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1.0

FLOOD INSURANCE STUDY
CLARK COUNTY, NEVADA AND INCORPORATED AREAS

INTRODUCTION

1.1

1.2

1.3

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 Clark County, including the Cities of
Boulder City, Henderson, Las Vegas, Mesquite, and North Las Vegas, and the
unincorporated areas of Clark County (referred to collectively herein as Clark County) and
aids in the administration of the National Flood Insurance Act of 1968 and the Flood
Disaster Protection Act of 1973.

The 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 management. Minimum floodplain management requirements for
participation in the National Flood Insurance Program (NFIP) are set forth in the Code of
Federal Regulations at 44 CFR, 60.3. This information will be used 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 sources of authority for this FIS are the National Flood Insurance Act of 1968 and the
Flood Disaster Protection Act of 1973.

The hydrologic and hydraulic analyses for the FISs for the communities listed in Section 1.1
were performed under contract to the Federal Emergency Management Agency (FEMA).
Additional information on the study contractors for each study is provided in Table 1.

Coordination

The following were contacted for information pertinent to the individual FISs: U.S. Soil
Conservation Service (SCS); Clark County Department of Comprehensive Planning;
U.S. Army Corps of Engineers (COE); State of Nevada Division of Emergency
Management; U.S. Geological Survey (USGS); the U.S. Bureau of Reclamation (USBR);
and The Boulder City News.




Table 1. Flood Insurance Study Contractors

Contract or

Community Name Study Contractor Interagency Agreement No. Completion Date
Boulder City, City of Soil Conservation Service IAA-H-8-77 November 1978
Project Order No. 1
Clark County James M. Montgomery EMW-83-C-1197 August 1986
(Unincorporated Areas) PRC Engineering EMW-83-C-1193 March 1986
Henderson, City of Soil Conservation Service IAA-H-8-77 November 1978

Project Order No. |
Amendment 9

Las Vegas, City of Soil Conservation Service IAA-H-8-77 November 1978
Mesquite, City of James M. Montgomery EMW-83-C-1197 May 1986
North Las Vegas, City of Soil Conservation Service IAA-H-8-77 November 1978
Project Order No. 1 November 1982
1

James M. Montgomery --

"Performed for the City of North Las Vegas



During the preparations of the initial FISs for the individual communities, FEMA
representatives held coordination meetings with community officials, representatives of the
study contractor for each study, and other interested agencies and citizens. The meetings,
referred to as the initial, intermediate, and final community coordination meetings, were held
at specified intervals during the preparation of the studies. The comments and issues raised at
those meetings were addressed in the FIS for each community. The dates that the meeting
were held for each community are provided in Table 2.

2.0 AREA STUDIED

2.1

Scope of Study

This FIS covers the geographic area of Clark County, Nevada, including the incorporated
areas of the Cities of Las Vegas, North Las Vegas, Henderson, Boulder City, and Mesquite.

For the purposes of this study, the unincorporated areas of Clark County were divided into
three separate study areas: the Moapa Valley, the Laughlin Area, and the Las Vegas Valley.

The Moapa Valley includes the floodplains of the Muddy River and the major washes
draining to it from the west. Streams studied by detailed methods are: the Muddy River,
from the Fish and Game diversion structure to the Wells Siding diversion structure, and from
a point approximately 19,200 feet upstream of the Wells Siding diversion structure to a point
approximately 15,500 feet upstream of Interstate Highway 15; Overton Wash, from a point
approximately 3,900 feet above its mouth for a reach of approximately 12,600 feet; and the
West Branch Muddy River, from its convergence to its divergence from the main branch of
the Muddy River, a reach of about 7,000 feet. A portion of the Muddy River between River
Miles 8.1 and 11.7 was analyzed using approximate methods.

The Laughlin Area includes detailed riverine analyses along the Colorado River and detailed
alluvial fan analyses along Bridge Canyon Wash, Dripping Springs Wash, Hiko Springs
Wash, and the Southwest Unnamed Wash.

The Las Vegas Valley area incorporates approximate alluvial fan analyses along Blue
Diamond Wash, Flamingo Wash, and Red Rock Wash.

In addition, approximate alluvial fan analysis was performed along Peak Springs Canyon
Wash in the Pahrump Valley area of Clark County.

The streams or portions of streams, studied by detailed methods in the incorporated
communities include the following: Hemenway Wash studied from the mouth upstream to
Lakeview Drive extended; Georgia Avenue Wash studied from the corporate limits to the
north end of Sierra Vista Place; approximately 1 mile of the upstream end of Wash C, which
flows from near the intersection of Utah Street and Adams Boulevard to the corporate limits
of Boulder City; Wash D, which crosses U.S. Highway 93 1.3 miles west of the junction
with Nevada Highway studied from U.S. Highway 93 downstream



Table 2. Community Coordination Officer (CCO) Meetings

Initial CCO Meeting or
Community Name Coordination Meetings Intermediate CCO Meeting Final CCO Meeting
Boulder City, City of June 1975 July 20, 1978 October 7, 1980
Clark County April 14, 1983 -- --
(Unincorporated Areas)
Henderson, City of June 1975 January 8, 1976 October 7, 1980
Las Vegas, City of January 1976 July 19, 1978 June 13, 1979
: July 1977

April 1978
Mesquite, City of April 14, 1983 -- July 17, 1986
North Las Vegas, City of January 1976 July 19, 1978 June 12, 1979

July 1977

December 1977
April 1978



2.2

0.4 mile; Wash B, which parallels U.S. Highway 93 (Business); Las Vegas Wash from Nellis
Boulevard extending northward to Owens Avenue and from approximately 200 feet
downstream of Lake Mead Boulevard to Las Vegas Wash northwesterly from its confluence
with Las Vegas Wash to approximately 1,000 feet south of Lone Mountain Road; Union
Pacific Overflow from its confluence with Unnamed Tributary of Las Vegas Wash to its
confluence with Las Vegas Wash; Las Vegas Creek from its confluence with Las Vegas
Wash to Las Vegas Boulevard North, a distance of 3.4 miles; Pulsipher Wash from the edge
of the Virgin River floodplain and ending just above Interstate 15; and alluvial fan flooding
within the City of Henderson.

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

The streams, or portions of streams studied by approximate methods include the
following: Abbott Wash, Town Wash; Wash C; and Wash D.

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

Community Description

Clark County is located in southern Nevada and is bordered to the west by Nye County,
Nevada, to the north by Lincoln County, Nevada, to the east by the Colorado River and
Mohave County, Arizona, and to the south by San Bernardino County and Inyo County,
California. The Cities of Las Vegas, North Las Vegas, Boulder City, Mesquite, and
Henderson are the major incorporated population centers.

Boulder City is located in southern Clark County. It is 5 miles from Lake Mead and
23 miles southeast of Las Vegas. Situated on the drainage divide between the Colorado
River and the Eldorado Valley, the elevations within the corporate limits range from
2,000 feet in the Hemenway Wash and Eldorado Valley areas to more than 3,600 feet in the
River Mountains, located in the northwest portion of the city. The city encompasses
approximately 32 square miles.

The largest wash in Boulder City is Hemenway Wash, located in the northern portion of the
city. At the corporate limits, this wash has a drainage area of approximately 4.1 square
miles. The Georgia Avenue Wash in the southern portion of the city has a drainage area of
approximately 1.9 square miles at the corporate limits. There are a number of washes with
drainage areas of approximately 1.0 square mile or less, and alluvial fan areas with
distributary drainage patterns.

Boulder City was founded in 1931, during the construction of the Hoover Dam. It served as
aresidence for those involved in the construction of the dam. The community was designed
to house as many as 2,500 workers. Boulder City became incorporated in 1960 when the
USBR deeded the area to self-government.



The city of Henderson is located in central Clark County. It is near the center of a broad
desert valley surrounded by mountains ranging from 2,000 to 10,000 feet above the valley.
Las Vegas is approximately 10 miles north of Henderson. The total land area within the city
is approximately 64 square miles. Henderson is situated in the Las Vegas Valley drainage
basin at the northern end of the McCullough Mountain range.

The City of Las Vegas is located in central Clark County, and occupies the central part of a
broad, open desert basin. Las Vegas is bounded by the City of North Las Vegas on the north
and Clark County on the east, west, and south.

The corporate limits encompass an area of approximately 33 square miles, of which
approximately 95 percent is developed. The development consists of single-family
residences, some multiple-family residence complexes, small business, and large
casino-hotel facilities in the downtown area.

Las Vegas Wash originates in the mountains, approximately 28 miles north of the City of
Las Vegas, and continues southeastward for approximately 42 miles, where it terminates at
Lake Mead. The drainage basin is bounded by the Spring Mountains on the west; by parts of
the Desert, Sheep, and Las Vegas Ranges on the north; by the Frenchman and River
Mountains and a low range of hills on the east; and by the Spring Mountains and the Bird
Spring and McCullough Ranges on the south.

The drainage area of Las Vegas Creek is bounded on the west by La Madre Mountain, which
has an elevation of approximately 7,000 feet. Three miles east of this boundary, the drainage
area consists of a well-defined alluvial fan that continues eastward to Interstate 15 in
downtown Las Vegas. Flows on this fan are often the result of intense short-duration
thunderstorms. The flow pattern on the fans is complex, and areas of concentrated flow can
shift often. Urban development of this fan is changing its runoff potential and flow paths.

Las Vegas Creek flows from west to east between the traffic lanes of Washington Avenue.
At the confluence with Las Vegas Wash, the combined drainage area is over 800 square
miles.

The City of Mesquite, incorporated in March 1984, is located in the northeastern corner of
Clark County. It lies immediately north of the Virgin River approximately 80 miles
northeast of the City of Las Vegas. Mesquite has an area of approximately 11.3 square
miles.

Mesquite is situated at an elevation of approximately 1,600 feet. There are three distinct
topographic regions within the city. The northernmost region is composed of steep, barren
foothills from which many dry washes originate and flow southerly into the city. The central
region is a broad, flat plain between the foothills and the Virgin River. This is part of the
historical Virgin River floodplain, and has gently sloping topography to the south and west.
This central region supports essentially all of the existing Virgin River channel and
floodplain, and must be kept free of development.



The City of North Las Vegas is located in central Clark County, and occupies the central part
of a broad, open desert basin. North Las Vegas is bounded by the City of Las Vegas on the
south and west and Clark County on the east and north. Henderson and Boulder City are
approximately 15 miles and 25 miles, respectively, southeast from North Las Vegas.
Interstate 15 passes through the city. Boulder Dam is approximately 32 miles southeast of
North Las Vegas. The corporate limits encompass an area of approximately 22.75 square
miles.

Las Vegas Wash originates in the Desert and Sheep Mountain ranges located north of the
City of North Las Vegas. An alluvial apron formed by numerous coalesced alluvial fans
skirts the mountains and is located within the northern portion of the city. The southern
portion of the city is dissected by many small channels, which do not have the capacity to
contain the larger, more infrequent storms that occur.

Las Vegas Wash runs through the eastern portion of North Las Vegas and continues
southeastward until it terminates at Lake Mead on the Colorado River. Unnamed Tributary
to Las Vegas Wash joins it from the west at Las Vegas Boulevard. Here Las Vegas Wash
has a drainage area of 880 square miles and a channel length of 38 miles from its headwaters.

Population growth has been rapid in Clark County over the past 60 years, increasing from
less than 5,000 in 1920 to over 598,300 in 1986. Half of the total county population is
located within the unincorporated areas of the county. The population of Clark County is
concentrated in the Las Vegas Valley; 96 percent of the total county population, or 574,335,
are located in the valley. Ofthose, over 288,500 are within the unincorporated portion of the
valley (Reference 1).

In addition to the permanent population, a significant visitor population is present in the Las
Vegas Valley throughout the year. The visitor population is generated principally by the
entertainment, gaming, and recreational opportunities of the area. Legalized gambling has
been the prime element in the economic development. Mining and agriculture have become
secondary industries.

Typical soil types of the Las Vegas Valley include the Delnorte-Nickel family, the
Bodlard-Bracken-McCarran association, and the Nickel-Arizo-Delnorte family. The
Bodlard-Bracken-McCarran association consists of a gravely fine sandy loam and fine sandy
loam with slopes of 0 to 8 percent. The two other soil types are gravelly loams to very
gravelly sandy loams formed on alluvial fans from mixed rock sources, with slopes of 2 to
15 percent.

The weather in the county is arid, characterized by sparse rainfall, low humidity, and wide
extremes in daily temperatures. The average annual precipitation is approximately
3.95 inches. The average annual temperature is about 66°F with average daily maximums in
the high 70s and average daily minimums in the mid-50s. Daily maximum temperatures in
summer usually exceed 100°F (Reference 2).



Winter storms in the area are regional in nature. These storms are associated with broad low-
pressure systems that develop over the Pacific Ocean and move easterly. Precipitation from
these storms is generally widespread and is intense only on rare occasions. Summer storms,
however, occur as localized thunderstorms and can be intense. These local convective
storms are associated with moisture from the gulf of California and the southern Pacific
Ocean that moves northeasterly. Floods occurring in the area in and around Clark County
are generally associated with precipitation from summer convective thunderstorms
originating in the mountains, occurring mainly during the hotter months (July through
September) (References 3 and 4).

Due to the arid nature of the desert in which Clark County is located, the area is dry except
during and shortly after a storm. When a major storm does move into the area, water collects
rapidly as surface runoff and concentrates in a short period of time. Consequently, resultant
floodflows are of the flash flood type, having sharp peaks and short durations.

Natural vegetation in the area around Clark County is typical of the Mojave Basin desert
region and includes creosote brush, a variety of yuccas, mesquite, and sagebrush. Soils are
coarse and rocky in the foothill areas, producing rapid runoff. Soils on the plain are more
porous, particularly where modified by agricultural activity.

The topography of Clark County is characterized by north-south-trending mountain ranges
eroding laterally to vast desert valleys. The ranges rise to elevations as high as 11,918 feet
(Mt. Charleston, Spring Mountain Range). Other range crests are between 9,000 and
6,000 feet. Wide alluvial fans or aprons extend from the base of the mountains. The alluvial
fans gently level out of the basin lowlands, where sediments from the gullies and washes
draining the aprons are deposited. The basin lowlands have been continually filling with
sediment since the mountains were formed. Sediment deposition is attributed to the reduced
runoff velocities and associated low scouring in the valley bottom areas. Storm drainage
channels in the lowlands are poorly defined, and most storm runoff occurs as sheetflow,
which is concentrated ultimately in major wash areas with high speed and intensity.

The Moapa Valley is 50 miles northeast of Las Vegas. Meadow Valley Wash is a major
tributary of the Muddy River entering from north. The Muddy River flows southeasterly
into Lake Mead, southeast of the Town of Overton.

In the Lower Moapa Valley, the irrigated land is intensively farmed, and the prime crops are
vegetables, other cash crops, and forage crops, which are fed to dairy cattle and horses. More
recent irrigation development has occurred in the Upper Moapa Valley. The Moapa Indian
Reservation covers a large portion of the irrigated land in this area. In the Meadow Valley
Wash area, there is minimal agriculture development, but residential development has begun
west of Glendale.

The nonirrigated areas have either phreatophytic tree and shrub cover or grass and desert
brush. The vegetation of the surrounding watershed is very sparse desert brush.

Alluvium is the dominant valley-fill material in the Moapa Valley and Mesquite-Bunkerville
area. It is generally very thick and consists of gravel, sand, silt, and clay of sedimentary
origin. The soils in the area are generally fine to moderately coarse textured in the valley
bottom, and moderately coarse or coarse textured and gravelly on the upper terraces.
Colors are usually pale or light brown. There is little organic matter or nitrogen in the native
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soil. Deposits of gypsum and other salts originating from the Muddy Creek Formation are
found in parts of the valley.

The Laughlin Area is located 70 miles south and slightly east of the City of Las Vegas. The
development consists of a coal-fired power plant and a small casino-resort complex located
on the west bank of the Colorado River.

Soils in the Laughlin area consist of: Carrizo-Gunsight, a sloping sandy loam surface; rock
outcrop Gachado, a very cobbly fine sandy loam surface; Gunsight-Carrizo-Ajo, a sandy
gravelly loam; and Gilman-McClellan-Coachella, loam and loamy fine sand.

Principal Flood Problems

The typical flood-producing storm causing flooding problems in Clark County are associated
with summer thunderstorms of short duration and high intensity which result in significant
runoffrates. These storms result from topical depressions that approach Clark County from
the south or southeast. Summer or winter general storms of longer duration and lower
intensity have not contributed to significant discharges in the past.

Severe storms have occurred in the Clark County area in the past decade. There are only
three first-order rain gages in Southern Nevada (at Las Vegas Airport, Boulder City, and
Searchlight). Thus, much of the information regarding historical storms comes from other
scattered gages and eyewitness accounts.

Newspaper accounts of flood damage in and around Boulder City date back to July 11,1932,
when a large storm extending from Indian Springs on the west to Boulder City on the east
caused damage to the Boulder Dam Highway. Other flood damage in Boulder City occurred
on September 24, 1935; March 3, 1938, June 29, 1938; September 7, 1939; July 27, 1952;
and, October 27, 1974. The heaviest rainfall recorded at Boulder City since a weather station
was established there in 1931 occurred on September 11, 1976. The rainfall recorded for the
day was 2.62 inches, which reportedly occurred within a 3-hour time span. The amount of
precipitation which occurred from this storm exceeded that which would be expected once in
100 years.

There have been a number of major floods in Henderson. In September 1952, a storm
blackened Henderson; power poles were downed and rains were torrential. In June 1954,
homes on the north side of Henderson were ravaged by high waters. Several homeowners
were forced to knock out walls to allow mud and water to pass through. In July 1974, severe
flooding forced Henderson Police to close Sunset Road due to flooding (Reference 7).
Conclusions drawn from limited data are that these three floods were smaller than the 10-
year recurrence interval flood. The July 1974 flood was the most recent as well as the most
severe flood of record.

A flood occurred in Henderson on July 24, 1955, resulting from an intense storm centered
over Henderson. The greatest amount of rainfall observed was 1.75 inches approximately
8 miles southeast of the city along U.S. Highway 95. Rainfall measurements in other parts of
Henderson ranged from 0.6 inch to 1.5 inches. Floodwater swept down on Henderson,
swamping hundreds of homes and stopping traffic. The recurrence interval for this flood is
estimated to be 25 years.

The largest recorded flow on Las Vegas Creek in the City of Las Vegas occurred on July 3-4,



1975, when a flow of 1,000 cubic feet per second (cfs) was measured at a point above F
Street (Reference 8). The return period for this event is 28 years. This flood resulted from
an average of 1.75 inches of rain. The next largest floods occurred in 1955; when on
June 13, 700 cfs, and on July 24, 600 cfs, were measured at a point located 300 feet
downstream of the intersection of the Tonopah Highway (U.S. Highway 95) and Las Vegas
Creek (References 9 and 10). These flows have return periods of 12 and 8 years,
respectively. An additional 6,000 cfs were measured on the west side of the Union Pacific
Railroad, approximately 200 feet north of San Francisco Street, on June 13, 1955. The
Charleston Boulevard and Bonanza Road underpasses at the Union Pacific Railroad in the
City of Las Vegas have been inundated many times in the past.

The largest recorded flood that occurred on Las Vegas Wash happened on July 3, 1976,
when 12,000 cfs was measured at the USGS gaging station located upstream of Las Vegas
Boulevard north of Las Vegas. The next measured events occurred on May 31, 1973, and
September 25, 1967, when flows measured 1,640 cfs and 1,170 cfs, respectively. These
three floods have return periods of 111, 5, and 4 years, respectively (References 11 and 12).

Principal flood problems in the City of Mesquite are associated with a series of washes that
originate in the mountains to the north of the city and flow southerly to the Virgin River. The
three washes of major concern are Pulsipher, Abbot, and Town. Flows from these washes
concentrate at the mouths, then spread out across the broad area between the foothills and the
Virgin River. The channels for the washes have a limited capacity, and are only capable of
containing approximately a 10-year floodflow. In addition, the channels are unlined, and are
susceptible to erosion and sediment deposition problems, particularly at bridge and
unimproved road crossings.

Recent major flood events have occurred in August 1981 and July 1984. The 1984 flood
reportedly caused flow to overtop Mesquite Boulevard on Abbott Wash by approximately
0.5 foot, and led to extensive erosion and sediment deposition throughout all of the channels.
Local residents claimed that the worst flood event on Town Wash in the past 40 years
caused water to overtop Mesquite Boulevard by approximately 1.0 foot. There are no
available estimates of flow rates or frequencies for any past flood on any of the three dry
washes.

The Virgin River causes frequent flooding problems in the Mesquite area. The largest peak
flow of record at the gage at Bunkerville bridge (downstream of the confluence of Abbott
Wash) was 35,200 cfs on December 6, 1966 (Reference 12). This flow has an estimated
return period of 98 years. Damage from flooding of this nature generally consists of erosion,
sedimentation, inundation of crop land, and road and bridge washouts. Vegetation in the
floodplain (natural and agricultural) becomes uprooted and obstructs downstream bridges.

10



Most severe flood events on Las Vegas Wash result from intense, short-duration
thunderstorms. One of the largest recorded floods on Las Vegas Wash in North Las Vegas
was 12,010 cfs on July 3, 1975. The next largest measured event occurred on May 31,1973,
and September 25, 1967, when 1,640 cfs and 1,170 cfs, respectively, were measured. These
three floods have return periods of approximately 150, 4, and 3 years, respectively.

Recent major flood events have occurred in August 1981, August 1983, and July 1984. The
1981 event was the result of a severe thunderstorm which occurred on August 10, 1981,
moving from north to south across southeastern Nevada. Heaviest rainfall was reported over
the Moapa Valley (Reference 5), with at least one inch of rain falling over approximately
10,000 square miles. In the area of greatest intensity, 6.5 inches of rain was estimated to fall
in less than one hour.

On August 10, 1983, an intense flash-flood thunderstorm occurred over the upper portion of
Flamingo Wash (Reference 13), moving from south to north and causing flooding in the Las
Vegas Valley area of Clark County. The storms produced at least one inch of rain over 100
to 150 square miles. The maximum total storm depth was estimated to be 4 inches occurring
over a 3-hour period.

A series of thunderstorms swept through southern Nevada in July and August 1984 and
caused flooding in the Las Vegas Valley, the Moapa Valley, and the City of Boulder City.
The total storm depth at the City of Boulder City was 3.25 inches in a 2.5-hour period
(Reference 3).

Most of the stream channels located on debris cones or alluvial fans are inadequate to pass
even minor floods, and flows rarely spread out evenly over the surface of an alluvial fan.
Typically, flow is concentrated in a temporary channel or confined to a portion of the fan
surface. The flow paths are prone to lateral migration and sudden relocation to other areas of
the fan during a single flood event. This erratic, unpredictable behavior subjects all portions
of the fan to potential flood hazard.

Channel migration is considerably less on larger well-defined washes, especially where
channel stability measures have been constructed (i.e., reinforced concrete lining or rock
riprap). On washes where protective measures have not been constructed, rapid alteration
may occur in the channel banks due to the highly erosive materials that produce an alluvial
fan. In undeveloped areas, floodflows on alluvial fans are essentially unmodified, and
processes such as fanhead trenching, braiding of distributary channels, and channel
abandonment occur.

Urban development on alluvial fans is subjected to major flood-related hazards such as high
velocities, rapid bank erosion, and sediment deposition.

Flooding within the Moapa Valley is of two types: (1) Major storms on the upstream
watershed of the Muddy River and its tributary, Meadow Valley Wash; and (2) intense
convective storms on the watershed of local side washes. Flooding of both types has always
been a problem in the developed and irrigated areas.

On August 17, 1922, a large flood damaged much of the Moapa Valley. The flood came
through Arrow Canyon into the upper end of the valley and was augmented by flow from
side washes emptying into the valley. Roads and bridges were washed out, and the drugstore
and many houses were flooded in Overton. The estimated discharge for the lower Moapa
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area was 8,110 cfs and had a recurrence interval of approximately 20 years.

A large flood hit Meadow Valley Wash and Lower Moapa Valley on March 3, 1983. The
estimated discharge was 10,000 cfs, and the recurrence interval was 30 years.

