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HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL

DRAINAGE STUDY INFORMATION FORM
412.416

Date: May 2003

:;ïJ:i:ïii:* *.* w..t.ffriv.s,,il,
b) Secl. 28,29 Twn. 20S Hng, 60E

Name of Owner: City of Las Vegas Assessors Parcel No: 138.28-301 -001

Facsimile No:Telephone: 229-6541

Address: 731 South Fourth Street

Las Vegas Nevada 89101

Contact Person - Name Rick Read, P,E, Telephone No: (702) 804-2000

Firm: G, C. Wallace, lnc.

Address: 1555 South Rainbow Boulevard: Las Veoas. NV 89146

Type of Land Development i Land Disturbance Process:

Rezoning Subdivision Map Clearing and Grading Only

Parcel Map Planned Unit Developmenl X I Other (Please specify below)

Large Parcel Map Building Permit Street lmprovements

1. Total Owned Land Area: At Site: 12 acres Being Developed / Disturbed: 12 acres

2. ls a portion or all of the subject property located in a designated FEMA Flood Hazard Area? Yes* &
3. ls lhe property bordered or crossed by an existing or proposed Clark County Regional Flood Control District Master Planned Facility? ffi No

4. Proposed type of development: {Residential, Commercial, etc,)? Street lmprovements

5. Approximate upstream land area which drains to lhe subject site? 30 t acres

6, Has the site drainage been evaluated in the past? W NO ff yes, please idenlify documentation:

ïechnical Drainage Study for the Villas at Angel Park PBS & J 7i96

Pre-Design Report Vegas Dr. Street lmp. Kennedy/Jenks Consultants 1/96

7. lf known, please briefly identify the proposed discharge point(s) of runotf from the site:

Storm drain in Vegas Drive and in Westcliff Drive

L Briefly describe your proposed schedule for the subject project ASAP
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Enoinee/s Seal
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Submit this form as parl of the required drainage study lo lhe local ent¡ly which has jurisdiction over

the subject property, This form may provide sufficient information lo serue as the Conceplual

Drainage Study.

*Review 
and concurrence of the Clark County Regional Flood Control District is required.

Local Entity File No.

REFERENCE: STANDARD FORM 1

H1082 - Secrêtadal\Teri\sf 1 durango.doc



412.416

HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL

DRAINAGE SUBMITTAL CHECKLIST
Project Name: Durango Dr. From Westcliff Dr. to Vegas Dr. Map lD:

Firm Name: G. C. Wallace, lnc. Engineer: Rick J. Read, P.E.

Address: 1555 South Rainbow Boulevard

City: Las Vegas State: Nevada Zip: 89146

Phone Number: 804-2225 Fax Number: 8Q4-2299

Property Owner: City of Las Vegas

Address: 731 South Fourth Street

City: Las Vegas State: Nevada Zip: 89101

Reviewed By: Date Received: Date Accepted for Review:

The following checklist is intended as a guide for the engineer preparing a Technical Drainage Study to submit to the
local entity and Clark County Regional Flood Control District (if necessary). The listed items are the minimum
information required prior to the entity performing a review. The engineer will remain responsible to ensure the
Technical Drainage Study is prepared within the guidelines as set forth in the Clark County Regional Flood Control
District (CCRFCD) Hydrologic Criteria and Drainage Design Manual (MANUAL).

This document is intended as an aid in preparing Technical Drainage Studies. Each study submitted is reviewed for
compliance with local and regional criteria. This form is not intended to be all inclusive and does not limit the extent
of the information, calculations or exhibits which may be necessary to properly evaluate the intended land use.

lf items are not applicable for the subject site, provide NiA.

GENER,AL REQUIREMENT:

Yes No

L./ Design Manual Standard Form I with the engineer's seal and signature.

L/ Design Manual Standard Form 4.--Jllu
:uX{Ê 2 copies ol the 24" x 36" Drainage Plan.

,a f A A notarized letter from the adjacent property owne(s) allowing off-site grading or discharge.

Reference: STANDARD FORM 2

Adopted August 12,1999 -1- H : \082 - Secretarial\Terri\sf2durango'doc



412.416

HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL

DRAINAGE SUBMITTAL CHECKLIST

II. MAPS AND EXHIBITS

Yes No

L/ A copy of a current Flood lnsurance Rate Map (FIRM) with the site delineated.

A copy of the current CCRFCD Master Plan Update Figure, (F-x), for Flood Control Facilities
v/ and Environmental areas with the site delineated.

On-site drainage basin maps for existing and proposed conditions showing the existing
l,/ topography, basin boundaries, concentration points, and on-site and off-site flows in cfs.

i_z Vicinity Map with local and major cross streets identified and a north arrow.

Off-site drainage basin maps for existing, interim and future conditions showing the existing
L/ topography, basin boundaries, concentration points, and flows in cfs.

III. DRAINAGE PLAN

Yes No

L-¿' Sheet size: 24" x 36" sealed by a registered engineer in the State of Nevada.

t- Minimum scale: 1" = 60'.

t---- Project name.

W Vicinity Map with local and major cross streets.

t_--< Revision box.

l-/ North arrow and bar scale.

â/ Engineer's/consultant's address and phone number.

4_./- Elevation datum and benchmark.

L/- Legend for symbols and abbreviations.

t-/ CuVfillscarps, where applicable.

t--¿- Street names, grades, widths.

î,/- ff:ff;"i.''J:i:ïii,.ii:Tll,.,:o"i s:?f".',r'"i:?ifJ:,igì 
and street crowns at rot rines' srade

REFERENGE: STANDARD FORM 2

Adopted August 12, t999 -2- H :\082 - Secretarlal\Terri\sf 2du rango.doc



412.416

HYDROLOGIC CR¡TERIA AND DRAINAGE DESIGN MANUAL

DRAINAGE SU BMITTAL GHECKLIST

I lll. DRAINAGE PLAN (Continued)
I

I Yes No
I

I Existing contours encompassíng the site and 100 feet beyond with spot elevations for importani
| Þ/ locations, where appropriate.

I rc,/n Minimum finish floor elevations with top-of-curb elevations at upstream end of lot.

I uZ Proposed typical street sections.

I r,- lA Streets with off-set crowns.

I Proposed contours or spot elevations in sufficient detail to exhibit intended drainage patterns and
LÉ slopes.

L-/- Property lines.

\-" Right-oÊway lines and widths, existing and proposed,

- Delineation of proposed on-site drainage basins indicating area and 1O-year and 1OO-year storm peak
t-/ flows at basin concentration points.

f**å åi!fe__ Concentration points and drainage flow direction with Qroo and Vroo and Dlss in streets.

Cumulative flows, velocity, and dírection of flow at upstream and downstream ends of site for the 10-'1./ year and 1oo-year flows.

ur' Location and cross-section of street capacity calculations.

¡1!S Cross-sectional detail for channels, including cutoff wall locations.

Existing and proposed drainage facilities, appurtenances, and connections (i.e., sidewalk, ditches,
swales, storm drain systems, unimproved and improved channels, and culverts, etc.) stating size,

\./ material, shape, and slope with plan'and profile and HGL calculations.

Existing and proposed drainage easements and widths shown with sufficient detail. A cross sectionalt-' detail must be provided that shows appropriate lining and reinforcement.

Location and detail of existing, proposed, and future block wall openings. Minimum size is16"x48".

_brlrlÞ Wrought iron gate is required fãrîows > 10 cfs.

ËjÉ Location and detail of flood walls illustrating depth of flow, proposed grouting height, etc.

REFERENCE: STANDARD FORM 2

Adopted August 12,1999 -J- H:\082 - Secretarlal\Terri\sf2durango.doc
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412.416

HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL

DRAINAGE SUBMITTAL CHECKLIST
lll. DRAINAGE PLAN (Gontinued)

IV. HYDROLOGIC ANALYSIS

Yes

t¿

No

Perimeter retaining wall locations. All existing and proposed walls (retaining screen and flood)
must be shown with adjacent ground elevations. Flood Walls with 8-inch concrete masonry unit.

Building and/or lot numbers.

Alignment of all existing, proposed, or future Regional Facilities adjacent to the site.

Limits of existing floodplain based on current FIRM or best available information; limits of
proposed floodplains based on best available information.

For areas in Zone A, AE, AH, and AO, base flood elevations (BFEs) must be shown for each lot;
BFEs may be listed on each lot, or in a table. Finish floor elevations must be a minimum of 1B
inches above BFE.

Appropriately elevated "humps" 6 inches above the 100-year water surface elevation at site
accesses where the intent is to protect the site from the Qroo flows.

Street slopes for perimeter and interior streets. The minimum slope is 0.4 percent.

No

Appropriate soil information and Soils Map for existing and future conditions with subbasins and
property delineated.

lnput and output information for existing conditions from computer models (HEC-1 or TR-55).
flow routing diagram must be provided with HEC-1 models.

lnput and output information for future conditions from computer models (HEC-1 or TR-55). The
flow routing diagram must be provided with HEC-1 models.

Use of correct precipitation values in and around the McCarran Airport Rainfall Area.

A discussion in the text of the hydrologic analysis justifying subbasin boundaries and cutoffs,
supporting assumptions, and calculations.

A summary table of storm water flows showing basin area, Q1q and Qroo for both individual basins
and combined basin flows, where acceptable.

Copies of supporting technical information referenced from a previously approved study and a
statement accepting these results.

On-site facilities must perpetuate flows through or around the site without significantly impacting
adjacent property owners in accordance with current Nevada Drainage Law.

REFERENGE: STANDARD FORM 2

Adopted August 72,1999 -4- H : \082 - Secretarialverri\sf2durango.doc



412.416

HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL

DRAINAGE SUBMITTAL CHECKLIST
V. HYDRAULIC ANALYSIS

Yes No

Flow split calculations and supporting documentation or reference for the method of flow splitt/ calculations used.

Normal depth street flow calculations and cross section diagrams for all interior and perimeter
streets. Provide "d x v" products for the Qroo and Qro flows representing the worst case for interior
and allperimeterstreets. Qroo d xv < 8. Qro d xv<6 and 12footdry laneforrights-of-way> 80
feet. Calculations must be labeled by street name as indicated on the Grading Plan.

A summary table of interior and exterior street capacity calculations showing the street name, Qlqe
flow, slope, depth of flow, velocity and depth times velocity product and streets needing to meet 12
foot dry lane criteria.

Appropriate hydraulic calculations for block wall openings assuming a 50 percent vertical clogging
L/ factor. (Assume the lower half of the opening is plugged.).

Appropriate hydraulic calculations at drainage easement entrance and discharge locations to set
finish floor elevations. Hydraulic calculations must include submerged weir, superelevation and tee
intersection losses, where appropriate.

Provide necessary freeboard requirements to set the finished floor elevations of all proposed
buildings, 2 x depth of flow or depth of flow plus 18 inches of freeboard, whichever is less. The
minimum requirement is 6 inches above adjacent upstream top of curb. Buildings adjacent to
drainage easements must always be provided with 18 inches of freeboard above the Qlqs weir
height or flow depth, which ever is greater.

A complete water surface profile analysis (HEC-2, HEC-RAS, etc.) for channel flows and FEMA.-/ zone Åflood zones.

trlF

vla

¡ Field survey data.
. lnput and output information.
r Plotted cross-sections based on survey with proper encroachments.
o fi map showing the location of the cross-sections.
. Analysis of both sub- and super-critical flow segments.
r fi summary table and a discussion of the results in the text of the report.

\./ Provide a 50 percent clogging factor in the capacity calculation for drop inlets.

- Hydraulic calculations for culverts and storm drains. D-Load calculations must be provided for storm
' -t drain pipes in public rights-of-way, including headwater pool inundation.

{ beaddressed.

REFERENGE: STANDARD FORM 2

Adopted August L2,1999 -5- H : \082 - Secretarial\Terri\sf 2durango,doc
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Drainage Study
30% Preliminary Desisn Submittal

Durango Drive
From Westcliff Drive to Veoas Drive

L ¡NTRODUCTION

The City of Las Vegas (CLV) has contracted with G. C. Wallace, lnc. to provide

engineering and design services with general regard to grading, drainage, right-of-

way, lighting, utilities, traffic design and construction phasing for improvements to

Durango Drive from Westcliff Drive to Vegas Drive. The proposed project

encompasses full improvements within the 10O-foot right-of-way of Durango Drive

within the project limits. The project also includes the construction of the Durango

Drive Bridge over Summerlin Parkway. An access ramp to Summerlin Parkway for

the eastbound traffic and an exit ramp to Durango Drive for west bound traffic are

also a part of this project.

This report addresses the 30-percent design level for the necessary drainage

ímprovements resulting from the development of the project segment of Durango

Drive. The intention of this report is to provide detailed hydrologic and hydraulic

analyses in support of the drainage recommendations for the ultimate conditions of

the project. The following tasks were performed in the preparation of this report:

ldentified and reviewed previous drainage studies for the project.

ldentified record drawings for area projects and utilities, and extracted

information pertinent to the recommended drainage facilities.

Determined the FEMA floodplain designation within the project limits.

ldentified existing and proposed CCRFCD drainage facilities adjacent to the

project site.

Estimated runoff generated from off-site and on-site subbasins for 1OO-year

and 1O-year return period storm for the existing, interim and ultimate

conditions.

Determined design flows for recommended drainage facilities derived from

various hydrologic models.

Performed site field investigation.

Recommended ultimate condition drainage facilities.

Performed normal flow depth calculations for the recommended storm drain

facilities.

ldentified project constraints and anticipated resolutions.

Prepared preliminary storm drain improvement plans incorporating

recommended ultimate drainage facility recommendations.

a

a

a
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a

a

a

a
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Drainage Study Durango Drive
30% Preliminary Desion Submittal From Westcliff Drive to Veøas Drive

LOCATION AND DESCRIPTION

The Durango Drive improvements project is located inside the corporate limits of the

City of Las Vegas, Clark County, Nevada. More specifically, the project is bounded

by Westcliff Drive to the south and Vegas Drive on the north. Figures 1 and 2 depict

the vicinity and location of the project.

The project limits will incorporate improvements to approximately 1 mile of Durango

Drive. The project improvements will also include construction of a bridge over

Summerlin Parkway and an access and exit ramp to Summerlin Parkway from

Durango Drive.

Currently, one northbound and one southbound travel lane comprise the developed

condition of Durango Drive. Durango Drive is barricaded on the south and north at

Summerlin Parkway. The site is bordered on the west by the Angel Park Detention

Basin, on the east by residential and commercial developments, on the north by

Vegas Drive, and on the south by Durango Drive full street improvements. The

portion of Durango Drive south of Summerlin Parkway drains to a sump condition at

the Westcliff Drive intersection. Durango Drive north of Summerlin Parkway drains to

a sump condition at Washington Drive and as a continuous grade to Vegas Drive.

PREVIOUS STUDIES

Several previous studies and record drawings were utilized in the preliminary

planning of the recommended drainage facilities. Relevant reference material taken

from the previous studies have been included in Appendix C. Table 1 provides a

summary of the previous studies and record drawings utilized in the preparation of

this report.

Iil.

TABLE 1

Previous StudÍes & Reference Drawinos

Drainage Study #1
Summerlin Parkway Dminage lmprovements Rampart Boulevard to
Buffalo Channel, dated June 1997, prepared by The City of Las Vegas
Flood Control Section.

Drainage Study #2 Technical Drainage Study For the Villas At Angel Park, dated July 199ti
bv PBS&J

Drainage Study #3
Technical Hydrology Study For Durango Trailç City of Las Vegas,
Nevada, dated December 1994, prepared by WN, Nevada.

Drainage Study #4
Hydrology Study For Westcliff & Durango City of Las Vegas, Nevada,

dated Auqust 1994, prepared bv L. R. Nelson Consulting Engineers, lnc.

Drainage Study #5
Pre-Design Report Vegas Drive Street Improvements, dated December
1996. orepared bv Kennedv/Jenks Consultants

S fi;î;i,å"1if,5;"1ì"î



Drainage Study
30% Preliminary Desiqn Submittal

Durango Drive
From Westcliff Drive to Veqas Drive

tv.

TABLE I
Previous Studies & Reference Drawinqs

Drainaqe Studv #6 1997 Citv of Las Veoas, Citv-Wide Hvdroloqv Sfudy, bv PBS&J, lnc.

The drainage studies listed in Table 1 are designated as Reference 1 through

Reference 6 in Appendix C. Additionally, the studies will be referred to as (1)

Summerlin Pkwy Study (2) The Vitlas Study, (3) The Durango Trails Study, @) The

Westcliff Study, (5) the Vegas Drive Study, and (6) City of Las Vegas City-Wide

Hydrology Study in the following text.

FEMA FLOOD PLAIN STATUS

The limits of the project are located on Flood lnsurance Rate Map (FIRM) Panels

32003C2135 E and 32003C2145 E for Clark County, Nevada, and incorporated

areas, dated September 27, 2002. As is shown on Figure 3, the site is not located in

a FEMA-designated Special Flood HazardArea (SFHA).

CGRFCD FLOOD CONTROL MASTER PLAN UPDATE

Figure 4 is reproduced from Figure F-12 as taken from the Clark County Regional

Flood Control District 2002 Master PIan Update (Reference 7, hereinafter referred to

as the MPU). This figure depicts the location of the subject project in relation to

existing and proposed flood control facilities. As shown on the flgure, there are

several existing CCRFCD regionalfacilities adjacent to the site. Facility APNO 0000

is described as the existing 1400 ac-foot Angel Park Detention Basin. Facility APNO

0001,0002, and 0003 are described as two 33-inch RCP and one 42-inch RCP

Emergency Outlets. Facility APNO 0004 is an equalization storm drain under

Summerlin Parkway for the Angel Park Detention Basin and is described as an

existing 14-foot wide by 12-foot high RCBC. Facility LCCH 0582 is described as an

existing 24-inch RCP storm drain. Facility APOF 0124 is described as an existing

S4-inch RCP storm drain and Facility APOF 0015 is described as an existing 60-inch

RCP storm drain. Upon receipt of a conditional letter of approval from CLV this study

will be submitted to CCRFCD for concurrence.

V.

S fi;fuiâ1"i,î5;,J|"î
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Drainage Study Durango Drive
30% Preliminary Desiqn Submittal From Westcliff Drive to Veqas Drive

VI. DESIGN PROCEDURES AND CRITERIA

The procedures and criteria used in the design and planning of recommended

drainage facilities are based on standards published in the CCRFCD Hydrologic and

Drainage Design Manual (Reference 8, hereinafter referred to as the Manual).

Specific design criteria are described in further detail as follows.

Hydrologic Model Description

The existing and interim / ultimate condition off-site watershed hydrology was

modeled using the SCS Unit Hydrograph method within the U.S. Army Corps of

Engineers (USACOE) HEC-I Flood Hydrograph Package (Reference 9).

Precipitation

The project limits along Durango Drive lie within the McCarran Rainfall Area. The

1O0-year and 1O-year point precipitation values range are 2.77 and 1.58 inches,

respectively.

The point precipitation depths were not adjusted to estimate the average rainfall

depth over an entire drainage area by the application of the Depth Area Reduction

Factor (DARF) since the area tributary to the site are small.

Since the drainage area for the project is less than I square miles, an SDN 3 design

storm was selected for use in the HEC-1 computer model.

Gurve Number & Runoff Coefficient

The soils information utilized for the offsite hydrologic models was obtained from the

SCS Soí Suruey of the Las Vegas Valley as provided by the United States

Department of Agrículture (USDA, Reference 10). The Natural Resources

Conservation Service (NRCS, formerly the Soil Conservation Service) methodology

for computing runoff divides soils into four hydrologic soil groups A, B, C, and D. The

soil survey was used to determine the hydrologic soil group of each soil type for use

in determination of composite curve numbers. The hydrologic soil groups are

defined as follows:

HSG A: High infiltration rate, low runoff potential

HSG B: Moderate infiltration rate, moderately low runoff potential

HSG C: Slow infiltration rate, moderately high runoff potential

a

a

a
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Draínage Study Durango Drive
30% PreliminaryPesign Submittal From Westcliff Drivs to Vegas Drive

r HSG D: Very slow infiltration rate, high runoff potential

Table 2 summarizes land use designations and associated curve numbers used in

the existing and ultimate conditions hydrology.

Drainage Areas and Flow Patterns

The existing condition subbasins, flow patterns and slopes were determined utilizing

existing topography and contours obtained by G. C. Wallace, lnc. for the area.

Ultimate condition offsite hydrology was based on subbasin assumptions for the park

area on the west and from referenced drainage studies. Ultimate condition onsite

subbasins were determined utilizing design roadway profiles from AutoCad files and

typical sections for the Durango Drive improvements project.

Lag Time

The lag time is described as the time between the center of mass of rainfall excess

and the time to peak discharge from a basin. Lag time (t¡) can be related to time of

concentration (t) by the following relationship: t¡ = 9.61ç). The time of concentration

is defined as the time required for runoff to flow from the hydrologically most distant

point of the subbasin to the outlet of the subbasin or concentration point. The

procedure for calculating L is outlined in Section 602 of the Manual. Lag time

calculations for the subject property subbasins, as incorporated on Standard Form 4,

are included in Appendix A.

I

TABLE 2
& Comor

Open Space (lawns, parks, golf courses, cemeteries, etc.)
good condition

Newly graded areas (pervious areas only, no vegetation)

I
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Durango Drive
From Westcliff Drive to Veoas Drive

Manning's "n" Values

The following table summarizes Manning's "n" values used for each material and

facility type recommended for the Durango Drive improvements. Values used are

consistent with recommended values contained in Table 702 of the Manual.

Additionally, recommended maximum permissible velocities associated with each

material type are also listed. Maximum permissible velocities are consistent with

Table 703 in the Manual.

Storm Drain

Storm drain facilities were conceptually sized to convey the entire 1O-year storm flow

with consideration to street flow capacity and maintaining a 1O-year 12-foot wide dry

lane. Nuisance drop inlets are provided at 800-foot intervals per Regional

Transportation requirements. For this submittal the proposed storm draín was sized

using normal depth calculations since only a conceptual design is provided at this

submittal level. Storm drain normal flow depth calculations using the Flowmaster

program are included in Appendix B. As the project design develops, the hydraulic

grade line of the storm drain pipe will be designed to be a minimum of 1-foot below

finished grade in accordance with Section 804 of the Manual.

Drop lnlets

Ultimate condition drop inlet facilities located along Durango Drive have been

designed in accordance with Section 805 of the Manual. Drop inlets located in sump

condiiions and on a continuous grade have been designed to capture the anticipated

1O-year storm event runoff or enough to maintain 12-foot dry lane. Drop inlet

calculations are included in Appendix B.

Street Flow Hydraulics

The Durango Drive typical roadway dection consists of a 1O0-foot right-of-way width.

The ultimate condition back-of-curb to back-of-curb width will be 90 feet.

S i",i;"iå"1i5ilJ|"i
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The street will have "L"-type curbing and a 5-foot sidewalk on each side. A typical

section will have a 14-foot median. The Durango overpass roadway section consists

of a 93-foot wide street section with "L"-type curbing, a 4-foot median island, and a

1O-foot wide shared path.

The street flow hydraulics have been designed in accordance with Section 304.4 of

the Manual. Section 304.4 requires the depth (D) and velocity (V) times depth (V.D)

for the 1OO-year storm event to be less than or equal to 8. Additionally, depth of flow

in the gutter flowline for the 1O0-year storm event will be less than or equal to 2 feet

and less than 1 foot at through traffic streets as required by the Manual. Section

304.4 requires the depth (D) and velocity (V) times depth (V.D) for the 10-year storm

event to be less than or equal to 6. Additionally, Section 304.4 requires a 12-foot

wide dry lane be maintained in either direction for the 1O-year storm event. Street

flow hydraulics are discussed in further detail later on in this report.

