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HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL

DRAINAGE STUDY INFORMATION FORM

412.416

Name of Development: Durango Dr. from Westcliff Dr. To Vegas Dr. Date:  May 2003
Location of Development: &) Descriptive (Cross Streets): ~ North/South:  Durango Dr East/West: Westclift/Vegas Dr.

b) Sect. 28,29 Twn. 208 Rng.  60E
Name of Owner; City of Las Vegas Assessors Parcel No: 138-28-301-001
Telephone: 299-6541 Facsimile No:
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, Inc.

Address: 1555 South Rainbow Boulevard; Las Vegas, NV 89146

Type of Land Development / Land Disturbance Process:

Rezoning Subdivision Map Clearing and Grading Only
Parcel Map Planned Unit Development X Other (Please specify below)
Large Parcel Map Building Permit Street Improvements
1. Total Owned Land Area; At Site: 12 acres Being Developed / Disturbed: 12 acres
Is a portion or all of the subject property located in a designated FEMA Flood Hazard Area? Yes*

Is the property bordered or crossed by an existing or proposed Clark County Regional Flood Control District Master Planned Facility?

L

Proposed type of development: (Residential, Commercial, etc.)? Street Improvements

5. Approximate upstream land area which drains to the subject site? 30 + acres

8. Has the site drainage been evaluated in the past? NO  Ifyes, please identify documentation:

Technical Drainage Study for the Villas at Angel Park PBS & J 7/96

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

7. ltknown, please briefly identify the proposed discharge point(s) of runoff from the site:
Storm drain in Vegas Drive and in Westcliff Drive

8. Briefly describe your proposed schedule for the subject project:  ASAP

Submit this form as part of the required drainage study to the local entity which has jurisdiction over
the subject property. This form may provide sufficient information to serve as the Conceptual
Drainage Study.

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

Revision Date
Engineer's Seal
5/7/c3 Local Entity File No.
Exp \2f31/07>
REFERENCE: STANDARD FORM 1
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412.416

HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL

DRAINAGE SUBMITTAL CHECKLIST

Project Name: Durango Dr. From Westcliff Dr. to Vegas Dr. Map ID:

Firm Name: G. C. Wallace, Inc. Engineer. Rick J. Read, P.E.
Address: 1555 South Rainbow Boulevard

City: Las Vegas State: Nevada Zip: 89146
Phone Number: 804-2225 ' Fax Number: 804-2299

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 fo ensure the
Technical Drainage Study is prepared within the guidelines as set forth in the Clark County Regional Fiood 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 i_s rleviewed 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.

If items are not applicable for the subject site, provide N/A.

l. GENERAL REQUIREMENT:

Yes No
L7 Design Manual Standard Form 1 with the engineer’s seal and signature.
(e Design Manual Standard Form 4.
3(2,%(%“ 2 copies of the 24” x 36" Drainage Plan.
NA A notarized letter from the adjacent property owner(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

. MAPS AND EXHIBITS

Yes No

[

\

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

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

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

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
topography, basin boundaries, concentration points, and flows in cfs.

1. DRAINAGE PLAN

Yes No
— Sheet size: 24" x 36" sealed by a registered engineer in the State of Nevada.
— Minimum scale: 1" =60'".
L Project name.
L~ Vicinity Map with local and major cross streets.
— Revision box.
o North arrow and bar scale.
L Engineer's/consultant’s address and phone number.
— Elevation datum and benchmark.
s Legend for symbols and abbreviations.
L Cut/fill scarps, where applicable.
- Street names, grades, widths.
Proposed future and existing spot grades for top of curbs and street crowns at lot lines, grade
" breaks, and along curb returns on both sides of the street.
REFERENCE:

STANDARD FORM 2

Adopted August 12, 1999 -2- H:\082 - Secretarial\Terri\sf2durango.doc




412.416

HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL

DRAINAGE SUBMITTAL CHECKLIST

Yes No
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lll. DRAINAGE PLAN (Continued)

Existing contours encompassing the site and 100 feet beyond with spot elevations for important
locations, where appropriate.

Minimum finish floor elevations with top-of-curb elevations at upstream end of lot.

Proposed typical street sections.

Streets with off-set crowns.

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

Property lines.
Right-of-way lines and widths, existing and proposed.
Existing improvements and their elevations.

Delineation of proposed on-site drainage basins mdlcatmg area and 10-year and 100-year storm peak
flows at basin concentration points.

Concentration points and drainage flow direction with Qg and Voo and Do in streets.

Cumulative flows, velocity, and direction of flow at upstream and downstream ends of site for the 10-
year and 100-year flows.

Location and cross-section of street capacity calculations.
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 sectional
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",
Wrought iron gate is required for flows > 10 cfs.

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

REFERENCE:

STANDARD FORM 2

Adopted August 12, 1999 -3- H:\082 - Secretarial\Terri\sf2durango.doc




412.416

HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL

DRAINAGE SUBMITTAL CHECKLIST

lll. DRAINAGE PLAN (Continued)

Yes 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 18
inches above BFE.

Appropriately elevated “humps” 6 inches above the 100-year water surface elevation at site
accesses where the intent s to protect the site from the Qg flows.

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

IV. HYDROLOGIC ANALYSIS

Yes No
Appropriate soil information and Soils Map for existing and future conditions with subbasins and
e property delineated.
Input and output information for existing conditions from computer models (HEC-1 or TR-55). The
(U flow routing diagram must be provided with HEC-1 models.
Input and output information for future conditions from computer models (HEC-1 or TR-55). The
N 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, Qo and Qg for both individual basins
g and combined basin flows, where acceptable.
Copies of supporting technical information referenced from a previously approved study and a
RV statement accepting these results.
On-site facilities must perpetuate flows through or around the site without significantly impacting
(I adjacent property owners in accordance with current Nevada Drainage Law.
REFERENCE: STANDARD FORM 2
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412.416

HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL

DRAINAGE SUBMITTAL CHECKLIST

V. HYDRAULIC ANALYSIS

Yes No
g
[t

L™
L/

p(P

rlh
-

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

Normal depth street flow calculations and cross section diagrams for all interior and perimeter
streets. Provide “d x v” products for the Qqq0 and Qyq flows representing the worst case for interior
and all perimeter streets. Qqpod x v <8. Q4o d x Vv <6 and 12 foot dry lane for rights-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, Qoo
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
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 Qqq 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 A flood zones.

s  Field survey data.

Input and output information.

Plotted cross-sections based on survey with proper encroachments.

A map showing the location of the cross-sections.

Analysis of both sub- and super-critical flow segments.

A 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

’ " drain pipes in public rights-of-way, including headwater pool inundation.
The mitigation of nuisance water, both during construction and in the fully developed condition, must
— be addressed.
REFERENCE:

STANDARD FORM 2
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Drainage Study Durango Drive
30% Preliminary Design Submittal From Westcliff Drive to Vegas Drive
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Drainage Study Durango Drive
30% Preliminary Design Submittal From Westcliff Drive to Vegas Drive

L INTRODUCTION

The City of Las Vegas (CLV) has contracted with G. C. Wallace, Inc. to provide
engineering and design services with geheral 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 100-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 ftraffic 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
improvements 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:

+ Identified and reviewed previous drainage studies for the project.

*

Identified 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.

+ Identified existing and proposed CCRFCD drainage facilities adjacent to the
project site.

¢+  Estimated runoff generated from off-site and on-site subbasins for 100-year
and 10-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.

. Identified project constraints and anticipated resolutions.

. Prepared preliminary storm drain improvement plans incorporating

recommended ultimate drainage facility recommendations.

3 G.C. WALLACE, INC.
% Engineers/Planners/Surveyars
TH RAINBOW BLVDJLAS VEGAS, NEVADA 89146 1




Drainage Study Durango Drive
30% Preliminary Design Submittal From Westcliff Drive to Vegas Drive

1L 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.

TABLE 1

Summerlin Parkway Drainage Improvements Rampart Boulevard to
Drainage Study #1 Buffalo Channel, dated June 1997, prepared by The City of Las Vegas
Flood Control Section.
Drainage Study #2 ;’;ﬁlglscgj Drainage Study For the Villas At Angel Park, dated July 1996
: Technical Hydrology Study For Durango Trails City of Las Vegas,
Drainage Study #3 Nevada, dated December 1994, prepared by VTN, Nevada.
: Hydrology Study For Westcliff & Durango City of Las Vegas, Nevada,
Drainage Study #4 dated August 1994, prepared by L. R. Nelson Consulting Engineers, Inc.
; Pre-Design Report Vegas Drive Street Improvements, dated December
Drainage Study #5 1996, prepared by Kennedy/Jenks Consultants

G.C. WALLACE, INC.
Engineers/Planners/Surveyors
1555 SOUTH RAINBOW BLVDAAS VEGAS, NEVADA 89146 2



Drainage Study Durango Drive

30% Preliminary Design Submittal From Westcliff Drive to Vegas Drive
TABLE 1
Previous Studies & Reference Dr‘av‘yings
yp Descripti
Drainage Study #6 1997 City of Las Vegas, City-Wide Hydrology Study, by PBS&J, Inc.

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)
Summeriin Pkwy Study (2) The Villas Study, (3) The Durango Trails Study, (4) The
Westcliff Study, (5) the Vegas Drive Study, and (6) City of Las Vegas City-Wide
Hydrology Study in the following text.

V. FEMA FLOOD PLAIN STATUS

The limits of the project are located on Flood Insurance 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 FE'MA-designated Special Flood Hazard Area (SFHA).

V. CCRFCD 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 Plan 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 figure, there are
several existing CCRFCD regional facilities 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
54-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.

G.C. WALLACE, INC,
Engineers/Planners/Surveyors
WUTH RAINBOW BLYDJLAS VEGAS, NEVADA 85146 3
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Drainage Study Durango Drive
30% Preliminary Design Submittal From Westcliff Drive to Vegas Drive

V1. 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-1 Flood Hydrograph Package (Reference 9).

Precipitation

The project limits along Durango Drive lie within the McCarran Rainfall Area. The
100-year and 10-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 8 square miles, an SDN 3 design

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

Curve Number & Runoff Coefficient

The soils information utilized for the offsite hydrologic models was obtained from the
SCS Soil Survey of the Las Vegas Valley as provided by the United States
Department of Agriculture (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

G.C. WALLACE, INC.
Engineers/Planners/Surveyors
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. 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.

TABLE 2
Land Use Summary & Composite Curve Number

HSG and Curve Number

Impervious.(Streets) 98

Open Space (lawns, parks, golf courses, cemeteries, etc.) 80
good condition

Newly graded areas (pervious areas only, no vegetation) 94

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, Inc. 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, = 0.6(t;). 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 t. 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.

G.C. WALLACE, INC.
Engineers/Planners/Surveyors
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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.

TABLE 3
Mannings “n” Design Values

RCP Storm Drain 0.013 35

Storm Drain

Storm drain facilities were conceptually sized to convey the entire 10-year storm flow
with consideration to street flow capacity and maintaining a 10-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 drain 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 Inlets

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
conditions and on a continuous grade have been designed to capture the anticipated
10-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 section consists of a 100-foot right-of-way width.
The ultimate condition back-of-curb to back-of-curb width will be 90 feet.

G.C. WALLACE, INC,
Engineers/Planners/Surveyors
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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
10-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 100-year storm event to be less than or equal to 8. Additionally, depth of flow
in the gutter flowline for the 100-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 10-year storm event. Street

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

Vil.  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 facilites 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.

G.C. WALIACE, INC.

Engineers/Planners/Surveyors
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TABLE 4
Summary of Existing Condition HEC-1 Analysis

T TEX 78 39
EX2 8 5
PT1 86 44
EX3 38 20
EX4 9 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 finished 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 included in Appendix A. Table 5 summarizes the
100-year and 10-year peak flow rates determined by the HEC-1 model.

TABLE 5
Summary of Interim Condition HEC-1 Analysis

G.C. WALLACE, INC.
5% Engineers/Planners/Surveyors
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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 INT2 and INT4 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
approximately 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 mode! is included in Appendix A. Table 6

summarizes the 100-year and 10-year peak flow rates determined by the HEC-1
model. |

TABLE 6 .
Summary of Ultimate Condition HEC-1 Analysis
T

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

G.C. WALLACE, INC.
: Engineers/Planners/Surveyors
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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 facilites. Recommended drainage

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

Vill. RECOMMENDED DRAINAGE FACILITIES

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 Improvement Plans.

The storm runoff in Summerlin Parkway that drains to the west bound off ramp will be
conveyed east through a 30-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 fraffic 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 “A” 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 Drive/Washington 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 10-year storm runoff. Drop inlet calculations are included in Appendix B.

G.C. WALLACE, INC.
& Engineers/Planners/Surveyors
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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 5.5-foot Type CM drop inlets are proposed at the
Durango/Washington intersection to intercept the 10-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 100-year storm 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 %2 of ULT1). 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

8 G.C. WALLACE, INC.
¢ Engineers/Planners/Surveyors
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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 30-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 10-year storm flows from Subbasin INT4/ULT4. G.
C. Wallace, Inc. 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 “A” 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 (10-year storm runoff) into the existing 24-inch RCP in Westcliff Drive.

There are four NDOT Type 2A drop inlets in Summerlin Parkway located at the
upstream end of Subbasins ULT5 and ULT8 (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
30-inch storm drain proposed at the downstream end of the on ramp and off ramp.

Pertinent excerpts from the Summerlin Parkway Study are enclosed in Appendix C.

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

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

G.C. WALLACE, INC,
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TABLE7
Summary of Proposed Drainage Facilities

ility Descriptio
18" RCP Storm Drain

East side of Durango Drive (N‘o‘rth of Washington)

Type “A” Drop Inlets Nuisance East side of Durango Drive (North of Washington)
5.5" Type CM D. |. -3 West side of Durango Drive (Sta. 73+92)
5.5 Type CM D. 1. 2.5 East side of Durango Drive @ Washington (Sta. 73+92)
NDOT Type 2A 10 West of Durango Drive Sta. 65+50
30" RCP 10 Durango Drive Sta. 65+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. 1. 1 Durango Drive Sta. 57+30
5.5 Type CMD. 1. 3 West Side of Durango Drive Sta. 52+75
5.5 Type CMD. | 3 East Side of Durango Drive  Sta. 52+75
18" RCP Storm Drain 6 Durango Drive (South of on ramp to Summerlin Parkway)
Modified NDOT Type 2A 11 Summerlin Parkway
30" RCP 11 Summerlin Parkway

*See Figure 7 for location.

STREET HYDRAULICS

The resulting street flow data is based on the flows established from the interim
conditions HEC-1 model. Table 8 summarizes the street flow hydraulic computations

for a 100-year storm event.

: TABLE 8
Summary of Street Flow Hydraulics

A (West) 150 100 84 0.86 5.6 4.8
A (East) 1.50 100 75 0.44 3.2 14
B 0.40 100 8 0.44 17 0.7
C (West) 0.40 100 17 0.66 22 15
D 3.40 100 2 0.23 2.9 0.7

*See Figure 6 and Figure 7.

G.C. WALLACE, INC.
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Table 9 summarizes the street flow hydraulic computations for the 10-year storm

event.

TABLE 9
Summary of Street Flow Hydraulics
During a 10-Year Storm Event (Minor Storm)

A (West) .

B 100 0.39 15 0.6
C (West) 100 0.56 1.9 1.1
E 100 0.39 1.7 0.7
*See Figure 6 and Figure 7.

Based on the calculated street flow characteristics, the Design Manual criteria ¥or
depth (D) and velocity times depth (VXD) during the 10-year and 100-year storm
events for major streets will be met. Additionally, a 12-foot dry lane will be
maintained in a 10-year event. Please note that the 10-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.
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X. CONCLUSIONS AND RECOMMENDATIONS

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

construction 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 10-year design storm or

nuisance flows.

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

intercept 10-year storm flows.
5. The proposed 4-foot type “A” 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)

G.C. WALLACE, INC,
Engineers/Planners/Surveyors
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L)
[ HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL
. o]
DEPTH-DURATION-FREQUENCY VALUES
FOR McCARRAN AIRPORT RAINFALL AREA
(IN INCHES)
RECURRENCE INTERVAL
TIME 2-YR 5-YR 10-YR 25-YR 50-YR 100-YR
5 min. 0.15 0.27 0.35 0.46 0.54 0.63
10 min. 0.25 0.44 0.57 0.74 0.89 1.02
15 min. 0.33 0.57 0.74 0.97 1.15 1.32
30 min. 0.44 © Q.78 1.01 1.31 1.55 1.79
1 hour 0.52 0.8  1.15 1.50 1.78 2.06
2 hour 0.59 1.01 1.30 1.70 2.01 2.30
3 hour 0.64  1.08  1.39 1.82  2.15 2.48
6 hour 0.72 1.22 1.58 2.05 2.41 2.77
e —— TS
24 hour {TR-55) 1.20 1.60 1.80 2.40 2.70 2.96
NOTE: 1. Refer.to Figure 513 for a description and drawing of the area
: ’ included in the McCarran Airport Rainfall Area.
2. The 24 hour values présented above are for use with TR-55 only.
3. ‘Table 501 adjustments not required. -
Revision para_§
i
|
|
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ENGINEERING USACE, Los Angeles District, 1988
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! HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL i
RUNOFF CURVE NUMBERS
" (URBAN AREASY)
. Curve numbers for
Cover description hydrologic soil group—
Average percent
Cover type and hydrologic condition impervious area? A B C D

Fully developed urban areas (egetation established)

Open space (lawns, parks, golf courses, cemeteries.

ete.):
Poor condition (grass cover < 50%) .............. 68 ™ 86 83
Fair condition (grass cover 50% to 75%)........... 48 69 79 84
Good condition (grass cover > 75%) .............. _ 39 61 74 8a

Impervious aress:
Paved parking lots. roofs, driveways, ete.
{excluding right-ofway). ......................... 98 98 98 98
Streets and roads: ’ :
Paved: curbs and storm sewers {excluding

Aghtof-way) .. oouiiiiii e 98 98 L .- 7
Paved: open ditches (including right-of-way) ....... 83 89 92 83
Gravel (including rightof-way) ................... % 85 89 9l
Dirt (including right-ofoway) ..................... 72 82 87 89

Western desert urban areas:
Natural desert landseaping (pervious aress only)... 63 T 85 88
Artificial desert landscaping (impervious weed
barrier, desert shrub with 1- to 2-inch sand
or gravel mulch and basin borders). \.............. 96 96 - 96 9%
Urban districts: :
Comumercial and business.......................... 835 g9 92 94 95
Industrial........ooooeiiii i 72 - 81 88 91 93
Residential districts by average lot size:
See Table 602A
Developing urban areas
Newly graded aress (pervious aress only,
MO Vegetation)® ...ttt it eiit e T 36 ) 94

Average rnumoff condition, and I, = 0.2S. . ]

The average percent impervious area shown was used to develop the composite CN's. Other assumptions are as follows: impervious areas are directly

connected to the drainage systemn. Impervious areas have a CN of 98, and pervious areas are considered equivalent to open space in good hydrologic condition.

CN's for other combinations of conditions may be computed using Figure 603.

3 CN's shown are equivalent to those of pasture. Composite CNs may be computed for other combinations of open space cover type.

4 Composite CIN's for natural desert landscaping should be computed using Figure 603 based on the impervious area percentage (CIN #98) and the pervious area
CN. The pervious area CN's are assumed equivalent to desert shrub in poor hydrologic ¢ondition.

5 Composite (Vs to use for the design of temporary measures during grading and construction should be computed using

Figure 603 based on the degree of development impervious area percentage) and the CN's for the newly graded pervious areas.