On August 11, 1941, the largest flood recorded in the Lower Moapa Valley occurred. An
intense short-duration storm over the Lower Moapa Valley and California Wash produced
estimated discharges of 10,000 cfs at California Wash and 12,000 cfs at Glendale. The latter
is estimated to be a 36-year flood. The discharge on California Wash is estimated to be a
100-year flood.

The most recent large flood in the Moapa Valley occurred in November 1960. The estimated
discharge near Glendale was 7,400 cfs, with a return period of 16 years.

Vegetation in channels of the Muddy River and Meadow Valley Wash obstruct floodflows.
In many areas, tress and shrubs grow on the channel banks and bottom and thereby increase
roughness and decrease the effective flow area of the channel. There are several culverts and
bridge crossings along the Muddy River. The culverts are often overtopped by floodwaters,
and erosion and washing occurs. In past floods, bridges have been washed out and carried
downstream, thus aggravating flood problems.

The Laughlin area is subject to flash floods coming from west of the area. There are few
well-defined channels to concentrate the floodflows. Most of the damage consists of roads
being covered with silt, boulders, and other debris, making travel impossible at times.

The Colorado River has been a major flooding source in the Laughlin area of Nevada and the
entire Mohave Valley. This valley is of alluvial origin and prior to the construction of levees
for channelization, the river twisted and meandered through the area. Prior to the
construction of Hoover Dam and other dams on the Colorado River, major snowmelt floods
caused damage to the lower Colorado River basin each spring. Peak floodflows of
300,000 cfs occurred in 1884, and 220,000 cfs occurred in 1921 (Reference 4). These flows
are far in excess of the present 500-year frequency flood used in this study.

During the spring and early summer of 1984, higher than normal snowmelt in the Colorado
River Basin filled the storage capacity of the Colorado River dam system. Releases in
excess of 40,000 cfs from Davis Dam were required for a period of time during the late
summer and fall of 1984. Several residential structures adjacent to the Colorado River
experienced flood damage as a result of these releases.

Flood Protection Measures

Development occurred in Clark County without any significant flood control structures until
the Civilian Conservation Corps (CCC) was sent to Nevada in 1933. After the CCC left in
1935, no major flood control improvements were made in the county for over 20 years.

The North Las Vegas Detention Basin is a 2,600 acre-foot facility located in the northern Las
Vegas Valley, on Las Vegas Wash. The amount originally funded for the project was
$2.8 million and was budgeted by the 1981 Clark County Flood Control Bond Issue. An
additional $500,000 was requested and received from Clark County when this amount
proved to be insufficient to complete construction. Construction of the project began in
September 1983, and work was completed in April 1984. The basin is located 3.5 miles
north of Craig Road on Losee Road. It is the largest detention basin in the state of Nevada.
Flows from the north on Las Vegas Wash are routed through the basin, which diverts up to
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9,000 cfs from the wash and reduces the flow to a 4,500 cfs outflow. When full, the basin is
designed to contain a 100-year floodflow on Las Vegas Wash. Flows from storms of a
frequency higher than the 100-year event will cause some overtopping of the diversion berm
in the wash.

The Angle Park Detention Basin is located upstream of the Las Vegas Expressway and
currently has a storage capacity of approximately 950 acre-feet. The project was funded in
phases through the 1981 Clark County Flood Control Bond Issue and a cooperative
agreement between the City of Las Vegas and Clark County for appropriation of bond issue
funds for design and construction of the basin. This agreement was dated July 1982. The
final phase (Phase IIB) of the project was completed in late 1985.

The Red Rock Detention Basin is located in the southwestern Las Vegas Valley, on the
alluvial fan portion of Red Rock Wash, downstream of the Charleston Boulevard crossing.
The facility has a storage volume of 1,673 acre-feet at the spillway crest. It reduces the
100-year peakflow on Red Rock Wash to 1,390 cfs through a pair of 60-inch RCP outlet
works.

Several flood control structures have been built on the Muddy River and Meadow Valley
Wash in the Moapa Valley.

In 1935 and 1936, Wells Siding Diversion Dam and Bowman Reservoir were constructed by
the CCC. These structures are located near the upper end of the Lower Moapa Valley. The
Wells Siding Diversion Dam diverts Muddy River flows into the Lower Moapa Valley Canal
System and into Bowman Reservoir. The feeder canal to Bowman Reservoir has a capacity
of approximately 1,000 cfs. Bowman Reservoir is approximately 1 mile east of Wells Siding
Dam and is approximately 30 feet high and 780 feet long. The reservoir is used to store
excess winter flows to supplement the normal Muddy River discharge during the heavy
irrigation season. Runoff from a small side wash is collected in Bowman Reservoir, but this
has a minor effect on reducing peak flows on the Muddy River.

The Muddy River channel was enlarged for 2 miles in the vicinity of Logandale by the CCC.

Arrow Canyon Dam was built by the CCC on the Muddy River. This dam is approximately
30 feet high and is constructed of rubble masonry. At the time of compiling this study, the
storage area of the dam was filled with sediment and no longer controlled floodflows.

A channelization project completed in the early 1960s, between the Union Pacific Railroad
and the upstream boundary of the Moapa Indian Reservation, affords some flood protection
to the lands within this portion of the Muddy River.

Two COE dams, Pine Canyon and Mathews Canyon Dams, are located in the drainage area
of Meadow Valley Wash above the Town of Caliente, Lincoln County, Nevada. The SCS
has constructed a watershed protection and flood prevention project in the headwaters of
Meadow Valley Wash. Because of the distance from the study area, their effect on major
floodflows in the study area is minimal.

In the Laughlin area, flows in the Colorado River are regulated by Hoover Dam and Davis
distribution was adopted Dam, north of the area. These structures offer flood protection
from events larger than the 100-year flood on the Colorado River.

Additionally, the USBR has constructed a levee for flood protection along the Colorado
River through the area. The levee, designed to contain the 100-year discharge, is armored
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3.0

with rock riprap to protect it from erosion.

Current county ordinances require that any new construction be elevated 18 inches above the
100-year water-surface elevation, as determined by the developer.

ENGINEERING METHODS

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

3.1 Hydrologic Analyses

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

Peak discharges for the desired return periods were computed for flooding sources in Clark
County primarily through the use of the TR-20 Project Formulation-Hydrology computer
program (Reference 15) or by using log-Pearson Type III procedures. The TR-20 program
was developed by the SCS to implement the SCS unit hydrograph procedures.

Aspects for the hydrologic analysis which are common to all of the study areas are discussed
in the following paragraphs, after which specific procedures applied to each individual area
are described.

An investigation of flood-producing storms typical of Southern Nevada was conducted. It
was determined, based on a review of published historical storm events, that thunderstorms
in the study area are generally of approximately 3-hour duration, and cover at most 150 to
200 square miles. Qualitative descriptions of historical events were used to develop a
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synthetic cumulative time distribution for a 3-hour thunderstorm in Southern Nevada. This
rather than any of the SCS standard dimensionless storm patterns. This approach was
coordinated with local meteorologists.

Point precipitation values for the 10-year, 50-year, and 100-year 3-hour storms were
obtained from the National Oceanic and Atmospheric Administration (NOAA)
Precipitation-Frequency Atlas for the State of Nevada (Reference 16). Depth-area reduction
factors from a recent publication of NOAA called HYDRO-40 (Reference 17) were used to
estimate average rainfall over each of the study watersheds. Although HYDRO-40 was
developed using actual storm data from Arizona and western New Mexico, common storm-
producing mechanisms would appear to justify application of the results to southern Nevada
as well. Peak 500-year floodflows for the study streams analyzed with TR-20 were
estimated by extrapolating graphically from the computed 10-, 50-, and 100-year discharges.

All peak flows adopted for use in this study are considered to be clear water flows. That is,
no sediment or debris bulking factors have been applied to the results of the TR-20 or
log-Pearson Type III analyses. Bulking has not been used in this study based on discussions
with Clark County Public Works engineers, who indicated that channels and storage
facilities in the study reaches do not seem to exhibit large widespread amounts of
sedimentation or erosion.

This primary flooding source in the Moapa valley is the Muddy River. This is a major
watercourse with a USGS stream gage located in “The Narrows™ between the Upper and
Lower Moapa Valley. The gage has a 33-year period of systematic record, as well as
historical peak estimates, which was considered adequate for use in a statistical analysis. The
log-Pearson Type III method recommended by Water Resources Council Bulletin 17B
(Reference 18), was used to determine 10-, 50-, 100-, and 500-year peak flows at the gage
site. This analysis made use of the full systematic record up to the 1983 water year, and
incorporated the 15 historical peaks as per Bulletin 17B.

Subsequent to the initial statistical analysis and preliminary hydraulic calculations, a large
flood occurred on the Muddy River in August 1984, which generated the highest peak flow
in the systematic record. As a result, frequency statistics were recomputed, including the
new flow. However, it was determined that the previously estimated discharges fell within
the 50-percent confidence interval of the more recent estimates and thus, in accordance with
FIS Guidelines, the original discharges were adopted.

Peak discharges at the Muddy River gage were translated downstream by two compensating
methods: (1) flows were increased by the ratio of the increased drainage area; and (2) flows
were routed through the Moapa Valley floodplain using the normal depth routing method,
assuming a hydrograph shape similar to that developed by the COE in the Flood Plain
Information Report for the Muddy River (Reference 19). In addition, peak flows for all
recurrence intervals were reduced by 1,000 cfs downstream of Wells Siding to account for
water supply diversions to Bowman Reservoir. This is the maximum capacity of the
diversion facility.

Peak flows for the Muddy River upstream of Meadow Valley Wash were determined by a

discharge-drainage area relationship developed using log-Pearson analyses of records from
two gages: the Muddy River near Glendale and Meadow Wash near Caliente.
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Peak floodflows for Overton Wash were originally scheduled to be determined using a
regional regression approach. However, the best available regional methods had
questionable reliability, so a recent TR-20 analysis by the SCS was used for Overton Wash
hydrology.

Peak 100-year floodflows at the apexes of the four major alluvial fans in the Laughlin area
(Hiko Springs Wash, Bridge Canyon Wash, Dripping Springs Wash, and Southwest
Unnamed Wash) were computed using a TR-20 model developed by the Clark County
Department of Comprehensive Planning. The flood magnitude-frequency relationships for
these washes were assumed to be normal distributions of the base 10 logarithms of the peak
discharges. The distributions were assumed to have a standard deviation of 0.8.

This area had originally been scheduled for analysis with regional regression methods.
However, during the course of the study, the Department of Comprehensive Planning
conducted a floodplain study for the Laughlin Area which included a TR-20 model for each
of the fan tributary areas. After review and some minor revisions, this model was adopted
for the FIS hydrology as the best available information. There is no historical rainfall-runoff
data available from the Laughlin flooding sources with which to calibrate the hydrologic
model. Critical storms were assumed to occur independently over each of the four fan
watersheds, which have areas ranging from 4 to 18 square miles.

Peak discharge-frequency relationships for the Colorado River were based on operating
procedures for the Hoover Dam (Reference 20) and USBR information (Reference 14).
These discharges were adopted for the Bullhead City study area. The 100-year peak
discharge is equivalent to the “levee design flood” used by the USBR. The 10-, 50-, and
500-year peak discharge relationships were based on operating procedures for Hoover Dam
and additional information provided by the USBR (References 14 and 20).

Estimates of flood discharges for the alluvial fan analysis in the City of Henderson were
based on published USGS data (Reference 21).

The Las Vegas Wash watershed in North Las Vegas was divided into 78 subbasins to model
the rainfall-runoff process. Subbasin areas varied from 1.1 to 432.7 square miles, while
times of concentration ranged from 0.37 to 6.52 hours. Soil type and land-use impacts on
runoff were modeled using the SCS, Curve Number; subbasin curve numbers varied from 77
to 93.

The TR-20 model for Las Vegas wash was roughly calibrated using historical rainfall and
runoff data gathered during the July 3, 1975, flood, which is the largest recorded flood event
in the study area.

Peak discharges corresponding to the selected frequencies were computed at key locations in
the watershed, including Las Vegas Wash at the Union Pacific Railroad and the Unnamed
Tributary to Los Vegas Wash at the Union Pacific Railroad. Flows at these two points were
routed downstream to their confluence above Las Vegas Boulevard. Below the confluence,
peak discharges were determined by adding peak flows in Las Vegas Wash to concurrent
flows in the Unnamed Tributary to Las Vegas Wash.

Channel overflows occurring at bridges, culverts, and other locations or reduced channel
capacity were computed based on hydraulic rating curves developed using the HEC-2 Water-
Surface Profiles computer program (Reference 22).

Peak discharge-drainage area relationships for all of the flooding sources studied by detailed
methods are shown in Table 3.
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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. [Jsers
should be aware that flood elevations shown on the Flood Insurance Rate Map (FIRM)
represent rounded whole-foot elevations and may not exactly reflect the elevations shown on
the Flood Profiles or in the Floodway Data tables in the FIS report. Flood elevations shown
on the FIRM are primarily intended for flood insurance rating purposes. For construction
and/or floodplain management purposes, users are cautioned to use the flood elevation data
presented in this FIS in conjunction with the data shown on the FIRM.

Cross sections for the backwater analyses of the detailed riverine study streams in the
unincorporated areas of Clark County and the City of Mesquite were obtained from an aerial
survey conducted in May 1984. This information was augmented by relative channel
sections obtained by field measurement. All bridges and culverts were field surveyed to
obtain hydraulic data and structural geometry.

Cross sections for the backwater analyses of the Colorado River were obtained from the
USBR (Reference 14). The below-water sections were obtained by field measurement.
Ground topography was joined with the river cross section information at appropriate
locations. Ground topography was obtained from three sources:

1. From aerial photogrammetry, flown in 1984 and compiled at a map scale of
1:4,800 with a 4-foot contour interval (Reference 23).

2. From aerial photogrammetry, flown in 1977 and compiled at a map scale of
1:1,200 with a 2-foot contour interval (Reference 24).

3. From USGS quadrangle maps at a scale of 1:24,000 with a 5-foot contour
interval (Reference 25).

The cross section data for Hemenway Wash, Georgia Avenue Wash, Wash B, Wash C, and
Wash D in the City of Boulder consisted of 11 cross sections digitized from aerial
photogrammetry, 4 cross sections surveyed, and 15 cross sections for which data were
derived from 2-foot contour interval maps (Reference 26).

Cross sections for the backwater analysis of Las Vegas Wash and Las Vegas Creek in the
City of Las Vegas were obtained from field surveys, construction drawings of Washington
Avenue, and topographic maps compiled in 1976 and 1977 from photographs dated February
1974 (Reference 27). Additional bridge and culvert data were obtained by field
measurement.

Cross sections for the backwater analysis of Las Vegas Wash and the Unnamed Tributary to
Las Vegas Wash in the City of North Las Vegas were obtained from aerial photographs
flown on September 26, 1981, which were compiled to produce topographic mapping at a
scale of 1:2,400 with a contour interval of 2 feet (Reference 28), and from field
reconnaissance of the study area. Additional topographic data in the overflow area parallel
to the Union Pacific Railroad were obtained from 1:480 topographic maps provided by the
City of North Las Vegas, based on aerial photography from February and March 1980
(Reference 29). Topographic information required to extend cross sections beyond the
corporate limits for the shallow flooding analysis between Lake Mead Boulevard and Las
Vegas Boulevard was obtained from the most current USGS topographic mapping for the
study area (Reference 30).

Water-surface elevations of floods of the selected recurrence intervals for the Cities of
Boulder City and Las Vegas were computed through use of the SCS WSP-2 step-backwater
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computer program (Reference 31).

Water-surface elevations of floods of the selected recurrence intervals for the unincorporated
areas of Clark County, the City of Mesquite, and the City of North Las Vegas were
computed through the use of the COE HEC-2 step-backwater computer program
(Reference 22).

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.

Roughness coefficients (Manning’s “n”) used in the hydraulic analysis were selected based
on field observation and engineering judgement. These values are shown in Table 4.

Flood profiles were drawn showing computed water-surface elevations for floods of the
selected recurrence intervals. The starting water-surface elevations for the Muddy River,
Overton Wash, and the West Branch Muddy River were calculated using the slope-area
method. This starting method assumes that floods on the tributary stream are independent of
floods on the main stream. The large difference in watershed areas between these tributaries
and their main streams makes it very unlikely that concurrent floods would occur on both
sources.

Starting water-surface elevations for the original study for the Colorado River were
determined by constructing stage/discharge curves from information supplied by the USBR
and USGS.

In evaluating the floodplains for the Muddy River and Overton Wash, it was determined that
channel overflows occurred, particularly for the more infrequent flood events. These
overflows leave the channel and do not return to it. Overflow magnitudes were determined
by modeling the full flow over the entire floodplain (including the overflow area), and using
either the flow distribution routine of HEC-2 or hand calculations to estimate the percentage
of flow occurring in the overbanks. For determination of natural profiles, the overflow was
subtracted from the full flow and the cross sections were modified to show effective flow
area only in the main floodplain (excluding the overflow areas). Thus, flows in the HEC-2
model may decrease in a downstream direction as overflows are progressively subtracted
from the main flow area at subsequent cross sections.

Normal depth calculations were made at cross sections taken from USGS maps
(Reference 32) for the reach of the Muddy River analyzed using approximate methods.

The starting water-surface elevations for Pulsipher Wash were calculated using the
slope-area method. This starting method assumed that floods on Pulsipher Wash are
independent of floods on the Virgin River. The large difference in watershed areas between
the wash and the river makes it very unlikely that concurrent floods would occur on both
sources.

In evaluating the floodplain for Pulsipher Wash, it was found that channel overflows
occurred at or downstream of Mesquite Boulevard for the more infrequent flood events.
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Table 4. Summary of Manning’s “n” Values

Stream

Blue Diamond Wash, Middle Branch
Blue Diamond Wash, North Branch
Duck Creek

Duck Creek Tributary

Georgia Avenue Wash

Hemenway Wash

Las Vegas Creek

Las Vegas Wash

Muddy River

Muddy River, West Branch

Overton Wash

Pulsipher Wash

Tropicana Wash — Central Branch
Tropicana Wash — North Branch
Tropicana Wash — South Branch
Unnamed Tributary of Las Vegas Wash
Wash B

Wash C

Wash D

24

Manning’s “n” Values

Channel Overbanks
0.025 - 0.040 0.020 - 0.040
0.030 - 0.044 0.030 - 0.060
0.025 - 0.040 0.025 - 0.040

0.038 0.040
0.020 - 0.035 0.035 - 0.045

0.028 0.045
0.013 -0.035 0.015-0.055
0.025 - 0.040 0.035 -0.080
0.050-0.070 0.040 — 0.065
0.050 - 0.060 0.040 — 0.050
0.040 - 0.050 0.040 - 0.070
0.030 -0.050 0.030 - 0.047
0.015-0.095 0.002 -0.125
0.027 - 0.053 0.025 - 0.085
0.032 -0.038 0.043 - 0.060
0.025 - 0.040 0.035-0.080

0.035 0.045

0.035 0.045

0.040 0.045



These overflows leave the channel and do not return to it, due in part to the slope of the
floodplain away from the channel, and to the presence of levees on the channel banks. At
the locations on the wash, the main floodplain is separated from the overflow areas only by a
slight topographic ridge. Overflow magnitudes were determined by modeling the full flow
over the entire floodplain (including the overflow area), and using the flow distribution
routine of HEC-2 to estimate the percentage of flow occurring in the overbanks. For
determination of natural profiles, the overflow was subtracted from the full flow, and the
cross sections were modified to show effective flow areas only in the main floodplain
(excluding the overflow areas). Flows in the HEC-2 model decrease in a downstream
direction as overflows are progressively subtracted from the main flow area at subsequent
cross sections.

Average 100-year flow depths in overflow areas for Pulsipher Wash were determined using
normal-depth calculations. In all cases average depths were less than 1.0 foot. Boundaries
of the shallow flooding overflow areas could be determined only by approximate methods
due to the general lack of topography on the broad Virgin River historical floodplain.

Starting water-surface elevations for Las Vegas Wash, the Unnamed Tributary to Las Vegas
Wash, Las Vegas Creek, and the Union Pacific Railroad overflow were calculated using the
slope-area method.

Shallow flooding occurs in the floodplain of Las Vegas Wash and the Unnamed Tributary to
Las Vegas Wash. Shallow flooding is a result of overflows caused by reduced channel
capacities frequently related to undersized bridge or culvert openings. Average depths and
flow paths in these areas were estimated using normal depth calculations and accounts of
historical flooding.

Shallow flooding is often characterized by highly unpredictable flow directions caused by
low relief or shifting channels and high debris loads. Where such conditions exist, the entire
area susceptible to this unpredictable flow was delineated as a zone of equal risk. Small scale
topographic variations were averaged across inundated areas to determine flood depths.

The FEMA alluvial fan methodology was used to determine the flood depths and velocities
on the alluvial fans in the Laughlin area (Reference 33). For two of the four fans in the area
(Bridge Canyon Wash and Southwest Unnamed Wash), it was determined that the flood
events consist of multiple channels. Therefore, the methodology for multiple flood channels
was used to analyze the multiple channel regions of those alluvial fans.

In alluvial fan areas subject to flooding from more than one flooding source, flood depths
and velocities were computed by assuming that the event of inundation by a flood from any
canyon is independent of the event of inundation by a flood from any other canyon. In
accordance with FEMA guidelines, the union of such events, which has a probability of 0.01,
was used to define depths and velocities in areas where multiple alluvial fans intersect.

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.
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4.0

All elevations are referenced to the North American Vertical Datum of 1988 (NAVD).
Elevation reference marks (ERMs) and the descriptions of the marks used in this study are
shown on the maps. ERMs shown on the FIRM represent those used during the preparation
of this and previous FISs. The elevations associated with each ERM were obtained and/or
developed during FIS production to establish vertical control for determination of flood
elevations and floodplain boundaries shown on the FIRM. Users should be aware that these
ERM elevations may have changed since the publication of this FIS. To obtain up-to-date
elevation information on National Geodetic Survey (NGS) ERMs shown on this map, please
contact the Information Services Branch of the NGS at (301) 713-3242, or visit their website
at www.ngs.noaa.gov. Map users should seek verification of non-NGS ERM monument
elevations when using these elevations for construction or floodplain management purposes.

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 for the
unincorporated areas of Clark County and the City of Mesquite were interpolated using
rectified photo-topographic maps at a scale of 1:4,800, with a contour interval of 4 feet
(Reference 34).

For the Colorado River for the original study, floodplain boundaries were interpolated using
topographic maps at a scale of 1:4,800, with a contour interval of 4 feet (Reference 23).

Between cross sections in the City of Boulder City, the boundaries were interpolated using
topographic maps at a scale of 1:2,400, with a contour interval of 2 feet (Reference 26).

Between cross sections in the City of Las Vegas, the boundaries were interpolated using
topographic maps at a scale of 1:2,400, with a contour interval of 5 feet. Shallow flooding
areas were delineated using topographic maps (Reference 27).

Between cross sections in the City of North Las Vegas, the boundaries were interpolated

using topographic maps at a scale of 1:2,400, with a contour interval of 2 feet
(Reference 28).
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Alluvial fan boundaries in the City of Henderson were delineated using topographic maps at
a scale of 1:24,000 with a contour interval of 20 feet (Reference 36).

Approximate flood boundaries in the City of Boulder City were determined with the use of
the following information and data:

1. Shallow flood depth as determined

2. Flood Hazard Boundary Map for Boulder City
3. USGS Flood-Prone Area Map (Reference 37)
4. Historical flood data

Approximate flood boundaries in the City of Henderson were delineated using topographic
maps at a scale of 1:24,000, with a contour interval of 20 feet and at a scale of 1:2,400, with
a contour interval of 5 feet (References 36 and 27). Approximate flood boundaries in some
portions of the study area were taken from the Flood Hazard Boundary Map (Reference 38).

Approximate 100-year flood boundaries in the City of Las Vegas were delineated using the
previously cited topographic maps (Reference 27) and topographic maps at a scale of
1:24,000, with a contour interval of 20 feet (Reference 39).

For the streams studied by approximate methods in the City of North Las Vegas, the
boundary of the 100-year flood was developed from normal depth calculations and
topographic maps at a scale of 1:2,400, with a contour interval of 2 feet (Reference 28), and
topographic maps at a scale of 1:24,000, with a contour interval of 20 feet (Reference 30).
Shallow flooding areas were delineated using normal depth calculations and topographic
maps at a scale of 1:2,400, with a contour interval of 2 feet (Reference 28).