HYDROLOGIC MODELS

Three separate hydrologic models were developed for use in determination of the

existing, interim and ultimate overall drainage design of Durango Drive. The three

separate models were developed in order to address the existing, interim, and

ultimate conditions that occur or are anticipated to occur in the future. Peak flow

rates were utilized in the design of the recommended drainage facilities and were

based on the "worst case" peak flow rate determined from the interim and ultimate

hydrologic models. The following paragraphs discuss each model in more detail as

well as present a summary of peak flow rates determined.

The first model addresses the existing condition flows to Durango Drive. This model

analyzes offsite subbasins draining to Durango Drive from the west and existing

conditions for Durango Drive. Land uses and drainage patterns determined for this

model are based on aerial topography and development information was obtained

from aerial photos and site field investigation current to the date of submittal of this

report. This model was developed to determine the existing offsite and onsite

drainage patterns. Figure 5 shows the subbasins and drainage patterns used in the

hydrologic analysis for the existing condition. A copy of the HEC-1 model is included

in Appendix A. Table 4 summarizes the 100-year and 10-year peak flow rates

determined by the HEC-1 model.

W S,i:.i,â"''H:,:; Jì"î
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TABLE 4
Summary of Existing Condition HEC-1 Analysis

i,+$j:¡QTdûiå"'lli
itÍ;¡fif¡\\$$t

EX1 78 39

EX2 I
PT1 86 44

EX3 38 20

EX4 o 5

EX5 23 12

The second model addresses the interim condition flows to Durango Drive. This

model analyzes existing offsite subbasins draining to Durango Drive from the west,

the existing condition within Summerlin Parkway, along with full street improvements

for Durango Drive, the Durango Drive Overpass, and the proposed on ramp and off

ramp for Summerlin Parkway. Land uses and drainage patterns determined for this

model are based on aerial topography and development information was obtained

from aerial photos, previous drainage studies, site field investigation, and the

proposed fTnished grading with this project. This model was developed to determine

the existing offsite and developed onsite drainage patterns. Figure 6 shows the

subbasins and drainage patterns used in the hydrologic analysis for the interim

condition. Additionally, Figure 6A shows the overall drainage patterns in the area. A

copy of the HEC-1 model is íncluded in Appendix A. Table 5 summarizes the

10O-year and 1O-year peak flow rates determined by the HEC-1 model.

TABLE 5
Summary of lnterim Condition HEG-I Analysis

ULTl 15 8

INT2 77 38

PTl 91 46

ULTS 10 6

INT4 21 10

PT2 31 16

ULTS 12 6

ULT6 l0 o

ULTT 12 6

PT3 22 11

ULTS 21 11

w *,ft"y,å"iî5,1Jì"î
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The third model addresses the ultimate condition flows to Durango Drive. This model

analyzes ultimate offsite subbasins draining to Durango Drive from the west along

with full street improvements for Durango Drive, the Durango Drive Overpass, and the

on ramp and off ramp for Summerlin Parkway. For this model the offsite drainage

patterns were assumed to be the same as for the interim condition. The open area

north of Summerlin Parkway between the proposed street improvements and the

Angel Park Detention Basin dike has been designated as a park area and is currently

under preliminary design at Stantec Engineering. Subbasins lNT2 and lNT4 from the

interim condition model are designated as Subbasins ULT2 and ULT4 in the HEC-1

model for ultimate conditions. The only changes in the hydrologic parameters to

these subbasins are a lower curve number. A CN value of 87 (assuming that

appro'ximately 50 percent of the area between the street improvements and the Angel

Park Detention Basin will be a park with grass) was used for these subbasins. Land

uses and drainage patterns determined for this model are based on aerial topography

and the proposed finished grading for Durango Drive. Figure 6 and 6A show the

subbasins and drainage patterns used in the hydrologic analysis for the ultimate

condition. A copy of the HEC-1 model is included in Appendix A. Table 6

summarizes the 100-year and 10-year peak flow rates determined by the HEC-I

model.

TABLE 6 ,

Summary of Ultimate Gondition HEG-1 Analysis

ULTl 15 8

ULT2 55 21

PT1 69 29

ULT3 10 6

ULT4 15 6

PT2 26 12

ULTS 12 b

ULT6 10 6

ULTT 12 Þ

PT3 22 11

ULTS 21 11

As discussed previously, the various interim and ultimate condition hydrologic

models were developed to determine "worst case" peak flows for use in the drainage

facility designs. According to the HEC-1 results, the interim conditions model

ffi i,î;"i,â"i"i,?ir -|"î
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established the "worst case" peak flows. Therefore, the calculated flows from this

model will be used for sizing the storm drain facilities. Recommended drainage

facilities are discussed in more detail in the following section of this report.

VIII. REGOMMENDED DRAINAGEFACILITIES

The recommended drainage improvements along Durango Drive and within the

project limits were generally designed to be consistent with existing drainage

patterns in the area and also consistent with previous drainage studies for the

surrounding area and those established in the Las Vegas City-Wide Study. More

specifically, drainage north of Washington and west of Durango (future park) will be

directed to the north along Durango Drive and will discharge to the existing storm

drain in Vegas Drive in accordance with the City Wide Study and the Vegas Drive

Study. Drainage on the north side of Summerlin Parkway south of Washington and

west of Durango (future Park) will drain under Durango Drive through the proposed

bicycle path tunnel and into the park area on the east. Drainage on the south side

of Summerlin Parkway will drain to an existing 24-inch RCP that was designed as a

part of the Westcliff and Durango Dur West Partners lmprovement Plans.

The storm runoff in Summerlin Parkway that drains to the west bound off ramp will be

conveyed east through a 3O-inch RCP culvert that perpetuates existing drainage

patterns. Additionally, the runoff generated in the open area within the on-ramp for

Summerlin Parkway east bound traffic will drain as surface flow into an existing

swale within the Parkway. Runoff in Summerlin Parkway west of the eastbound on

ramp will be conveyed east through a proposed 18-inch RCP culvert that

perpetuates existing drainage patterns.

Three types of drop inlets have been recommended for the project. Four (4)-foot

Type "4" drop inlets are proposed for Durango Drive to intercept nuisance flows only.

Two Type "B" drop, inlets are proposed in Durango Drive on the south side of the

overpass that are designed to intercept storm flows upstream of the on-ramp. Type

CM drop inlets are proposed at the Durango DriveMashington Drive intersection and

in Durango Drive south of Summerlin Parkway to intercept the 10-year storm runoff.

NDOT Type 2A drop inlets are proposed at the west side of the bicycle path and at

the upstream end of the on-ramp and off-ramp to Summerlin Parkway to intercept

the 1O-year storm runoff. Drop inlet calculations are included in Appendix B.

S i;i;iâ.1i55;.iì"î;
r5is srh u@w ÊLvoß vtG, Nù& a9ta6 17



Drainage Study
3A% Preliminary Desian Submittal

Durango Drive
From Westcliff Drive to Veqas Drive

There are a number of existing drainage facilities in the area that will be utilized to

convey the on-site and off-site runoff from the developed conditions for this area.

The first area under discussion is the area north of Washington. There is an existing

39-foot Neenah drop inlet on the west side of Durango Drive and south of Vegas

Drive. The inlet was designed as a part of the Vegas Drive improvements to

intercept the 100-year storm flows from Durango Drive and from the open area

between Durango and the Angel Park Detention Basin. Additionally, there is an

existing berm on the west side of the proposed improvements that direct offsite flows

to this inlet. The berm will protect Durango Drive from off-site flows from the west

from draining into the street improvements upstream of the existing 39-foot drop inlet

in the interim condition. Two S.S-foot Type CM drop inlets are proposed at the

Durango/Washington intersection to intercept the 1O-year storm flows generated

within the street improvements and convey them via an 18-inch RCP to the existing

39-foot drop inlet. Pertinent excerpts from the Vegas Drive Study are enclosed in

Appendix C.

Under interim conditions there will be 84 cfs of runoff in the west side of Durango

Drive at the existing 39-foot drop inlet, which exceeds the 1OO-year stor¡n capacity of

the drop inlet. Under Ultimate Conditions after the park has been constructed the

storm runoff in the west half of the Durango Drive improvements is reduced to 63 cfs

(ULT2 plus Tz of ULTI). At that time the total 100-year storm runoff will be

intercepted into the existing 39-foot Neenah drop inlet (Capacity equals 69 cfs, see

Vegas Drive Study calculations in Appendix C).

Storm drain facilities are proposed in Durango Drive that will tie into the side of the

existing inlet and continue south in Durango Drive to the sump area at the Durango/

Washington intersection. Nuisance inlets are proposed along the west side of the

street improvements at 800-foot spacing to accommodate offsite flows from the

future park on the west. The east side of Durango is currently developed in this area

and the driveways for the Villas At Angel Park and for the Durango Trails

developments have been humped to prevent runoff in Durango Drive from entering

these sites. Pertinent excerpts from the technical drainage studies for these

developments are included in Appendix C. No drop inlets are proposed along the

east side of Durango Drive for this area since the developments on the east will not

Wi,î;"Y,i"1i:,:;Jì"';
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drain into the existing street improvements and there is no nuisance flow from the

east.

An NDOT Type 2A drop inlet and a 3O-inch RCP storm drain are proposed on the

west side of Durango Drive at the upstream end of the proposed bicycle path tunnel

that is designed to intercept the 1O-year storm flows from Subbasin |NT4/ULT4. G.

C. Wallace, lnc. and Stantec Engineering (designing the park on the east side of the

'overpass) have agreed that the park will be designed to accept these flows.

There is an existing 24-inch RCP in the Durango Drive improvements at the

Westcliff/ Durango intersection. The existing Durango Drive improvements on the

west side of thee Westcliff/ Durango intersection has been designed as a sump.

There are three 4-foot Type "4" drop inlets on the west side of Durango across from

the intersection that are designed to intercept runoff that drains to this sump area.

An 18-inch RCP storm drain and two 5.5-foot Type CM drop inlets are proposed to

intercept 6 cfs (1O-year storm runoff) into the existing 24-inch RCP in Westcliff Drive.

There are four NDOT Type 2A drop inlets in Summerlin Parkway locatéd at the

upstream end of Subbasins ULTS and ULTB (See Figure 6 and 6A) that intercept

surface runoff in Summerlin Parkway into the Angel Park Detention Basin.

Therefore, no runoff west of these subbasins will drain to the proposed 18-inch and

3O-inch storm drain proposed at the downstream end of the on ramp and off ramp.

Pertinent excerpts from the Summerlin Parkway Study are enclosed inAppendix C.

Table 7 on the following page provides an inventory of recommended drainage

facilities. Figure 7 depicts the location of each drainage facility.

GEI c.c. wALtAcE, rNc.
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STREET HYDRAULICS

The resulting street flow data is based on the flows established from the interim

conditions HEC-1 model. Table I summarizes the street flow hydraulic computations

for a 1OO-year storm event.

lx.

TABLE 7
Summarv of Prooosed Drainaqe Facilities

Faòility Description"
Design FIolrs'
10-year (cfs)

l
'Location

18'RCP Storm Drain 5.5 East side of Durango Drive (North of Washington)

Type "4" Drop lnlets Nuisance East side of Durango Drive (North of Washington)

5.5'Type CM D. l. .f West side of Durango Drive (Sta. 73+92)

5.5'Type CM D, I 2.5 East side of Durango Drive @ Washington (Sta. 73+92)

NDOT Tvpe 2A 10 West of Durango Drive Sta. 65+50

30'RCP 10 Durango O¡u" 516. $5+50

18'RCP 3 (1/2 ULTs) Summerlin Parkway

NDOT Type 2A 3 (1/2 ULT5) Summerlin Parkway

18" RCP 2 Durango Drive Sta. 57+30

(2)Type "B' D. I 1 Durango Drive Sta. 57+30

5.5'Type CM D. L 3 West Side of Durango O¡u" 51¿. 52+75

5.5'Type CM D. l. .) East Side of Durango Drive Sta. 52+75

18" RCP Storm Drain 6 Durango Drive (South of on ramp to Summerlin Parl$ay)
Modifìed NDOT Type 2A 11 Summerlin Parkway

30'RCP 11 Summerlin Parkway
*See Figure 7 for location.

TABLE 8
Summary of Street Flow Hydraulics

Durinq a 100-Year Storm Event (Maior Storm)
:,, 

r' I :,:,i.¡ 1,.¡¡:!: ; :::i;,.""

iltslô$ê'¡l¡i
:1¡11V-¡,i!i,:.:

100-Y€ar Stérm 'Event
;;r,Vêlòcitv
:,,llii{.fps) liïìii

A (West) 1.50 100 84 0.86 5.6 4.8

A (East) 1.50 100 7.5 0.44 3.2 1.4

B 0.40 100 8 0.44 1.7 0.7

C (West) 0.40 100 17 0.66 2.2 1.5

D 3,40 100 2 0.23 2.5 0.7

6 and Figure 7.

@ fi ,i;"iå:1"*,?i;Jì"1
20



.l
Drainage Study

_3p% Preliminary Desisn Submittal
Durango Drive

From Westcliff Ðrive to Veoas Drive

I

Table 9 summarizes the street flow hydraulic computations for the 1O-year storm

event.

Based on the calculated street flow characteristics, the Design Manual criteria for

depth (D) and velocity times depth (VXD) durifrg the 1O-year and 100-year storm

events for major streets will be met. Additionally, a 12-foot dry lane will be

maintained in a 1O-year event. Please note that the 1O-year flow at cross-section A

is located at the existing 39-foot drop inlet in Durango. This flow is intercepted by the

existing drop inlet and a 10-year dry lane is maintained downstream of the inlet,

I

I

I

I

I

I

I

I

TABLE 9
Summary of Street Flow Hydraulics

I

I S fi;*"""ïå1"*5å,J1"î
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I x. coNcLusroNs AND REcoMMENDATToNS

| 
1. The recommended drainage facilities are shown on the attached preliminary

Gonstruction drawings plan and profile sheets.

2. The methods used to calculate storm runoff and various hydraulic

characteristics for this project are in compliance with the Manual.

3. All storm drain facilities are designed to convey a 1O-year design storm or

nuisance flows.

4. All Type CM, Type B, and NDOT Type 2A drop inlets are proposed to

intercept 1O-year storm flows.

5. The proposed 4-foot type "4" drop inlets are intended for nuisance flows only.

\

6. Runoff from the site will not have a negative effect on downstream properties

or drainage facilities.

7. The project is not located in a FEMA-designated Special Flood Hazard Area

(sFHA)

| ffiiftffiå* 23
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Rainfalland Soils Data
Stan.dard Form 4

Existing Condition HEC-I
lnterím Condition HEC-I

Ultimate Condition HEC-1
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HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL

DEPTH-DURATION-FREQUENCY VALUES

FOR MCCARRAN AIRPORT RAINFALL AREA
(IN INCHES)

RECURRENCE I!¡TERVAL

TII'IE 2-YR 5-YR 1O-YR 25-YR 5O-YR 100-ïR

10

i5

30

1

2

J

6

24

min. 0.15

min. 0.25

min. 0.33

min. 0.44 '

hour 0.52

hour 0.59

hour 0.64

hour 0.7?

hour (TR-55) t.zo

0.27

0.44

0 .57

0.78

0.89

1.01

1.08

1.22

1.60

0.35

0.57

0.74

1.01

1 .15

1.30

1.39

_1.58

1 .80

0.46

0.74

0.97

1.31

1 .50

L.70

1.82

?.a5

2.40

0 .54

0.89

1.15

1 .55

1 .78

2.01

2.ls

2.4r

2.70

0.63

1.0?

14,L. JL

r.79

2.06

?.30

2.48

?.77

2.96

NOTE: 1. Refer to Figure 513 for a description and drawìng of the area
included in the McCarran AÌrport Rainfail Area.

The 24 hour vaiues presented above are for use with TR-55 onj.y.

Table 501 adjustments not required.

?.

J.

TABLE 505FEFERÊNCE:
USACE, Los Angeìes.District, 1988

wRc
ENGINEERING



HYDROLOGIC CRITERIA AND DBAINAGE DESIGN MANUAL
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!{YDRCILOG!C CRITERIA AND DRAINAGE DES¡GN MANUAL

RUNOFF CURVE NUMBERS
(unBAN RneRst)

Cover description
Cu¡re numbers for

hydmlogic soil goup-

Cover t¡pe a¡rd hyd¡olog'ic cond.irion
Average p€reent
imperrious uerz

Fully d.eæloped urban aæa, hng¿tø.tl.rin ¿stzblís/rldl

Open sp¿ce 0a*¡s, parks, golf cor:r:es. cemeæries,

Poor condirion (grzss cover < SO%) 6g ?g g6 g9
Fair.condition (gr?ss cover 5O% to T5*). 49 æ 79 &l

, Gool condirÞflR:s c_o_yer I ?5%) .. g9 61 74 B0Impervìous el?rs:'- ærá*-tuæM&õaì,@A@¡*
Paved perking loæ. roofs. drive*zys, erc.

_ 
(excluding rþhrof-*ey). 98 9g 98 9g

St¡eeU ¡¡¡d roerlo:'#.reveo: cu¡ts tnd storm sewers (excluding
rightof..'*ay). 98 cR 9g 9gffi*'tã-iã*

Grzvel (including rigtrtof.'ra¡.) ..-. .. 76 gS g9 9l(including rþhrof.wey¡ i2 æ. g? g9
Wesærn des¿n u¡ba¡r r¡ess:

I*y4.desen l¡ndscaping (Fen'ior¡s arers onl.vF... 63 Ti g5 gg
á,rtifici¡i dese¡t l¿ndscaping (inrperrious weed

ba¡rier, desert shn¡b with l. to 2.i¡ch s¿r¡d
or g¡avel mr.¡Jch r¡¡d brsin borders), .....

urba¡r disrrictsr '** oorseß'' 96 96 96 9{t

füm¡nercial a¡rd br¡siness. gS g9 52, g{ 95
Indr¡st¡id.

Residenti¡l disr¡icts by "r;;rg.'lo;.t","' 
T2 ' 81 88 91 93

See Table 6024

htelopkg urbon øw
Newly grzded a¡e¡s (pervio¡¡s :rere orriy,

no vegeution)É ........ tt ðO 91 94

I
t

Avcragc nmoff conditio¡, aad I . = 0,2S.
1lc avcagc pcrccrt iry€reiolrs ¿¡Êa sbor¡¡¡ \ryas uscd to dcvelop the co4osiæ (ll"s, Othcr assurrptions arc as follow: irrycrvioìrs n¡ss arc dirlcrly
coucctcd to rìê d¡ai!ãgê sysree- Iopcrvious arcas havc a Q.l of 98, a¡d pcvious arcas arc corsiclered equivalêDt to opc! spaæ i¡ good hyùologic conditioa"
CSI's for othcr co¡lùi¡atio¡s of colditio¡s rnay be comgutcd usiag Figur ãæ.
Cllsshowlarccquirraleattothoscofpasnrrc. ConpositcCN'smaybccorpurcilforoihcrcourbi¡ario¡sofopenspac€coycrtypc.
Co4oe-itc Cll's for laù¡a¡ dcstrt la¡dscapiag sbould bc conputed usiag Figrne 603 bascd o¡ thc irrycrvious arca pcrcenage (G.I#98) aud rhêpcryious arca
clI' the pcrvior:s arca (Îrs a¡c assuocd cq'iv:tcat to dcscrt shnrb iu poor hydmtogic óolditioo
Conpositc GIs to rsc for thc dæiga of ærycary masrrcs drriag gradiry and co¡gr¡cio¡ shor¡ld bc corryurcd usiag
Egwc @3 bascd ol thc dcgrcc of dcvclopmcnt inFaviorx arca paænragc) aad lhc (51's for rhe lcwly gra.ded pcrvio¡s æcas,
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* FI,OOD HYDROGRAPH PACKAGE (HEC-l) * * U.S. ARMY CORPS OF ENGINEERS *

- | 
* ,ruN 1998 r * HYDROLOGTC ENGINEERING CENTER *

I 
. VERSION 4-1 * r 609 SECOND STREET t

.f * * * DAVTS, CAI,ITORNIÀ 95616 T

+ RUN DATE 19MAR03 TIME 15:33:17 * * (916) 756-1104 t

| 
]*************r********r+i**************l
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I

I

I

I

I
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THIS PRO6R.AM REPTACES A1Í, PREVIOUS VERSTONS O¡'HEC-I KNOtfN AS ¡tEC1 (,tAN 73),.HECIGS, HECIDB, AND HECIKW.

THE DEFTNIÎIONS OF VARIABI,ES -R?IMP- ÃND -RTIOR- HAVE C¡IANGED FROM THOSE USED WITH lHE 1973-STT¡,8 INPUT STRUCTURE.

THE DEFINITION OF -AMSKK- ON RM-CARÐ IiAS CHANGED }¡ITH REVTSIONS DATED 28 SEP 81. THIS TS THE FORTRAN?7 VERSION

NEW OPTTONS: DAMBREAK OUTFLOÍ{ SUBMERGSNCE , SINGLE EVENT DA},IAGE CAT.CUI,ATION, DSS:WRIIE STAGE FREQUENCY,

DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS.RATE;GREEN AND A¡.IPT INFILTRATION
KÍNEMAîIC l{AVEr NEW FINITE DIFFERENCE A],GORITHI{

HEC-1 INPÍ'T PAGE 1

*DIAGR.AM

1TD
2ID*
3 ID *:
4 ÎD *:
5 ID *:
6 ID *:

g ID *:
9 ID *:

10 rD *.

DUSANGQ DRIVE
I{ESTCLIFF .DRIVE TO VEGAS DRIVE
EXISTING CONDITIONS

FI],ENAME 416-EX. H1

ÞATE MODEI,ED_ _ _ _ O3/L9/03
MODEI,ED BY KL

RETURN PERIOD 1OO-YEAR/10_YEAR . *

DISTRIBUTION 6-HOI'R SDN3

I 11

L4

28
29
30
31
at
33

35
36
37
38

ID*r
L2 ID *'
13 rD *'

L5 ID * :.... . *
16 rD .*-.*;;;;;;;;;;;;;--;;;;;-;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;-;;--
!7 fD
18rT500300
19ro5
20IN500
2L ' .JR PREC 1 ,5?

*

ID *.

22
23
24
25 r<M cuRvE No 94

26 Kr,l tÃG .\27 FR

27 BA .04567

KK ENl
KM EXISTING SUBBASIN 1

KM ÃREA 29.23 AC

PB 2.77
PC .000 .020 .057 .070 .08? .108 ,r24 .130 .130 .130
pc .130 .130 .130 .133 .140 .!42 .148 .158 ,t72 .181
pc .190 .r97 ,199 ,200 .201 .204 .2L4 .229 .241 ,249
pc .257 .256 .270 ,2'18 .28r .283 .295 .322 ,352 .409
pc .499 .590 ,?10 .744 ,78L .8L2 .819 .835 .851 .856
pc .860 .868 .876 .888 .910 .926 .937 .950 .970 ,976
pc .982 . 985 .987 . 989 . 990 , 993 

" 
993 , 994 .995 .998

Pc .998 .999 1.00
rs094
UD .L27



.l

I

39 KK EX2
40 KM EXISTING DURANGO DRIVE TROM WASHINGTON TO VEGAS

41 KM AREA 2,84 AC
42 KM CURVE NO 98
43 KM tAG .133 }IR
a4 BA .00444
{5 PB 2.'t7
46 r,s 0 98
47 UD .133

*
HEC-1 INPUT PA6E 2

rl 
L

I

I nB KK pr1

I l9 KM coMBrNE Ex1 e EXz AT wAsHTNGToN ÂND vncas
50:.2

I

I

I

I

51 KK EX3

52 KM EXISTING SUBBASIN 3
53 KM ÃRBA 11,99 AC

54 KM CURVE NO 95
55 lo.f r,AG .0?5 HR

56 BÀ .01873
57 PB 2,7'l

-58LS095
59 UD .075

*

60 KK EX4
61 KM EXISTIÁTG SUBBASIN 4 - SUMMERI,ÎN PARIÛIAY
62 KM AREA 2.58 AC
63 xM CURVE NO 95
64 KM I,AG . O5O . HR

65 BA .00{03
66 PB 2.7'l t
67Ls095
68 rrD .050

*

I re KK Ex4

| 70 KM EXISTING SUBBASTN {
1L KM ÃREA 9.33 AC
72 KM CURVE NO 95

I 13 Krir r,Ac .1e6 HR| 
"i 

:å 't.11
76rs095

" I 
'r', 

;: 
'186

1

- | rNpuT 
SCHEMATIC DIAGRAM OF STREAM NET9íORK

I LrNE (v) RourrNG (--->) DrvERsroN oR puup Fr.o¡{

NO. (.) CONNECTOR (<---) RETURN OF DTVERTED OR pUMpED FLOV¡

| ,2 EXl
I

39 
'. 