[

Revision Dars

.

REFERENCE: TABLE 802
SCS TR-55, USDA, June 1986. 1 of 4
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JEh ko kh ke ok h ok h kR AT A A Ak hkhkh kA F kA bk hk

*

*  FLOOD HYDROGRAPH PACKAGE
* JUN 1998

* VERSION 4.1

*

* RUN DATE  19MAR0O3 TIME

*

(HEC-1)

S

*

15:33:17 *

*

kkkhhdhhdkkhkkhkkkhhkhhhhhhkdhhrdhkkhdhk ke

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1873-STYLE INPUT STRUCTURE.

X X
X X
X X
XXXXXXX
X X
X X
X X

KXXXXXK

XXXXKXXX

:8:9.9.0.4

Mo M X X

X

XX

XXXXX X

X

XXXXX

<

XXX

(JAN 73),

HEC1GS,

THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81.

NEW OPTIONS: DAMBREAK QUTFLOW SUBMERGENCE ,
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL

KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM

LINE

W ~J 0 e wW N

I I e e o B S = S R S
P OWVwONdanoe WP oW

22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

Kkkkhhhhhkhhkkh kT X hhhhrkhhkhhhhhkhk hohk ok &

* U.S. ARMY CORPS OF ENGINEERS
* HYDROLOGIC ENGINEERING CENTER

609 SECOND STREET
DAVIS, CALIFORNIA 95616
(916) 756~1104

*

*

GhhkkkkhhkkdhkhhkhhhFE A rh Ak dkhkkkh kA ke k hk &

THIS IS

HEC1DB, AND HECLKW.

THE FORTRAN77 VERSION

SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,

1L0SS RATE:GREEN AND AMPT INFILTRATION

HEC-1 INPUT
ID....... oo, 20000 P 4 R 6 [ 8...... .9
*DIAGRAM
ID khkhkhkk bk hkhhhdkhhkhhkhkkk kA khrdhhhhkdhhhdrhhhkkbrrhkkdhddrhhkorhkhkhkhkxxrrdrk
D oY *
ID * DURANGO DRIVE *
ID * WESTCLIFF DRIVE TO VEGAS DRIVE *
IDp * EXISTING CONDITIONS .
ID * H
1D R P HE
ID + RETURN PERIOD_ _ _ _100-YEAR/10-YEAR *
ID + DISTRIBUTION_ _ _ _ 6-HOUR SDN3 *
iD * *
ip o+ FILENAME_ _ _ _ _ _ 416-EX.H1 : *
D * DATE MODELED_ _ _ _ 03/19/03 *
D+ MODELED BY_ _ _ _ _ *
ID * . %
ID e PP *
ID Fhkkkkhkhkkdhkh Ak krrkhrx kb hhdhhhh b hhhhhhhrabhhdrhhhrrhkkrdhkdhhdhdx
D
T 5 0 0 300
I0 5
IN 5 0 0
JR PREC 1 .57
*
KK EX1
KM EXISTING SUBBASIN 1
KM AREA  29.23 AC
KM CURVE NO 94
KM LAG .127 HR
BA .04567
PB 2.77
PC .000 .020 .057 .070 .087 .108 .124 .130 .130
PC .130 .130 .130 .133 .140 .142 .148 .158 172
PC .190 .197 .199 .200 .201 .204 .214 .229 .241
PC .251 .256 .270 .278 .281 .283 .295 .322 .352
PC .499 .590 .710 . 744 .781 .812 .819 .835 .851
PC .860 .868 .876 . 888 .910 .926 .937 .950 .970
PC .982 .985 987 . 989 .990 .993 .993 994 .995
PC .998 .999 1.00
LS 0 94
UD .127

PAGE 1

.130
.181
.249
. 409
.856
.976
.998



39 KK EX2
40 KM EXISTING DURANGO DRIVE FROM WASHINGTON TO VEGAS
a1 KM ARER 2,84 AC
42 KM CURVE NO 98
13 i LAG  .133 HR
14 BA .00444
45 PB 2.77
46 LS 0 98
47 w133
*
HEC-1 INPUT PAGE 2
LINE ID....... Toooiins 2000030 4o Siviiinn JPUP Toriannn Bii... 9., 10
48 KK PT1
49 KM COMBINE EX1 & EX2 AT WASHINGTON AND VEGAS
50 HC 2
*
51 KK EX3
52 KM EXISTING SUBBASIN 3
53 K AREA  11.99 AC
54 KM CURVE RO 95
55 KM LAG  .075 HR
56 BA .01873
57 PB 2.77
58 Ls 0 95
59 UD  .075
*
60 KK EX4
61 KM EXISTING SUBBASIN 4 - SUMMERLIN PARKWAY
62 KM AREA 2.58 AC
63 KM CURVE NO 95
64 KM LAG .050 HR
65 BA .00403
66 PR 2.77
67 LS ] 95
68 up 050
*
69 KK EX4
70 KM EXISTING SUBBASIN 4
71 KM AREA 9.33 AC
72 KM CURVE NO 95
73 KM LAG  .186 HR
74 BA .01458
75 B 2.77
76 LS 0 95
77 uD  .186
*
78 ZZ
SCHEMATIC DIAGRAM OF STREAM NETWORK
INPUT
LINE (V) ROUTING (--->) DIVERSION OR PUMP FLOW
NO. {.) CONNECTOR (<~--} RETURN OF DIVERTED OR PUMPED FLOW
22 EX1
39 . EX2
48 PT1....venn...
51 . EX3
60 . . EX4

69 . . . EX4



LENGTH, ELEVATION FEET
FLOW CUBIC FEET PER SECOND
STORAGE VOLUME ACRE-FEET
SURFACE AREA ACRES
TEMPERATURE DEGREES FAHRENHEIT
Jp MULTI-PLAN OPTION
NPLAN 1 NUMBER OF PLANS
JR MULTI-RATIO OPTION
RATIOS OF PRECIPITATION
1.00 .57
1
PEAK FLOW AND STAGE (END-OF-PERIOD)
FLOWS IN CUBIC FEET PER SECOND,
OPERATION STATION AREA PLAN RATIO 1
1.00
HYDROGRAPH AT
+ EX1 .05 1 FLOW 78.
TIME 3.58

(***) RUNOFF ALSO COMPUTED AT THIS LOCATION

PRk ko kkkx kR kI kI kkhFhkkkkhhh kA k kb hhh Rk

*

*

*

*

*

*

*

FLOOD HYDROGRAPH PACKAGE (HEC-1)
JUN 1998
VERSION 4.1

RUN DATE 19MAR03 TIME 15:33:17

*

*

hkkkhkhkh ok kkkkkk ke k ko kkkkkkk kb kdkhdkhkhhhk

dkkhk Ik khkhh I hhhkkkhkkkkhhhddhhdhrhhdhhhhhhdhkkhhhhdhhh kb hhhh ko hhhdrd

L .

*

*

DURANGO

DRIVE

WESTCLIFF DRIVE TO VEGAS DRIVE
EXISTING CONDITIONS

FILENAME

MODELED

DATE MODELED_ _ _

BY

6-HOUR SDN3

416-EX.H1
_03/19/03
KL

RETURN PERIOD_ _ _
DISTRIBUTION  _ _ _

_100~YEAR/10~YEAR

*

* ok Ak % ok

*

LR s e S RS ]

19 IO OUTPUT CONTROL VARIABLE
IPRNT 5
IPLOT ]
QSCAL 0.
IT HYDROGRAPH TIME DATA
NMIN 5
IDATE 1 0
ITIME 0000
NQ 300
NDDATE 2 0
NDTIME 0055
ICENT 19

COMPUTATION INTERVAL
TOTAL TIME BASE

ENGLISH UNITS
DRAINAGE AREA

S

PRINT CONTROL
PLOT CONTROL
HYDROGRAPH PLOT SCALE

MINUTES IN COMPUTATION INTERVAL
STARTING DATE

STARTING T

IME

NUMBER OF HYDROGRAPH ORDINATES
ENDING DATE
ENDING TIME
CENTURY MARK

.08 HOURS
24.92 HOURS

SQUARE MILES

PRECIPITATION DEPTH INCHES

TIME TO PEAK IN HOURS

RATIOS APPLIED TO PRECIPITATION

RATIO 2
.57

R T R R R R R R N Y 2 2 ]

*

*

U.S. ARMY CORPS OF ENGINEERS
HYDROLOGIC ENGINEERING CENTER
609 SECOND STREET
DAVIS, CALIFORNIA 95616
(916) 756-1104

*

khkhkkkhkkhkkkkkhdh bk khkhkkkhhhhhhhkkdkok

SUMMARY FOR MULTIPLE PLAN-RATIO ECONOMIC COMPUTATIONS
AREA IN SQUARE MILES



+

+

+

+

HYDROGRAPH AT

EX2

2 COMBINED AT
PT1

HYDROGRAPH AT
EX3

HYDROGRAPH AT
EX4

HYDROGRAPH AT
EX4

*%%* NORMAL END OF HEC-1 *%*

.00

.05

.02

.00

.01

FLOW
TIME

FLOW
TIME

FLOW
TIME

FLOW
TIME

FLOW
TIME

23.

12.



QAR AR AR h kR kAR
FLOOD HYDR
V.

RUN DATE

*
*
*
*
*
*
*

dkkkkkkkh kAR

THI

THE
THE
NEW
Dss
KIN

LINE

BRI DG W

HA AR KRR KA ARk Ak R R T T L L O,
* * *

OGRAPH PACKAGE (HEC-1)  * * U.S. ARMY CORPS OF ENGINEERS "
JUN 1998 * * HYDROLOGIC ENGINEERING CENTER *
ERSION 4.1 * * 609 SECOND STREET *
* - DAVIS, CALIFORNIA 95616 *

28APRO3 TIME 14:03:37 * (916) 756-1104 *
» * "

Rk ko kS LT T v

XXXKXKX XXXXX
X X
X
XXXX
X

bl
XM XXX N

”

XXXXK

Bk R

X

HKRHE XN
bl
%
&

E

X
XXXXXXX KAXXX

Fel

S PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC~1 KNOWN AS HEC1 (JAN 73), HEC1GS, HECL1DB, AND HECLKW.

DEFINITIONS OF VARIABLES -RTIMP~ AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
DEFINITION OF -AMSKK~ ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION
OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,

:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION
EMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM
HEC-1 INPUT PAGE 1

L e A R P Seeniennn [P R - PRI DU X

*DIAGRAM

D LA L e R e T T T L R P T T T T P P

ID F e eierenren et s eiarE ettt e et esacert e eererensa ¥

In DURANGO DRIVE *

ip WESTCLIFF DRIVE TO VEGAS DRIVE *

Ip INTERIM CONDITION H

ip i

ip R R R R R *

D RETURN PERIOD_ _ _ _ P

1D DISTRIBUTION_ _ _~  6-HOUR SDN3 P >

ip E

D PILENAME_ _ _ _ _ _ 416-ULT.HL : o+

1D DATE MODELED_ _ _ ” 04/25/03 T ox

Ip MODELED BY RJIR i

mws *x: T TmE=== I

Ip PR IR S BT T P

p B I L L L r g L e Y

in

iT 5 Q ] 300

io 5

IN 5 0 0

JR PREC 1 .57

KK ULT1

BA .00786

PB 2.77

PC .000 .020 .057 .070 -087 .108 .124 .130 -130 -130

PC .130 .130 .130 .133 140 .142 .148 .158 172 .181

PC .190 .197 .199 .200 -201 204 -214 .229 .241 .249

BC .251 »256 .270 .278 .281 -283 .295 .322 .352 .409

PC .499 .590 710 <744 .781 .812 .818 .835 .851 .856

PC .860 .868 .876 .888 .810 .926 .937 . 950 .870 .976

PC .982 .98% .987 .989 . 990 .983 .993 .994 .995 .998

PC .998 .999 1.00

Ls 0 98

up 0.137

KK INT2

BA .04489

LS o 94

UD 0.127

*

KK PT1

KM COMBINE SUBBASINS ULT1 AND ULT2

HC 2

*

HEC~1 INPUT PAGE 2

B S T S - T UG IS - S ¢

KK ULT3

BA .00477

Ls 0 98

up . 067

*

KK INT4

BA .01058

LS 0 94

ud L0717

*

KK

KM COMBINE SUBBASINS ULT3 AND ULT4

HC 2

*

KK ULTS



54 BA .00556
55 LS [ 96
56 up .062
M
57 KK ULT6
58 BA .00489
59 Ls 0 98
60 uD .089
*
61 KK ULT7
62 BA .00705
63 Ls 0 94
64 uD 121
*
65 KK PT3
66 KM  COMBINE SUBBASINS ULT6 AND ULT?
67 HC 2
*
68 KK ULT8
69 BA .01198
70 LS 0 96
7 up .136
*
72 22
1
SCHEMATIC DIAGRAM OF STREAM NETWORK
INPUT
LINE (V) ROUTING (=-->) DIVERSION OR PUMP FLOW
No. (.) CONNECTOR {(<=--) RETURN OF DIVERTED OR PUMPED FLOW
22 ULT1
35 . INT2
39 PTlecenensinnss
12 . ULT3
46 . INT4
50 . | 2. DO
53 . ULTS
57 . . . ULT6
61 . . . uLT?
65 . . . PT3.euinrrnnnnn
68 . . ULTS
(***) RUNOFF ALSO COMPUTED AT THIS LOCATION
R TR O bt e i
*
*  FLOOD HYDROGRAPH PACKAGE (HEC-1)  *
* JUN 1998 *
* VERSION 4.1 *
* *
* RUN DATE  28APRO3 TIME 14:03:37 *
* *
. .
EER AR AR AR R R AR R KR Ak R AR - *
*
* e DURANGO DRIVE : *
* WESTCLIFF DRIVE TO VEGAS DRIVE *
* INTERIM CONDITION *
- -
* D R I I I IR . . Memas et s s s ea At e *
* RETURN PERIOD_ _ _ _100-YEAR/10-YEAR *
* DISTRIBUTION_ _ _ _ 6-HOUR SDN3 *
> *
* FILENAME  _ _ _ _ _ 416-ULT.H1 *
* DATE MODELED_ _ _ _ 04/25/03 *
> MODELED BY RIR *
* *
* -
> »

R R T R 22 T S S S S T

19 10 OUTPUT CONTROL VARIABLES

IPRNT 5 PRINT CONTROL

IPLOT 0 PLOT CONTROL

QSCAL 0. HYDROGRAPH PLOT SCALE

iT HYDROGRAPH TIME DATA
MINUTES IN COMPUTATION INTERVAL

IDATE 1 0 STARTING DATE

ITIME 0000 STARTING TIME

NQ

300 NUMBER OF HYDRCGRAPH ORDINATES

ok 4 kb ok ok

*
YU.S. ARMY CORPS OF ENGINEERS *
HYDROLOGIC ENGINEERING CENTER *
609 SECOND STREET *
DAVIS, CALIFORNIA 95616 *
(916) 756-1104 *

*

*

SkkkkkkkkkkRhEh




NDDATE 2 0 ENDING DATE

NDTIME 0055 ENDING TIME

ICENT 19 CENTURY MARK
COMPUTATION INTERVAL .08 HOURS

TOTAL TIME BASE 24.92 HOURS

ENGLISH UNITS

DRAINAGE AREAR SQUARE MILES
PRECIPITATION DEPTH INCHES
LENGTH, ELEVATION FEET
FLOW CUBIC FEET PER SECOND
STORAGE VOLUME ACRE-FEET
SURFACE AREA ACRES
TEMPERATURE DEGREES FAHRENHEIT
Jp MULTI~PLAN OPTION
1 NUMBER OF PLANS
JR MULTI~RATIO OPTION
RATIOS OF PRECIPITATION
1.00 .57
1
PERK FLOW AND STAGE (END-OF-PERIOD) SUMMARY FOR MULTIPLE PLAN-RATIO ECONOMIC COMPUTATIONS
FLOWS IN CUBIC FEET PER SECOND, AREA IN SQUARE MILES
TIME TO PEAK IN HOURS
RATIOS APPLIED TO PRECIPITATION
OPERATION STATION AREA PLAN RATIO 1 RATIO 2
1.00 .57
HYDROGRAPH AT
+ ULT1 .01 1 FLOW 15. 8.
TIME 3.58 3.58
HYDROGRAPH AT
+ INT2 .04 1 FLOW 77. 38.
TIME 3.58 3.58
2 COMBINED AT
+ PT1L .05 1 FLOW 91. 46.
TIME 3.58 3.58
HYDROGRAPH AT
+ uLT3 .00 1 FLOW 10. 6.
TIME 3.50 3.50
HYDROGRAPH AT
+ INT4 .01 1 FLOW 21. 10.
TIME 3.50 3.50
2 COMBINED AT
PT2 .02 1 FLOW 31. 16.
TIME 3.50 3.50
HYDROGRAPH AT
+ ULTS .01 1 FLOW i2. 6.
TIME 3.50 3.50
HYDROGRAPH AT
+ ULT6 .00 1 FLOW 10. 6.
TIME 3.50 3.50
HYDROGRAPH AT
+ ULT? .01 1 FLOW 1z, 6.
TIME 3.58 3.58
2 COMBINED AT
+ PT3 .01 1 FLOW 22. 11.
TIME 3.50 3.50
HYDROGRAPH AT
+ ULT8 .01 1 FLOW 21. 11.

TIME 3.58 3.58

*** NORMAL END OF HEC-1 **+



R T S A et

FLOOD HYDROGRAPH PACKAGE (HEC-1)
JUN 1998
VERSION 4.1
RUN DATE

28APRO3 TIME 13:01:02

*
* *
* *
* *
* *
* *
* *
* *

R L R L L T R T B I

X X KXXKXXX XXXKX X
X X X X X XX
X X X X X
XXXXXKX  XXXX X XXXXX X
X X X X X
X X X X X X
X X XXXXKXX XXXXX XXX
THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73},

B T e T T L e T S L S T L R Y

«
*  U.S. ARMY CORPS OF ENGINEERS
* HYDROLOGIC ENGINEERING CENTER
v 609 SECOND STREET

* DAVIS, CALIFORNIA 95616

* (916) 756-1104

*

.

*
*
*
*
*
*
*
*

ok ook ke e R e e e ek e R R RN ARk Ak AR ARk

HEC1GS, HEC1DB, AND HECLKW.

