Denver Region
Urban Drainage and Flood Control District (Reference 14). The
Colorado Urban Hydrograph Procedure, as outlined in the Urban
Storm Drainage Criteria Manual (Reference 17), was used to
determine the peak discharges for the 2-, 10-, and 100-year
storms. The 50- and 500-year discharges were determined by
interpolating and extrapolating the data computed for the 2-,
10-, and 100-year floods.

The discharges for Sable and Granby Ditches were determined
utilizing the Colorado Urban Hydrograph Procedure, as outlined
in the Urban Storm Drainage Criteria Manual (Reference 17).
Peak discharges were determined for the 10- and 100-year
floods. The 50- and 500-year discharges were estimated by
assuming a straight line log probability relationship between
the 10- and 100-year floods.

Frequency-discharge drainage-area data for the above-mentioned
streams are shown in Table 1.

Discharges used for the approximate studies of Side Creek
Tributary, and Columbia Creek were taken from the drainage
area discharge relationship developed from the COE information
on East Toll Gate Creek.

13
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3.2

Hydraulic Analyses

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

Cross section data for Sand Creek were taken from topographic
maps at a scale of 1:1200 (Reduced to 1:6,000), with a contour
interval of 2 feet (Reference 20). Toll Gate Creek cross
sections were taken from 1:1,200 scale (reduced to 1:2,400),
2-foot <contour interval topographic maps, and were
supplemented with field cross sections (References 21 and 22).

The West Toll Gate Creek and East Toll Gate Creek cross
section data were taken from topographic maps at a scale of
1:1,200 (reduced to 1:2,400), with a contour interval of 2
feet (Reference 22), and were supplementea with field cross
sections in areas of new developement. The West Toll Gate
Tributary, Cherry Creek Spillway, and Unnamed Creek cross
section data were obtained by field survey. The cross section
data for Westerly Creek were taken from topographic maps at a
scale of 1:1,200 (reduced to 1:6,000), with a contour interval
of 2 feet (Reference 23). The cross section data for Sable
Ditch, Sable Ditch Overflow, and Granby Ditch were taken from
topographic maps at a scale of 1:2,400, with a contour
interval of 2 feet (Reference 24). All bridges and culverts
were field surveyed to obtain elevation data and structural
geometry. '

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).

Roughness coefficients (Manning's '"n") for all streams studied
were estimated by field inspection. Roughness values used for
the channels ranged from .025 to .050 and from .030 to .070
for the overbanks.

Water-surface profiles were developed using the HEC-2 Computer
Step~Backwater Model (Reference 25). Profiles were determined
for the 10-, 50-, 100-, and 500~year floods and are shown in
Exhibit 1.

The approximate studies for Columbia Creek, Side Creek, and
West Toll Gate Creek Tributary between Yale and Hampden were
developed using. normal depth calculations. This analysis
consisted of obtaining cross section data from U.S. Geological
Survey topographic maps, aerial topographic maps, and using
Manning's equation to develop elevation discharge curves.

The shallow flooding areas were determined using topographic
mapping and field reconnaissance (References 20-24, 26).
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Hydraulic analyses for portions of First Creek and Senac Creek
were performed using topographic maps at a scale of 1:2,400,
with a contour interval of 10 feet (Reference 27). Field
surveyed cross sections were used and normal-depth
calculations were performed in order to obtain top widths at
the selected cross sections.

A revised hydraulic analysis was performed for a reach of West
Toll Gate Creek between Chambers Road and a point
approximately 1,600 feet downstream (Reference 28). As a
result of the channel improvements along this reach, the 100-
year flood is contained within the channel. This improvement
was the basis for a Letter of Map Revision'issued on July 19,
1988.

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

All elevations are referenced to the National Geodetic
Vertical Datum of 1929 (NGVD). Elevation reference marks used
in this study and their descriptions are shown on the Flood
Insurance Rate Map.

4.0 FLOODPLAIN MANAGEMENT APPLICATION

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

4.1

Floodplain Boundaries

To provide a national standard without regional
discrimination, the l-percent annual chance (100-year) flood
has been adopted by FEMA as the base flood for floodplain
management purposes. The 0.2-percent annual chance (500-year)
flood is employed to indicate additional areas of flood risk
in the community. For each stream studied by detailed
methods, the 100- and 500-year floodplain boundaries have been
delineated using the flood elevations determined at each cross
section., Between <cross sections, the boundaries were
interpolated using topographic maps at a scale of 1:2 ,400,
with a contour interval of 2 feet (References 21 and 22).

