





Executive Summary

Introduction

The Clark County Regional Flood Control District (CCRFCD) is responsible for
developing and implementing a comprehensive flood control master plan to alleviate
flooding in Clark County. Nevada Revised Statute (NRS) 543.596 requires that flood
control master plans be reviewed and updated at least every 5 years. The 2016 Flood
Control Master Plan Update (2016 MPU) for the Muddy River and Tributary Washes is
one of those updates. Previous MPUs for the Muddy River and Tributary Washes were
prepared in 1988, 1994, 2001, 2005, and 2010. This 2016 MPU is a planning tool for use
by public agencies, land planners, engineers, landowners, and other entities.

Purpose, Location, and Scope

The purpose of the MPU is to add any new relevant information to the Master Plan, to
assess progress towards fulfillment of the Master Plan during the 5-year period, to
identify obstacles to completing the Master Plan, and to recommend changes to the
Master Plan resulting from growth and development. This document presents the results
of field investigation, data collection, hydrologic/hydraulic analyses, facility planning,
and cost estimate analyses that led to the development of the master plan.

The Muddy River and Tributary Washes MPU study area is situated approximately 50
miles northeast of Las Vegas along the Muddy River corridor in northeast Clark County,
Nevada. The valley along the Muddy River generally runs northwest to southeast and is
divided into two regions (referred to in this report as Moapa and Moapa Valley) by a
narrow canyon south of Interstate 15 (I-15) known as the “Narrows”. To facilitate the
organization and presentation of the information collected and developed for the 2016
MPU, the study area has been subdivided into four areas that will be referred to as: (1)
Western Washes, (2) Eastern Washes, (3) Lower Muddy River, and (4) Moapa.

The 2016 MPU is based on assumptions about future growth and development in the
study area in order to represent the ultimate hydrologic condition and to aid in the
planning and preliminary design of future flood control facilities. Soils information and
land use data is used in conjunction with the 100-year frequency design rainfall event to
develop hydrologic computer models that establish peak flow rates and flow volumes for
drainage corridors. These peak flow rates and flow volumes are then used to analyze the
existing/proposed flood control system and identify deficiencies or potential flooding
vulnerabilities. The recommended flood control facility plan consisting of structural
improvements is then developed (or updated) in order to mitigate identified deficiencies.

The 2016 MPU also includes general information and recommendations regarding
floodplain management and non-structural solutions. Floodplain management and non-
structural solutions may be relevant in this MPU because of the complex nature of the
Muddy River floodplain that makes the structural solutions infeasible and/or difficult to
implement along flat, riverine corridors in the study area that experience high flows and
frequent flooding.
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Watershed Analysis

A comprehensive review of the previous MPU hydrologic analysis was performed and
significant updates were made to incorporate new data collected and ensure the analysis
was based on best-available, current information. This involved updates to elevation data,
inventories of existing facilities, hydrologic and hydraulic models, facility sizes, land use
information, soils data, costs, geographic information system (GIS) databases, maps, and
reports.

Major modifications made to the flood control plan during development of this MPU are
based on the following:

Updated topographic (LiDAR) data that was obtained specifically for the 2016 MPU
Identification of flood control facilities constructed after the 2010 MPU

Updated soils and land use data

Updated subbasin delineations, hydrologic models, and analysis methodology

Development of two-dimensional (2D) hydraulic models for the Eastern/Western
Washes and Lower Muddy River to identify structural and non-structural alternatives

Revisions to facility sizes and alignments due to changes in flow rates
Addition of new facilities where deemed necessary to mitigate flood hazards

The 2016 MPU hydrologic modeling produced peak flow rates that were somewhat
different than the peak flow estimates in the 2010 MPU. In some areas the flow rates
increased while in other areas the flow rates decreased. The differences can be primarily
attributed to the updated soils/land use data, revised curve numbers, updated hydrologic
parameters, and revisions to the subbasin delineations based on better topography data.

Master Plan Progress since 2010 MPU

Progress has been made on the implementation of the flood control master plan since the
2010 MPU. This primarily consists of the following:

Construction completed for the Muddy River Cooper Street Bridge (MRLV 0343-
0388)

Preliminary Design Report completed and final design initiated for the Logandale
Fairgrounds Detention Basin (FGWS 0166) and outfall system (FGWS 0000-0164)
in Whipple Avenue

Final design completed for the Muddy River Logandale Levee (MRLL 0001-0038),
advertising initiated, and start of construction anticipated in October 2016

ES-iii



2016 Muddy River and Tributary Washes MPU Executive Summary

Recommended Flood Control Plan

Changes to the 2010 MPU recommended in the 2016 MPU are described below. In
addition, all existing and proposed regional flood control facilities in the 2016 MPU are
summarized in the facility maps and inventory tables in Figure F-1 and Figure F-2 at the
end of this report in the section titled Facility Maps.

Western Washes

For the majority of the Western Washes, the recommended flood control plan is
similar to the plan outlined in the 2010 MPU with some modifications:

West Wash 1 Detention Basin (WWWA 0017) — This detention basin from
the previous MPU has been split into two proposed detention basins: the West
Wash 1 Detention Basin (WWWA 0017) and the Ingram Avenue Detention
Basin (WWIA 0016). This was necessary because there are distinct, separate
washes and flow corridors in the area that could not be intercepted by one
detention basin at a single location.

Western Washes Railroad Channel (WWRR 0000-0550) — This proposed
channel system and culvert/bridge crossings were reviewed and upsized as
necessary using the updated hydrologic results. The 100-year peak discharge
in the channel increased, due to the revised soils data and subbasin
delineations that show certain areas downstream of the proposed detention
basins draining directly to the channel. The channel was also extended at the
upstream end to collect flow impacting the UPRR alignment south of the
Gann Avenue Storm Drain.

Western Washes Detention Basins (WWWT 0004, WWDA 0009, WWCA
0050, WWWI 0027, WWWA 0017, WWIA 0016, WWPA 0018) — All of
the proposed Western Washes detention basins were reviewed and revised
based on updated hydrologic analysis. Proposed detention basin volumes were
also modified in order to account for sediment allowance and 1 foot of
freeboard. The footprints and proposed locations of the detention basins were
revised as necessary using the detailed 2015 LIiDAR data to ensure they are
situated in primary flow corridors and low-lying areas.

Eastern Washes

In addition to the Fairgrounds Detention Basin (currently in the predesign phase),
two significant detention basin facilities have been added to the recommended
flood control plan to mitigate flooding from the Eastern Washes:

Lyman Street Detention Basin and Outfall (FGLS 0000 — 0167). During
the hydrologic/hydraulic analysis of the Eastern Washes, it became apparent
that a large 23-square-mile watershed and significant peak 100-year discharge
of approximately 5,000 cfs was draining toward a large, man-made, earthen
berm located on the northeastern side of Logandale about 1 mile east of the
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Bowman Reservoir. The berm diverts flow from the natural wash and directs
it west in another wash that eventually discharges to the Bowman Reservoir.
The man-made berm is not in good condition and is not an engineered
structure that can be relied upon for flood protection of the downstream
residential areas. Thus, a regional detention basin has been proposed in this
area with a 72” RCP outfall system in Lyman Street that will connect to the
proposed regional storm drain facility in Whipple Avenue.

Gubler Avenue Detention Basin and Outfall (EWGA 0000-0196). An
additional detention basin has been added at the east end of Bunnell Avenue
to intercept flow that drains to a natural wash at that location. The natural
wash does not have capacity to convey the 100-year flow of 1,447 cfs safely
through the residential areas, which results in flooding and sediment
deposition on the local roadways. Thus, a regional detention basin system has
been proposed in this area to intercept flow, reduce sediment, and safely
convey flow to the Muddy River in a storm drain system in Gubler Avenue.

Lower Muddy River

The recommended flood control plan along the Lower Muddy River is based on
previous MPUs. From Gubler Avenue to Cooper Street, the recommended flood
control plan has been perpetuated from the 2010 MPU. Downstream of Cooper
Street, the recommended flood control plan has been modified based on the 2D
HEC-RAS model, updated MPU analysis, and the detailed LiDAR data obtained
for the project. Updates to the recommended flood control plan for the Lower
Muddy River are described below:

Muddy River, from Cooper Street to West Creek Confluence (MRLV
0268, 0276) — The recommended regional facility for this reach is a stabilized
earthen channel with rip-rap lined banks, 400-feet wide, 8-feet deep, and 3:1
side slopes. This facility was reviewed in detail and it was determined that a
slightly steeper slope and a lower profile (i.e., below-grade channel) would
allow the proposed West Creek Channel (MRWC 0000) to daylight into the
Muddy River downstream, thereby eliminating the a parallel facility that was
previously proposed. The recommended channel geometry is similar in size to
the previous MPU but the profile is lower.

Muddy River, from West Creek Confluence to south of Lewis Avenue
(MRLV 0184, 0198, 0240) — The proposed regional facility in this reach is a
stabilized earthen channel with rip-rap lined banks, 600-feet wide, 6.5-feet
deep, and 3:1 side slopes. The proposed slope of the channel was adjusted
from 0.4% to 0.2% based on updated topography, which also serves the
purpose of keeping the velocity lower and the channel shallower for
daylighting purposes near Lewis Avenue. Above-grade levees (4-5 feet high)
on both sides of the channel are required since the channel is wide and flat and
cannot be excavated further below grade without significant cost and
daylighting issues.
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Muddy River, from south of Lewis Avenue to Overton WMA (MRLV
0142) — The proposed regional facility for this reach of the Muddy River is an
earthen levee on the west side of the Muddy River corridor. This facility will
begin downstream of the proposed confluence with Western Washes Railroad
Channel, and will protect the private properties to the west and allow flow to
spread out on the east and continue south to the Overton WMA.

Removal of Muddy River Facilities Downstream of Overton WMA — The
previous MPU proposed to extend a wide earthen channel with levees and a
parallel facility 7,400 feet downstream of the Overton WMA diversion
structure (MRLV 0000 and 0105). These facilities have been removed from
the recommended control plan in the area, meaning the proposed Muddy
River channel improvements stop at the diversion structure.

Moapa (Upper Muddy River Area)

The recommended flood control plan for Moapa is consistent with the previous
MPU and essentially consists of a non-structural floodplain management plan,
i.e., managing the floodplain according to FEMA standards and ensuring that new
construction within the floodplain conforms to the National Flood Insurance
Program (NFIP) and local floodplain ordinances. The flood control plan in the
area should continue to evolve as more development plans occur in the future.

The locations of the facilities recommended in the 2016 MPU are shown on Figure ES-1.
All facilities from the 2010 MPU that are not described above have not been modified
and are perpetuated in the 2016 MPU recommended flood control plan.

In addition to the structural recommendations, the 2016 MPU also includes
recommendations regarding non-structural solutions and floodplain management
strategies that reduce the adverse impacts of flooding. Non-structural recommendations
were first developed and included in the 2001 MPU and have been updated to include
new information. Non-structural solutions are described in detail in Section 8 and include
alternatives such as acquiring/relocating property, floodplain mapping, public outreach
and education, floodproofing structures, acquiring/relocating property, maintaining
facilities, and taking advantage of state and federal flood hazard mitigation programs and
grants.

Approximately 20.1 miles of conveyance facilities are included in the 2016 MPU.
Approximately 1.6 miles of these facilities already exist or are under construction; the
remaining 18.5 miles of proposed conveyance facilities remain to be constructed. A total
of 10 detention basins are proposed in the 2016 MPU, ranging in size from 49 ac-ft to
1,247 ac-ft.
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Cost Estimates

Cost estimates for existing regional facilities in the 2016 MPU are based on actual cost
data that has been compiled during previous MPUs and the past 5 years. Construction
cost estimates for proposed regional facilities were determined using the CCRFCD Cost
Estimation Tool that was developed as part of the 2008 Las Vegas Valley MPU. Based
on input from CCRFCD, a cost factor of 0.815 was applied to all of the estimated costs in
the 2016 MPU to be consistent with other cost estimates and the Ten Year Construction
Program used at CCRFCD for planning purposes. The factor essentially accounts for an
increase (inflation) in the costs of about 6.6% since the time the 2010 MPU was prepared
(previous factor in 2010 MPU was 0.765).

The total estimated cost of existing flood control facilities in Moapa Valley is $25.3
million. The total estimated construction cost of proposed facilities in Moapa Valley is
$118.7 million. The estimated costs of existing facilities are summarized in Table ES-1
and total estimated costs of proposed facilities are summarized in Table ES-2. The
estimated costs of proposed facilities from the 2010 MPU are also included in Table ES-
2 for comparison purposes.

Table ES-1 Estimated Cost of Existing Facilities

Existing Facilities
I.D / - . Total Cost
River E/P Facility Description
Mile ($ x 1000)
GASD GANN AVENUE STORM DRAIN
0000 E2 20'X8' Transition Channel $817
0005 E2 2-10'RCP $817
0030 E2 2-10'X8' RCB $817
0058 E2 Existing Debris Basin $817
Project Total: $3,268
MRLV MUDDY RIVER LOWER VALLEY
0343 E2 Earthen Chnl w/ Riprap-Lined Bank 200'W 9.5'D 3:1 SS $989
0350 E2 Earthen Chnl w/ Riprap-Lined Bank 200'W 11'D 3:1 SS $1,234
0357 E2 Conc Chnl 200W 11'D 2:1 SS $3,849
0375 E2 Cooper Street Bridge $4,197
0377 E2 Conc Chnl 180'W 13.6'D 2.5:1 SS $1,988
0388 E2 Gabion Channel 200'W 11.5D 3:1 SS $1,440
0534 E2 Earthen Channel w/ Gabion Side Slopes $686
0536 E2 Yamashita Street Bridge $686
0537 E2 Earthen Channel w/ Gabion Side Slopes $686
0725 E2 Gubler Avenue Bridge $5,800
Project Total: $21,555
LWAW LOGAN WASH DIVERSION
0000 E2 Earthen Diversion Channel $500
Project Total: $500
Total Existing Facility Cost: $25,323
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Table ES-2 Estimated Construction Cost of Proposed Facilities

Proposed Facilities Cost Comparison

2016 MPU | 2010 MPU
Facility Description Cost Cost

($x1000) | ($X1000)

EASTERN WASHES
EWGA EASTERN WASHES - GUBLER $10,345 -
FGLS FAIRGROUNDS - LYMAN $15,844 -
FGWS FAIRGROUNDS - WHIPPLE $9,540 $6,012

LOWER MUDDY RIVER

MRLL MUDDY RIVER LOGANDALE LEVEE $3,332 $3,126
MRLV MUDDY RIVER LOWER VALLEY $41,225 $63,332
MRWC MUDDY RIVER WEST CREEK $2,083 $2,036

WESTERM WASHES
WWCA WESTERN WASHES CHANNEL SYSTEM - COTTONWOOD $3,544 $3,368
WWDA WESTERN WASHES CHANNEL SYSTEM - DUESING $1,234 $933
WWIA WESTERN WASHES CHANNEL SYSTEM - INGRAM $1,926 -
WWPA WESTERN WASHES CHANNEL SYSTEM - PERKINS $8,566 $9,047
WWRR WESTERN WASHES RAILROAD CHANNEL $14,591 $9,576
WWWA WESTERN WASHES CHANNEL SYSTEM - WEST WASH 1 $2,685 $3,334
WWWI WESTERN WASHES CHANNEL SYSTEM - WIEBER $2,520 $2,846
WWWT WESTERN WASHES CHANNEL SYSTEM - WITTWER $1,227 $990
Total Proposed Facility Cost: $118,662 $104,600

In the 2010 MPU, the total estimated cost of existing facilities was $11.8 million. The
total estimated cost of existing facilities in the 2016 MPU has increased to $25.3 million
due to the construction of the Muddy River Cooper Street Bridge and associated
improvements to the Muddy River channel. Note that the $25.3 million estimated cost of
existing facilities does not include right-of-way acquisition costs. The total right-of-way
acquisition costs paid to date by Clark County to acquire property where flood control
facilities are either built or proposed is approximately $10.7 million.