THE DEFINITIONS OF VARIABLES -RTIMP~ AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITION OF —-AMSKK-~ ON RM~CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRANT7 VERSION
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,

LOSS RATE:GREEN AND AMPT INFILTRATION

DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM

1 HEC-1 INPUT PAGE 1
LINE b2 P - S Y SN SR : SN TeveinBaiinnnn [T, 10
*DIAGRAM
1 Ip dhdrkhdhhkkhkhhddkhkhdkrdhhkdekkhhh kR *hkhhkk
2 D F ittt eiee et e *
3 D * DURANGC DRIVE : *
4 I * o WESTCLIFF DRIVE TO VEGAS DRIVE *
5 ID % ULTIMATE CONDITION E
6 ID % ror
7 pas] i ittt ettt sttt PR
8 ID %o RETURN PERIOD_ _ _ _100~YEAR/10-YEAR ; o*
9 ID  * DISTRIBUTION T _T6-HOUR SDN3 ; o*
10 D+ : - = :o*
11 ID > : FILENAME  _ _ _ _ _ 416-ULT.H1 T *
12 ID % DATE MODELED_ _ — — 04/25/03 T *
13 D %o MODELED BY ~ RIR : *
14 D * - o
16 ib dededehk ok k ok dokokdok vk h ok ok Kk h ok Kok ok ko ook ok ER R TR S ssRE AR s L)
17 Ip
18 IT 5 0 0 300
19 10 5
20 IN 5 0 0
21 JR PREC 1 .57
*
22 KK ULT1
23 BA .00786
24 PB 2.77
25 BC .000 .020 .057 .070 .087 .108 .124 .130 .130 .130
26 PC .130 .130 .130 .133 .140 .142 .148 .158 .172 .181
27 PC .190 .197 199 .200 .201 .204 .214 229 .241 .249
28 BC .251 .256 .270 .278 .281 .283 .295 322 .352 409
29 BC .499 .590 .710 744 .781 .812 .819 .835 .851 .856
30 PC .860 .868 .876 .888 .910 .926 . 937 . 950 .970 .976
31 PC .982 . 985 .987 .989 .990 .993 .993 .994 .995 .998
32 PC .998 .999 1.00
33 LS 0 98
34 up  0.137
*
35 KK ULT2
36 BA .04489
37 LS 0 87
38 up .180
*
39 KK PT1
40 KM  COMBINE SUBBASINS ULT1 AND ULT2
41 He 2
*
1 HEC-1 INPUT PAGE 2
LINE - P SIS FARR - SRR DI - SN T I T PR U
42 KK ULT3
43 BA .00477
44 LS 0 98
45 uD .067
*
16 KK uLT4
47 BA .01058
48 LS 0 87
49 uD .096
*
50 KK
51 KM COMBINE SUBBASINS ULT3 AND ULT4
52 He 2
*
53 KK ULTS



INPUT
LINE

NO.

22

35

39

42

46

50

53

57

61

65

68

68
69
70
71

12

)
)
U

BA .00556
LS 0 96
uD 062
*
KK ULT6
BA .00489
LS 0 98
up .089
*
KK ULT7
BA .00705
LS 0 94
up 121
*
KK
KM COMBINE SUBBASINS ULT6 AND ULT7
HC 2
*
KK ULT8
BA .01198
LS 0 386
up -136
*
22
SCHEMATIC DIAGRAM OF STREAM NETWORK
ROUTING {~~=>) DIVERSION OR PUMP FLOW
CONNECTOR {<~--=) RETURN OF DIVERTED OR PUMPED FLOW
LT1
. ULT2
) A
ULT3
. . ULT4
. PT2iccuvinannns
. . ULTS
. . ULT6
. . . ULT7
. . . PT3..ieninnnnns
. . . . ULT8

{***) RUNOFF ALSO COMPUTED AT THIS LOCATION
PR S L e e ]

*
*
*
*
*
*
*

19 10

T

RUN DATE

Fhkkkkhkkk Ak

FLOOD HYDROGRAPH PACKAGE (HEC-1)  *
JUN 1998 *

VERSION 4.1 *

.

28APRO3 TIME 13:01:02 *

*

FEN .

B L L L e L a2 2T T T T T T e

* *
* e DURANGO DRIVE 2 ¥
* WESTCLIFF DRIVE TO VEGAS DRIVE *
* ULTIMATE CONDITION : *
* oy . ox
* Creenn R TR T I ‘e e *
* 3 RETURN PERIOD_ _ _ _100-YEAR/10-YEAR *
* DISTRIBUTION_ _~_~_T6~HOUR SDN3 s *
* . . *
* FILENAME  _ _ _ _ _ 416-ULT.H1 E
* DATE MODELED. ~ ~ ” 04/25/03 P o*
* e MODELED BY_ _ _ _ _ RIR D+
* P
R T R
kR EPTTY e % *kx %% *rExR
OQUTPUT CONTROL VARIABLES
IPRNT 5 FPRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE
HYDROGRAPH TIME DATA
NMIN 5 MINUTES IN COMPUTATION INTERVAL
IDATE 1 0 STARTING DATE
ITIME 0000 STARTING TIME

NQ 300 NUMBER OF HYDROGRAPH ORDINATES

P T e LR A L P L P

* *
* U.S. BRMY CORPS OF ENGINEERS *
* HYDROLOGIC ENGINEERING CENTER *
* 609 SECOND STREET *
* DAVIS, CALIFORNIA 95616 *
* (916) 756~1104 *
* *
* *

e e dede ke de ek ke o Sk ek Sk ok ok ek kR ko



NDDATE 2 0 ENDING DATE

NDTIME 0055 ENDING TIME
ICENT 19 CENTURY MARK
COMPUTATION INTERVAL .08 HOURS

TOTAL TIME BASE 24,92 HOURS

ENGLISH UNITS

DRAINAGE AREA SQUARE MILES
PRECIPITATION DEPTH INCHES
LENGTH, ELEVATION ' FEET
FLOW CUBIC FEET PER SECOND
STORAGE VOLUME ACRE-FEET
SURFACE AREA ACRES
TEMPERATURE DEGREES FAHRENHEIT
Jp MULTI-PLAN OPTION
PLAN 1 NUMBER OF PLANS
JR MULTI-RATIO OPTION
RATIOS OF PRECIPITATION
1.00 By
1
PEAK FLOW AND STAGE (END-OF-PERIOD) SUMMARY FOR MULTIPLE PLAN-RATIO ECONOMIC COMPUTATIONS
FLOWS IN CUBIC FEET PER SECOND, AREA IN SQUARE MILES
TIME TO PEAK IN HOURS
RATIOS APPLIED TO PRECIPITATION
OPERATION STATION AREA PLAN RATIO 1 RATIO 2
1.00 .57
HYDROGRAPH AT
+ ULT1 .01 1 FLOW 15. 8.
TIME 3.58 3.58
HYDROGRAPH AT
+ ULT2 04 1 FLOW 55. 21.
TIME 3.58 3.58
2 COMBINED AT
+ PT1 .05 1 FLOW 69. 29.
TIME 3.58 3.58
HYDROGRAPH AT
+ ULT3 .00 1 FLOW 10. 6.
TIME 3.50 3.50
HYDROGRAPH AT
+ ULT4 .01 1 FLOW 15, 6.
TIME 3.50 3.50
2 COMBINED AT
+ PT2 .02 1 FLOW 286. i2.
TIME 3.50 3.50
HYDROGRAPH AT
+ ULTS .01 1 FLOW 1z, 6.
TIME 3.50 3.50
HYDROGRAPH AT
+ ULT6 .00 1 FLOW 10. 6.
TIME 3.50 3.50
HYDROGRAPH AT
+ ULT? .01 1 FLOW 12. 6.
TIME 3.58 3.58
2 COMBINED AT
+ PT3 .01 1 FLOW 22. 1.
TIME 3.50 3.50
HYDROGRAPH AT
+ ULT8 .01 1 FLOW 21. 11.
TIME 3.58 3.58

*** NORMAL END OF HEC-1 *#*%*






SECT A WEST (100-YEAR)
Worksheet for Irregular Channel

Project Description

Worksheet SECTA-WEST(100,
Flow Element Irregular Channel
Method Manning's Formula
Solve For Channel Depth
Input Data

Slope 0.015000 ft/ft

Discharge 84.00 cfs

Options

Current Roughness Method
Open Channel Weighting Method
Closed Channel Weighting Metho

Improved Lotter's Method
Improved Lotter's Method

Horton's Method

Results

Mannings Coefficient 0.016
Water Surface Elevation 0.86
Elevation Range 0.00 to 1.39
Flow Area 14.9
Wetted Perimeter 42.3446
Top Width 41.5304
Actual Depth 0.86
Critical Elevation 1.01
Critical Slope 0.004886
Velocity 5.66
Velocity Head 0.50
Specific Energy 1.36
Froude Number 1.67
Flow Type Supercritical

Calculation Messages:

Water elevation exceeds lowest end station by 0.26060854 ft.

Roughness Segments

Start End Mannings
Station Station Coefficient
1+00.00 1+50.00 0.016

Natural Channel Points

Station Elevation
() (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

0:\412-416\drainage\calc\418-strts.fm2

04/29/03 07:18:32 AM © Haestad Methods, Inc.

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

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

(203) 755-1666 Page 1 of 2



SECT A WEST (100-YEAR)
Worksheet for Irregular Channel

Natural Channel Points

Station Elevation
() (t)
1+43.00 0.8900
1+43.00 1.3900
1+50.00 1.3900

Project Engineer: GCW USER
0:\412-416\drainage\calc\416-strts.fm2 G. C. Wallace Inc FlowMaster v6.1 [614n]
04/29/03 07:18:32 AM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666 Page 2 of 2



Cross Section
Cross Section for Irregular Channel

Project Description

Worksheet
Flow Element
Method

Solve For

SECTA-WEST(100

- Irregular Channel

Manning's Formula
Channel Depth

Section Data

Mannings Coefficient 0.016
Slope 0.015000 ft/ft
Water Surface Elevation 0.86 ft
Elevation Range 0.00 to 1.39
Discharge 84.00 cfs
1.4000 @
1.2000
1.0000
0.8000 : ———
0.6000 /
0.4000 P——
0.2000 —
0.0000
1+00.00 1+10.00 1+20.00 1+30.00 14+40.00 1+50.00
V:10.0 B
H:1
NTS
Project Engineer: GCW USER
0:\412-418\drainage\calc\4 16-strts.fm2 G. C. Wallace Inc FiowMaster v6.1 [614n]

04/29/03 07:18:39 AM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666 Page 1 of 1



SECT A-EAST (100-YEAR)

Worksheet for Irregular Channel

Project Description

Worksheet SECTA-EAST(100) -
Flow Element Irregular Channel
Method Manning's Formula
Solve For Channel Depth

Input Data

Slope 0.015000 ft/ft

Discharge 7.50 cfs

Options

Current Roughness Method
Open Channel Weighting Method
Closed Channel Weighting Metho:

Improved Lotter's Method
improved Lotter's Method
Horton's Method

Results
Mannings Coefficient 0.016
Water Surface Elevation 0.44 ft
Elevation Range 0.00 to 1.39
Flow Area 2.3 ft?
Wetted Perimeter 16.2536 it
Top Width 14.7699 ft
Actual Depth 0.44 ft
Critical Elevation 0.49 ft
Critical Slope 0.006876 ft/ft
Velocity 3.24 ft/s
Velocity Head 0.16 ft
Specific Energy 0.60 ft
Froude Number 1.44
Flow Type Supercritical
Roughness Segments
Start End Mannings

Station Station Coefficient

1+00.00 1+50.00 0.016

Natural Channel Points

Station Elevation
(ft) f
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

o:\412-416\drainage\calc\416-strts.fm2

04/23/03 07:25:36 AM  © Haestad Methods, inc.

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

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

(203) 755-1666 Page 1 of 1



SECT A-EAST (100-YEAR)
Cross Section for Irregular Channel

Project Description

Worksheet
Flow Element
Method
Solve For

SECTA-EAST(100)
Irregular Channel
Manning's Formula
Channel Depth

Section Data

Mannings Coefficient 0.016
Slope 0.015000 fU/it
Water Surface Elevation 0.44 ft
Elevation Range 0.00t0 1.39
Discharge 7.50 cfs
1.4000 <
1.2000
1.0000
0.6000 e
0.2000 —
0.0000
1+00.00 1+10.00 1+20.00 1+30.00 1+40.00 1+50.00
V:i10.0 B
H:1
NTS
Project Engineer: GCW USER
o:\412-416\drainage\calc\416-stris.fm2 G. C. Wallace Inc FlowMaster v6.1 [614n]

04/23/03 07:26:09 AM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666 Page 1 of 1



SECT B (100-YEAR) (3/4 OF SUBBASIN ULT3)
Worksheet for Irregular Channel

Project Description

Worksheet SECTB(100)

Flow Element Irregular Channel
Method Manning's Formula
Solve For Channel Depth
Input Data

Slope 0.004000 ft/ft

Discharge 8.00 cfs

Options

Current Roughness Method
Open Channel Weighting Method
Closed Channel Weighting Methor

improved Lotter's Method
Improved Lotter's Method
Horton's Method

Results
Mannings Coefficient 0.016
Water Surface Elevation 0.44 ft
Elevation Range 0.00t0 1.39
Flow Area 4.7 ft*
Wetted Perimeter 30.9016 ft
Top Width 29.9264 ft
Actual Depth 0.44 ft
Critical Elevation 0.40 ft
Critical Siope 0.007479 ft/ft
Velocity 1.68 fi/s
Velocity Head 0.04 ft
Specific Energy 0.48 ft
Froude Number 0.75
Flow Type Subcritical
Calculation Messages:
Flow is divided.
Roughness Segments
Start End Mannings

Station Station Coefficient

1+00.00 2+00.00 0.016

Natural Channel Points

Station Elevation
) (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

0:\412-416\drainage\calc\416-strts.fm2
04/23/03 08:44:43 AM © Haestad Methods, Inc.

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

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

(203) 755-1666 Page 1 of 2



SECT B (100-YEAR) (3/4 OF SUBBASIN ULT3)
Worksheet for Irregular Channel

Natural Channel Points

Station Elevation
(ft) (ft)
1+43.00 0.8900
1+43.00 1.3900
1+50.00 1.3900
1+57.00 1.3900
1+57.00 0.8900
1+93.00 0.1700
1+93.00 0.1300
1+94.50 0.0000
1+94.50 0.5000
1+95.00 0.5000
2+00.00 0.6000

Project Engineer: GCW USER
0:\412-416\drainage\calc\4 16-strts.fm2 G. C. Wallace inc FlowMaster v6.1 [614n]
04/23/03 08:44:43 AM  © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666 Page 2 of 2



SECT B (100-YEAR)
Cross Section for Irregular Channel

Project Description

Worksheet SECTB(100)

Flow Element Irregular Channel
Method Manning's Formula
Solve For Channel Depth

Section Data

Mannings Coefficient 0.016

Slope 0.004000 ft/ft

Water Surface Elevation 0.44 ft

Elevation Range 0.00to 1.39

Discharge 8.00 cfs
1.4000

0.8000 J

0.4000 == I —

0.0000
" 1+00.00 1+20.00 1+40.00 1+60.00 1+80.00 2+00.00
v:i10.0[\
H:A
NTS

. Project Engineer: GCW USER
0:\412-416\drainage\calc\416-strts.fm2 G. C. Wallace Inc FlowMaster v6.1 [614n]
04/23/03 08:44:53 AM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666 Page 1 of 1



SECT C - WEST (100-YEAR) SUBBASIN ULT7 PLUS 1/2 ULT6

Worksheet for Irregular Channel

Project Description

Worksheet SECTC-WEST(100
Flow Element Irregular Channel
Method Manning's Formula
Solve For Channel Depth
Input Data

Slope 0.004000 ft/ft

Discharge 17.00 cfs

Options

Current Roughness Method

Open Channel Weighting Method

Improved Lotter's Method
Improved Lotter's Method

Closed Channel Weighting Metho Horton's Method
Results

Mannings Coefficient 0.016
Water Surface Elevation 0.66 ft
Elevation Range 0.00to 1.39
Flow Area 7.6 ft?
Wetted Perimeter 32.2138 ft
Top Width 31.6003 ft
Actual Depth 0.66 ft
Critical Elevation 0.62 ft
Critical Slope 0.006372 ft/ft
Velocity 2.24 fis
Velocity Head 0.08 ft
Specific Energy 0.74 ft
Froude Number 0.81
Flow Type Subcritical

Calculation Messages:

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

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

0:\412-416\drainage\calc\416-stris.fm2
04/23/03 08:49:37 AM  © Haestad Methods, Inc.

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

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

(203) 755-1666 Page 1 of 2



SECT C - WEST (100-YEAR) SUBBASIN ULT7 PLUS 1/2 ULT6
Worksheet for Irregular Channel

Natural Channel Points

Station Elevation
(ft) (ft)
1+43.00 0.8800
1+43.00 1.3900
1+50.00 1.3900

Project Engineer: GCW USER
o:\412-416\drainage\calc\418-stris.fm2 G. C. Wallace Inc FlowMaster v6.1 [614n]
04/23/03 08:49:37 AM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666 Page 2 of 2



CROSS SECTION C WEST (100-YEAR)
Cross Section for Irregular Channel

Project Description

Worksheet
Flow Element
Method

Solve For

SECTC-WEST(100
Irregular Channel
Manning's Formula
Channel Depth

Section Data

Mannings Coefficient 0.016
Slope 0.004000 ft/ft
Water Surface Elevation 0.66 ft
Elevation Range 0.00t0 1.39
Discharge 17.00 cfs
1.4000 )
1.2000
1.0000
0.8000 e
0.6000 : ——
0.4000 "
0.2000 ]
0.0000
1+00.00 1+10.00 1+20.00 1+40.00 1+50.00
v:10.0\
H:A

0:\412-416\drainage\calc\416-strts.fm2
04/23/03 08:50:09 AM © Haestad Methods, Inc.

G. C. Wallace Inc
37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666 Page 1 of 1

NTS

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



SECTD

Worksheet for Irregular Channel
\OO'"*'\\QC&V‘

Project Description

Worksheet
Flow Element
Method
Solve For

SECTD

Irregutar Channel
Manning's Formula
Channel Depth

Input Data

0.034000 fuift
2.00 cfs

Slope
Discharge

Options

Current Roughness Method
Open Channel Weighting Method
Closed Channel Weighting Metho

Improved Lotter's Method
Improved Lotter's Method

Horton's Method

Results
Mannings Coefficient 0.016
Water Surface Elevation 0.23 ft
Elevation Range 0.00 to 1.39
Flow Area 0.7 ft?
Wetted Perimeter 9.6352 ft
Top Width 9.0811 ft
Actual Depth 0.23 ft
Critical Elevation 0.28 ft
Critical Slope 0.008931 ft/ft
Velocity 2.93 ft/s
Velocity Head 0.13 ft
Specific Energy 0.36 ft
Froude Number 1.89
Flow Type Supercritical
Calculation Messages:
Flow is divided.
Roughness Segments
Start End Mannings

Station Station Coefficient

1+00.00 2+00.00 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

0:\412-416\drainage\calc\416-strts.fm2

05/01/03 03:59:43 PM © Haestad Methods, Inc.

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

Project Engineer: GCW USER

(203) 755-1666

FlowMaster v6.1 [614n]
Page 1 0of 2



SECT D
Worksheet for Irregular Channel

Natural Channel Points

Station Elevation
(ft) {ft)
1+43.00 0.8900
1+43.00 1.3900
1+50.00 1.3900
1+57.00 1.3900
1+57.00 0.8900
1+93.00 0.1700
1+93.00 0.1300
1+94.50 0.0000
1+94.50 0.5000
1+95.00 0.5000
2+00.00 0.6000

Project Engineer: GCW USER
0:\412-416\drainage\calc\416-strts.fm2 G. C. Wallace Inc FlowMaster v6.1 [614n]
05/01/03 03:59:43 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA (203) 7565-1666 Page 2 of 2



SECTD

Cross Section for Irregular Channel

Project Description

Worksheet
Flow Element
Method
Solve For

SECTD

Irregular Channel
Manning's Formula
Channel Depth

Section Data

Mannings Coefficient 0.016
Slope 0.034000 fi/ft
Water Surface Elevation 0.23 ft
Elevation Range 0.00to0 1.39
Discharge 2.00 cfs
1.4000 J L
0.4000 —~
0.0000
1+00.00 1+20.00 1+40.00 1+60.00 1+80.00 2+00.00
V:10.0 B
H:1

0:\412-416\drainage\calc\416-strts.fm2
05/01/03 03:59:56 PM  © Haestad Methods, Inc.