Approximate 100-year floodplain boundaries in some portions of the study area were taken
directly from the Flood Hazard Boundary Map for the City of Mesquite (Reference 40).

Approximate floodplain boundaries on the Muddy River were delineated on USGS
7.5-Minute Series Topographic Maps (Reference 32).

The alluvial fan boundaries were also delineated using rectified photo-topographic maps at a
scale of 1:4,800, with a contour interval of 4 feet (Reference 34).

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, AE, and AO); and the 500-year floodplain boundary corresponds to
the boundary of areas of moderate flood hazards. In cases where the 100- and 500-year
floodplain boundaries are close together, only the 100-year floodplain boundary 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.
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4.2

Approximate 100-year floodplain boundaries in some portions of the study area were taken
directly from the Flood Hazard Boundary Map for Clark County (Reference 35).

Floodways

Encroachment on floodplains, such as structures and fill, reduces flood-carrying capacity,
increases flood heights and velocities, and increases flood hazards in areas beyond the
encroachment. One aspect of floodplain management involves balancing the economic gain
from floodplain development against the resulting increase in flood hazard. For purposes of
the NFIP, a floodway is used as a tool to assist local communities in this aspect of floodplain
management. Under this concept, the area of the 100-year floodplain is divided into a
floodway and a floodway fringe. The floodway is the channel of a stream, plus any adjacent
floodplain areas, that must be kept free of encroachment so that the 100-year flood can be
carried without substantial increases in flood heights. Minimum Federal standards limit such
increases to 1.0 foot, provided that hazardous velocities are not produced. The floodways in
this study are presented to local agencies as 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 at selected cross
sections (Table 5). 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 foot at any point. Typical relationships between the floodway and the floodway
fringe and their significance to floodplain development are shown in Figure 1.

i - O0-YEAR FLODDPLAIN M

g FLOODWAY s FLOOOWAY FLOODWAY, .y,
FRINGE FRINGE

STREAM
[ cranNEL "]

FLOOD ELEVATION WHEN
CONPINED WITHIN FLOQDWAY

AREA OF FLOODPLAIN THAT COULD BE USED Mwn ELEVATION BEFORE
DEVELOPMENT BY RAISING GROUND ENCROACHMENT ON FLODDPLAIN

LINE AB IS THE FLOOD ELEVATION 8EFORE ENCROACHMENT.
UNE LD 1S THE FLOOD ELEVATION AFTER ENCROACHMENT.
*SURCHARGE 15 NOT TO EXCEED 1.0 FOOT (A REQUIREMENT) OR LESSER AMOUNTY F SPECIFIED BY STATE

Figure 1. Floodway Schematic
In the areas studied in detail where no floodway is shown, the concept of a floodway does

not apply because of shifting channels (upstream portions of Hemenway Wash, Georgia
Avenue Wash and Wash D), and no overbank flooding (Wash B and Wash C).

28



HONVYSE 37AadiN — HSYM ANOWVIa 3n19

SVIUV A3 LVHOJHOOINI ANV
AN ‘ALNNOD MYV

ol s T 0

Viva AVAMAaooid AONIOV INIJWIOVNVIN ADNIONINIT Tvy3Ia3d
peoy epnuiag 2A0qe ﬁoom_
80 €092 $'6ST°T $65T°T '8 LY€E 68 086°L d
00 8162°C 8162°C 8157 8Tl 61¢ 4% 08Z°L 0)
00 LoyT'T LovT'T LovT'T I'1 909°C 6ST 0£9°S N
00 1'S€T°C 1'$€T°T 1'$€T°T v 8LI°1 §6T 08t°S W
00 Y EETT v E€€TT v'E€TT 79 1§97 453 088‘t g
10 1'827°C 0'8727°C 0'827°C €9 824 el 0€Ey b
00 $'97TT $'97CC $'977°C 6L (443 602 00Z‘Y §
S0 88IT°C 0'812°C 0'812°C LY 709 00€ 0€5°E I
70 0'$12°C 8Y1ZT 8VITC TL 88¢ 001 0£0°€ H
00 €€1TT €€12°C €€1TT v'9 LEY 6sT 018°C 19)
70 €602 6'v0Z°C 60T 9y 809 18¢€ 090°C d
10 0°€02°C 6707 6'707°C 06 r4f3 08 026°1 q
00 9L61°C 9°L61°C 9'L61°C 79 0St (443 0Z€1 a
Lo 1'681°C v'881°C 7'881°C 0'S 86¢ 611 0LL o)
00 1'981°C 1'981°C 1'981°C 49! ¥81 9T 00t d
00 0081C 0081°C 0'081°C 9 8¢S 6¢ 0S v
aoﬁ@um
SIPPIA — USEM
vcoamma onjg
(GAVN 1334) (anoo3s
H3d 1334) (1334 3"VNOS) (1339
3JSYIHONI AYMAO0O14 AVYMQAOO0T4 AHOLVIND3Y ALIDOT3A NV Y3dVv NOILO3S HLdIM ,3ONVLSIa NOILO3S SSOHD
HLIM LNOHLIM
NOILLVAI T3 JOV4uNS-HILYM AVMAoo14 334¥NOS ONIQO014

aoo01d 3sva




S
SVYIYV A3 LVHOdEHOINI ANV
HONVYHE HLIYON — HSYM ANOIVIA 3N1g AN ‘ALNNOD MNV1D m_
q
v.iva AYMaoo1id AONIOV INIWIOVNVIN ADNIONIWST TvHIa3d M
931D ong Yiim QUIN[JUOI 2A0qe 139 nr
00 L9927 L9927 L997°T $'6 v0€ €11 S66' 11 d
00 816T°C 8152 8157°C 1’9 LLY 60T SPO‘p1 o)
00 €EYTT €€VTT €EYTT 8L 0L¢ 702 STTEl d
00 v'SETT v'SETT v'S€TT I'¢ L€6 81y SI¥TI o)
00 €TETT €7€TT €7€7T vl LLOT 892 SI1Z°TH N
00 TLTTT TLTTT TLITT $'8 6€¢€ 99 $60°C1 W
10 €617°C TSITT TS1TT 09 L8Y 091 SI0°T1 gl
0 9°L0TC v'L0T°T v LOTT 7L So¥ 092 0566 b
$0 1°002°C 96617 9'661°C €8 0S¢ 111 0€8°6 §
00 6'761°C 6v61°C 6761°C €8 0S¢ S6 091°6 I
00 0v61°C 0v61°C 0¥61°T 06 (443 0€1 0506 H
01 9'181°C 90817 9'081°C 8y 709 SIT SSLL 9}
70 1'8L1°C 6'LL1T 6'LLIT Sel SIT ¢ SLYL d
70 8691°C 9'691°C 9'691°C LS 01¢ 092 GL8%9 q
00 0°€91°C 0'€91°C 0°€91°C 9L 78¢ 072 0829 a
00 T091°C 70917 7091°C 8L 0L 9L1 0029 o)
00 SovI‘T Sovi‘T SOVI‘T TL 1117 $97 008V d
90 6'LETT €LETT €LEIT L€ v6L 0£2 SE9°y Vv
:o:nhm
YUON — ysep
v:oEN_Q o:—m
(QAWN 13334) (aNOD3S
H3d 1339) (1334 34vNOS) (1334)
ISVYIHONI AYMAO0O014 AVYMAOOTd AHOLVINO3IN ALIDOTISA NVINW V3dv NOILD3S HLAIM ,30NV1SIia NOILO3S SSOHO
HLIM JNOHLIM
NOILVATI3 FOVAHUNS-HILYM AYMAoo14 334NOS ONIAOO14
aoo1d asvd




AIAR OAVAEOT0D

Vivd AVMAoO14

SVIAV A3LVHOJHOOINI ANV
AN ‘ALNNOD MYV

AONIOV LNIWIOVNVYIN AODNIOUINI Tv3a3d

[Ty]

—<<mnaw

UOTJEWR[09Y JO neaing JOLIAU] Jo juaunedacy
'S’ Aq pasedaid pue (0S-66 MeT] d11qnd) 10V UCNI3101] Aempoo| J9AR] OpeIojo)) Aq PaysHqe)sa ABmpoo]] (910N  9[qR[IRAY JON BIR(, SHWI] AJUNOO UIYIis YIPLA/UYIPIA [BI0L, AJepunog UesIXajy dA0qe S,

00 €EIs €€Is €els o o [05¥/059 L'SLT X
00 TEIS €IS TEIS s o 00%/0S¥ 9°6LT M
00 L'TIS LTIS LTIS & & L011/00$ €SLT A
00 S'11¢ S 11§ SARES & & 0EV/056 1'vLT n
00 8606 8605 8606 o = DEL/0TL 0°€ELT 1
00 6805 6'80S 6'80S o o L0S¥/00L 6'1LT S
00 7805 7'80S 7806 o = 0VZ/06¥ TILT |
00 9905 9'90S 9906 s = [091/00S S0LZ o)
00 0°'¥0S 0705 0705 o = 0EV/088 $'69C d
00 €€0S £€0S £ €0S = & [0€E/0€8 0692 o)
00 8106 8106 8106 = o 0/0%9 0'892 N
00 z00S 700S 700S o o :062/098 TL9T W
00 8861 8861 8861 s o 0/089 $'997 1
00 $'96t $'96Y $'96¥ o o [0LT/009 €592 b
00 9'€6Y 9°¢6h 9'¢6h o o 0T¥/00$ €492 {
00 8061 8061 8061 s o OL1/0TY £€9C I
00 £06¥ €06V €06V = s [07€/00S 6797 H
00 S 68Y S 68V S 68Y e s 0ET/08Y 7792 9)
00 $'88Y $'88Y $'88% = o [052/0€S 7192 d
00 vL8Y VLY v'L8Y o = L0€1/00S 1°092 q
00 0'L8Y 0°'L8Y 0°'L8Y s o 001/00§ 9'65C a
00 $'98% $'98Y $98Y o o [051/0TS 1'65C o)
00 968 9°68Y 968 o o 002/0%S 1'852 d
00 S8y S8y 758t s o 091/0%S L'LST \4

JOAY Oﬁﬁo_oU
(QAVWN 1333) (ANOD3S
H3d 1334) (1334 3HVYNOS) (1334
ASVYIHONI AVYMAOOT4 AVMQAOO1d AHOLYINO3Y ALIDOT3A NV3IN V3dV NOILO3S HL1QIM ,23ONV1SIa NOILO3S SSOHD
HLIM JNOHLIM
NOILVATT3 20VINS-HILYM AVMQ0O014 33d¥NOS ONIdOOoTd
aoo1d asve




TINNVHO HLNOS X33O MONA — M3I3HD ¥ONAa

SVIAV A3LVHOdHOOINI ANV
AN ‘ALNNOD MYV

<o Juw (e}

Y.1lvVa AYMAOO1d AONIOV INIFWIOVNVIN AONIOYIW3 Tvy3a3d
v—ooumv v—oza _._:3 oocos_.«coQ o>onm «oomN vsod 03&0& o>onw uoum_
10 0'02TT 6617 6617 €6 €8T S6l OLS™E q
80 TEITT v'TITT v'TITT LS 9z S8 0TLT a
80 $'60T°T L'80T°C L802°C 89 444 09 021°C 9)
0 8007°C 9°00Z°C 9°00Z°C 69 612 0s1 0ZE1 q
v'0 £661°C 6'861°C 6'861°C ST 65 o€l 0L \'4
_ozcaznv ﬁ:om
- Moo‘_U V_QSQ
€0 9'88T°C €'887°C £882°C 801 968 994 (E6FPT o}
S0 $9LTT 09LT°T 09LZ°T VL 60€°1 695 OTI°€T d
S0 6'€92°C v'€92°C v'€97°C 1'6 890°1 X472 (SSPTI 0
80 1'962°C €652 €657 €1 08€°L LT1T (SEVTT N
00 v OvTT v ovTT Y'9vTT 801 610°1 062 [SEV0I W
60 80vT‘T 6'6£T°T 6'6£2°T 8y 1€ 0L 1S€9°6 g
v'0 L'TETT €7€TT £7€TT Tl 786 44 0LS°8 b
€0 861CT $617T $'61ZT s LES 712 1068°9 §
0 v LITT TLITT TL1TT vL v8T°1 122 0LY'9 I
00 TTUTT (AT TTTT L8 L80°] S€T 1065°S H
00 v €02°C v'€0Z°C ¥'€0T°T 001 56 (443 1008 D
80 9'961°C 8661C 8661°C 8y 661 99¢ 0SL°E d
00 0881°C 0881°C 0881°C 7’6 891°1 6€ ,009°C q
00 8081°C 8081°C 8081°C LS 0€6°1 Sop 0S¥°T a
00 S9L1T S9LIT S9LIT L6 8E1°1 Sov 1058 0)
00 1'TL1T 1'2L1°T 1'TL1°T 6°€l 16L 43| 059 d
00 8991°C 8991°C 8991°C L'S1 669 26 002 \'4
MOOHU xon
(QAWN 1334) (anoo3s
¥3d 1334) (1334 3¥vNOS) (1334
3SVY3HONI AVYMAOOTd AVMAOOTd AHOLYINO3Y ALIDOT3A NVIW Y3V NOILO3S HLdIM JONVLSIA NOILO3S SSOHD
HLIM 1NOHLIM
NOILVAT I3 JOV4HNS-¥ILYM AVMaoo14 32UNOS ONIQOO1d
aoo14 asve




HSVM AVMNINIH — AAV.LNGRIL 3340 MONa

SVYIAV A3LVHOJHOOINI ANV

n

El
AN ‘ALNNOD M¥V1D 1
g
AONIOV INTFNIOVNVIN AODNIADHEINT TvdIqT4 v
Vivd AVMdoO14 v
[oUURYD UI PAUTEIUOD POOY) JEIA-(O], YINOWI JA0GE 133, 31D JOn(J YIim S0UINFUOI A0GE 1994,
A4
01 9°€00°C 9'200°C 9'700°C STt Y43 0¢1 0Ty A
ysem\
Kemuswal
00 0'v8T°C 0'v8Z°C 0'v82°C 70l 6v¢S 651 1059 a
80 €VLTT S'€LTT GELTT $'9 0.8 19¢ ,059°¢ 9)
90 6'597°C €692°C €692°C 8L LTL 65T 1SELT d
[0 T6STT 1'657°C 1'6ST°T VT 00¥°C 780°T 0L8°T A\
Arenquiy,
R MQSD
(QAWN 1334) (ONOD3S
¥3d 1333) (1334 3¥vNOS) (1334)
3SVIHONI AVMTO0OT4 AVMAOO014 AHOLVIND3Y ALIDOT13A NVIW v3yv NOILO3S H1aIm 30NV1SIa NOILD3S SSOHD
HLIM LNOHLIM
NOILVA3I3 30VINS-YIALYM AVYMaoo14 334¥NOS ONIGOOT4

doo14 3sva




S
HSYM SVO3A SV Sv3yv m_m._.<~_0n_mooz_ aNv .
AN "ALNNOD MYV 1
g
<.—-<Q ><>>Q OOI_& AONIOV INFWIOVYNYIN ADNIDHINI Tvy3a3d ,M
YInow 3A0Qe 133,
90 6'089°1 €089°1 £089°1 €L 9LS°1 £€8C°1 ey 17
60 L'9LY’] 8°6L9°] 8'6L9°1 9 178°1 70T £€90°CY HZ
S0 S1LYT 01491 0'1L9°1 €8 90€°1 781°1 €LS0Y D7
0 €799°1 12991 17991 9'C LT 667°1 S10°6€ V4
80 8'199°1 0°199°1 0'199°1 €S €6€°1 180°1 $78°8¢ dZ
80 T959°1 ¥'559°1 ¥'659°1 9'8 LYEL 08 L8LLE az
60 8'819°1 6'LY9°l 6'LY9°l 4 8¢€8°1 9081 8vL9¢ 7z
00 0°6€9°1 0'5€9°1 0°6€9°1 78 7191 6€1°1 881°G¢ d47
00 6'619°1 6'619°1 6'619°1 €01 196 LTy €L9°€E vVZ
€0 1'696°1 81951 8'795°1 ol LOTT LLT €65°6T ZA
00 8°096°1 8'095°1 8'095°1 'L 0LLT STL €€0°YT AA
L0 S6vS1 8'81S°1 8'81S°1 1'6 8L0°C 911 890°CT XA
00 SPPSl SPPS°l SPPsel 201 1261 v20°l £9¥°0C MA
7o ¥ Evsl 0'Ers1 0°€Ers1 01 L1911 €'l £98°31 AA
00 1'2€s‘l 1'2€5°1 1'2€5°1 98 LY9°1 768 €6€°81 NnA
00 v'TTS1 7781 v'7TS1 6’8 987°1 916§ 860°L1 LA
S0 ¥'S16°1 6' €151 6'€16°1 6'S 890°C ory €981 SA
00 79051 7905°1 7905°1 So1 9¢S°1 (118% y16°€l JA
[0 L'S6v°l 9°66%°1 9'S6¥°1 86 691°1 LT 666°11 OA
00 €18%°1 €C18%°1 €18Y°1 9 LO81 (455 yLT01 dA
00 TILYL TILYT TILY] ¢S 760°C 61 €L5°8 OA
00 L'8S¥°1 L'8SY°1 L'8S¥1 L6 L81°1 1987 SL6°9 NA
00 1'0St°1 1'0St°1 1'0St°1 (1% 98T £6¢ 191°S WA
00 0'TeErl 0'TEr'1 0'CEY’l L1l 986 91 £€0°¢ TA
[0 €6Th'l ze6Ty'l T6Th'l 9'Cl 0lé6 881 £09°1 AA
00 AY4 A Y4 A v'STr'l 0¢ v18°¢ ILS 9TC A
ysep\ Se3oA se]
(QAWN 1334) EGICRER
¥3d 133d) (1334 3¥VNDS) (1339
3SVIHONI AVMAOO014 AVMAOO04 AHOLYINO3Y ALIDOTIANVAWN | V3YV NOLLO3S HLAIWM 3ONV1SIa NOILD3S SSOUD
HLIM L1NOHLIM
NOILVAT13 30VAINS-UILYM AVMAOoO014 304N0S ONIaoOo14
aood 3svd




[°]

HSYM SV93A SV SV3dv m_m_._.<~_0n_m_ooz_ anNv .

AN ALNNOD MAV1D 1

g

<..—-<Q ><>>QOOI_ n— AONIOY LNJWNIOVNVYIN AODNIDNINWS Tvyd3d3d M

YInow 9A0qe 139,
00 9'8¢L1 9'8¢€L°l 9'8¢L°1 ¢S L80T Lyl 17119 77
00 S9€L‘l S9¢L 1 S9EL’l v'6 9¢9 201 78909 AZ
00 SEEL T SEELT SEELT €9 €56 139 | LLY'6S X7
00 I'1€L°1 I'1€L1 I'1€L] L9 L68 091 817°8S MZ
10 SLTLT v LTL T YLTL T '8 vSL 91¢ ¥L9°96 AZ
0 9°¢TL 1 TETLl TETLl e TL] [4°1% 06€°SS nz
0 6'0TL°1 L'0TL] L'0TL] €1l 88P 43! 768°7S 17
0 061L1 8'81L°1 8'8IL°l 96 CLS 0s1 6SLYS SZ
00 0vIL] 0vILT 0OvIL] 96 LS £0¢C 815°¢€S h: V4
00 1'80L°1 1'80L°1 1'80L°1 I'v1 LES S6 LOETS 0z
00 0oL 1 0°T0L1 0'20L°1 ['01 10L L6 2401 dZ
00 0°€69°1 0°€69°1 0°€69°1 911 ¢€19 134! 6L0°0S 0Z
00 ['169°1 1'169°1 1'169°1 0’8 £e8 661 9L1°6Y NZ
00 1'169°1 1'169°1 1'169°1 LY 8611 144! €79°8Y NWZ
00 T069°1 T069°1 7069°1 79 144! 991 7108y 1Z
10 1'889°1 0'889°1 0'889°1 9°¢ 79T°1 €L 0879t D, V4
S0 8°689°1 £689°1 £689°1 9'9 vLO°] 291 SS6 Py [z

(puo))
[Sep\ SeSoA se]
(QAWN 1334) (aNnoo3s
¥3d 1334) (1334 3¥VNOS) (1339
ISVIHONI AVMAOO14 AVMAoO14 AHOLYINS3Y ALIDOT3ANVIW | V3¥V NOILD3S HLaM ,230NV1SIa NOLLO3S SSOH9D
HLIM LNOHLIM

NOILVAI13 30VIUNS-HILYM AVMAoo1d 32dN0S ONIAOOTd

aood 3sve




SY3IYV A31LVHOdHOOINI ANV

n

|
<.—.<Q ><;Q OOI_H_ ADNIOYVY INIWIOVYNVIN AONIDHIN3T Tvdad3d M
JIATY %vﬁzz Yyim ooco-.._mcoo 2A0qe uoo,.f
01 €v6S°1 €€6S°1 £€6S°1 (4% v€S°T 80V TTT9T M
0’1 L6851 L8851 L8851 (43 S6E°E 897 1SLYT A
L0 v'L8S°1 L9851 L9851 0'¢ 855°¢ 6SY TSLET n
0 TY8S°l 8'€86°1 8€85°1 1S 880°C LLT TSLTT L
£0 11851 8°085°1 8°085°1 L YLV 1TC 092°TT S
01 8'LLS ] 8°9LS°] 8'9L5°l LY 68C°C L6T 6vZ1T k|
9°0 L'TLS ] 1°TLS 1 1'ZLS ] 6'v LLIT L8T €€L’61 0
60 LOLS T 86951 8°695°1 0y $69C ¢9C 1L6°81 d
60 96951 L'895°1 L8951 oY YOLT 54 LTT81 O
80 89961 0'996°1 09951 8V 11T SIT IL1°L1 N
60 Y951 €€96°1 €€96°1 1A% 90¥°T 1343 L8191 A\
L0 ¥'6SS°1 L'8SS‘1 L'8SS°1 I'y 709°C 88¢ 8v9v1 T
0’1 8'LSS‘1 895651 8'966°1 9'C LOTY 1.9 ovyel |
60 1'966°1 TSSST 76551 I'y 179C LES €0€°CI {
80 €0SS°1 S6ps‘l S6¥S°l Ve 701°¢ 779 020°11 I
o €SPs°l 8 vrS°l 8 vis°l s TL0T LEY ¥6€°6 H
80 L'TyS1 6’151 6’151 ¢ 6vE‘€ 96¥ 79€°8 D
60 Tovs‘l €6£5°1 £€6£S°1 9'¢ 686°C Go¢ ISEL d
01 SLEST §'9¢5°1 G9€S°l LS 9981 LLT €€€°9 d
80 €eesl STES’l GTESI 't S6v‘E [4%4 €1TY d
80 €1€S°1 §0€S°1 S0€S‘T 9°¢ L68°1 el 705°¢ D
01 €'8TS°1 €LTS1 €LTS1 I'e €9v°¢E Sle 186°1 d
90 0'975‘1 ¥'STS°1 ¥'5TS°l 1984 85€°C 00¢ 6CtY Vv
Use\
Ko[[BA MOPBIN
(aAwN 1333) [(GIVeRER
¥3d 133d) (1334 3™VYNOS) (13339
3SVIHONI AVMAOO14 AVMAOO134 AHOLYINO3Y | ALIDOT3ANVAW | V3™V NOILO3S HLAIM ,3ONV1SIa NOILO3S SSO¥9D
HLIM LNOHLIM
NOILVAT T3 30VAUNS-YILYM AVMaood 32¥NOS ONIAOOTd