The boundaries for Sand Creek and Westerly Creek were
interpolated using topographic maps at a scale of 1: 6,000,
with contour intervals of 2 feet (References 20, 23, and 24).
The floodplain boundaries for Cherry Creek Sp111way and
Unnamed Creek were interpolated by field survey spot
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4.2

elevations, and the use of topographic maps at a scale of
1:24,000 with a contour interval of 10 feet (Reference 23).
Planimetric features for Cherry Creek Spillway and Unnamed
Creek were obtained from the City of Aurora Quarter Section
Plat Book. Some areas of shallow flooding were interpolated
using topographic maps at a scale of 1:24,000, with contour
intervals of 10 feet (Reference 26).

The 100- and 500-year floodplain boundaries are shown on the
FIRM (Exhibit 2). 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 boundar; of areas of moderate
flood hazards. In cases where the 100- and 500-year
floodplain boundary are close together, only the 100-year
floodplain boundary has been shown. Small areas within the
floodplain boundaries may lie above the flood elevations but
cannot be shown due to limitations of the map scale and/or
lack of detailed topographic data.

For the streams studied by approximate methods, only the 100-
year floodplain boundary is shown on the FIRM (Exhibit 2).
The top widths were obtained from elevation-discharge curves
and were plotted at selected cross section locations and the
100-year floodplain boundaries were interpolated using
topographic maps (Reference 26). The approximate 100-year
floodplain boundary for First Creek was delineated from the
information contained in the Phase A report, Aurora Water and
Drainage of First Creek, (Reference 29).

Floodways

Encroachment on floodplains, such as structures and fill,
reduces flood-carrying capacity, increases flood heights and
velocities, and increases flood hazards in areas beyond the
encroachment. One aspect of floodplain management involves
balancing the economic gain from floodplain development
against the resulting increase in flood hazard. For purposes
of the NFIP, a floodway 1s 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 floodway fringe. The floodway 1is the
channel of a stream, plus any adjacent floodplain areas, that
must be kept free of encroachment so that the 100-year flood
can be carried without substantial increases in flood heights.
Minimum Federal standards limit such increases to 1.0 foot,
provided that hazardous velocities are not produced. The
floodways in this study are presented to local agencies as
minimum standards that can be adopted directly or that can be
used as a basis for additional floodway studies.
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The floodways presented in this table were computed for
certain stream segments on the basis of equal conveyance
reduction from each side of the floodplain. Floodway widths
were computed at cross sections. Between cross sections, the
floodway boundaries were interpolated. The results of the
floodway computations are tabulated at selected cross sections
(Table 2). In cases where the floodway and 100-year
floodplain boundaries are either close together or collinear,
only the floodway boundary has been shown.

The area between the floodway and 100-year floodplain
boundaries is termed the floodway fringe. The floodway fringe
encompasses the portion of the floodplain that could be
completely obstructed without increasing the water-surface
elevation of the 100-year flood more than 1.0 foot at any
point. Typical relationships between the floddway and the
floodway fringe and their significance to floodplain
development are shown in Figure 13.

{: 100-YEAR FLOODPLAIN -
- FLOODWAY > | - FLOODWAY  ———— ol fLOODWAY_
FRINGE FRINGE
STREAM
CHANNEL
FLOOD ELEVATION WHEN

CONFINED WITHIN FLOODWAY

ENCROACHMENT ENCROACHMENT

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

LINE AB IS THE FLOOD ELEVATION BEFORE ENCROACHMENT.
LINE CD IS THE FLOOD ELEVATION AFTER ENCROACHMENT.
“SURCHARGE 1S NOT TO EXCEED 1.0 FOOT (FIA REQUIREMENT) OR LESSER AMOUNT IF SPECIFIED BY STATE.

Figure 13. Floodway Schematic
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lPeet Above Mouth of Sand Creek
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lpeet Above Confluence With Coal Creek

2Floodway Not Shown Due to Scale L

imitations

FLOODWAY DATA

MURPHY CREEK

FEDERAL EMERGENCY MANAGEMENT AGENCY

CITY OF AURORA, CO
(ADAMS, ARAPAHOE, AND DOUGLAS COUNTIES)
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5.0 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 Flood
Insurance Study by approximate methods. Because detailed
hydraulic analyses are not performed for such areas, no base
flood elevations (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 Flood
Insurance Study 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.