G. C. Wallace Inc

37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666

NTS

Project Engineer: GCW USER

FlowMaster v6.1 [614n]
Page 1 of 1



SECT A-WEST (10-YEAR)
Worksheet for Irregular Channel

Project Description

Worksheet SECTA-WEST(10)
Flow Element Irregular Channel
Method Manning's Formula
Solve For Channel Depth
Input Data

Slope 0.015000 ft/it

Discharge 42,00 cfs

Options

Current Roughness Method
Open Channel Weighting Method
Closed Channel Weighting Metho:

Improved Lotter's Method
Improved Lotter's Method

Horton's Method

Results

Mannings Coefficient 0.016
Water Surface Elevation 0.71
Elevation Range 0.00to0 1.39
Flow Area 9.0
Wetted Perimeter 34.4495
Top Width 33.7917
Actual Depth 0.71
Critical Elevation 0.81
Critical Slope 0.005541
Velocity 4.66
Velocity Head 0.34
Specific Energy 1.04
Froude Number 1.59
Flow Type Superecritical

ft/s

Calculation Messages:

Water elevation exceeds lowest end station by 0.10583432 ft.

Roughness Segments

Start End Mannings
Station Station Coefficient
1+00.00 1+50.00 0.016

Natural Channel Points

Station Elevation
(ft) i)
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

0:\412-416\drainage\caic\416-strts.fm2

04/29/03 07:17:48 AM © Haestad Methods, Inc.

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

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

(203) 755-1666 Page 1 of 2



SECT A-WEST (10-YEAR)
Worksheet for Irregular Channel

Natural Channel Points

Station Elevation
(ft) (ft)
1+43.00 0.8900
1+43.00 1.3900
1+50.00 1.3900

Project Engineer: GCW USER

0:\412-416\drainage\calc\416-strts.fm2 G. C. Wallace Inc FlowMaster v6.1 [614n]
04/29/03 07:17:48 AM  © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666 Page 2 of 2



SECT A-WEST (10-YEAR)

Cross Section for Irregular Channel

Project Description

Worksheet SECTA-WEST(10)
Flow Element Irregular Channel
Method Manning's Formula
Solve For Channel Depth

Section Data

Mannings Coefficient 0.016
Slope 0.015000 ft/ft
Water Surface Elevation 0.71 ft
Elevation Range 0.00t0 1.39
Discharge 42.00 cfs
1.4000 )
1.2000
1.0000
0.8000 ——
0.6000 ]
0.4000 ———
0.2000 —
0.0000
1+00.00 1+10.00 1+20.00 1+30.00 1+40.00 1+50.00
vi10.0 [\
H:1

NTS

Project Engineer: GCW USER
FlowMaster v6.1 [814n]
Page 1 of 1

0:\412-416\drainage\calc\416-strts.fm2 G. C. Wallace Inc
04/29/03 07:17:56 AM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666



SECT B (10 -YEAR) ( 5/6 OF SUBBASIN ULT3)
Worksheet for Irregular Channel

Project Description

Worksheet SECTB(10)

Flow Element Irregular Channel
Method Manning's Formula
Solve For Channel Depth
Input Data

Slope 0.004000 ft/ft

Discharge 5.00 cfs

Options

Current Roughness Method

Improved Lotter's Method

Open Channel Weighting Method Improved Lotter's Method

Closed Channel Weighting Methos Horton's Method
Results
Mannings Coefficient 0.016
Water Surface Elevation 0.39 it
Elevation Range 0.00t0 1.39
Flow Area 3.3 ft?
Wetted Perimeter 25.5668 ft
Top Width 24,6973 ft
Actual Depth 0.39 ft
Critical Elevation 0.35 ft
Critical Slope 0.007957 ft/ft
Velocity 1.51 ft/s
Velocity Head 0.04 ft
Specific Energy 0.42 ft
Froude Number 0.72
Flow Type Subcritical
Calculation Messages:
Flow is divided.
Roughness Segments
Start End Mannings

Station Station Coefficient

1+00.00 2+00.00 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

0:\412-416\drainage\calc\416-strts.fm2
05/01/03 03:18:10 PM ® Haestad Methods, Inc.

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

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

(203) 755-1666 Page 1 of 2



SECT B (100-YEAR) ( 5/6 OF SUBBASIN ULT3)
Worksheet for Irregular Channel

Natural Channel Points

Station Elevation
(ft) U]
1+43.00 0.8900
1+43.00 1.3900
1+50.00 1.3900
1+57.00 1.3900
1+57.00 0.8900
1+93.00 0.1700
1+93.00 0.1300
1+94.50 0.0000
1+94.50 0.5000
1+95.00 0.5000
2+00.00 0.6000

Project Engineer: GCW USER

0:\412-416\drainage\calc\416-strts.fm2 G. C. Wallace Inc FlowMaster v8.1 [614n]
05/01/03 03:18:10 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  (203) 755-1666 Page 2 of 2



SECT B (10-YEAR)
Cross Section for Irregular Channel

Project Description

Worksheet
Flow Element
Method

Solve For

SECTB(10)
Irregular Channel
Manning's Formula
Channel Depth

Section Data

Mannings Coefficient 0.016
Slope 0.004000 ft/ft
Water Surface Elevation 0.39 ft
Elevation Range 0.00t0 1.39
Discharge 5.00 cfs
1.4000 J
0.8000 — ] —
0.4000
0.0000
1+00.00 1+20.00 1+40.00 2+00.00
vi10.0\
H:1

o0:\412-416\drainage\calc\416-strts.fm2
05/01/03 03:18:23 PM © Haestad Methods, Inc.

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

NTS

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

(203) 755-1666 Page 1 of 1



SECT C - WEST (10-YEAR) SUBBASIN ULT7 PLUS 1/2 ULT6

Worksheet for Irregular Channel

Project Description

Worksheet SECTC-WEST(10)
Flow Element Irregular Channel
Method Manning's Formula
Solve For Channel Depth
Input Data

Slope 0.004000 fu/ft

Discharge 9.00 cfs

Options

Current Roughness Method
Open Channe! Weighting Method
Closed Channel Weighting Metho

Improved Lotter's Method
Improved Lotter's Method

Horton's Method

Results
Mannings Coefficient 0.016
Water Surface Elevation 0.56 ft
Elevation Range 0.00to0 1.39
Flow Area 4.7 ft*
Wetted Perimeter 25.1683 ft
Top Width 246181 ft
Actual Depth 0.56 ft
Critical Elevation 0.52 ft
Critical Slope 0.006805 ft/ft
Velocity 1.92 fi/s
Velocity Head 0.06 ft
Specific Energy 0.62 ft
Froude Number 0.77
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 1.3900
1+50.00 1.3900

0:\412-416\drainage\calc\416-strts.fm?2

04/23/03 08:51:08 AM © Haestad Methods, Inc.

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

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

(203) 755-1666 Page 1 of 1



CROSS SECTION C WEST (10-YEAR)
Cross Section for Irregular Channel

Project Description

Worksheet
Flow Element
Method
Solve For

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

Section Data

Mannings Coefficient 0.016
Slope 0.004000 fu/ft
Water Surface Elevation 0.56 ft
Elevation Range 0.00to0 1.39
Discharge 9.00 cfs
1.4000 )
1.2000
1.0000
0.6000 (e _ -
0.2000 ]
0.0000
1+00.00 1+10.00 1+20.00 1+30.00 1+40.00 1+50.00
v:10.0[\
H:1
NTS
Project Engineer: GCW USER
0:\412-416\drainage\calc\416-strts.fm2 G. C. Wallace Inc FlowMaster v6.1 [614n]

04/23/03 08:51:22 AM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666 Page 1 of 1



SECT E - WEST (10-YEAR, 1/2 ULT7)
Worksheet for Irregular Channel

Project Description

Worksheet SECTE-WEST(10)
Flow Element frregular Channel
Method Manning's Formula
Solve For Channel Depth
Input Data

Slope 0.005000 ft/ft

Discharge 3.00 cfs

Options

Current Roughness Method improved Lotter's Method
Open Channel Weighting Method Improved Lotter's Method
Closed Channel Weighting Metho Horton's Method

Results
Mannings Coefficient 0.016
Water Surface Elevation 0.39 ft
Elevation Range 0.00to0 1.39
Flow Area 1.8 ft?
Wetted Perimeter 13.1584 ft
Top Width 12,7162 ft
Actual Depth 0.39 ft
Critical Elevation 0.37 ft
Critical Slope 0.007768 ft/ft
Velocity 1.71 fi's
Velocity Head 0.05 ft
Specific Energy 044 ft
Froude Number 0.81
Flow Type Subcritical
Roughness Segments
Start End Mannings

Station Station Coefficient

1+00.00 1+50.00 0.016

Natural Channel Points

Station Elevation
] (1)
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

0:\412-416\drainage\calc\416-strts.fm2 G. C. Wallace Inc

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

05/02/03 08:10:25 AM  © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  (203) 755-1666 Page 1 of 1



CROSS SECTION E WEST (10-YEAR)
Cross Section for Irregular Channel

Project Description

Worksheet
Flow Element -
Method

Solve For

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

Section Data

/

E—

Mannings Coefficient 0.016
Slope 0.005000 ft/ft
Water Surface Elevation 0.39 ft
Elevation Range 0.00to 1.39
Discharge 3.00 cfs

1.4000

1.2000

1.0000

0.8000

0.6000

0.4000 ———

0.2000 e

0.0000

1+00.00

1+10.00

o:\412-416\drainage\calc\416-strts.fm2
05/02/03 08:10:41 AM © Haestad Methods, Inc.

1+20.00

G. C. Wallace Inc

37 Brookside Road Waterbury, CT 06708 USA

1+30.00

1+40.00

(203) 755-16686

D

1+50.00
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SECT E - EAST (10-YEAR, 1/2 ULT6)
Worksheet for Irregular Channel

Project Description

Worksheet SECTE-EAST(10)
Flow Element Irregular Channel
Method Manning's Formula
Solve For Channel Depth
Input Data

Slope 0.005000 fu/ft

Discharge 3.00 cfs

Options

Current Roughness Method
Open Channel Weighting Method
Closed Channel Weighting Metho!

Improved Lotter's Method
Improved Lotter's Method
Horton's Method

Results
Mannings Coefficient 0.016
Water Surface Elevation 0.39 ft
Elevation Range 0.00 to 1.39
Flow Area 1.8 ft?
Wetted Perimeter 13.1584 ft
Top Width 12.7162 ft
Actual Depth 0.39 ft
Critical Elevation 0.37 ft
Critical Slope 0.007768 fu/ft
Velocity 1.71 ft/s
Velocity Head 0.05 ft
Specific Energy 0.44 ft
Froude Number 0.81
Flow Type Subcritical
Roughness Segments
Start . End Mannings

Station Station Coefficient

1+00.00 1+50.00 0.016

Natural Channel Points

Station Elevation
(f0) (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

0:\412-416\drainage\calic\416-strts.fm2
05/02/03 08:12:04 AM © Haestad Methods, Inc.

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

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

(203) 755-1666 Page 1 of 1



CROSS SECTION E EAST (10-YEAR)
Cross Section for Irregular Channel

Project Description

Worksheet SECTE-EAST(10)
Flow Element frregular Channel
Method Manning's Formula
Solve For Channel Depth

Section Data

Mannings Coefficient 0.016
Slope 0.005000 ft/ft
Water Surface Elevation 0.39 ft
Elevation Range 0.00 to 1.39
Discharge 3.00 cfs
1.4000 )
1.2000
1.0000
0.8000 i

0.4000 ——

0.2000 -
0.0000
1+00.00 1+10.00 1+20.00 1+30.00 1+40.00 1+50.00
vio.o[\
H:1
NTS

Project Engineer: GCW USER
o0:\412-418\drainage\calc\416-strts.fm2 G. C. Wallace Inc FlowMaster v6.1 [614n]
05/02/03 08:12:23 AM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666 Page 1 of 1



CROSS SECTION E EAST (10-YEAR)
Cross Section for Irregular Channel

Project Description

Worksheet
Flow Element
Method

Solve For

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

Section Data

Mannings Coefficient 0.016
Slope 0.005000 ft/ft
Water Surface Elevation 0.39 ft
Elevation Range 0.00t0 1.39
Discharge 3.00 cfs
1.4000 )
1.2000
1.0000
0.6000 /
0.4000 ?/,
0.2000 .
0.0000
1+00.00 1+10.00 1+20.00 1+30.00 1+40.00 1+50.00
V100N
H:
NTS
Project Engineer: GCW USER
0:\412-4186\drainage\calc\416-strts.fm2 G. C. Wallace Inc FlowMaster v6.1 [614n]

05/02/03 08:22:53 AM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  (203) 755-1666 Page 1 of 1



_ Modified Type C Drop Inlet SizingonaC.G.
EXISTING 40 FOOT NEENAH D. L. (10-YEAR)

File: DI_Sizing_1.4.wb3 Date Printed: 05/01/03
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_ Modified Type C Drop Inlet SizingonaC.G.
~ DROP INLET EAST SIDE DURANGO @ STA73+92

File: DI_Sizing_1.4.wb3 Date Printed: 05/01/03



. Modified Type C Drop Inlet SizingonaC.G.

'DROP INLET@ STA. 52+75-EAST AND WEST

File: DI_Sizing_1.4.wb3

Date Printed: 05/02/03




' Modified Type C Drop Inlet Sizingon a C. G.

- Type "B" Drop Inlets @ Sta. 57+00

File: DI_Sizing_1.4.wb3

Date Printed: 05/02/03




 Modified Type C Drop Inlet SizingonaC.G.

DROP INLET EAST SIDE DURANGO @ STA 73+92

File: DI_Sizing_1.4.wb3

Date Printed: 05/01/03




o Modified Type C Drop Inlet Sizingina Sump
| DROPINLET @ STA. 73+92 (10-YEAR)

File: DI_Sizing_1.4.wb3 Date Printed: 05/01/03



_Modified Type C Drop Inlet SizinginaSump
DROP INLET @ STA. 73+92 (100-YEAR)

File: DI_Sizing_1.4.wb3 Date Printed: 05/01/03



30" UNDER BICYCLE PATH TUNNEL
Worksheet for Circular Channel

Project Description

Worksheet 30

Flow Element Circular Channel
Method Manning's Formula
Solve For Channel Depth
Input Data

Mannings Coefficient 0.013

Siope 0.002500 ft/ft
Diameter 30 in
Discharge 10.00 cfs
Results

Depth 1.23 ft

Flow Area 24 ft?
Wetted Perimeter 3.89 ft

Top Width 2.50 ft
Critical Depth 1.06 ft
Percent Full 493 %
Critical Slope 0.004284 ft/it
Velocity 4.15 ft/s
Velocity Head 0.27 it
Specific Energy 1.50 ft
Froude Number 0.75
Maximum Discharg 22.06 cfs
Discharge Full 20.51 cfs
Slope Full 0.000594 ft/ft
Flow Type Subcritical

Project Engineer: GCW User
0:\412-416\drainage\calc\pipes.fm2 G. C. Wallace Inc FlowMaster v6.1 [614n]
05/04/03 10:21:34 AM  © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  (203) 755-1 666 Page 1 of 1



30" RCP (BICYCLE PATH TUNNEL)
Cross Section for Circular Channel

Project Description

Worksheet 30

Flow Element Circular Channel
Method Manning's Formula
Solve For Channeli Depth

Section Data

Mannings Coefficient 0.013

30 in

Slope 0.002500 ft/ft
Depth 1.23 ft
Diameter 30 in
Discharge 10.00 cfs
= [
1.23 ft
0:\412-416\drainage\calc\pipes.fm2 G. C. Wallace Inc

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

05/04/03 10:21:57 AM  © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666 Page 1 of 1



18" RCP IN SUMMERLIN PKWY (EAST BOUND ONRAMP)
Worksheet for Circular Channel

Project Description

Worksheet 18

Flow Element Circular Channel
Method Manning's Formula
Solve For Channel Depth
Input Data

Mannings Coefficient 0.013

Slope 0.002500 ft/ft
Diameter 18 in
Discharge 3.00 cfs
Results

Depth 0.81 ft

Flow Area 1.0 2
Wetted Perimeter 2.48 ft

Top Width 1.49 ft
Critical Depth 0.66 ft
Percent Fuli 542 %
Critical Slope 0.005129 ft/ft
Velocity 3.07 ft/s
Velocity Head 0.15 ft
Specific Energy 0.96 it
Froude Number 0.67

Maximum Discharg 5.65 cfs
Discharge Fuli 5.25 cfs
Slope Full 0.000816 fuft

Flow Type Suberitical

Project Engineer: GCW User
0:\412-416\drainage\caic\pipes.fm2 G. C. Wallace Inc FlowMaster v6.1 [614n]
05/04/03 10:23:54 AM  © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666 Page 1 of 1



18' rcp
Cross Section for Circular Channel

Project Description

Worksheet 18

Flow Element Circular Channel
Method Manning's Formula
Solve For Channel Depth

Section Data

Mannings Coefficient 0.013

Slope 0.002500 ft/ft
Depth 0.81 ft
Diameter 18 in
Discharge 3.00 cfs

18 in

0.81it

Project Engineer: GCW User
0:\412-416\drainage\calc\pipes.fm2 G. C. Wallace Inc FlowMaster v6.1 [614n]
05/04/03 10:24:.06 AM ®© Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666 Page 1 of 1



18" RCP IN DURANGO (NORTH OF WESTCLIFF)
Worksheet for Circular Channel

Project Description

Worksheet 18

Flow Element Circular Channel
Method Manning's Formula
Solve For Channel Depth
Input Data

Mannings Coefficient 0.013

Slope 0.003000 fU/ft
Diameter 18 in
Discharge 6.00 cfs
Resuits

Depth 1.30 ft

Flow Area 1.6 f2
Wetted Perimeter 3.58 ft

Top Width 1.03 ft
Critical Depth 0.95 ft
Percent Full 86.5 %
Critical Slope 0.006218 fuit
Velocity 3.69 ft/s
Velocity Head 0.21 ft
Specific Energy 1.51 it
Froude Number 0.52

Maximum Discharg 6.19 cfs
Discharge Full 5.75 cfs
Slope Full 0.003263 ft/ft
Flow Type Subcritical

Project Engineer: GCW User
0:\412-418\drainage\calc\pipes.fm2 G. C. Wallace Inc FlowMaster v6.1 [814n]
05/04/03 10:25:21 AM  © Haestad Methods, inc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666 Page 1 of 1



18' rcp

Cross Section for Circular Channel

Project Description

Worksheet 18

Flow Element Circular Channel
Method Manning's Formula
Solve For Channel Depth

Section Data

Mannings Coefficient 0.013

Slope 0.003000 ft/ft
Depth 1.30 ft
Diameter 18 in
Discharge 6.00 cfs

0:\412-416\drainage\calic\pipes.fm2
05/04/03 10:25:30 AM © Haestad Methods, Inc.