goo07d 3svd




Yol

M3IAIN AQANIN SV3AV A3LVIOdHOOINI ANV
AN ‘ALNNOD M¥V1D M_
<.—.<Q ><;QOOI_M_ AONIOV LNINIDVYNVYIN AONIODHUINT Tvd3aQ3d w
1
31NJONIS UOISIDAI( SWe) pue ysi g 3A0Qe 199,
0’1l IR 74 0'€Te’l 0°€TE’l 1Y 600y ges 09%°1¢C V4
60 8'02¢°l 6'61€1 6'61€°1 1Y 1L0Y S6S 819°0C A
01 €81¢°1 €LIET €LIET 198 4 1L6Y £98 y16°61 X
L0 LTIE] 0CIET 0CIgEl 0’6 68€°C 6ST 15€°61 M
L0 €IIET 9°01¢°1 9°01¢°] €9 1LE°€E YLV 70981 A
0’1 T01€°1 T60E°1 T60€°1 8¢ GL9'S Tl 001°81 n
0’1l L'S0E‘1 L'Y0g’l L'Y0g°l v'6 L8TT €91 90¥%°LI L
0t 6'€0€°1 6'20¢°1 6'20¢°1 194 976t 19Z°1 LEL9L S
0’1l 6'66C°1 6'86C°1 6'86C°1 8¢ AV Se8 681°91 A
S0 €962°1 8'66T°1 86671 8V a2 LSE‘1 LILST o)
9°0 6'v6T°1 Y6zl €61 Ve 6LE9 TT8°1 180°S1 d
['0 1'06Z°1 006C°1 0062°1 4 4 860°S 70T 106°€1 O
[0 1'68Z°1 0°68Z°1 0°68Z°1 oS SIEd LEOT 0Z6°C1 N
00 781 TT8T1 78Tl 9 8€9°1 ISy yIvTI 1AM
80 9°6LT°1 8'8LT°1 8'8LT°1 vy LEV'T SvL 996°11 1
0’1 L'TLT] LILT1 L'1LT1 8V 812°C £69 STy ol A
01 €69C°1 €'89T°1 €'89T°1 9'C SHO‘y 8961 975°6 [
01 8°L9T°1 8'99Z°1 8'997°1 Sy 6SE°T 006 13 AN |
0’1l 6'€9C°1 6'79C°1 6'79T°1 9'C €LOY SIT1 TS1°8 H
0l ¥ 19T°1 #'09C°1 ¥'09C°1 oy 98¢°S L86°1 991°L D
0’1l 0°LSTl 09sT°1 0'952°l e Sv1‘9 66S°1 €TL'S |
0’1l v'TSTl P ISTl 16Tl SV SoOv'y 0L1‘1 6£TY d
0’1 €LYl €9vC°1 €9pT°l 9 699y XX 8YLT a
0l €Syl €Yyl €Y'l Ve 802Z°9 60%°1 ¥10°C 0
0l I'vpT'1 ['€vT1 1€yl 14 S8°‘8 vySl 818 qd
0l 8 Eve’l 8'TYT’l 8TVl 0¢ 169°01 vT9°1 0 v
IaATy AppnA
(QAVN 1334) (aNOD3S
¥3d 133d) (1334 39vNOS) (1333)
ISVIHONI AVMAO0O14 AVMA0O014 AYOLYINO3Y ALIDOTIANVAWN | V3dV NOILO3S HLAIM ,30NV.SIa NOILO3S SSOHD
HLIW LNOHLIM
NOILVAT13 3OVAUNS-UILYM AVMQo01d 33dNOS ONIAOOoT4
aootd asvd




w0

Y3IAIN AQANN SVIUV A3LVHOdHOINI ANV

AN ‘ALNNOD MHV1D m_

<|_-<Q ><>>Q OOI_H_ AONIOV LNFJNIFOVNVIN AODNIDYINI TvyHaa3d m

1

2IN)IMS UOISISAL(J W) Pue Ysi 9A0q. 132,
1Al 0°L6V'1 9'96%°1 9'961°1 9'¢ 696°S SIL LSS‘€9 VA4
00 8'covl 8 cot'l 8'c6v1 6'L S0LT SyT LIL19 AV
L0 T00¥°1 S'66€°1 $'66€°1 ¥'S 186°¢C 91¢C 878°6€ XV
L0 6'86€°1 7'86€°1 T'86€°1 €9 [LEE 01¢ 6S€°6¢€ MV
0’1l €L6€°] €96€°1 €96€°1 8¢ 789°S 00¥ 198°8¢€ AV
80 8°76¢1 0°T6E°1 0°Z6€°1 L'L 9LLT 6L1 0SE‘LE nv
01 €T6¢°1 €16€°1 €16€°1 6'¢ 06¥°S 001°1 £06°9€ LV
L0 €'88¢°1 9'L8€°T 9°L8€°] L 6S6°C 6CC 658°GE SV
[0 9'98¢°1 S'98¢‘] $'98¢°1 (4 LIy 886 LSESE AV
€0 9'8LE°] €8LET €8LE°1 €81 ILT°] LO1 6¥0°SE ov
£0 9'8LE°l €8LE°l €8LE1 S0l 1£0°C orl 095v€ dVv
80 €yLEl SELE’l SELET Vil LL]'1 IS1 0S1ve oV
0’1l SELE’] S'TLET STLE'] 7’9 69¢€°¢ 10T SPEEE NV
60 L'89€1 8°L9€°] 8°L9¢°] 9'8 68%°C 8¢l TELTE NV
o0 0°79¢°1 9 19¢°1 9'19¢°1 S'L L8°T 1444 858°0€ v
L0 LLSE] 0°LSE‘T 0'LSET L6 112°C 08¢ 1€1°0€ AV
80 PySe’l 9'€Ge’l 9°¢6¢’l 6'¢ 8€S°S £Evl $88°8C {Vv
0’1 9 16¢°1 9'0S€°1 9'0GE‘L 1Y wWo'y 61L €L8'LT v
60 T0S¢°1 €6ve’l €6ve’l 'S L1y 9%9 S8E°LT HV
0 €LYE ] I'LPE1 "Lyl L0l 000°C L0OT vS1°LT ov
80 €Sre’l Syrel Spe’l ¢'¢ £76°¢ 0L £9¥°9C av
0’1 9'0ve‘l 9'6£€°1 9°6£€°1 I'L €20°¢ ¢8¢ 9LY'ST dVv
8°0 6'9¢€°1 1'9€€°] 1'9€€‘1 €9 06€°€ 1 XY 74 AR 74 av
60 0°€ee’l 1'2e€’1 1'Cee1 V9 8T€'E 1489 L1§°€T oV
01 §'8T€°l S'LTET S'LTET 8V 89v°'y LSS €5€°TT dav
0’1l €97€°1 €6T¢°l €6Tel 0’8 9L9°C 1443 T10°Te \A

(pauo))
19ATY AppnN
(QAWN 1333) (anoo3s
H3d 1334) (1334 F9vNOS) (1339
JISVIHONI AVMAOO14 AVMAOO0T4 AdOLVINS3Y | ALIDOI3ANVAW | v3dV NOILD3S HLaIM ,JONV1SIa NOLLD3S SSOHO
HLIM LNOHLIM
NOILVAT T3 30V4HNS-HILYM AVMQOoO014 32UNOS ONIGOOT4
aood Asva




(o]

YMIAIN AdAnNIN SVYIYUV A31LVHOdHOOINI ANV

AN ‘ALNNOD MHV1D m__

V1Va AVAMAQOO1d ADNIOV INIJWIDVYNVIN AONIONINIT Tvy3a3ad m

1

2INJ0NI)S UOISIDAI(J dwres) pue ysi,] aAoqe uouw_
01 €€LST €TLS Y €TLS'1 0¢ ¥91°C €99 688°86 74
60 €ILST v'0LS T ¥0LS 1 Sy 8yl 06¥ LLE'86 Ad
01 80LS1 8695°1 86951 61 9%°¢ TLL 8L8°L6 Xd
80 1'895°1 €L95°1 €L95°1 9 $66 L1T $65°96 mdg
01 97951 91961 91961 I'¢ 890°C 80L ¥65°56 Ad
60 L'LSS 8955°1 8965°1 L€ 9Ll €05 9L0V6 ng
01 LySS‘1 L'€SS°1 L€SS1 61 LYE'S 9¢L LEST6 AK: |
60 1°€5S°1 7SSl 7SS v €16°1 ¥29 79L°16 sd
60 6'0SS°1 00551 0°0SS°1 8T 15€C 444 620°06 g4
80 9'84S°1 8 LYS°1 8 LYS1 S'S €06°C €97 YLT'88 od
01 SpS‘l SEPS‘l SEPS‘l 6'S €0L°T 97z 1L1°98 dd
01 6'6£5°1 6'8€5°1 6'8€S°1 oY 020 0z¢ 818°¢8 od
01 9'9¢5°1 9°6€5°1 9'GES‘T $'S 688°C 62¢ 918 Nd
L0 6°€€S°1 Teesl Teesl 8¢ LT 002 9L1°18 nd
01 91€5°1 9°0€5°1 90€S°1 09 LLYT 85T T€£°08 14
01 8051 86251 86TS°1 0¢ 6v€°S 19¢€ 9€L°6L g
80 96251 8°8TS°l 88751 €t 9L°¢ 1743 01€8L rd
80 yLTS T 99761 9951 6 L6T'E €s¢ L8LLL 1d
L0 9'9ZS°1 6'STS°1 6'STS°1 (ay T6LE 9p¢ SETLL Hd
L0 6'TTS1 TSl TTTSl 8 9L9°¢ 1€ LLYSL Dd
L0 S'8IS°1 8LIST 8LIST v'9 LEE'E 865 LLOYL A4
60 SEIS‘T 9TIS T 97151 09 ¥95°¢ 625 LELTL a4
70 L'90S°1 €905°1 £905°1 S'L 1€8°C v9¢ L8ITL ad
80 €101 S €0S°1 S€0S°1 6'¢ 0EY'S 9% LT1°69 od
80 €105°T $'00S°1 S00S°1 9 61€°€ 699 LY¥'L9 gad
80 9°86¥°1 8 L6V'I 8 L6V'] 9¢ 8L6°S 120°1 LYS‘S9 vd

(puo))
JoATY AppnN
(QAWN 1334) (anoo3s
¥3d 1334) (1334 34vNOS) (1334)
3SVYIHONI AYMAOO1d AVMAOO0Td A"OLVIND3A ALIDOT3A NVIN V3dv NOILD3S HL1AQIM ,30NV1SIa NOILO3S SSOHD
HLIM LNOHLIM

NOILVAT13 30VAUNS-YIALYM AVMAoo1d 324NOS ONIQOO14

Qo074 3sva




U3IAIN AQANIN SV3dV d31VHOdHOONI ANV ¢
AN ‘ALNNOD MYV

<o aw

<.—-<Q ><;QOOI_n& AON3OV LNIWIOVNVIN AONIDHIN3T Tvy3a3d

2INIIIG UOISISALJ WD) PUe YSL{ 9A0QE 139,

60 T€09°1 €709°1 £709°1 I'e SI1°T S9 €VP°801 O
60 €109°1 v°009°1 #0091 6'1 L6Y'€E L8L 6C1°L01 n
60 £009°1 76651 76651 €T 608°C S8t 785501 (0]
70 $'665°1 1'665°1 16651 8¢ 162°C 00¢ €8TV01 HO
00 €965°T €965°1 £96S°1 €Tl 6C¢S 911 9€L°€01 190
00 8°665°1 8°665°1 8°665°1 €Tl 8¢C¢ SII 8L9°€01 A0
S0 80651 €06S°1 €061 £e 886°1 ¥81 108201 d0
01 0'885°1 0'L85°1 0°L8S°1 61 LT 86¢C S69°101 an
S0 €T85°1 8'186°1 8'186°1 9 661 €S LLS 101 20
01 9°085°1 9°6LS1 9'6LS°1 e 1370) (43! LE6001 q40
60 9'9L6°1 L'SLS'T L'SLS T 0L 626 SSl 6388°66 YO
(puo))
JOARY Appny
(QAWN 1333) (GNOD3S
¥3d 1334) (1334 3¥vNOS) (13339)
3SVIHONI AVMAOO014 AVMAOO14 AYOLYINOIY ALIDOT3A NVaW v3dv NOILO3S HLQIM ,3JONV.LSIA NOILO3S SSOUD
HLIM LNOHLIM

NOILVATII 30VAUNS-HILYM AVMAoO014 32UNOS ONIQOOT4

aood Isva




TINNVHD 3dIS ¥3AN Adanin

SV3dV A31VHOdHOONI ANV
AN ‘ALNNOD M¥V1D

AONIOV LNIWIOVNVIN AODNIOHINT Tvy3Ia3d

<o v

VYilva AVMAoO1d
I3ATY ApPNJA (lim 35USN[JUOD SA0GE 199 o
00 0°06S°1 0°065°1 0°065°1 L8 €LE 6L ¥91°T q
00 £'68S°1 £6851 €685°1 88 89¢ 78 19L°1 a
00 v'886°1 v'885°1 7'885°1 $'6 4% 9 19¢°1 o)
01 6'785°1 6'185°1 6'185°1 0T 619°1 £9¥ 8€0°1 q
01 1'185°1 1°085°1 1°085°1 LS 69S 987 909 A%
[ouuey) apIg
IoATY AppnjA
(QAWN 1334) (GIVeRES
¥3d 1333) (1334 34vNDS) (1333)
JSVYIHONI AVMAOO01d AVMAOO014 AHOLYIND3YH ALIDOT3A NVAIW Y3YV NOILD3S HLAIM ,3ONV1SIa NOILD3S SSOHD
HLIM L1NOHLIM
NOILVAII3 30V4HNS-HILYM AVMAoO1d 32¥NOS ONIJOOTd

aoond 3sva




MOT4HIAO HSYM HIHdISTINd

SV3dV d31VHOdHOONI ANV

0

3

= HSVM 43HdISTNd — HSVYM NOL1¥3AO AN ‘ALNNOD M¥V1D ]

|

AONIOV LNJNITOVNVYIN AONIDHINIT TvyIA3d v

VYivVa AVMAOO14 L

IOAY WIBIIA YIim 35ULN[FUOD JO ureansdn 1991, ISATY APPRA YIM 30UIN[FU0D IA0qE 199,
L0 8'€65°1 1°€65°1 1€6S°1 6v SLT LEI1 NVmﬁﬂm 0
60 19851 768S°1 T'S86°1 9°'¢ 6€£C 86 OLTT d
00 90851 9'08S‘1 9'085°1 e v6¢ (454 58¢ VvV

MO[LIDAQD

ysea\ Joydising
60 1'609°1 78091 78091 €T 7€l 911 9€8°¢ d
A 00651 9'68S‘1 96851 86 gee S9 906°C J
60 L7851 81851 81851 001 60T 08 V9TT d
0’1 69961 66961 6'696°1 ol ¥9 61 981°1 VvV

ysep Joydising
00 9°6EH°1 9'6£Y°1 9°6£P°l 6L 91L 1LE LLY91 N
00 1'01%°1 1011 101¥°1 LS £66 g¢¢s (L60°S1 N
00 ' T6E°1 ¥ T6€°1 v T6E°l €9 L68 0SL L6T€EL 1
00 TLIE T TLE°] TLIE T 69 144 L1¢g (L1811 A
00 0°6S€‘T 0'6S€‘1 0°6S€E‘T 09 Sh6 08 LT601 f
00 S el S EVEl S EPE’l €8 ¥89 1€ L8E01 |
00 1'€Z€°1 ['€Z€1 1'€T€°1 'S v01°1 679 LY1°6 H
['0 €EIEl eIl TEIE £9 S06 LSY (L1T°8 D

[SeA\ UOLDAQ

(aAwN 1334) (aNo23s
¥3d 1334) (1334 34vnoOS) (13334)
3SYIHONI AVMA0O0T4 AVMAOO14 AHOLVINO3Y ALIDOT3IA NVIW v3uv NOILO3S H1dm JONVLSIa NOILD3S SSOHD
HLIM 1NOHLIM

NOILLVATTI3 3OVAANS-UIALYM AVMAOO0Td 33dNOS ONIAOOTd

doo14d 3sve




SYIRIV A31LVHOdHOONI ANV

n

_ 3
HONVYYSE TVHLNID — HSVM VYNVYOIdO¥ 1L AN ‘ALNNOD MYV1D m
<.—-<Q ><>>QOOI_"— AODNIOV INJWIOVNVYIN AONIODYINI Tvd3Ia3dd M
PAANAWOd JOU ABMPOO[). “LUIA[NO Ul PIUIEIU0D poojd, ﬁ«am:_:a_ o Yl 9dUIN[JUOD IA0QE SN,
AV-Z
00 6'S90°C 6°590°C 6'590°C 811 €8¢ L9 S60°1 A
00 7€90°C 7°€90°C 7€90°C €6 96¢ 8¢ 080°1 X
00 8'790°C 8'790°C 8'790°C ['6 ¥9¢ ¢8 €L0'1 M
00 $'790°C §'790°C §'790°C SL 14744 S6 9¢0°1 A
00 €790°C £790°C €790 09 £6¢ LO1 2660 n
00 €790C €790°C €790°C % 4 1478 134 | 9¢6'0 L
00 €790°C €790°C £790°C 't 08 0cCl 160 S
00 61907 0'190°C 0°190°C 13074 ILL 01 €060 A
00 1'650°C 1'6S0°C 1'650°C £l [y 6 L88°0 0O
00 6'LS0°T 6'LS0°T 6'LSOT 811 6vv 901 998°0 d
01 6'€50°C 6'7S0°T 6'7S0°C 9'8 619 L61 0080 O
00 0150 0°150°C 0°150°C 8L £89 067 SOL0 N
01 6'LY0°T 6'9%0°C 6'970°C I'e S09 9¢¢ L99°0 W
L0 9'9%0°C 6'SH0°T 6'St0°C 1Y 1399 161 L8S0 1
00 0°0¥0°C 0'0v0°C 0'0v0°C 811 1197 901 [6v°0 A
[0 £6€0C 76£0°C 76£0°C v'9 8T8 601 Lizal] [
00 €5€0°C €6€0°T €GE0°C 0°¢l 90¥ LL L6E0 I
00 9°€€0°C 9'€£0°C 9°€€0°C 6 6LS 66 SYE0 H
0 8'€€0°T 9'€€0°C 9°€€0°C (184 12€°1 Ll 10€°0 D
60 0'2€0°C 1'1€0°C 1'1€0°C 09 LLS 44\ 9LT0 |
0 ¥'620°C 7670°C 7620°C L0l L6V 0cl 61T0 q
00 L'920°C L'970°C L'970°C 6’11 144 6L 0L1°0 ad
00 TYT0T Y20 Y0t 6’6 98% 18 Selo 0]
00 L'€10°C LTI L'T10°C Cl 76¢ L8 080°0 d
0l 00T 7°€00°C 7€00°C 1'9 98L Cll 0000 A4
youeld [enua)
ysep, eueordoi],
(GAWN 1333) (ONOD3Ss
¥3d 1334) (1334 34vNOS) (1334)
3SVIHONI AVMAOO14 AVMAOO14 AHOLYINOTY ALIDOTAANVAN | V3¥V NOILO3S HLAIM ,230NVLSIa NOILO3S SSOMD
HLIW LNOHLIM
NOILVAT13 3OVAUNS-HILYM AVMAoo4 30dNOS ONIAOOT4

aood 3Isve




HONVYYSE TVHLNID — HSVM VNVOIIdO¥ 1

SVIUV d3ILVHOdHOOINI ANV

0

AN ‘ALNNOD M¥V1D 3

g

viva AYMAOO14d AON3IOV INIWIOVNVIN AONIONIWT Tvy3a3d M

ysem\ owEE&_ Kl 5_3 dUINJJUOD o>onm moEZ_
00 9LYTT 9LYTT 9LYTT 6'6 we 6L ¥80°t YA
00 TSP TSYTT TSYTT 96 STy €L 6L6°€ AV
20 TEVTT 0°€VTT 0€vTT L9 LSE LS SY6°€ XV
00 0€vTT 0°€¥TT 0°€vTT €9 8¢ 8 LO6°E MV
00 0'€¥TT 0°€TT 0€HTT €S 9S¥ 08 ¥88°¢C AV
60 T6£TT €'8€T°T €'8€TT $'6 454 8 998°¢ nv
00 09€2°T 09€2°T 09€7°T $'6 437 0S1 008°€ AR
0’1 0'vETT 0°€€2°C 0'€£2°T L€ 8I1°1 SP1 789°€ SvY
0’1 $'€TTT $'TTTLT $'TTTT 8’8 99¢ 091 G8S°¢ v
0’1 L91TT L'S1TT L'S1TT €s OLL szl [1y°€ OV
L0 v'S0T°T LY0TT LY0TT 87 LST 98 €s€€ dv
01 6'102°T 6°007°C 6°002°C TL 86 6S 097°¢ oV
00 0'061°C 0061°C 0061°C 79 6C1 4 LSI'E NV
00 L'€81°T L'€81°T L'€81°T z8 86 1€ 090°€ NV
00 9'8L1°T 98L1°T 9'8L1°T 78 86 ¢ L96T v
00 T8LIT T8LIT T8LIT 8's 8€1 6€ 9€6'C b\
00 TILIT T9LIT T9LIT 96 8 0¢ 906'C v
00 SILIT SILIT SILIT 0'6 68 9¢ 658°C v
60 6v91°T 0491°C 0v91°T €€ 0vZ 89 €9L°T HV
01 6'8S1°T 6'LS1T 6°LS1T 911 v61 8P 899°'C oy
01 8'LS1T 8951°C 8951°C Al 0LE9 €19 996 v

(p.juo))
w_oﬁem Eb:vU
ysep eueardol],
(QAWN L333) (aNnoD3s
¥3ad 1334) (1334 39vNOS) (1339
ISVYIHONI AYMAOOT4 AVYMAOOT4 AHOLVYINO3Y ALIDOT3A NVINW V34V NOILO3S HL1dIM ,3ONVLSIa NOILD3S SSOHD
HLIIM 1NOHLIM
NOILVAT13 3OV4UNS-HILYM AYMAoO014 3249N0S ONIJOOo14
aood asve




HONVYE HLYON-HSVM VNVIIdO¥d 1

SV3IYV A31VHOdHOONI ANV

'o]

= HONVYSE TVYLNIDO-HSVM YNVYOIdON 1 AN ‘ALNNOD M¥V1D m
g
v
<-—..<Q ><>>Q OOI_E ADNIOV LNIFNIOVYNVIN ADNIDHINI Tvy3Ia3d v
Sosw._m _s._u:ouu_._mma m:ﬁoapﬁﬁ £u_>> ooﬂo_.—_.wﬁoo 0>on—w mo—:ZN nmwg O&EE&— d :«{5 roozﬁcoo u>O£N mo_:\a_
00 L'88C°C L'88C°C L'88C°C 99 £81 LY 980°1 O
0 L182°C S'187°C S'182°C '8 IL1 6t :£56°0 N
00 €187 €182°C £182°C ['9 98¢ [ES 9880 N
00 T182°C 18T T187°T 6'¢ 69¢ 0¢S .£98°0 T
00 1'9LTT 1'9L2°C 1'9LT°C '8 SLIT (14 V80 A
9°0 1'vLT°T SELTT SELTT 1’9 LET 89 A09L°0 [
00 L'0LTT L'0LTT L'OLTT 08 181 0L £99°0 I
80 €99T°C $'69T°T $'697°C €S ¢€LT 174! 0LS0 H
60 L'192°C 8'09Z°C 8'09Z°C 0¢ £6¢C L81 IOLY0 D
L0 $'96TT 8'65T°C 8'66T°T vy [4%3 YL .18¢€°0 d
vo 8°05C°C ¥'0S2°C $'0ST°C ¢9 44 081 $8T0 qd
00 L'8¥T°T L'8YT°T L'8YT°T 6T 66V 6L1 S1T0 a
[0 0'99T°C 6'SYTT 6'SPTT 1A% 8T¢ 0¢S1 -£02°0 D
00 TSYTT TSYTT TSYTT 69 11T 0r1 8810 d
00 0'0vZ'T 0'0vZ°C 0'0vT'T L'L 881 701 -£60°0 \"4
:oﬂ&hm e_tOZ —
ysep eueordoa],
(4] 0'9LET 8'6LTT 8'GLTT 001 0¢e I8 1096V A9
00 7'897°C 7'897°C 7'897°C 4] | 4% 9 197V d4d
80 ¥'797°C 9'197°C 9'197°C 7’01 81¢ 19 199¢Y ad
01 81STT 8'€57°C 8'€57°C '8 £6¢C eL 6LV od
0 L'TSTT $'TSTT §'TSTT | $6¢C 811 LETY dd
9°0 L6vTT 1'6¥Z°C 1'6¥T°C 8¢ (444 L6 RARN% vd
(puo))
youelqg ~&.~HGOU|
ysep eueordoi],
(QAWN L333) (GNOD3S
¥3d 1334) (1334 34vNDS) (1333)
3SVIYONI AVMAOO14 AVMAoOo14 AHOLYIND3Y ALIDOT3ANVAW | w3¥v NOLLO3S H1amw JONVLSIa NOILO3S SSO¥D
HLIM LNOHLIM
NOILVAI13 3OVAANS-HILYM AVMAOO14 30dNOS ONIAOOT4
aoo01d asvd