In the 2010 MPU, the total estimated cost of proposed facilities was $104.6 million. The
total estimated costs for proposed facilities in the 2016 MPU have increased to $118.7
million because of inflation and the addition/modification of regional facilities in the
flood control plan. The cost of proposed facilities includes estimated right-of-way
acquisition costs where it is anticipated to be needed.

The 2016 MPU serves as a planning tool for the implementation of the flood control
system in Moapa Valley and for the design of master plan facilities. The flood control
system identified and described in this MPU may be subject to further amendments and
revisions in the future as more detailed analyses are completed for facilities in the pre-
design and design phases.
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1. Introduction

1.1. General

In 1985, in response to severe flooding problems in Clark County, the Nevada
Legislature passed legislation that allowed the local entities the opportunity to create the
Clark County Regional Flood Control District (CCRFCD). The CCRFCD is responsible
for developing and implementing a comprehensive flood control master plan to alleviate
flooding. In 1986, in accordance with Nevada state law, the original flood control master
plan was developed that addressed flood control needs for the entire CCRFCD service
area (i.e., Clark County).

Nevada Revised Statute (NRS) 543.596 requires that flood control master plans be
reviewed and updated every 5 years. The 2016 Flood Control Master Plan Update for the
Muddy River and Tributary Washes (hereafter referred to as the 2016 MPU) is one of
those updates. Previous MPUs were prepared in 1988, 1994, 2001, 2005, and 2010 (note
that the 2010 MPU was adopted by the CCRFCD Board of Directors on February 10,
2011 but is still referred to as the 2010 MPU in this report).

The 2016 MPU and previous MPUs are based in part on assumptions about future growth
and development in Moapa Valley in order to represent the ultimate hydrologic condition
and to aid in the planning and preliminary design of future flood control facilities. Soils
information and land use data is used in conjunction with the 100-year frequency design
rainfall event to develop hydrologic computer models that establish peak flow rates and
flow volumes for drainage corridors. These peak flow rates and flow volumes are then
used to analyze the existing and proposed flood control system and identify deficiencies
or potential flooding vulnerabilities. The recommended flood control facility plan
consisting of structural improvements is then developed (or updated) in order to mitigate
identified deficiencies.

The 2016 MPU also includes general information and recommendations regarding
floodplain management and non-structural solutions. Floodplain management and non-
structural solutions are relevant because of the complex nature of the Muddy River
floodplain that makes the structural solutions infeasible and/or difficult to implement
along flat, riverine corridors that experience high flows and frequent flooding.

1.2. Purpose and Objectives

The purpose of the MPU is to add any new relevant information to the Master Plan, to
assess progress towards fulfillment of the Master Plan during the 5-year period, to
identify obstacles to completing the Master Plan, and to recommend changes to the
Master Plan resulting from growth and development.

This document compiles all relevant information into a single source and serves as a
planning tool for use by public agencies, land planners, developers, engineers, and other
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entities. It identifies necessary flood control projects and can be used to set priorities and
allocate available funds for the design and construction of a regional flood control
system. The technical information presented in this report is based on best available data
as of February 2016. The flood control system identified and described in this MPU may
be subject to further amendments and revisions in the future as more detailed analyses are
completed for facilities in the pre-design and design phases.

The MPU does not include detailed facility design or in-depth information regarding
local flooding problems, utility conflicts, existing/interim condition hydrology,
maintenance problems, funding availability, or project timing; rather, the MPU is a
planning document for the ultimate buildout condition that can be used in conjunction
with other programs and floodplain management strategies to mitigate overall flooding
concerns in the area.

1.3. Master Plan Process and Formulation

Preparation of the 2016 MPU included a thorough review of previous MPUs and updates
to the following information: elevation data, inventories of existing facilities, hydrologic
models, hydraulic models, facility sizes, land use information, soils data, costs, graphics,
databases, GIS coverages, maps, and reports. The work completed for the 2016 MPU
essentially consisted of four main tasks:

Data Collection. This involved performing field investigations and collecting
available reports, models, GIS data, and engineering plans relevant to the master plan.
This information was reviewed in detail and relevant information was incorporated
into the 2016 MPU. One of the most significant data collection efforts in 2016 MPU
included obtaining updated aerial topographic data for the project, which extended
from Wells Siding at the upstream end to the Overton WMA at the downstream end
(approximately 7 miles) using light detection and ranging (LiDAR) technology. This is
described further in Section 3.

Hydrologic Analysis. Analysis was performed to update previous MPU hydrologic
models and determine 100-year peak flows and volumes in the study area based on
the CCRFCD Hydrologic Criteria and Drainage Design Manual (hereafter referred to
as the Design Manual) dated August 1999, including subsequent revisions through
2014 (Reference 1).

Facility Analysis. Using the results of the hydrologic analysis and a conceptual
hydraulic analysis of the system, the proposed flood control facility plan was
modified, revised, re-evaluated, and updated as necessary to incorporate all data
collected and to verify that the proposed flood control system can adequately convey
and/or detain flood flows.

Cost Analysis. The CCRFCD Cost Tool that was developed for the 2008 Las Vegas
Valley MPU was used to estimate the construction costs of proposed regional
facilities. Cost estimates for existing regional facilities are based on actual cost data
that has been compiled during previous MPUs and the past 5 years.

1-2



2016 Muddy River and Tributary Washes MPU Introduction

Modifications made to the flood control plan during development of this MPU are based
on the following:

Updated topographic (LiDAR) data that was obtained for the 2016 MPU
Identification of flood control facilities constructed after the 2010 MPU
Updated soils and land use data

Updated subbasin delineations, hydrologic models, and analysis methodology
Revisions to facility sizes and alignments due to changes in flow rates

Development of two-dimensional (2D) hydraulic models for the Eastern/Western
Washes and Lower Muddy River to identify structural and non-structural alternatives

Addition of new facilities where deemed necessary to mitigate flood hazards

Approximately 20.1 miles of conveyance facilities are included in the 2016 MPU.
Approximately 1.6 miles of these facilities already exist or are under construction; the
remaining 18.5 miles of proposed conveyance facilities remain to be constructed. A total
of 10 detention basins are proposed in the 2016 MPU, ranging in size from 49 ac-ft to
1,247 ac-ft. The 2016 MPU also includes relevant information about crossings, culverts,
bridges, and detention/sediment basins in the study area.

1.4. Study Area Description and Location

The MPU study area is situated approximately 50 miles northeast of Las Vegas along the
Muddy River corridor in northeast Clark County, Nevada. The valley along the Muddy
River generally runs northwest to southeast and is divided into two regions by a narrow
canyon south of Interstate 15 (1-15) through which the Muddy River flows, known as the
“Narrows”. The Narrows is also in the general location of the confluence of the Upper
Muddy River, Meadow Valley Wash, California Wash, and Weiser Wash. This division
is generally accepted as the boundary between the upper and lower portions of the Muddy
River. In this report, the general area upstream of the Narrows is referred to as Moapa
and the area south of the Narrows is referred to as Moapa Valley (see Figure 1-1).

Moapa is bounded on the west by the Meadow Valley Mountains and the Arrow Canyon
Range. The Mormon Mountains lie east of Moapa. This valley is sparsely populated in
the towns of Moapa and Glendale. Agriculture is the predominant land use in the area.

The Moapa Valley extends south to the Overton Arm of Lake Mead. This area is bounded
on the east by the Mormon Mesa and on the west by the Muddy Mountains and Overton
Ridge. The Moapa Valley contains the communities of Logandale and Overton.
Agriculture is the predominant land use within the Moapa Valley, although the area is
increasingly becoming more urbanized with residential and commercial areas. A vicinity
map of the 2016 MPU study area is shown in Figure 1-1.
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1.5. Climate

The climate in the study area is typical of the southern Nevada desert, with hot, dry
summers and mild winters. The average annual precipitation is about 5 inches and
generally occurs as the result of two storm types: (1) longer-duration, low-intensity
winter events associated with cyclonic weather systems, or (2) shorter-duration, high-
intensity summer thunderstorms. There are on average 27 days annually with
measureable precipitation. The average July high is around 105 degrees while the average
January low is around 31 degrees.

Winter storms in the area are regionally 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, on the other hand, occur as localized convective thunderstorms and can
often be intense. Flooding of the dry washes in the area is generally associated with
precipitation from the summer convective thunderstorms as surface runoff concentrates in
a short period of time.

1.6. Recent Flood Events

An examination of past storm events provides valuable insight in planning for flood
control facilities. Rainfall data, storm centerings, runoff volumes, peak flow rates in
channels, property damage, and loss of life are all significant factors in determining the
effectiveness of existing facilities and in evaluating the need for new and/or improved
facilities. A few significant storm events occurred during the last 5 years that are briefly
described below.

On December 17-23, 2010, significant rainfall occurred over large areas of Clark
County. The National Weather Service recorded 1.77 inches of rainfall for December
2010, making it the third wettest December on record for Las Vegas. In the Moapa
Valley area, flows in the Muddy River caused the closing of the Cooper Street crossing
and unofficial reports of flooded properties in the vicinity of Lewis Avenue. The USGS
estimate of the peak flow in the Muddy River was 4,800 cfs. For a more detailed report
refer to the “Rainfall Event Report December 17-23, 2010” by Clark County Regional
Flood Control District (Reference 2).

On September 7-8, 2014, intense rainfall occurred over large areas of Clark County.
Rainfall occurred in the afternoon and evening of September 7. The same areas
experienced significantly greater rainfall on the afternoon of September 8. The hardest hit
area was Moapa and Moapa Valley, both north and south of I-15, including the towns of
Moapa, Logandale, and Overton. CCRFCD rain gages in the large watershed area that
drains to the Muddy River, Meadow Valley Wash, and Weiser Wash measured rainfall
depths ranging from 2.5 to 4.6 inches, well above the 100-year design storm in this area.

The rainfall generated sizeable flows and exceeded the capacity of the I-15 drainage
system and washed out large sections of I-15 near mile marker 92, which resulted in

1-5



2016 Muddy River and Tributary Washes MPU Introduction

significant problems and the highway being closed to traffic for several days while
repairs were made. Railroad tracks near Moapa were damaged and undermined as well.
The Governor’s office and Clark County Commission declared a state of emergency in
the area.

Downstream of 1-15, flood flows in the Muddy River severely eroded the Logandale
Levee. The USGS estimated the flow in the Muddy River upstream of the Wells Siding
Diversion to be 17,300 cfs. More than 100 homes were damaged in Moapa, the Moapa
River Indian Reservation, Logandale, and Overton area. Damages to the County
maintained roadways and I-15 were in excess of $6 million. For a more detailed report
refer to the “Rainfall & Flood Event Report September 8, 2014” by Clark County
Regional Flood Control District (Reference 3).

On September 26-27, 2014, intense rainfall moved across the Las Vegas Valley and
parts of northeast Clark County. The hardest hit areas were the Muddy River drainage
north of 1-15. Rainfall gages in the Muddy River drainage area recorded rainfall depths of
1.5 to 1.75 inches of rain for the first few hours and then another 3 inches of rain across
the northeast Clark County region. Flow in the Muddy River downstream of 1-15 was
largely contained within the river’s banks and there were no reported flood damages in
the Logandale or Overton areas. Flow in Overton Wash across SR-169 did necessitate a
swift water rescue. For a more detailed report refer to the “Rainfall & Flood Event Report
September 26-27, 2014” by Clark County Regional Flood Control District (Reference 4).

A detailed history of flooding and Town Advisory Board (TAB) meetings in the Moapa
Valley is included in Appendix D. Appendix D also includes a summary of historical
changes to the Muddy River MPU. The obstacles and challenges encountered in
implementing the recommended flood control plan have been chronicled since the
adoption of the 1986 Clark County Master Plan (CCMP) and are also summarized in
Appendix D.

1.7. Coordination

Close coordination between Clark County and CCRFCD was necessary to ensure proper
and efficient development of the 2016 MPU. Other stakeholders involved in the
development of the 2016 MPU include the Moapa Valley Water District (MVWD),
Muddy Valley Irrigation Company (MVIC), Clark County Commission, Clark County
Liaison, Nevada Department of Wildlife (NDOW), National Park Service (NPS), and
Moapa/Moapa Valley TABs.

Many field visits and progress meetings were held, and representatives from Clark
County and other stakeholders were informed of project progress and given the
opportunity to provide input. CCRFCD and Clark County representatives were also
provided with the opportunity to review and comment on the information presented in the
2016 MPU report.

All of the meeting minutes from the MPU progress meetings and the town advisory board
meetings are included in Appendix D on the electronic Data CD.
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1.8. Report Organization

The 2016 MPU report has been organized into eight main sections: Section 1 serves as an
overall introduction; Section 2 contains general information about master planning and
watershed management; Section 3 contains detailed information about the overall
approach and methodology for hydrologic/hydraulic analysis, computer modeling,
facility analysis, cost estimates, and GIS data development; Sections 4-7 summarize the
recommended flood control plan in each of the planning areas; Section 8 contains
information regarding non-structural floodplain management solutions.

There is a Facility Maps section at the end of the report that contains facility maps and
inventory tables showing the regional flood control facilities in the study area.

1.9. Technical Appendix and Data CD

A technical appendix is provided electronically on the Data CD included at the end of
this report with all supporting documentation and analysis. The electronic Data CD also
has other relevant electronic data and information used in the development of this MPU,
such as a PDF version of the entire report, hydrologic/hydraulic model files, cost estimate
software tools, GIS data, etc.







2. Watershed Management

2.1. General

This section discusses CCRFCD policies, management, phasing, and implementation
considerations related to the 2016 MPU. The information contained in this section is for
general reference only. The CCRFCD Design Manual and the CCRFCD Policies and
Procedures Manual should be consulted for specific issues regarding stormwater drainage
and flood control in Clark County.

2.2. Watershed Areas

To facilitate the organization and presentation of the information collected and developed
for the 2016 MPU, the study area has been subdivided into four areas that will be referred
to as: (1) Western Washes, (2) Eastern Washes, (3) Lower Muddy River, and (4) Moapa.

The Western Washes and Eastern Washes represent watershed areas on the west and east
sides of Moapa Valley, respectively, that drain from mountainous regions and mesas
toward the valley. These areas were analyzed using HEC-1 and FLO-2D as described in
Section 3.