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

1.3

0 ft

18 in

(203) 755-1666

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



18" RCP IN DURANGO DRIVE (BETWEEN WASHINGTON AND VEGAS DRIVE)
Worksheet for Circular Channel

Project Description

Worksheet 18

Flow Element Circular Channel
Method Manning's Formula
Solve For Channel Depth
Input Data

Mannings Coefficient 0.013

Slope 0.005000 ft/it
Diameter 18 in
Discharge 5.50 cfs
Results

Depth 0.96 it

Flow Area 1.2 f#
Wetted Perimeter 2.78 ft

Top Width 1.44 ft
Critical Depth 0.90 ft
Percent Full 64.0 %
Critical Slope 0.005990 ft/ft
Velocity 4.60 ft/s
Velocity Head 0.33 ft
Specific Energy 1.29 ft
Froude Number 0.89
Maximum Discharg 7.99 cfs
Discharge Fuli 7.43 cfs
Slope Full 0.002742 ft/it

Flow Type Subcritical

Project Engineer: GCW User
o:\412-416\drainage\calc\pipes.fm2 G. C. Wallace Inc FlowMaster v6.1 [614n]
05/04/03 09:32:39 AM  © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  (203) 755-1666 Page 1 of 1



18' rep
Cross Section for Circular Channel

Project Description

Worksheet 18

Flow Element Circular Channel
Method Manning's Formula
Solve For Channel Depth

Section Data

. Mannings Coefficient 0.013

Slope 0.005000 ft/ft
Depth 0.96 ft
Diameter 18 in
Discharge 5.50 cfs

18 in

0.96 ft

Project Engineer: GCW User
0:\412-416\drainage\calc\pipes.fm2 G. C. Wallace Inc FlowMaster v6.1 [614n]

05/04/03 09:33:.00 AM  © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666 Page 1 of 1



30" UNDER EAST BOUND OFFRAMP IN SUMMERLIN PKWY

Project Description

Worksheet 30

Flow Element Circular Channel
Method Manning's Formula
Solve For Channel Depth
Input Data

Mannings Coefficient 0.013

Slope 0.002500 ft/ft
Diameter 30 in
Discharge 11.00 cfs
Results )

Depth 1.30 ft

Flow Area 2.6 ft?
Wetted Perimeter 4.03 ft

Top Width 2.50 ft
Critical Depth 1.11 ft
Percent Full 521 %
Criticai Slope 0.004343 ft/ft
Velocity 4.25 ft/s
Velocity Head 0.28
Specific Energy 1.58 ft
Froude Number 0.74
Maximum Discharg 22.06 cfs
Discharge Full 20.51 cfs
Slope Full 0.000719 fi/ft

Flow Type Subcritical

o:\412-418\drainage\calc\pipes.fm2

05/04/03 09:35:14 AM  © Haestad Methods, Inc.

Worksheet for Circular Channel

G. C. Wallace Inc

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

37 Brookside Road Waterbury, CT 06708 USA  (203) 755-1666 Page 1 of 1



30" RCP SUMMERLIN PKWY
Cross Section for Circular Channel

Project Description

Worksheet 30

Fiow Element Circular Channel
Method . Manning's Formula
Solve For Channel Depth

Section Data

Mannings Coefficient 0.013

Slope 0.002500 ft/it
Depth 1.30 ft
Diameter 30 in
Discharge 11.00 cfs
<7
i A 30in
1.30 ft
_r v
Vi B
H:1
NTS
Project Engineer: GCW User
0:\412-416\drainage\calc\pipes.fm2 G. C, Wallace Inc

FlowMaster v6.1 [614n]
05/04/03 09:35:33 AM  © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA (203) 7565-1666 Page 1 of 1
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SUMMERLIN PARKWAY DRAINAGE IMPROVEMENTS
RAMPART BOULEVARD TO
BUFFALO CHANNEL

Prepared by:

CITY OF LAS VEGAS FLOOD CONTROL SECTION
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2.4.1. Existing Facilities

The existing facilities are as follows:

Pt. A - 18-inch RCP, 281 LF, with four (4) NDOT Type 2A Drop Inlets (Husite
Parkway plans by G. C. Wallace, Sheet 6 and 17.)

Pt G - Twin 48-inch RCP Culvert, 463 LF, with four (4) NDOT Type 2A Drop
Inlets (Husite Parkway plans by G. C. Wallace, Sheets 9 and 17).

Pt. E - Twin 18-inch RCP Culvert, 260 LF (Buffalo [nterchange Plans Sheet C-
4),

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

2 - 18-Inch RCP’s, 140 LF and 402 LF, with one (1) NDOT Type 2A
Drop Inlet each at Ramp 1 and Ramp 4 of Buffalo Interchange (Sheets C-5
and C-8 and 9 of Buffalo Interchange).

Pt. H - 12-foot x 7-foot RCB.

e e e,

B

2.5. Hydraulic Results

| The single 18-inch RCP stormﬁdrain at PT A has a hydraulic capacity of 11 cfs.'*f.,_,

; downstream end of the flume.

e

concrete abutments. The 3 cfs at PT 1 should be conveyed into thfe Angel Park
North Detention Basin via a concrete flume approximately 2 feet wide (See flow
calculations in Appendix B). A concrete splash pad must be constructed at the

The twin 48-inch RCP’s at PT C have adequate capacity to convey the entire 100-
year flow of 217 cfs (Appendix B). The NDOT Type 2A Drop Inlet at PT G in
Summerlin Parkway has a capacity of 3.5 cfs per grate. Therefore, with four (4)
grates at PT G, the total flow being captured is about fourteen (14) cfs.

The Buffalo Drive Improvement project has proposed to regrade the area adjacent
to PT E so the flow, 451 cfs, will be conveyed north into the proposed 66-inch
storm drain. The storm drain was designed to capture the entire flow from PT E.
The Buffalo Drive storm drain system is designed for pressure flow and is at
capacity. The flow in Summerlin Parkway at PT G, 111 cfs, cannot be collected

| Each NDOT Type 2A Drop Inlet has approximately two (2) cfs capacity (See
' calculations Appendix B). Therefore, the current inlets have sufficient capacity to
! utilize the entire capacity of the storm drain. There is a narrow drainage basin, ‘
\1.15 acre, (SPW2X) along the north side of the Summerlin Parkway that currently

}
i
H

is not collected by the storm drain system. This flow currently is draining into ‘
the Angel Park North Detention Basin at PT I causing serious erosion around the

|
K
;



—

“'“"ﬂ

. |

gy

Subbasin Area Area Lag Time Curve No.
(acres) (sq. mi.) (hr)

BE 11.97 0.0187 0.158 92

CH 6.69 0.0105 0.136 92

CGA 5.88 0.0092 0.125 92

PC2 7.49 0.0117 0.100 92

SPW2X 1.15 0.0018 0.161 84

2.3. Hydrologic Results

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 UD1 and its
tributary basins and the flow from the twin 48-in RCP storm drain. Concentration
Point E is upstream of the twin 18-inch RCP’ storm drain which crosses under
Buffalo Drive. Point F is behind the on-ramp (Ramp 1) at the Buffalo
interchange. Water is detained here until it is drained out of the 18-inch RCP
storm drain.

Table 2 - 10-YEAR AND 100-YEAR FLOWS AT CONCENTRATION POINTS

Concentration Point 10-Year Flow 100-Year Flow
PTA 6 16

PTB 92 201

PTC 67 217

PTD 122 263

PTE 180 451

PTF 33 72

PTG 73 111

PTH 107 178

PTI 1 3

2.4. Hydraulic Criteria

The existing facilities were analyzed for available capacity. The inlet calcultations
were analyzed using Figure 806 from the Design Manual (Reference 1) adjusted
for a 50% clogging factor.
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TO: v
Barry Thompson, P.E.

Land pevelopment Services
Department of Public Works

SUBJECT: Technical D
L‘.\DEPOT\DS\DS1 8o7H.DOC

REMARKS:
Revisions to perimeter walls:

The Drainage study for the sub

s acceptable in concept subj
following conditions.

p\ememed including the following:
ntrol District concurrence

1. Aftached are copies of the proposed revisions to the perimeter walls provided by the
nd conversations with the engineer, tne attached

gngineer. Based on & site visit @ ‘
derstanding the plans must be revised accordmg\y.

revisions are acceptable. It is our un

NOTE: A future changes to the proposed design (of design assumptions) 88 outli

approved drainage study and attached prefiminary grading plan which affect drainage
' i accepted bY the City of Las

r Amandment and
d Control Section. Additionally, conditional acceptance of a drainag® study
co i

is valid for 8@ period of one (1) year. If the proposed nstruction has not been
completed 0 that time peried, the City of Las Vegas reserves the right to requiré
additional conditions andlor submission and acceptance of a complete drainage study

update prior to further construction.

PLANS SENT TO LAND DEVELOPMENT YES {initial) SENT WITH PREVIOUS MEMO

END OF REMARKS Tris 20 g/6aE28
dws AREA L-28
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iﬁ g REGIONAL. FLODD CONTROL DI RlCT RECEIVED
o i ' AUG 11 1997

CLV PUBLIC WwORKS

T Gals Wi, Fraser, 1l, PE,

General Manager) Giiaf Enginger
~ BOARD OF DIRECTORS

Lance M. Malone
hairman
Clark County

Cresent Hardy
Vice-Chalrman
City of Mesguite

Larry Brown
City of Las Vegas

Jdan Laverty Jones
Cily ol Las Vegax

Bryan A. Nix
City of Boulder City

John K. Rhodes
City of Narth Las Vegas

Oavid Wood
City ol Henderson

Bruce L. Woodhury
Clark Counly

August 7, 1997

Mr. Randy Fultz

City of Las Vegas
Department of Public Works
400 East Stewart

Las Vegas, NV 89101

DISTRICT CONCURRENCE:
Dear Mr. Fultz:

The District has reviewed the Technical Drainage Study dated June 30, 1997, for
the abave captioned project as submitted by PBS&J, Inc. In addition the District
is in receipt of the Conditional Letter of Acceptance from the City of Las Vegas
Department of Public Works dated July 14, 1997.

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

The District's review of this project was limited to issues of Regional Flood Control
Significance as defined in the Uniform Regulations for the Contral of Drainage.

VILLAS AT ANGEL PARK UPDATE

Please be aware that as additional information becomes available and/or restudies
of Flood Insurance Studies are performed, the information submitted by PBS&J,
Inc. may be superseded. Compliance with the regulatory elements and design
standards specified in the Uniform Regulations for the Control of Drainage does not
imply a guarantee that properties will be free from flooding or flood damage, No
liability is assumed by the District, its officials, or employees for the information,
data or conclusions presented by the consulting engineer, We therefore make no
warranties, either expressed or implied, in conducting this review,

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

%

v

Kevin L. Eubanks, P.E.
Assistant General Manager

cc:  PBS&J, Inc.
KLE:JHH:mak

Bay:

FILE: 20-60-28.PBS

301 E. Clark Avenug, Suite 301 « Las Vegas, Nevada B2101
(702) 455-3139 » FAX: (702) 455-3870

FLOOD COnNTm,



Prepared for:

STANPARK HOMES

ADDENDUM #1 T0 THE
TECHNICAL HYDROLOGY STUDY

FOR
DURANGO TRAILS

W.0. #4706

Submitted to:

PUBLIC WORKS DEPT.
LAS VEGAS, NEVADA
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CITY OF LAS VEGAS T ; : ] DATE: December 31, 1994
INTER-OFFICE MEMORANDUM

TO: - - FROM: 7
' Randy Pultz, P.E. /;é%af

Roger Bailey Project Manager

Land Development Services Flood Control

Department of Public Works Department of Public Works

SUBJECT: .| COPIES TO:

Drainage Study for:

Durango Trails VTN Nevada

File No: DS1466B John McNellis, P.E.

Date of engineer’s Stamp: 12/21/94 §

Date Received by City: 12/23/94

HISTORY:

i1st Submittal: (11/23/94) Not Acceptable

2nd Submittal: (12/31/94) See comments below
REMARKS :

The drainage study for the subject project has been reviewed and

X is acceptable in concept subject to conformance to all City
gstandards and the following conditions:
must be resubmitted or supplemented.
NOTE: Any future changes to the proposed design (or design

assumptions) as outlined in the approved drainage study and
attached preliminary grading plan which affect drainage must
be addressed in a drainage study addendum and accepted by
CILV Flood Control. Additionally, conditional acceptance of
a drainage study is valid for a period of one (1) year from
date of issuance. If the proposed construction has not been
completed in that time period the City of Las Vegas reserves
the right to require additional conditions and/or submission
and acceptance of a complete drainage study update prior to
further construction.

1. A detail of the proposed discharge to Carmen Boulevard from Dusty
Creek Street must be shown on the construction drawings.

END OF REMARKS - T/R/S/: 20/60/28
bt L-28
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DATE: August 9, 1994
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for
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CITY OF LAS VEGAS, NEVADA
ADN'S 138-28-401-004

Prepared For: DUR WEST PARTNERS
C/0 ALBERT FLANGAS
7385 W. Laredo
Las Vegas, NV 89117
(702) 363~9396

3035 E. Patrig
Suite #9 RS
Las Vegas, NV 89120
(702} 798-7578




I. GENERAL LOCATION AND DESCRIPTION

A. Purpose

The purpose of this study is to provide the City of Las Vegas
Department of Public Works with the technical data needed to
evaluate present and future run-off impacting the proposed 5.00
acre residential site located at the Northeast intersection of

Westcliff Drive-and Durango Drive.

B. 3Site Location

‘The sife is located within the West half (W 1/2) of the Southwest

quarter (SW 1/4) of the Southwest gquarter (SW 1/4) of the Southwest
quarter (SW 1/4) of Section 28, Township 20 South, Range 60 East,
M.D.M., City of Las Vegas, County of Clark, Nevada. The 5.00 acre
gite {s bhounded by a residential site to the North and East. The

South boundary is Westecliff Drive, while Durango Drive is the West

boundary. Access to the residential site will be from Westcliff and
Durango Drive.

C. Property Description and Proposed Development

The site lies at the Northeast intersection of Westcliff Drive and
Durango Drive, within the incorporated area of City of Las Vegas,
Clark County, Nevada. The natural on-site terrain slopes at
approximately 3.00% to the Northeast. All ground cover is sparse
desert shrub. Runoff generated from the property is conveyed in a
series of shallow gullies which traverse the site (see Figure C-1II,
Appendix A}.

- Development of the property is proposed to be in three (3) phases

of construction.
D. Regional Flood Control Facilities
No Regional Flood Control facilities are affected by the propesed

5.00 acre development, as shown on Figure B-1 in Appendix A (Figure
F—-10 of the CCRFCD's Master Plan Update).

_E. Flood Zone Designation

The entire gite is located with in a Federal Emergency Management
Agency's special flood hazard area, Zone C. The entire site i=
determined to outside of the any 100-year flooding, as shown on the
enclosed overlay of the Flood Insurance Rate Map for Clark County,
Nevada, Panel 1000 of 2035, dated September 29, 1989 (see Figure B-
II, Appendix A),.



F. Previous Studies
No previous studies are were found on thiz =site or .referenced

within this study.

II1.. HYDROLOGIC CRITERIA AND ANALYSIS
Computer ‘
A WYSE 486 (AT compatible) computer was used for this analysis.

Rainfall\Runoff Simulation

The HEC-1 Flood Hydrograph Package developed by the United States
Corps of Engineers, dated May 1, 1991, version 4,0.1E was used to
determine the flows for this study.

Soils

The soil survey diagram (Figure C-1, Appendix A) in the appendix
shows soil types for the project as shown on figure H-10 of the
Clark County Regional Flood Control Districts (CCRFCD's) Master
Plan. The on-site basins are made up of hydrologic group D soils.
SCS curve numbers were determined by using Table 602 (Tables 1 of
4 and 4 of 4) of the CCRFCD's Hydrologic Criteria and Drainage
Design Manual. Existing curve numbers for basin EX were obtained by
assuming desert shrub in poor condition (see Figure A-1, Appendix
A). An SCS Curve Number table has been constructed which indicates
curve numbers for both existing and developed conditions, and has
been provided in Appendix B (Table I1).

Precipitation

Precipitation analysis was based on a 6 hour duration with
estimates for the 100 and 10 year events. Precipitation values
were obtained from the NOAA Atlas 2, Precipitation Frequency Atlas
of the Western United States, Volume VIII, Nevada and modified as

_per the Clark County Regional Flood Control District Master Plan.

The project site is within the McCarran Airport rainfall area. The
precipitation values for the major (100 yr.) and minor {10 yr.}
events for this study area are 2.77" and 1.58", respectively lsee
Table 11, Appendix B).

Flows

All concerning flows are summarized in Table V of Appendix B and
are discussed within the Conclusions portion of this report.



Hydraulic Analysis

Street and channel capacities were determined using the Manning
equation and corresponding "n* values as found in Open-Channel
Hydraulics published by McGraw-Hill.

III. DRAINAGE BASINS
A. Off-Site Basins

No off-site basins will generate runoff -that will impact the
Westcliff & Durango project. The area West of Durango Drive is the
Angel Park Golf Course - Detention Facility. The detention facility
will intercept any flows from the West. Durango Drive will have a
high point adjacent to the site that will direct flow to the North
and South. :

B, On-Site Basins

The on-site basin is comprised of 5.00 total acres and is bounded
by developed land to the North and the East, while West of the site
is Durango Drive, while Westcliff Drive is the Southern boundary,
The site has one basin EX in the present condition. Basin EX slopes
to the East at approximately 3.00%, across a sparse desert shrub
ground cover l(see Figures A-I and C-I11, Appendix A). The =site 1=
presently generating -a 100-year runoff peak rate of 13 cfs.

After development the site will consist of a three (3) lot
commercial subdivision site.

IV. PROPOSED CONVEYANCE,

The Westcliff & Durango commercial will be made up of three (3)
drainage basins FUT-1, FUT-2 and FUT-3. The site 1is being
subdivided into three commercial lots, this report will analysis
the lots as drainage basins that will generate runoff (the

~individual site grading has not yet been determined). Basin FUT-1

will generate a 100-year flow of 3 c¢fs. Basin FUT-1 will drain to
a entrance that outlets onto Westcliff Drive. Westcliff Drive will
convey the 100-year flow of 3 cfs at a depth of 0.26-ft (See
Calculation Sheet No. 2, Appendix C) and will have a VxD ratio of
0.68. Basin FUT-2 will generate a 100-year flow of 3 cfs. Basin
FUT-2 will drain to a swale (See Calculation Sheet No. 3, Appendix
C) that will run along the East side of the lot, the swale will
convey flows to Westcliff Drive. Westcliff Drive will convey the
100-year flow of 13 cfs (total site flow) at a depth of 0.39-ft
(See Calculation Sheet No. 4, Appendix C) and will have a VxD ratio
of 1.48. Basin FUT-3 is generating a 100-year flow rate of 7 cofs
and will also drain to the East, there a proposed swale (See

6



Calculation Sheet No. 5, Aépendix C) will convey flows to the
South, into basin FUT-2. : '

V. GCONCLUSIONS

Under existing conditions, no off-site basin are generating flows
that will impact the Westcliff & Durango site.