SVYIAUV d31VHOdHOINI ANV

n

HONVYYSY HLYON _._.m<>> VNVOIdOd 1l AN ‘ALNNOD M¥V1D m
g
<.—-<Q ><>>Q OOI_ m ADNIOV LNIJNIOVNVIN ADNIONINIT TvH3Ia3d M
youerqg —&bﬂoU.:msB dqao_moﬁﬁ Y3 30Uanpjuod 0>OD& mo_wz_
00 6'78¢€°C 6'78€°C 6'78€°C ) L8 0¢ S4%¢ av
00 L'TLET L'TLET L'TLET 6'8 S6 S¢ Iy'T ov
00 v'v9€°T %194 Y'v9€°C 7’8 101 47 8ve'T qav
90 8'95€C T95¢€T 795€C £'8 01 8¢ (1) 7aré \'A%
['0 6'0S€C 8°0S€C 8'05€°C 6 to 8¢ LET'T Z
70 1'TPeET L'1YET L'1vET L01 48! (43 970°'C A
00 S'TEET STEET STEET 1’6 43| £¢ 976’1 X
70 T0EET 0'0€€°C 0'0€€T 0°¢ 474 144 1€8°1 M
00 1'6T€T 1'62€C 1'62€C £9 161 8¢ €eL’'l A
S0 L'0TET T0TET T0TET 1’6 I€1 [4S 0€9°'1 n
00 1'61€C a4k VYIET 7’8 91 0¢ 01S1 L
00 L'0T€T L'80€°C L'80€°C ['8 6vl 0¢S eer'l S
00 7'00€°C ¥'00€°C v'00€°C 78 (49! 0S 86C°1 A
00 £967°C €967°C €96C°T 8 Lyl 0S S 74 0O
00 £06C°T £062°C €062°C VL 691 I L9T'1 d
(pauoD)
youelqg YUON —
ysep\ eueordoa],
(QAWN 1334) (aNoD3as
¥3d 1334) (1334 3¥vNOS) (1333
3ISVIHONI AVMAOO14 AVYMAOO14 A¥OLYIND3Y ALID0T3A NVIN V3yv NOILO3S Hlam ,JONV1SIQ NOILD3S SSOHD
HLIM LNOHLIM
NOILVAIT3 30VAUNS-HILYM AVMAoOO14 30dNOS ONIA00Td4

aoo014 3sva




HONVYE HLNOS-HSVM VYNVOIdOJ L

SVIAUV A3LVHOdHOONI ANV

[Te}

AN ‘ALNNOD M¥V1D 7
|
<|_|<Q ><>>Q OOI_H_ AONIOV LNJWIOVYNYIN AONIONINWI Tve3a3d M
youelg renusd-ysem wgo_nOuH M 3duanjuod JA0Qe mo_:\f
00 6'L0VT 6'L0Y°T 6'L0V'T £6 191 09 £96°1 L
€0 S00v°T T00¥°C T00v°C V'L £0¢T 6 0981 S
S0 L' €6£°T TE6ET TE6ET 06 991 99 19L°1 A
¥o0 T98¢°C 8°68¢°C 8'68¢€°C ['6 99] 99 §99°1 e}
S0 8'8LET €8LET €8LET 06 991 0¢ §9¢°1 d
00 L'TLET L'TLET L'TLET 88 IL1 eL SOl 0]
00 9'¢9¢°C 9'€9€°C 9'€9¢°C 6 681 69 89¢°1 N
['0 ¥'86€°C €'86€°C €85€T '8 11T 09 LTl W
L0 L'€SET 0'€SET 0'€SET 6’8 £0¢C 9¢ €L T
60 L'LYET 8'9v€T 8'9v€T '8 14 ¥4 98 6L0°1 |
60 6'6£€T 0°6£€°C 0'6£€°T £'6 761 $9 L96°0 [
0 STEET £TEET €TEET €8 LIT €8 LS80 I
00 9'97¢T 9'97€°C 9'9Z€°C 68 £0¢ S8 6LL0 H
0’1 0'0T€C 0'61€C 0'61€C 8L 0€C 68 9L9°0 D
00 I'E1€°T ['€1€T ['€1€C 6’8 £0¢C 9L 7860 q
70 6'10€°C S'10€°C S10€°C 08 9TC 8 98%°0 q
00 8'667°C 8'66T°C 8°66Z°C 701 eL1 4 £6£°0 ad
60 9'887°C L'L8TT L'L8TT 96 L81 6§ 2670 0]
01 0'182°C 0'08Z°C 0'08Z°C S'6 681 89 161°0 qd
0 8'LLTT 9LLTT 9'LLTT 9'C 889 S6 £60°0 v
&oﬁ&.mm :«:OM —
ysep eueordoa],
(QAWN 1333) (anoD3s
¥3d 1334) (1334 3¥vNOS) (1334)
3ISYIYONI AVMAOO14 AVMaoO14 AYOLVIND3Y ALIDOTIANVIWN | V3¥VY NOILO3S HLAIM ,30NVLSIa NOILO3S SSOHD
HLIM LNOHLIM
NOILVAIT3 20VANS-HILYM AVMAoo4 30dNOS ONIA0OT4
aoo1d 3Isvg




(A3INNVHO V)

SVYIAUV A3LVHOdHOONI ANV

(o]

3

HSVM SVO3A SVY1 0L ANVYLINGINL AINWVYNNN AN ‘ALNNOD M¥V1D J

g

Vivad AVMAoO14d AONIOV INIWIOVNVIN AONIONIWI Tva3aad v

ysem wnmo> SeT Y3IM 30uan[juos Jo ureansdn 399 g,
10 6°068°1 80681 80681 7’9 810°1 701 SIS°S I
Z0 €688°1 1'688°1 1'688°1 0S 16€°1 vl 0L6'Y H
00 L'L88°1 L'L88°1 L'L88°] 'S vyl €91 06T°v 9)
01 1°788°1 1'188°1 1'188°1 8P €0b°1 061 095°¢ d
70 L'LLST SLLST SLLST 8¢S 691°1 091 080°¢ q
S0 v yL8 1 6'€L8°] 6'€L8°] L0l 0€9 66 019C a
€0 96981 €698°1 €698°1 '8 978 0TI SE1°T 0)
€0 S'€98°1 T£98°1 €981 88 L9L 06 SLT1 q
90 0'658°1 7'868°1 7'868°1 '8 LT8 €01 STS Vv

(Jeuuey) v)
USBA\ SEFOA
se] 01 Arejnquig,
voE&caD
(aAWN 1334) (GNOO3Ss
¥3d 1334) (1334 34vNOS) (13334)
3SYIHONI AVYMAOO014 AVMAOOT4 AdOLYIND3Y ALIDOT3A NVIN Y3dvY NOILD3S HLdIM ,(JONVLSIa NOILD3S SSOHD
HLIM LNOHLIM
NOILLVATI13 30V44NS-¥ILYM AVMaoo1d 324¥NOS ONIQOOT4

aoo07d 3sve




['2)

H3AIY NIDHIA SVIYV A3LVHOdHOONI ANV _
AN ‘ALNNOD M¥V1D 1
<..—-<Q ><;Q OOI_E AONIOV INIJWNIDOVYNVYIN AONIOHINWT Tvy3a3d M
AprS pajielaq Jo W] 9A0qY 1934,
€0 L I¥S1 A84]! P ivsl S 08L°8 010°l S06°8C n
60 SLESI 9°9¢61 9'9¢61 13874 L1T6 1€€°1 SOV°LT L
60 8'Sesl 6'vESl 6'veST vE IvL 11 1€T°1 L95°9T S
80 8VEST 0'veEST 0vest ['y 899°6 SE0°1 909°6T A
Lo L Eesl 0°€€s1 0°¢gesl ['t 7656 £66 TS1°6T o)
9°0 P'0€ST 8651 8°6CS1 L'y LOV8 970°1 L6EYT d
70 (414! 8°LTSI 8°LTSI vy 7168 691°1 9TY €T 0O
60 8°TTSI 6'1¢CS1 6'1¢CS1 oYy 88L°6 €€5°1 8L0°TT N
80 ¥'0CS1 96161 96161 6'¢ LLOOT 085°1 wi‘lT W
80 vLISI 9'91¢] 99161 Le 09L°01 6ST°1 88761 1
L0 61161 TLISI TSI 6'¢ SLOOT €€l 78691 A
L0 98051 6°L0SIT 6°'L0SI 8¢ 66701 10€°1 €10°91 [
9°0 L'S0S1 1°60S1 1°60S1 9°¢ S06°01 [16°1 vISS1 I
v0 S ¢0ST 1°€0S1 1°€0S1 0°¢ 9L6°C1 9¢8°1 897°¢1 H
90 80091 20051 70061 0¥y v76°6 YELT L00TT 'S)
S0 6'S6v1 v'sevl v sevi Sy L98°8 €0€°1 181°01 d
01 9437 S'L8YI L8V 9°¢ £66°01 008°1 99¢°9 q
80 L8Pl 681 6'v8P1 I’A) 18S°11 790°C SI6y d
6’0 9'v8vi L E8YI Le8vl £e 61811 L10C €eLY D
6’0 Yoyl SELY SELYl e 661°11 008°C 9665 q
60 VELyl STLY] STLY1 9°¢ 1241 9L5C 0 Vv
IOATY WISHA
(OAWN 1334) (aNnoo3s
¥3d 1334) (1334 3¥vNOS) (1333)
ASVYIHONI AVMQOO14 AVMAOO14 AYOLVIND3IY ALIDOT3ANVAWN | V3I¥V NOILO3S HLAIM ,JONVLSIa NOILO3S SSOYD
HLIM LNOHLIM
AVYMAOO14 J3UNOS ONIAOO0T4d

NOILVATT3 30VAUNS-HILYM

aoond 3sva




AIAIA NIDYIA

SY3UV A3LVHOdHOOINI ANV

wn

3
AN ‘ALNNOD MYV 2
<.._.<Q ><>>QOO|_ u_ AJDN3OV LNIJNIOVNVYIN AONIODYIWIT Tvy3qg34d N
ApiS pajie}d( Jo JIT 9A0QY 1937,
0 €081 ['08S1 1'0861 4 9vL‘8 868 €LTOY av
01 €LLST £9LS1 €9LS1 97 918°8 96L 01Z°0¥ ov
60 € LLST V'9LS] P'9LSI 8¢ Tsol 118 890°0¥ NV
S0 81LS1 € 1LST €1LST ¢S 00¥°L tLL LL88E WV
80 9°69¢1 88961 88961 Le 8€L°01 LSO TLELE v
80 L6961 6'8961 68961 8T SOI‘p1 T01°1 OvT'LE NV
60 $°6961 9°8961 98961 0¢ 8S1°¢l 0TI°1 8€I°LE v
60 LL9S] 89961 89961 (47 86€°6 VL6 €€L°9¢ v
01 0°L9G1 0'99¢1 09961 Ve 85511 06 €20°9¢ HV
01 §°99¢1 66961 §°69¢1 't LY9°6 vLL 989°G¢ oy
60 19961 C'S9¢1 C'S9¢1 [ 196 L69 LOS°SE AV
70 67961 §T9¢S1 §79¢1 89 16L°S 8LV VELVE v
[0 §'6SS1 ¥'6SS1 V'6SS1 £9 v67°9 99¢ €19°ce av
70 6°LSSI GLSSI SLSSI 09 6659 069 sTeee 0\
S0 8°LSS1 € LSS € LSS] 0s G86°L €L9 191°¢€ av
L0 1'LSST 9661 9661 ¢S YOy L 899 LLOEE A\"A "
90 879661 9661 9661 6'v 701°8 9L9 YL6TE Z
60 7433 433! S'pSel ¢s STT'L 169 v8L°TE A
L0 0°TSsl ¢£1661 ISy L9 ¥88°S L9L 617°C¢ X
S0 8PSl 1472 17449 6V LT1°8 120°1 L81°0€ M
90 0°ersSl Y Tvel v evsl LYy 90%°8 T10°1 v156T A
(puod)
ISARY WIBIA
(QAWN 133d) (aNnoO3s
¥3d 1334) (1334 3¥vNOS) (1333)
3SVIYONI AVMAOOT4 AVMQ0O0T4 AHOLYINOIY ALIDOT3A NVINW v3dvY NOILO3S HLaIMm ,JONVLSIa NOILD3S SSOHD
HLIW 1NOHLIM
AVMAOO14 30¥NOS ONIGOO14
NOILVAIT3 3OVRNS-UILYM

daoo1d 3sve




AIAR NIDYIA

SVIAV d3LVHOdHOONI ANV

[Te]

3
[
AN ALNNOD MAV1D ]
v
<.—.<Q ><>>QOO|— u— AJNIOVY INJWIADVYNVIN AONIOHINI TvH3d3d 1
Apng pa[Iesa 3O JIWIT 9A0QY 1994,
90 S'L6SI 6’9651 69651 £ 91811 LS6°1 6ETLY A'S
S0 S¥6S1 0'v6S1 0'v6St vy 6206 L16°1 LL1I'9Y AV
S0 8°¢6S1 £€651 £€6S1 O3 SLI‘TI wo'T 0L9°SH XV
90 81661 ['1661 1'16S1 L'¢ €5L°01 158°1 wosy MV
L0 66861 6851 6851 3 89¥°11 v0S°1 6801 AV
9°0 76861 9'88¢G1 9'8861 9°¢ £98°01 TSPl LY6'cy nv
60 69861 09861 09861 (1874 6786 r0€°1 Tigey LV
L0 6'¢8¢S1 7°¢861 (%1 e €0S°11 4 €60l SV
L0 6'C861 T'C8s1 77861 6'C Tesel 08Z°1 811°1¥ qv
80 £T8S1 SI18¢1 SI8SI 0'¢ STIEl 61°1 9L 0F ov
(p3uod)
ISATY WISHA
(GAWN 1334) (GIYORER
¥3d 1334) (L334 34vNOS) (1339)
ASYIHONI AVMAOOT4 AVMAoo14 AYHOLYINOIY ALID013A NV3N V3I¥V NOILO3S HL1aIMm ,3ONVLSIa NOILO3S SSO¥D
HLIM LNOHLIM
AVYMAOO14 33UNOS ONIaOOoTd
NOILVAITZ JOVAANS-HUILYM

aoo7d 3sva




HONVYSE 1S3M H3AINE AdANN

SVYIV A3LVHOdHOINI ANV
AN ‘ALNNOD MYV1D

o]

3
ADNIOV LNIJWIOVYNVIN AONIDYINI Tvy3Ia3d m
v
VYilva AVMdAOoO14d L
19ARY APPNJA| YHM 9UIN[FUOD IA0QE 1994,
0’1 G €8Tl SZ8T°1 §T8T°1 9y 6£€°C 8¢9 8YL L d
01 6'08C°1 6'6LT1 6'6LT1 (1874 Y0LT YoL €9T°L d
60 S SLT1 VLT ] 9vLT 1 (a7 865C L0S 162°9 a
60 1°0LT 1 76971 T69T°1 1Y LL6T 96¢ 881°S 9]
01 €99T°1 €692°1 £69T°1 vy 194 7aré y9¢ 880°v d
01 0'69Z°1 09Z°1 0v9Z°1 £ 8TT'€ (4747 0€S‘E v
r_o:m._m 1ISoM\
JoARY AppPnA
(aAwN 1333) (anoo3s
¥3d 1334) (1334 3¥VNOS) 1339
3ISYIHONI AVMAOO14 AVMAoo14 AYOLYIN93Y ALIDOT3A NV3IN v3dv NOILDO3S H1dIWm ,3ONVLSIa NOILD3S SSO¥D
HLIM L1NOHLIM
NOLLVAI13 30VAINS-HILYM AVMAoo14 32¥NOS ONIQooTd

doo14d 3sva




5.0

6.0

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 FIS by approximate methods. Because detailed hydraulic analyses are not
performed for such areas, no base (100-year) 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 FIS by detailed methods. Whole-foot BFEs derived from the detailed hydraulic
analyses are shown at selected intervals within this zone.

Zone AO

Zone AO is the flood insurance rate zone that corresponds to the areas of 100-year shallow flooding
(usually sheet flow on sloping terrain) where average depths are between 1 and 3 feet. Average
whole-foot depths derived from the detailed hydraulic analyses are shown within this zone. Alluvial
fan flood hazard areas are shown on the FIRM as Zone AO, and average depths may exceed 3 feet.
Development on alluvial fans is subject to more sever flood hazards than would normally be
encountered in a Zone AO because the velocities of flows in the alluvial fan are high and the
locations of the flow paths on the alluvial fans are unpredictable.

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.

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
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analyses and floodway computations.

The current FIRM represents flooding information for the entire geographic areas of Clark County.
Previously separate FIRMs were prepared for each identified flood prone incorporated community
and the unincorporated areas of the country. Historical data relating to the maps prepared for each
community are presented in Table 6.

OTHER STUDIES

A Flood Plain Information report for Lower Las Vegas Wash was prepared by the COE in 1967
(Reference 41). The limits of the report extended to the southern corporate limits of the City of North
Las Vegas. Peak discharge values were calculated for Las Vegas Wash that did not correspond to
values used by the COE for their Flood Plain Information report. However, these differences were
resolved during earlier coordination meetings.

Boulder City completed a floodplain study (Reference 42) in 1975. Another study completed in
Boulder City was the Hemenway Wash Inventory and Evaluation (Reference 43). Flood Boundaries
were not drawn for that study; only peak discharges were computed.

Detailed FISs have previously been performed for the incorporated Cities of Las Vegas, North Las
Vegas, Henderson, Boulder City, and Mesquite (References 44, 45, 46, 47, 48, respectively).

Detailed analyses of flooding along Colorado River matches exactly with the detailed analyses of
flooding shown in the FIS for the City of Bullhead City, Arizona (Reference 49). FISs for Nye
County, Nevada; Lincoln County, Nevada; Mohave County, Arizona; San Bernardino County,
California; and Inyo County, California have been performed (References 50, 51, 52, 53 and 54,
respectively). The information in those studies generally agrees with the information given in this
study for Clark County.

LOCATION OF DATA
Information concerning the pertinent data used in the preparation of this study can be obtained by

contacting the Federal Emergency Management Agency, Region IX, Federal Insurance and
Mitigation Administration, 1111 Broadway, Suite 1200, Oakland, California 94607-4052.
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Community
Name

Boulder City,
City of

Clark County
(Unincorporated
Areas)
Henderson, City of
Las Vegas, City of
Mesquite, City of

North Las Vegas,
City of

Initial
Identification

Flood Hazard Boundary
Map Revision Date(s)

Table 6. Community Map History

FIRM
Effective Date

June 28,1974

August 30, 1974
June 28, 1974
December 3, 1976

November 1, 1985

February 15, 1974

December 26, 1975

June 27,1978

January 28, 1977

February 4, 1977
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September 16, 1981

September 29, 1989
June 15, 1982
September 30, 1980

September 28, 1990

January 16, 1981

FIRM
Revision Date(s)

October 18, 1983

December 15, 1983
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REVISION DESCRIPTIONS

This section has been added to provide information regarding significant revisions made since the
original FIS was printed. Future revisions may be made that do not result in the republishing of the
FIS report. To assure that any user is aware of all revisions, it is advisable to contact the community
repositories.

10.1

First Revision

Countywide Update

This revision has combined the FIRMs and FIS reports for the county and incorporated cities
into the countywide format.

Under the countywide format, FIRM panels have been produced using a single layout format
for the entire area within the county instead of separate layout formats for each community.
The single layout format facilitates the matching of adjacent panels and depicts the flood
hazard area within the entire panel border, even in areas beyond a community corporate
boundary line. In addition, under the countywide format, this single FIS report provides all
FIS information and data for the entire county area.

The mapping for the countywide conversion has been prepared using digital data. Previously
published FIRM 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 and highway names and centerline data have been obtained from the Clark County
Geographical Information System (GIS) Management Office. The Clark County GIS data
were positioned using the USGS quadrangle maps with the relative centerline configuration
and names maintained for the City of Las Vegas. For county areas outside of Las Vegas the
centerlines were modified to the positional accuracy of the USGS quadrangle maps and the
roads, highways and street names were taken from the FIRM panels. The adjusted centerline
data were then computer plotted with the digitized floodplain data to produce the countywide
FIRM.

This study was revised on August 16, 1995, to include the restudy of hydrologic and
hydraulic conditions on Tropicana Wash and Tributaries; Blue Diamond Alluvial Fan and an
unnamed alluvial fan just west of Blue Diamond Alluvial Fan; North Branch Blue Diamond
Wash and Middle Branch Blue Diamond Wash; Duck Creek; Duck Creek South Channel; and
Duck Creek Tributary.

Duck Creek, North Branch Blue Diamond Wash, Middle Branch Blue Diamond Wash, Blue
Diamond Alluvial Fan, and an Unnamed Alluvial Fan just West of Blue Diamond Alluvial

Fan

Authority and Acknowledgments:
The hydrologic analyses for Duck Creek were preformed by James M. Montgomery

Consulting Engineers, Inc. (JMM) and were included in the report entitled “Las Vegas Valley
Flood Insurance Study Hydrology Report,” September 1991 (Reference 55). Flood-frequency
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curves were developed by Michael Baker Jr. (MBJ) at the apexes of Blue Diamond Alluvial
Fan and the unnamed alluvial fan and for North Branch Blue Diamond Wash and Middle
Branch Blue Diamond Wash at the Union Pacific Railroad (UPRR). The hydraulic analyses
for all flooding sources were performed by MBJ.

Coordination:

An initial meeting was held on February 25, 1992, to review the scope of work and the
streams to be studied. Representatives from Clark County Public Works (CCPW), Clark
County Regional Flood Control District (CCRFCD), MBJ, and FEMA attended the meeting.

A second meeting was held on December 2, 1992, to review the results of the study.
Representative from CCPW, CCRFCD, MBJ and FEMA attended the meeting. All comments
from the community have been incorporated into this study.

Scope:

This study covers Duck Creek from Robindale Road to Interstate 15, Duck Creek South
Channel, Duck Creek Tributary from its confluence with Duck Creek to Interstate 15, North
Branch Blue Diamond Wash from its confluence with Duck Creek to the UPRR, Middle
Branch Blue Diamond Wash from its confluence with Duck Creek to the UPRR, Blue
Diamond Alluvial Fan from its apex to the UPRR, and the unnamed alluvial fan from its apex
to Flamingo Wash.

The areas studied by detailed methods were selected with priority given to all known flood
hazards and areas of projected development or proposed construction through May 1993.

Hydrologic Analysis:

For Duck Creek and Duck Creek Tributary, peak discharge values for the 100-year flood were
obtained from the report entitled “Las Vegas Valley Flood Insurance Study Hydrology
Report,” dated September 1991 (Reference 55). Peak discharges were determined in this
study by use of the COE HEC-1 hydrologic model (Reference 56).

The flood frequency curves developed at the apexes of the alluvial fans are log-normal.
Standard deviations for the curves were found using 100-year discharge values listed in the
Technical Appendix to JMM’s report entitled “Las Vegas Valley Flood Insurance Study
Hydrology Report,” dated September 1991 (Reference 55). Two-year discharge values were
determined using COE regional relationships presented in its report entitled “Hydrologic
Documentation for Feasibility Study, Las Vegas Wash and Tributaries, Clark County,
Nevada,” dated April 1988 (Reference 57).