EX2l::- 48 PT1

f,,.,*,
,l 

60 
" . 

-.
69 . EX4

I



*********i*t*****¡ia*******+****a**t***
**
+ U.S. ARMY CORPS OF ENGTNEERS *
i HYDROLOGIC ENGINEERTNG CENTER *
* 609 SECOND STREET *
* DAVIS, CATIFORNIA 95616 *
r (916) 756-1104 *

I

I

I

I

* ' DURANGO DRIVE ' *
, ' WESTCLIFT DRIVE TO VEGAS DRIVE *
* . EXISTING COND]TIONS . *
*..*
*.,*
*. RETURNPERIOD----1OO-YEAR/10-YEAR : *
* . DISTRIBUTION 6-HOUR SDN3 . *
*..*
*. FITENAME_ _ 416-EX.H1 .*
*' DATEMoDELED____03/L9/03 :*
* . MODELED BY KL . *
*.'t

* :,.,. .....t *

19 IO OUTPUT CONÎROL VARIABI,ES

I IPRNT 5 PRINT coNTRoL

I rPLOl 0 PLOg CONlRor
T f QSCAT O. HYDROGBAPH PLOT SCATE

TT HYDROGRAPH TI!.IE DAÎA

I NMrN 5 MrNUrEs rN coMpurATroN TNTERvAL

I 
IDATE 1 0 STARTTNG DATE

ITIME OOOO STARTING TIME
NQ 3OO NUMBER OF ITYDROGRAPH ORDINAÎES

I NDDATE 2 O ENDING DATE

I NDTTME 0055 ENDTNG lrME
I ICENT L9 CENTURY UARK

COMPUTATION INTERVAL .08 HOURS

I ENGr,rsH uNrrs 
rrl'lE BÀ'sE 24'e2 HouRs

DRAINÀGE AREA SSUARE MILES

I PRECIPITATIoN DEp.rH INCHES

I iENGTH, ETEVATTON rEEr
I FLOII CUBIC 8'EET PER SECOND

STORAGE VOÎ,UME ACRE-FEET

| ,P 
tt:::lH 

"",,". 

ffi:::" EAHRENHETT

NPIAN 1 NIJMBER OF PI,ANS

| * *"'ãä::'.:Tåïr,,,,o,,o"
1.00 .5?

'l 1

PEAK FtOi{ AND STAGE (END-OF-PERIOD) SU}{MARY FOR MIJÍ,TIPTE PTAN-RATIO ECONOMIC CO¡.IPUTATIONS

FTOÍIS IN CUBIC FEET PER SECOND, ÃREA IN SQUARE MI¡ES
TIME TO PEAR IN HOT'RS

I BATIOS APPIIED TO PRECIPITATTON
OPERATION STATION AREA PLAN RATIO 1 RATIO 2

1,00 ,57

' I 
+HYDR..RÀPH 

Ar 
Exr- .05 i. FLow 7s. 3e.

TIME 3.58 3.58

I



2 COMBINED AT

HYDROGRAPH AT

HYDROGRAPH AT

HYDROGRAPH AT

oÊ

3.58 3.58

86. 44.
3.58 3.58

38. 20.
3.50 3.50

qq

3.50 3.50

23. L2.
3.58 3.58

.00

.05

FLOW

TIME

FLOW

TIME

Ft ow

TIME

FLOW

TIME

FTOW

TIME

PT1

EX4

.02

.00

*** NORMAL END OF HEC_1 **r
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r FLOOD IIYDROGRÀPlI PÀCKAGE (HEC-l)* ¡lt¡ 1998¡ VERSTON 4.1

r ÀUN DÀtE 28ÀPR03 TIME 14!03!3?

* ****r *+*+r*rr* r

r U,g. ARMI CORPS OF ENGINEERS 'r ßYDRO¡.OGIC ENGINEERING CENTER *
r 609 SECOND STREET* DÀV¡g, CAtrmRNrÀ 95616

' (916) ?56-110{

x
l(

x x xxtoü}o{x xxx xx
xxx*xxx xxxxx xxx xxx x xxxrc(xx

v
xxx

xxxxx x
x

)oü

I

I

THrs PROGI¡U REFIACE9 å¡,¡. PREVfoUg vERs¡oNg OA gEe-1 KNonN As tl8cl (tAN ?3), gECXcg, HECIDB, AND llEclt(W,

TtlE DSFINIT¡ONS oF VARIABI¡BS -RIIUP- ÀND -Rî!OR- HAVã CHAN6ED FROM IHOgE USED ÍITH THE 19?3-8rrfE INPUT STRUCTURE.
Î'TE DEtsINITION OF -AMSKK- ON RU-CÀR.D $ÀS CHÀNGED ¡{¡ÍII REVI9¡ONS DAîSD 28 SEP 81, tIITS IS !¡IE EORTRAN?? VEASIôN
NBÍ oPTroNst DÀ}IBREA¡( oufpLolt SUBMSRGENCE , stNGÈE EvENr DÀ¡{ÀcE cÀr,ctr,ATfoN, DsslnBrrE srÀcE FREeuENcy,
DSSIRE¡TÞ EII'{E SERIÉg ÀT DESIRED CA¡¡CÛúAI¡ÓN ¡NfERVÀ¡ ¡,osg RAÍE3GREEN A¡¡D À¡{Pa INT'ILTRAT¡oN
K¡NE!.'AT¡C WAVE: NEf¡ FTNITE D¡FFERENCE AfJGoRIfH}'

f¡INE

1
2
3
4
5
6
1
I
9

10
11
t2
13
14
15
16
11

19
20
2t

23
24
25
26
27
28
29
30
31
32
33
34

I¡INE

l¡EC-1 TNPUT

HEC-1 INPUÍ

PÀGE 1

ÞÀGE 2

ID
¡D
ID *?

ID *r
lD *!
IO
¡D
ID
ID
ID

ID
I1 500
ro5
¡¡{500
JB PREC 1 .5?

ICÈSTCLIFT DRIVE TO VEGÀS DRIVA
¡NîERIì' CONDTÍION

REÎURN PER¡OD- 
- - -1OO-YEAA,/10-YEAßDISTRIEUTION_ _ _ _ 6-B00ß SDN3

FI¡ENÀ¡{E- 416-ÛI¿T.ü1
DAAE ¡.IODELED OÁ125,/A3
!{oDELEDBY_llllnun

,108 .!24
,r42 .148
,204 ,2L4
.283 ,295
.8L2 .819
,926 .931
,993 ,993

.130 .130 .130

.158 .772 .181

.229 .24r .24E

.322 .i52 ,409

.835 .851 .886

.9s0 .970 ,97ç

.994 .995 ,998

KK rrf,rl
ÀÀ .00?86
PE 2,77
PC .000 ,020 .057 .A70 .08?
PC .130 .130 .130 .133 .140Fe ,190 .791 .199 ,200 .20L
?c ,25r .256 .270 .218 .28LPc ,499 .590 .1tO ,744 .781PC .860 .868 .8?6 ,888 .910
PC .gA2 .985 .98? .989 .990PC .998 .999 1. OO
frs 0 98
uD o.13?

KK fNfz
BÀ ,04489
!s094
uD 0.!27

KK PT1
Xt{ COI{BINE SUBBA5INS U!11 ÀND I'I,f2
Ìtc

I

I

35
36
37
38

39
4A
41

42
¿3
44
45

46
41
48
{9

50
51
52

I

I

I

I

KK uf¡T3
BA .004?7
t¡s 0 98
uD .061

KK INT4
BÀ .01058
¡.s 0 94
uD .077

KK PÎ2
KM COMB1NE SSÞBÀSINS UúT3 AT¡D U¡JT4
l¡c 2



I

"t

I

I

I

I

I

I

I

I

I

I

I

I

I

'l

I

I

I

BÀ
LS
UD

KK
BÀ
l,s
UD

KK
BÀ
LS
t,D

KK
X¡i!

Itc

54
55
56

57

59
60

61
62

64

65
66
67

68
69
10
7L

.00ss6
0

.062

ur,T6
,00489

0
.089

¡r¡¡17
,00705

.LzL

PT3
COUBINE SUBBÀgXNS UI16 ÀND T'I¡17t

KI( Ìr¡,r8
BA .01198
!s096
uD ,136

?,2

SCiEMAtIC DIAGRÀI.' OF SÍREAI.t NETNORK
¡XPUT
I¡INE

NO.

22

35

39

42

46

50

53

57

61

65

68

(v) RourlNG

(.) CoNNEC?OR

uf¡T1.

. tN12

. u¡tg

(--->l DMRSTON OR PLMP ef¡ots

(<---) RETURN OF DIVERTED OR PUT,|PED EIOII

INT4

gr2.,..........

. ÛLTs

. U¡JI6

-ULT7

u1,!8

(***) ßtNoFF AI,SO COùtprrtED ¡[ TBIS IOCÀIION
1*****r********r ********r*

' I"&OOD ¡ÍYDROG&ÀPH PÀCKACE (HEC-1)+ ,fuN 1998* VEES¡ON 4.1 ,
r RIr¡¡ DÀTB 28ã,P8,03 TtltE 74.O3r3i

* U.S. ÀRMY CORPS OF ENdTNEERS* TIYDROIOGIC ENGINEERING CENTER
* 609 SECOND SÍREEÎ
* DÀV!S, CÀr,rFOANrÀ 95616
* (916) ?56_1104

ÞURÀNGO DRIVE
¡{ESîCLIFF DR¡VE TO VEGÀS DRIVE

¡NTSRIM CONDTT¡ôN

RETURN PERxoD- 
- - -1OO-ÍEAR/10-YEARDISTRTBUIION- - - 6-HOUR SDN3

P¡I¡ENÀ¡4E 416-ULT.H1
oare uooEaEol - - - o4¡2sto3
MODEÍ.ED BY RI'R

L9 IO

1T

OUf PUT qONTROIJ VARIÀ¡'I¿ES
IPRNT 5
IPIOÍ 0
oscafJ 0.

TIYDROCÀåPI¡ TrMÈ DATÀ
N!{IN 5

¡DATE 1 Otr¡uE 0000Ì¡Q 300

PBINT COÑÎRO',
P¡OT CONIROI.
¡¡YDROGÀAPII PIO1 SCÀLE

MINUÎES IN CO¡.'PUTATION TNf ERVÀI.
ctARl¡NG DÀrE
STARIING TIME
NUMã88, OF HIDROGSÀÊH OS,DINAtrES



NDDAÎE
NÛTfI.IE

ENGLISII UNIÎS
DRÀINAGE ÀREA

STOBÀGE VOTJ'UE
SURTÀCE ÀREA
TEMPERÀlURE

2 O ENDINC DÀ18
OO55 ENDING ÎIUE

¡cENl 19 CENTO¡,Y l.tÀRK

COMPUTÀTION INTERVA¡J .08 HOURS
îOTÀL ÎIME BASE 24.92 TIOU¡,S

SOUARE MIÍJES
PRECIP¡ÎAÎION DEPTH ¡NCIIES
IENGTH, EIJEVÀTION FEEÎ
Ftoll CUBIC FEET pER SECOND

.tP MUI.TI-PI,ÀN OPTION
NPLÀN 1 NT'UBER OF PI,ANS

lfqLTI-RÀTTO OPTION
RATIOS OE PRECIPITATION

1,00 ,57

PEAK FLOW AND SÎÀGE (END-OT'-PERIOD} SUMMÀAY FOR !.ÍUI.TIPÍ,E PLÀN-RAUO ECONOMIC COMPUTATIONS
FJOIS rN CUB¡C FEEÎ pER SECOND, ÀREA IN SoUARE lrltrEs

ÀCRE-FEET
ÀCRES
DEGREES FÀ¡IRENHEIÎ

FLO¡I
TI!.IE

raofl
TIME

fLow
TI}'E

mofl
IIME

FLOlI
lIME

FI]OW
TlME

StoH
rIME

FLON
1I¡.TE

FLOW
TIME

ELOf{
TIUE

FLOII
I:ME

3,50 3.50

10. 6,
3 ,50 3.50

!2. 6.
3.58 3.58

22, 11.
3.50 3,50

2!. 11.
3,58 3.58

OPERÃTION

IIYDROGB.APII ÀT
+-

¡IYDROGRAPH A1
+

2 COI.IBINED À1
+

HYDROGRÀPH ÀT
+

HYDROGRÂPII ÀT
+

2 COMBTNED ÀT
+

TIYDROGRÀPH ÀT
+

IIYDROGRÀPII AT
+

HYDROGBåPII A1
+

2 COMBINED AT
+

HYÐRO6RÀPH ÀT
+

STÀTION

rfME 1O PEAK IN IIOURS

RATIOS APPLIED TO PRECIPITÀTION
&ATTO 1 &ATIO 2

1.00 .57

15. 8.
3.58 3.58

11 . 38.
3,58 3.58

91. 46.
3 .58 3.58

10, 6.
3.50 3.50

2L, 10.
3.50 3.50

31. 16.
3.50 3.50

L2. 6.

*** NORMÀI¡ END OF HEC.1 ***
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* EIOOD IIYDROGRAPIÍ PACKAGE '(HEC-l}
* JUN 1998* vÈRsroN 4.1

* RttN DÀ]IE 28ApR03 T¡ME 13¡01¡02

fD r!
1ó *!

r**r***t¡rr*ir*iirrar**ta*rrtrrrtrrr**a

* U.S. AR¡{Y CORSS OF ENGÍNEERSr NYDRO¡¡OCIC ENGINEÉRÍÑG CENTER
r 609 SECOND SlRSEf
r DÀvrs, cA¡,r8oRN!À 95616* (916) ?56-110{

r * * * t ******t ** r¡r * * **** r, * ri** * t t rt t*i¡

I

x x xxx¡coo( lo<xxx xx xx x x xxx xx x x
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+

ÞT1

UTJT3

ULT4

P'T2

T'LT5

ULT6

uLr?

Pt3

gLTS

F!OH
fIME

FLOW
ÍruE

FI¡OII
TII'IE

FLOII
T¡ME

FLOW
rI}'E

ELO}I
TIME

FI,OII
T¡!'ÍE

FLOII
TIME

FLOIf
TIME

FLOW
TIME
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3.58 3.58
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3.50 3.50

15, 6.
3.50 3.50

26. 72,
3,50 3.50

12, 6.
3.50 3.50

10. 6.
3.50 3.50

6.
3,58 3.58

22. 11.
3.50 3.50

2r. 11.
3.58 3.58
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Hydraulics
Sfreef Flow Calculations

Drop lnlet Catcìlat¡ons
Normal Depth Calculations For Storm Drain
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Project Description

lnput Data

Slope 0.015000 fUfr

Discharge 84.00 cfs

Options

I Crrrent Roughness Method lmproved Lotteis Method

I Open Channel Weighting Method lmproved Lottefs Method
Closed Channel Welghting Methor Horton's Method

_ Worksheet SECTA-WEST(1oo

I ffow Element lrregular Channel
I uetnod Manning's Formula

Solve For Channel Depth

Mannings Coefficient 0.016

I Water Surface Elevation 0.86 ft

I ef"vation Range O.OO to 1.39

' FlowArea 14.9 ft2

Wetted Perimeter 42.3446 ft
I roD Wdth 41.5304 ftI
I Actual Depth 0.86 ft

Critical Elevation 1.01 ft

I Critical Slope 0.004886 ft/ft

I Velocity 5.66 fl/s
I V"locity Head O.5O fr

Specific Energy 1.36 fr
I froude Number 1.67

I ffow Type Supercritical

¡ Calculation Messages:

I 
Water elevation exceeds lowest end stat¡on by 0.26060854 fi.

Roughness Segments

Start End Mannings
Station Station Coefficient

1+00.00 1+50.00 0.016

Natural Channel Points

Station Elevation
(ft) (ft)

I

I

I

I

I

1+00.00 0.6000
1+05.00 0.5000
1+05.50 0.5000

l+05.50 0.0000
1+07.00 0.1300
1+07.00 0.1700

Project Engineer: GCW USER

o:\412-416\drainage\calc\416-strts.fm2 G. G, Wallace lnc FlowMaster v6.1 [614n1

I o+tz9l03 07:18:32 AM @ Haestad Methods, lnc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1 666 Page I of 2

I

I
I



I

I

I

I

sEcT A WEST (100-YEAR)
Worksheet for lrregular Ghannel

Natural Channel Points

Stat¡on Elevation
(ft) (fr)

1+43.00 0.8900
1+43.00 1.3900

I +50.00 1.3900

I

I

I

I

I

I

I

I

.I

I

I

I

I 
Proiect Engineer: GCW usER

o:\412-416\drainage\calc\416-strts.frn2 G. C. Wallace lnc FlowMastervo.l [614n1

" I 
o4l2slo3 07:18:32 AM @ Haestad Methods, lnc. 37 Brookside Road Waterbury, cT 06708 USA (203) 755-1666 Page 2 o1 2

I
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Cross Section
Gross Section for lrregular Ghannel

Prolect Description

Worksheet

Flow Element

Method
Solve For

SECTA-WEST(10O
lrregular Channel
Manning's Formula

Channel Depth

Section Data

Mannings Coefficient

Slope
Water Surface Elevation
Elevation Range
Discharge

0.016
0.015000

0.86
0.00 to 1.39

84.00

1.4000

1.2000

1.0000
0.8000

0.60

0.4000

0.2000
0,0000

1+00.00 1+10.00

o:\41 2-41 6\drainage\calc[41 6-strts.fm2
O4l29lO3 O7:18:39 AM @ Haestad Methods, lnc.

l+20.00 1+30.00 1+40.00 1+50.00

fr/fr

fr

cfs

I

I

I

I

I

I

I

G. G. Wallace lnc

V:10.0 \
H:1
NTS

Project Engineer: GCW USER
FlowMaster v6,1 [614n1

I

37 Brooksidê Road Wâterbury, CT 0670g USA (2o3) 755-1666 Page I of 1



sEcT A-EAST (1oo-YEAR)

Worksheet for lrregular Channel

Project Description

Worksheet

Flow Element
Method

Solve For

sECTA-EAST(100)
lrregular Channel
Manning's Formula

Channel Depth

lnput Data

Slope 0.015000
Discharge 7.5O

fl/ft
cfs

Options

Current Roughness Method
Open Channel Weighting Method

Closed Channel Weighting Metho'

lmproved Lottefs Method

lmproved Lottefs Method
Horton's Method

Results

Mannings Coefficient
Water Surface Elevation
Elevation Range

Flow Area
Wetted Perimeter
Top Width
Actual Depth
Critical E¡evation

Critical Slope
Velocity
Velocity Head

Specific Energy
Froude Number
Flow Type

0.016

0.44 ft
0.00 to 1.39

2.3 ftz

15.2536 ft
14.7699 fr

0.44 ft
0.49 ft

0.006876 fr/ft
3.24 tlls
0.16 fr

0.60 fr

1.44

Supercritical

Roughness Segments

Start
Station

End Mannings
Station Coefficient

I +00.00 1+50.00 0.016

Natural Channel Points

Station
(fr)

Elevation
(ft)

1+00.00
1+05.00

1+05.50
1+05.50
I +07.00

1+07.00
l+43.00
1+43.00
1+50.00

0.6000
0.5000

0.5000
0.0000

0.1 300

0.1700
0.8900
1.3900
1.3900

o:\41 2-41 6\drainage\calc\41 6-strts.fm2
O4l2AAg 07:25:36 AM O Haestad Methods, tnc.

G. C. Wallace lnc
37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: GCW USER
FlowMaster v6.1 [614n]

(2O3) 7s5-1666 Page 1 of 1



sEcT A-EAST (roo-YEAR)
Cross Section for lrregular Channel

ProJect Description

Worksheet

Flow Element
Method
Solve For

SEoTA-EAST(100)
lrregular Channel
Mannlng's Formula

Channel Depth

Section Data

Mannings Coefficient 0.016
Slope 0.015000 ff/fi
Water Surface Elevation 0.44 ft
Elevation Range
Discharge

0.00 to 1.39

7.50 cfs

1.4000

1.2000

1.0000
0.8000
0.60

0.4000
0.2000
0.0000

1+00.00 1+ 10.00

o:\4'l 2-41 6\drainage\calcù41 6-strts.fm2
ø4l23l0g O7:2elog AM @ Haestad Methods, lnc.

1+2CI.00 1+30.00 1+40.00 1+50.0 0

V:10.0 \
H:1
NTS

G. C. Wallace lnc
37 Brookside Road Waterbury, cT 06708 USA

Project Engineer: GCW USER
FlowMasterv6.r [614n]

(203) 7s5-r666 Page 1 of I



! sEcT B (100-YEAR) (3/4 OF SUBBASTN ULT3)
Worksheet for lrregular Channel

Project Descriptlon

I Worksheet SECTB(100)

! now Element lregular Channel
I Method Manning's Formula

Solve For Channel Depth

lnput Data

Slope 0.004000 fl/fr
Discharge 8.00 cfs

Options

Current Roughness Method lmproved Lotter's Method
Open Channel Weighting Method lmproved Lotte¡'s Method
Closed Channel Weighting Methor Horton's Method

Mannings Coefficient 0.016

I eter Surface Elevation 0.44 fr

I Elevation Range 0.00 to 1.39

Flow Area 4.7 lt?

. W"tted Perimeter 30.9016 ff

I Top Wdth 293264 fr.

I Actual Depth 0.44 fr
Critical Elevation 0.40 ft

I CriticalSlope 0.007479 ft/ft

I Veloc¡ty 1.68 fUs

Velocity Head 0,04 fr
_ Specific Energy 0.48 fr

I froude Number 0.75
I Row Type Subcritical

¡ Calculation Messages:

I 
Flow is divided.

Roughness Segments

Start End Mannings
Station Stat¡on Coefficient

1+00.00 2+00.00 0.016

Natural Channel Points

Station Elevation
(ft) (fr)

1+00.00 0.6000
1+05.00 0.5000
1+05.50 0.5000
1+05.50 0.0000
1+O7.OO 0.1300
1+07.00 0.1700

I o:\412-416\drainage\calc\416-strts.fm2 G. C. Waltace lnc 
Proiect€ngineeffii 

i.ì:ñ
I O4123/O3 08:44:43 AM @ Haestad Methods, lnc. 37 Brooks¡de Road Waterbury, CT 06708 USA (203) 755-1666 Page 1 of 2

I

I
I



sEcT B (100-YEAR) (3/4 OF SUBBASIN ULT3)

Worksheet for lrregular Channel

Natural Channel Points

Station Elevation
(fr) (ft)

1+43.00

1+43.00
1+50.00
1+57.00
1+57.00

1+93.00
1+93,00
1+94.50
1+94.50
1+95.00

2+00.00

0.8900
1.3900

1.3900

1.3900

0.8900
0.1700
0.1300
0.0000

0.5000
0.5000

0.6000

o:\41 2-41 6\drainage\calc\41 6-strts.fm2
A4l23log 08:44:43 AM @ Haestad Methods, lnc.