Development of the site will create three (3) drainage basins FUT-
t, FUT-2 and FUT-3. A 100 yr. peak flow of 3 cfs will exit basin
FUT-1 onto Westcliff Drive (see Figure D-I, Appendix A). A 100-year
peak flow of 3 cfs will drain East ‘in basin FUT-2 to a proposed
gwale that will exit basin FUT-2 out to Westcliff Drive. Basin Fut-
3 will drain 7 cfs East to the proposed swale that will drain Into
basin FUT-2. . . :

The finish floor elevations for the commercial site will be set off
the 100-year water surface generated within the basins that make up
the Westcliff & Durango site. '

Adequate site protection will be provided by maintaining on—-site
finished floor elevations a minimum of twice the depth of flow or
18" above the highest adjacent 100 yr. water surface elevation.
Thizs will be reflected on the grading plan for the site. '

The development of the Westcliff & Durango site will not
significantly increase the 100-year stormwater peak. Property
downstream of the site will not be adversely affected by this
development. The proposed measures presented in this study are in
compliance with all current applicable laws and regulations.
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DRAINAGE BASIN

EX

FUT-1
FUT~-2

FUT-3

TABLE V

FLOW SUMMARY

10 YR. FLOW (CF3)

5

100 YR. FLOW (CFS)
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ANGEL TRAIL APARTMENTS
DRAINAGE STUDY

INTRODUCTION
This report evaluates the runoff conditions of the site and contributing up-
stream drainage areas, and provides design recommendations for flood control
within the development., The criteria with the results and recommendations
presented herein are as follows: -
1. The delineation and runoff par&éégggrs of the drainage areas are
based on existing undeveloped conditions.
2. Husite Parkway which 1s being constructed along the north edge of
\ the side does not contribute to offsite drainage.
Q)O'\ﬁﬁ;\ 3. The Angel Park Detention Basin retains the 100-year event and only
{}qf’ stormwater east of the Basin is considered.
Q}g " &. The block wall along the west perimeter of the side will allow watet//
from the area of the future overpass and the 5 acres at the northeast
corner of Durango and WestcTiff to pass through it.

PROJECT LOCATION

The proposed project i1s located at the northeast corner of Durango Drive and
Westc1iff Drive within the west half (W%) of the Southwest Quarter (SWy) of
the Southwest Quarter {SWy) of Section 28, T. 20 5., R. 60 E., M.D.M., City
of Las Vegas, Nevada.

PROPOSED DEVELOPMENT

The project is a seventeen building, 248 unit apartment complex on 1b.7 acres.
Husite Parkway 1s under construction along the north boundary. Westcliff
Drive is the south boundary and Durango Drive is the west boundary.

\ote cieuuadla‘xggﬁ Q@ & L,&vucﬂdumuul,cnpazcy\
Py @

-1-




EXISTING SITE CONDITIONS

The project 1s located' below the Angel Park Detention Basin which removes
the impact of all drainage areas west of Durango Drive. Figure 1 shows the
drainage scheme for the developed state and Figure 2 shows the existing
undeveloped state.

The site is crossed in the east-west direction by four washes which may vary
in depth from 4 to 25 feet deep. The site has been developed to allow thew//
stormwater from the development to stay in its respective wash.

‘ This area is presently not in a special flood hazard area: see letter

dated December 15, 1986 in Appendix A from the Federal Emergency Management
Agency,

Figure 1 shows the developed drafnage areas. Areas 1 and 6 drain to a point
A. Area 2 drains to point B, Area 3 drains to Point C, and areas 4, 5, and
7 drain to Point D.

METHODOLOGY

The quantitative storm flow determination was calculated on an IBM-PAC AT
utilizing hydrograph software based on Soil Conservation Service methodology.
The theory is explained in detail in Section 4 of the Soil Conservation Ser-
vice National Engineering Handbook.

A 3-hour rainfall was used to produce the estimated storm runoffs., The rain-
fall intensities and storm distributions used were taken from a draft copy
obtained from the Clark County Regional Flood Control District of their flood
manual., The rainfall intensities are as follows:
100 year - 2,48 inches
25 year =~ 1.82 inches
10 year =~ 1.39 inches
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The delineation of the contributing runoff areas was based on 50-scale topography
and site inspections. ’

%
A runoff curve number of 89 was used to estimate the hydrolegic condition
of the undeveloped drainage basin soils, which are of the Cave type, For
the developed site a composite curve number of 87 was used. This was formu-
lated from 60% paved or covered (CN = 98) and 40% grassed (CN = 70).

—

The times of concentration for the drainage areas were(éy]uc1§pgﬁ using graphs
found in Technical Release 55 which relate ground slope, type of cover, and
drainage velocity.

SUMMARY
Drainage Drainage Length Time of Peak Flow CFS
Area Area Feet Concentration  100- 25- 10-
Undeveloped  Acres Grass Paved Minutes Year Year Year
1 5.9 750 0 12.5 11.4
2 5.4 780 0 13.0 10.4
3 7.5 760 0 12.7 14.4
9 0

3 2.9~ 760 12.7 5.6

Developed 1

1 6.8 165 210 8.8 12.5 7.4 4.3
2 3.0 0 800 5.3 5.7 3.4 2.0
3 1.7 280 0 4.7 3.2 20 1.2
4 1.4 0 840 5.6 2.6 1.6 1.0
5 0.8 110 320 4.0 1.6 0.9 0.6
6 0.9 420 0 7.0 1.7 1.0 0.6
7 5.0 800 0 15.0 9.3 5.6 3.2

A\
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SUMMARY ROUTED 100-YEAR STORM FLOWS

FLOW, CFS
POINT UNDEVELOPED DEVELOPED
A 11.4 13.7
B 10.4 5.7
¢ 14.4 2,6
D . 12.4

5.6
Total (41;@ > 7 (.
- ©
Appendix B contains calculations. The computer generated hydrographs are
not included but are available if required,

CONCLUSIONS AND RECOMMENDATIONS

The proposed development will have little effect on the storm drainage and
overall will slightly reduce the total runoff from the area. The onsite flows
are adequately handled within the streets of the project and the storm Flows
in Westcliff Drive are about 0.2' below the top of curb. Therefore, it is
evident that the development of this site will not adversely affect either
adjacent or downstream properties or significantly change existing storm flow
patterns,

-6—
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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
Assessor Parcel Number Water Lateral Sewer Lateral Comments
Area
Owner Size Length Size Length

138-28-501-001 6 inch 40 feet 8 inch 460 feet | West of Durango
83.12

BLM

138-28-501-001 6 inch 55 feet 8 inch 45 feet | West of Gleeson
20.00

BLM

Storm Drain Improvements

The project west of the Buffalo Channel has installed a 54" to 66” diameter reinforced concrete pipe
(RCP) which is an outfall from the Angel Park Detention Basin into the Buffalo Channel. Various drop
inlets are proposed which would also utilize this existing RCP. The proposed drop inlet locations, types
and sizes are discussed in Section 7, Recommendations 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. It is proposed to construct a 30 to 36 inch RCP along the
south side of centerline. The pipe will discharge near the southeast corner of Rock Springs Drive and
Vegas Drive which is within Nevada Department of Transportation right-of-way. The RCP will lend
easterly for approximately 440 feet, transitioning into a concrete trapezoidal channel for the remaining
280 feet. The channel will discharge at the existing 10 foot wide by 4 foot deep double barrel
reinforced concrete box inlet located approximately 240 feet south of Vegas Drive at I-95. The flow will
be conveyed under 1-95 within the RCB then through the 42 inch corrugated metal pipe which crosses
under the Las Vegas Grand Prix property which ties into the bubbler in Rainbow Boulevard.

PROBABLE UTILITY CONFLICTS

As summarized above, the construction of a storm drain mainline, connector pipe, drop inlets and
trapezoidal channel are proposed for the project. Any disturbance of existing improvements will cause
conflicts. The conflicts can possibly be mitigated by adjusting the depth of the drop inlet boxes. The
drop inlet connector pipes on the west of Buffalo Drive will tie into the Angel Park Detention Basin
Outfail (APDO). The storm drain connector pipes on the east side of Buffalo Drive will tie into a new
storm drain mainline ranging from 30 inch to 36 inch diameter. This mainline will not be constructed as
deep as the APDO due to the outfall restraints at the downstream end. Table 3-3 shows areas where
under ground facilities will need to be potholed in order to accurately locate the depth of the existing
utility:

30 December 1996 3-2 987018.01




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 points 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 100-foot
right-of-way streets. Both Durango Drive and Buffalo Drive have 100-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 number of grates required was determined using the rating curve supplied by Neenah. See
Appendix A, Section 5. One Neenah Type R3067 LL grate and hood will be included for nuisance flow
at various locations along the alignment. See Table 4-3 for a list of the nuisance drains.

TABLE 4-3
NUISANCE DRAINS
I.D. Number | Approx. Station Location
1 28+00 North side of Vegas Drive @ Durango
2 34+30 South side of Vegas Drive west of Astronomy X
3 48+30 South side of Vegas Drive %X
4 54+75 North side of Vegas Drive @ Cimarron ¢
5 68+60 West side of Gleeson Way @ Vegas X
6 70+75 North side of Vegas Drive X .
7 107+90 North side of Vegas Drive @ Tenaya &
8 107+90 South side of Vegas Drive @ Tenaya X
9 114470 South side of Vegas Drive @ Wintergreen X
10 115+00 West side of Wintergreen Drive @ Vegas X
11 115+50 East side of Wintergreen Drive @ Vegas ¥
12 121+15 North side of Vegas Drive @ Rocksprings V',
13 122+00 South side of Vegas Drive @ Rocksprings ¥

4.7 SUMMARY OF FLOWS & PROPOSED DRAINAGE FACILITIES

Table 4-4 summarizes the locations, the sizes and types of drop inlets, the 10 and 100-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.

Durango Drive

Durango Drive and Basins V-2A and V-2B are undeveloped. As requested by the City, the runoff from
basin V-2A will be collected in Vegas Drive west of Durango (D.l. 1A). The runoff from basin V-2B will
be collected on the west side of Durango south of Vegas (D.l. 1B).

31 January 1997 4-20 967018.02




'GCWallace, Inc, 412.416
DURANGO DRIVE - Westcliff Drive to Vegas Drive
- Cost Estimate - 50% Submittal
29-Aug-03f
RTC CITY OF LAS VEGAS
PARK AND REC.
item No. Item Unit Unit Total Total Totat Total
Price Quantity Cost Quantity Cost

200.01_|MOBILIZATION AND DEMOBILIZATION LS. | $120,000.00 1l $120,000.00 0 0|
201.01_|CLEARING AND GRUBBING LS. $30,000.00 1]l $36,000.00 0 0
202.01_|REMOVE AND SALVAGE SIGN EA. $40.00 36 1,440.00 0 0
202.02_|REMOVE CURB AND GUTTER F 2.50 1,300 $3,250.00 0 0
202.03__|REMOVE CONCRETE SIDEWALK F. 1.00 7,200 7,200.00 0 0
202.04|REMOVE CONCRETE DRIVEWAY SF. 110 800 $880.00 0 0
202.05_|REMOVE PULLBOX N EA. $10.00 5| $50.00 0 0
202.06__|REMOVE LANDSCAPING : SF. 2.00 30,000 $60,000.00 0 0
202.07__|REMOVE BITUMINOUS SURFACE (2-INCH COLD MILL) S.Y. 2.50 10,500 $26,250.00 0 0
202.08 |REMOVE BITUMINOUS SURFACE SY. 7.00 20,000|_$140,000.00 0 0
202.09 |REMOVE DROP INLET EA. $1,500,00 3 $4,500.00 0 0
203.01_|ROADWAY EXCAVATION C.Y. 35.00 15,000 75,000.00 0 0
203.02_|ROADWAY OVER-EXCAVATION AND BAGKFILL C.Y. $17.00 2,000 34,000.00 0 0
203.03__|BORROW EMBANKMENT C.Y. $10.00 175,000]| $1,750,000.00 0 0
211.01__|GRAVEL MULCH S.Y. $2.00 20,000 $40,000.00 0 0
213.01__|MODIFY IRRIGATION SYSTEM LS. $3,000.00 1 $3,000.00 0 0
302.01_|TYPE Il AGGREGATE BASE C.Y. $14.00 1,500 $166,600.00 0 0
305,01 _|DECORATIVE ROCK SY. $3.00 0,000 $30,000.00 0 0
402.01 |PLANTMIX BITUMINOUS SURFACE (5-INGH) SY. $5.25 68,000] _ $357,000.00 0 0
402,02 |PLANTMIX BITUMINOUS SURFACE (3-INCH) SY. $5.50 11,100]__ $61,050.00 0 0
403.01 _[PLANTMIX BITUMINOUS OPEN-GRADED SURFAGE (3/4-INGH) SY. $1.90 79,000f_$150,100.00 0 0
502.01 |BRIDGE STRUCTURE - SUMMERLIN PARKWAY L.S. 2,600,000 1| $2,500,000.00 0 0
502.02_|CONCRETE BARRIER RAIL (TYPE A) LF. $40.00 1,900] _ $76,000.00 0 0
502.03_|CONCRETE BARRIER RAIL (TYPE B) LF. $60.00 1,400 $84,000.00 0 0
502.04 |CONCRETE BARRIER RAIL (TYPE F) LF. $30.00 100 $3,000.00 0 0

£02.05 |PEDESTRIAN UNDERPASS LS. || $250,000.00 0 0 i $250,000
502.06 |CONCRETE ENCASEMENT CY. $150.00 5 $750.00 0 0
603.01_{18-INCH RCP STORM DRAIN (CLASS 1) LF, $65.00 3,000 _$195,000.00 0 G
603.02[24-INCH RCP STORM DRAIN (CLASS M) LF. $100.00 400[__$40,000.00 0 0
603.03__|30-INCH RCP STORM DRAIN (CLASS Hl) LF. $90.00 10 $900.00 0 0
603.04_|18-INCH RCP END SECTION EA $700.00 $700.00 0 0
608.05_|24-INCH RCP SAFETY SLOPED END SECTION EA. $1,500.00 $1,500.00 0 0
609.01_|MODIFIED TYPE CM2 DROP INLET, (L=7.5-FOOT) E $6,500.00 $6,500.00 0 0
609,02 _INDOT TYPE 2A DROP INLET EA. $2,500.00 $2,500.00 0 0
609.03 |MODIFIED TYPE CM2 DROP INLET, (L=2.5-FOOT) EA. $3,000.00 4 $12,000.00 0 0
609.04 |ADJUST MANHOLE COVER EA. $500.00 8 $4,000.00 0 0
609.05 |TYPE | (45-INCH) STORM DRAIN MANHOLE EA. $3,000.00 7 $21,000.00 0, 0
609.06 [MODIFIED TYPE CM2 DROP INLET, (L=15-FOOT) EA. $9,000.00 1 $9,000.00 0 0,
609.07 |MODIFIED TYPE CM2 DROP INLET, (L=12.5-FO0T) EA. $7,500.00 1 $7,600.00 0 0
609.08|MODIFIED NDOT TYPE 2A DROP INLET. EA. $6,500.00 1 $6,500.00 0 0
610,01 _|RIPRAP C.Y. $60.00 2 $120.00 0 0|
613.01_|'L" TYPE CURB AND GUTTER F. $8.50 7500 $68,750.00 0 0
613.02_|CONCRETE SIDEWALK F. 3.00 57,000] _$171,000.00 0 0
613.08_|COMMERCIAL DRIVEWAY (OPTION B) F. 7.00 1,200 $8,400.00 0 0
613,04 |RESIDENTIAL DRIVEWAY F. 3.25 550 $1,767.50 0 0
613.05_|"A" TYPE ISLAND CURB LF. 34.50 §,000|| _ $40,500.00 0 0
613.06 |TACK-ON CONCRETE MEDIAN ISLAND SF. 34.20 7.000||__$29,400.00 0 0
613.07 | TACTILE WARNING PANEL S.F. $25.00 120 $3,000.00 0 0
616.01_|72-INCH CHAIN-LINK FENCE LF. $8.00 700 $5,600.00 0 0
616.02_|24-FOOT DOUBLE SWING GATE E $2,500.00 2 $5,000.00 0 0
616.03 _[72-INCH CHAIN-LINK FENCE (REMOVE AND RESET) E $10.00 4,000 _$40,000.00 0 0
618.01 [GUARDRAIL-BARRIER RAIL CONNECTION (TRIPLE CORRUGATION) EA. $1,500,00 1 $1,500.00 0 0
618.02_|GUARDRAIL TERMINAL (FLARED) EA. $3,000.00 2 $6,000.00 0 0
618.03 [GALVANIZED GUARDRAIL (TRIPLE CORRUGATION]) (REMOVE AND RESET) LF. $30.00 300 $9,000.00 0 0
619.01 |GUIDEPOST. EA. $25.00 400 10,000.00 0 0
622.01 _|CONSTRUCTION SURVEYING LS. |[ $100,000.00 1 $100,000.00 0 0
623L.01_|250-WATT STREET LIGHT ASSEMBLY EA. 2,100.00 65| $136,500.00 0 0
623L.02_|250-WATT STREET LIGHT ASSEMBLY (BRIDGE MOUNTED) EA. 2,500.00 3 10,000.00 0 0
623L.03_|UNDERPASS LIGHTING FIXTURES EA. 1,500.00 B 12,000.00 0 0
623L.04 |SERVICE PEDESTAL EA. $2,500.00 5 12,500.00 1 $2,500
623L.05 |ELECTRICAL SERVICE CONDUIT L.F. $25.00 1.200]_$30,000.00 40 $1,000
623L.06_|RELOCATE STREET LIGHT LS. $1,500.00 5 7,500.00 0| 0
623L.07 INEVADA POWER COMPANY TRANSFORMER EA. $5,000.00 1 5,000.00 0 0
623L.08 |RELOCATE NEVADA POWER COMPANY SWITCHBOX EA. || $150,000.00 1) $150,000.00 0 0
623L.09_|MODIFY EXISTING SERVICE PEDESTAL EA. 750.00 2 $1,500.00 0| 0
623T.01_{P-30 PULLBOX (INTERCONNECT) EA. 200.00 32 $6,400.00 0 0|
6237.02_|TYPE 200 PULLBOX (INTERCONNECT) EA, 200.00 13 $2,600.00 0 0
6237.03 | TRAFFIC SIGNAL SYSTEM AT DURANGO/WESTCLIFF Ls. 200,000.00 00,000.00 g 9
623T.04_[TRAFFIC SIGNAL SYSTEM AT DURANGO/EB ON RAMP LS. || $180,000.00 80,000.00 0 0
623T.05_|TRAFFIC SIGNAL SYSTEM AT DURANGO/WB OFF RAMP LS. 180,000.00 80,000.00 5 0
623T.06_|TRAFFIC SIGNAL SYSTEM AT DURANGO/MASHINGTON LS. ||_$200,000.00 1) $200,000.00 0 0|
623T.07 |TRAFFIC SIGNAL SYSTEM AT DURANGONEGAS LS. 200,000.00 1|l $200,000.00 0 0
6237.08_|4-INCH CONDUIT (INTERCONNECT) LF. $7.00 19,500|_$136,500.00 0 0
623T.09_|TRAFFIC COUNT STATION LS. $2,500.00 0 0 0 0
623T.10_|RELOCATE AND MODIFY EXISTING SERVICE PEDESTAL E $1,500.00 1 $1.500.00 0 0
623T.11_|No. 3-1/2 PULLBOX (STREETLIGHT) E $180.00 0 0 0 0
6237.12_|No. 5 PULLBOX E. $180.00 2 $360.00 [ 0|
624.01 | TRAFFIC CONTROL AND MAINTENANCE $160,000.00 1] $160,000.00 0 0|
625.01 |PORTABLE CHANGEABLE MESSAGE SIGN $90.00 180 $16,200.00 0 0|
625.02_|ARROW BOARD 540.00 180 7,200.00 0 0|
627.01 |PERMANENT SIGNS (GROUND MOUNTED)METAL SUPPORIS) 25.00 167 34,175.00 0 0
627.02_|PERMANENT SIGNS (STLT POLE MOUNTED) 25.00 95 2,375.00 0 0|
627.03 _|PERMANENT SIGNS (OVERHEAD PANELS) 25.00 §40] _ $16,000.00 0 0
627.04 |PERMANENT SIGNS (TIMBER SUPPORTS) $35.00 450)  $15.750.00 0 0

F:\412-416\caic\cost estimates\030829 50% Submittal.xls Page 1 of 2
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GCWallace, Inc. y; 12'@
DURANGO DRIVE - Westcliff Drive to Vegas Drive
Cost Estimate - 50% Submittal
29-Aug-03
RTC CITY OF LAS VEGAS
PARK AND REC.