6.0 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.
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7.0

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

OTHER STUDIES

Reports detailing the following portions of East Toll Gate Creek
and Wes: Toll Gate Creek were incorporated into this study:
Analysis of East Toll Gate Creek from Chambers Road to 1,300 feet
upstream and from South Buckley Road to 0.8 miles upstream were
performed by Merrick and Company Engineers and Architects, and
Greiner Engineering Sciences, Inc., respectively (References 1 and
2). The revised hydraulic analyses for West Toll Gate Creek frdm
Mississippi Avenue to approximately 800 feet upstream of Mexico
Avenue, and the portion of West Toll Gate Creek. from South Buckley
Road upstream to East Hampden Avenue were performed by the City of
Aurora Engineering Division (Reference 4 and 5). The analysis for
the portion of West Toll Gate Creek between East Hampden Avenue and
East Quincy Avenue was performed by Merrick and Company Engineers
and Architects (Reference 2). The hydrologic analyses for all the
revisions were originally performed by the COE and Gingery and
Associates.

The official Flood Plain Report on Sand Creek and Toll Gate Creek
is the Special Flood Hazard Information Report, Metropolitan
Region, Denver, Colorado, Volume II, Sand, Toll Gate, and Lower
Cherry Creeks, South Platte River Basin, COE, Omaha, Nebraska,
dated July 1971, which was designated by the Colorado Water
Conservation Board on March 8, 1972 (Reference 12). The COE, Omaha
District, is updating the Sand Creek Study under contract with the
Denver Region Urban Drainage and Flood Control District. The Flood
Hazard Area Delineation-Sand Creek Report was published in March
1977 (Reference 15). The information contained in this Flood
Insurance Study was taken directly from the new data developed by
the COE, Omaha district; the studies will be in complete agreement.

With the above-mentioned report for the lower portion of Toll Gate
Creek, the Colorado Water Conservation Board also designated the
Special Flood Hazard Information Report-Upper Toll Gate Creek and
Tributaries, Aurora, -Colorado, COE, Omaha, Nebraska, dated June
1973, as the official floodplain report for upper Toll Gate Creek,
West Toll Gate Creek, East Toll Gate Creek, Unnamed Creek, and
Cherry Creek Spillway Drain (Reference 13). The '100-year flood
elevations on East Toll Gate Creek are the same as those shown in
the COE report. The. 100-year flood elevations on Toll Gate Creek
and West Toll Gate Creek have changed due to the new discharges,
which reflect the effects of Quincy Dam. Unnamed Creek has changed
because of the new development. The Cherry Creek Spillway profile
has changed because several of the drop structures shown in the
1973 COE Report have been washed out due to erosion.
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9.0

The Denver Region Urban Drainage and Flood Control District has
published reports on Westerly Creek (Reference 14) and First Creek
(Reference 29), which were used in this study; the studies are 1in
complete agreement.

There is a Flood Hazard Area Determination Report for Sable and Granby
Ditches, published by the Urban Drainage and Flood Control District in
early 1977 (Reference 30). The report was completed in conjunction with
this Flood Insurance Study; therefore, the studies are in complete
agreement.

No published study information 1is available for the West Toll Gate
Tributary.

This report either supersedes or is compatible with all previous studies

published on streams studied in this report and should be considered
authoritative for purposes of the NFIP.

LOCATION OF DATA

Information concerning the pertinent data used in the preparation of
this study can be obtained by contacting the Mitigation Division, FEMA,
Federal Regional Center, 800 North Loop 288, Denton, Texas, 76201-3698.
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10.0 REVISION DESCRIPTIONS

This section has been added to provide information regarding significant
revisions made since the originel Flood Insurance Study was printed.
Future revisions may be made that do not result in the republishing of
the Flood Insurance Study report. To ensure that any user is aware of
all revisions, it is advisable to contact the community repository of
flood hazard data located at the Engineering Department for the City of
Aurora, 1470 South Havana Street, Aurora, Colorado 80012.

10.1 First Revision

This study was revised on September 30, 1992, to incorporate a
revigsed hydraulic analysis for Unnamed Creek, Letters of Map
Revision (LOMRs) issued for Toll Gate Creek, East Toll Gate Creek,
West Toll Gate Creek, West Toll Gate Creek Tributary, Cherry Creek
Spillway Drain, Westerly Creek, and Sand Creek, and to update the
corporate limits.