The Lower Muddy River area described in this report refers to the river corridor and
floodplain area downstream of the “Narrows” and in between the Western and Eastern
Washes. The towns of Logandale and Overton and the majority of the proposed regional
facilities lie within this area. The peak flow in the Muddy River was not determined using
HEC-1 computer modeling, because of the very large tributary watersheds that drain to
the river. These watersheds include the California Wash, the Meadow Valley Wash, the
Upper Muddy River, and the Weiser Wash, which encompass thousands of square miles.
Because of the large tributary area, the peak 100-year flow in the Muddy River was
referenced from the effective the Federal Emergency Management Agency’s (FEMA)
Flood Insurance Study (FIS) for Clark County, Nevada and Incorporated Areas
(Reference 5) and was confirmed by performing flood frequency statistical analysis
using historical stream gage data in the area (refer to Section 6 for more information).
The Lower Muddy River hydraulics and floodplain characteristics were analyzed using
the HEC-RAS computer program.

Moapa refers to the area upstream of the Lower Muddy River and the “Narrows”. Similar
to the Lower Muddy River, the peak flows in the large washes and watersheds in this area
were not determined using HEC-1 models; rather, peak flows were referenced from the
FIS and verified with gage analysis. No updated hydraulic analysis was needed or
performed in this area.

These study areas are shown in Figure 2-1 and are described in detail in Section 4, 5, 6,
and 7.
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2.3. Key Flooding Locations

Since the settlement of Moapa and Moapa Valley in the late 1800’s, flooding has been a
recurring and costly problem. Flooding in the study area is generally of two types: (1)
major storms in the upstream watershed of the Muddy River and Meadow Valley Wash
and (2) intense, convective storms on the local side washes. The natural topography in the
valley is very flat, especially near the southern portions of Overton. The flooding and
sediment potential from washes on the east and west combined with the high flows in the
Muddy River makes it very difficult to develop cost-effective and feasible structural
flood control solutions. For this reason, the effort to prepare the 2016 MPU encompassed
various analysis techniques, computer models, and a combination of structural and non-
structural flood mitigation strategies in order to identify effective solutions and focus on
improvements that would be the most beneficial.

Priorities for the 2016 MPU were established based on a review of the flood history,
previous MPUs, and coordination with Clark County, CCRFCD, local residents, and
other project stakeholders. Some of the key locations where the recommended flood
control plan has been updated include:

The Western Washes area along the western side of Logandale/Overton
e The Eastern Washes in the vicinity of the Clark County Fairgrounds

e The Lower Muddy River, especially the reach downstream of Cooper Street to Lewis
Avenue

e Overton Wildlife Management Area at the southern end of the study area

2.4. FEMA Special Flood Hazard Areas

FEMA publishes Flood Insurance Rate Maps (FIRMS) that identify special flood hazard
areas (SFHA) or flood zones in the study area. The SFHA is the area where the National
Flood Insurance Program's (NFIP) floodplain management regulations must be enforced
and the area where the mandatory purchase of flood insurance applies. SFHA are defined
as the area that will be inundated by the flood event having a 1-percent chance of being
equaled or exceeded in any given year (also referred to as the base flood or 100-year
flood). The majority of the developed areas in the Muddy River MPU are within the
SFHA. The following SFHASs are found within the study area:

Zone AE - Areas subject to inundation by the base flood determined by detailed
methods. Base Flood Elevations (BFEsS) are shown. Mandatory flood insurance
purchase requirements and floodplain management standards apply.

Zone A - Areas subject to inundation by base flood generally determined using
approximate methodologies. Because detailed hydraulic analyses have not been
performed, no BFEs or flood depths are shown. Mandatory flood insurance purchase
requirements and floodplain management standards apply.
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Zone AO - Areas subject to inundation by the base flood, usually in the form of
shallow flooding (usually sheet flow on sloping terrain) where average depths are
between one and three feet. Average flood depths derived from detailed hydraulic
analyses are shown in this zone. Mandatory flood insurance purchase requirements
and floodplain management standards apply. Zone AO have been designated in areas
with high flood velocities such as alluvial fans and washes.

Zone X (Shaded) — Area of moderate flood hazard, usually between the limits of the
100-year and 500-year floods. Flood insurance is encouraged in these areas but not
mandatory.

The flood zones in Moapa Valley are shown on Figures F-1 and F-2 in the Facility
Maps section at the end of this report. The flood zones in Moapa are shown in Figure
7-3 in Section 7. Floodplain management is a key component of the flood control plan in
the area and is discussed in more detail in Section 8.

2.5. Implementation

The CCRFCD is responsible for the overall development and management of the Master
Plan and the associated facilities. The implementation of the Master Plan, including pre-
design, design, construction, and maintenance of facilities, is primarily the responsibility
of Clark County in coordination with the CCRFCD. Clark County is responsible for the
prioritization of proposed flood control design and construction projects. This
prioritization is based on established criteria described in the CCRFCD Policies and
Procedures Manual.

2.6. Regional versus Local Facilities

Regional flood control facilities in the MPU are generally described as existing (already
constructed and in place) or proposed (planned for the future). Regional facilities are
flood control facilities required to safely convey and detain major flood flows with
typically a minimum 100-year frequency flood event flow of 500 cfs or a minimum
contributing drainage area of 1 square mile.

Funding for regional facilities is provided through an interlocal contract between the
CCRFCD and the lead local governmental entity for the project (in this case Clark
County). Funding for regional facilities may include costs associated with design, right-
of-way acquisition, environmental mitigation, construction, construction management,
operation and maintenance, and FEMA flood map revisions.

Local drainage facilities, in conjunction with regional facilities, help to decrease the
volume of water on surface streets; this lessens the impact of surface flow on adjacent
properties and allows for the safe passage of vehicular traffic during a storm event. These
facilities are generally smaller, convey less flow than regional facilities, and help to
alleviate local flooding problems and ponding. Local drainage projects and associated
studies typically include analysis of the existing condition. Analyzing this condition helps
determine what areas may be prone to flooding before the construction of proposed flood
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control facilities, mitigates the existing or interim flooding issues, and establishes
priorities for future facility construction.

Local drainage facilities have not been evaluated or studied in detail in the 2016 MPU or
previous MPUs.

2.7. Detention and Debris Basins

Detention basins are primary master plan components and provide temporary storage of
floodwaters during flood events. These facilities accept high inflow rates that are of
relatively short duration (usually 1 to 12 hours) and discharge flow at a much lower rate
than the inflow (usually 5 to 15 percent of the inflow for a 100-year event) for a long
period of time (usually 24 hours to several days). The reduction in flow rate between the
inflow and outflow requires that a significant volume of water be stored for a certain
period of time. Storage volume is obtained by constructing above-grade
embankments/dams, excavating below-grade, or a combination of both.

Detention basins provide several benefits to the overall flood control system and the
downstream areas that they protect. Detention basins can capture sediment from upstream
areas, combine flood flows from several different drainage corridors into one downstream
discharge point, and control the release of flood flows, resulting in a major reduction in
the required conveyance capacity of downstream facilities. The reduction in required
downstream conveyance capacity allows for smaller, less expensive downstream facilities
and is the primary purpose of detention basins.

Detention basins are relatively inexpensive facilities but often require the acquisition of a
significant amount of land to provide enough area to store large volumes of water. In
addition, many detention basins have been used for parks or other recreational purposes.
Detention basins are easy to maintain, considering that heavy precipitation and major
flood events in arid, desert regions are infrequent.

Debris basins are used to capture sediment and other debris from upstream areas. Debris
basins are generally used where the upstream watershed is expected to produce large
volumes of sediment and other debris. Sediment and debris can cause severe problems in
flood control structures by clogging culvert and bridge openings, by producing general
accumulations of sediment in channel bottoms, or by creating sediment bulking, all of
which reduce facility conveyance capacity and cause damage to roadways and other
property. Debris basins do not reduce the peak flood flows conveyed by downstream
facilities. These facilities capture debris and sediment during storm events and require
regular maintenance, especially following significant storm events.

2.8. Multi-Use Facilities

The primary purpose of all flood control facilities is the safe detainment and conveyance
of flood flows. Public safety and the proper functioning of flood control facilities are
paramount and cannot be compromised by other uses; however, multi-use opportunities
exist with many master plan facilities. Therefore, CCRFCD policy is to encourage early
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planning to identify and take advantage of multi-use opportunities afforded by flood
control facilities included in the Master Plan.

Recreation is the principal multi-use opportunity. Recreational uses of flood control
facilities include parks, trail systems, and environmental preserves. Recreational
improvements are usually implemented near the end of a flood control construction
project, and some existing flood control facilities have been modified to accommodate
recreational amenities.

Available flood control facility construction monies are in high demand to implement
Master Plan flood control facilities, which improve the protection of life and property. It
is therefore CCRFCD policy that recreational or other multi-use components be
incorporated into the construction of flood control facilities when other funding sources
can be obtained to facilitate the construction of these multi-use amenities.

Many of the recommended facilities in the 2016 MPU are underground or concrete-lined
facilities, which do not lend themselves well to recreational use. However, the use of the
Lower Muddy River channel facility as a trail or other recreational amenity is a
possibility that could be investigated in the future.

The CCRFCD has developed policy statements and criteria to regulate the use of Master
Plan facilities for recreation or other multi-use opportunities. These policy statements and
criteria are available in the CCRFCD Design Manual.

2.9. Storm Drain versus Open Channels

Using storm drains or open channels to convey flood flows is normally governed by
whether the required right-of-way is available for an open channel, the cost of the right-
of-way, and the location of the right-of-way relative to any existing or future roadways.
Construction costs for open channels are generally less expensive than construction costs
for storm drains; for this reason, open channels are usually preferred to storm drains. In
some areas, however, right-of-way is not available or is too expensive, especially if the
flood control facility is being constructed in a developed area. During the pre-design
phase of a project, analysis should be completed to determine which type of facility best
suits the location where it is being proposed.

2.10. Channel Lining

The primary purpose of flood control channels is the safe conveyance of flood flows;
therefore, channel linings should be selected that will fulfill this purpose. The CCRFCD
Design Manual specifies maximum allowable flow velocities for channel lining types.

It is desirable, where possible, to use natural washes or “soft linings” to convey flood
flows provided it can be done in a manner that ensures a proper level of protection.
However, due to steep slopes and high flow velocities (greater than 10 to 15 feet per
second) and the inability of the natural system to safely convey flood flows, concrete-
lined channels are recommended in several areas in the MPU. Concrete channels convey
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flood flows effectively and efficiently and, when designed properly, eliminate the
potential for erosional hazards. Concrete-lined channels also require little maintenance
when compared to other channel types such as riprap, grass, or natural washes. The
aesthetic value and environmental benefits of concrete channels are minimal.

When flow velocity in existing washes and unlined channels exceed 5 ft/sec, there is a
potential for significant erosion and scour. All undeveloped areas will produce flows that
have a high concentration of sediment that are deposited wherever flow velocities
decrease sufficiently, such as entrances to culverts, grate inlets, and channel bends. Scour
and deposition can cause significant damage to flood control facilities and in some cases
can make the facility completely ineffective. This can cause flows to take drainage paths
that are damaging to both public facilities and private property. Therefore, it is critical
that scour and sedimentation be taken into account when designing flood control
facilities. This includes, but is not limited to, the construction of sediment basins, over-
sizing culverts to account for sediment clogging, freeboard in detention basins and
channels to account for sedimentation, and smooth transitions from channels to culverts
to eliminate sedimentation and hydraulic jumps. Additionally, due to high velocities in
concrete channels, particular attention should be paid to super-elevation at channel bends,
culvert transitions, hydraulic jumps, culvert entrances, and scour at channel outlets.

2.11. Project Specific Analysis

A Project Specific Analysis is required for all new CCRFCD flood control facilities. The
Record of Decision for the Final Supplemental Programmatic Environmental Impact
Statement, Clark County Regional Flood Control District, 2002 Master Plan Update
(SEIS) (September 2004) requires the preparation of an environmental analysis using the
methods described in Chapter 8 Project Specific Procedures of the SEIS for all new
CCRFCD facilities within the SEIS project area (Las Vegas Valley and Boulder City).
Since the proposed facilities in this MPU are outside of the SEIS project area, the Chapter
8 Analysis is not directly applicable. However, a similar site-specific impact analysis that
incorporates all elements of the Chapter 8 Analysis is still required by the U.S. Army
Corps of Engineers (USACE) Regional General Permit 7 for new construction of flood
control facilities within Clark County, but outside of the SEIS project area. If a proposed
project exceeds the amount of impacts to wetlands and/or waters of the United States
allowed under RGP7, or if the USACE Regulatory Branch determines that another
permitting mechanism (e.g., individual permit, nationwide permit, etc.) is more
applicable, other environmental documentation may be required.

The facility-specific process is designed to allow for an explicit screening of facilities to
determine the appropriate level of environmental documentation (i.e., categorical
exclusion/ memorandum to file, environmental assessment (EA), or facility-specific
Environmental Impact Statement (EIS)).
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2.12. Environmental Considerations

The CCRFCD is required to follow all federal, state, and local environmental compliance
regulations relating to construction and maintenance of flood control facilities within
their service area.

This sub-section is not intended to serve as comprehensive environmental analysis;
rather, it provides a general overview of existing sensitive resources and the agencies
(federal, state, and/or local) responsible for the management of those resources. During
early phase of any master plan design/construction project, contact should be established
with the various/appropriate resources and land management agencies to identify current
policies and/or resources that might be present and adversely impacted as well as
mitigation measures that might be required.

Figure 2-2 at the end of this section shows broad land ownership within the Moapa
Valley area and includes the locations of proposed flood control infrastructure facilities.
Figure 2-3 shows “Environmentally Sensitive Areas” (ESAs) within the Moapa Valley
area as well as the locations of proposed flood control infrastructure facilities. These
ESA’s include various types of wetlands and water features as well as proposed critical
habitat for the federally threatened yellow-billed cuckoo (Coccyzus americanus) as
designated by the U.S. Fish and Wildlife Service (USFWS). Specific environmental
issues will vary for each facility due to variations in design and location.

Site-specific investigations and species-specific surveys must be conducted for each
project to determine the environmental impacts associated with a specific project area.
Environmental resources that may need to be addressed for proposed projects include:
geology and soils, groundwater resources, terrestrial and aquatic biological resources,
paleontological resources, cultural resources, visual resources, air quality, noise,
hazardous materials, land use and recreation, and socioeconomics. Some of these key
topics are highlighted briefly below.

2.12.1. Geology and Soils

Where possible, facilities should be located so as to avoid localized area of slope
instability or subsidence. Although the potential for movement along local faults
is considered to be low, facilities should be located away from surface fault zones
whenever possible. When geologic constraints cannot be avoided, costs should be
increased to reflect the increased design effort and cost of a more substantial
facility to withstand the estimated impacts.

2.12.2. Surface Water

Higher flow velocities in improved channels represent an increased safety hazard.
Therefore, excessive channel depths should be avoided, and channel costs should
include fencing. Consideration should be given to changes in the historical
patterns of erosion and deposition caused by construction of detention/debris
basins and concrete-lined channels. Detention may improve downstream surface-
water quality in urban areas. Limiting detention basin drain times to a maximum
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of 24 hours whenever possible should minimize reductions in flow volume to
Lake Mead, but provides minimal development of local groundwater aquifers.