Item No. Item Unit Unit Total Total Total Total

Price Quantity Cost Quantity Cost
627.05 [RELOCATE SIGN E.A. $Tﬁo.oo 21 $2,100.00 0 0
627.06 |RELOCATE OVERHEAD DYNAMIC MESSAGE SIGN EA. $75,000.00 1 $75,000.00 0 0
627.07 {OVERHEAD SIGN STRUCTURE (CANTILEVERED) EA $40,000.00 4l $160,000.00 0 0
627.08 |OVERHEAD SIGN STRUCTURE (BRIDGE) E.A $5,000.00 1 $5,000.00 0 g
628.01 |PREFORMED MARKING FILM (24-INCH SOLID WHITE) L.F. $15.00 2,000 30,000.00 0 0
628.02  |PREFORMED MARKING FILM ARROWS EA. 250.00 66 6,500.00 0 0
628.03  |PREFORMED MARKING FILM "ONLY" EA. 375.00 40| 5,000.00 0 ¢
.04 [PREFORMED ING FILM BIKE TEGEND DELINEATION AND LEGEND EA. 5475.00 18] 7,600.00 [3) 0]
628.05 |PREFORMED MARKING FILM (VARIES) : S.F. $8.00 125 1,000.00 0 0
628.06 [MEDIAN NOSE PAINT S.F 1.50 950 1,425.00 0 0
628.07 _|LIQUID PAVEMENT MARKER (8-INCH WHITE) LF .00 10,000 $10,000.00 0 0
628.08 |LIQUID PAVEMENT MARKER (8-INCH YELLOW) L.F. .00 7,000 7,000.00 0 s}
628.09_ |LIQUID PAVEMENT MARKER (12-INCH WHITE) L.F. .50 2,500 $3,750.00 0 0
628.10 |LIQUID PAVEMENT MARKER (6-INCH WHITE) L.F. 1.00 12,000 $12,000.00 0, 0O
620.01 |ADJUST WATER VALVE BOX EA. 300.00 15 $4,500.00 0 0
629.02 |ADJUST BLOW-OFF AND RISER ASSEMBLY EA. $300.00 $300.00 0 0|
629.03 |ADJUST FIRE HYDRANT EA. 750.00 1 $750.00 0 0
629.04 |RELOCATE TEST STATION EA. $500.00 3 1,500.00 0 o)
629.05 [RELOCATE AVAR EA 2,000.00 3] $6,000.00 0 ¥
629.06 |ADJUST WATER VALVE VAULT X 2,000.00 2 34.000.00 0 o)
629.07 |RELOCATE WATER METER AND BACKFLOW PREVENTION DEVICE E.A 1,500.00 1,500.00 0 [
629.08 |RELOCATE IRRIGATION METER AND SERVICE PEDESTAL E.A $2,500.00 2,500.00 0 0]
630.01 _|8-INCH PVC SANITARY SEWER LATERAL L.F. $50.00 36 1,800.00 0 [y
633.01  |NON-REFLECTIVE PAVEMENT MARKERS EA. .50 2,500 3,750.00 0 0
633.02 |REFLECTIVE PAVEMENT MARKERS EA. 2.70 1,700 54,690.00 4] 0
637.01_ IDUST CONTROL LS $30,000.00 $30,000.00 0 Q
637.02 |NPDES DISCHARGE PERMIT LS. $1,000.00 1,000.00 0 0
637.03 |PRE-EMERGENT HERBICIDE ACRE $400.00 26 $10,400.00 0 0
640.01_ |IMSE WALL, BACKFILL, SIDEWALK, SCREENWALL, AND BARRIER RAIL .F. $55.00 12,600]  $687,500.00 0 0
640.02 |SCREEN WALL .F $20.00 14,000} $280,000.00 0 0
640.03 |CONCRETE MASONRY UNIT RETAINING WALL .F. $60.00 2,200 $132,000.00 0 0
SUBTOTAL $9,738,753 $253,500
20% CONTINGENCIES $1,947,751 $60,700
TOTAL $11,686,503 $304,200

2
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RESPONSE TO COMMENTS
ON THE
30% DRAINAGE REPORT
AND 30% IMPROVEMENTS

DURANGO DRIVE — WESTCLIFF DRIVE
TO VEGAS DRIVE

412.416

August 2003

Prepared for:

City Of Las Vegas
731 South Fourth Street
Las Vegas, Nevada 89101
Phone: (702) 229-6541
Fax: (702) 382-8551

Prepared by:

G. C. Wallace, Inc.

1555 South Rainbow Boulevard
Las Vegas, Nevada 89146
Phone: (702) 804-2000
Fax: (702) 804-2299



HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL

DRAINAGE STUDY INFORMATION FORM

412,416

Name of Development: Durango Dr. from Westcliff Dr. To Vegas Dr. Date:  August 2003
Location of Development: &) Descriptive (Cross Streets): ~ North/South:  Durango Dr EastWest:  Waestcliff/Vegas Dr.
b) Sect. 28,29 Twn.  20S  Rng.  60E
Name of Owner:  City of Las Vegas Assessors Parcel No: ~ 138-28-301-001
Telephone: 229-6541 Facsimile No:
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, Inc.
Address: _ 1555 South Rainbow Boulevard; Las Vegas, NV 89146
Type of Land Development / Land Disturbance Process:
Rezoning Subdivision Map . | Clearing and Grading Only N
Parcel Map Planned Unit Development X Other (Please specify below)
Large Parcel Map Building Permit Street Improvements
1. Total Owned Land Area: At Site: 12 acres Being Developed / Disturbed: 12 acres
Is a portion or all of the subject property located in a designated FEMA Flood Hazard Area? Yes*

No

Is the property bordered or crossed by an existing or proposed Clark County Regional Flood Control District Master Planned Facility?

Eal

Proposed type of development: (Residential, Commercial, etc.)? Street Improvements

5. Approximate upstream land area which drains to the subject site? 30 + acres

6. Has the site drainage been evaluated in the past?

Technical Drainage Study for the Villas at Angel Park PBS & J 7/96

NC  Ifyes, please identify documentation:

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

7. Ifknown, please briefly identify the proposed discharge point(s) of runoff from the site:
Storm drain in Vegas Drive and in Westcliff Drive

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

Submit this form as part of the required drainage study to the local entity which has jurisdiction over
the subject property. This form may provide sufficient information to serve as the Conceptual
Drainage Study.

o A S Ty
£y o QAN Fo oy
C ’ﬁ{?‘, O U,,\lk\

i 7
Nk % ~Q‘€ut7"
&, W

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

Revision Date

f *f Local Entity File No.
Engineer's Seal

REFERENCE: STANDARD FORM 1

WGow2\TrafDatald12-416\adminVfarmsisfi-durango-8-29-03-rjr.doc
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WALLACE, INC.

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 30% Drainage Report and
30% Improvements )

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:

Comment: “1. The low point in Durango at the Washington Avenue
: intersection will require that the 10-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: In meetings and correspondence with Dan Keating of CLV
and G. C. Wallace, Inc. (GCW) it has been decided that the
area that consists of Subbasin ULT4 will be graded to drain
north to the Durango Drive/Washington Avenue intersection.
If all of Subbasin ULT4 is graded to drain to the low point,
there will be a 10-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 Drive/Vegas Drive intersection will not have the
capacity to convey the entire 10-year storm flow. The

1555 SOUTH RAINBOW BLVD. / LAS VEGAS, NEVADA 89146 / TELEPHONE: (702) 804-2000 / FAX: (702) 804-2299

SUMMERLIN OFFICE FAX: (702) 804-2295 ¢« HENDERSON OFFICE FAX: (702) 804-2296



G. C. WALLACE, INC.

Engineers/Planners/Surveyors

City of Las Vegas 412.416
Engineering Planning

August 29, 2003

Page 2

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 10-year storm capacity
calculation for Washington Avenue is enclosed.

The 100-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 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.

Under interim conditions there will be a 10-year storm flow of 16 cfs at the

" Durango Drive/Washington Avenue intersection (13 cfs in the west half of
the street improvements and 3 cfs on the east). The proposed 12.5-foot
Type CM D. . on the west half of the street will intercept the 10-year storm
flow at a depth of 0.5 feet, which provides a 12-foot dry lane in a 10-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 7.5-foot Type
CM D. I. 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. I. 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.I. at
an elevation of approximately 0.05 feet. Under this condition (10-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 100-year storm flow of 31 cfs at
the Durango Drive/Washington Avenue intersection (26 cfs in the west half
of the street improvements and 5 cfs on the east). The proposed 12.5-foot
Type CM D. . on the west half of the street will not intercept the 100-year

interim conditions storm flows. The 100-year storm flow at the low point in
W\Gew2\TrafData\412-416\adminVistters\civ-RTC-DurangoDr-PreDesign-30%Imp-rir-jt.dac
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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 3inches 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.

Comment: “2. The concept of eliminating the 18-inch storm drain in. Durango, 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 RCP storm drain between Westcliff Drive and Summerlin
Parkway has been eliminated. In 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 “A” drop
inlets at the location where the driveway entrance is being constructed.
Two of the existing Type “A” drop inlets will be removed and two 2.5-foot
Type CM drop inlets will be placed at the curb returns of the driveway
entrance. There will be a 100-year and 10-year storm flow of 17 cfs and 9
cfs ( ULT 7 plus1/2 of ULT8), 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 “A” 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 100-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.

Comment: "3. A 10-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 8 (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. .

Comment: "4. The Engineer must continue to coordinate the Durango Drive
improvements with the proposed Park improvements. The pedestrian

tunnel under Durango (at the southwest corner of the park site) must be
W\Gew2\TrafData\412-416\admin\letters\clv-RTC-DurangoDr-PreDesign-30%Imp-rir-jt.doc
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shown to coordinate design elevations.”
Response: Noted.

Comment: "5. Provide detailed 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 100-year flow at the ramps.”

Response: The proposed storm drain facilities in the Summerlin Parkway alignment
have been sized to convey the 100-year storm flows. An NDOT Type 2A .
drop inlet will intercept the 100-year storm runoff (1/2 of Subbasin ULT5)
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 8-foot long Modified
NDOT Type 2A drop inlet will intercept the 100-year storm runoff
(Subbasin ULT8) 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. Inlet
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 next submittal.

Comment: "6. 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
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. B

Comment: "7. The Engineer must label the 10-year flow within the laterals and pipes and

provide the HGL on the storm drain plan and profile sheets as a part of the
\Gew2\TrafData\d12-416\adminVletters\clv-RTC-DurangoDr-PreDesign-30%Imp-rir-it.doc
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Response:

Comment:

Response:

Comment:

Response:

Comment:

Response:

Comment:

Response:

Comment:

Response:

||8.

"9.

"10.

"11.

"2.

412,416

90% submittal.”
The 10-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.

Detailed intersection grading plans for the Durango/Washington
intersection must be provided with the 90% plans.”

The Durango Drive/Washington Avenue intersection grading will be
provided with the 80% plans.

Provide details of the Manholes, Neenah cast iron type drop inlets
(maximum 9-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.”

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.

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.”

Pothole information and storm drain constraints are being identified at this
time and will be complete for the 90% submittal.

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.”

Utility crossings will be provided in the 90% submittal.

W\Gew2\TrafData\d12-416\adminVletters\civ-RTC-DurangoDr-PreDesign-30%Imp-rir-jt.doc
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If you have any questions or require additional information, please contact us at 804-2000.

Very truly yours,

G. C. WALLACE, INC.

Rick J. Read, P.E. = N
Project Manager

Flood Control Division

RJR:jj

Encl.

pc: Jerry E. Pruitt, GCW
John Tobin, GCW

\Gew2\TrafData\412-416\adminVletters\clv-RTC-DurangoDr-PreDesign-30%Imp-rjr-it.doc



_ APPE NDIX

Street Flow Ca/culatlons . .
Drop Inlet Calculations

Figure 8

Rewsed Flgure 7 f .
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SECT C - WEST (10-YEAR) SUBBASIN ULT7 PLUS 1/2 ULTS6
Worksheet for Irregular Channel

Project Description

Worksheet SECTC-WEST(10)

Flow Element Irregular Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Slope 0.005000 fu/ft

Discharge 9.00 cfs

Options

Current Roughness Method Improved Lotter's Method
Open Channel Weighting Method Improved Lotter's Method
Closed Channe! Weighting Method Horton's Method
Results

Mannings Coefficient 0.016

Water Surface Elevation 0.54 ft

Elevation Range 0.00 to 1.39

Flow Area 4.3 ft2

Wetted Perimeter 23.3328 ft

Top Width 22.7830 ft

Actual Depth 0.54 ft

Critical Elevation 0.52 ft

Critical Slope 0.006805 ft/ft

Velocity - 211 fs

Velocity Head 0.07 ft

Specific Energy 0.61 ft

Froude Number 0.86

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 1.3900
1+50.00 1.3900

Project Engineer: GCW USER
o:\412-416\drainage\caic\416-strts.fm2 G. C. Wallace Inc FlowMaster v6.1 [614n]
08/28/03 01:09:42 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666 Page 1 of 1



. CROSS SECTION C WEST (10-YEAR)
Cross Section for Irregular Channel

Project Description

Workshest SECTC-WEST(10)
Flow Element irregular Channel
Method Manning's Formula
Soive For Channel Depth

Section Data

Mannings Coefficient 0.016
Slope 0.005000 ft/ft
Water Surface Elevation 0.54 ft
Elevation Range 0.00 to 1.39
Discharge 9.00 cfs

1.4000
1.2000
1.0000
0.8000
0.6000¢

1+00.00 1+10.00 1+20.00 1+30.00 1+40.00 1+50.00

vi10.00\
H:1

NTS

Project Engineer: GCW USER
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SECT C - EAST (10-YEAR) 1/2 ULT6
Worksheet for Irregular Channel

Project Description

Worksheet
Flow Element

SECTC-EAST(10)
Irregular Channel

Method Manning's Formula

Solve For

Channel Depth

Input Data

Slope 0.005000 ft/ft
Discharge 3.00 cfs
Options

Current Roughness Method
Open Channel Weighting Method
Closed Channel Weighting Method

Improved Lotter's Method
improved Lotter's Method
Horton's Method

Results
Mannings Coefficient 0.016
Water Surface Elevation 0.39 ft
Elevation Range 0.00 to 1.39
Flow Area 1.8 2
Wetted Perimeter 13.1584 ft
Top Width 12.7162 #t
Actual Depth 0.3¢ ft
Critical Elevation 0.37 it
Critical Slope 0.007768 ft/ft
Velocity 1.71 ft/s
Velocity Head 0.05 ft
Specific Energy 0.44 ft
Froude Number 0.81
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)
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

0:\412-416\drainage\calc\4 16-strts.fm2

08/28/03 01:07:07 PM © Haestad Methods, Inc.

G. C. Wallace Inc
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Project Engineer: GCW USER
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) CROSS SECTION C EAST (10-YEAR)
Cross Section for Irregular Channel

Project Description

Worksheet SECTC-EAST(10)
Flow Element Irregutar Channel
Method Manning's Formula
Solve For Channel Depth

Section Data

Mannings Coefficient 0.016
Slope 0.005000 ft/ft
Water Surface Elevation 0.39 ft
Elevation Range 0.00 to 1.39
Discharge 3.00 cfs

1.4000 .-~
1.2000
1.0000
0.8000
0.6000¢
0.4000
0.2000 >

1+00.00 1+10.00 1+20.00 1+30.00 1+40.00 1+50.00

v:i10.00\
H:1

NTS

j

Project Engineer: GCW USER
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SECT B EAST (10-YEAR) (SUBBASIN ULT3)

Worksheet for Irregular Channel

Project Description

Worksheet SECTB(10) EAST
Flow Element irregular Channel
Method Manning's Formuia
Solve For Channel Depth
input Data

Slope 0.050000 ft/ft

Discharge 3.00 cfs

Options

Current Roughness Method
Open Channel Weighting Method
Closed Channel Weighting Method

Improved Lotter's Method
Improved 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

0.016
0.29 ft
0.00 t0 1.39
0.7 ft?
7.9812 ft
7.6415 ft
0.29 ft
0.37 ft
0.007769 fuit
4.17 ft/s
0.27 ft
0.56 ft
2.40

08/28/03 11:30:07 AM  © Haestad

Flow Type Superecritical
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)
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 s
1+43.00 1.3800
1+50.00 1.3900
0:\412-416\drainage\calc\4 16-strts.fm2 G. C. Wallace Inc

Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: GCW USER

(203) 755-1666

FlowMaster v6.1 [614n]
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SECT B EAST (10-YEAR) -
Cross Section for Irregular Channel

Project Description

Workshest SECTB(10) EAST
Flow Element irregular Channel
Method Manning's Formula
Solve For Channel Depth

Section Data

Mannings Coefficient 0.016
Slope 0.050000 ft/ft
Water Surface Elevation 0.29 ft
Elevation Range 0.00 to 1.39
Discharge 3.00 cfs

1.4000 -
1.2000
1.0000
0.8000
0.6000¢ _
0.2000 » - e e e e e o e e e

1+00.00 1+10.00 1+20.00

s

1+30.00 1+40.00 1+50.00

vi10.00\
H:1

NTS

Project Engineer: GCW USER
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SECT A-EAST (10-YEAR)
Worksheet for Irregular Channel

Project Description

Worksheet SECTA-EAST(10)
Flow Element Irregular Channel
Method Manning's Formula
Solve For Channel Depth
Input Data

Slope 0.015000 fu/ft

Discharge 4.00 cfs

Options

Current Roughness Method
Open Channel Weighting Method
Closed Channel Weighting Method

improved Lotter's Method
Improved Lotter's Method
Horton's Method

Results
Mannings Coefficient 0.016
Water Surface Elevation 0.37 ft
Elevation Range 0.00 to 1.39
Flow Area 1.4 fi2
Wetted Perimeter 11.8143 ft
Top Width 11.3988 it
Actual Depth 0.37 t
Critical Elevation 0.40 ft
Critical Slope 0.007479 fi/it
Velocity 2.79 fi/s
Velocity Head 0.12 ft
Specific Energy 0.49 ft
Froude Number 1.39
Flow Type Supercritical
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 0.8800

1+43.00 1.3900

1+50.00 1.3900
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SECT A-EAST (10-YEAR)
Cross Section for Irregular Channel

Project Description

Worksheet SECTA-EAST(10)
Fiow Element Irreguiar Channel
Method Manning's Formula
Solve For Channel Depth

Section Data

Mannings Coefficient 0.016
Slope 0.015000 ft/ft
Water Surface Elevation 0.37 ft
Elevation Range 0.00 t0 1.39
Discharge ' 4.00 cfs

1.4000
1.2000
1.0000
0.8000
0.6000Gme.

1+00.00 1+10.00 1+20.00 1+30.00

1+40.00 1+50.00

vi10.00\,
H:1

NTS

Project Engineer: GCW USER
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WASHINGTON CAPACITY CALCULATION
Worksheet for Irregular Channel

Project Description

\O-b&eav

Worksheet washington(10)
Fiow Element Irregular Channel
Method Manning's Formula
Solve For Discharge

Input Data

Slope 0.010000 ft/ft
Water Surface Elevation 0.79 ft

Options

Current Roughness Method
Open Channel Weighting Method
Closed Channel Weighting Method

Improved Lotter's Method
‘Improved Lotter's Method
Horton's Method

Results

Mannings Coefficient 0.016
Elevation Range 0.00t0 1.03
Discharge 51.32 cfs
Flow Area 12.0 ft*
Wetted Perimeter 38.7428 ft
Top Width 38.0000 ft
Actual Depth 0.79 ft
Critical Elevation 0.87 ft
Critical Slope 0.005379 fi/ft
Velocity 4.26 fi/s
Velocity Head 0.28 ft
Specific Energy 1.07 ft
Froude Number 1.33

Fiow Type

Superecritical

Calculation Messages:

Water elevation exceeds lowest end station by 0.19 ft.