G. C. Wallace lnc
37 Brookside Road Waterbury, CT O67Oe USA

Project Engineer: GGW USER
FlowMaster v6.1 [614n]

(2O3) 75s-1666 Page2oÍ 2
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sEcT B (1oo-YEAR)
Gross Section for lrregular Channel

Project Description

. Worksheet SECTB(100)

I fbw Element lregular Channel
I Method Manning's Formula

Solve For Channel Depth

I
I s""tion Data

Mannings Coefficient 0.016

I Snpe O,0O4OOO ñ/ft

| *"ter Surface Elevation 0.44 t
Elevation Range 0.00 to 1.39

- r Discharge1-
I

'f

I

_ I 1.4ooo

0.8000

I 0.4000

I o.oooo

8.00 cfs

1+00.00 1+20.00 1+40.00 1+60.00 1+80.00 2+00.00

I

I

I

I

I

,l

V:1 0.0 \
H:1
NTS

Project Engineer: GCW USER' o:\412-416\drainage\calc\416-strts.fm2 G. C. Wallace lnc FlowMaster v6'1 [614n1

I o¿tz3lo3 08:44:53 AM @ Haestad Methods, tnc. 37 Brookside Road Waterbury, CT o67os USA (203) 755-1666 Page 1 of 1

I

I
I

J L

r -\



I

I

I

I

I

I

I

I

I

I

I

I

l

I

I

I

I

I

I

Project Description

sEcT c - WEST (100-YEAR) SUBBASTN ULTT PLUS l/2 ULT6

Worksheet for lrregular Channel

sEcTc-wEsT(100
lrregular Channel
Manning's Formula

Channel Depth

Worksheet
Flow Element

Method
Solve For

lnput Data

Slope 0.004000
Discharge 17.00

frttt
cfs

Options

Current Roughness Method

Open Channel Weighting Method
Closed Channel Weighting Metho,

lmproved Lotteds Method
lmproved Lotte/s Method

Horton's Method

Mannings Coefficient
Water Surface Elevation
Elevation Range

Flow Area
Wetted Perimeter
Top Width
Actual Depth

Critical Elevation

Critical Slope
Velocity
Velocity Head

Specific Energy
Froude Number
Flow Type

0.016
0.66 ft

0.00 to 1.39

7.6 ft2

32.2138 ft
31.6003 ft

0.66 fr
0.62 ft

0.006372 fuft
2.24 frls
0.08 ft
0.74 ft
0.81

Subcritical

Calculation Messages:
Water elevation exceeds lowest end station by 0.62005228e-1 ft.

Roughness Segments

Mannings
Coefficient

1+00.00 l+50.00

Natural Channel Points

Start End
Station Station

Stat¡on Elevation
(ft) (fr)

'l+00.00

1+05.00
1+05.50

1+05.50
1+07.00
1+07.00

0.6000

0.5000
0.5000
0.0000

0.1300
0.1700

o:\41 2-41 6\dra¡nage\calc\41 6-strts.fm2
O4l23lgg 08:49:37 AM @ Haestad Methods, lnc.

G. C. Wallace lnc
37 Brooks¡de Road Waterbury, CT 06708 USA

Projec{ Engineer: GCW USER
FlowMaster v6.f [614n1

(203) 755-1666 Page 1 ol 2



sEcT c - WEST (100-YEAR) SUBBASTN ULTT PLUS 1/2 ULT6

Worksheet for lrregular Ghannel

Natural Channel Points

Station Elevation
(fr) (ft)

1+43.00 0.8900

1+43.00 1 .3900

1+50.00 1 .3900

I

I
I

I
Project Engineer: GCW USER

o:\412-416\dra¡nage\calc\416-strts.frn2 c, C. Wallace lnc FlowMaster v6.1 [614n]
I OCIZ3IO3 08:49:37 AM @ Haestad Methods, lnc. 37 Brookside Road Waterbury, CT 0670g USA (2o3) 755-1666 Page2 oÍ 2

I

I



cRoss sEcTtoN c WEST (íoo-YEAR)
Gross Section for lrregular Channel

Project Descrlption

Woksheet
Flow Element
Method
Solve For

sEcTc-wEST(100
lrregular Channel
Manning's Formula

Channel Depth

Section Data

Mannings Coefücient

Slope
Water Surface Elevation

Elevation Range
Discharge

0.016
0.004000' 

0.66
0.00 to 1.39

17.0O

1.4000

1.2000

1.0000
0.8000
0.60

0.4000
0.2000
0.0000

1+00.00 1+10.00

oi\41 2-41 6\drainage\câlc\.41 6-strts.fm2
O4l23lO3 08:50:Og AM @ Haestad Methods, lnc.

1+20.00 1+30.00 1+40.00

G. C. Wållace lnc
37 Brookside Road Waterbury, CT 06708 USA

1+50.00

V:10.0 \
H:1
NTS

ProJect Engineer: GCW USER
FlowMasterv6.l [614n1

f,/ft
ft

cfs

I

I

(203) 755-1666 Page I of I



SEGT D
Worksheet for lrregular Ghannel

\oo-1€ac
Project Description

Worksheet
Flow Element
Method

Solve For

SECTD
lrregular Channel
Manning's Formula

Channel Depth

lnput Data

Slope 0.034000
D¡scharge 2.00

iuft
cfs

Options

Current Roughness Method

Open Channel Weighting Method

Closed Channel Weighting Metho,

lmproved Lotte/s Method
lmproved Lotte¡'s Method

Horton's Method

Results

Mannings Coefficient
Water Surface Elevation
Elevation Range
Flow Area

Wetted Perimeter

Top W¡dth

Actual Depth

Critical Elevation

Critical Slope

Velocity
Velocity Head

Spec¡f¡c Energy

Froude Number
Flow Type

0.016
0.23

0.00 to 1.39

0.7

9.6352
9.0811

0.23

0.28
0.008931

2.93
0.r 3

0.36
1.89

Supercritical

ft"

ft
fr

fr
ft
'fttft

fVs

fr

ft

Calculation Messages:
Flow is divided.

Roughness Segments

Start
Station

End Mannings
Station Coefficient

1+00.00 2+00.00 0.016

Natural Channel Points

Station
(fr)

Elevation
(ft)

1+00.00

1+05.00
1+05.50
1+05.50

1+07.00
1+07.00

0.6000
0.5000

0.5000
0.0000

0,1 300
0.1 700

o:\41 2-41 6\drainage\calc\41 6-strts.fm2
O5lollO3 03:59:43 PM @ Haestad Methods, lnc.

G, c. wallace lnc
37 Brooksíde Road Waterbury, CT 06708 USA

Project Engineer: GCW USER
FlowMaster v6.1 [614n]

(2O3) 755-1666 Page 1 of2



.l sEcr D

Worksheet for lrregular Ghannel

I

I

Natural Channel Polnts

Station Elevation
(fr) (ft)

1+43.00 0.8900

1+43.00 1.3900

I 1+so.oo L39oo

I r +sz.oo 1.3900

1+s7.00 0.8900

I 1+93.00 0.1700

I 1+93,00 0.1300
| 1+94.50 o.oooo

1+94.50 0.5000

| 1+es.oo o.sooo

| 2+00.00 0.6000

I

I

I

I

I

I

I

I

I

I

I
q\412-410\drainase\catc\416-strts.rmz c. c.wa¡tace tnc "t""f,ffiüil:åilåìiñ i

" I 
o5rc1rc3 03:59:43 PM @ Haestad Methods, lnc. 37 Brookside Road waterbury, cT o67os USA (203) 755-1666 Pagêz oÍ 2

I



I

I

SEGT D
Gross Section for lrregular Channel

Project Description

Worksheet SECTD

I ffow Element lrregular Channel
I Method Manning's Formula

Solve For Channel Depth

t_
I S".tion Data

Mannings Coefficient 0,016

I Slope 0.034000 fr/ft

I Water Surface Elevetion 0.23 fr
Elevation Range 0.00 to 1.39
Discharge

I

I

I

I

I 
1.4000

0.8000
'r 0.4000

I o.oooo

2.00 cfs

J L
-Y -ï

1+00.00 1+20.00 1+40.00 1+60.00 1+80.00 2+00.00

V:10.0I

I

I

I

I

I
o:\412-416\dra¡nage\catc\416-strts.ftn2 G. c. wat¡ace tnc 

tt"'""5,ff1ü::l;:tr 
Ëìif;

: I 
ostolto3 o3:5e:56 PM @ Haestad Methods, lnc. 37 Brookside Road Wâterbury, CT 06708 USA (203) 755-1666 Pase 1 of 1

I



.I
sEcT A-WEST (r o-YEAR)

Worksheet for lrregular Channel

Project Description

lnput Data

Slope 0.015000 fVft

Discharge 42.00 cfs

Options

I Crrrent Roughness Method lmproved Lotter's Method

I OOen Channel Weighting Method lmproved Lotte¡'s Method

Closed Channel Weighting Metho' Horton's Method

_ Worksheet SECTA-WEST(10)

I t'ow Element lrregular Channel
I n¡etnoo Manning's Formula

Solve For Channel Depth

Mannings Coefficient 0.016

' I Vvater Surface Elevation 0.71 ft
I etevation Range 0.00 to 1.39r FlowArea 9.0 ff

Wetted Perimeter 34.4495 ft

I top Width 33.7917 fr

I ndualDepth 0.71 ft
Critical Elevation 0.81 ft

I Critical Slope 0.005541 fUñ

I Velocity 4.66 fUs
I V"loc¡ty Head 0.34 ft

Specific Energy 1.04 ft

I froude Number 1.59

I Flow Type Supercritlcal

¡ Calculation Messages:

I 
Water elevation exceeds lowest end station by 0.10583432 fr.

Roughness Segmentç

Start End Mannings
Station Station Coefficient

1+00.00 1+50.00 0.016

Nâtural Channel Points

Station Elevation
(ft) (ft)

1+00.00 0.6000
1+05.00 0.5000

| 1+os.so o.sooo
I r +os.so o.oooo

1 +07.00 0.1300
1+07.00 0.1700

Projec{ Engineer: GcW USER

o:\412-416\drainage\calc\416-strts.fm2 G, C. Wallace lnc FlowMaster v6.1 [6f 4n]

O4t2SlOA O7i17i4A AM @ Haestad Methods, lnc. 37 Brookside Road Waterbury, CT 06708 USA (2O3) 755-1666 Page 1 of 2



sEcT A-WEST (ro-YEAR)
Worksheet for lrregular Channel

Natural Ghannel Points

I

I

Station Elevation
(ft) (fr)

1+43.00 0,8900
1+43.00 1 .3900

1+50.00 1 .3900

I

I

I

I

I

I

I

I

I
Projec't Engineer: GCW USER

- o:\412-416\dralnage\calc\416-strts.fm2 G. C. Wallace lnc FlowMaster v6.1 [614n]

I 
oål2slog a7:fli48AM @HaéstadMethods, lnc. STBrooksÍdeRoad Waterbury,CTo6ToBUSA (2o3)7s5-1666 Page2ot2

I



I

I

sEcT A-WEST (1o-YEAR)
Gross Section for lrregular Channel

Projec-t Description

I

I

I

I

I

I

I

I

I

I

I

Worksheet
Flow Element
Method

Solve For

$ECTA-WEST(10)
Irregular Channel
Manning's Formula
Channel Depth

I

Seclion Data

Mannings Coefficient
Slope
Water Surface Elevation

Elevation Range

Discharge

0.016
0.015000 fufi

0.71 fr.

0.00 to 1.39

42.00 cfs

1.4000

1.2000

1.0000
0.8000

0,

0.4000
0.2000
0.0000

1+00.00 1+10.00

o:\41 2-41 ô\dra¡nage\calc\41 6-strts.fm2
O4l29lO3 07:17:56 AM @ Haestad Methods, lnc.

I +20.0 0 1+30.00

G. C. Wallace lnc
37 Brooks¡de Road Waterbury, CT 06708 USA

1+40.00 1+50.0 0

I

I

V:1 O.O \
H:1
NTS

Project Engineen GCW USER
FlowMaster v6.1 [614n¡

I

(2o3) 755-1666 Page 1 of 1



sEcT B (10 -YEAR) ( 5/6 OF SUBBASTN ULT3)
Worksheet for lrregular Channel

Project Descr¡ption

Worksheet
Flow Element
Method

Solve For

sEcTB(10)
lnegular Channel
Manning's Formula

Channel Depth

lnput Data

Slope 0.004000 fVft
Discharge 5.00 cfs

Options

Current Roughness Method

Open Channel Weighting Method
Closed Channel Weighting Metho'

lmproved Lotter's Method
lmproved Lotte¡'s Method

Horton's Method

Results

Mannings Coefficient
Water Surface Elevation
Elevation Range
Flow Area

Wetted Perimeter
Top W¡dth

Actual Depth
Critical Elevation
Critical Slope
Velocity
Velocity Head
Specific Energy
Froude Number
Flow Type

0.016
0.39 ft

0.00 to 1.39

3.3 ft?

2s.5668 ft
24.6973 ft

0.39 fr

0.35 ft
0.007957 fvfr

1.51 fl/s
0.04 ft
o,42 tt
0.72

Subcritical

Calculation Messages:
Flow is divided.

Roughness Segments

Start
Stat¡on

End Mannings
Station Coefficient

I +00.00 2+00.00 0.016

Natural Channel Points

Station
(ft)

Elevation
(ft)

l+00.00
1+05.00
1+05.50
1+05.50

1+07.00
1+07.00

0.6000

0.5000
0.5000

0.0000
0.1 300
0.1 700

o:\41 2-41 6\drainage\calc\41 6-strts.fm2
05/01/03 O3:18:1O PM @ Haestad Methods, lnc.

G. C. Wallace lnc
37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: GCW USER
FlowMaster v6.l [614n]

(203) 755-1666 Page 1 of2



I ¡ sEcri::[T:åü:i,.ïr,"','.îåî:luLr3)

I

I

Natural Channel Points

Station Elevation
(ft) (fr) 

;

1+43.00 0.8900
l+43.00 1.3900

I l+50.00 1,3900

I r+sz.oo 1.s9oo

1+57.00 0.8900

I 1+93,00 0.1700

I 1+93.00 0.1300
| 1+94.s0 o.oooo

1+94.50 0.5000
- I 1+95.00 0.5000

I 2+oo.oo 0.6000

I

I

I

I

I

I

I

I
Project Engineer: GCW USER

o:\412-416\dra¡nage\calc\416-strts.fm2 c. C. Waltace lnc FlowMaster v6.f [614n1

-l 
O5/01/o3 O3:18:1OPM @HaestadMethods, lnc. 3TBrooksideRoad Waterbury,CT06T08USA (2o3)755-1666 Pagezor2

I



I

I

sEcT B (1o-YEAR)
Gross Section for lrregular Ghannel

Project Description

Worksheet SECTB(1o)

I ffow Element lrregular Channel

I Method Manning's Formula
Solve For Channel Depth

t_
I S""tion Data

Mannings Coefficient 0,016

I Slope 0.004000 fr/ft

| *"ter Surface Elevation 0.39 ft
Elevation Range 0.00 to 1.39

t-
I

tl

I

| 
1.4000

0.8000

I 3:;:::

5.00 cfs

t

1+00.00 1+20.00 1+40.00 1+60.00 1+80.00 2+00.00

I

I

I

I

I

I

V:10.0\
H:1
NTS

Project Engineer: GCW USER
o:\412-416\drainage\calc\416-strts.fm2 G. C. Waltace lnc FlowMaster v6'1 [614n1

- l 
oslo'llos 03:18:23 PM @ Haestad Methods, lnc. s7 Brookside Road Waterbury, CT o67os USA (2og) 755-1666 Page 1 of 1

I



I

!

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

Project Description

sEcT c -wEsT (1o-YEAR) SUBBASTN ULTT PLUS 1/2 ULT6
Worksheet for lrregular Channel

sEcTc-wEsT(10)
lrregular Channel
Manning's Formula
Channel Depth

Worksheet
Flow Element
Method

Solve For

lnput Data

Slope 0.004000
Discharge 9.00

fl/ft
cfs

Options

Current Roughness Method
Open Channel Weighting Method

Closed Channel Weighting Metho,

lmproved Lotte/s Method
lmproved Lotte/s Method

Horton's Method

Mannings Coefficient
Water Surface Elevation

Elevation Range
Flow Area
Wetted Perimeter
Top Width
Actual Depth
Critical Elevation
Critical Slope
Velocity
Velocity Head
Specific Energy
Froude Number
Flow Type

0.016
0.56 fr

0.00 to 1.39
4.7 frz

25.1683 fr
24.6181 ft

0.56 t
0.52 fr

0.006805 ft/ft
1.92 fr/s
0.06 ft
0.62 ft
0.77

Subcritical

Roughness Segments

Start End
Station Station

Mannings
Coeff¡cient

1+50.00 0.016

Natural Channel Points

Station Elevation
(ft) (ft)

1+00.00
1+05.00
1+05.50
'l+05.50

1+07.00

1+07.00
1+43.00
1+43.00

1+50.00

0.6000
0.5000

0.5000
0,0000
0.1300

0.1700
0.8900

1.3900
1.3900

o:\41 2-41 6\drainage\calc\41 6-strts.fm2
O4l23lO3 08:51:OA AM @ Haestad Methods, lnc.

G. G, Wallace lnc
37 Brookside Road Waterbury, CT O67Oe USA

Project Eng¡neer: GCW USER
FlowMasterv6.l [614n1

I

(203) 75s-1666 Page 1 of 't



I

I

cRoss sEcTroN c wEsr (ío-YEAR)
Gross Section for lrregular Ghannel

Project Description

Worksheet
Flow Element
Method

Solve For

sEcTc-wEST(10)
lrregular Channel
Manning's Formula

Channel Depth

Section Data

Mannings Coefficient 0.016
Slope 0.004000
Water Surface Elevation 0.56

ft/f,
ft

c'fs

Elevat¡on Range

Discharge
0.00 to 1.39

9.00

1.40 00

1.2000

1.0000
0.8000

I

I

0.60

0.4000

0.2000
0.0000

1+00.00

o:!+1 2-41 6\drainage\calc\41 6-strts.ñî2
O4l23lO3 08:51:22 AM @ Haestad Methods, lnc;

1+10.00 1+20.00 1+30.00 1+40.00 1+50.00

V:10.0\
H:1
NTS

I

I

G. C. Wallaco lnc
37 Brooks¡de Road Waterbury, CT 06708 USA

Project Engineer: GCW USER
FlowMaster v6.1 [614n]

I

(2o3) 755-1€66 Page 1 of 1



sEcr E - WEST (1o-YEAR, 112 ULTT)
Worksheet for lrregular Channel

Project Description

Worksheet
Flow Element

Method
Solve For

SECTE-WEST(10)
lrregular Channel
Manning's Formula

Channel Depth

lnput Data

Slope 0.005000
Discharge 3.00

fl/ft
cfs

Options

Cunent Roughness Method

Open Channel Weighting Method

Closed Channel Weighting Metho,

lmproved Lotter's Method

lmproved Lotteis Method

Horton's Method

Results

Mannings Coefficient
Water Surface Elevation
Elevat¡on Range

Flow Area
Wetted Perimeter
Top Width
Actual Depth

Critical Elevation

Critical Slope

Velocity
Velocity Head

Specific Energy
Froude Number

Flow Type

0.016
0.39

0.00 to 1.39

1.8

13.1584

12.7162
0.39
0.37

0.007768
1.71

0.0s
0.44
0.81

Subcritical

ÍP

fr

ñ
ft
ft
fvft
fl/s
fr
ft

Roughness Segments

Start
Station

End Mannings
Station Coefficient

1+00.00 1+50.00 0.016

Natural Ghannel Points

Stat¡on Elevat¡on
(ft) (ft)

1+00.00
1+05.00
1+05.50

1+05.50
1+07.00

1+07.00
1+43.00

1+43.00
1+50.00

0.6000
0.5000
0.5000

0.0000
0.1300
0.1700

0.8900
1.3900

1.3900

o:\41 2-41 6\dra¡nage\calc\41 6-strts.fm2
OS|OAO3 08:1 O:25 AM @ Haestad Methods, lnc.

G. c. wallace lnc
37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: GCW USER
FlowMaster v6.l [614n]

(203) 755-1666 Pase 'l of 1



I cRoss sEGTtoN E wEsT (1o-YEAR)

Gross Section for lrregular Channel

I

I

Project Description

Worksheet

Flow Element .

Method
Solve For

sECTE-WEST(10)
lrregular Channel
Manning's Formula

Channel Depth

I

I

I

I

I

Section Data

Mannings Coefficient 0.01ô
Slope 0.005000 ñ/fi
Water Surface Elevation 0.39 fi
Elevation Range

Discharge
0.00 to 1.39

3.00 cfs

1.4000

1.2000

1.0000

0.8000
0.60

0.4000
0.2000
0.0000

1+00.00 I + 10.00

o:\41 2-41 6\dra¡nage\calc\41 6-strts.fm2
OS|OAO3 08:10:41 AM @ Haestad Methods, lnc.

I

I

I

V:10.0 \

I

I

I

I

I

G, C. Wallace lnc
37 Brookside Road Waterbury, CT 067Oe USA

1+20.00 1+30.00 1+40.00 1+50.0 0

Project Eng¡neen GCW USER
FlowMasterv6.l [614n]

H:1
NTS

(203) 755-1666 Påge 1 of 1



xI SECT E - EAST (ío-YEAR, 1/2 ULT6)

Worksheet for lrregular Channel

Project Description

, Worksheet SECTE-EAST(10)

I Flow Element lrregular Channel
I u"tttoo Manning's Formula

Solve For Channel Depth

lnput Data

Slope 0.005000 fUft

D¡scharge 3.00 cfs

Options

I Crrrent Roughness Method lmproved Lotter's Method

I Open Channel Weighting Method lmproved Lotte/s Method

Closed Channel Weighting Metho' Horton's Method

Mannings Coefficient 0,016
' I Water Surface Elevation 0.39 fr

I Elevation Range O.OO to 1.39t 
Flow Area 1.8 ftz

Wetted Perimeter 13.1584 ft

I top Width 12.7162 fr.

I ectual Depth 0.39 ft
Critical Elevation 0.37 ft

I Ctitical Slope 0.007768 fl/fr

I Velocity 1.71 ff/st Velocity Head O.O5 fr
Specific Energy 0.44 tt

I froude Number 0.81t
I Flow Type Subcritical

Roughness Segments

Start . End Mannings
Station Station Coefficient

1+00.00 1+50.00 0.016

Natural Channel Points

Station Elevation
(ft) (ft)

1+00.00 0.6000
1+05.00 0.5000
1+05.50 0.5000
1+05.50 0.0000
1 +07.00 0.1300
1+07.00 0.1700
1+43.00 0.8900

1+43.00 L3900
I +50.00 1.3900

Project Engineer: GCW USER

- o:\412-416\dra¡nage\calc\416-strts.fm2 c. C. Wallace lnc FlowMaster v6.1 [614n]

I Ostouog O8i12io4 AM @ Haestad Methods, lnc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666 Page 1 of 1
t
I

II
I



I

I

GROSS SECTTON E EAST (r0-YEAR)
Gross Section for lrregular Channel

Project Description

I

I

I

I

Worksheet

Flow Element
Method
Solve For

SECTE-EAST(10)
lnegular Channel
Manning's Formula

Channel Depth

I

I

I

Section Data

Mannings Coefficient 0.016
Slope 0.005000
Water Surface Elevation 0.39
Elevation Range

Discharge
0.00 to 1.39

3.00

1.4000

1.2000

1.0000
0.8000

0.60

0.4000

0.2000
0.0000

1+00.00 1+10.00

o:\41 241 6\drainage\calc\41 6-strts.frn2
OSlO2lO3 O8:12:23 AM @ Haestad Methods, lnc.