The flood frequency curves for North Branch Blue Diamond Wash and Middle Branch Blue
Diamond Wash at the UPRR were defined by the identification of two points for each wash
through which flow would pass to enter the respective culverts. The frequency at which a
given discharge is exceeded between those points is a function of the frequency at which it is
exceeded at the apex of the Blue Diamond alluvial fan, the width of the opening between the
two points, and the width of the area subject to alluvial flooding at the elevation of the two
points. Flow values with recurrence intervals of 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200,
and 500 years were computed. The flood frequency curves at the UPRR were defined by
fitting a log-Pearson Type III distribution to those pairs of flow values and recurrence
intervals.
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Hydraulic Analysis:

Cross-sectional information for Duck Creek and Duck Creek Tributary, North Branch Blue
Diamond Wash and Middle Branch Blue Diamond Wash were obtained from the HEC-2
computer analyses prepared by JMM in 1986 for the draft FIS for the unincorporated areas of
Clark County, Nevada, dated August 1986 (Reference 63). Additional information used to
update and/or revise these data was obtained from Conditional Letter of Map Revision
(CLOMR) and Letter of Map Revision (LOMR) data listed below; recent aerial photographic
maps entitled “Las Vegas,” dated April 1991 (Reference 58); plans and mapping obtained
from the CCPW; recent topographic maps entitled “Duck Creek Wash,” dated October 15,
1992 (Reference 59); and field investigations conducted in February 1992.

List of CLOMRs and LOMRs
Stream Property Request Type Date Issued
Duck Creek  Symphony Encore LOMR 10/04/91
Duck Creek  Paradise Estates CLOMR Dropped
Duck Creek  Robindale Terrace LOMR 06/05/91
Duck Creek  Crystal Springs-Unit 5-6 LOMR 10/26/89
Duck Creek  Crystal Springs-Unit 6-7 LOMR 07/17/89
Duck Creek  Crystal Springs-Unit 8-9 LOMR 10/16/90
Duck Creek  Crystal Springs-unit 11-12 LOMR 06/23/92
Duck Creek ~ Windmill Village CLOMR 11/24/92
List of CLOMRs and LOMRs (Cont’d)
Stream Property Request Type Date Issued
Middle Branch Buckingham Estates-Unit 1 LOMR 08/01/90
Blue Diamond Wash
Middle Branch Carousel Park LOMR 04/01/91
Blue Diamond Wash
North Branch Buckingham Estates-Unit 2 CLOMR 03/12/91
Blue Diamond Wash

The COE HEC-2 hydraulic model (Reference 22) was used to determine the 100-year flood
elevations for Duck Creek, Duck Creek Tributary, North Branch Blue Diamond Wash, and
Middle Branch Blue Diamond Wash.

The starting water-surface elevations for Duck Creek and North Branch Blue Diamond Wash
were based on the slope-area method. The starting water-surface elevation for Middle Branch
Blue Diamond Wash was based on critical depth at the downstream end of the culvert under
Bermuda Road.
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Channel roughness factors (Manning’s “n”) used in the hydraulic computations were chosen
by engineering judgment and based on field observations of the streams and floodplain areas.
The channel roughness varies from 0.025 to 0.044 and the overbank roughness varies from
0.025 to 0.060. These values are included in Table 4.

The hydraulic analyses included divided flow analyses on the reach of Duck Creek between
Pebble Road and its confluence with Duck Creek Tributary. These analyses involved
balancing the quantity of flow in Duck Creek and the divided flow reach (Duck Creek-South
Channel) so that water-surface elevations and energy grades were balanced at the upstream
cross sections of the reach.

The hydraulic analysis for North Branch Blue Diamond Wash included a HEC-2 computer
model for the 100-year flood and floodway from Amigo Street upstream to Interstate 15.
For areas downstream from Amigo Street, HEC-2 computations were utilized to determine
channel capacities. For flows exiting the channel, shallow flooding methods and available
topographic mapping were utilized to determine areas subject to shallow flooding.
Computations in this area were based on development plans for Buckingham Estates, Units
Nos. 1 and 2. The channel area from Amigo Street to Duck Creek was designated Zone A
because final channel banks and linings have not been completed.

The hydraulic analysis for Middle Branch Blue Diamond Wash included a HEC-2 computer
model that used the split flow option to calculate the amount of flow that leaves the main
channel at Gilespie Street. The ground to the north of the wash is lower than the
water-surface elevation, resulting in a flow split toward the north. At Gilespie Street,
approximately 80 cfs overflows the main channel to the north. The 80 cfs that escapes at
Gilespie Street continues to flow south of and parallel to Windmill Lane. The resulting
flooding is less than 1 foot in average depth. The flow combines with the flow in the main
channel east of Bermuda Road and flows into Windmill Lane and Windmill Channel to the
confluence with Duck Creek.

Floodways for the split flow areas on Duck Creek and Duck Creek Tributary at Las Vegas
Boulevard and Interstate 15, and the area downstream of the split flow at Gilespie Street, were
analyzed assuming that the flow splits would be confined in the main wash for the floodway
run. The encroached 100-year flood elevations (with no flow splits allowed) were compared
to the unencroached 100-year flood elevations (with the split flows allowed) to make certain
that the 1-foot surcharge was not exceeded.

The areas subject to alluvial fan flooding were delineated based on the information shown on
topographic maps, (Reference 62) site investigation, and recent aerial photographs. The
recent aerial photographs are shown on maps entitled “Las Vegas,” dated April 1991
(Reference 58). FEMA’s FAN program (Reference 60) was used to compute the contour
widths corresponding to flood insurance zone boundaries. For Blue Diamond Alluvial Fan,
two boundaries were determined for the northern side of the fan between elevations 2,352 and
2,644 feet NGVD. It was determined that flood flow not exceeding 1.5 feet in energy would
be confined to south of the southern most of these boundaries. In the multiple channel region
of the fan the flow corresponding to 1.5 feet in energy is 6,954 cfs. Therefore, for flows less
than 6,954 cfs, contour widths were measured using the southernmost of the two northern
boundaries; for flows greater than 6,954 cfs, contour widths were measured using the
northernmost boundary.

For North Branch Blue Diamond Wash, between the UPRR and Interstate 15, the analysis
showed that at a point approximately 1,400 feet downstream of the UPRR, the capacity of the
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wash is approximately 2,000 cfs. At Decatur Boulevard it was found that approximately
50 percent of the flow in the wash at the road crossing (1,000 cfs) would continue east, not
following the wash. The remaining 50 percent of the flood flow (1,000 cfs) was modeled as if
it followed the wash down to a point approximately 4,000 feet downstream of Decatur
Boulevard. Those percentages were estimated from the cross-sectional areas to the left and
right of the crossing of Decatur Boulevard when it is flowing full.

The alluvial fan flooding for North Branch Blue Diamond Wash was modeled the following
way. Below elevation 2,384 feet, only that part of the flow exceeding 2,000 cfs was modeled
as alluvial fan flooding originating at the breakout point on the right bank. Flows of less than
2,000 cfs were modeled as though they proceeded downstream to Decatur Boulevard. Below
Decatur Boulevard, only 50 percent of the flow was modeled as alluvial fan flooding. The
remaining 50 percent (of flows less than 2,000 cfs) was modeled though it proceeded
downstream to a point approximately 4,000 feet downstream of Decatur Boulevard. At that
point the wash vanishes. The remaining flow was modeled as alluvial fan flooding.

For Middle Branch Blue Diamond Wash, between the UPRR and Interstate 15, all flows were
modeled as alluvial fan flooding.

Areas subject to alluvial fan flooding where the 100-year flood depth is, on average, less than
1.0 foot are labeled Zone X (shaded). When realized, the hazards associated with alluvial fan
flooding are just as severe in areas designated Zone X (shaded) as those designated Zone AO.

The distinction between the zones should be regarded as a distinction between flooding
potentials and not a distinction between the severity of damages to be expected in the event of
a flood.

The flood-frequency relationships defined at the North and Middle Branch Blue Diamond
Wash culverts under UPRR depend, in part, on the likelihood that a flood passing through the
apex of the Blue Diamond Alluvial Fan follows a path to the culvert. Thus, although a flood
passing through one of the culverts will be approximately the same magnitude at both the
apex and the culvert, the frequency at which that magnitude flood is expected at the culvert is
much less than that at the apex. Therefore, for floodplain management purposes, it should be
noted that any flow realized at the apex of the Blue Diamond Alluvial Fan may follow a path
to and, thus, be realized at one of the UPRR culverts.

Colorado River Floodway

This update also includes the addition of flood hazard data produced as a result of the
Colorado Floodway Protection Act passed by Congress in 1986. The act was passed to
establish a floodway along the Colorado River from Davis Dam to the U.S.-Mexican border.
The hydrologic and hydraulic analyses were prepared by the USBR.

The hydrologic analysis was performed to determine the 100-year peak discharges at all
points along the Colorado River for the study reach. Runoff from above Hoover Dam is
typically the dominant contributing factor of flood flows, although combinations of releases
from Davis and Parker Dams with flash floods originating from the watersheds contributing
flows into the Colorado River, are significant in determining the peak 100-year discharges. A
peak discharge of 40,000 cfs was determined to flow along the Colorado River from Davis
Dam to the Clark County line. Further details regarding the methods used to produce the peak
discharges along the Colorado River are outlined in the report entitled “Flood Frequency
Determinations for the Lower Colorado River,” Volume I, Supporting Hydrologic Documents
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of the Colorado River Floodway Protection Act of 1986, dated March 1989, prepared by the
USBR.

The base (100-year) flood elevations (BFEs) along the Colorado River were determined by
using the HEC-2 hydraulic computer model. The hydraulic analysis was based only on
effective flow areas. A floodway was determined by setting the floodway boundaries at the
limits of the effective flow model. The base flood elevations shown on the FIRM are both the
100-year natural and floodway elevations. The floodway fringe area (100-year floodplain)
was determined using the computed water-surface elevations and topographic mapping. BFEs
for the Colorado River are provided on the FIRM.

Tropicana Wash and Tributaries

The reach of Tropicana Wash located in the unincorporated areas of Clark County, Nevada,
from its confluence with Flamingo Wash extending westward to near the base of Spring
Mountains was revised based on data submitted by CCRFCD.

The flooding sources studied by detailed methods were selected by the CCRFCD and CCPW
with priority given to known flood hazard areas and developed areas or areas of proposed
construction. The detailed study areas encompass the following:

¢ The Central Branch of Tropicana Wash from its confluence with Flamingo Wash to
approximately 2,000 feet west of the UPRR. The North and Central Branches of the wash
combine at this point. (Approximate Rivermiles 0.0 to 3.7).

® The North Branch of Tropicana Wash from approximately 2,000 feet west of the UPRR
to the Rainbow Boulevard crossing. (Approximate Rivermiles 0.0 to 2.6 on the North
Branch).

¢ The Central Branch of Tropicana Wash from approximately 2,000 feet west of the UPRR
to the Rainbow Boulevard crossing. (Approximate Rivermiles 3.7 to 7.0).

¢ The South Branch of Tropicana Wash from its confluence with the Central Branch near
Decatur Boulevard to the West Sunset Road crossing. (Approximate Rivermiles 0.0 to
1.9 on the South Branch).

The approximate study reaches were outlined by the CFRFCD in consultation with CCPW. In
general, the reaches extend upstream from the limits of the detailed study reaches to a point
where the contributing flow is less than 300 cfs. For the purposes of this study, future street
and local drainage systems are assumed to convey flows less than 300 cfs.

Tributaries of the Tropicana Wash not studied include the unnamed wash and the Airport
Channel.

The topographic mapping and hydraulic analyses for this study were performed by CH2M
Hill for the CCRFCD. Ground control and check surveys were performed by Wesco Surveys,
Inc. The work was completed in November 1992.

On June 10, 1992, representatives of the CCRFCD, CCPW, and CH2M Hill met for the initial
coordination meeting to discuss scheduling, study methods, assumptions, and the format of
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the deliverable items. Throughout the project, coordination meetings were held to discuss
progress and preliminary study results.

In general, hydrologic data for the study reaches examined by detailed methods were derived
from the “Las Vegas Valley Flood Insurance Study Hydrology Report, 19917 (FIS Hydrology
Report) (Reference 55). This report provides 100-year recurrence interval flow rate estimates
for floodplain delineation studies in Clark County, Nevada. The report was previously
adopted by the CCRFCD. The data is based on HEC-1 computer models prepared for the
various watersheds including Tropicana Wash.

Where additional hydrologic data at intermediate concentration points were required in the
detailed methods study, the adopted HEC-1 model was modified according to procedures in
the CCRFCD’s “Hydrologic Criteria and Drainage Design Manual” (Reference 64). The
associated flow rates are given in Table 3.

For areas studied by detailed methods, water-surface elevations for the 100-year flood were
computed using the COE HEC-2 Water Surface Profile computer program (Reference 22).
Where otherwise unknown, the starting water-surface elevations were developed using the
slope-area method in the program. The Federal Highway Administration’s computer program
HY8 (Reference 65) was used to model water-surface elevations and capacities at some of the
culvert crossings. Undersized crossings included weir flow calculations over the roadways.

The cross-section data for each of the streams were derived from aerial mapping. The
mapping was prepared specifically for this project and based on aerial photography dated
June 1992 (Reference 66). The cross-section data were digitized directly from the
stereographic aerial models.

Ground control surveys, check profiles, and establishment of elevation reference marks were
completed by Wesco Surveys. Vertical control is based on the National Geodetic Vertical
Datum (NGVD 1929) and horizontal control is tied into the Nevada State Plane Coordinate
System (NAD 1983). Clark County survey monuments were used for control whenever
possible. The topographic mapping used for most of the areas studied by approximate
methods were prepared by an earlier study (Reference 67).

Dimensions of hydraulic structures were obtained by field surveys. Roughness coefficients
(Manning’s “n”) used in the hydraulic analyses were selected based on field inspection of the
entire stream reaches and engineering judgment. For Tropicana Wash Central Branch,
roughness values range from 0.015 to 0.095 for the channel and from 0.002 to 0.125 for the
overbank areas. For Tropicana Wash North Branch, roughness values range from 0.027 to
0.053 for the channel and from 0.025 to 0.085 for the overbank areas. For Tropicana Wash
South Branch, roughness values range from 0.032 to 0.038 for the channel and from 0.043 to
0.060 for the overbank areas. These values are summarized in Table 4.

Headwater conditions at the Interstate 15/MGM culvert were previously modeled for the
100-year discharge (Reference 68). Since the original study, the potential headwater
elevation has been raised by the addition of Jersey barriers. New headwater condiditons were
estimated with the Federal Highway Administration computer model HYS8. The model was
initially calibrated to the previous study and then the allowable headwater condidtions were
raised as appropriate. The resulting headwater elevation was used as the starting water-
surface elevation for the backwater model. The new culvert flows were subtracted from the
flowrate at the head of the culvert to obtain the breakout flows at Interstate 15.
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The 9.75 foot diameter CMP culvert and a 2-barrel, 36-inch CMP structure at the UPRR
crossing, the RCBC culvert at Paradise Road, and the three 10-foot by 6-foot box culverts at
Arville Street were also modeled with HY8 and the results inserted into the HEC-2 model
using the X5 record option.

The hydraulic analysis for the approximate methods were performed by normal depth
calculations. The cross sections were constructed from topographic maps (Reference 67) and
field reconnaissance.

The breakout flow characteristics at Cameron Street, the UPRR, and the Interstate 15/MGM
culvert were modeled by approximate methods.

Results of the modeling indicate that flow breaks out of the main Tropicana channel in two
general areas; namely, at the UPRR culvert and the Interstate 15/MGM culvert. In addition, a
flow split occurs at the Arville Street and Cameron Street culverts.

At Cameron Street, the wash branches into two channels with one turning approximately
600 feet to the north and the other flowing east to the UPRR grade. The 66-inch RCP culvert
under Cameron Street begins upstream of the flow split and outlets into the northern branch.
Flow through the culvert was estimated from the hydraulic grade line given in the
construction drawings. Flow in excess of the culvert capacity bypassed the culvert, broke
over Cameron Street, and split into the two branches previously described. The flow in each
branch was estimated by balancing the water-surface elevations in the channels downstream
of the flow split. The breakout flows were assumed to rejoin at the UPRR culvert crossing.

At the Arville Street crossing of the central branch of Tropicana Wash, a new 3-cell 10-foot
by 6-foot RCBC culvert structure was designed and constructed by the CCPW. The culvert as
designed does not contain 100-year discharge. A portion of the flow that exceeds the capacity
will flow northerly within the Arville right-of-way and then northeasterly as shallow
sheetflow to the UPRR railroad bed.

The HEC-2 special culvert routine was used in conjuction with a split flow analysis. The
floodplain area from the flow which is conveyed in Arville Street was estimated by
approximate methods based on topographic information and field evaluations.

The culverts at the UPRR were also modeled using HY8 to determine breakout flows at the
railroad. The culvert capacity was subtracted from the runoff estimates upstream of the
railroad to estimate the breakout discharge to the north. These flows follow north along the
railroad grade for several hundred feet and then outlet into Tropicana Avenue. The runoff
then flows generally within the Tropicana Avenue right-of-way to Industrial Road. At
Industrial Road, the flow splits into two patterns: one flowing north and the other continuing
south. Flows to the North follow Industrial Road, eventually crossing the Interstate 15
right-of-way between the Tropicana Avenue and Flamingo Road overpasses. The south
branch rejoins Tropicana Wash flows just upstream of the Interstate 15/MGM culvert.

Breakout flow at the Interstate 15/MGM culvert generally travels north into the depressed
median of Interstate 15. Approximately 100 cfs crosses Interstate 15 and enters ditches in the
surrounding areas and is conveyed in the local storm drain system. The balance of the flow
travels north in the Interstate 15 right-of-way and joins the breakout flows from Industrial
Road. Some runoff continues north in the median, eventually entering the Flamino Wash;
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however, most of the flows crosses Interstate 15, becomes sheetflow through the city streets
and adjacent parking lots in a northeasterly direction, and eventually drains into Flamingo
Wash.

Floodplain boundaries for the detailed studies were delineated on topographic maps with a
scale of 1”=400" and a contour interval of 4 feet (Reference 66). Supplemental 2-foot
contours were plotted in areas requiring greater definition. The boundaries of the 100-year
flood were delineated using the elevations computed at each cross section by the HEC-2
models. The delineations were interpolated between cross sections using engineering
judgment in conjunction with the topographic map features and known field conditions. The
500-year flood elevations were not determined by this study.

The 100-year floodplain boundaries for approximate studies on areas west of Rainbow
Boulevard and south of Sunset Road were delineated on topographic maps (Reference 67)
prepared for the 1984 FIS. Approximate study boundaries east of Rainbow Boulevard and
north of Sunset Road are shown on the 1992 mapping prepared for this study.

Existing stream sections affected substantially by backwater conditions include the channel
just upstream of the Interstate 15/MGM culvert and the channel just upstream of the UPRR.
At both of these locations, limited capacities of the structures cause breakout flows and
flooding.

For this study, floodways were initially computed using the Method 4 encroachment option in
the HEC-2 computer program. This option equally reduces the conveyance on each side of
the cross section, thus raising the water-surface elevations, but maintaining it within the
specified target value. These initial encroachments were then refined by plotting the
floodplains on the mapping, using engineering judgement to adjust the floodplains as
appropriate, and verifying the resulting floodplains with the Method 1 encroachment option in
HEC-2. With this method, the encroachment stations are input into the model and the results
reviewed, to ensure the floodplain water-surface elevation has not been raised more than the
specified target value. The resulting floodways are shown on the FIRM.

Floodways were not determined on Tropicana Wash where it flows through the
Interstate 15/MGM culvert (Interstate 15 to Koval Lane) and through the box culvert between
Paradise Road and Swenson Street. Floodways were delineated for these reaches representing
the approximate interior conveyance areas of the culvert structures. In addition, at the request
of the CCRFCD, a floodway was not computed for the reach of Tropicana Wash Central
Branch from upstream of the confluence with Tropicana Wash South Branch.

Best Available Data Letter

The following information, contained in a Best available Data Letter Dated January 30, 1989,
for the City of North Las Vegas, is included in this revision.

The Las Vegas Wash Detention Basin is a major flow-reduction facility. It is located several
miles north of the UPRR on the main branch of Las Vegas Wash. It has a capacity of
2,430 acre-feet and controls an 880-square-mile watershed. It reduces flows at the UPRR by
approximately 50 percent. A TR-20 computer model was prepared by JMM to show the
effects of Las Vegas Wash Detention Basin.

The reduced flows for Las Vegas Wash and the Union Pacific Overflow were used in the
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revised HEC-2 hydraulic computer models between Lake Mead Boulevard and Lone
Mountain Road and for the UPRR overflow, prepared by JMM.

For both streams, the 100- and 500-year floodplain boundaries have been delineated using the
BFEs determined at each cross section. Between cross sections, the boundaries were
interpolated using topographic maps at a scale of 1:2,400 with a contour interval of 2 feet
(Reference 61).

The floodways for Las Vegas Wash and Union Pacific Overflow have been revised to reflect
the new hydrologic and hydraulic analyses. The revised floodway boundary delineations are
reflected on the FIRM for Las Vegas Wash from Las Vegas Boulevard to Lone Mountain
Road, and for the overflow reach along the railroad. Table 5, “Floodway Data Table,” also
incorporates the revised data.

Letter of Map Change (.LOMCs)

This revision also incorporates the determinations of LOMCs (LOMRs and Letters of Map
Amendment) issued by FEMA for the projects listed by community in Table 7, “Letters of
Map Change.” These changes are reflected in the Summary of Discharges and Floodway
Data Tables and on the Flood Profiles.