UNNAMED CREEK

The reach of Unnamed Creek from its confluence with West Toll Gate
Creek to the city's corporate limits was revised based on channel
improvements. The revised hydraulic analyses presented in a report
entitled '"Request for Flood Insurance Study Map Revision for
Unnamed Creek,'" dated March 1989, were prepared by Kirkham, Michael
and Associates (KMA). The U.S. Army Corps of Engineers (COE) HEC-2
computer model was utilized to develop the revised hydraulic
analyses.

This revision included changes to the base flood elevations (BFEs),
100- and 500-year flood boundaries and floodway delineations.
Floodway and flood boundaries were delineated using topographic
maps prepared by KMA, dated November 16, 1988, at a scale of 1:100
and contour interval of 2 feet.

The Floodway Data Table and Flood Profile Panels 30P and 31P for
Unnamed Creek have been revised as a result of this analysis.

WEST TOLL GATE CREEK, WEST TOLL GATE TRIBUTARY, CHERRY CREEK
SPILLWAY DRAIN

The LOMR issued on November 22, 1989, reflects a channel
modification project for West Toll Gate Creek, West Toll Gate
Tributary, and Cherry Creek Spillway Drain, in the vicinity of
Horseshoe Park on Flood Insurance Rate Map Panel 0085. The
hydraulic analyses were developed by Greenhorne and O'Mara (G&0)
utilizing the COE HEC-2 computer model submitted in a report
entitled "West Toll Gate Creek (Mexico to Buckley), West Toll Gate
Tributary (West Toll Gate Creek to Iliff), Cherry Creek Spillway
(West Toll Gate Creek to Iliff), Request for Letter of Map
Revisions," dated August 1988, and revised March 1989.
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The 100- and 500-year floodplain and 100-year floodway boundary
delineations, the Floodway Data Table, and Flood Profile Panels
01P, 02P, and 21P through 26P have been revised for the area
bounded by East Mexico Avenue, East Iliff Avenue, Chambers Road and
Buckley Road to reflect this modification.

SAND CREEK

The LOMR issued on July 9, 1990, to reflect channel improvements
for an area along Sand Creek from its confluence with Toll Gate
Creek to approximately 0.5 mile upstream of Chamber Road in the
vicinity of Four Star Park, is shown on Flood Insurance Rate Map
Panel 0020. The channel improvement project also includes the
constructicn of a floodwall and berm for this reach of Sand Creek.
The revised hydraulic analyses were performed by G&0 using the COE
HEC-2 computer model.  Flood boundaries were delineated using
topographic maps entitled ™"Construction Drawings For Sand Creek
Channel Improvements Phase I, Flood Plain Data," prepared by GO,
dated February 1989, at a scale of 1:50 and contour interval of
1 foot.

In addition, the Special Flood Hazard Area (SFHA) in the vicinity
of Baranmor Parkway downstream to Sand Creek, designated as Zone 4,
is the result of residual flooding in the area located north of
Sand Creek. Residual flooding from the vicinity of Tucson Street
downstream to Sand Creek is the result of local drainage in the
vicinity of Sable Boulevard, which flows into an open channel along
32nd Avenue and Baranmor Parkway, and drainage in the vicinity of
the Union Pacific Railroad, which is collected by a storm sewer
system. No new hydrologic and hydraulic analyses were developed as
part of this request to revise the SFHA. Therefore, the SFHA
boundaries were not modified, but the BFEs have been removed until
new analyses can be developed for this area.

The 100- and 500-year floodplain and 100-year floodway boundary
delineations, the Floodway Data Table, and Flood Profile Panels 13P
and 14P have been revised to reflect this revision.

TOLL_GATE CREEK

The LOMRs issued on January 10, 1991, and March 4, 1991, to reflect
channel modifications for an area of Toll Gate Creek from its
confluence with Sand Creek to a point 3,300 feet upstream of East
Sixth Avenue, a reach of approximately 17,000 feet, are shown on
Flood Insurance Rate Map Panels 0020 and 0110. The March 4 LOMR
was issued to remove a small area from the 100-year floodplain
which was inadvertently shown on the attachment for Flood Insurance
Rate Map Panel 0020 of the January 10 LOMR. The small area,
located south of 28th Avenue and west of Interstate 225, was
removed on the attachment for the March 4 LOMR, which superseded
the January 10 LOMR.

The following submitted data are the basis for the LOMRs: a report
entitled "Tollgate Creek (Sand Creek to 6th Avenue), Request For
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Letter of Map Revision for Aurora, Colorado," dated February 1990,
prepared by the City of Aurora Engineering Division; Sheets 1
through 7 of 7 work maps entitled 'Toll Gate Creek Floodplain
Revision," revised October 23, 1990, prepared by the City of Aurora
Engineering Division; and Sheets 1 through 3 of 3 work maps
entitled "Toll Gate Creek, 500-Year Boundary Map," dated March 1,
1990, prepared by the City of Aurora Engineering Division.