Section 2.13 provides additional information pertaining to regulatory
requirements for deposition of fill materials (e.g., soil, riprap, concrete, etc.) into
waters of the U.S.

2.12.3. Biological Resources

Biological resources considered during planning phases of a project generally
include vegetation communities (or habitat) and wildlife within and immediately
surrounding the area of impact. Field survey is required to delineate habitat and
assess the potential for occurrence of wildlife species at a particular project site.

Vegetation Communities

The study area consists of five primary ecosystems: Mojave Desert scrub,
mesquite/catclaw, desert aquatic, spring, and other (Recon 2000). These
ecosystems are described in more detail below:

Mojave Desert Scrub — The primary vegetation type within this
ecological zone in the Moapa Valley is creosote-bursage, which is
dominated by creosote bush (Larrea tridentata) and white bursage
(Ambrosia dumosa). The creosote-white bursage desert scrub typically
occurs on well-drained sandy flats and bajadas throughout most of the
Mojave Desert from 150 to 1,500 meters elevation in Nevada. Many heat-
tolerant reptile species are dependent on this habitat, including the desert
tortoise (Gopherus agassizii) that burrows directly under creosote bushes
to take advantage of the substrate stability created by the plant roots
(Wildlife Action Plan Team 2012).

About 80% of this type of habitat in Nevada occurs in Clark County and is
in relatively good condition. However, increased development, invasive
weeds, wildfire, and dispersed recreational activities threaten the quality
of the habitat. The largest challenge to maintaining this community is
conversion to urban and suburban development, including installation of
solar energy facilities and off-highway vehicle recreation. The creosote
bush-white bursage habitat is expected to expand northward with climate
change, but increased fire with the continued presence of non-native
grasses threatens the persistence of the shrubs. The shrub overstory is
extremely important to the continued survival of reptiles and mammals
that utilize this habitat for burrows and thermal cover (Wildlife Action
Team 2012).

Mesquite/Catclaw — This ecological zone is dominated by either
mesquite (Prosopis glandulosa) or catclaw (Arcacia greggii) and
generally occurs in association with desert waterways. Mesquite-
dominated communities typically occur along the edges of larger
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watercourses, such as the Muddy River, but also near desert springs.
Catclaw-dominated communities generally occur along intermittent
streams and sandy washes. These habitats tend to be managed for
conservation and a broad spectrum of recreational uses. Water
development in riparian and spring areas can be a potential threat to these
areas.

Desert Aquatic — The desert aquatic ecological zone within the study area
includes desert riparian/wetland areas associated with the Muddy River,
desert washes flowing to the Muddy River, the actual river, and the
Overton Arm of Lake Mead.

Vegetation in the wash areas tends to overlap with the mesquite/catclaw
and spring ecosystems. Dominant riparian vegetation includes Fremont
cottonwood (Populus fremontii), Goodding’s willow (Salix gooddingii),
velvet ash (Fraxinus velutina), honey mesquite (Prosopis glandulosa), and
screwbeam mesquite (Prosopis pubescens). Desert riparian areas are
important areas for cover and forage by many species of wildlife,
including some sensitive species, so are considered conservation priorities
by regulatory agencies.

The Muddy River is a relatively stable flow system dependent upon spring
discharge. The river is considered to be a unique wetland habitat within
the Mojave Desert. Therefore, projects that would potentially impact the
river, tributaries, or adjacent hydrophitic vegetation require approvals
from regulatory agencies (see the Regulatory Compliance section below).

Spring — The Moapa Valley includes one of the greatest densities of
perennial springs in southern Nevada. Springs in Clark County are
typically cold-water and range from isolated pools to the larger spring-fed
Muddy River. Associated vegetation varies greatly depending on the
structure of the spring. Common associations include various sedges
(Carex sp.) and grasses as well as willows (Salix sp.). Springs can be
considered a conservation priority to regulatory agencies depending upon
the habitat supported and hydrology of the landscape.

Other — Other lands generally include those areas that have been
permanently altered due to anthropogenic activities such as the
construction of aboveground developments (e.g., buildings, roads, parking
lots, golf courses, and urban parks) and/or agriculture. Developed land is
characterized by a high percentage of non-vegetated bare earth or paved
surfaces (e.g., asphalt, concrete, and other permanent cover), or
predominantly vegetated with non-native plants (including ornamental or
turf plant species).
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Wildlife

The Endangered Species Act of 1973 (ESA; 16 USC 1531 et seq.) requires all
Federal departments and agencies provide for the conservation of threatened and
endangered species and their ecosystems. The Secretary of the Interior maintains
a list of species likely to become endangered within the foreseeable future
throughout all or a significant portion of its range (threatened) and that are
currently in danger of extinction throughout all or a significant portion of its range
(endangered).

According to the U.S. Fish and Wildlife Service (USFWS), six sensitive wildlife
species could be impacted by projects within the study area (USFWS 2016).
Additional species may need to be considered on a project specific basis. The six
species include the following:

Amphibians: relict leopard frog (Lithobates onca)

Birds: southwestern willow flycatcher (Empidonax traillii extimus);
yellow-billed cuckoo (Coccyzus americanus); Yuma clapper rail (Rallus
longirostris yumanensis)

Fishes: razorback sucker (Xyrauchen texanus)
Reptiles: desert tortoise.

The USFWS has also proposed critical habitat for the yellow-billed cuckoo along
portions of the Muddy River proceeding up the Moapa Valley and designated
critical habitat for the razorback sucker where the Muddy River meets the
Overton Arm of Lake Mead.

2.12.4. Air Quality

The Moapa Valley area is located within Clark County, Nevada. The State of
Nevada and Clark County Department of Air Quality and Environmental
Management (DAQEM) use hydrographic basins to delineate air quality
management areas for planning purposes.

Pursuant to the federal Clean Air Act (CAA) of 1970, 42 USC 7401 et seq. as
amended in 1990, the U.S. Environmental Protection Agency (EPA) has
established primary and secondary National Ambient Air Quality Standards
(NAAQS) for six criteria air pollutants: ozone (O3), nitrogen dioxide (NO2), lead
(Pb), carbon monoxide (CO), particulate matter less than 10 microns (PM10), and
particulate matter less than 2.5 microns (PM2.5).

The Nevada Division of Environmental Protection (NDEP), Bureau of Air
Quality is charged with maintaining and improving the air quality for citizens of
the state of Nevada. The state of Nevada’s air pollution statutes (Chapter 445B of
Nevada Administrative Code) seek to achieve and maintain levels of air quality
that will protect human health and safety, prevent injury to plant and animal life,
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2.13.

prevent damage to property, and preserve visibility and scenic, aesthetic, and
historic values. The statutes require the use of reasonably available methods to
prevent, reduce, or control air pollution throughout Nevada.

The Clark County DAQEM is responsible for monitoring air, developing proper
control measures, enforcing those measures, and educating the citizens of Clark
County on how they can choose clean air. DAQEM regulates all stationary and
non-vehicular sources, including construction sources, of fugitive dust. According
to Section 17 of Clark County’s Air Quality Regulations, a plan-specific permit is
required for construction activities involving surface disturbances greater than
0.25 acre, such as grading and trenching. This permit would include conditions
requiring control of fugitive dust emissions, as defined in Section 41 of the
regulations.

Regulatory Compliance
2.13.1. Biological Resources and Wetlands/Waters

Several regulatory agencies are stakeholders within and surrounding the Moapa
Valley. Private lands within the valley are surrounded by Bureau of Land
Management (BLM) areas. The Valley of Fire State Park, managed by Nevada
State Parks, is located directly west of the valley. The Overton Wildlife
Management Area, managed by NDOW, occurs in the lower extremes of the
Moapa river valley at the north end of the Overton Arm of Lake Mead. The Lake
Mead National Recreation Area, managed by the U.S. National Park Service, also
includes areas surrounding the Overton Arm of the lake. Any actions planned
within the jurisdiction of a public lands stakeholder would require approval from
the managing Federal/State agency prior to commencement of the project.

The study area is also included in the Clark County Multiple Species Habitat
Conservation Plan (MSHCP) area. The MSHCP allows for the incidental take of
Covered Species in connection with the development of non-Federal lands within
Clark County until 2030. A participating agency must comply with the terms of
the Implementation Agreement for an activity to be covered under the MSHCP. If
an activity is not covered under the MSHCP, coordination with the USFWS,
NDOW, and the Nevada Natural Heritage Program is required to ensure
compliance with Federal and State laws related to species impacts.

Lastly, the study area includes desert aquatic resources that are likely considered
jurisdictional resources under Section 404 of the Clean Water Act (CWA). The
CWA (1977, as amended) establishes the basic structure for regulating discharges
of pollutants into waters of the U.S. It gives the EPA the authority to implement
pollution control programs, including setting wastewater standards for industry
and water quality standards for contaminants in surface waters. The CWA makes
it unlawful for any person to discharge any pollutant from a point source into
navigable waters, without a permit under its provisions.
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Discharge of fill material into “waters of the US,” including wetlands, is regulated
by the USACE under Section 404 of the CWA (33 USC 1251-1376). USACE
regulations implementing Section 404 define “waters of the U.S.” to include
intrastate waters (such as, lakes, rivers, streams, wetlands, and natural ponds) that
the use, degradation, or destruction of could affect interstate or foreign commerce.
Wetlands are defined for regulatory purposes as “areas that are inundated or
saturated by surface or groundwater at a frequency and duration sufficient to
support, and that under normal circumstances do support, a prevalence of
vegetation typically adapted for life in saturated soil conditions” (33 CFR 328.3;
40 CFR 230.3). The placement of structures in “navigable waters of the U.S.” is
also regulated by the USACE under Section 10 of the Federal Rivers and Harbors
Act (33 USC 401 et seq.). Projects are approved by USACE under standard (i.e.,
individual) or general (i.e., nationwide, programmatic, or regional) permits. The
type of permit is determined by the USACE and based on project parameters.

The Fish and Wildlife Coordination Act requires consultation with the USFWS,
the National Oceanic and Atmospheric Administration (NOAA) Fisheries, and
responsible State wildlife agency for any federally authorized action to control or
modify surface waters. Therefore, any project proposed or permitted by the
USACE under the CWA Section 404 must also be reviewed by the Federal
wildlife agencies and NDOW.

Section 401 of the CWA requires any applicant for a Federal license or permit,
which involves an activity that may result in a discharge of a pollutant into waters
of the U.S., obtain a certification that the discharge will comply with applicable
effluent limitations and water quality standards. CWA 401 certifications are
issued by the Nevada Division of Environmental Protection.

2.13.2. Cultural Resources

Legislative mandates, including the National Historic Preservation Act of 1966, as
amended (NHPA) (36 CFR 800) and the Archaeological Resources Protection Act
of 1979, as amended (16 USC 470aa-mm) require federal agencies to assess
potential effects federal actions may have on districts, sites, buildings, structures,
or objects included, or eligible to be included, in the National Register of Historic
Places. Federal actions are defined as projects planned, constructed, or assisted by
federal agencies through funding, technical support, or administrative
authorizations such as licenses, permits, and ROW grants.

It is federal policy to avoid or minimize adverse effects to cultural resources when
planning, constructing, and/or assisting a federal project. In some cases, it is
impossible to avoid disturbance or destruction of cultural resources in order to
implement an approved project. In such instances, it is federal policy to recover
the information embodied in those resources through historical and archaeological
study before the project begins.
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The procedure for addressing cultural resources involves the consultation with
other agencies, such as the State Historic Preservation Office (SHPO), Tribal
Historic Preservation Officer, and Advisory Council on Historic Preservation,
before proceeding with projects that may adversely affect cultural resources.
Section 106 of the NHPA legally mandates this process. The consultation process
may be completed on a project-by-project basis or through the preparation of a
Programmatic Agreement.

The 1992 changes to the NHPA placed major emphasis on the role of Native
American involvement when actions involve tribal property or properties to which
tribes attach religious and/or cultural significance as discussed in 36 CFR Part
800.14. These Traditional Cultural Properties (TCPs) are described in the
Guidelines for Evaluating and Documenting Traditional Cultural Properties,
National Register Bulletin No. 38. A TCP is a property where significance is
derived from the role the property plays in a community’s historically rooted
beliefs, customs, and practices. A TCP can be a location associated with
traditional ceremonial, medicinal, or religious activities of a Native American
group; a rural community whose buildings or patterns of land use reflect cultural
traditions valued by its long-term residents; or an urban neighborhood that is the
traditional home of a particular group. These types of sites may be difficult to
identify without contact with the tribal groups because a TCP can be a
mountaintop, a lake, a neighborhood, a field, or a stretch of river. A TCP is
eligible for inclusion in the National Register as a “historic property” because of
its association with cultural practices or beliefs of a living community that (1) are
rooted in that community’s history, and (2) are important in maintaining the
continuing cultural identity of the community.

Project—specific analysis for cultural resources may be required and would
include a site record search and consultation with Native Americans to develop an
inventory of potentially affected cultural resources including TCPs. Where
sensitive cultural resources are known or have a high potential to occur, this
information will be submitted to the SHPO/Tribal Historic Preservation Officer to
initiate Section 106 consultation with the Advisory Council on Historic
Preservation (SHPO 1998). Depending upon the types of resources identified and
potential eligibility for inclusion to the National Register of Historic Places,
preparation of site-specific treatment plans may be required. If the site is
important primarily for its information content, adverse impacts may be reduced
to acceptable levels by implementing archaeological excavation and analysis
plans, or completing detailed architectural recording according to standards
developed by the Department of Interior. If the site is significant for values other
than its information content, a memorandum of agreement must be prepared for
Advisory Council on Historic Preservation review.
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3. Watershed Analysis

3.1. General

This section includes information regarding the criteria, methodology, and analyses
performed for the 2016 MPU watershed analysis. These criteria, methodology, and
analyses are consistent with the CCRFCD Design Manual and the CCRFCD Policies and
Procedures Manual. Any deviations from these standard CCRFCD documents resulted
from either a lack of available information for specific areas or an effort to simplify the
analyses when appropriate for master planning purposes. Required deviations are
discussed in detail for each specific area or watershed in Sections 4 through 7. This
section provides an overview of the criteria, methodology, and analyses used for the
following MPU tasks:

Data collection

Topography acquisition
Hydrologic/Hydraulic analysis
Facility analysis

Facility construction cost estimates

GIS data development

3.2. Data Collection

Planning studies, drainage reports, and construction plans completed since the 2010 MPU
were collected and reviewed in conjunction with the development of the 2016 MPU.
Documents were then reviewed based on their relevancy to the MPU and input from the
CCRFCD and affected stakeholders. The documents were reviewed with respect to the
following:

Verification of the 2010 MPU data

Verification of the GIS facility inventory

Impacts on regional drainage patterns and facilities

Continuity of drainage basin boundaries, flow patterns, and hydrologic parameters
Accuracy of the study information and validity of assumptions/approximations

Local and secondary drainage facilities
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Information considered appropriate for master planning was extracted from the
documents and incorporated into the MPU to the fullest extent possible without
exceeding the level of detail established by the CCRFCD.

In addition, field investigations and field survey were necessary to confirm some of the
data collected. This effort included verifying land use, confirming subbasin boundaries,
and examining existing facilities to check for any discrepancies in existing facility type or
size, drainage patterns in the study area, and location/alignment of regional facilities.