1+20.00 1+30.00 1+40.0 0

G. C. Wa¡laco lnc
37 Brookside Roãd Waterbury, CT 06708 USA

1+50.0 0

V:1 0.0 \
H:1
NTS

Project Engineer: GCW USER
FlowMasterv6.l [614n]

ft/fr

ft

cfs

(2O3) 755-1686 Page 1 of I



I cRoss sEcTloN E EAST (1o-YEAR)

Gross Section for lrregular Channel

I Project Descr¡ption

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

Worksheet
Flow Elemenl

Method
Solve For

SECTE-EAST(10)
lrregular Channel
Manning's Formula
Channel Depth

Section Data

Mannings Coefficient 0.016
Slope 0.005000 fl/ft
Water Surface Elevation 0.39 ff
Elevation Range
D¡scharge

0.00 to 't.39

3.00 cfs

1.4000

1.2000

1.0000
0.8000

0.60

0.4000
0.2000
0.0000

o:\41 2-41 6\dra¡nage\calc\41 6-strts,fm2
O5lO2l03 08:22:53 AM @ Haestad Methods, lnc.

I +00.00 1+10.00 1+20.00 1+30.00 1+40.00 1+50.0 0

G. C, Wallace lnc
37 Brookside lioad Waterbury, CT 06708 USA

V:10.0 \
H:1
NTS

Project Engîneer: GCW USER
FlowMasterv6.l [614n]

I

(203) 755-1666 Page I of 1
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l

I

I

I

I

I

I

I

I
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I

I

3O'' UNDER BICYCLE PATH TUNNEL
Worksheet for Circular Ghannel

ProJect Descr¡ption

I

Worksheet

Flow Element
Method

Solve For

30

Circular Channel
Manning's Formula

Chânnel Depth

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

lnput Data

Mannings Coefficient

Slope
D¡ametêr
Discharge

0.013

0.002500 fl/ft
30 in

10.00 cfs

Depth
Flow Area
Wetted Perimeter
Top Width
Critical Depth

Percent Full

Critical Slope

Velocity
Velocity Head

Specific Energy
Froude Number
Maximum Discharg

Discharge Full

Slope Full
Flow Type

1.23 fr.

2.4 tr
3.89 fr
2.50 ft
1.06 ft
49.3 o/o

0.004284 fuft
4.15 fr/s
0.27 ft
1.50 fi
0.75

. 22.06 cfs
20.51 cfs

0.000594 fr/ft
Subcritical

o:\4'l 2-41 6\drainage\calc\p¡pes.fm2
O5lO4lO3 10:21 :34 AM @ HAestãd Methods, lnc.

G. C.Wallace lnc
37 Brooks¡de Road Waterbury, CT 06708 USA

Project Engineer: GCW User
FlowMastêr v6.1 [614n]

I

(203) 755-1666 Page 1 of I



I

I

30" RCP (BICYCLE PATH TUNNEL)
Gross Section for Circular Ghannel

Project Descriplion

I

I

I

I

Worksheet

Flow Element

Method
Solve For

30

Circular Channel
Manning's Formula

Channel Depth

Section Data

I

I

I

I

I

I

I

Mannings Coefücient
Slope

Depth
D¡ameter
D¡scharge

0.013

0.002500 fr1ft

1.23 ft
30 in

'10.00 cfs

I

I

:l

I

o:\41 2-41 6\dralnage\calc\pipes.fm2
O5lO4lO3 1O:21i57 AM @ Haestad Methods, lnc.

G, C. Wâllace lnc
37 Brookside Road waterbury, cT 0670g usA

30 in

V:f \
H:1
NTS

Project Eng¡neer: GCW User
FlowMasterv6.l [614n1

(2O3) 755-1666 Page 1 of 1



I rB" Rcp rN .,MMERLTN pKvvy (EAsr BouND oNRAMp)
Worksheet for Gircular Ghannel

I Project Description

Worksheet 18

I Flow Element Circular Channel
I n¡etnoa Manning's Formula

Solve For Channel Depth

I lnput Data

Manníngs Coefficient 0-013

I Slone 0.002500 fUfr

I Diameter 18 in

Discharge 3.00 cfs

l-

I nesults

Depth 0.81 ft

, Flow Area 1.0 ft,

I W"tted Perimeter 2.48 ft
I Top Width 1,49 ft

Critical Depth 0.66 ft

I ""rcent 
Full 54.2 Yo

I Critical Slope 0.005129 fl/ft
Veloc¡ty 3.07 fl/s

t Velocity Head 0.15 ft

I Specific Energy 0.96 ft
I Froude Number 0.67

Maximum Discharg 5.65 cfs

I Discharge Full 5.25 cfs

I a,ope Fuil 0.000816 fl/ft
Flow Type Subcriticat

I

I

I

I

I

I
I

I
o:\412-41ô\drainage\calc\pipes.fm2 c, c. wallacê lnc 

Project Eng¡neer: GCW User

| 
;;ÏJi# ?tå,å,.. 

"r 
@ Haestad Methods, tnc. 37 Bfookside Road waterbury, cr 06708 usA (2o3) 755-1 666 

FlowMaster v6J.t?tJx'

I



I

I

18'rcp
Gross Section for Circular Channel

Project Description

Worksheet

Flow Element

Method
Solve For

18

Circular Channel
Manning's Formula
Channel Depth

Section Data

ManningsCoefficient 0.013

Slope 0.002500
Depth 0.81

Diameter 18

Discharge 3.00

o:\41 2-41 6\drainage\calcþipes.frn2
o5lo4lo3 10:24:06 AM @ Haestad Methods, lnc.

G. C. Wallace lnc
37 Brookside Road Waterbury, CT 06708 USA

fvÍl
ft
in

cfs

I

I

I

18 in

V:t\
H:1
NTS

Project Engineer: GGW User
FlowMaster v6.'l [614n]

(2O3) 7s5-1666 Page 1 of 1



I

I

18" RCP tN DURANGO (NORTH OF WESTCLIFF)

Worksheet for Gircular Ghannel

Project Description

Worksheet 18

I ffow Element Circular Channel

I Method Manning's Formula

Solve For Channel Depth

I lnput Data

ManningsCoefficient, 0.0'13

I Slope 0.003000 fl/ft

I Diameter 18 in

Discharge 6.00 cfs

-l

I Resultst_ Depth 1.30 ft

I Flow Area 1.6 ft2

I Wetted Perimeter 3.58 ft
I Top WiOttr 1.03 ft

Cr¡tical Depth 0.95 ft

I P"rcent Full 86.5 %

, I Critical Slope 0.006218 fUft

Velocity 3.69 fr/s

Velocitv Head 0.21 ft
I Spec¡Rc Energy 1.51 ft
I Froude Number 0.52

Maximum Discharg 6.19 cfs

I Discharge Full 5.75 cfs

I StoRe rutt 0.003263 fr/ft
Flow Type Subcritical

I

I

I

I

I

I

I
o:\412-41ô\drainage\calc\pipes.fm2 G, C. Wallace lnc 

ProjectEnginêer:rta:i.Ï;:i

-l 

O5lO4lO3 lO:25:21 AM @HaestadMethods, lnc. 3TBrooks¡deRoad Waterbury,CTO6TOSUSA (2O3)755-1666 Pagelof I

I



l8'rcp
Gross Section for Circular Channel

Project Descr¡ption

Worksheet
Flow Element
Method
Solve For

18

Gircular Channel
Manning's Formula

Channel Depth

Section Data

MannlngsCoefficient 0.013
Slope 0.003000
Depth 1.30

D¡ameter 18

Discharge 6.00

o:\41 2-41 6\dra¡nage\câlc\p¡pes.fm2
O5/O4IO3 lO:25:3o AM @ Haestad Methods, lnc.

G. C. Wallace lnc
37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: GCW User
FlowMaster v6.1 [614n]

fVft
ft
in

cfs

I

I

I

I

I

V:f \
H:1
NTS

I

I

I

I

(2O3) 755-1666 Page 1 of I



I 18" RCP tN DURANGO DRTVE (BETWEEN WASHTNGTON AND VEGAS DRIVE)

Worksheet for Gircular Channel

Project Description

Worksheet
FIow Element

Method
Solve For

18

Circular Channel
Manning's Fornula
Channel Depth

lnput Data

Mannings Coefficient

Slope
Diameter

Discharge

0.013

0.005000 fl/ft
18 in

5.50 cfs

Depth
Flow Area
Wetted Perimeter

Top W¡dth
Critical Depth

Percent Full

Critical Slope

Velocity
Velocity Head
Specific Energy
Froude Number
Maximum Discharg
Discharge Full

Slope Full
Flow Type

0.96 ft
1.2 tr

2.78 ft
't.44 ft
0.90 ft
64.0 %

0.005990 fl/ft
4.60 ft/s
0.33 ft
1.29 fi
0.89

7.99 cfs
7.43 cfs

0.002742 frJft

Subcritical

o:\41 2-41 6\dra¡nage\calc\pipês;fm2
OSlO4lO3 09:32:39 AM @ Haestad Methods, lnc.

G, G. Wallace lnc
37 Brookside Road Waterbury, CT 06708 USA

Project Enginêer: GCW User
FlowMaster v6.1 [614n]

(2O3) 755-r666 Page I of I



' l8'rcp
Gross Section for Gircular Channel

Project Description

Worksheet

Flow Element
Method

Solve For

18

Circular Channel
Manning's Formula

Channel Depth

Sectíon Data

, Mannings Coefficient 0.013

Slope 0.005000
Depth 0.9ô
Diameter 18

Discharge 5.50

o:\41 2-41 6\drain age\calc\pipes.fm2
o5lo4lo3 09:33:oo AM @ Haestad Methods, lnc.

G. C, Wallace lnc
37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: GCW User
FlowMaster v6.1 [6f 4nl

.fr/ft
ft
in

cls

V:1\
H:1
NTS

(2O3) 755-1666 Page 1 of 1



| 30" uNDER EAST BouND oFFRAMe tN suMMERLIN PKWY

Worksheet for Gircular Ghannel

Project Description

Worksheet 30

I Plow Element Circular Channel

I u",noo Manning's Formula

Solve For Channel DePth

lnput Data

ManningsCoefficient 0.013

I Slooe 0.002500 fUft

I o'"r","r 30 in

Discharge 1'1.00 cfs

Depth 1.30 ft

- Flow Area 2.6 Í¡3

I w"tted Per¡meter 4.03 ft
I rop width 2.50 ft

Critical Depth 1.11 fi
'I Percent Full 52.1 %

I 
"r¡tical 

slope 0.004343 fl/ft
Velocity 4.25 frls

. Veloc¡ty Head 0.28 ft

I apecific Energy 1.58 ft
I Froude Number 0.74

. Maximum Discharg 22.06 cfs

I O¡scharge Full 20.51 cfs

I Slope ruu 0.000719 fl/fr

Flow Type Subcritical

I

I

I

I

l

I
o:!412416\drainase\catc\p¡pes.fm2 G. G. Wallace lnc "t"Ë'"ifl'::åi"?:it?ii

| 
ósto¿toe og:s5:14 AM @ Haestad Methods, lnc, 37 Brooks¡de Road Wãterbury, cT o67os USA (2o3) 755'1666 Page I of I

I



30" RCP SUMMERLIN PKWY
Gross Section for Gircular Channel

Project Description

Worksheet

Flow Element
Method
Solve For

30

Circular Channel

Manning's Formula
Ghannel Depth

'l

I

Section Data

ManningsCoeff¡cient 0.013

Slope 0.002500
Depth 1.30

Diameter 30

Dischargè 11.00

o:\41 2-41 6\dra¡nage\cälc\pf pes.frn2
05/04/03 09:35:33 AM @ Hâêstad Methods, lnc.

G. G, Wallace lnc
37 Brookside Road Waterbury, CT 06708 USA

ft/fr
ft
in

cfs

I

I

V:f \
H:1
NTS

Project Engineer: GCW User
FlowMaster v6.1 [614n]

(203) 755-1666 Page 1 of 1
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2.4.1. Existing Facilities

The existing facilities are as follows:

pt. A _ 1g_inch RCp,2g1 LF, with four (4) NDOT Type2A. Drop Inlets (Husite

Parkway plans by G. C. Wallace, Sheet 6 and l7')

Pt. G - Twin 48-inch RCP Culvert, 463 LF, with four (4) NDOT Type 2A Drop

Inlets(HusiteFarkwayplansbyG'C'Wallace'Sheets9andl7)'

pt. E - Twin 1g-inch RCp culvert,260 LF (Buffalo Interchange Plans sheet c-

4).

Pt. F - 18-lnch RCP Culvert, 145 LF, (Buffalo Plans' Sheet C-6)'

2-18-InchRCP,s,140LFarld402LF,withone(1)NDOTType2A
Drop Inlet each at Râmp 1 and Ramp 4 of Buffalo Interchange (Sheets c-5

and C-8 and 9 of Buffalo Interchange)'

Pt. H - i2-foot x 7-foot RCB.

2.5, Hvdraulic Resu/fs j''-":::::';:"r:':j;;;-"*'*-ì'.
rÞ' .-. "-..,.1

The single 18-inch RCP storm drain at PT A has a hvdr*l]:.tif1î1*,],trllïL
#;üäïü 2A Drop Iñlet has approximatelv 1wo 

(2)^:ß. 'ioÏ:v,.(::: ii
calculations Appendix B). Therefore, the cunent inlets have sufficient capacity to li

utilize the entire capacity of the storm drain. There is a narrow drainage Uasin' !i

l.l5 acre, (SPW2X) along the north side of the Summerlin Parkway that currently !i

is not collected by the storm drain system. This flow currently is draining.i"l" \i

the Angel Park North Detention Basin;Pi ¡ t1"ti"s serious :1":1":^"::Ït::; Ïi il" e"n.i purt< Nortt Detention Basin at PT I causing serious erosion arouno me ii

1 .on.r.Ë abutments. The 3 cfs at PT I should be conve'.ãl"t" th:.Arytl P-i:1 
i

d ffi;il;,t"" gurin via a concrete flume approximately 2 feet wide (See llorr 
I

I ;"i;;ñ;", i" eop.ndix B). A concrete sptåsn pad must be constructed at the l

i' downstream end of the flume. 
'r,-le rvrar¡ 

- I
! '-**--=. -:it.::"¡'-".'-.'" --*'r.-'T!"''J.1 :'

' ,n. twin 4g-inch RCp,s at pT C have adequate capacity to convey the entire 100-

year flow of 217 cfs (Appendix B). if'" ÑoOT iype 2A Drop Inlet at PT G in

Summerlin Parkway has a capacity of 3.5 cfs per g'ate. Therefore, with four (4)

grares at pT G, the iotal flow ùeing captured isãbout fourteen (14) cfs'

The Buffalo Drive Improvement project has proposed to regrade the area adjacent

to PT E so the flow, 451 cfs, *ill Ue conv.y.á notttt into the proposed 66-inch

storm drain. The storm drain was a.rign.a á capture the entire flow from,PT E'

The Buffalo Drive storm drain systerñ i, a.*gned for pressule flow and is at

capacity. The flow in Summertin fa.tway at Pi G, 111 cfs, cannot be collectedll

til

ri
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2.3. Hydrologrc Resu/Ís
The results of the hydrologic analysis is located in the following Table 2. The
flow within the Summerlin Parkway is shown at concentration points PT A, PT G
and PT H. Each concentration point located at a storm drainage facility which
crosses Summerlin Parkway. Concentration point PT I is located at the point
where storm flows are flowing into the Angel Park North Detention Basin.
Visible erosion has taken place at this location. Concentration points PT B is
located within the drainage channel located along the south side of the Summerlin
Parkway. Concentration point PT C is located upstream of the twin 48-inch RCP
storm drain which crosses under Summerlin Parkway and relieves a substantial
portion of the flow otherwise getting into Summerlin Parkway. Concentration
Point D is located just upstream of the confluence to the flow from UDI and its
tributary basins and the flow from the twin 48-in RCP storm drain. Concentration
Point E is upstream of the twin l8-inch RCP' storm drain which crosses under
Buffalo Drive. Point F is behind the on-ramp (Ramp l) at the Buffalo
interchange. Water is detained here until it is drained out of the l8-inch RCP
storm drain.

2.4. HydraulicCriteria
The existing facilities were analyzed for available capacity. The inlet calculations
were analyzed using Figure 806 from the Design Manual (Reference l) adjusted
for a50Yo clogging factor.

I

Subbasin Area
(acres)

Area
(sq. mi.)

Lag Time
(hr)

Curve No.

BE lt.9l 0.0187 0.1 58 92
CH 6.69 0.010s 0.136 92

CGA 5.88 0.0092 0.125 92

PC2 7.49 0.0117 0.100 92
SPW2X ].l5 0.0018 0.1 61 84

Table 2 - l0-YEAR AND 100-YEAR FLO\ilS AT CONCENTRATION POINTS

Concentration Point l0-Year Flow 1O0-Year Flow
PTA 6 t6
PTB 92 201
PTC 67 217
PTD r22 263
PTE 180 451
PTF JJ 72
PTG 73 lll
PTH 147 178
PTI I a)
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Mr. Randy Fult¿
City of Las Veoas
Deþartment oí publ¡c works
400 East Stewa¡t
l¡s Vegas, NV 89101

DISTRICT CONCURRENGE; VILLAS AT AilGEL PARK UPDATE

Dear Mr. FulE:

The D¡str¡ct lras reviewed the Technical Drainage Study dated June 30, Lgg7, for
the above capt¡oned project as subm¡tted bv P-BS&J, Iirc. In addition the O¡ltr¡ct
'l_s in receipt of _thç Cgnditional Letter of Acêeptancê from the City of Las Vegas
Depaftment of Public Works dated July 14, lgg7,

The District concurs with the acceplqnce of this Technical Drainage Study by the
City of Las Vegas Departrnent of Public Works.

The Dishicfs review of this project was limited to issues of Regional Flood Contròl
Significance äs defined in ttie Üniform Regulations for the Corì'trol of Drainage.

Pl-epse be aware that as additional information becomes available and/or restud¡es
of Flood lrtsurance Studies are pefformed, the information submitteh by PBS&J,
Inc. may be sqperF.eded. Comþliance with the regulatory elements and design
standards spec¡fied in the Uniforin Reoulations for th-e Contr'ol of Drainaqe does nõt
ifpLy a guarantee.that properties w¡iT be free from flooding or flood dãmage. ¡lo
liab¡l¡ty is assumed by the bistri4, its officials, or employeiäs for the inforñration,
rlata or conclusions presented by the corrsulting eng¡neêi, We therefore rnake rìo
warranties, either expressed or implied, in con-ductîng this review.

GALE WM. FRASER II, P.E,
General Manager/Chirif Engineer

..,;}

August 7, 1997

cc: PBS&,J, Inc.

KLE:JHH:mak

FIIE; ZS6ÈI8.PBS

BY:
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CIIT OF I¡AS 17EGAS

INTER. OFFICE I@IORâI{DIT}Í

'ifO¡'

Roger BaíleY
I¡and DeveloPmenE Sen¡ices
Department of Pt¡b1ic Works

SIIBdIECT¡
orainage SÈudY forr
Durango Trails
FiIe No: DS14668
Dat,e of engineer'8 St'aÍipt l2/2L/94
Dase Receíved bY CttY: t2/23/94

ETSTORY¡

lsE Subrnitrtal 2 (L1/23/941
2nd sr¡bmittal | (]-2/31l94l

R,EIIARKS ¡

DÀTE: December 31, 1-994

FROIÁ¡

Randy FuLtz, P.E.
ProJect l{anager
Flood ConÈrol
Departmerrt, of Public Works

COPIBS TO¡

\llIN Nevada
ilohn McNellle,

Nog Àcceptable
see coñnents bel,ow

The drainage study for the subject project has been reviewed and

X is acceptable in concept,.subjecÈ Ëo conformanee to atl CiÈy
sÈandards and t'he f oltowing conditrions:

rmrst, be resubmiÈt,ed or supplemenued-

IIOEË:

END OF REIIÀRKS
br,

Arry future changes to Ehe proposed design-(or design
asåumpt,íons) as outlined il Che apprgvgd drainage Etudy and
atseacired prellminary grad,lng plan wtric! affect drainage- musU

be addresËed in a d-ralnage -tuay addendum and accepted by
CI¡V Flood Cont,rol. eddit,ionaLLy, condiËiona1 acceptance of
a draínage Beudy is valid for a perlod of one (X] year from
date of Lssuancê. If the proposed consEruccion has noE been
complet,ed in thaE, Elme period the CíEy. of L,'as Vegas reselî\¡es
tfr.-ilgttt to require aAãít,ional condit,ione aûd/or submissior-r
and. acõepÈance of a complet,e drainage study update prior to
further constructlon.

1, A detail of the proBosed diseharge to Carnen Boulevard' from Dusty
Creek St,reet ImrsE bè shown on Ehè constîucCion drawíngs.

Tlkls/. 20160/28
Lr'29
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PROJECT NUMBER¡ 600-00l-942
DATE: Àugust 9, L994

HYÐROLOOY STUDY

for
ITIESTCLIT'T' E DURANGO

ilTT CIt' LAS VE0À5, NEïÀDA

tpN,s lgs-29-{0t_ool

Prepared. For: DUR $EST PÀ'RTNEÊS
C/Q ÀLBERT FLÀNGAS
?385 ïI. Laredo
Las Vegas, NV 89117
l?tzt 863-9396

Prepared By:

Reviewed

Eng i neers t
3035 Ë. Patr
Suite *9
Las Vegas, NV A9L?O
(102) 798-79?8
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r. cIEHERAL LocATroN r¡ro nnsbRrprron

A. Purpose

The purpose of thls study is to provide the City of Las Vegas
Department of Public lforks with the technlcal data neåded to
eva.luate present and future run-off irnpactlng the proposed 5.oo
acre reside.ntlal slte located at the Nci¡theast tntersectlon of
Tlestcliff Drive- and Durango Drive

B. Site Location

The site fe located withln the ïtest half (11 L/2) of the Southwest
guarter (SW 1/4) of the Southweet quarter (Sl¡t 1/41 of the Southweet
quarter (svl t/4) of sectlon 28, Township 2b south¡ Range 6o East,
H:p.M:' Clty of Las Vegas, County of Clarkr Nevada. The 5.OO acre
s{te le bounded by a resfdentiai slte to the North and East. The
South boundary is l¡Iestcltff Drlve¡ whíle Dubango Drlve lE. the We¿t
boundary. Àccess to the residentfal site wílI be from Tlestctiff and
Durango Drive.

C. Property Description and proposed Development

The site lles at the Northeast intersectfon of ltlestcliff Drive and
Durango Drive, withín the incorporated area of cÍty of Las vegas,
Clark County, Nevada. The' natural on-site terraln elopee at
approxlmately 3.o0r¿ to. the Northeast. All ground cover is sparse
desert shrub. Runoff generated from the property is conveyed in a
serlee of shallow gull.íes whích traverse the site. (see Figure c-Ir,
Appendix Al.
Development of the property is proposed to be in three (3) phales
of construstion.