As a result of the modifications to Toll Gate Creek, Flood Profile
Panels 17P through 19P and the Floodway Data Table for Toll Gate
Creek have been revised.

EAST TOLLGATE CREEK

The basis for this revision is a channelization project including
construction of a series of four ponds, which are part of the
Center Hills Golf Course, from Buckley Road to. approximately 0.5
miles downstream along East Toll Gate Creek. The revised hydraulic
analysis was completed in August 1991, by Merrick and Company (MC),
using the COE HEC-2 computer model.

The revised hydraulic data resulted in changes to the BFEs. The
channel contains the 100-year recurrence interval flood, and the
floodway is coincident with the 100-year floodplain throughout the
above-mentioned reach. Flood boundaries were delineated using
topographic maps prepared by MC, dated January 27, 1987, at a scale
of 1" = 50' and a contour interval of 1 foot.

The Floodway Data Table and Flood Profile Panels 27P through 29P
for East Toll Gate Creek have been revised as a result of this
analysis.,

WESTERLY CREEK

The basis for this revision is revised hydrologic and hydraulic
analyses for a reach of Westerly Creek from approximately 7,400
feet upstream of mouth to Kelly Road Dam. The revised hydrologic
analysis is the result of the construction of Westerly Creek Dam,
by the COE and the hydraulic analysis reflect channel improvements.
The revised hydraulic analysis was completed by Love and
Associates, Inc. (LA), using the COE HEC-2 computer model. PFlood
boundaries were delineated using topographic maps prepared by LA
and Merrick and Company, dated January 1991, at a scale of 1" =
100' and a contour interval of 2 feet.

The Floodway Data Table, Summary of Discharge Table, and Profile
Panels 32P through 34P have been revised as a result of this
revision. :

In addition, this revision includes portions of approximate and
detailed flooding previously shown on the effective Flood Insurance
Rate Map for Adams County and Arapahoe County. This flooding has
been added due to annexations by the City of Aurora. As a result
of these new corporate limits, detailed flooding information for
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Box Elder Creek, Cherry Creek, Coal Creek, First Creek, Murphy
Creek, and Piney Creek, and approximate flooding information for
Box Elder Creek and Sampson Gulch are now shown on the Flood
Insurance Rate Map for the City of Aurora. The City of Aurora also
annexed areas from Douglas County, but no flooding information from
this county was added to the Flood Insurance Rate Map.

For portions of Piney Creek, Murphy Creek, and Cherry Creek, the
synthetic hydrograph method was used to determine the potential
flood magnitudes. The developed hydrographs reflect the effects of
precipitation, ground cover, slope, drainage area, and other
physical characteristics of the drainage basins. Flood magnitudes
for the selected frequencies in the upper reaches of Piney Creek,
Coal Creek, and Box Elder Creek were computed using the U.S.
Geological Survey regional analysis outlined in Water Supply Paper
1680 (Reference 31).

Rainfall data for the synthetic hydrologic analyses were taken from
the Urban Storm Drainage Criteria Manual (Reference 32), prepared
by the Urban Drainage and Flood Control District (UDFCD).
Synthetic hydrograph procedures used in the study included the
Colorado Urban Hydrograph Procedure, outlined in the UDFCD Manual
(Reference 32) and COE HEC~1 PFlood Hydrograph Package
(Reference 33).

Water-surface elevations for floods of the selected recurrence
intervals were computed through the use of the COE HEC-2 step-
backwater computer program for Piney Creek, Murphy Creek, Coal
Creek, and Box Elder Creek. Hydraulic analyses for portions of
First Creek, Piney Creek, and Murphy Creek were taken from
published UDFCD reports (References 34, 35, and 36). In addition,
hydraulic analyses for portions of Sampson Gulch were performed
using topographic maps at a scale of 1:24,000 with contour interval
of 10 feet (Reference 27). Field-surveyed cross sections were used
and normal-depth calculations were performed to obtain topwidths at
the selected cross sections.