3.3. Topography Acquisition

Several sources of topography and elevation data were used in the development of the
2016 MPU. These include:

Detailed 2015 LIiDAR Data. At part of the 2016 MPU project, detailed LiDAR was
flown in Moapa Valley by Keystone Aerial Surveys on September 27, 2015 using an
Optech Gemini LiDAR system in a single engine Cessna aircraft. The LIiDAR
coverage area is approximately 18 square miles and encompassed the floodplain and
the majority of the developed areas in the towns of Logandale and Overton.
Hydrographic break lines were created to enforce monotonicity for water features.
The LIDAR data was used to create a bare-earth digital elevation model (DEM) at a
3.125- foot cell resolution for the entire project area. One foot contours were also
created for reference purposes in the study area. The electronic LIDAR data and all
supporting information is provided on the Data CD. This detailed elevation data was
a valuable tool in the development of the 2016 MPU hydrology and facility
recommendations and provided enhanced information compared with previous MPU
studies.

SNWA LiDAR. SNWA provided preliminary LIiDAR data that they obtained in the
study area in the summer of 2008 using the vendor DMI of Huntington Beach,
California. This consisted of 10-ft resolution grid files (in .asc format). Based on
discussion and coordination, this data was not considered “engineering” grade and
was not fully post-processed or validated. The data was also outdated and did not
represent all elevation features in the study area. This elevation data was used for
general reference and for some hydraulic analysis in Eastern Washes areas not
covered by the detailed 2015 LiDAR data described above.

USGS DEMs. USGS DEMs (1/3 arc second or 10 meter resolution) were also used in
the upstream portions of the watershed for hydrologic analysis and subbasin
delineation.

Detailed Field Survey. Two field surveys were performed by Atkins survey crew on
August 18, 2015 and August 25, 2015. A total of 22 channel cross sections were
surveyed along the Muddy River including bridges. Other features relevant to the
MPU were also surveyed, such as roadways and Overton WMA berms. The field
survey data is also provided on the Data CD.
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3.4. Hydrologic Analysis

A thorough review of the previous MPU hydrologic analysis (last updated in 2005) was
performed and significant revisions and updates were made to incorporate new data
collected and to ensure the analysis was based on best-available, current information. In
addition, the organization of the hydrologic analysis was simplified, fully documented
with supporting calculations in the appendix, and streamlined to be consistent with other
MPUs in Clark County.

The hydrologic analysis for the 2016 MPU is consistent with the CCRFCD Design
Manual dated August 1999. The sections below discuss the criteria, methodology, and
assumptions applied to the 2016 MPU hydrologic analysis.

3.4.1. Subbasin Delineations

The HEC-1 model area was subdivided into homogeneous subbasins that drain to
single combination points. Subbasin boundaries generally follow delineations
made in previous MPU hydrologic models; however, revisions or updates were
made to subbasin delineations when new information from design
projects/studies, aerial photos, topography, or field investigation indicated that old
delineations were either obsolete or inaccurate. Further subdivision or adjustments
to basin boundaries were based on effects of existing and proposed flood control
facilities and ultimate development.

The topography data used for the subbasin delineation included the 10-meter
USGS DEM data as well as the detailed 2015 LiDAR obtained for the 2016 MPU.
USGS’s watershed boundary dataset (HUC-12) was also used as a reference for
delineating subbasins in the study area. The 2016 MPU subbasins are shown on a
large hydrology map (Figure 3-2) at the end of this Section.

3.4.2. Computer Modeling

HEC-1 Version 4.1 (dated June 1998) was used for the 2016 MPU hydrologic
modeling to simulate the rainfall-runoff process.

Previous MPUs for the Muddy River and Tributary Washes used many different
HEC-1 models (more than 10+), each covering different portions or subsets of the
watershed. This made it difficult to organize or evaluate peak flow results. The
2016 MPU abandoned the sub-divided models and incorporated all parameters
and subbasins into a single HEC-1 model covering the entire study area. This
helps to avoid potential errors, reduces duplication of models, and makes it easier
to use the models and results in future MPU studies.

In addition to the HEC-1 models, FLO-2D computer models were also used for
hydrologic/hydraulic modeling purposes in the Eastern and Western Washes. The
FLO-2D models are described in more detail in Section 4 and Section 5.
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3.4.3. Design Storm

The design storm for the 2016 MPU is the 6-hour, 100-year frequency rainfall
event. The rainfall used for hydrologic modeling of MPU facilities is intended to
produce runoff discharges with an expected 100-year recurrence interval. A 100-
year recurrence interval is defined as having a 1.0 percent chance of being
equaled or exceeded in any given year.

3.4.4. Precipitation

Rainfall data published by the National Oceanic and Atmospheric Administration
(NOAA) in NOAA Atlas 2, Precipitation—Frequency Atlas of the Western United
States, Volume VII — Nevada (NOAA 1973) were used for the 2016 MPU. The
rainfall depths were obtained from the NOAA Atlas map (Figure 506 in CCRFCD
Design Manual) and multiplied by an adjustment factor of 1.43 (see Table 501 in
CCRFCD Design Manual) in accordance with established CCRFCD
methodologies. The adjusted 100-year, 6-hour rainfall depths range from
approximately 2.86 inches to 3.02 inches in the MPU watershed. These rainfall
depths are essentially the same as those used in the 2010 MPU. Rainfall maps are
included in Appendix A.

3.4.5. Storm Distribution

The rainfall depths discussed in the previous section were distributed over the 6-
hour design storm period using three different storm distributions: SDN 3, SDN 4,
and SDN 5. For drainage areas less than 8 square miles in size, SDN 3 was used.
For drainage areas greater than or equal to 8 and less than 12 square miles in size,
SDN 4 was used. SDN 5 was used for drainage areas greater than or equal to 12
square miles in size. The storm distributions are found in Table 503 of the
CCRFCD Design Manual.

3.4.6. Depth-Area Reduction Factors

The precipitation depths obtained from NOAA Atlas 2 represent rainfall
frequency at isolated points. Storms, however, cause rainfall to occur over
widespread areas simultaneously, with the most intense rainfall typically
occurring near the center of the storm. To account for the rainfall variation,
standard precipitation analysis methods require adjusting point precipitation
depths downward in order to better represent the average depth of rainfall over the
entire storm area. This is done using depth-area reduction curves that relate point
precipitation reduction factors to storm area and duration. The reduction factors
cause the rainfall depth to decrease as the tributary area increases.

Depth-area reduction factors (DARFs) were applied to the rainfall depths in the
hydrologic models at each concentration point based on upstream tributary area.
Table 1 summarizes the DARF values used for each SDN in the hydrologic
models. DAREF ratios were established using Table 502 in the CCRFCD Design
Manual. The DARF ratios are shown in Table 3-1.
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Table 3-1 2016 MPU Depth-Area Reduction Factors

Area (Square Miles) SDN 3 SDN 4 SDN 5
0£Area<0.5 0.99 — —
0.5£Area<1 0.975 — —

1£Area<2 0.95 — —
2£Area<3 0.925 — —
3£Area<4 0.915 — —
4£Area<5 0.908 — —
5£Area<6 0.903 — —
6£Area<7 0.895 — —
7EArea<8 0.885 — —
8£Area<9 — 0.875 —
9£Area<10 — 0.865 —
10£Area<11 — 0.857 —
11£Area<12 — 0.85 —
12£Area<16 — — 0.832
16£Area<20 — — 0.804
20£Area<30 — — 0.765
30£Area<40 — — 0.725
40£Area<50 — — 0.695
50£Area<100 — — 0.64
100£Area<150 — — 0.58
150£Area<200 — — 0.53

Note that in some locations in the 2016 MPU HEC-1 models, the area at certain
combination points along the Muddy River is greater than 200 square miles.
However, these points are included in the model for reference purposes only
because peak flows along the Muddy River are referenced from the effective FIS
study and gage data analysis and are not computed using HEC-1.

3.4.7. Land Use

Land use data used for the 2016 MPU is a crucial component of the overall plan.
Land use densities and the associated impervious areas directly affect the amount
of runoff that will occur for a given area. Impervious area increases as land use
densities increase, which, in turn, increases both the volume and rate of runoff.

Based on input from Clark County Comprehensive Planning, the Clark County
Planned Land Use (PLU, 2012) GIS dataset is the best available land use data in
the study area. This information was used to develop the ultimate condition land
use map for the 2016 MPU. The 2012 Clark County GIS data was re-categorized
to correspond with matching MPU land use categories for hydrologic purposes.
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Watershed Analysis

In order to be consistent with other MPUs in Clark County, the land use
categories from the Las Vegas Valley and other MPUs were used as a starting
point, and three new categories were added as appropriate for the study area:
Agriculture, Right-of-Way and Residential Countryside (0.5 unit/acre). Each land
use is defined by a specified percentage of impervious ground, landscaped area in
good condition, and amount of desert shrub in poor hydrologic condition.

The data was also reviewed in detail by Atkins and validated and modified based
on parcel data, aerial photos, field investigations, and feedback/comments from
Clark County, CCRFCD, and other stakeholders. Revisions to the land use data
were the result of development in the study area, more accurate land use data,
revised residential density calculations, and more reasonable assumptions made
when converting entity zoning categories to MPU land use categories. Some of
the land use revisions resulted in higher residential densities and higher runoff
volumes in certain areas of the watershed.

Table 3-2 summarizes the land use categories included in the 2016 MPU.
Detailed land use data and maps are included in Appendix A.

Table 3-2 2016 MPU Land Use Categories

Open Desert
Open Shrub_Roor
Landscaped Condition
Good Natural Desert
Land Impervious Condition Landscaping
Use ID Description - Typical Land Uses (%) (%) (%)
1 Undeveloped Land, Open Desert 0 0 100
2 Parks, Golf Courses 5 85 10
3 Rural, 1 unit/acre 20 20 60
4 Low-Density Residential, 2 units/acre 25 40 35
5 Medium-Density Residential, 3 units/acre 29 71 0
6 High-Density Residential, 6 units/acre 62 38 0
7 Public Facility, Residential Apartments/Condos 72 28 0
8 Very High-Density Residential, 12 units/acre or more 85 15 0
9 Commercial, Retail, Casino, High Rise Condominiums 20 10 0
10 Light Industrial 70 15 15
11 Heavy Industrial 85 8 7
12 Schools / Church 50 50 0
13 Lakes 0 0 0
14 Agriculture 0 60 40
15 Right-of-Way 75 25 0
16 Residential Countryside, 0.5 unit/acre 12 10 78
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3.4.8. Soils

The soil data used in the 2016 MPU is a conglomeration of the following soil
survey data sources:

Source 1: U.S. Department of Agriculture, NRCS, Soil Survey of Virgin
River Area, Nevada and Arizona, dated August 2014 (Soil Survey Symbol:
NV608)

Source 2: U.S. Department of Agriculture, NRCS, Soil Survey of Lincoln
County, Nevada, South Part, dated August 2014 (Soil Survey Symbol:
NV754)

Source 3: U.S. Department of Agriculture, NRCS, Soil Survey of Clark
County Area, Nevada, dated August 2014 (Soil Survey Symbol: NV755).

NRCS methodology divides soils into four hydrologic soil groups as defined
below:

A High infiltration rate, low runoff potential

B Moderate infiltration rate, moderately low runoff potential
C Low infiltration rate, moderately high runoff potential

D Very low infiltration rate, high runoff potential

The soil survey data described above was downloaded from the NRCS website in
a GIS layer. Each soil type (map unit number) in the study area is shown as a
polygon and is made up of a certain percentage of hydrologic soil group (HSG) A,
B, C, and D. In some cases, the soil type also comprises rock outcrop in addition
to the four hydrologic soil groups. Most soil types do not include all four
hydrologic soil groups or rock outcrop, and very few soil types consist entirely of
a single hydrologic soil group or rock outcrop.

In 2016 MPU, the individual breakdown of each soil type into percentages of the
minor HSGS or rock outcrop was used to determine weighted curve numbers for
each subbasin, rather than solely relying on the predominant HSG like was done
in the previous MPU. This approach is recommended because it uses best
available data, is based on the physical properties of the soil, and accounts for
rock outcrop areas which are prevalent in the study area.

An overview map with the soil survey boundaries in the study area and the
predominant hydrologic soil groups is shown in Figure 3-1.

Detailed information about the soils data and a larger version of the soil map with
detailed polygon boundaries for each map unit is included Appendix A.
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3.4.9. Curve Numbers

Rainfall losses due to soil infiltration, depression storage, and other factors were
calculated using the NRCS curve number method, which is a function of soil type,
land cover, and antecedent moisture condition. Based on the CCRFCD Design
Manual, the average antecedent moisture condition (AMC II) is used for
computing losses. A curve number of 90 is assumed for rock outcrop areas.

In order to calculate composite curve numbers, each subbasin is divided into
polygons that have a single land use and soil map unit. A curve number matrix is
then generated that calculates a weighted curve number for a given soil map unit
and land use type combination. Impervious areas are aggregated into the
composite curve number; in other words, directly connected imperviousness is not
entered separately for each subbasin in the HEC-1 model. This is appropriate in
the Muddy River MPU study area where there are large subbasins, many
undeveloped and rural areas, and limited, connected impervious areas.

GIS polygon processing was used to calculate a weighted curve number for each
subbasin using the curve number matrix, subbasin delineations, soil map unit
delineations, and the GIS land use layer. A weighted curve number is calculated
for the whole subbasin based on the areas of the subdivided polygons and their
associated curve numbers. The curve number and total area of each subbasin is
then used in the hydrologic models input files.

Detailed curve number tables and calculations are included in Appendix A.
3.4.10. Lag Times

Lag times were calculated for subbasins over 1 square mile using the U.S. Bureau
of Reclamation Method in the CCRFCD Design Manual. For subbasins less than
1 square mile, the time of concentration (velocity method) was used to compute
lag time. Each method is further explained below.

U.S. Bureau of Reclamation Method

The lag time for basins over 1 square mile is calculated as follows:

Tag = 20 Kn (L Lo/SY2) 13
Where:
Tag = Lag time (hours)
L = Length of longest watercourse (miles)
Le = Length along longest watercourse measured upstream to a
point opposite the centroid of the basin (miles)
S = Average slope of the longest watercourse (feet/mile)
K = Manning’s roughness for the basin channels.




2016 Muddy River and Tributary Washes MPU Watershed Analysis

Time of Concentration Method

For drainage basins less than 1 square mile, the lag time is related to the time of
concentration by the following empirical relationship:

1]ag
Where:

1]ag
Te

0.6Tc

Lag time
Time of concentration

The time of concentration is calculated as follows:

Tec
Where:
Tec

Ti
Tt

Ti+ Tt

Time of concentration
Initial, inlet, or overland flow time
Travel time in the ditch, gutter, etc.

Initial flow time is calculated as follows:

Ti
Where:

Ti
K
CN
Lo
S

1.8(1.1 - K)Lo*?/S1?