Ð, Regional Flood Çontrol Facilities
No Regionai ftooa Control facllities are affected by the proposed
5.0o acre development, as shown on Figure B-r in Àppendix A (Figure
F-10 of the CCRFCD's Haster Plan Update).

E. FIood Zane Designation

The entf re glte ie located with in a Federal Emergency l,lanagement
Agency's special flood hazard area, Zone C. The enflre slte le
determined to outside of the any loo-year floodíng, as shown on the
enclosed overlay of the Flood Insurance Rate ilap for Clark County,
Nevada, Panet 1oo0 of 2o35, dated septembet 2g, 1989 (see Figure B-
II, AppendÍx À),

4
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I
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F. Previous Studies

N¡ pr.eviaU; atud.iee Êre lrerË f ound on thlg e.lte oï ' referenced
within this study

II.. HYDROLOGIC CRTTERIÄ ÀDTD ANàLTSIS

Gomputer

À I¡IYSE 486 (.å,T cornpatible) computer was.used for thÍs anal.ysis.

Rai nfal I \ Runoff Simulation

The HEC-1.Ftood Hydrograph Pabkage developed by the-United. States
Corps of Engin*"rå, dÀteà H9y't, 1991' version 4.O.lE was used to
determine the flows for this study'

Soils

The soil survey diaqram (Figure C-I , Àppendix À) in the app9t,$i*
shows soi I types for the pioJect as sfróun on figure H-1O of the
Clark County-Regfonal Flood Control Districts (CCRFCD's) Master
Plan. The on-site basins are made up of hydrologic group D eollE'
SCS curve numbers htere d.etermÍned by using Table 602 (Tables 1of
4 and 4 of 4! of the CCRFCD's Hydlologtc Criteria and Drainage
DesÍgn Manual. Existing curve numbêrs for basin EX ltere obtained by
a==uming desert shrub in poor condition (see Figure À-I, Àppendix
A'. en 5CS Curve Number table has been constructed which indicates
curve numbers for both existing and deveJ.oped conditions, and has
been provided in Àppandix B {Table I).

Precipitation

Precipitation analySis was based on a 6 hour duration with
estimätes for the iOO and 10 year events. Precipitation values
were obtained from the NOÀÀ Àtlas 2, Precipitation Frequency Àtlas
of the lrfestern United States, Volume VIII, Nevada and modified as
per the Clark County Regional Flooó Control District l¡laster Plan.
tf¡e project site Ís within the McCarran Àirport rainfall area. The
p"e"ìpitation values for the major (1O0 yr.' and minor (10 yr.)
eventl for thts study area are 2.77" and i.58u, respectívely (see
Table II, Àppendix El.

FIows

¡l

t
t
I
I
I
t

AII concerning flows
are discussed within

are summarized in Table
the Conclusions Portion

of Àppendix B and
this rePort.

V
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5

I
I



l¡

ll
ll

ll

!l
ll

¡l

tl

Hydraulic Analysis-

Street and channel capacities hrere detérmined usíng
equation and correspond,lng "n" values as found 1n
Hydraul ics publ i Ehed by ttlcGraw-Hi I L

the Manning
Open-ChanneI

rl

nl

III. DR.àINAGE BISIHS

À. Off-Site Basins

No ofi-site basins will generate runoff.that witl impact the
Irlestc!.iff & Durango project. The area Tlest of Durango Dríve is the
ÀngeI Park GoIf Course - Detention Facífity. ttre detention facility
uill intercept any florrs from the Uest. Durango Drive will have a
htgh poínt adjacent to the site that will direct flow to the North
and South.

B. On-Site Basins

The on-site basÍn is comprised of 5.00 total acres and is bounded
by developed land to the North and the East, while ïIest of the stte
is Durango Drive, yhile llestctlff Drive is the Southern boundary,
The site has one basin EX in the presént conditÍon. Basin EX slopes
to the East at approximately 3.O09É, acr.oss a sparsë desert shrub
ground. cover tseå Figures l-l anê C-II, Àppendlx A). The elte le
presently generatfng.a lOo-year runoff peak rate of 13 cfs.

Àfter development the site will consÍst of a three (3) Iot
commercÍal subdivision site.

IV. PROPO5ED CONYETâNCE.

The ïlestcliff & Durango commercial wíll be made uP of three (3)
drainage basins FUT-1, FUT-! and FUT-$. The site ls being
subdivided into three commercial lotsr thís report will analysis
the lots as drainage basins that wt I I generate runoff ( the
individual site grading has not yet been deterrnined) ' tsasin FUT-1
will generate a lOO-year flow of 3 cfs. Basin FUT-I will drain to
a entrance that outléts onto Hestcliff Drive. ltesLcliff Drive will
convey the 100-year flow of 3 cfs at a depth of O.26-fL {See
Calculation Sheet No. 2, Àppendix C) and wllI have a VxD ratio of
0.64. tsasin FUT-! wÍl! generate a lQQ-year flow of 3 cfs. Bas.in
FUT-2 wlll d.rain to a swale (See Calculation Sheet No.3, Àppendix
C) that will run'along the East side of the 1o!, the swale will
convey flows to l{estclíff Drive. Ifestctiff Drive will convey the
10O-yèar flow of 13 cfs (totat site flovrl at a depth of O.39-ft
(See Calculation Sheet No. 4, Àppendix C) and wilt have a VxD ratÍo
of 1.48. Basin FUT-3 ls generating a l00-year flou rate r¡f l efe
and wlII algo drain to the East, there a proposed swale (See
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:'
Calculation Sheet No. 5' Appendlx C)
South, into basÍn FUT-2

wi I I convey f Ior*s to the

v- cot{cLtt:trons

Under existing conditionsr Do off-site þaEÍn are generating flows
that wíll impãct the ltestctiff & Durango site'
Development ðf t¡e site will create three (3).drainage basins FUT-
1, ruT-z and FUl-3. À lOO yr. peak flou of 3 cfE r.rill exlt basln
f'út-f onto lfestcliff Drlve isee Flgure Ð-1, Appendix À). À too-year
peak flor¡ of S cfs will drain eaãt'in basin FUT-2 to a proposed
iuate that wlll exit basin FUT-2 out to ltlestcliff Drive. Basin Fut-
3 will drain ? cfs East to the proposed swále that vtll draln lnto
basin FUT-Z. r

The finlsh floor elevatfons for the commercial slte wlII be set off
the l00-year water surface generated within the basins that'make up

the llestêfiff & Durango site.
Adequate sÍte protection will be provided by ¡naintaÍling on-site
finished floor elevations a minimu¡n of twice the depth of flou or
18u above the highest adjacent 100 yr. water surface elevation'
Thte wttl be reflãcted, on the grading pìan for the site.

The d.evelopment of' the westclÍff & Durango slte will not
slgnificãntly increase the lgO-year stormwater peak. Property
downstream of the site wil.t not be adversely affected by this
development. The proposed measures presented in thls study are in
comptiänce with aII current appli.cable laws and regulations.
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AN6EL TRÀIL APARTI,IENTS

DRAINAGE STUDY

lNTRODUCTION

Thís report evaluates the runoff conditions of the site ¿nd contributing up-

strean drainage arÊas, and provfdes design reçomnendatlons for flood control

wlthín the development. The criterÍa with the resu'lts and reco¡ffiendatlons

presented herein are as foìlowst r* \
t. The delineation and runoff paràqgtlrs of the dralnage areas arë

based on existJng undeveloped conditions.
2. Husite Parkway whfch is being constructed along the north edge of

\ -¡ the side does not contribute to offsite dralnage,

'..A'.-f /3. The Angel Park DetenÈlon Basin retains the 100-year event and onty
\-J r \a /

,'¿.kfl!_-.stormwater east, of the Basin ls consldered.
7ù 4. The btock waìl along the west perlmeter of the side wlll allowwater f

from the area of the future overpåss and the 5 acres at the northeast v

corner of Durango and l{estcl'iff to pass through lt.

PRO.]ECT LOCATION

The proposed proJect ls ïocated at the northeasü corner of Durango Drive and

llestctiff Drive withln the west half (llk) of t,he Southwest Quarter (Slltf) of
the Southwest Quarter (Stlh) of Section 28, T. 20 S.' R.60 E.,l'l.D'M., City
of Las Vegas, l{evada.

PR0P0SED pEVELoPMqilJ:

The proJect is a seventeçn bul'ldJng, 2¡18 unit apartment complex on 15.7 acres.

HusÍte Parkr*ay ls under construction along the north boundary. llestcliff
Drive is the so,uth boundary and Durango Drlve fs the west boundary.

-1-
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EXTSTING SITE CONDTTIONS

The proJect ls located'below the
t,he fmpact of all drafnage areas

drainage scheme for the developed

undeveloped state.

Angel Park Detention Basin which removes

west of Durango Drlve. Flgure I shows the

state and Figure 2 shows the existing

The sÍte is crossed in the Êðst-west direction by four washes wh'lch may vary
ln depth from 4 to 25 feet deep. The site has been devetoped to allow ther/
stommater from the developrnent to stay in its respective wash.

Thls area is presently not in a special flood hazard areai see letter
/ dated December 15, 1986 Ín AppendÍx A from the Federal Emergency l4anagement

Agency,

Ffgure I shows the developed drainage areas. Areas I and 6 drain to a polnt
A. Area 2 dralns to pofnt E, Area 3 drains to Pofnt C, and areas 4, 5, and

7 drain to Point D.

f{ËïHqp0L0ÊY

The quantltatfve storm flow determination was calcuJated on ån IBM-PAC AT

utilízirrg hydrograph software baged on SolI Ëonservation Service ¡nethodology.

Tha theory ls explalned in detafl ín Section 4 of the SoÍ1 Conservatlon Ser-

vice ilational Engineening Handbook.

A 3-hour rainfall was used to produce the estfmated storm runoffs, The ral'tl-
fall intensltles and stom dlstributlons used were taken from a draft copy

obtained from the Clark County Reglonal Flood Control District of theír flood
manual. The rainfall intensities ¡re'ag fotlows:

100 year - 2.48 inches

25 year - 1.82 lnches

10 year - 1.39 lnches

l
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The de'lineation of the contributíng runoff areas was based on 50-scale topography
and site inspections,'

./
A funoff curve number of 89 was used to estimate the hydrologic condition
of the undeveloped draínage basin soits, which are of the Cave typê, For

the developed site a conposlte curve number of 87 was used. This was fonnu-
Iated from 60Í paved or covered (CN = 98) and 40Í grassed (CN = 70).

The tlnres of concentratlo¡r for the dralnage areås -r*(;;aïpð uslng graphs\.._---..,"'
found ln Technlcal Release 55 which relate grourrd slope, tybe of cover, and

drainage veloclty.
SUMI'IARY

Dra i nage
Area

Undeveloped

1

2
3
4

DeveloÞed

8.8
5.3
4.7
5.6

4.0
7.0

15.0

Area
Acres

Dralnage Length
Feet

Grass Paved

750 0
780 0
760 0760 0

Time of
Concentratì on

Hi nutes

r2.5
13.0
LZ.7
t?^,T

Peak FIow GFS
r00- 25- r0-
Year Year Year

11.4
10.4
14.4
5.ø----
-fn-//il l.rt
I

12.5 7.4 4.3
5.7 3.4 2.0
3.2 ?,0 r,e
2.8 1.6 1.0

].5 0,9 0,6
1.7' 1.0 0.6
9.3 5.6 3.2,.¿á<- 

>tê.r

910
800

0
840

320
0
0

165
t

280
0

110
420
900

I
2
3
4

5
6
7

5.9
5.4
7.5
2.9-.

{1
6.8
3.0
r.7,
1.4

0.8
0.9
5.0

_/,
[q''
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POINT

A
B

c
0

Total

t

sUI4I'IARY ROUTED IOO.YEAR STORlil FLOUIS

FLqg,.._c-F,s

UNDEVELOPED

11.4
10.4
14.4
5.6

,\q9 >?

OEVEL()PED

L3.7
5.7
2.6

t2.4

@
¡l

Appendix B contains calculatlons. The computer generated hydrographs are

not lncluded but are avaÍlab'le if requlred.

c qNc 
LlJ s_Lo{s 

. A$.p_gEc 0t',tMEN pAT r 0N s

The proposed development will have little effect on the storm drainage and

overall wlll sllghtly reduce the tota'l runoff from the årÊ4. The onsite flows
are adequately hand'led within the streets of the proJect and the stovm flows
ln llestclfff. Drlve are about 0.2' below the top of curb. Therefore, it is
evident that the devetopnnnt of thls sfte wlll not adversely affect elther
adJacent or doymstream properties or sÍgnlflcantly change existing stonn I'low

patterns.

I
I
I
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Water and sewer laterals with the approximate sizes and lengths, will be constructed at the parcels
shown in Table 3-2:

TABLE 3-2
UTILITY LATERAL LOCATIONS

Storm Drain lmprovemenb

The project west of the Buffalo Channel has instelled a 54' to G6'diameter reinforced concrete pipe
(RCP) which is an outfall ftom theAngel Park Detention Basin into the Buffalo Channel. Various drop
inlets are proposed which would also ut¡lize this existing RCP. The propoJ"o *op inlet locations, typês
and sizes are discussed in Sestion 7, Recommendatioñs and are shown in Table 4-3

No storm drain exists east of the Buffalo Channel and in order for the roadway to be in compliance with
RTC criteria, a new storm drain is required. lt is proposed to constuct a 30 tó ¡O incn Rçialong the
south side of centerline, 

- 
The pipe will discharge heår the southeast comer of Rock Springs Drivã and

Vegas Drive which is within Nevada Departmeît of Transportation right-of-way. The RCp will lend
999terly for approximately 440 feet, transitioning into a concrete trapezoidal channel for the remaining
280feet' The çhannelwill discharge at the ex¡si¡ng t0 foot wide bi ¿ foot deep double banel
reinforced concrete box inlet located approximatelj Z+O feet south of Vegas Drive at l-95. The flow will
be conveyed under l-95 within the RCeihen throuih lhe  }inch com.rga-ted metal pipe which crosses
under the Las Vegas Grand Prix property which tiel into the bubbler inhainbow Boutevard.

PROBABLE UTIUTY CONFLICTS

As summarized above, the construction of a storm drain mainline, connector pipe, drop inlets and
trapezoidal channel arê Proposed for the projec{. Any disturbance of existing'improvements will cause
conflicts- The confliets can possibly be mitigáted by adjusting rhe dEpth of thé dräp inlet boxes. The
drop inlet connector pipes on the west of Bùffalo Drivswillt¡é ¡ntothe Angel park'Detantion Basin
outfall {APDO). The storm drain connector pipes on the east side of Br¡ffalo Þrive willtie lnto e new
storm drain mainline ranging ftom 30 inch to 36 inch diameter. This mainline willnot be constructed as
deep as the APDO due to the or¡tfall restraints at the downstream end. Table B-3 shows areas where
under ground facilities will need to be potholed in order to accurately locate the depth of the existing
utility:

Assessor Parcel Number
Area

Owner

Water Lateral $ewer Lateral Gomments

Size Length Size Lensth
13E-29-501-001
83.12
BLM

6 inch 40 feet I inch 460 feet West of Durango

138-28-501-001
20.00
BLM

6 inch 55 feet 8 inch 45 feet West of Gleeson

30 December 1996 3-2 967018.0'1



computer program was used as a check to insure the connector pipes and drop inlet depths were

-- 
adequately sized.

DROP INLET DESIGN

To determine the placement of drop inlets along Vegas Drive, several concentration points were
added. Each of the concentration poínts represents a change in the tributary area. Hydraulic
calculations using FlowMaster (1995) included in Appendix A - Section 5 were performed at each
concentration point to insure that the clark county standards were met.

The City of Las Vegas requires that the entire 10-year flow be intercepted at intersections with 1oo-foot
right-of-way streets. Both Durango Drive and Buffalo Drive have 1O0-foot right-of-ways and the 10-
year street flow will be intercepted.

The drop inlets used will be equipped with the Neenah Type R3067 LL vane grates and cast iron curb
inlets. The numbêr of grates required was determined using the rating curue supplied by Neenah. See
Appendix A, Section 5. One Neenah Type R3067 LL grate and hood will be included foi nuisance floú
at various locations along the alignment. See Table 4-3 for a list of the nuisance drains.

TABLE 4-3
NUISANCE DRAINS

.2--.

4.7 SUMMARY OF FLOWS & PROPOSED DRAINAGE FACILITIES

Table 4*4 summarizes the locations, the sízes and types of drop inlets, the 10 and 1gg-year flow before
the drop inlet, the intercepted flows, and the remaining flow after the drop inlets for the proposed and
existing drop inlets associated with this project.

DuraB.go Þrive
Durango Drive and Basins V-24 and V-28 are undeveloped. As requested by the Clty, the runoff from
basin V'24 will be collected in Vegas Drive west of Durango (D.1. 1A). The rúnoff from basin V-28 will
be collected on the west side of Durango south of Vegas to.l. rel.

31 January 1997 4-20 967018-02

l.D. Number Approx. Station Location
1 28+00 North side of Vegas Drive @ Durango x
2 34+30 South side of Vegas Drive west of Astronomy tX
3 48+30 Þuth side of Vegas Drive r(
4 54+75 Notth side of Vegas Drive @ Cimarron !r
5 68+60 West side of Gleeson Way @ Vegas X
6 70+75 North side of Vegas Drive {
7 107+90 North side of Vegas Drive (ô Tenava !(
I 107+90 South side of Vegas Drive @ Tenaya II 114+70 South side of Vegas Diivé @ Wntergreen X

10 I 15+00 West side of \Mntergreqn Drive @ Veges E
11 1 15+50 Eqs_t side of Wintergreen Drive @ Vegas X
12 121+15 North side of Vegas Drive @ Rocksprings {--
13 122+0O South side of Vegas Drive @ R



DURANGO DRIVE - Westcllff Drive to Vegas Drive
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412.41Í

DURANGO DRIVE -Westcllff Drive to Vegas Drlve
Gost Estlmate - 50% Submlttal

Itom No. Itsm Unlt unit

RTC GITY OF I-AS VEGAS
ÞaPk ÃNn Þrê

Total
ôrâñtitu

Total Iotal
Oueñt¡tv

Total
eôel

EA , s2.100.00
E.A. mn oo

uoo.ü) _!199,
s5,A s5.000.00

.F.
ñ-

ft{ì ) (r( $30.000.00
ßíß sno nn

628,03 Iãrñrt PREFORMED MARKING FILM'ONLY.
ffi tA_

EA-

F $8.00
s1.50 95( 51 -425.OO
sl lo on( $10.000.00
s1

L.F.
$1.00

629.01 IADJUSTWATERVALVEBOX 3no oo 'il 50t).u0
Íìo ôn

629.03 IADJUSTFIREHYDRANT EA.
EA.

629.05 IRELOqATEAVAR $2.000.00 xxt.o0
629.O6 IADJUSTWATER VALVE VAULT TXJ.UU
629.07 I

629.09 I

ìELOCATE WATER MÊTER A
IELõciJ-ÃrErRFiõariõ"Ñ ffi i

HACKtsLOW DEVICE E.A s1,500.(x]
s2.500.00

1,500.00
2 50{l 00TVIUE PbtJbS IAL F

630.01 I6.INCH PVC SANITARY $5n fì{l t.800.00
b33.{¿1 INON-REFLECTTVE PAVEMENTMARI
633.02 I REFLECTTVE PAVEMENT MARKERS

s1 t so,( 3,750.00
hA, s2- 4,590.00

),000.00
t.ooo.00

637.01 IDUSTCONTROL L.S. IÈ'U.UUU.U\J
637.02 lNPpEq DTSCHARGE PERMTT s.t ooo ô{t
b3¡..03 IPRE-EMERGENTHERBICIDE sto ¿nõ nn
640.01 IMSE WAI-1, BACKFILL, SIDEWALKW 12 s687,500.00

$280,000.00
s132,000.00

ISCREEN WALL s.F. $20.00 1t
ONCRETË MASONRY UNIT RETAINING WALL SF !î60 00 2.20(

SUBTOTAL
2O% CONTINGENCIES

TôfAI

$9,738,753
91,947,751

s1 1.686.503

9253,s00
$50,700

s3ô¿ ,an

F:\412-416\câlc\æst estimates\030829 50% Submiüal.xts Pagè2012



RESPONSE TO COMMENTS
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30% DRAINAGE REPORT
AND 30% IMPROVEMENTS

DURANGO DRIVE - WESTGLIFF DRIVE
TO VEGAS DRIVE

412.416

August 2003

Prepared for:

C¡ty Of Las Vegas
73{ South Fourth Street

Las Vegas, Nevada 89101
Phone: (702) 229-6541
Fax: (702) 382-8551

Prepared by:

G. C. Wallace, lnc.
1555 South Rainbow Boulevard

Las Vegas, Nevada 89146
Phone: (7021804-2000

Fax: (702) 804-2299



HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL

DRATNAGE STUDY TNFORMATTON FORM 
qz.qta

Name of Development Durango Dr. from Westcliff Dr, To Vegas Dr, Date: August 2003

Location of Development: a) Descriptive (Cross Streets): North/South: Durango Dr EasWVes[ Westcliff/r/egas Dr.

b) Sect. 28,29 Twn. 20S Rng. 60E

Name of Ownen City of Las Vegas Assessors Parcel No: 1 38.28-301 -00 1

Facsimile NolTelephone: Z2g-654j

Address: 731 South Fourth Street

LasVeqasNevada 89101

Contact Person - Name Rick Read, P.E. Telephone No: (702) g04-2000

Firm: G. C. Wallace, lnc.

Address: 1555 South RainbowBoulevard; LasVegas, NV 89146

Type of Land Development i Land Disturbance Process:

Rezoning Subdivision Map Clearing and Grading Only

Parcel Map Planned Unil Development X I Other (Please specify below)

Large Parcel Map Building Permit Street lmprovements

1. Tolal Owned Land Area: At Site: '12 acres Being Developed / Disturbed: 12 acres

2. ls a portion or all of the subject properly located in a designated FEMA Flood Hazard Area? yes* W
3. ls lhe property bordered or crossed by an existing or proposed Clark County Regional Flood Control District Master Planned Facility? W No

4. Proposed type of development: (Residential, Commercial, elc,)? Street lmprovements

5, Approximate upstream land area which drains to the subject site? S0 * acres

6. Has the site drainage been evaluated in the past? @ NO il yes, please identify documentation:

Technical Drainage Sludy lor the Villas at Angel park pBS & J 7/96

Pre-Design Report Vegas Dr. Street lmp. Kennedy/Jenks Consultants 1/96

7. lf known, please briefly identify the proposed discharge point(s) of runoff from the sile:
Storm drain in Vegas Drive and in Westclitf Drive

8. Briefly describe your proposed schedule for the subject project ASAp

,/tSffi"û"\trt.i:nìf_ _rffi*{
ffiffi:9ot,-,
,,, U.1..ì, üii,/li/ ¡!:i I

'. 
. 1,. ìr:..-.",,.," f.5i.,)';,it' .. 

. 
.. t ,'i- ^;.i r--';/'' 

"sii';ã'þr'oa
€'('

Enqinee/s Seal

Submit this form as part of the required drainage study to the loc
lhe subject property, This form may provide sutficient informatio¡
Drainage Sludy,

*Review 
and concurrence of the Clark County Regional Flood Cc

Local Entity File No.

il entity which has jurisdi

r to serve as the Concep

'ntrol 
District is required.