As a result of extensive updated corporate limits changes, the
layout of the Flood Insurance Rate Map was changed. The
information shown on previous Flood Insurance Rate Map Panel 0055,
0060, 0065, 0070, 0080, 0085, 0090, and 0100 are now shown on
Panels 0080, 0085, 0090, 0095, 0105, 0110, 0115, and 0125,
respectively. Only Flood Insurance Rate Map Panel 0020 remained
the same, and Flood Insurance Rate Map Panels 0040, 0045, and 0130
are newly created panels.
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10.2 Second Revision

The mapping for this revision has been prepared as part of the
countywide update for Arapahoe County wusing digital data.
Previously published Flood Insurance Rate Map data produced
manually have been converted to vector digital data by a digitizing
process. These vector data were fit to raster digital images of
the USGS quadrangle maps of the county area to provide horizontal
positioning.

Road, highway names, and centerline data have been obtained from
the City of Aurora, Department of Public Works, Geographic
Information System. The centerlines were modified to the
positional accuracy of the USGS quadrangle, and the roads,
highways, and street names were modified from the Flood Insurance
Rate Map panels. The adjusted centerline data were then computer
plotted with the digitized floodplain data to produce the Flood
Insurance Rate Map panels.

The Flood Insurance Rate Map panel layout has been adjusted to
match that of the USGS quadrangle maps, and numbering has been
revised to match that used for the Arapahoe County layout.

This revision also included the results of the LOMR issued on March
21, 1994, for the City of Aurora, to show the effects of channel
improvements and the construction of two 9-foot by 6-foot
reinforced concrete box culverts under Sable Boulevard, along Sable
Ditch. As a result, the BFEs and floodplain and floodway
boundaries were revised along Sable Ditch from approximately 570
feet downstream of Sable Boulevard to approximately 360 feet
upstream of Sable Boulevard. Flood Profile Panels 09P and 10P and
the Floodway Data Table for Sable Ditch were also revised.
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Third Revision

This study was revised on September 7, 1998, to incorporate a LOMR
dated April 16, 1996, for Westerly Creek. The LOMR was based on
more detailed hydrologic and hydraulic analyses that reflected the
effects of the Westerly Creek Dam and channel improvements along
Westerly Creek. The revised analyses were performed by Merrick &
Company and affect the reach of Westerly Creek from just upstream of
the Kelly Road Dam to Havana Street, which is in the area that was
formerly Lowry Air Force Base. This reach was previously studied by
approximate methods and designated Zone A on the Flood Insurance
Rate Map. The reach of Westerly Creek from just upstream of the
Kelly Road Dam to approximately 1,350 feet downstream of Havana
Street lies outside the corporate limits of the City of Aurora,
within the City and County of Denver, Colorado.

The revised hydrologic analysis was perfecrmed using the Colorado
Urban Hydrograph Procedure (Reference 32). The Environmental
Protection Agency Storm Water Management Model (Reference 19) was
used for hydrograph routing.

The revised hydraulic analyses were performed using the U.S. Army
Corps of Engineers HEC-2 computer program (Reference 25). Revised
cross-section data and the effects of the Westerly Creek Dam were
incorporated into the hydraulic model. The results of the hydraulic
model indicate that flow splits from the main channel of Westerly
Creek downstream of Havana Street. This split flow, designated as
Westerly Creek Overflow, rejoins Westerly Creek just upstream of the
Westerly Creek Dam.

Floodplain boundaries were delineated using topographic maps at a
scale of 1:3,600, with a contour interval of 2 feet (Reference 37).

This revision is shown on Flood Insurance Rate Map Panel 0180.
Table 1, "Summary of Discharges," Table 2, "Floodway Data," and
Profile Panel 35P have been revised and Profile Panels 35P(a) and
68P have been added to reflect the results of the revised hydrologic
and hydraulic analyses.
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STREAM DISTANCE IN THOUSANDS OF FEET ABOVE CONFLUENCE WITHCHERRY CREEK
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ELEVATION IN FEET (NGVD)
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STREAM DISTANCE IN FEET AFOVE CONFLUENCE WITH WESTERLY CREEK

FLOOD PROFILES
WESTERLY CREEK OVERFLOW

CITY OF AURORA, CO

FEDERAL EMERGENCY MANAGEMENT AGENCY
(ADAMS, DOUGLAS, AND ARAPAHOE COS.)

68P




	INTRODUCTION
	AREA STUDIED
	ENGINEERING METHODS
	FLOODPLAIN MANAGEMENT APPLICATION
	INSURANCE APPLICATION
	FLOOD INSURANCE RATE MAP
	OTHER STUDIES
	LOCATION OF DATA
	BIBLIOGRAPHY AND REFERENCES
	REVISION DESCRIPTIONS