Initial overland flow time (minutes)

0.0132 * CN - 0.39

Curve number

Length of overland flow (ft, maximum 500 feet)
Average basin slope (percent)

Travel time is calculated as follows:

Tt
Where:

Tt
Lt

\'/)

500/(60 V1) + (Lt - 500)/(60 V2)

Travel time in the ditch, gutter, etc. (minutes)

Travel length (feet)

Average velocity of flow for the first 500 feet of travel
distance (feet/second)

Average velocity of flow for the remaining travel distance
(feet/second)
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V1 and V2 are calculated as follows:

Vi = Ci*(S/100)?
V2 = Cy*(S/100)2

Where:
C. = 20.2 for developed areas and 14.8 for undeveloped areas
C. = 30.6 for developed areas and 29.4 for undeveloped areas
S = Average slope for the flow path (percent)

In urbanized areas, the time of concentration calculated above should not exceed
the time of concentration calculated by the following equation:

T = (L/180) + 10
Where:
Te = Time of concentration at the first design point in an urban
watershed (minutes)
L = Watershed length (feet)

The smaller of the two calculations for time of concentration controls minimum
T¢ for any watershed and should not be less than 5 minutes. Detailed lag time
calculations for the 2016 MPU are included in Appendix A.

3.4.11. Routing

Muskingum and Muskingum-Cunge flood routing methods are used in the 2016
MPU HEC-1 model, similar to what was done in previous MPUs. Channel routing
in natural channels, floodways, alluvial fans, and undeveloped sheet flow areas is
performed using Muskingum method. Whereas routing in developed areas,
improved channels, and storm drains is performed using the Muskingum-Cunge
method. These methods are described below.

Muskingum Routing

Muskingum routing requires three input parameters: X, K, and NSTPS. The
weighting factor X in the Muskingum routing method accounts for the peak flow
reduction caused by channel routing. A value of 0.15 was used in undeveloped
areas for the 2016 MPU. This value is representative of a poorly-defined channel
with some storage in overbank areas.

The K parameter is essentially the travel time through the routing reach. To
estimate the travel time, an average channel velocity is estimated using Manning’s
Equation as follows:
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V. = 149*R¥#*gl2/p
Where:

vV = Velocity in feet/second

R = Hydraulic radius in feet (For the 2016 MPU, a value of 1.5
is assumed for poorly defined natural channels and 2.5 is
assumed for flows primarily confined within a major wash)

S = Slope in feet/feet

n = Roughness coefficient

The K parameter is essentially equal to the travel time in hours given by:

K = L/ 3600 * Vwave
Where:
L = Length of the routing reach in feet
Vwave = Wave velocity, which is assumed to be equal to 8/5 of

average channel velocity for a wide rectangular channel

The NSTPS parameter is the number of time steps required. Attenuation of the
peak flow is affected by the number of subreaches; the more subreaches the lower
the attenuation and vice versa. It is determined by using the closest integer given
by the following equation:

NSTPS
Where:

60 K/Dt

Dt

Simulation time step

Muskingum-Cunge Routing

Muskingum-Cunge routing requires the following physical input parameters:
roughness coefficient, base width, side slope, slope, and reach length.
Muskingum-Cunge routings were used for routing flows in improved channels,
streets, and storm drains.

Details about the routing parameters that were calculated during the 2016 MPU
are included in Appendix A. Hydrograph routing was generally performed for all
subbasins and combination points to route flows to the next downstream
combination point. In general, two or more hydrographs were not routed down a
channel reach independently (i.e., hydrographs were combined and routed using
one routing card). Additional combination points were necessary in some areas to
prevent routing overlap.
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3.4.12. Concentration Points

Concentration points and routing parameters were inserted into the 2016 MPU
HEC-1 models to obtain peak flow rates for each MPU facility to the fullest
extent possible. Detailed information about the peak 100-year flows and
concentration points used to size facilities is included in Sections 4-7.

3.5. HEC-1 Model Input and Output Summary

After calculating and compiling the hydrologic parameters described above, the HEC-1
models were successfully run for SDN 3, 4, and 5 distributions in order to determine peak
100-year discharges and volumes in the study area. A summary of the input parameters at
each of the subbasins in the 2016 MPU HEC-1 model is provided below in Table 3-3.

Table 3-3 2016 MPU Subbasins Hydrologic Parameter Summary

Subbasin (sﬁ.rﬁi.) Rezii:;all Weié:]'t}ted Lag(lh‘l;;me
AWASH1 4.57 2.88 86.4 0.789
AWASH2 1.63 2.86 87.2 0.510
AWASH3 5.03 2.86 87.9 1.000
BMN1 3.72 2.86 82.6 0.564
BMN2 4.08 2.86 87.3 0.717
BMN3 5.12 2.86 85.3 1.196
BMN4 6.98 2.86 86.5 1.345
BMN5 1.48 2.86 75.3 0.640
BMNG6 2.06 2.86 85.0 1.053
BMN7 0.45 2.86 81.2 0.357
BMN8 1.27 2.86 67.6 0.516
BOWMAN 0.30 2.86 33.4 0.990
EWASH1 6.33 2.86 80.9 1.204
EWASH2 4.80 2.86 82.9 0.939
EWASH3 1.77 2.86 74.4 0.813
EWASH4 2.03 2.86 77.3 0.612
EWASH5 0.58 2.86 72.7 0.727
EWASHG6 0.78 2.86 80.5 0.666
EWASH7 6.39 2.86 76.6 0.615
EWASHS8 3.47 2.86 80.7 1.241
EWDB 1.89 2.86 86.2 0.429
FGDB 1.92 2.86 83.6 0.422
FGDB1 0.39 2.86 76.8 0.345
FGDB2 0.46 2.86 73.2 0.320
LOG1 0.41 2.86 81.6 0.507
LOG2 1.62 2.86 84.8 0.670
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Subbasin (s':.rﬁi.) Rezii:;all Weié:]'t}ted Lag(lh‘l;;me
LOG3 0.51 2.86 84.6 0.756
LWASH1 4.03 2.86 78.4 0.706
LWASH2 0.70 2.86 82.7 0.499
LWASH3 1.17 2.86 89.0 0.441
MAGW1 5.52 2.86 76.0 1.263
MAGW2 4.81 2.86 81.8 1.059
MDW 19.44 2.86 83.0 1.080
MRIV1 2291 2.86 82.8 2.120
MRIV2 18.37 2.92 85.0 1.687
MRIV3 21.99 2.86 82.5 2.017
MRIV4 10.45 2.86 87.8 1.755
MRIV5 3.26 2.86 86.2 0.786
MRIV6 2.17 2.86 86.3 1.332
MRIV7 12.41 2.86 87.3 1.215
OVR1 1.88 2.86 85.0 0.613
OVR2 0.47 2.86 81.4 0.458
OVR3 0.45 2.86 77.1 0.440
OWASH1 2.44 2.86 76.8 0.786
OWASH2 2.43 2.86 84.3 0.611
OWASH3 0.32 2.86 88.6 0.278
OWASHN 5.95 2.90 84.0 0.894
OWASHS 11.43 3.02 80.9 0.801
WIWASH 3.50 2.86 80.9 0.913
WSWASH 61.31 2.86 86.4 1.759
WWASH1A 1.25 2.86 88.1 0.341
WWASH1B 2.63 2.86 88.4 0.433
WWASH2 1.90 2.86 88.4 0.542
WWASH2A 0.39 2.86 85.7 0.366
WWASH3 0.45 2.86 89.8 0.152
WWASH3A 0.49 2.86 89.6 0.322
WWASH4 0.58 2.86 89.4 0.377
WWASH4A 0.31 2.86 89.8 0.229
WWASH5 1.61 2.86 89.4 0.395
WWASH6 1.20 2.86 88.9 0.391

Table 3-3 2016 MPU Subbasins Hydrologic Parameter Summary (continued)

The results of the hydrologic analysis are shown on the Hydrologic Summary Map
(Figure 3-2) at the end of this section, which includes subbasins, flow arrows, peak
flows, and other data and information relevant to the hydrologic analysis. The full HEC-1
models are included in Appendix A and provided electronically on the Data CD.
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3.6. Hydraulic Analysis and Computer Modeling

Standard MPU methodology for hydraulic analysis and facility sizing generally involves
simple normal depth calculations to determine conveyance capacity. However, because of
the complex nature of the Muddy River corridor and the braided, natural washes and
sheet flow characteristics in the Eastern and Western Washes, 2D hydraulic models were
also developed and used during the 2016 MPU analysis. These models are briefly
described below.

HEC-RAS

A 2D hydraulic riverine model was developed as part of the 2016 MPU using HEC-RAS
2D (Beta Version 5.0). The primary purpose of the 2D model was to evaluate the
complex flow patterns and characteristics of the existing floodplain, which includes flow
breakouts, overbank flooding, and 2D flow patterns in relatively flat areas.

The model was run for the existing condition to determine the maximum flood depths and
inundation limits in the Muddy River floodplain. The model was based on the detailed
LiDAR data obtained for the project and extended from Wells Siding at the upstream end
to the Overton WMA at the downstream end (approximately 7 miles). Proposed condition
modeling scenarios were also run in order to refine the regional facility recommendations
proposed along the Lower Muddy River. The model was used to understand the impacts
of phasing the construction along the river and building separate reaches of
improvements at different times. These modeling scenarios were compared to the existing
condition scenario to understand and identify any adverse impacts to the floodplain or
nearby properties that could result from construction.

The HEC-RAS model was a valuable tool in the MPU facility planning process and
provided insight and understanding regarding structural and non-structural alternatives,
especially in the breakout areas downstream of Cooper Street near Lewis Avenue. The
model should be considered preliminary and was only developed to a level of detail
considered appropriate for master planning purposes. The model can be used as a
foundation for future FEMA floodplain studies or other projects, but it should be
reviewed and refined in more detail beyond what was done for the 2016 MPU.

FLO-2D

FLO-2D performs 2D overland unconfined flood routing in 8 directions. 2D modeling is
appropriate in flat areas or where the flow corridors are braided or not well defined, as is
the case in the Western and Eastern Washes. FLO-2D was used in these areas, in
conjunction with the HEC-1 models, to perform rainfall-runoff simulations and flood
routing in order to delineate subbasins, identify primary flow corridors, map the flood
depths and extents, evaluate potential flood hazard locations, and refine the footprints of
proposed detention basins.

More detailed information regarding the HEC-RAS and FLO-2D models for each
planning area in the 2016 MPU is included later in Sections 4, 5, and 6.
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3.7.

Facility Analysis
3.7.1. Existing Facilities

Existing MPU facilities in Moapa Valley were analyzed to determine whether
they can adequately detain and/or convey the 2016 MPU 100-year peak flow rates
from the HEC-1 hydrologic models. In general, the capacity of the existing
facilities was determined based on normal depth calculations.

3.7.2. Proposed Facilities

Proposed 2016 MPU facilities in Moapa Valley were analyzed to determine
whether they can adequately detain and/or convey the 100-year peak flow rates
generated from the 2016 MPU hydrologic analyses. Previously proposed facilities
from the 2010 MPU or earlier were also re-evaluated to determine whether any
modifications to facility type or geometry were required. Capacity of the proposed
facilities was determined based on normal depth calculations with applicable
freeboard. The proposed facility alignments were also evaluated based on the best
available development and infrastructure information to determine whether other
locations and alignments of facilities could more efficiently facilitate the
implementation of the flood control plan.

It should be noted that the hydraulic analysis is broad in nature for planning
purposes and assumes all flow is contained within the proposed facility. During
detailed design, it is fully expected that all features in an urban setting (i.e., street
flow) will be used to minimize project costs.

3.7.3. Hydraulic Analysis

The following criteria, in general, were used for hydraulic calculations to size
proposed facilities:

Channels

Depth and velocity were determined using normal depth calculations and
Manning’s equation.

Freeboard was based on Subcritical Equation 741 and Supercritical
Equation 747 from the CCRFCD Design Manual.

Design slope based on the ground slope

Channel Type Manning’s “n”

Concrete 0.015
Grass 0.030
Riprap 0.040

Earth (Unlined) 0.030
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RCP Storm Drains

Reinforced concrete pipe (RCP) capacity based on Manning’s equation,
non-pressure full flow

Pipe sized to convey entire 100-year discharge
Standard pipe size increased by 6 inches to account for minor losses
Manning’s n = 0.013
Design Slope based on the ground slope
RCB Storm Drains

Reinforced concrete box (RCB) capacity based on Manning’s equation,
non-pressure full flow

Conduit sized to convey the entire 100-year discharge

Total RCB cross-sectional area increased by 15% to account for minor
hydraulic losses

Manning’s n = 0.015
Design slope based on ground slope
RCB Culverts

Proposed RCB culverts were sized using the bridge criteria outlined in the
CCRFCD Design Manual, which states that there is to be a minimum of
2 feet of freeboard between the 100-year water surface and the low chord
above the culvert

Capacity = Inlet control per HDS No. 5 Federal Highways Administration
(FHWA)

Maximum Headwater Depth = height of the box — 2 ft
Bridges

Depth and Velocity determined using normal depth and Manning’s
Equation

Freeboard based on CCRFCD Design Manual minimum of 2 feet of
freeboard between 100-water surface and the low chord of the bridge

Design slope based on ground slope
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Levees
Levees were sized using the following procedure:

Develop a channel cross section adjacent to the levee using a normal depth
calculation that keeps the water depth at 3 feet or less and size the levee based
on the following relationship: assume the channel is unlined unless the
channel is also a master planned facility for which channel lining would be
used. Choose a lining for the levee that is consistent with the normal depth
velocity of the channel. The relationship for the height of the dike is as
follows:

Ht = Df + Dd + Fb +Vh

Where: Ht = Height of dike (feet)
Df = Depth of flow (feet)
Dd = 1.3 x Df = Depth of sediment deposition (feet)
Fb = 3 (ft) = FEMA freeboard criteria
Vh = Velocity head (feet)

Detention Basins
1. Choose detention basin site and approximate limits.

2. Calculate approximate stage/area/discharge curve based on outlet size
and impoundment area.

3. Run HEC-1 model to determine clear-water storage volume required
(Modified Puls Method)

4. Calculate total storage volume by adding 10% volume for sediment
allowance and an additional 1 foot of freeboard.

Other considerations:

Maximum discharge = 5 to 15 percent of peak inflow depending on
existing downstream facility capacity

Outlet capacity — Equation 1202 (CCRFCD Design Manual)

Spillway elevation = 1 foot above peak 100-year stage (including
sediment allowance)

Spillway Design storm = PMF (10 x 100-year discharge)

Details about the detention basins and hydraulic analysis of existing and proposed
facilities are included in Appendix B.
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3.8. Cost Estimation

Cost estimates for existing regional facilities in the MPU were based on actual cost data
that has been compiled during previous MPUs and updated as part of the 2016 MPU.

Construction cost estimates for proposed regional facilities were determined using the
CCRFCD Cost Estimation Tool that was developed as part of the 2008 Las Vegas Valley
MPU. For more background information about the development of the Cost Tool, please
refer to Section 4.5 of the 2008 Las Vegas Valley MPU.

In the 2010 MPU, the cost estimates for the proposed regional facilities were determined
using the 2008 Las Vegas Valley Cost Tool, but an adjustment factor of 0.765 was
applied to all of the estimated costs to account for a decrease in overall construction costs
at the time the 2010 MPU was prepared. Based on input from CCRFCD, an updated cost
factor of 0.815 was applied to all of the estimated costs in the 2016 MPU. This was done
to be consistent with other cost estimates and the Ten Year Construction Program used at
CCRFCD for planning purposes. The factor essentially accounts for an increase
(inflation) in the costs of about 6.6% since the time the 2010 MPU was prepared (0.765 *
1.066 = 0.815).