Revision

ction over
tual

Dale

REFERENCE: STANDARD FORM 1

\\Gcw2\TraÐala\41 2.4'l 6\adminvorns\sf 1.d uran ge&29-0$rjr.doc
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G. C. WAILACE, lNC.
Engineers / Planners /Surveyors

412.416

August 29,2003

Dan Keating, P.E.
Engineering Project Manager
City of Las Vegas
731 South Fourth Street
Las Vegas, Nevada 89101

Subject: Response to Comments on the Durango Drive -
Westcliff Drive to Vegas Drive 3.0% Drainage Report and
30% lmprovements

Dear Mr. Keating:

The purpose of this letter is to address the comments from the City of Las
Vegas (CLV), dated July 16, 2003, regarding the above-referenced project.
The comments are individually addressed as follows:

Gomment: "1. The low point in Durango at the Washington Avenue
intersection will require that the 1O-year flow be intercepted
at this sag point. The concept of grading a portion of sub-
basin ULT4 to the Washington Avenue intersection
(discussed during the May 27, 2003 review meeting) will
revise the flows at the intersection, while reducing the flows
going through the pedestrian underpass. Revise the
hydrology to account for this change and discuss the flow
impacts to this project."

Response: ln meetings and correspondence with Dan Keating of CLV
and G. C. Wallace, lnc. (GCW) it has been decided that the
area that consists of Subbasin ULT4 will.be graded to drain
north to the Durango DriveMashington Avenue intersection.
lf all of Subbasin ULT4 is graded to drain to the low point,
there will be a 1O-year storm flow of approximately 12 cfs
(9 cfs in the west half of the street improvements and 3 cfs in
the east half) and a 100-year storm flow of approximately
25 cfs (20 cfs in the west half of the street improvements and
5 cfs in the east half).

Under this scenario, the proposed 18-inch RCP storm drain
system that drains north to the 39-foot drop inlet at the
Durango DriveÄ/egas Drive intersection will not have the
capacity to convey the entire 1O-year storm flow. The

155s SOUTH RAINBOW BLVD. / LAS VECAS, NEVADA s9146 /TELEPHONE: (7O2) 804-2000 / FAX: (702) 804-2299
SUMMERLIN OFFICE FAX: (702) 804-2295 ¡ HENDERSON OFFICE FAX: (702) 804-2296



G. C. WALLACE/ lNC.
Engineers/ P Ian ners/S urveyors

City of Las Vegas
Engineering Planning
August 29, 2003
Page 2

412.416

capacity of the 18-inch RCP storm drain system will be exceeded by
approximately 2 cfs. The 2 cfs of the 10-year storm flow will bypass the
drop inlet on the east side of the intersection and flow east in Washington
Avenue. Washington Avenue has the capacity to convey approximately
50 cfs in one-half of the street during a 10-year storm and still maintain a
12-foot dry lane. After review of the Technical Drainage Study for
Washington/Buffalo Park it was determined that the proposed park
downstream is draining approximately 12 cfs during a 10-year storm event
into Washington Avenue. The additional 2 cfs that will bypass the inlet on
the east side of Durango will, therefore, not have a negative affect on
Washington Avenue downstream. A normal depth 1O-year storm capacity
calculation for Washington Avenue is enclosed.

The 1O0-year storm flow at the low point in Durango Drive will also exceed
the capacity of the 18-inch storm drain system, and the runoff that is not
intercepted and conveyed in the storm drain system (-10 cfs) will overtop
the crown of Durango Drive at a depth of approximately 2 inches and drain
east ín Washington Avenue. Washington Avenue has the capacity to
convey this flow without exceeding the major street criteria described in
the CCRFCD Manual or adversely impacting any downstream properties
or facilities.

Under interim conditions there will be a 1O-year storm flow of 16 cfs at the
Durango DriveMashington Avenue intersection (13 cfs in the west half of
the street improvements and 3 cfs on the east). The proposed 12.S-foot
Type CM D. l. on the west half of the street will intercept the 1O-year storm
flow at a depth of 0.5 feet, which provides a 1?-fool dry lane in a 1O-year
storm event under interim conditions. Ten (10) cfs of the 13 cfs will drain
north within the 18-inch RCP storm drain in Durango Drive to the Vegas
Drive intersection. The remaining 3 cfs will bubble out of the drop inlet on
the east side of the street. The top of grate of the proposed 7.S-foot Type
CM D. l. on the east side of the intersection is 0.3 feet lower than the top
of grate of the 12.5-foot Type CM D. l. on the west side of Durango and
once the 18-inch RCP is filled to capacity the additional 3 cfs of runoff
intercepted on the west side of the street will bubble out of the drop inlet at
the lower elevation. The 3 cfs will bubble out of the 5-foot Type CM D.l. at
an elevation of approximately 0.05 feet. Under this condition (1O-year
storm interim conditions) all of the runoff on the east side of Durango Drive
will bypass the drop inlet and drain east in Washington Avenue.

Under interim conditions there will be a 10O-year storm flow of 31 cfs,at
the Durango DriveMashington Avenue intersection (26 cfs in the west half
of the street improvements and 5 cfs on the east). The proposed 12.S-foot
Type CM D. L on the west half of the street will not intercept the 1O0-year
interim conditions storm flows. The 1O0-year storm flow at the low point in

\\Gcw2\TraiData\41 2-416\âdmin\letters\clv-RTC-DurangoDr-preDes¡gn-30%lmp-rjr-jt.doc
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Durango Drive will exceed the capacity of the 18-inch storm drain system,
and the runoff that is not intercepted and conveyed in the storm drain
system (-21 cfs) would overtop the crown of Durango Drive at a depth of
approximately 3 inches and drain east in Washington Avenue.
Washington Avenue has the capacity to convey this flow without
exceeding the major street criteria described in the CCRFCD Manual or
adversely impacting any.downstream properties or facilities. Schematic
drawings and calculations for the above-mentioned scenarios are included
in the Appendix.

Gomment: "2. The concept of eliminating the 18-inch storm drain inDurango, just north
of Westcliff (discussed during the May 27, 2003 review meeting) is
approved in concept provided that the study addresses the amount of flow
and the capacity of the existing inlets at the Westcliff intersection."

Response: The 18-inch RGP storm drain between Westcliff Drive and Summertin
Parkway has been eliminated. ln addition, a driveway is being provided to
the asphalt concrete parking lot on the west side of Durango Drive across
from Westcliff Drive. There are three (3) existing 4-foot Type "4" drop
inlets at the location where the driveway entrance is being constructed.
Two of the existing Type "4" drop inlets will be removed and two 2.S-foot
Type CM drop inlets will be placed at the curb returns of the driveway
entrance. There will be a 1O0-year and 10-year storm flow of 17 cfs and g
cfs ( ULT 7 plusll2 of ULT6), respectively, at the sump condition on the
west side of Durango Drive. The combination of two 2.5-foot Type CM
drop inlets and one Type uAu drop inlet will intercept the 10-year storm
flow at a depth of approximately 0.3 feet, which provides a 12-foot dry
lane. The 1O0-year storm flow will be intercepted at a depth of 0.5 feet.
Durango Drive between Westcliff Drive and Summerlin Parkway also
meets all CCRFCD Manual criteria for a major street. Revised street flow
calculations and drop inlet calculations are enclosed in the Appendix.

Gomment: "3. A 1O-year flow summary exhibit must be provided showing the
concentration points, the allowable dry-lane criteria street flows and the
amount of the 10-year flow conveyed within the proposed storm drain and
the remaining street flow."

Response: Figure I (enclosed) is a summary exhibit of the 10-year interim storm flows
in the streets and in the proposed storm drain system. The ultimate
10-year storm flows are lower and, therefore, interim conditions is the
worst case. 

t,

Gomment: "4. The Engineer must continue to coordinate the Durango Drive
improvements with the proposed Park improvements. The pedestrian
tunnel under Durango (at the southwest corrìer of the park site) must be

\\Gcw2\TrafDâtâ\41241 6\adm¡n\letters\ctv-RTC-DurangoDr-preDesign-30%lmp-rjtrjt.doc



G. C. WAIIACE, lNC.
Engineers/P lanners/S urveyors

City of Las Vegas
Engineering Planning
August 29, 2003
Page 4

Response:

Comment: "5.

Gomment: "6.

412.416

shown to coordinate design elevations."

Noted.

Provide detalled grading of the improvements along the Summerlin
Parkway. The location of the on and off ramps impacts the existing
drainage. Provide detailed design of the proposed Summerlin Parkway
facilities and size the system to convey the 1O0-year flow at the ramps."

The proposed storm drain facilities in the Summerlin Parkway alignment
have been sized to convey the 1O0-year storm flows. An NDOT Type 2A .
drop inlet will intercept the 1O0-year storm runoff (112 ot Subbasin ULTS)
at a ponding depth of 0.6 feet and convey the intercepted runoff
downstream under the proposed east bound on ramp. The downstream
storm drain is proposed to be an 18-inch RCP. A 6-foot long Modified
NDOT Type 2A drop inlet wíll intercept the 100-year storm runoff
(Subbasin ULTB) at a ponding depth of 1.0 feet and convey the
intercepted runoff downstream under the proposed west bound off ramp.
The downstream storm drain is proposed to be a 24-inch RCP. lnlet
calculations are enclosed in the Appendix. The storm drain systems in
Summerlin Parkway have not been profiled for this submittal. HGL's will
be calculated and drafted onto the plans for the nert submittal.

The proposed storm drain system pipe sizes must be evaluated based
upon the 10-year flow conveyed within the pipes. The inlet capacities and
the storm drain lateral sizes will be reviewed for compliance with the RTC
drainage criteria based upon on inlet and outlet control at the next

Response:

submittal."

Response: The proposed storm drain facilities in Durango Drive are sized to convey
the 10-year storm ultimate conditions storm flows. Drop inlet calculations
are enclosed in the Appendix. A detailed description of the runoff that is
intercepted by the drop inlets is addressed in Response to Comments
No. 1. The Type CM drop inlet calculations in a sump condition are based
on the interception rate of the grates only with no clogging factor applied.
The curb opening portion of the drop inlet is provided as a clogging factor
for the drop inlet. The Type CM drop inlet calculations for inlets on a
continuous grade take into account the interception of runoff for the grate
and curb opening with a 50 percent clogging factor applied. All storm
drains have been sized based on normal depth calculations. Standard
Form 6 spreadsheets and HGL's on the plans will be provided for the next
submittal.

Gomment: "7. The Engineer must label the 1O-year flow within the laterals and pipes and
provide the HGL on the storm drain plan and profile sheets as a part of the

\\GsÀ/2\TrafData\412416\adm¡n\l€tters\clv-RTC-DurangoDr-preDesign-30%lmp-rjr-jt.doc
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Response:

Comment: "8.

Response:

412.416

90% submittal."

The 1O-year flow and HGL's will be provided in the 90% submittal,

Revise Figure 7, Storm Drain Facilities to reflect the revised storm drain
system proposed for this project."

Figure 7 has been revised to reflect the revised storm drain and drop inlet
layout.

Gomment: "9. Detailed intersection grading plans for the DurangoMashington
intersection must be provided with the 907o plans."

Response: The Durango DriveMashington Avenue intersection grading will be
provided with the 90% plans.

Gomment: "10. Provide details of the Manholes, Neenah cast iron type drop inlets
(maximum g-feet long) and the modified Type C inlets'with the 90% plans.
Type A or B inlets are no longer allowed. Label the revised inlet sizes on
the plan sheets."

Response: The proposed manholes and NDOT Type 2A drop inlet are referenced to
standard drawings on the plans. A detail of the Type CM drop inlets and
Modified NDOT Type 2A inlets are provided in the plans. The revised inlet
sizes and types are called out in the plans and shown on the revised
drainage study figures.

Comment. "11. The Engineer should acquire utility pothole information as soon as
practical to determine additional constraints on the storm drain system
design. Consideration on utility relocations and impacts must be
identified."

Response: Pothole information and storm drain constraints are being identified at this
time and will be complete for the 90% submittal.

Commenti "12. The existing and proposed utility crossings of the storm drain must be
shown on the storm drain plan and profiles sheets and on the lateral
profiles."

Response: Utility crossings will be provided in the 90% submittal.

\\Gq¡/2\TrafDatâ\412-416\admin\lette;s\clv-RTC-DurangoOr-prsDesign-30%lmp-rjr-jt.doc
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¡ lf you have any questions or require additional information, please contact us at 804-2000.

I
Very truly yours,

I u. c. *ALLA.E, rNc.

I V{,,;øgrø¿
I nick J. Read, p.E. i i
I Project Manager

Flood Control Division

I RJR:ij

I Encr.

I pc: Jerry E. Pruitt, GcW

I John Tobin, GCW

I

I

I

I

I

I

I

' 

| 
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Project Description

sEcT c - wEsT (lo.yEAR) SUBBASTN ULTT PLUS l/2 ULT6
Worksheet for lrregutar Ghannel

sEcTc-wEST(10)
lrregular Channel
Manning's Formula
Channel Depth

Worksheet
Flow Element
Method

Solve For

lnput Data

SIope

Discharge
0.005000

9.00

f!ft
cfs

Current Roughness Method
Open Channel Weighting Method
Closed Channel Weighting Method

lmproved Lotter's Method

lmproved Lotter's Method

Horton's Method

Mannings Coefficient
Water Surface Elevation
Elevation Range
Flow Area
Wetted Perimeter
Top Width
Actual Depth
Critical Elevatíon
Critical Slope
Velocity
Velocity Head
Specific Energy
Froude Number
FlowType

0.016
0.54 ft

0.00 to 1.39

4.3 'ttz

23.3328 ft
22.7830 ft

0.54 ft
0.52 ft

0.006805 fvft
. 2.1'l ttls

0.07 ft
0.61 ft
0.86

Subcritical

Roughness Segments

Start
Station

End
Station

Mannings
Coefficient

1+00:00 1+50.00 0.016

Natural Channel Points

Elevation
(ft)

Station
(ft)

1+00.00
1+05.00
1+05.50
1+05.50
't+07.00

1+07.00
1+43.00

1+43.00
1+50.00

0.6000
0.5000
0.5000
0.0000

0.1300
0.1700
0.8900
1.3900

1.3900

o141 2-41 6\drainage\calc\4 I 6-strts.fm2
OBl28lO3 0'f :09:42 PM @ Haestad Methods, tnc.

G. C. Wallace lnc
37 Brookside Road Waterbury, CT 06709 USA

Project Enginêer: GCW USER
FlowMaster v6.1 [614n]

(203) 755-1666 Page 1 of 1
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cRoss sEcTtoN c wEsT (1o-YEAR)
Cross Section for lrregutar Ghannel

sEcTc-wEST(10)
lrregular Channel
Manning's Formula
Channel Depth

0.016
0.005000

0.54
0.00 to 1.39

9.00

1+ 10.00 1+20.00 1+30.00 1+40.00

0.60

o:\41 2-4 I 6\drainage\calc\4 1 6-strts.fm2
08/28/03 01:'10:12 PM @ Haestad Methods, tnc.

Project Description

Worksheet

Flow Element
Method
Solve For

Section Data

Mannings Coefficíent
Slope
Water Surface Elevation
Elevation Range
Discharge

wft
fr

cfs

1.4000

1.2000

1.0000

0.8000

1+50.00

V:10.0N
H:1
NTS

G. C, Wallace lnc
37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: GCW USER
FlowMaster v6.1 [614n]

(203) 755-1666 Page 1 of 1



sEcT c - EAST (ro-YEAR) 1/2 ULT6
Worksheet for lrregular Ghannel

Project Description

Worksheet
Flow Element
Method
Solve For

sEcTc-EAST(10)
lrregular Channel

Manning's Formula

Channel Depth

lnput Data

Slope
Discharge

0.005000 fvft
3.00 cfs

Options

Current Roughness Method

Open Channel Weighting Method
Closed Channel Weighting Method

lmproved Lotter's Method
lmproved Lotter's Method

Horton's Method

Mannings Coefficient
Water Surface Elevation

Elevation Range
Flow Area

Wetted Perimeter
Top Width
Actual Depth

Critical Elevation

Critical Slope
Velocity
VelociÇ Head

Specific Energy

Froude Number
Flow Type

0.016
0.39

0.00 to 1.39

1.8
't3.1584

12.7162
0.39
0.37

0.007768
1.71

0.05
0.44
0.81

Subcritical

ft,
ft
ft
ft
ft
fvft
fUs

ft
fr

Roughness Segments

End
Station

Start
Station

Mannings
Coefficient

1+00.00 1+50.00 0.016

Natural Channel Points

Station
(ft)

Elevation
(ft)

1+00.00

1+05.00
1+05.50

1+05.50
1+07.00

1+07.00
1+43.00
1+43.00
1+50.00

0.6000
0.5000
0.5000
0.0000
0.1300
0.1700
0.8900

1.3900
1.3900

o:\41 2-41 6\drainage\calc\41 6-strts.fm2
OA2A|AS 01 :07:07 PM @ Haestad Methods, lnc.

G. C. Wallace lnc
37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: GCW USER
FlowMaster v6.1 [6f 4n]

(203) 755-1 666 Page 1 of I
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cRoss sEcfloN c EAST (10-YEAR)

Gross Section for lrregular Ghannel

Project Description

Worksheet
Flow Element
Mathod

Solve For

sEcrc-EAsT(10)
lrregular Channel

Manning's Formula

Channel Depth

Sectlon Data

Mannings Coefficient

Slop6
Water Surface Elevation

Elevation Range
Discharge

0.016
0.005000

0.39
0.00 to 1.39

3.00

fvft
ft

cfs

1.4000 r
1.2000

1.0000

0.8000

0.6000

0.4000

0.2000

0.00 00 i-.-. -.-- --- ----

1+00.00 1+ 10.00

o:\41241 6\drainage\calc\41 6-strts.fm2
08128103 01:07:15 PM @ Haestad Methods, fnc.

1+20.00 1+30.00 1+40.00

G. C, Wallace lnc
37 Brookside Road Waterbury, CT 06708 USA

1+50.00

V:10.0\
H:1
NTS

Project Engineer: GCW USER
FlowMaster v6.1 [6f 4n]

I
(203) 755-1666 Page 1 of I



l sEcT B EAST (10-YEAR) (SUBBASTN ULT3)
Worksheet for lrregular Ghannel

Project Description

Worksheet SECTB(1O) EAST

I ftow Element lrregular Channel

I U"thoA Manning's Formula
Solve For Channel Depth

lnput Data

Slope 0.050000 fUft

Discharge 3.00 cfs

Options

Current Roughness Method

Open Channel Weighting Method

Closed Channel Weighting Method

lmproved Lotter's Method

lmproved Lotter's Method

Horton's Method

I
Mannings Coefficient
Water Surface Elevation
Elevation Range
FlowArea
Wetted Perimeter
Top Width
Actual Depth
Critical Elevation
Critical Slope
Velocity
Velocity Head

Specific Energy
Froude Number
Flow Type

0.016
0.29 ft

0.00 to 1.39

0.7 ftz

7.9812 ft
7.6415 rt

0.29 fr
0.37 fr

0.007769 fvfr
4.17 ftls
0.27 ',ft

0.s6 ft
2.40

Supercritical

Roughness Segments

Start End Mannings
Station Station Coefficient

1+00.00 1+05.00 0.025
- 1+05.00 1 +50.00 0.016

Natural Channel Points

Station Elevation
(ft) (ft)

1+00.00 0.6000
1+05.00 0.5000
1+05.50 0.5000
1+05.50 0.0000
1+07.00 0.1300
1+07.00 0.1700
1+43.00 0,8900
1+43.00 1.3900

1+50.00 1.3900

Project Engineer: GCW USER
o:\412-416\drainage\calc\416-strts.fm2 G. C. Wallace lnc FlowMaster v6.1 [614n]
08l28lOS 1 l:30:07 AM @ Haestad Methods, lnc. 37 Brookside Road Waterbury, CT 0670S USA (203) 755-1 666 Page 1 of 1
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1.4000

1.2000

1.0000

0.8000

0.60

0.2000 :---- --"--"
i

0.0000 !----- -------
1+00.00

o:\41 2-4 1 6\drainage\calc\41 6-strts.fmz
OU2Arc3 1 1:30:21 AM @ Haestad Methods, tnc.

sEcT B EAST (1o-YEAR)
Gross Section for lrregular Ghannel

sEcTB(10) EAST

lrregular Channel

Manning's Formula

Channel Depth

0.016
0.050000 fuft

0.29 fr
0.00 to 1.39

3.00 cfs

1+10.00 1+20.00 1+30.00 1+40.00

Project Description

Worksheet

Flow Element
Method
Solve For

Section Data

Mannings Coefficient
Slope
Water Surfa ce Elevation

Elevation Range
Discharge

I

I

I

I

I

I

I

I

I

I

I

I

1+50.00

V:10.0\
H:1
NTS

G. G.Wallace lnc
37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: GCW USER
FlowMaster v6.1 [614n1

I

(203) 755-1666 Page 1 of I



sEcT A-EAST (1o-YEAR)
Worksheet for lrregular Channel

Project Descr¡ption

Worksheet

Flow Element
Method
Solve For

sEcïA-EAST(10)
lrregular Channel

Manning's Formula

Channel Depth

lnput Data

Slope
Discharge

0.015000 fuft
4.00 cfs

Options

Current Roughness Method

Open Channel Weighting Method

Closed Channel Weighting Method

lmproved Lotter's Method

lmproved Lotter's Method

Horton's Method

Results

Mannings Coefficient
Water Surface Elevation

Elevation Range
Flow Area

Wetted Perimeter
Top Width
Actual Depth

Critical Elevation

Critical Slope
Velocity
Velocity Head

Specific Energy
Froude Number
Flow Type

0.016
0.37

0.00 to 1.39

1.4

11.8143
11.3988

0.37
0.40

0.oo7479
2.79
0.12
0.49
1.39

Supercritical

ftz

ft
ft
ft
ft
fUft

fUs

ft
ft

Roughness Segments

Start
Station

End
Station

Mannings
Coefficient

1+00.00 1+50.00 0.0r6

Natural Channel Points

Station
(ft)

Elevation
(ft)

1+00.00
1+05.00
1+05.50
I +05,50

1+07.O0

l+07.00
1+43.00
'l+43.00

1+50.00

0.6000
0.5000

0.5000
0.0000
0.1300
0.1700

0.8900
1.3900
1.3900

o:\41 2-4'l 6\drainage\calc\41 6-strts.fm2
08128103 ',l0:16:14 AM @ Haestad Methods, lnc.

G. G. Wallace lnc
37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: GCW USER
FlowMaster v6.l [614n]

(203) 755-1666 Page 1 of '1



sEcT A-EAST (r o-YEAR)
Cross Section for lrregular Ghannel

I

I

I

I

I

I

I

I

I

I

I

l

I

I

I

I

I

I

Project Description

Worksheet

Flow Element
Method

Solve For

sEcTA-EAST(10)

lrregular Channel
Manning's Formula

Channel Depth

Section Data

Mannings Coefficient
Slope
Water Surface Elevation
Elevation Range
Discharge

0.010
0.015000

0.37
0.00 to 1,39

4.00

ftJft

ft

cfs

1.4000 r-

1.2000 I

1.0000 :

0.8000 i

0.600

0.4000 :"--*-*--
0.2000 i.*-"-:
0.0000 ;--"-,-*.-----

1+00.0 0 l+10.00 1+20.00

o:\41 2-41 6\drainage\calc\4 I 6-strts.fm2
OA28|A3 l0:16:27 AM @ Haestad Methods, lnc;

1+30.0 0 1+40 .0 0

G. C. Wallace lnc
37 Brookside Road Waterbury, CT 06708 USA

1+50 .0 0

V:r O.O\
Hr1
NTS

Project EngÌneer: GCW USER
FlowMaster v6.1 [614n1

(203) 75s-1666 Page 1 of 1



WASHINGTON CAPACITY CALCU LATION
Worksheet for lriegular Channel

Project Description
\o-1øo,r tZ€oø{. dtl Lq ¡'t€

Worksheet

Flow Element
Method

Solve For

washington(10)

lrregular Channel

Manning's Formula

Discharge

lnput Data

Slope
Water Surface Elevation

0.010000 frlft
0.79 ft

Options

Current Roughness Method
Open Channel Weighting Method

Closed Channel Weighting Method

lmproved Lotter's Method
lmproved Lotter's Method

Horton's Method

Mannings Coefficient
Elevation Range
Discharge
FlowArea
Wetted Perimeter
Top Width
Actual Depth

Gritical Elevation

Critical Slope
Velocity
Velocity Head
Specific Energy
Froude Number
Flow Type

0.016

0.00 to 1.03

5'1.32 cfs

12.0 ft2

38.7428 ft
38.0000 ft

0.79 ft
0.87 ft

0.005379 fvft
4.26 ÍUs

0.28 ft
1.O7 ft
1.33

Supercritical

Calculation Messages:
Water elevation exceedq lowest end station by 0.19 ft.