An Appeal Resolution Letter was issued on February 3, 1995, for the unincorporated areas of
Clark County. The resolution of the appeal revised the zone designations of two unnamed
tributaries to North Branch Tropicana Wash (NBTW) from Zone A to Zone X (shaded), to
reflect areas of 100-year flooding with average depths of less than 1 foot. These
modifications are shown on FIRM Panels 2535 D, 2545 D, and 2553 D. In addition, the BFEs,
floodway boundaries, and floodplain boundaries were revised along NBTW to reflect a new
culvert and channelization of the stream through Castle Vista Estates. The modifications are
shown on FIRM Panel 2553 D and Flood Profile Panel 41P and in the Floodway Data Table.
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TABLE 7 — LETTERS OF MAP CHANGE

PROJECT

CITY OF BOULDER CITY

Hemenway Wash Channelization
Georgia Avenue Wash

CITY OF HENDERSON

Traverse Point Apartments

Stephanie/Arroyo Grande Units 4 and 5
Roma Hills Subdivision
Pebble Market Place

Eagleview Phase 1

Equestrian Detention Basin

Montenegro Estates Unit 2

Foothills Highlands Unit 2 and Foothills
Planning Area 4

STREAM

Hemenway Wash
Georgia Avenue Wash

Unnamed Tributary to
Pittman Wash
Unnamed Wash
Unnamed Wash
Unnamed Tributary to
Pittman Wash
Unnamed Wash
Unnamed Wash
Unnamed Wash
Unnamed Wash

Stephanie Carriage Homes (Formerly Heartland Unnamed Wash

V)

Black Mountain Vista - Parcels A, B and C

Lake Mead South - Phase II, Lot 1
Champion Village - Gibson Channel

Unnamed Wash
Unnamed Wash
Unnamed Wash

Stephanie Carriage Homes (Formerly Heartland Unnamed Wash

V)
Sun City at McDonald Ranch - Units 4
through 8

Unnamed Tributary to
Tropicana Wash - North
Branch

Foothills at McDonald Ranch Planning Areas 1 Unnamed Wash

and 3 and Highlands Unit 1
Foothills Ranch - Phase 3

Duck Creek and Las Vegas Restudy from Lake

Las Vegas to Charleston Boulevard
Pittman Wash Restudy

Seven Hills Parcel A

Green Valley Ranch Phase 4
Champion Homes Gibson Channel
Southfork Eastern Channel

Ridgeview Village

Ash Creek Units 3 and 4
Foothills Ranch South, Lots 2,3,4 and 15
through 21

Unnamed Wash

Duck Creek and Las Vegas
Wash

Pittman Wash and Unnamed
Washes

Unnamed Wash

Unnamed Wash

Gibson Channel

Unnamed Tributary to
Pittman Wash
Unnamed Tributary to
Duck Creek
Unnamed Wash
Unnamed Tributary to
Pittman Wash

Green Valley Ranch — Parcels 33, 37, 38 and 40 Unnamed Tributary to

Pittman Wash

DATE

April 19, 1994
April 20, 1992

April 5, 2002

February 20, 2002
January 18, 2002
January 18, 2002

August 14, 2001
July 18, 2001
June 20, 2001
May 31, 2001

February 27, 2001

January 24, 2001
January 24, 2001
December 20, 2000
November 28, 2000

October 3, 2000

August 29, 2000
August 7, 2000

March 21, 2000
March 21, 2000

February 24, 2000
December 28, 1999
July 23, 1999

May 25, 1999

May 18, 1999

May 12, 1999
January 18, 1999

November 13, 1998



TABLE 7 — LETTERS OF MAP CHANGE (Cont’d)

PROJECT STREAM DATE

CITY OF HENDERSON (Cont’d)

Stephanie/Horizon Apartments Unnamed Tributary to November 2, 1998
Pittman Wash

Trail Side Point Pittman Wash May 20, 1998

Lake Las Vegas — Parcels 18, 19, 21, 22 and 32 Unnamed Tributary to The January 28, 1998
Lake Las Vegas

Lake Las Vegas Parcel 23 — Barritz Unnamed Tributary to The January 28, 1998
Lake Las Vegas

Candle Creek Unit 1, Block 3, Lots 82 through Whitney Ranch Channel January 16, 1998

86; Unit 3, Block 1, Lots 11 through 14; Units
5A, Lots 1,2 and 3; Unit 6A, Block 7, Lots 1

through 5
South Green Valley Ranch Channel Unnamed Wash December 23, 1997
Del Webb Communities Inc. at McDonald Unnamed Wash December 23, 1997
Ranch Golf Course Channel
Lake Las Vegas Southshore Parcel 26 — Unnamed Tributary to The November 26, 1997
Monaco Lake Las Vegas
Foxfield Estates, Units 1, 2,and 3 Unnamed Wash August 19, 1997
South Valley Ranch Unnamed Wash June 23, 1997
Newport Townhomes, Block 9, Lots 1 through Unnamed Wash April 11, 1997

6 and Lots 19 through 24; Block 10; Lots 1
through 6 and Lots 19 through 24

Upper Green Valley Ranch Channel - Parcels  Unnamed Wash March 14, 1997

31, 36A and 36B
Coral Ridge Subdivision Sandwedge Channel February 28, 1997
Green Valley Ranch Parcels 40 and 41B Unnamed Wash January 17, 1997
Pacific Legends Unnamed Wash December 18, 1996
Ocotillo Pointe I, Block 2 Lots 12 through 18; Pittman Wash November 20, 1996

Ocotillo Pointe II, Block 2 Lots 21 through
35; Block 3, Lots 14 through 17

Tapetio/Falcon Homes - Pecos Townhomes Pittman Wash and Unnamed  November 15, 1996
Tributary to Pittman Wash

Augusta Unit 3 Pittman Wash October 31, 1996

Newport Townhomes, Block 1, Lots 1 through Unnamed Wash September 23, 1996

4; Block 2; Lots 1 through 4; Block 7, Lots 1
through 8; Block 8, Lots 1 through §; and the

Clubhouse Area
Canyon Country Units III and IV C-1 Channel September 6, 1996
Lakeside Highlands Unit 4, Block 20, Lots 1 Unnamed Wash June 7, 1996

through 13; Block 16, Lots 3 and 27 and
Block 19; Lots 2 through 8

Calico Terrace Unit 3 Unnamed Tributary to June 7, 1996
Las Vegas Wash

Green Valley Ranch South Channel Unnamed Wash May 28, 1996

Augusta Unit 4 Pittman Wash May 13, 1996
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TABLE 7 — LETTERS OF MAP CHANGE (Cont’d)

PROJECT

CITY OF HENDERSON (Cont’d)

Green Valley Pecos Subdivision

Mission Hills Detention Basin
Green Valley Ranch

Legacy Estates Subdivision
Green Valley Ranch
Tapetio/Falcon Homes - Pecos Townhomes

Westwood Village

Wash A Channelization Project
Lakeside Highlands

Parcel K, Golf Village South

Pebble Creek Subdivision

Lakeside Highlands Unit 1
Country Brook Subdivision
Foothills Subdivision

Union Pacific Railroad Channel

Hillsboro Heights

Vintage at Grand Legacy
Ocotillo Pointe I and II

Union Pacific Railroad Channel

Calico Terrace Subdivision

Ventana at Green Valley
Trailside Point Subdivision
The Masters

Legacy Condominiums
Sandwedge Estates

Rolling Hills Ranch
Morningside II

Woodland Ridge Unit 2
DKS Development
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STREAM

Unnamed Tributary to
Duck Creek

Mission Hills Detention Basin

Unnamed Tributary to
Pittman Wash

Wash A, Wash B and Wash C

Unnamed Wash

Unnamed Tributary to
Pittman Wash

Pittman Wash

Wash A

Zone A

Unnamed Tributary to
Pittman Wash

Unnamed Tributaries
to Pittman Wash

Zone A

C-1 Channel

Two Unnamed
Tributaries

Pittman Wash Tributary

And Union Pacific
Railroad Channel

Zone A

Zone A

Zone A

Pittman Wash
Tributaries and
Union Pacific
Railroad Channel

Unnamed Tributary to
Las Vegas Wash

Unnamed Zone A

Zone A

Unnamed Zone A

Unnamed Zone A

Unnamed Tributary to
Pittman Wash

Unnamed Zone A

Unnamed Tributary to
Pittman Wash

Zone A

Unnamed Zone A

DATE

October 17, 1995

October 6, 1995
October 4, 1995

October 3, 1995
September 8, 1995
September 6, 1995

October 19, 1994
July 14, 1994
June 24, 1994

May 3, 1994
April 28, 1994

April 14, 1994
March 29, 1994
February 15, 1994

January 12, 1994

January 11, 1994
January 6, 1994

December 2, 1993
September 28, 1993

May 27, 1993

September 8, 1992
January 7, 1992

December 16,1991
November 14,1991
September 30,1991

February 1, 1991
December 21, 1990

September 25, 1990
August 28, 1990



TABLE 7 - LETTERS OF MAP CHANGE (Cont’d)

PROJECT STREAM DATE

CITY OF HENDERSON (Cont’d)

La Mancha Townhomes Unnamed Zone A January 4, 1990
Candle Creek Units 3 & 4 Whitney Ranch Channel October 23, 1989
Warm Springs Reserve Unit 10 Zone A October 4, 1989
Creekside Unit 1 Zone A February 10, 1989
Warm Springs Reserve Unit 2 Zone A November 1, 1988
Fox Ridge Terrace Unit 2 Zone A October 18, 1988
Warm Springs Reserve Unit 5 Zone A September 7, 1988
Pardee Green Valley South Wash B July 19, 1988
Warm Springs Reserve Unit 5 Zone A June 28, 1988
Warm Springs Reserve Unit 4 Zone A October 23, 1987
Pueblo Verde II Apartments Unnamed Zone A August 18, 1987
Wilton Commons Zone A December 13,1985
Summerfield Units 1, 2, & 4 Zone A July 28, 1982
Highland Hills Units 13-18 Zone A June 23, 1982
Green Valley Village Units B & F Zone A February 11,1982
CITY OF LAS VEGAS
Gowan/Bradley Flood Insurance Study Unnamed Wash July 9, 2002
Gowan/Bradley Flood Insurance Study Unnamed Wash December 21, 2001
Summerlin Village 3 Subdivision Unnamed Wash February 16, 2001
Summerlin Village 12 Wash Park Unnamed Wash January 30, 2001
Rancho Drive and US 95 Study Flooding along Rancho Drive November 2, 1999
and US 95

Las Vegas Wash Restudy from Charleston Las Vegas Wash September 17, 1999

Boulevard to the Upper Las Vegas Detention

Basin
Resort at Summerlin Unnamed Wash December 30, 1998
Washington Avenue Conveyance System Las Vegas Creek March 31, 1998
Buffalo/Lake Mead Shopping Center Unnamed Wash January 9, 1998
Summerlin Village 1 South Unnamed Wash June 12, 1997
Red Rock Detention Basin Red Rock Fan January 14, 1997
Summerlin Village Unnamed Wash September 30, 1996
Summerlin Village Unnamed Wash September 30, 1996
Craig Road and Rancho Drive Unnamed Wash October 4, 1995
Washington Avenue Unnamed Wash September 20, 1995
Lone Mountain Road and Rancho Drive Kyle Detention Basin September 6, 1995
Carey/Lake Mead Detention Basin Unnamed Wash August 21, 1995
Northshore Lot D Ponding October 27, 1994
Unnamed Zone A Unnamed Zone A September 7, 1994
Country Lane Series II Unnamed Zone A July 19, 1994
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TABLE 7 - LETTERS OF MAP CHANGE (Cont’d)

PROJECT

CITY OF LAS VEGAS

Summerlin Parkway

Rancho Alta Mira Development
Northwind Subdivision
Proposed Lake Mead Villa

CITY OF MESQUITE

Abbott Wash Conveyance System Abbott Wash
Pulsipher Wash at Falcon Ridge Parkway Pulsipher Wash
Abbott Wash Improvements at Mesquite Vistas Abbott Wash
Pulsipher Wash Restudy Pulsipher Wash
Pulsipher Wash Restudy Pulsipher Wash
Sunset Greens Phase 4, Units 1F and 3 Virgin River
Abbott Wash Restudy Abbott Wash
Morning Star Subdivision - Phase 2 Virgin River
Mesquite Floodplain Study Virgin River and Town Wash
CITY OF NORTH LAS VEGAS
Brentwood Unnamed Wash
N Channel N Channel
Cheyenne Village Unnamed Tributary to
Las Vegas Wash - A Channel
Vandenberg Detention Basin Range Wash
Del Prado Highlands North Stormdrain Unnamed Wash
Gowan Warehouse Business Park Unnamed Tributary to
Las Vegas Wash
Rancho Ridge II Subdivision Unnamed Wash
Las Vegas Wash Restudy from Charleston Las Vegas Wash
Boulevard to the Upper Las Vegas Detention
Basin
Ranch Ridge II Subdivision Unnamed Wash
Alexander Station Unit II Unnamed Wash
Alexander King Hill Elementary School Unnamed Wash
Brookspark Unnamed Wash
Cheyenne Plateau Unnamed Wash
Terrace Farms Unnamed Wash
Detention Basin and Diversion Dike Unnamed Wash
Village at Graig Ranch Unnamed Wash
Carey/Lake Mead Detention Basin Unnamed Wash
Monterey Villas Unnamed Tributary to
Las Vegas Wash
Cheyenne Ridge Unit 1A Unnamed Tributary to
Las Vegas Wash
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STREAM

Unnamed Zone A
Unnamed Zone A
Unnamed Zone A
Unnamed Zone A

DATE

September 13,1993
February 8, 1983
November 28, 1983
August 14, 1981

October 27, 2006
August 28, 2006
April 28, 2003
September 10, 2001
August 29, 2001
March 14, 2001
May 15, 2000
February 4, 1997
September 27, 1996

November 29, 2001
October 31, 2001
April 27, 2001

April 2, 2001
May 10, 2000

December 2, 1999

November 30, 1999
September 17, 1999

May 10, 1999
March 31, 1999
February 11, 1997
October 21, 1996
August 14, 1996
August 2, 1996
December 15, 1995
November 8, 1995
August 21, 1995

January 25, 1995

February 4, 1993



TABLE 7 — LETTERS OF MAP CHANGE (Cont’d)

PROJECT STREAM DATE
CITY OF NORTH LAS VEGAS
Upper Mendenhall and So. NV. Unnamed Tributary to August 20, 1990
Industrial Center Channels Las Vegas Wash
UNINCORPORATED AREAS
Sloan Channel Sloan Channel May 28, 2002
Washington Avenue Unnamed Wash September 20, 2001
Russell/Lindell 49, Unit 1 Tropicana Wash - Central September 4, 2001
Branch
Blue Diamond Detention Basin Blue Diamond Fan August 29, 2001
Pulsipher Wash Restudy Pulsipher Wash June 28, 2001
Villa Sedona Duck Creek and Unnamed April 12, 2001
Tributary to Duck Creek
Boulevard Acres Unnamed Tributary to April 2, 2001
Duck Creek
Vandenberg Detention Basin Range Wash October 19, 2000
Patrick/Belcastro Unnamed Tributary to August 29, 2000
Tropicana Wash - North
Branch
Koval Lane to Paradise Road Tropicana Wash - Central July 20, 2000
Branch
Astoria Homes at Rhodes Ranch, Phase 15 Unnamed Wash May 15, 2000
Abbott Wash Restudy Abbott Wash May 12, 2000
Pittman Wash Restudy Pittman Wash and Unnamed  March 21, 2000
Washes
Morgyn Ridge Condominiums Flamingo Wash March 21, 2000
Duck Creek and Las Vegas Restudy from Lake Duck Creek and Las Vegas January 7, 2000
Las Vegas to Charleston Boulevard Wash
Hiko Springs Detention Basin Outfall Channel Hiko Springs Wash December 27, 1999
The Colonnade Square at Pebble Pittman Wash September 17, 1999
Las Vegas Wash Restudy from Charleston Las Vegas Wash June 30, 1999
Boulevard to the Upper Las Vegas Detention
Basin
Greenfield Estates, Block 1, Lot 3 Muddy River June 1, 1999
Rhodes Ranch Golf Course Unnamed Tributary to January 12, 1999
Tropicana Wash
Gilespie/Agate Duck Creek and Duck Creek  December 23, 1998
South Channel
Duck Creek Landing, Block 1, Lots 93 through Duck Creek November 24, 1998

98, Block 4, Lots 166, 167, 169 and 172,
Block 5, Lot 143

Range Wash Confluence Detention Basin and  Sloan Channel August 28, 1998
Sloan Channel
Spring Valley Ranch Units 7 through 11 Tropicana Wash - North August 7, 1998
Branch
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TABLE 7 — LETTERS OF MAP CHANGE (Cont’d)

PROJECT STREAM DATE

UNINCORPORATED AREAS (Cont’d)

Flamingo Wash Restudy Flamingo Wash May 20, 1998

Crystal Springs Tropicana Wash - North January 28, 1998
Branch

Lake Las Vegas - Parcels 18, 19, 21, 22 and 32 Unnamed Tributary to The October 27, 1997
Lake at Las Vegas

Buckingham Estates Blue Diamond Wash - North ~ August 4, 1997
Branch

Red Rock Detention Basin Red Rock Fan January 14, 1997

Magnolia Estates, Lots 1through 92 Sloan Channel January 14, 1997

Upper Flamingo Wash Detention Basin - Flamingo Fan and Flamingo = October 31, 1996

Outflow Channel Wash
CCRFCD FIS Restudy Muddy River, Meadow Valley September 27, 1996

Wash, West Branch Muddy
River, Muddy River Side
Channel, Overton Wash

Sundance Subdivision Blue Diamond Wash - North ~ June 27, 1996
Branch
Spring Valley Ranch Unit 1 and 2 Tropicana Wash - North May 7, 1996
Branch
Lewis Homes Graig Estates No. 8, Block 1, Unnamed Wash March 21, 1996
Lots 6 through 25 and Block 2, Lots 71
through 92
Sundance Subdivision Blue Diamond Wash - North ~ October 27, 1995
Branch
CCRFCD FIS Restudy Bridge Canyon Wash October 18, 1995
South West Unnamed Fan and October 18, 1995
Hiko Springs Fan
Green Valley Pecos Subdivision Unnamed Trib to Duck Creek  October 17, 1995
Mission Hills Detention Basin Mission Hills Detention Basin  October 6, 1995
Gowan Detention Basins - North and South Buffalo Channel October 4, 1995
Mesquite Floodplain Study Virgin River and Town Wash  September 20, 1995
Fernwood Subdivision Unnamed Basin February 1, 1995
Woodside Village Apartments Las Vegas Wash and November11, 1994
Sloan Channel
Unnamed Zone A Unnamed Zone A September 7, 1994
Champion Estates Zone A June 17, 1994
Sloan Channel Unnamed Tributary June 8, 1994
to Sloan Channel
Parcel 250-560-004 Unnamed Zone A March 8, 1994
Sloan Channel Las Vegas Wash and January 14, 1994
Sloan Channel
Mizrachi Property Zone A November 29,1993
Summerlin Village 1 Zone A May 18, 1993
Sunrise Valley Homes Sloan Channel May 13, 1993
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10.2

TABLE 7 — LETTERS OF MAP CHANGE (Cont’d)

PROJECT STREAM DATE

UNINCORPORATED AREAS (Cont’d)
Rancho Nevada No. 2 Duck Creek March 15, 1993
Summerlin Village 2 Zone A December 18,1992
Alta View West Zone A July 13, 1992
Realty Executive Plaza Zone A July 8, 1992
Flamingo Wash Flamingo Wash March 23, 1992
Pebble Canyon Pebble Canyon February 21, 1992
Custom Estates East Duck Creek December 12,1991
Rancho Las Brisas Buffalo Channel October 3, 1991
Hillcrest Manor Zone A August 16, 1991
Sheaker Heights Zone A July 19, 1991
Richard Rundle Elementary

School Zone A May 13, 1991
Winterwood Units 1,2 & 3 Zone A October 15, 1990
Arville Commerce Center Flamingo Wash August 17, 1990
Macchiaverna Villas Flamingo Wash March 30, 1990
Winterwood Sunrise Zone A March 23, 1990
Estates at Spanish Trail No. 1 Red Rock Wash and November 2, 1989

Flamingo Wash
Spanish Trail Red Rock Wash and October 11, 1989
Flamingo Wash

Second Revision

This study was revised on September 27, 2002, to reflect the effects of Letters of Map Change
(LOMCs), including Letters of Map Revision (LOMRs), mappable Letters of Map Amendment
(LOMAs), and Letters of Map Revision Based on Fill issued by FEMA. Some of these LOMCs were
issued for Las Vegas Wash, Union Pacific Railroad Overflow, Duck Creek and Unnamed Tributary to
Las Vegas Wash and are described in more detail below.

The results of the preliminary maps were reviewed at the Community Coordination meeting held on
January 23, 2002, and attended by representatives of the Cities of Henderson, Las Vegas, North Las

Vegas, CCPW, CCRFCD, FEMA, and MBJ. Allissues raised at that meeting have been addressed in
this study.

Las Vegas Wash and Unnamed Tributary to Las Vegas Wash

LOMRs were issued on June 23, 1999 (Case No. 97-09-417P), to incorporate a Limited Map
Maintenance Program (LMMP) project and re-issued on September 17, 1999 (Case No. 99-09-936P),
for the Cities of Las Vegas and North Las Vegas and the unincorporated areas of Clark County.

Authority and Acknowledgments:

The hydrologic analyses used as a basis for this study were performed by JMM for CCRFCD
(Reference 69). This work was completed in September 1991.

The hydraulic analyses for this study were performed by Ensign & Buckley Consulting Engineers
(E&B), the Study Contractor for FEMA, under Contract No. EMW-90-C-9133 (Reference 70).
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This work was completed in March 1996.
Coordination:

An initial consultation and coordination meeting was held on May 13, 1992, to review the flooding
sources to be studied and the limits of the study. Available mapping and other data were identified at
this meeting. Representatives from the Cities of Las Vegas and North Las Vegas, the FEMA Region
IX Office, and E&B attended the meeting.

An intermediate consultation and coordination meeting was held on June 28, 1994, with
representatives from CCPW, CCRFCD, the Cities of Las Vegas and North Las Vegas, the FEMA
Region IX Office, and E&B. The methodologies, data used, and preliminary results of the study were
discussed. A field investigation was also conducted. Additional available mapping was provided by
Clark County, and supplemental field surveys were provided by the City of North Las Vegas and
E&B.

As the study was underway, meetings and telephone discussions were held between representatives
from the CCPW, CCRFCD, the Cities of Las Vegas and North Las Vegas, and E&B.

CCPW provided available topographic mapping and drawings for site grading and channel
modifications. CCRFCD confirmed that the various regional flood-control facilities were installed in
accordance its Master Plan. These detention and diversion facilities alter the natural discharges to
create the discharges used in this study. The Cities of Las Vegas and North Las Vegas provided
available topographic mapping, survey data, and drawings of facilities. The cities also participated in
the field investigation.

Scope:

This study was performed to show the effects of flood-control projects along Las Vegas Wash from
Charleston Boulevard to the UPRR and an Unnamed Tributary to Las Vegas Wash from its confluence
with Las Vegas Wash to the UPRR. The flood-control projects incorporated are: the Upper Las
Vegas Detention Basin, the North Las Vegas Detention Basin, the Gowan North Detention Basin,
Gowan Outfall to Las Vegas Wash, the Angel Park Detention Basin and Outfall, Buffalo Channel
connecting the Angel Park Outfall channel to the Gowan South Detention Basin, King Charles
Diversion Channel, the Washington Avenue conveyance system (Las Vegas Creek), the Bonanza
Avenue bridge, the Lamb Boulevard bridge, the Civic Center Drive bridge, and the Washington
Avenue bridge, channel modifications to Las Vegas Wash just downstream of Lake Mead Boulevard,
and realignment of the N Channel and the lining near Washington Avenue and between Charleston
Boulevard and Stuart Avenue. The revised hydrology is based on the effects of these flood-control
projects.

Hydrologic Analysis:

The 100-year discharges used for the analyses of Las Vegas Wash were obtained from the CCRFCD
report entitled “Las Vegas Valley Flood Insurance Study Hydrology Report,” prepared by IMM, dated
September 1991 (Reference 69). The peak discharges were established by using the HEC-1
hydrologic computer model developed by the COE (Reference 71). The methods and parameters used
were in accordance with the CCRFCD Hydrologic Criteria and Drainage Design Manual
(Reference 72). The watershed areas were determined using the USGS quadrangle mapping.
Existing land uses were defined based on the 1986 digitized land use data provided by the county;
which were supplemented and updated using a 1990 aerial photograph. The watershed soil types were
determined from the SCS soil survey maps. The infiltration losses were determined using the SCS
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Curve Number (CN) method, with CN values determined based on watershed soil types and SCS
guidelines. The SCS unit hydrograph option was used in the HEC-1 model, with a 6-hour duration
storm and precipitation totals, distribution, area reduction factors, and basin lag times in accordance
with CCRFCD procedure. Channel routing was performed using the HEC-1 Muskingum method.
The discharge relationship was determined using multiple-discharge hydraulic computations. In
addition, the HEC-1 reservoir storage routine was used for the detention basins.

Hydraulic Analysis:

Cross-sectional information was obtained from orthophoto topography with a scale of 1” = 400’ and 4-
foot contour intervals provided by Clark County and the City of Las Vegas (References 67 and 73),
topographic mapping with a scale of 1” = 200" and 5-foot contour intervals also provided by Clark
County and the City of Las Vegas (Reference 74), orthophoto topography with a scale of 1” = 200’
and 2-foot contour intervals provided by the City of North Las Vegas (Reference 75), field-surveyed
channel sections from the City of Las Vegas (Reference 76) and Las Vegas Wash Maintenance Plans
(Reference 77). Bridge and culvert elevations and dimensions were determined from construction
drawings (References 78 through 81) and supplemental surveys. All bridges and culverts were
assumed to be unobstructed.

Roughness factors (Manning’s “n”) used in the hydraulic computations were chosen by field
observations in accordance with COE and USGS guidelines (References 82 and 83). Roughness
values ranged from 0.015 to 0.045 for the channels and from 0.02 to 0.08 for the overbank areas.

Contraction and expansion coefficients of 0.1 and 0.3 were used for open-channel sections.
Contraction coefficients and expansion coefficients and inlet-control parameters were determined in
accordance with COE HEC-2 guidelines, based on the structure configurations.

Water-surface elevations were computed using the COE HEC-2 step-backwater computer program
(Reference 84).

The starting water-surface elevations for Las Vegas Wash, Unnamed Tributary to Las Vegas Wash,
and the overflow areas were determined either by critical depth or by the slope area method, with the
slope estimated from topographic mapping.

Flood profiles were drawn to show computer-generated water-surface elevations to an accuracy of
0.5 foot for the 100-year flood for Las Vegas Wash and Unnamed Tributary to Las Vegas Wash.

Split-flow routines with a weir coefficient of 2.6 were used to determine overflows or flow diversions
at several locations.

At several locations, existing concrete block walls will obstruct and divert the shallow overland flow.
Because these walls do not meet the requirements of Section 65.10 of the NFIP regulations, analyses
were performed with and without walls, and the most conservative scenario was mapped.

For the studied reaches, the 100-year floodplain boundaries were delineated using the flood elevations
determined at each cross section.