3.9. GIS Data Development

ArcGIS 10.1 software was used in this MPU to update the flood control facility inventory
for Moapa Valley. The base layer of facilities was downloaded from the CCRFCD
website at the onset of the project and then updated and modified based on information
developed throughout the 2016 MPU process.

Some of the significant GIS layers used in the 2016 MPU include:
Topography data, DEMs, survey data
Subbasins, flow paths, and flow direction arrows
Proposed facility linework and detention basin footprints (regional facilities)
Soils and land use data
Aerial photos
Land ownership and parcel boundaries
FEMA flood zones
Environmentally sensitive areas

All of the relevant GIS data is provided electronically on the Data CD included with this
report.
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4. \Western Washes

4.1. Introduction

This section describes the drainage characteristics and the flood control master plan for
the area referred to in this report as the Western Washes, which encompasses a watershed
area of approximately 58 square miles west of Logandale and Overton. This area is
largely undeveloped and consists of badland formations and dry, natural washes with
relatively steep slopes running from west to east that have historically been a common
source of flooding in the towns of Logandale and Overton.

4.2. Drainage Characteristics

The Western Washes are bordered on the west by mountainous areas and the Weiser
Ridge that runs from north to south along the western boundary of the Valley of Fire
State Park. Runoff in this area results from moderate to heavy rainfall which occurs on a
sporadic basis and rapidly fills the natural washes draining toward Logandale and
Overton. Desert soils in the area are typically low in permeability due to badland
formations and rock outcrop areas.

These areas discharge to four major washes known as the Anderson Wash, Overton
Wash, Wieber Wash, and Logan Wash (aka, Benson Wash), as well as many smaller
unnamed washes. Presently, runoff is conveyed in the washes through bridges and
culverts under the Union Pacific Railroad (UPRR) and flow east through Overton to the
Muddy River. The relatively flat topography in Logandale/Overton, the uncertainty of the
flow patterns, and the lack of flood control facilities makes this area prone to flash
flooding and sediment deposition.

4.3. Hydrologic and Hydraulic Analysis

The hydrologic and hydraulic analysis completed for the Western Washes is consistent
with the methodology described in Section 3. The peak 100-year discharges in the
Western Washes were determined using HEC-1. A thorough review of the hydrologic
analysis and parameters was performed using best available data and information. This
effort included an update of land use information, subbasin delineations, soils
information, lag time calculations, and routing information.

In addition to the lumped parameter HEC-1 model, a 2D rainfall-runoff model of the
Western Washes was also developed using the FLO-2D program. FLO-2D performs 2D
overland unconfined flood routing in 8 directions. 2D modeling is appropriate in flat
areas or where the flow corridors are braided or not well defined, as is the case in the
Western Washes.

The FLO-2D model was based on 10-meter USGS DEM data obtained from the USGS
National Map website (http://viewer.nationalmap.gov/viewer). This elevation data was
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imported onto the FLO-2D computational grid with a cell size of 60 feet by 60 feet. Then
the CN values in the area and the 100-year, 6-hour rainfall depth and distribution were
assigned to the grid and the model was run to simulate the rainfall-runoff process and
subsequent flood routing in the washes.

The unsteady FLO-2D model accounted for the effects of floodwave attenuation and was
effective in determining the limits of inundation and refining subbasin delineations. Thus,
the HEC-1 model was used to determine peak flows and volumes, while the FLO-2D
model was used to delineate subbasins, identify primary flow corridors, evaluate potential
flood hazard locations, and refine the footprints of proposed detention basins.

Previous MPU models used generalized subbasins and assumed that all areas in the
Western Washes drained directly to proposed detention basins in the area; however, after
reviewing the topography and the FLO-2D model, it became apparent that several
subbasins in lower portions of the watershed near UPRR would drain directly to the
proposed regional channel and bypass proposed detention basins. The models and
proposed flood control facility plan was revised accordingly to account for flows in this
area that will drain directly to the channel.

An exhibit showing the FLO-2D results, subbasins, and proposed detention basin
locations in the Western Washes is included in Figure 4-1.

The hydrologic modeling resulted in peak flow rates that were somewhat different than
the previous MPU. In some areas the flow rates increased while in other areas the flow
rates decreased. The differences can be primarily attributed to the updated soils data and
revisions to the subbasin delineations described above.

It should be noted that the HEC-1 combination point labeled CWWASH2 (located at
Cottonwood Avenue and UPRR) was the controlling concentration point for the proposed
Western Washes Railroad Channel (WWRR) facilities located downstream. Even though
this concentration point is located upstream of other concentration points, the peak flow
at this location governs because of the decreasing peak flow that occurs downstream due
to increasing tributary area, depth area reduction factors, and attenuation of flow from
routing. Other storm centering scenarios were evaluated (such as removing the detention
basin flows and only applying the storm downstream to reduce tributary area), but the
flow at CWWASH2 with the entire tributary included still produced the highest or
“governing” design flow that was used for sizing regional facilities.

Proposed detention basins were sized for the Western Washes using the HEC-1 model
according to the methodology described in Section 3. Proposed flood control conveyance
facilities were sized and analyzed using normal depth calculations in the facility sizing
tool. For more information on the analysis of the facilities included in the recommended
flood control plan for the Western Washes, refer to Appendix B.
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4.4. Master Plan Progress and Existing Regional Facilities

No progress has been made on the implementation of the flood control master plan in the
Western Washes since the 2010 MPU.

There is one existing regional facility in the upstream portion of the watershed in the
Western Washes area, known as the Logan Wash Diversion (LWAW 0000). This facility
consists of a 45-foot wide earthen channel and a large adjacent berm with some rip-rap
lining that redirects flows from the Logan Wash to the Anderson Wash. The Gann
Avenue storm drain and debris basin is also located at the downstream end of the Logan
Wash on the west side of UPRR, but this facility is discussed in Section 6 since it
connects to the Lower Muddy River.

The UPRR embankment provides some limited flood protection in the existing condition
in some locations. In addition, there are some man-made earthen berms/remnants, small
local drainage facilities, and bridges and culverts along the UPRR that have capacity to
direct or convey some of the flow from the Western Washes toward the Muddy River
during smaller storm events.

45. Recommended Flood Control Plan

For the majority of the Western Washes, the recommended flood control plan is similar
to the plan outlined in the 2010 MPU with some modifications. Areas of the
recommended plan that have been modified since the 2010 MPU are described below:

West Wash 1 Detention Basin (WWWA 0017) — This detention basin from the
previous MPU has been split into two proposed detention basins: the West Wash 1
Detention Basin (WWWA 0017) and the Ingram Avenue Detention Basin (WWIA
0016). This was necessary because there are distinct, separate washes and flow
corridors in the area that could not be intercepted by one detention basin at a single
location. Therefore, the Ingram Avenue Detention Basin is proposed south of the
West Wash 1 Detention Basin to intercept flow from the wash in that area. The
upstream subbasins were also split to identify the peak flows and volumes impacting
each detention basin. During the design phase, these detention basins can be reviewed
in more detail to determine if a single basin could be constructed with a combination
of diversion berms or collector channels to direct flow to a single basin. For master
planning purposes, it was determined that two separate detention basins were the
most cost effective and feasible to design and construct.

Western Washes Railroad Channel (WWRR 0000-0550) — This proposed channel
system and culvert/bridge crossings were reviewed and upsized as necessary using
the updated hydrologic results. The 100-year peak discharge in the channel increased,
due to the revised subbasin delineations which show certain areas downstream of the
proposed detention basins draining directly to the channel. The previous MPU
calculated a peak 100-year discharge in the channel ranging from 38 cfs at the
upstream end to 603 cfs at the downstream end. The updated analysis shows the peak
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100-year discharge in the channel ranges from 395 cfs at the upstream end to 916 cfs
at the downstream end.

Atkins reviewed the possibility of splitting the Western Washes Railroad Channel
into separate segments and building cross-valley channels from UPRR to Muddy
River to convey the flows. The MVIC indicated that some local irrigation facilities
and corridors could potentially be used to convey flows from the Western Washes
detention basins to the Muddy River.

After reviewing this option, it was concluded that the proposed regional system
would remain as is (i.e., a single channel along the western side of UPRR extending
all the way to the Muddy River). The option of splitting the channel into various
segments can be reviewed in more detail during the design phase, but for master
planning and cost programming purposes, showing a single channel along west side
of UPRR is still representative of the total facilities and funding needed for the
project. Even if cross-valley channels cut off some of the flow and connected sooner
to the Muddy River, there would still be a need for a channel along the western side
of the UPRR. Further, previous MPUs have reviewed this alternative and determined
that it was most cost effective to use a single channel along the UPRR. If this
“segmented” option is explored during design phase, Cottonwood Avenue is
recommended as the most logical location to split the channel because right-of-way is
available and because downstream of that location, all of the Western Washes
subbasins drain to proposed detention basins that have relatively low outflow rates.
This would allow for the remaining segment of the proposed channel to be
significantly reduced in size.

WWRR 0550 - This proposed channel was added at the upstream end of the Western
Washes Railroad Channel to collect flow impacting the UPRR alignment in that area
and convey it to the Wittwer Ave Detention Basin (WWWT 0004).

WWRR 0000 — One minor change in the hydrologic analysis was incorporated at the
downstream end of the Western Washes Railroad Channel. In the previous MPU, the
subbasin in this area (OVR2) connected to a proposed parallel channel along the west
side of the Muddy River. Because of revisions to the proposed regional facilities in
that area (see Section 6), the parallel facility has been eliminated. This means runoff
from subbasin OVR2 is assumed to be conveyed south to the proposed Western
Washes Railroad Channel (WWRR 0000) in the ultimate condition.

This could be facilitated by installing a local storm drain and/or culvert crossing at
Lewis Avenue (approximately 650 east of Spur Street) to drain flow south to the
proposed regional facility. The runoff in this area is less than 500 cfs so a local storm
drain facility is recommended in lieu of a regional facility. However, this local storm
drain would be considered a collection facility within a quarter-mile of the proposed
regional facility, and therefore it may be eligible for funding according to CCRFCD
policies and procedures for local drainage participation.
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Western Washes Detention Basins (WWWT 0004, WWDA 0009, WWCA 0050,
WWWI 0027, WWWA 0017, WWIA 0016, WWPA 0018) — All of the proposed
Western Washes detention basins were reviewed and revised based on updated
hydrologic analysis. Proposed detention basin volumes were also modified in order to
account for sediment allowance and 1 foot of freeboard according to the methodology
described in Section 3. The footprints of the detention basins were reviewed and
revised as necessary using the FLO-2D results and the LIDAR data to ensure they are
sized appropriately and situated in primary flow corridors and low-lying areas.
Finally, the stage-area-discharge curves in the HEC-1 model were revised to be
consistent with detention basin footprints, impoundment areas, invert elevations, and
outlet sizes. Supporting information for development of the stage-area-discharge
curves is provided in Appendix B. A summary of the proposed detention basins

sizes, volumes, and flow rates is provided in Table 4-1.

Table 4-1 Western Washes Proposed Detention Basins

e | peac | 2045 MPU. | 21000
ID MILE Name of Detention Basin Irg;:c(;\)/v OEJSZIS(;W volume volume
(ac-ft) (ac-ft)
WWCA 0050 | Cottonwood Avenue Detention Basin 1417 118 156 146
WWDA 0009 | Duesing Avenue Detention Basin 674 24 49 46
WWIA 0016 Ingram Avenue Detention Basin 1184 85 108 N/A
WWPA 0018 | Perkins Avenue Detention Basin 4492 273 992 1179
WWWA 0017 | West Wash 1 Detention Basin 2140 117 235 229
WWW!I| 0027 | Wieber Wash Detention Basin 1196 129 182 244
WWWT 0004 | Wittwer Avenue Detention Basin 909 31 91 76

The remaining regional flood control facilities from the 2010 MPU that are not described
above have been perpetuated in the 2016 MPU recommended flood control plan for the
Western Washes.

The existing and proposed regional flood control facilities for the Western Washes are

summarized in the inventory table shown in Table 4-2.

In addition, detailed facility maps and inventory tables showing all regional facilities in
the Western Washes and other areas in Moapa Valley are shown in Figure F-1 and
Figure F-2 at the end of this report in the section titled Facility Maps.
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Table 4-2 Western Washes Regional Flood Control Facilities

ID hannel
Rivér Status Facility Description Le(?t%th '(:(I:?;’;I CSlaz)pee
Mile : (%)
WWCA WESTERN WASHES CHANNEL SYSTEM - COTTONWOOD
0000 P1 60" RCP 2550 118 0.500
0048 P1 30" RCP Qutlet Pipe 70 118 0.500
0049 P1 14,170 cfs Spillway - 14170 --
0050 P1 156 acre-ft Cottonwood Avenue Detention Basin - 1417 --
WWDA WESTERN WASHES CHANNEL SYSTEM - DUESING
0000 P1 36" RCP 750 24 0.500
0007 P1 18" RCP Outlet Pipe 70 24 0.500
0008 P1 6,740 cfs Spillway - 6740 --
0009 P1 49 acre-ft Duesing Avenue Detention Basin - 674 --
WWIA WESTERN WASHES CHANNEL SYSTEM - INGRA
0000 P1 48" RCP 760 85 1.000
0014 P1 30" RCP OQutlet Pipe 70 85 0.500
0015 P1 11,840 cfs Spillway - 11840 --
0016 P1 108 acre-ft Ingram Avenue Detention Basin - 1184 --
WWPA WESTERN WASHES CHANNEL SYSTEM - PERKINS
0000 P1 6'x 6' RCB 840 273 0.500
0016 P1 42" RCP Outlet Pipe 70 273 0.500
0017 P1 44,920 cfs Spillway - 44920 --
0018 P1 992 acre-ft Perkins Avenue Detention Basin - 4492 --
WWRR WESTERN WASHES RAILROAD CHANNEL
0000 P1 Conc Chnl 12’W 5.5'D 2:1 SS 4030 916 0.400
0077 P1 14' X 7' RCBC @ State Route 169 100 873 0.500
0079 P1 Conc Chnl 12'W 5.5D 2:1 SS 515 873 0.500
0083 P1 Conc Chnl 12W 5.5'D 2:1 SS 2500 873 0.400
0139 P1 14' X 7' RCBC @ Access Road 60 873 0.400
0141 P1 Conc Chnl 12’W 5.5'D 2:1 SS 725 873 0.400
0157 P1 14' X 7" RCBC @ Access Road 60 873 0.400
0159 P1 Conc Chnl 12’W 5.5'D 2:1 SS 2310 873 0.400
0204 P1 14' X 7" RCBC @ Access Road 60 873 0.400
0206 P1 Conc Chnl 12’W 5.5'D 2:1 SS 1620 873 0.400
0236 P1 14' X 7' RCBC @ Access Road 60 873 0.400
0238 P1 Conc Chnl 12’W 5.5'D 2:1 SS 1900 873 0.400
0274 P1 14' X 7' RCBC @ Access Road 60 873 0.400
0276 P1 Conc Chnl 12’W 5.5'D 2:1 SS 2035 873 0.400
0305 P1 Conc Chnl 12’W 5.5'D 2:1 SS 2350 873 0.400
0359 P1 14' X 7' RCBC @ Access Road 60 873 0.400
0361 P1 Conc Chnl 12W 5.5'D 2:1 SS 4525 821 0.400
0441 P1 Conc Chnl 12'W 4.5'D 2:1 SS 2050 539 0.500
0480 P1 12' X 6' RCBC @ Access Road 60 539 0.500
0482 P1 Conc Chnl 12'W 4.5'D 2:1 SS 3565 539 0.500
0550 P1 Conc Chnl 12’'W 4'D 2:1 SS 2250 395 0.500
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Table 4-2 Western Washes Regional Flood Control Facilities (Continued)