Roughness Segments

Mannings
Coefficient

1+00.00 1+50.00 0.016

Natural Channel Points

End
Station

Start
Station

Elevation
(ft)

Station
(ft)

1+00.00
l+05.00
1+05.50

1+05.50
1+07.00
1+07.00
1+50.00

0.6000
0.5000
0.5000
0.0000

0.1300
0.1700

1.0300

o:\41 2-41 6\drainage\calc\41 6-strts.fm2
07116103 08:44:28 AM @ Haestad Methods, lnc.

G. G. Wallace lnc
37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: GCW USER
FlowMaster v6.1 [614n]

(203) 755-1666 Page I of 1
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WASH INGTON CALCU LATION
Gross Section for lrregular Channel

Project Description

Worksheet
Élow Element

Method
Solve For

washington(10)

lrregular Channel
Manning's Formula
Discharge

Section Data

Mannings Coefficient

Slope
Water Surface Elevation

Elevation Range

Discharge

0.016
0.010000

0.79
0.00 to 1.03

51.32

fuft

ft

cfs

1.2000 ,

!

1.0000 i-*-
0.8000 i
0.60

0.4000

0.2000
,

0,0000 i

1+00.00 1+40.0 0

o:\41 2-41 6\drainage\calc\41 6-strts.fm2
07t16l03 08:44:46 AM @ Haestad Methods, lnc.

1+10.00 1+20.00 1 +30.0 0

G, G. Wallace lnc
37 Brookside Road Waterbury, CT 06708 USA

1+50.00

V:1 O.O\
H:1
NTS

Project Engineer: GGW USER
FlowMaster v6.1 [614n]

(203) 75s-1666 Page 1 of 1
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12.5-ft drop inlet at STA 73+84 (Durango West)

j.1 a'.ra 4..:: :' ; :-a,:.:::.:,r ;

Known
Oo=,, 

,,.,, .', ',

W=,..:, r,.'..

I-
k-.. ..

l;=:j:,:: ,,:.:,

ll¿=-:',:.:i.r.r,, ,.

Ponding depth at inlet (.ft)

Gutter: Width (ft) 
:

Length of grate (ft) 
: .

teng!!,of curb opening, (fi-).,¡,, 
' t'.., l

, 

culo,öÈenins hèisÈi,(fr),i.,,. 
i..ii.,ì,:,,,'.'.,

Weir coéfficient for. cur.b oþening

:. , ,; ,.Clogging factor:fortgrate:(o/o),,,, ,, , ;,,.,:1,,,,,;, ,,,:;;
:'.; :.. .,:,,., -. ::.:r...:: :i.'-. :j.::::::.. :.. ìj::::
_:.:i:ì:.:.::::::r.::. 1l^^àí;à:F.*^c::FÀ,:^i.,,t-i::^;;*i;;:/o7:t:ì_:.ì.::1 :::.:.

.Gra.|þ'cEÞãftv..1.:.:.:.::: 
.:::.:::.: ::,: 1..: : :::: :: :a...a::

acity Calculatigns ,':'''::,:.::']:''-':':'.:
Tg:,',, :,,,,,,:,',,ectrVe,orate,.Wei5,1enstn !3swD =,2*.ry+k: (ft)'

Cws= , 'Welr coemcíent fol,,Orate

c;'..1.,.;.' 

',,.. 
:, 

'.:,:orJficè,9olfficient¡,.,...,i.r,r.lr...,e.'i,:,',:-;,,.:',;,.'.,'lG!"s!9.:0Èeniñ9.ifâçöi,',¡ ,',.,'

t:::::.::: ::r:.:r :;:t:j+u!E

&så+::ir:,,,,, ..::Àdjüsté¿,oþéñ,,'gi a :+,ÆT'n"-t.(l:Cr¡lf 0Ðì'(ft?),:::.;:t it:1:r25,,,::.,..

C=.ìl;ii:i.:.:i,i.i:.:,,ché-ekrii,.If :Þpi.L792-{ gl,Prdi,vleiij:-é!¡è:'i¡Ffiöeì,i:::!:::irj':jlÌ,:ìiwê!r'ljiÌ:.ii:j,,6= r,;,,,,,:i:;,:::,,i check:: lr b-<,¡,i,gi"*n iæl¡¡¡eiij,ÈiéË,'t¡¡éé:,tt,,;.',,,,ì.iti:::*êi't;,;1,¡;,:i¡,1:,r,1

c-u¡b;,ope¡!¡.s..Cãþà.çi'!i âJiEl.qtiffi5;i.'.1;i.l.tt.r.r.i.il..ii.r;:riir,i;Ìi:'l*;i;Ì
Pc: :::' ,, ; r:: Active,cqrb,openfng ryei¡ le1eth,(acôw]),,: t*+1,8*\tr,,:(!,1;5,20,,,,1¡:,;: 

:,1'''':::r"i\':.

1:::.r.r.

e¡= .: ::'. :p'6.intiobv¡ü¡6'fp't¡¡¡g;,çcre)ì,, 
,ì,,.,.',,,,ì.,,'., ,;i.t, ...:.', t2.4,

File:Dl_Sizing_1.5.wb3 DatePrinted:08127103



lÕô-1tcçrr ato^ 6^

Grate Inlet Headwater Depth Calculation
. NDOT TYPE 2A DROP INLET

E a.sr ilour.rs ôN ?¿rrP
Known:

Q= Flow (cfs)
=:,::,::,r¡::::,::i::::,,¡,,::,,::6:0':W: Widthof Grate (ft) ::.:;::,::,.'¡:;, , :,2,00

L: Length of Grate (ft) t;i i :::..;:l;::r :;,3.1001i

D: Diameter of Circle (ìn)

Weir Conditions:

Hw:(Qi(Cw*P))2/3

Cw= Weir Coefficient :a;i:!:iiili:;;:.;t;i:Z-9,

P= Perimeter of grate (ft) 10.0

Pc: Perimeter (øclogging) (ft) 5.0

lIw: Headwater depth (ft) 0.s8

Orifice Conditions:

Hw=(Qi(Co* Ac))212*s

Co: Orifice Coefficient i;ä,ti:rtta'.,:i:,a':67,

A5 Grate Area (#) 6.00

GF Grate Opening Factor iï.l7t;:j!Í¡t:ß,;61,:

Ac= Grate Open Area (w/ cloeeine) (ft2) 2.01

Hw: Headwater depth (ft) 0.31

Worst Case Scenario Occurs Under Weir Conditions

ÉIeadwater Depth : ffi,m$g!$ ft with erate



loc)-
Grate Inlet Headwater Depth Calculation

MODIFIED NDOT TYPE 2A DROP INLET
rr...¡F qT íìOLJ ¡tI\ rltrtr?hTnnP

Known:

a: Flow (cß) zl,;a

W: Width of Grate (ft) 2.CIO,

L: Length of Grate (ft) 6:00,

D: Diameter of Circle (in)

CÈ Clogging Factor (7o) i::. 
$Q,:;

TVeir Conditions:

Hw:(Q/(Cw*P))2/3

Cw= Weir Coefficient ,::: : ; ,:/,JQ"
D-t- Perimeter of grate (ft) 16.0

Pc: Perimeter (dclogging) (ft) 8.0

FIw: Headwater depth (ft) 0.98

Orifice Conditions:

Hw=(Q/(Co* Ac\)2lZ*s

Co: OrificeCoefficient ¡:-,1,:;;::,,::,:V::1;:;;;;.Q;NÇJ¡i

Ag-- Grate Area (ft2) 12.00

GÈ Grate Opening Factor :i::li:::ljli:.!:l..,q;6?:

Ac: Grate Open Area (w/ closeine) (ft2) 4.02

Hw: Headwater depth (ft) 0.94

Worst Case Scenario Occurs Under V/eir Conditions

Headwater Depth: ffi{€.'qfii¡ fr wirh grare

ì'è
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LEGEÌ{D GENERAL NOTES
ÀII- cRAOES SHOV/}I HÊREON ARÉ 10 ROUCH CRAOE NLY A¡IO ARE O.3O
FEEÍ LOW 10 ÁLLOW FoR L^NoSCAP|No EXC¡þÍ LC., F.L, 

^N0 
F.C.

IITIICH ARÉ TO FINISH GRAOES.

^Lt 
LOTS 

^RE 
fO 8E F.H,A. ÍYPE'^' 0R^|N^ôE UNI"ESS otHERlìlSE

NOIEO.
SgE IMPRO\€XENI PLANS FOR STREET SECTIONS ANO DEIAILS. SEE
fINAL MAP FOR EXACÍ 8EAßINCS AND OISÍANCES.
coNtR^cfoRs slt^tr vERtF{ 

^tt 
c$olltoNs ÀN0 DrMENsloNs AND

SHÂIT REPORT ,{LL OISCREPANCIES fO IHE ENdNEER PRIOR fO fH€
C0MMENC€MENI OF g,ORl(.

ALL CRAOINC AND SI¡E PREPARATON SHAIL CO'JFORM IO ]HE
REQUIREMENTS OF IHE CEOÍECTINICAL IN!€SICAfION PREPAR€O 8Y:
@M6+ w&ú.w..fratú,&æ)
DAfEo ø49-ø--Ø-

(æt *.a) (ft'Ð.e) (r:('a.a)
EX!¡ïilO

FDGÊEW WE31- ltrl f)

--r_='
/

8. AtL WORK PERFORMÊD OUÍSIDE O¡ fHE PROGCT BOUNDAÂY AIIO ON

PRIVAIÉ PROPERTY S{ÂTT NOl 8E PÊRFORMEO UNÎL VIRITIEN
P€R¡¡ISS|OI{ ANO EASEMENT HAV€ BEIT OEIAINEO FROM THE OFTs|IE
o$ñtER.

7. ALL IIORK PItrFORMÊD stlHlN PUBUC RIGHT-oÊ-',Y Y ANO ot ÌSIOE 0F
IHE PROJECT SOUNOARY SHAL! 8E PEßFORMEO UNOEi A SEPARAIE
ENCROACI.{MAIT PEÂMIT ISSUED BY 'IHE CONÍROUJN6 AU'IHORfY.

8. MINIMUU FINISH Flooi ELEVAnoN ¡ PÆ EtrVATIoN +1.0', LOCATON MAP
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.I997 CITY OF LAS VEGAS
CITY.WIDE HYDROLOGY ANALYSIS

LEGEND

REGIONAL STREAM NAME DESIGNATOB AAEB
PARENT STREAM NAME I ' I

STREAM NAME I

REGIONAL ID / RIVER MILE OOOO

DISTANCE ABOVE I I

CONFLUENCE WITH PARENT STREAM I I

M|LES I I

TENTHS OF A MILE I

LOCALSTREAM NAME DESIGNATOR AAB

Fr.lÉtyOæc

PARK. DUFìANGO
FCP
RCP

LOCAL ID NUMBER

EXISTING FACILITY

PFìOPOSED OR MODIFIED FACItIry
CONTINGENCY LEVEL

MASTER PLAN
FACILITY PLAN

PRELIMINARY DESIGN
DESIGN

BOTTOM WIDTH

DEPTH

StDE SLOpE, H;V

CORBUGATED METAL PIPE
CULVERT

COFìRUGATED METAL ARCH
PIPE CULVERT

FIEINFORCED CONCRETE BOX

RCB CULVERT

FIEINFORCED CONCRETE PIPE

RCP CULVERT

REINFORCED CONCRETE
ABCH PIPE CULVEFIT

GENERAL COMMENT

FACILITY SPECIFIC COMMENT

NOTES:

FLOW = 1OO YEAR DESIGN FLOW
(REGtONAL FACtLtTtES)

FLOW = FACILITY CApACtTy
(LOCAL FACtLtTtES)

000

P

P1

P2
P3
P4

W

D

SS

CMP

CMAP

BCB

RCBC

RCP

RCPC

RCACP

G1

s1

ANGEL PAFìK. MIDDLE BRANCI
Wash

1: 12' x 10' & 2: 1 2' x 2' RCBC
Chnl 5.5'D 40'W 2:1 SS

f2'x 8' RCBC
Chnl 40'W 7.5'0 2: t SS

PAFK NORTH
Park Oetent¡on Basin

'12'x '14'x 380'RCB Cu¡v€rl
RCP Em€rgenry Outtet
FìCP Emergency Ouilet

3' FìCP Emergency Ouilol
Unlined Chnl
3: 12'x 10'RCBC @ Rampat

l4'x 14'RCBC, Bridgê

PARK OUTFALL
FCP
BCP
RCP

PAFìK. PECCOLE 1

72'AQP
60'RCP @ Charlsston
RCP

ANGEL PAFK. PECCOLE 2
Chnl

PARK. SOUTH BEANCH
Wâsh

12'x 12'RCBC @ Aha
Chnl 7.5'D 25'W 2:1 SS
Chnl 5.5'D 60'W 2:1 SS

rb¡on Chnl 5.5'O 25'W 2:1 SS
8'x I'RCBC @ Tom Cgntsr Dri\
x 12'Arch Cutvert @ Town Cant

PÁRK - SUMMEHLIN PAR¡
Chute Drop 3OW 6'D

Unlinêd ChnlWcabion Drops 2O,W
rlined Channol 50'W Ospth variss
8'x 4'RCBC @ Tom C€nt€r Dri!

Chnl 6'D 1o'W 2:t SS
9'x4'RCBC @ Crêstdate

Chnl 6'D 10'W 2:1 SS
x8'RCBC I Anâsaz¡

Chnl 6'D 10'W 2: Í SS

SOUTH FACIUIIES
12'x 7' RCB
l2'xZRCB@Westc¡if

I'x 5'RCB
I' x 4' RCB
2: 12' x 4' FICBC @ Charleslon Elvd
12'x 4'RCB

VEGAS CBEEK CHANNEL
BCP

FLOOD CONTROL FACILITIES
INVENTORY

SHEET F-12

PBS&J, INC

n'
I

APDG
APOG

APMO
APMD
APMD
APMD
APMO

APNO
APNO
APNO
APNO
APNO
APNO
APNO
APNO

APOF
APOF
APOF

APPl
APPl
APPl

APP2

APSO
APSO
APSO
APSO
APSO
APSO
APSO

APSP
APSP
APSP
APSP
APSP
APSP
APSP
APSP
APSP

GOSO
GOSO
GOSO
GOSO
GOSO
GOSO

LCCH

APDG
0000
0060

APMD

0000
0027
0133
01 47
01 50

APNO
0000

0000
0000
0000
0000
000 f
0012
o0 15

APSO
0000
0020
0043

0067
o205
0254
0255

APSP
0000
0001
0002
0066
0069
0133
0135
0177

0183

GOSO
0305
0336
0352
0404
0455
0462

LCCH
0582

E

E
E

E

E

E

E

E

E
E

E

E
E

E

E
E

E

E
E

E
E

E

E

E

E

E
E

E

E

107-V1649 / V1660
107.V1649/V1660

1996 Master Plan Update
107V-2464
I 996 Master Plan Update
107-V2425

1 996 Master Plan Updats
I 07-V1 735 / V2088
I 996 Master Ptan Update

Mastsr Plan Update

1996 Mast€r Plan Update
107-V2088
'1996 Master Ptan Update'
1996 Master Ptan Update
't996 Master Plan Updato
107.V2369
107-V2369

107-V1571

1 07-V1 753
107-V1753
107-V2140
107-V2140
107-v1 648
t07-v2140



1997 CITY OF LAS VEGAS
CITY-WIDE HYDROLOGY ANALYSIS

LEGEND

BEGIONAL STREAM NAME DESIGNATOR AARB
PARENT STREAM NAME I I

STREAM NAME I

BEGIONAL ID / RIVER MILE OOOO

DISTANCE ABOVE I I

CONFLUENCE WITH PARENT STREAM I I

MTLES I I

TENTHS OF A MILE I

LOCAL STREAM NAME DESIGNATOF AAB

LOCAL ID NUMBER

EXISTING FACILIry

PROPOSED OR MODIFIED FACILITY
CONTINGENCY LEVEL:

MASTER PLAN
FACILITY PL¡N

PRELIMINARY DESIGN
DESIGN

000

BOTTOM WIDTH

DEPTH

SIDE SLOPE, H:V

CORRUGATED METAL PIPE
CULVEHT

CORRUGATED METAL ABCH
PIPE CULVERT

REINFORCED CONCRETE BOX RCB

RCBC

RCP

RCPC

RCACP

FLOW = 100 YEAR DEStcN FLOW
(REGIONAL FACtLtTtES)

FLOW = FACILITY CAPACTT/
(LOCAL FACtLtTIES)

FLOOD CONTROL FACILITIES
INVENTORY

SHEET F-12

PBS&J, INC

P1

P2
P3
P4

W

SS

CMP

RCB CULVERT

REINFORCED CONCRETE PIPE

RCP CULVERT

REINFORCED CONCRETE
ARCH PIPE CULVERT

GENERAL COMMENT

FACILIry SPECIFIC COMMENT

G1

sl

ID lO tlo. ÚP Plan l{o. Fcclltty o{a{cdFl¡on
Fac

Lsnsth Ci6)

ALT
ALI

ANZ
ANZ

ÁNZ
ANZ
ANZ
ANZ
ANZ
ANZ
ANZ

APO

APD

APD
APD
APD
APD
APO
APO
APO
APD
APO

APO

BCR

BFO
BFO
BFO
8FO
8FO
BFO
BFO
BFO
BFO
8FO
BFO
BFO
BFO

ccD
ccD
ccD
ccD

BBC
BBC
BBC

BBC
BBC
BBC
8BC
BBC
BBC
BSC

CDL
CDL
CDL
CDL
CDL
CDL
CDL
CDL
coL
CDL
coL
CDL
CDL
CDL
CDL
CDL
CDL

CHN
CHN
CHN
CHN

CHN I

C¡r.: I

CHN I

CHN I

CHN I

CHN I

040
050

041

045

200
2't0
220
230
240

260

000
010
o20
02s
030
035
040
045
050
080
100

200

000
040
050
060
06'l
062
090
100
r10
120

500

030
070
071
090
091

100
110
't20
130
230
240
250
260

080
090
'100

110

l

018
o2o l

o21 l

o22 
Io23 
i

o24 I

o23 I

026 |

o27 I

o2s I

o2s 
I030 I

o3r I

o32 I

033 I

034 I

o3s 
I410 
I420 I

43o I

44o I

44s I

446 I

4so I

460 I

47o I

47s I

E

E

E

E

E

E

E

Ë

E
E

E

E

E

E
E

E

E

E

E

E

E
É

E

E

E
E

E

E
E

E

E

E
Ê

E

E
E

E

E

E

E

E
E

E
E

E

E
E

E
E

E
E

E
E.

E
E
E
E
E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E
E

E

E

E

E

I 107v.2509
I rozv.esos
I
I

ItoTY-41,rr-¿7
I r ozv.ogs r

Itozv.z:to
I 
rozv.zoro

I ro7v.231o
I rozv.z¿ss
I rozv.z¿gs
I rozv.z¿ss
I rozv-z¿ss
I
I
1107v-2448
Itow.too'.
Lozv.oo¡a-rr z
I r ozY.¿¿sa-rr z
I rozv-¿¿ea.rrz
I lozv.¿¿¡a-rrz
lSztY-qßa-lza-,
lgzzv -¿¿za-rza-t
lsztv-qqsa.rz¡-t
lsozv-oasa. r zn. r
I r07.Y4289.3 '
lroz-v or n-,
I
I

| 
107.V2355

I 1 07.V2355
I roz.vesss
I roz.vz¿zo

lot.vzaza
ltoT-v2426

lozv-znat
107V -2464

107V.2464
107v.2464

307Y-4463-r A

107-V2140
107-V1877
't07Y-4182

107.Y4305
107-Y4305
107-V2314
107.V2314
107.V2314
107.V2314
107-V2314
107-V2314
1 07-V231 4
107.V2314

327Y.4480
327Y-4480
327Y-4480
327Y-4480

715-94
107V-2289 & 2259
107V-2289
107V.2259
107V.2259
107V.2259
1 07Y.4294-1 -3
107Y.4294-r -3

107Y-4294-1-3
107Y-4294t,-3
107Y-4294-1.3
107Y.4294.1.3
1 07Y-4294-1 -3
107Y-4294.1-3
107Y-4394
107Y-4427-1
107Y-4420-4

1 07-v1 648
1 07-v1 648
1 07-v1 648
I 07-V1 648

107-V2251
107-V2251
107-V1648
'| 07-v1648
1 07-V1 648
1 07-V1 697

136'RCP
l:o'' s.'rcp
I
118'RCP
lz¿'ncp
loe'ncp
l:s'ncp
l:o'ncp
l¿z'ncp
lso'ncp
lse'ncp
ltz'ecp
I
124' Wide Arch Bfldqe
l¿z'acp
lzo'ncp
lz¿'acp
l¡o'ncp
l¡a'ncp
I re' ncp
lz¿'ncp
l¡o'ncp
lz¿'ncp
I re' ncp
I te' ncp

l60'RcP
lrs'ncp
124'x 12'Arch Culvert
I re' ncp
lz¿'ncp
li¿'acp
lge'ncp
leo'ncp
loo'acp
loo'ncc
I

t60'FìcP

I

112' x 4' RcB Dra¡n
l¿z'Rcp
l¿z'ncp
lra'nce
18'RCP
24'RCP
30'RCP
36'BCP
48'RCP
42'RCP
66'RCP
72'RCP
66'RCP

36'RCP
30'RCP
42'RÇP
48'RCP

30'RCP
36'RCP
30'RCP
36'RÇP
24'RCP
42'BCP
30'RCP
24'RCP
42'RCP
48'RCP
30'RCP
24'FCP
48'RCP
72'ACP
24'ACP
24' FìCP

24'RCP

s4'RCP
48'FCP
42'RCP
36'BCP
19'x 30'HE RCP
30'RCP
30'RCP
24'RCP
21' RCP
18'RCP

1.527
98

260
300
214
439
764
191

676
861

I 195

654
152
98

99
2,775
310

1.000
293
146

940

625
308
531

91
481

509
809
542
120

1.226

r00
60

228

412
150
82

276
207
370
116

190

622
230
751
84

643
1.211
100
452
305
936
80

634
327
759

634
1,185
1 ,179
527

108
249
250
430
587

2.800

4r8
121

487

47

2.40
2.00

186
0.50
1.20

0.924

0.7 d

1.00
1.00
118
0.45
0.50
0.90
2.74
2.32

1.67
0.50
0.50
3.03
2.25
3.00
2.OO

0.90
0.90
0.90

0.45
0.50
t. to
1.00
0.40
0.50
0.52
6.08
1.27
1.27

3.00
7.50
3.00
2.00

4.36
4.32
2.09
3.41

0.035
r.89
0.90
0.90
4.04
1.60
1.25

3.50

1.25

3.00
3.00

0.25
0.25
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