Within the City of Las Vegas, the 100-year flood from Las Vegas Wash is contained within the
channel banks from Charleston Boulevard to Lake Mead Boulevard. The floodplain area shown on
the work maps from Owens Avenue to Nellis Boulevard is a result of overtopping of the channel
within the City of North Las Vegas and split flows that start upstream of Las Vegas Boulevard and
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Carey Avenue. The floodplain boundaries were delineated on topographic mapping with a scale of 1”
= 400" and 4-foot contour intervals (Reference 73) and on topographic mapping with a scale of 1” =
200" and 5-foot contour intervals (Reference 74), both provided by Clark County and the City of Las
Vegas.

Within the City of North Las Vegas, flow splits from Las Vegas Wash at Las Vegas Boulevard,
Cheyenne Avenue, and Carey Avenue. The split flows are primarily a result of limited culvert
capacity. The split flow at Cheyenne Avenue was analyzed by normal depth calculations and
determined to have an average depth of less than 0.5 foot; therefore it is shown as Zone X (shaded).
The floodplain area between Las Vegas Boulevard and Pecos Boulevard is a result of the split flows at
Las Vegas Boulevard and Carey Avenue. The concrete block wall west of the intersection of Pecos
Boulevard and Alta Street does not meet the levee/floodwall requirements of Section 65.10 of the
NFIP regulations; therefore, both “with wall” and “without wall” analyses were performed, and the
most conservative scenario was mapped. The overflow areas were analyzed using HEC-2. Where
average depths are more than 1 foot, the areas were mapped as Zone AO with depths shown. Where
the average depth is less than 1 foot, the areas were mapped as Zone X (shaded). The floodplains were
mapped on the City of North Las Vegas topographic mapping, with a scale of 1” = 400’ and 2-foot
contour intervals (Reference 75).

Within the unincorporated areas of Clark County, the floodplain boundaries were delineated on
topographic mapping with a scale of 1” = 400" and 4-foot contour intervals provided by Clark County
and the City of Las Vegas (Reference 73).

Because no floodway analyses were performed, the effective regulatory floodway was removed within
the study reach along Las Vegas Wash. The regulatory floodway for Unnamed Tributary to Las
Vegas Wash was revised.

Las Vegas Wash and Union Pacific Railroad Overflow

LOMRs were issued on June 23, 1999 (Case No. 97-09-425P), to incorporate a restudy and re-issued
on September 17, 1999 (Case No. 99-09-936P), for the Cities of Las Vegas and North Las Vegas and
the unincorporated areas of Clark County.

Authority and Acknowledgments:

The hydrologic analyses used as a basis for this study were performed by the COE in 1988
(Reference 85), by IMM for CCRFCD in 1991 (Reference 69), by Boyle Engineering Corporation in
1991 (Reference 86), and by Black & Veatch in 1993 (Reference 87).

The hydraulic analyses for this study were performed by Northwest Hydraulic Consultants, Inc.
(NHC), the Study Contractor for FEMA under Contract No. EMW-95-C-4840 (Reference 88). This
work was completed in April 1998.

Coordination:
An initial consultation and coordination meeting was held on September 7, 1994, to review the
flooding sources to be studied and the limits of the study. Representatives from the CCRFCD, Clark

County, the Cities of Las Vegas and North Las Vegas, the FEMA Region IX Office, and NHC
attended the meeting.
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Additional meetings were held on September 27 and September 28, 1994, in conjunction with field
investigations. Throughout the preparation of the study, several field investigations were conducted,
and additional information was obtained during meetings.

Scope:

This study was performed to show the effects of flood-control projects along Las Vegas Wash from
Interstate Highway 15 to upstream of the Upper Las Vegas Wash Detention Basin; along UPRR
Overflow, also known as King Charles Diversion Channel; and along N Channel Diversion. The
flood-control projects incorporated are the Upper Las Vegas Detention Basin and the North Las Vegas
Detention Basin. The revised hydrology is based on these flood-control projects.

Hydrologic Analysis:

The 100-year discharges used for the analyses of Las Vegas Wash were obtained by modifying the
hydrologic analyses performed by the COE in 1988 (Reference 85), by JMM for CCRFCD in 1991
(Reference 69), by Boyle Engineering Corporation in 1991 (Reference 86), and by Black & Veatch in
1993 (Reference 87). The following three critical storm centerings were reviewed and accepted for
this study:

¢ The Spring Mountain Storm produces the highest uncontrolled peak inflows to the Upper Las
Vegas Wash Interception Berm and Detention Basin;

¢ The Interbasin Storm produces the highest 100-year peak inflow to the North Las Vegas Detention
Basin; and

¢ Anunnamed storm in the West Range Wash Tributary area produces the highest peak inflows to
the West Range Wash Diversion Dike, which directs flows into the North Las Vegas Detention
Basin.

The peak discharges were established by using the HEC-1 hydrologic computer model developed by
the COE (Reference 71). The previously developed HEC-1 models were modified to reflect the
presence and current outlet work configurations of the existing flood-control facilities. Changes were
also made to reflect as-built stage-storage and stage-discharge relationships for the Upper Las Vegas
Detention Basin and to reflect the stage-discharge relationship for the modified three-pipe outlet
structure at the North Las Vegas Detention Basin, including the upstream barrier wall. The revised
HEC-1 models also included the 10- and 50-year rainfall events for the Interbasin Storm and the
500-year event for the Spring Mountain, Interbasin, and West Range Wash storms.

No changes were made to the previously defined runoff and channel routing parameters, such as basin
areas, curve numbers, loss rates, channel geometry, channel routing parameters, or rainfall amounts.

Hydraulic Analysis:

Cross-sectional information was obtained from aerial photogrammetry that was used to develop
topographic maps of the study area with a contour interval of 4 feet (Reference 89). Additional field
surveys were conducted to obtain elevations for the bridge crossings at Lone Mountain Road, Carey
Road, the UPRR bridge, and near the intersection of Losee Road and Lone Mountain Road. As-built
plans for flood-control facilities and improvement plans for streets, bridges and development areas
also were used.
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Roughness factors (Manning’s “n”") used in the hydraulic computations were chosen by using standard
engineering references (References 82 and 90) and engineering judgement and were based on field
observations of the streams and floodplain areas. Roughness values ranged from 0.014 to 0.045 for
the channels and from 0.014 to 0.035 for the overbank areas.

Water-surface elevations were computed using the COE HEC-2 step-backwater computer program
(Reference 84). The model was run in both subcritical and supercritical modes for various reaches of
the study area. The results also were supplemented by independent calculations at the bridges and
culverts using the Federal Highway Administration HY-8 program (Reference 91) and by hand. In
some areas, the depths of the shallow flooding in the overbanks were computed using normal depth
calculations from Manning’s equation.

The starting water-surface elevations for Upper Las Vegas Wash at the confluence with the Unnamed
Tributary to Las Vegas Wash (A Channel) were determined using the slope-area method. For
N Channel, the starting water-surface elevation was computed using supercritical profiles that also
match the water-surface elevations from King Charles Diversion Channel. The starting water-surface
elevations at the Upper Las Vegas Detention Basin and North Las Vegas Detention Basin were
derived from the HEC-1 model by using the basin stages at the time of the peak discharge.

Flood profiles were drawn showing computer water-surface elevations to an accuracy of 0.5 foot for
the 100-year flood along Las Vegas Wash and for the selected recurrence intervals along King Charles
Diversion Channel.

The hydraulic analyses for this study were based on unobstructed flow through the wash hydraulic
structures except at the Lone Mountain Road bridge. The Lone Mountain Road bridge is the first
bridge through which Las Vegas Wash passes going downstream and is subject to high debris and
sediment loads from the wash.

The HEC-2 models and the HY-8 program were used to define the locations where channel and
hydraulic structure capacities were inadequate to convey the peak flood discharges. Where the
overbank flows remained hydraulically connected to the main wash or channel flows, the overbank
flows were modeled with HEC-2, and the results used to delineate the flood zones as Zone AE. Where
the breakout flows were determined likely to become hydraulically separated from the main wash or
channel, the breakout flows were estimated using normal depth computations and mapped as Zone
AO.

Breakout flows occur when the 500-year flood discharges near Azure and Losee Road, at Lone
Mountain Road, at Craig Road and at the UPPR bridge. A portion of these flows returns to the main
channel downstream in various locations within the study area. Overflow magnitudes were
determined using HEC-2 and hand calculations. Flows in the downstream direction decrease as
overflows are progressively subtracted from the main flow area at subsequent breakout locations.

Flood boundaries for the 100- and 500-year flood discharges along Las Vegas Wash were delineated
on 1” = 400’ topographic maps with contour intervals of 4 feet (Reference 89). Where flood
boundaries for the 500-year flood discharge were located outside the extent of this mapping, the
boundaries were determined using topographic mapping developed for the City of North Las Vegas
with a scale of 1” = 400’ and contour intervals of 2 feet (Reference 92) and USGS quadrangle
topographic maps with a scale of 1” = 2,000’ (References 93 and 94).
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The lower portion of King Charles Diversion Channel is affected by backwater from A Channel.
No floodway analyses were performed for the study reach.

Las Vegas Wash

LOMRs were issued on January 19, 2000 (Case No. 99-09-1119P), to incorporate a restudy and
re-issued on March 21, 2000 (Case No. 00-09-268P), for the Cities of Henderson and Las Vegas and
the unincorporated areas of Clark County.

Authority and Acknowledgments:

The hydrologic analyses used as a basis for this study were performed by JMM for CCRFCD
(Reference 69). This work was completed in September 1991.

The hydraulic analyses for this study were performed by Nolte and Associates (Nolte), the Study
Contractor for FEMA under Contract No. EMW-96-CO-0099 (Reference 95). This work was
completed in January 1999.

Coordination:

An initial consultation and coordination meeting was held on November 2, 1995, to review the scope
of work and the flooding sources to be studied. Representatives from the City of Henderson,
CCRFCD, CCPW, the FEMA Region IX Office, and Nolte attended the meeting.

Nolte contacted FEMA, the COE, the USGS, the Nevada Department of Transportation, the National
Weather Service, Natural Resources Conservation Service (formerly the SCS), CCRFCD, and CCPW
to obtain any topographic, hydrologic, and hydraulic data pertaining to the study area.

Scope:

This study was performed along Las Vegas Wash from Lake Las Vegas to Charleston Boulevard.
The basin consists of commercial and residential areas at the upstream end, open space and several
wastewater treatment plants in the midportion of the basin, and open space with some residential areas
at the downstream end. An earthen trapezoidal channel extends from Charleston Boulevard
downstream to Sahara Avenue, at which point a concrete trapezoidal channel extends farther
downstream to Vegas Valley Road. Downstream of Vegas Valley Road, the channel configuration
varies from a small, low-flow type channel to a 50-foot vertical ravine-type channel. The channel is
limited to desert shrub vegetation downstream and earth/turf/concrete-lined channel upstream.

Hydrologic Analysis:

The 100-year discharges used for the analyses of Las Vegas Wash were obtained from the CCRFCD
report entitled “Las Vegas Valley Flood Insurance Study Hydrology Report,” prepared by JIMM, dated
September 1991 (Reference 69). The peak discharges were established by using the HEC-1
hydrologic computer model developed by the COE (Reference 71). The hydrologic model accounted
for existing flood-control improvements and detention basins.
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Hydraulic Analysis:

Aerial photogrammetry was used to develop topographic maps with 4-foot contour intervals
(Reference 96). Cross-sectional information was digitized from the photogrammetric data and
supplemented with field survey data where needed. This information was used to develop the
hydraulic models. The hydraulic analyses were performed using the COE HEC-2 computer program
(Reference 97).

Roughness factors (Manning’s “n”) used in the hydraulic computations were determined by
engineering judgement, field investigation, and using tables from the handbook entitled “Open
Channel Hydraulics” by Ven Te Chow (Reference 82).

The hydraulic control at the downstream end of Las Vegas Wash is a concrete box culvert inlet
structure of the existing Lake Las Vegas Stormwater Conveyance System. The Conveyance System
was built to transport the 100-year storm under Lake Las Vegas Parkway. Because the box culvert
acts as a weir crest, critical depth was used as the starting water-surface elevation, including for the
regulatory floodway.

Flood profiles were drawn to show computer water-surface elevations to an accuracy of 0.5 foot for
the 100-year flood for Las Vegas Wash and Unnamed Tributary to Las Vegas Wash.

Hydraulic computations for Las Vegas Wash included modeling of four bridge crossings: at
Charleston Boulevard, Nellis Boulevard, Sahara Avenue, and Vegas Valley Road. In addition, two
low-flow road crossings are located at Treatment Plant Road and Telephone Line Road. The existing
culverts are undersized at these two locations and convey less than 10 percent of the 100-year flood.
For the hydraulic analyses, these culverts were assumed to be blocked.

Based on the topographic information, a split flow appears to occur just upstream of Sahara Avenue
during the 100-year flood. Based on field observations, this split flow runs easterly toward Sloan
Channel and then turns south along Stephanie Street.

Regulatory floodways for Las Vegas Wash from Lake Las Vegas to Charleston Boulevard were
determined assuming that the split flow is confined in the wash.

Flood boundaries for the 100-year flood and regulatory floodway were delineated on 1” = 500" scale
topographic maps with contour intervals of 4 feet.

Duck Creek

LOMRs were issued on January 19, 2000 (Case Nos. 97-09-574P and 99-09-230P), to incorporate a
restudy for the City of Henderson and the unincorporated areas of Clark County. These LOMRs were
re-issued on March 21, 2000 (Case No. 00-09-268P) to incorporate comments received from
CCRFCD. The March 21 LOMR was issued for Duck Creek from approximately 300 feet upstream of
U.S. Highway 95 (US95) to approximately 1,100 feet upstream of East Robindale Road; along Duck
Creek Overflow; and along Rawhide Channel; and to revert to the 100-year floodplain boundary
delineations shown on the effective FIRM dated August 16, 1995, as modified by LOMRs dated
October 17,1995, and August 4, 1997. The effective FIRM did not show a 100-year floodplain along
Rawhide Channel, and showed 100-year floodplains designated Zone A, for which no Base (100-year)
Flood Elevations (BFEs) were determined, along Duck Creek Overflow and along the
above-mentioned reach of Duck Creek. The 100-year floodplain and floodway boundary delineations
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and BFEs along Duck Creek from its confluence with Las Vegas Wash to approximately 300 feet
upstream of US95 were not altered from those shown in the January 19 LOMR.

Authority and Acknowledgements:

The hydrologic analyses for Duck Creek were performed by JMM and were included in the report
entitled “Las Vegas Valley Flood Insurance Study Hydrology Report,” dated September 1991
(Reference 69). The hydraulic analyses for this portion of Duck Creek were performed by Nimbus
Engineers (Nimbus), the Study Contractor for FEMA, under Contract No. EMW-94-C-4648
(Reference 98). This work was completed in July 1997.

Coordination:

An initial coordination meeting was held on August 25, 1993, to review the scope of work and the
portions of Duck Creek to be studied. Representatives from CCPW, Clark CCRFCD, the City of
Henderson, the FEMA Region IX Office, and Nimbus attended the meeting.

Scope:

This study covered Duck Creek from its confluence with the Las Vegas Wash to Robindale Road.
However, as a result of the comments received by CCRFCD, only the reach from the confluence with
Las Vegas Wash to approximately 300 feet upstream of US 95 will be discussed further in this
Revision Section. The reach from Rebel Road to the confluence with Las Vegas Wash was studied by
approximate methods.

Hydrologic Analysis:

For this reach of Duck Creek, peak discharge values for the 100-year flood were obtained from the
report entitled “Las Vegas Valley Flood Insurance Study Hydrology Report,” dated September 1991
(Reference 69). Peak discharges were determined in this study by using the COE HEC-1 hydrologic
model (Reference 71) and CCRFCD Hydrologic Criteria and Drainage Design Manual (Reference 72).

Hydraulic Analysis:

Cross-sectional information for this reach of the Duck Creck was obtained from 2-foot contour
interval topographic maps. Aerial topography was developed by Kenny Aerial Mapping, Inc., n
November 1994 (Reference 99) for most of the study. Additional topographic mapping was obtained
from ADR Associates in February 1995 and February 1997. Information also was obtained from
bridge plans and surveyed bridge sections dated 1998 (Reference 100), CCPW, and field
investigations conducted in May 1995 and October 1996.

The COE HEC-2 hydraulic model (Reference 84) was used to prepare the 100-year flood elevations
for the studied reach.
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10.3

The starting water-surface elevation for lower Duck Creek was determined by the slope-area method in
HEC-2. The middle reach started with a known water surface elevation from the culvert and weir
rating over Stephanie Street. No information regarding measured flooding events was available for
calibration of the hydraulic models.

3 6697

Channel roughness values (Manning’s “n”) used in the hydraulic computations were chosen by
engineering judgement and based on field observations of the streams and floodplain areas. The
channel roughness values ranged from 0.013 to 0.08, and the overbank roughness values ranged from
0.013 to 0.20.

Near Morris Street, the channel begins to lose capacity. Energy grades were balanced at Denning Street
to determine the amount of flow that remains in the channel and the amount which flows in the left
overbank. These flows combine again at Andover Drive.

Flow distribution was used at Stephanie Street to determine that approximately 6,340 cfs remains in the
channel and right overbank, and 5,160 cfs splits to the north. This 5,160 cfs then turns southeast and
weirs over Boulder Highway. Upstream of Emerald Avenue, the remainder of this flow joins the
6,340 cfs in the main channel and continues to weir over Boulder Highway.

A portion of the flow that weirs over Boulder Highway divides and creates two flowpaths for
approximately 2,500 feet. All divided flow combines approximately 3000 feet upstream of Rebel
Road. This is also the beginning of the confluence of Duck Creek and Las Vegas Wash.

Flood boundaries for the 100-year flood were delineated on 1” = 500’ scale topographic maps with
contour intervals of 2 feet (Reference 99).

Regulatory floodways were not developed for this reach of Duck Creek because of continually
changing channel capacities, split flows, divided flows, levee failure analysis, and the interdependence
of all these conditions.

All elevations for the flooding sources within Clark County and Incorporated Areas in this FIS report
and on the FIRMs have been converted from the National Geodetic Vertical Datum (NGVD 1929) and
are referenced to the North American Vertical Datum of 1988 (NAVD 88).

Table 7, Letters of Map Change, has been revised to include the LOMRs and LOMASs that have been
incorporated. In addition, changes established by those LOMRs and LOMAs have also been
incorporated into Table 3, Summary of Discharges, Table 5, Floodway Data, and Exhibit 1, Flood
Profiles, where applicable.

Third Revision

This study was revised on December 4, 2007, to incorporate new detailed flood hazard information for
the Virgin River from approximately half a mile upstream of its confluence with Toquop Wash to the
Arizona-Nevada state boundary. This revision affects the City of Mesquite and the unincorporated areas
of Clark County, Nevada.

The hydraulic analysis for this restudy was performed by PBS&J, under agreement with the Clark County

Regional Flood Control District (CCRFCD). The hydrology analysis was performed by Michael Baker
Jr., Inc., under contract with FEMA. This work was completed in May 2006.
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Major flooding occurred along the Virgin River within the City of Mesquite in the winter of 2004/2005.
The January 2005 flood neared the magnitude of the 1-percent-annual-chance flood. This flood caused
an estimated damage of more than one million dollars in public infrastructure and also damaged
approximately 80 homes located in the northeast part of Mesquite, just west of the Nevada-Arizona
border.

The storm resulted in significant loss in vegetation, channel widening, avulsions, excessive floodplain
sediment deposition, and lateral erosion of channel banks. In order to model the avulsion formed during
the January 2005 flood, the hydraulic model was extended approximately 1.7 miles upstream of the
Nevada-Arizona border. A separate study has been funded by FEMA for the Virgin River within Mohave
County, AZ.

Hydrologic Analyses

The 1- and 0.2-percent-annual-chance flood discharges were developed using the Water Resources
Council Bulletin 17B (Reference 18). The analysis used the annual peak discharges from the USGS gage
located at Littlefield Arizona (Station 0941500) located approximately 9 miles upstream of the Nevada-
Arizona Border. The gage records included all annual peak discharges from 1930 through 2003, and the
January 2005 peak flood event. The Peak Discharge for 1989 was omitted from the analysis because it
was a result of a dam failure. The revised Virgin River discharges are reflected in Table 3, Summary of
Discharges.

Hydraulic Analyses

Water surface elevations (WSELSs) for the 1- and 0.2-percent-annual-chance recurrence intervals were
developed along the Virgin River using the standard step backwater computer program HEC-RAS
version 3.1.3.

Cross-section data for the Virgin River were obtained from 2-foot contour interval topographic data
created from Light Detection and Ranging (LiDAR) data and from construction plans for the Bunkerville
Bridge and the Bunkerville diversion structure. The LiDAR data reflects post-January 2005 flood
conditions and was provided by the Bureau of Reclamations. LiDAR data was provided

on Universal Transverse Mercator (UTM) Zone 11, North American Datum 83 (NAD83), and North
American Vertical Datum 88 (NAVD 88) coordinate system and datums. All elevations for the flooding
sources within Clark County and Incorporated Areas in the FIS report and on the FIRMs are in the same
coordinate system and datums as the LiDAR data.

Starting water surface elevation for the Virgin River was determined using HEC-RAS Normal Depth
option with a slope of 0.0025 ft/ft. This slope is associated with the Virgin River’s channel bed just
downstream of the limit of detailed study.

Composite roughness coefficients (Manning’s “n”) for the main channel and over-bank areas ranged from
0.025 to 0.12. Roughness coefficients for the Virgin River channel and overbank areas are based on field
visits, pre- and post-flood aerial photos, and in accordance with recommendations provided in
CCRFCD’s Drainage Design Manual. Manning’s “n” within the active channel and surrounding barren
areas was based on pre-2005 flood aerial photos because these areas will eventually re-vegetate.

Split flow analyses were conducted for the 1- and 0.2-percent-annual-chance flood events to simulate the
avulsion created by the January 2005 storm along the Virgin River. The results of the hydraulic analysis
show that based on the initial flow split, 18,038 cfs will be conveyed through the avulsion, while the
remaining 21,472 cfs will continue to flow in the main channel. Along the majority of the avulsion reach
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the WSEL is higher than the WSEL in the main channel. As a result, the flow within the avulsion drains
back into the main channel once it overtops the high point between both reaches. The flow in the avulsion
gradually reduces over the entire reach until completely returning to the main channel at just upstream of
Cross Section AV. Lateral weirs were modeled along the highpoints to simulate the overtopping flow
that discharges from the avulsion to the main channel of the Virgin River.

Floodways for this study were initially computed on the basis of equal conveyance reduction, using HEC-
RAS’ encroachment Method 4, from each side of the floodplain. The floodway encroachment stations
were then adjusted manually, using HEC-RAS’ encroachment Method 1, to provide a smooth floodway
boundary. The floodway along the split flow reach was computed by using combined avulsion and main
channel cross sections with the full discharge. The floodway elevations were then compared to the 1-
percent-annual-chance elevations in order to calculate the surcharges. The revised 1- and 0.2-percent-
annual-chance elevations and floodway surcharges are reflected in Table 5, Floodway Data, and in
Exhibit 1, Flood Profiles.

Letters of Map Change (LOMCs)

This revision also incorporates the determinations of LOMRs issued by FEMA for the following cases:

* LOMR number 03-09-0236P, issued on April 28, 2003, for the City of Mesquite, revised Abbott
Wash from Pioneer Boulevard to just downstream of Hardy Way.

¢ LOMR number 06-09-B0O51P, issued on August 28, 2006, for the City of Mesquite, revised Pulsipher
Wash from just upstream to approximately 6,000 feet upstream of Interstate Highway 15 (I-15).

¢ LOMR number 06-09-BD10P, issued on October 27, 2006, for the City of Mesquite, revised Abbott
Wash from just upstream of Pioneer Boulevard to approximately 1,300 feet downstream of Hafen
Lane. This LOMR also superseded a portion of LOMR 03-09-0236P.

Table 7, Letters of Map Change, has been revised to include the LOMRs that have been incorporated. In

addition, changes established by those LOMRs have also been incorporated into Table 3, Summary of
Discharges, Table 5, Floodway Data, and Exhibit 1, Flood Profiles, where applicable.
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