ID hannel

Rivér Status Facility Description Le(?t%th '(:(I:?;’)V CSlac‘)pee

Mile : (%)
WWWA WESTERN WASHES CHANNEL SYSTEM - WEST WASH 1

0000 P1 36" RCP Outlet Pipe 70 117 0.500

0016 P1 21,400 cfs Spillway -- 21400 --

0017 P1 235 acre-ft West Wash 1 Detention Basin - 2140 --
WWWI WESTERN WASHES CHANNEL SYSTEM - WIEBER

0000 P1 60" RCP 1010 129 0.500

0025 P1 30" RCP Outlet Pipe 70 129 0.500

0026 P1 11,960 cfs Spillway -- 11960 --

0027 P1 182 acre-ft Wieber Wash Detention Basin - 1196 --
WWWT WESTERN WASHES CHANNEL SYSTEM - WITTWER

0000 P1 18" RCP Outlet Pipe 70 31 0.500

0003 P1 9,090 cfs Spillway -- 9090 -

0004 P1 91 acre-ft Wittwer Avenue Detention Basin - 909 --
LWAW LOGAN WASH DIVERSION

0000 E | Earthen Diversion Channel 1675 | 2303 | 0500

4.6. Facility Cost Estimates

Cost estimates for all facilities in the Western Washes area have been derived using the
Cost Estimation Tool described in Section 3. The total estimated current value of existing
facilities and total estimated construction cost of proposed facilities in the Western
Washes are as follows:

Estimated Value of Existing Facilities

$500,000

Estimated Construction Cost of Proposed Facilities $36,293,000

Table 4-3 shows the current estimated value of existing facilities in the Western Washes,

and Table 4-4 shows the construction cost estimates for proposed facilities in the
Western Washes area.

Table 4-3 Western Washes Cost of Existing Facilities

ID/ Total
River | E/P Facility Description Cost
Mile ($ x 1000)
LWAW LOGAN WASH DIVERSION
0000 E2 | Earthen Diversion Channel $500
Project Total: $500
WESTERN WASHES EXISTING TOTAL.: $500
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Table 4-4 Western Washes Cost Estimate for Proposed Facilities

ID/ Design & | Right of Const. Total
River | E/P Facility Description Admin Way Cost Cost Cost
Mile ($ X 1000) | ($ X 1000) | ($X1000) | ($ X 1000)
WWCA WESTERN WASHES CHANNEL SYSTEM - COTTONWOOD
0000 P1 | 60" RCP $205 $0 $1,467 $1,672
0048 P1 | 30" RCP Outlet Pipe $4 $0 $27 $31
0049 P1 | 14170 cfs Spillway $150 $0 $943 $1,094
0050 P1 | 156 acre-feet Cottonwood Avenue Detention Basin $103 $0 $644 $747
Project Total: $462 $0 $3,081 $3,544
WWDA WESTERN WASHES CHANNEL SYSTEM - DUESING
0000 P1 | 36" RCP $46 $0 $327 $373
0007 P1 | 18" RCP Outlet Pipe $3 $0 $25 $28
0008 P1 | 6,740 cfs Spillway $82 $0 $517 $599
0009 P1 | 49 acre-foot Duesing Avenue Detention Basin $32 $0 $202 $234
Project Total: $163 $0 $1,071 $1,234
WWIA WESTERN WASHES CHANNEL SYSTEM - INGRAM
0000 P1 | 48" RCP $53 $0 $379 $432
0014 P1 | 30" RCP Outlet Pipe $4 $0 $27 $31
0015 P1 | 11,840 CFS Spillway $130 $0 $816 $946
0016 P1 | 108 ac-ft Ingram Avenue Detention Basin $71 $0 $446 $517
Project Total: $258 $0 $1,668 $1,926
WWPA WESTERN WASHES CHANNEL SYSTEM - PERKINS
0000 P1 | 6'x6' RCB $123 $0 $876 $999
0016 P1 | 42" RCP Outlet Pipe $4 $0 $31 $35
0017 P1 | 44,920 cfs Spillway $383 $0 $2,402 $2,785
0018 P1 | 992 acre-feet Perkins Avenue Detention Basin $653 $0 $4,095 $4,747
Project Total: $1,163 $0 $7,404 $8,566
WWRR WESTERN WASHES RAILROAD CHANNEL
0000 P1 | Conc Chnl 12'W 5.5'D 2:1 SS $248 $0 $1,772 $2,019
0077 P1 | 14'X7' RCBC @ State Route 169 $22 $0 $156 $178
0079 P1 | Conc Chnl 12'W 5.5D 2:1 SS $32 $0 $226 $258
0083 P1 | Conc Chnl 12'W 5.5'D 2:1 SS $154 $0 $1,099 $1,253
0139 P1 | 14'X7' RCBC @ Access Road $13 $0 $94 $107
0141 P1 | Conc Chnl 12'W 5.5'D 2:1 SS $45 $0 $319 $363
0157 P1 | 14'X7' RCBC @ Access Road $13 $0 $94 $107
0159 P1 | Conc Chnl 12'W 5.5'D 2:1 SS $142 $0 $1,015 $1,157
0204 P1 | 14'X7' RCBC @ Access Road $13 $0 $94 $107
0206 P1 | Conc Chnl 12'W 5.5'D 2:1 SS $100 $0 $712 $812
0236 P1 | 14'X7' RCBC @ Access Road $13 $0 $94 $107
0238 P1 | Conc Chnl 12'W5.5'D 2:1 SS $117 $0 $835 $952
0274 P1 | 14'X7' RCBC @ Access Road $13 $0 $94 $107
0276 P1 | Conc Chnl 12'W 5.5'D 2:1 SS $125 $0 $895 $1,020
0305 P1 | Conc Chnl 12'W 5.5'D 2:1 SS $144 $0 $1,033 $1,178
0359 P1 | 14'X7' RCBC @ Access Road $13 $0 $94 $107
0361 P1 | Conc Chnl 12'W 5.5'D 2:1 SS $278 $0 $1,989 $2,267
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Table 4-4 Western Washes Cost Estimate for Proposed Facilities (Continued)

ID/ Design & Right of Const. Total
River | E/P Facility Description Admin Way Cost Cost Cost
Mile ($X1000) | ($X1000) | ($X1000) | ($ X 1000)
WWRR WESTERN WASHES RAILROAD CHANNEL (CONTINUED)
0441 P1 | Conc Chnl 12'W 4.5'D 2:1 SS $108 $0 $770 $877
0480 P1 | 12'X6' RCBC @ Access Road $11 $0 $78 $89
0482 P1 | Conc Chnl 12'W 4.5'D 2:1 SS $187 $0 $1,339 $1,526
0550 P1 | Conc Chnl 12'W 4'D 2:1 SS $108 $0 $773 $881
Project Total: $1,791 $0 $12,802 $14,591
WWWA WESTERN WASHES CHANNEL SYSTEM — WEST WASH 1
0000 P1 | 36" RCP Outlet Pipe $4 $0 $29 $33
0016 P1 | 21,400 cfs Spillway $210 $0 $1,318 $1,527
0017 P1 | 235 acre-feet West Wash 1 Detention Basin $155 $0 $970 $1,125
Project Total: $369 $0 $2,317 $2,685
WWWI WESTERN WASHES CHANNEL SYSTEM - WIEBER
0000 P1 | 60" RCP $82 $0 $586 $668
0025 P1 | 18" RCP Outlet Pipe $3 $0 $25 $28
0026 P1 | 11,960 cfs Spillway $131 $0 $822 $953
0027 P1 | 182 acre-feet Wieber Wash Detention Basin $120 $0 $751 $871
Project Total: $336 $0 $2,184 $2,520
WWWT WESTERN WASHES CHANNEL SYSTEM - WITTWER
0000 P1 | 18" RCP Outlet Pipe $3 $0 $25 $28
0003 P1 | 9,090 CFS Spillway $105 $0 $659 $763
0004 P1 | 91 ac-ft Wittwer Detention Basin $60 $0 $376 $436
Project Total: $168 $0 $1,060 $1,227
WESTERN WASHES PROPOSED TOTAL: | $4,710 $0 | $31,587 | $36,293
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5. Eastern Washes

5.1. Introduction

This section describes the drainage characteristics and the flood control master plan for
the area referred to in this report as the Eastern Washes, which encompasses a watershed
area of approximately 46.4 square miles located east and northeast of the Muddy River.
The downstream portions of this area near the Muddy River floodplain are somewhat
developed and consist of residential areas, commercial developments, schools, and
agricultural areas.

5.2. Drainage Characteristics

Drainage patterns in the Eastern Washes are generally from east to west, draining from
mountainous areas and mesas in the east towards the Muddy River at an approximate
slope of 2 percent. The area is bounded on the east by the Mormon Mesa, on the north by
the Mormon Mountains, and on the west by the Muddy River. Runoff in this area results
from moderate to heavy rainfall which occurs on a sporadic basis and rapidly fills the
natural washes draining toward Logandale and Overton.

There are currently no regional flood control facilities in the Eastern Washes area,
meaning that runoff tends to spread out and is conveyed on streets and through natural,
unlined washes and small culverts that cut through neighborhoods and developed areas
until eventually discharging to the Muddy River corridor. Sandy soils in the area provide
high potential for sediment transport and deposition. The lack of flood control facilities in
the area and the potential for sediment deposition makes this area prone to frequent flash
flooding and damage during storm events.

5.3.  Hydrologic and Hydraulic Analysis

The hydrologic and hydraulic analysis completed for the Eastern Washes is consistent
with the methodology described in Section 3. The peak 100-year discharges in the
Eastern Washes were determined using HEC-1. A thorough review of the hydrologic
analysis and parameters was performed using best available data and information. This
effort included an update of land use information, subbasin delineations, soils
information, lag time calculations, and routing information.

In addition to the lumped parameter HEC-1 model, four different 2D flood routing
models of the Eastern Washes were developed in FLO-2D to analyze the major washes.
The purpose of these models was to perform flood routing and inundation mapping to
determine the flooding extents of the natural washes draining through the residential
areas. In other words, the 100-year peak discharges and hydrographs from the HEC-1
models were loaded into the 2D models to route the flows and determine maximum
depths, velocities, and flooding extents in the residential areas. These results were then
reviewed and regional facilities were proposed as needed to mitigate problem areas.
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The FLO-2D models were based on the SNWA ASCII grids described in Section 3, since
the detailed 2015 LIiDAR data did not cover all of the Eastern Washes areas. This
elevation data was imported onto the FLO-2D computational grids, which varied in size
for each model from 20-30 feet. The HEC-1 hydrographs were loaded onto the grid in
FLO-2D and the model was run to simulate the flood routing in the washes. Two exhibits
showing the FLO-2D results (one in the northern portion of the watershed the other in the
southern portion) are included in Figure 5-1 and Figure 5-2.

There was no need to develop a FLO-2D model upstream of the Fairgrounds Detention
Basin since a regional facility is already proposed along that wash and the flood hazard
was previously identified in the MPU.

The unsteady FLO-2D model was helpful in identifying the flood hazard areas, maximum
flood depths, and limits of inundation. The results from the FLO-2D models were
reviewed in order to make recommendations and update the proposed flood control
facility plan as needed. Refer to Section 5.5 for more information regarding the
recommended facilities recommended to address flooding from the Eastern Washes.

The hydrologic modeling resulted in peak flow rates that were different than the previous
MPU. For the majority of the watershed, the flow rates decreased. In a small, southern
portion of the watershed, the flow rates increased. The differences can be primarily
attributed to the updated land use data and soils data. The 2014 detailed soil survey data
used in the 2016 MPU represents a significant improvement in quality over the previous
soils data that was used from 1980. The flow rates are based on best available data and
information.

Proposed detention basins were sized for the Eastern Washes using the HEC-1 model
according to the methodology described in Section 3. Proposed flood control conveyance
facilities were sized and analyzed using normal depth calculations in the facility sizing
tool. For more information on the analysis of the facilities included in the recommended
flood control plan for the Eastern Washes, refer to Appendix B.
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5.4. Master Plan Progress and Existing Regional Facilities

Some progress has been made on the implementation of the flood control master plan in
the Eastern Washes since the 2010 MPU. This primarily consists of the preliminary
design report (Reference 6) and work that has been completed by Clark County and their
consultant, Louis Berger, on the Fairgrounds Detention Basin (FGWS 0166) and outfall
system (FGWS 0000-0164) in Whipple Avenue. Coordination with Clark County and
Louis Berger occurred throughout the MPU process to ensure the latest design
information was incorporated into the 2016 MPU.

No existing regional facilities exist in the Eastern Washes. There are some man-made
earthen berms/remnants, small local drainage facilities, and culverts along some of the
primary washes and in residential areas that provide limited flood protection and have
capacity to direct or convey some of the flow from the Eastern Washes toward the
Muddy River during smaller storm events. There is also a local detention basin at the
intersection of Jensen Street and Lyman Street and a retention basin on the west side of
Lyman Street, just north of Whipple Avenue. These basins were constructed as part of the
Valley Heights Subdivision. The local detention basin provides limited flood protection
and inflow culverts and adjacent roadways and culverts are prone to sediment deposition
and are frequently clogged and/or damaged during storm events.

5.,5. Recommended Flood Control Plan

The recommended flood control plan in the Eastern Washes has been updated based on
field investigations and hydrologic/hydraulic analysis described above. Two significant
detention basin facilities have been added to the recommended flood control plan to
mitigate flooding from the Eastern Washes, as described below.

Lyman Street Detention Basin and Outfall (FGLS 0000 — 0167). During the
hydrologic/hydraulic analysis of the Eastern Washes, it became apparent that a large
watershed area (over 23 square miles, see combination point CBMN56 on Figure 3-2
in Section 3) and significant peak 100-year discharge (greater than 5,000 cfs) was
draining toward a large, man-made, earthen berm located on the northeastern side of
Logandale about 1 mile east of the Bowman Reservoir.

Based on field investigations and discussions at the MPU progress meetings, this
berm was made by local residents for flood relief purposes and has been in the area
for some time. The berm diverts flow from the natural wash and directs it west in
another wash that eventually discharges to the Bowman Reservoir, thereby alleviating
some of the flow that would otherwise continue south toward the residential areas.

Figure 5-3 shows a map of the area and Figure 5-4 shows a recent photo of the man-
made berm.
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Figure 5-3 Man-Made Berm and Flow Paths in Northest Logandale
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Figure 5-4 Man-Made Berm Photo (Looking east)
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