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+50.00 1.0300

o:\412-416\drainage\calc\416-strts.fm2
07/16/03 08:44:28 AM
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WASHINGTON CALCULATION -
Cross Section for Irregular Channel

\On\eavu V2 {oat C\,V‘v\ Loune

Project Description

Worksheet washington(10)
Flow Element Irregular Channel
Method Manning's Formula
Solve For Discharge

Section Data

Mannings Coefficient 0.016
Slope 0.010000 fi/ft
Water Surface Elevation 0.79 ft
Elevation Range 0.00 to 1.03
Discharge 51.32 cfs
1.2000
0.8000:
0.6000¢
0.4000
0.2000
0.0000
1+00.00 1+10.00 1+20.00 1+30.00 1+40.00 1+50.00
Vi1 0.0B
H:1
NTS

Project Engineer: GCW USER
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o Type ADrop InletSizinginaSump
"W TYPEA" DL AT WESTOLIFF

RAown:
= Ponding.

File: DI_Sizing_1.5.wb3 Date Printed: 08/29/03
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“Type A Drop Inlet Sizing in a Sump
» 4' TYPE "A" D.I. ATWESTCLIFF

File: DI_Sizing_1.5.wb3 Date Printed: 08/29/03
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" Modified Type C Drop Inlet Sizing inaSump
2.5 DROP INLETS @ WESTCLIFF

File: DI_Sizing_1.5.wb3 Date Printed: 08/29/03
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" Modified Type C Drop Inlet Sizing in a Sump

2.5 DROP INLETS @ WESTCLIFF

Ponding depth at inlet (ft)

Gutter Width ()

File: DI_Sizing_1.5.wb3

Date Printed: 08/29/03




- Modified Type C Drop Inlet SizingonaC.G. -~ =
7 DROP INLET EAST SIDE OF DURANGO (SECTE

File: DI_Sizing_1.5.wb3 Date Printed: 08/28/03



Modified Type C Drop Inlet Sizing ina Sump

12.5-ft drop inlet at STA 73+84 (Durango West)

 lengthofgrate(®)
~ Length of curb opening (ft)

 Ponding depth at nlet ()
 Gutter Width (ft)

Curb opening height (ft) .’

Weir coefficient for curb-openin

File: DI_Sizing_1.5.wb3

Date Printed: 08/27)03
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Grate Inlet Headwater Depth Calculation

. NDOT TYPE 2A DROP INLET
= &_S.l_ﬁz__b\.LQ N RAMP

Known:

Q= Flow (cfs)

i

W Width of Grate (ft)

L= Length of Grate (ft)

D= Diameter of Circle (in)

Cf= Clogging Factor (%)

Weir Conditions:

Hw=(Q/(Cw*P))?3

Cw= Weir Coefficient

P= Perimeter of gréte (ft)
Pc=  Perimeter (w/clogging) (ft) 5.0
Hw= Headwater depth (ft) 0.58

Orifice Conditions:

Hw=(Q/(Co*Ac))?/2*g

Co=  Orifice Coefficient

Ag= Grate Area (ft?)

Gf=  Grate Opening Factor

Ac= . Grate Open Area (w/ clogging) (f?)

Hw= Headwater depth (ft)

Worst Case Scenario Occurs Under Weir Conditions

Headwater Depth

ft with grate
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Grate Inlet Headwater Depth Calculation
' MODIFIED NDOT TYPE 2A DROP INLET

WE ST RDOUND 6FEERAMP

Known:

Q= Flow (cfs)

W= Width of Grate (ft)

L= Length of Grate (ft)

D= Diameter of Circle (in)

Cf= Clogging Factor (%)

Weir Conditions:

Hw=(Q/(Cw*P))*3

Cw= Weir Coefficient

P= Perimeter of grate (ft) 16.0

Pc=  Perimeter (w/clogging) (ft) 8.0
Hw= Headwater depth (ft) 0.98

Orifice Conditions:

Hw=(Q/(Co*Ac))?/2*g

Co=  Orifice Coefficient

Ag= Grate Area (ft?)

Gf=  Grate Opening Factor , _ 67
Ac=  Grate Open Area (w/ clogging) (ft?) 4,02

Hw= Headwater depth (ft) 0.94

Worst Case Scenario Occurs Under Weir Conditions

Headwater Depth
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ANGEL PARK NORTH

1400 ac-ft Anget Park Detention Basin
42* RCP Emergency Outlet

33" RCP Emergency Outlet

33' RCP Emergency Outlet

14' X 12' RCBC

Nalural Wash

3:12.X 10'RCBC @ Rampart
Natural Wash

2. 14'X 14' RCBC

200
189
185
380
1800
220
1400
150

r‘ 8623

8623
8623
8623
1560
6743
6743
6743
6743

ANGLPKDB
ANGLPKDB
ANGLPKDB
ANGLPKDB
ANGLPKDB
CSF2.C
CSF2-C
CSF2-C
CsF2-Cc

ALLGOWS
ALLGOWS
ALLGOWS5
ALLGOWS
ALLGOWS
GW4SC
GW4SC
GW4SC
Gw4sC

2.21
221
2221
22.21
2221
8.27
8.27
827
8.27

ANGEL PARK OUTFALL
86" RCP
60" RCP
54" RCP ) )
[L'AS VEGAS TREEK CHANNEL
2:12' X 7 RCB
2:12'X §' RCB
Conc Chnt YW 8'D 3:1 S3
2:8' X 7 RCBC @ Rancho
Conc Chnl 9W 7D 1:1 8S
Conc Chl 11'W 70
' X 6 RCB
54' RCP
60' RCP
48" RCP
48' RCP
48' RCP
60' RCP
60° RCP
48" RCP
36" RCP
42 RCP

1297
5472
810

655
2152
3485

100
2400
800
2200
898
3300
1109
1214
1531
2482
1109
1003
1392
845
792
264

1350

451
451

441 | ANGLPKDB

CGD34AB
CGD34AB

ALLGOWS
ALLGOWS

ALLGOWS

2248
2248
2.2

2689
2689
2689
1896
2515
2362
1284
209
2717
153
153
117
212

CLc20-C
CLC20-C
CLC20-C
CCLCi6-C
CCLC16-C
CCLCH4-C
CCLC14-C
CLC14-C
CLCT1t-C
CWAG2-C
CWAQ2-C
CWaA02-C
CWAQ2-C
CALO1B
CALO18
CALO1B
RAINBWIN
RAINBWIN
RAINBWIN

MEADOWS4
MEADOWS4
MEADOWS4
MEADOWS4
MEADOWS4

9.47
9.47
9.47
9.3t
9.31

SWasC
SW3sC
SW3sc
SW3SC
SW3sC
SW3sC
SW3sC
SW3sC
SWasC
SWasC
SW3sC
SW3sC
SW3sC
SW3sc
SW3sC

260
260
217
1.90
143
143
143
143
115
115
115
0.75
0.75
073
0.42

RECIONAL FDCD CONTFDL DISTRCT

2002

LAS VEGAS VALLEY
FLOOD CONTROL
MASTER PLAN UPDATE

LEGEND

=31

iz § Ultimate Development Boundary
E=ETTE
1 Existing Facilities

Category A Proposed Facilities

Category B Proposed Fagilities

- Local Existing Facilities

Local Proposed Facilities

Detention Basin
® Culvert
M Bridge
=== Pipeline
——— Lined Channel
== = Unlined Channel

XXXX Dike
— ~ — Natural Wash

——= ID-Mile Separator
N

0 1,000 2,000 3,000 4,000 5,000
Feet

SCALE: 1 inch = 3000 feet

i

5 [Gmbo |~
& |

23 | 24t 25 67,
27 | 28 29|

FLOOD CONTROL FACILITIES
FIGURE F-12

G.CWALLACE, INC.
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REQUIREMENTS OF THE GEOTECHNICAL INVESTIGATION PREPARED BY:

v (S0 V7% e 5230
DATED oLyoeee, 2o, .

8. ALL WORK PERFORMED OUTSIDE OF THE PROJECT BOUNDARY AND ON
PRIVATE PROPERTY SHALL NOT BE PERFORMED UNTIL WRITTEN
PERMISSION AND EASEMENT HAVE BEEN OBTAINED FROM THE OFFSITE
OWNER.

7. ALL WORK PERFORMED WITHIN PUBUC RIGHT-OF-WAY AND OUTSIDE OF
THE PROJECT BOUNDARY SHALL BE PERFORMED UNDER A SEPARATE
ENCROACHMENT PERMIT ISSUED BY THE CONTROLLING AUTHORITY.

8, MINIMUM FINISH FLOOR ELEVATION = PAD ELEVATION +1.0%,

o |y
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CONSULTING ENGINEERS ® PLANNERS ® LAND SURVEYORS
2727 SOUTH RAINBOW BOULEVARD
LAS VEGAS, NEVADA B9102-5148 PHONE (702) B73~7550 FAX (702) 362-2597
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1997 CITY OF LAS VEGAS
CITY-WIDE HYDROLOGY ANALYSIS

LEGEND

REGIONAL STREAM NAME DESIGNATOR AABB

PARENT STREAM NAME | ’ ‘
STREAM NAME

REGIONAL ID/ RIVER MILE Q000
DISTANCE ABOVE
CONFLUENCE WITH PARENT STREAM
MILES
TENTHS OF A MILE
LOCAL STREAM NAME DESIGNATOR AAB
LOCAL ID NUMBER 000
EXISTING FACILITY E
PROPOSED OR MODIFIED FACILITY P
CONTINGENCY LEVEL:
MASTER PLAN P1
FACILITY PLAN P2
PRELIMINARY DESIGN P3
DESIGN P4
BOTTOM WIDTH w
DEPTH D
SIDE SLOPE, H:V S8
CORRUGATED METAL PIPE CMP
' CULVERT
CORRUGATED METAL ARCH CMAP
PIPE CULVERT
REINFORCED CONCRETE BOX RCB
RCB CULVERT RCBC
REINFORCED CONCRETE PIPE RCP
RCP CULVERT RCPC

REINFORCED CONCRETE RCACP
ARCH PIPE CULVERT

GENERAL COMMENT G1

FACILITY SPECIFIC COMMENT S1

NOTES:

FLOW =100 YEAR DESIGN FLOW
(REGIONAL FACILITIES)
FLOW = FACILITY CAPACITY
(LOCAL FACILITIES)

FLOOD CONTROL FACILITIES
INVENTORY

SHEET F-12

PBS&J, INC

| 4ID No,

-

* Facllity Msc

"E/R *.-Plan No.
REGIONAL FACILITIES j
APDG ANGEL PARK - DURANGO
APDG 0000 E |107-V1649/ V1660 84" RCP
APDG 0060 E [107-V1649/ V1660 72° RCP
APMD ANGEL PARK - MIDDLE BRANCF
APMD [ 0000 E  [1996 Master Plan Update Natural Wash
APMD 0027 E {107V-2464 1:12'x10'& 2: 12' x 2' RCBC
APMD | 0133 Pt |1996 Master Plan Update Conc Chnl 5.5'D 40'W 2:1 SS
APMD 0147 E [107-v242s 3. 12'x 8'RCBC
APMD 0150 E {731-62 Conc Chnl 40'W 7.5'D 2:1 8S
APNO ANGEL PARK NORTH
APNO | 0000 E [731-49A Angel Park Detention Basin
APNO 0000 E [731-49A 12'x 14' x 380' RCB Culvent
APNO | 0000 E  |731-49A 42" RCP Emergency Qutlet
APNO | 0000 E [731-49A 33" RCP Emergency Outlet
APNO | 0000 E ]731-49A 33" RCP Emergency Qutlet
APNO | 0001 E  [1996 Master Plan Update Unlined Chnl
APNO 0012 E J107-v1735/v2088 3:12'x 10'RCBC @ Rampart
APNO | 0015 E  [1996 Master Plan Update 2: 14" x 14' RCBC, Bridge
APOF ANGEL PARK QUTFALL
APOF | 0000 E |731-49 66" RCP
APOF 0015 £ |731-49 60" RCP
APOF | 0124 E [731-49 54" RCP
APP1 ANGEL PARK - PECCOLE 1
APP1 0000 E [|107-v2088 72" RCP
APP1 0060 E {327-v223 2: 60" RCP @ Charleston
APP1 0061 E |327-Y4070-1 54" RCP
APP2 ANGEL PARK - PECCOLE 2
APP2 0000 E  |1996 Master Plan Update Grass Chni
APSO ANGEL PARK - SOUTH BRANCH
APSO | 0000 E  [1996 Master Plan Update Existing Wash
APSO | 0020 £ |107-v2088 2:12'x 12' RCBC @ Aha
APSO 0043 P1 [1996 Master Plan Update’ Gabion Chnl 7.5'D 25'W 2:1 SS
APSQ { 0067 | P1 {1996 Master Plan Update Gabion Chnl 6.5'D 60'W 2:1 SS
APSO | 0205 P1 11996 Master Plan Update Gabion Chni 5.5'D 25'W 2:1 8§
APSO | 0254 E {107-v2369 2: 8'x 8'RCBC @ Town Center Dri
APSO | 0255 E {107-v2369 24' x 12' Arch Culvert @ Town Cent
APSP ANGEL PARK - SUMMERLIN PAR¥
APSP 0000 E |107-v1571 Concrete Chute Drop 30'W 6'D
APSP { 0001 E [107-V1571 Unlined Chnl w/Gabion Drops 20'W
APSP 0002 E |565-199 Uniined Channel 50'W Depth varies
APSP | 0066 E {107-v2121 5:8'x 4'RCBC @ Town Center Driv
APSP | 0069 E [565-199 Cone Chnl 6'D 10'W 2:1 §§
APSP | 0133 E ]731-50A 3: 9'x4'RCBC @ Crestdale
APSP | 0135 E [731-59A Conc Chni 6'D 10'W 2:1 SS
APSP | 0177 E {731-59A ¢' x8' ACBC @ Anasazi
APSP | 0183 E [731-50A Conc Chni 6'D 10'W 2:1 §S
GOso GOWAN SOUTH FACILITIES
GOS0 | 0305 E {107-V1753 12'x 7' ARCB
GOSO| 03386 E {107-v1753 12'x 7* RCB @ Waestcliff
GOSO | 0352 E j107-v2140 2:8'x5'RCB
GOSO | 0404 E }107-v2140 8'x4'RCB
GOS0 | 0455 E |107-vie4s 2:12'x 4' RCBC @ Charleston Bivd
GOSO| o462 E {107-v2140 12'x 4'RCB
LCCH LAS VEGAS CREEK CHANNEL
LCCH | 0582 E |650.14-7 24" RCP




1897 CITY OF LAS VEGAS
CITY-WIDE HYDROLOGY ANALYSIS

LEGEND

REGIONAL STREAM NAME DESIGNATOR AABB
PARENT STREAM NAME |
STREAM NAME

REGIONAL ID / RIVER MILE 0000

DISTANCE ABOVE '

CONFLUENCE WITH PARENT STREAM
MILES

TENTHS OF A MILE

LOCAL STREAM NAME DESIGNATOR AAB
LOCAL ID NUMBER 000
EXISTING FACILITY E
PROPOSED OR MODIFIED FACILITY P
CONTINGENCY LEVEL:
MASTER PLAN P1
FACILITY PLAN P2
PRELIMINARY DESIGN P3
DESIGN P4
BOTTOM WIDTH w
DEPTH D
SIDE SLOPE, H:V ss
CORRUGATED METAL PIPE CMP
CULVERT
CORRUGATED METAL ARCH CMAP
PIPE CULVERT
REINFORCED CONCRETE BOX RCB
RCB CULVERT RCBC
REINFORCED CONCRETE PIPE RCP
RCP CULVERT RCPC

REINFORCED CONCRETE RCACP
ARCH PIPE CULVERT

GENERAL COMMENT G1

FACILITY SPECIFIC COMMENT St

NOTES:

FLOW = 100 YEAR DESIGN FLOW

(REGIONAL FACILITIES)

FLOW = FACILITY CAPACITY

(LOCAL FACILITIES)

FLOOD CONTROL FACILITIES
INVENTORY

SHEET F-12

PBS&J, INC

Fac Slops
D 10 No. Ep Pian No. Facllity Description Length (%)
LOCAL FACILITIES
ALT 040 £ 107V-2509 38" ACP 1.527 2.40
ALT 050 £ 107V-2509 34" x 53" ECP 98 2.00
ANZ 041 E 107Y-4141-47 18° RCP 260 1.86
ANZ 045 E 107Y-4381 24* RCP 300 0.50
ANZ 200 =4 107V-2210 48* RCP 214 1.20
ANZ 210 E 107v-2310 36" RCP 439
ANZ 220 [ 107V-2310 30" RCP 764 0.924
ANZ 220 E 107V-2493 42" RCP 191
ANZ 240 E 107V-24383 60° RCP 676
ANZ 250 E 107V-2493 66° RCP 861
ANZ 260 £ 107V-2493 72" RCP 1,185
APD 000 = 107V-2448 24" Wide Arch Bridge 100
APD 010 E 107V-2448 42° RCP 60 0.74
APD 020 E 107Y-4438-L12 24" RCP 228 1.00
APD 025 E 107Y-4438-L12 24" RCP 82 1.00
APD 030 € 107Y-4438-L12 30* RCP 412 1.18
APD 038 & 107Y-4438-1.12 36* RCP 150 0.45
APD 040 [ 327Y-4438-12A-1 18" RCP 82 0.50
APD 045 £ 327Y-4438-12A-1 24" RCP 276 0.90
APD 050 E 327Y-4438-12A-1 30" RCP 207 2.74
APD 080 E 307Y-4438-12A-1 24" RCP 370 2.32
APD 100 E 107-Y4289-3 ~ 18° RCP 116
APD 200 E 107-Y4289-2 18° RCP 190
B88C 000 € 107-V2355 60* RCP 654 1.67
88C 040 E 107-v2355 15" RCP 152 0.50
BBC 050 E 107-V2355 24' x 12' Arch Culvert 98 0.50
8BC 060 E 107-v2426 18" RCP 99 3.03
8B8C 061 E 107-V2426 24" RCP 2775 2.25
BBC 062 E 107-V2426 42" RCP 310 3.00
B88C 0390 £ 107V-2464 36" RCP 1,000 2.00
BBC 100 E 107V-2464 60* RCP 293 0.90
8BC 110 E 107V-2464 86" RCP 146 0.90
88C 120 E 107V-2464 66° RCP 324 0.90
BCR 500 E 307Y-4463-1A 60" RCP 940
8FO 030 E 107-v2140 12' x 4' RCB Drain 625
8FO 070 E 107-V1877 42" RCP 308
BFO o7 £ 107Y-4182 42° RCP 531
BFO 080 £ 107-Y4305 18 ACP 703 0.45
8FO 091 E 107-Y4305 18" RCP 91 0.50
BFO 100 E }107-v2314 24* RCP 481 1.18
BFO 110 E 107-V2314 30" RCP 98 1.00
BFO 120 E 107-V2314 36" RCP 509 0.40
BFO 130 £ 107-v2314 48* RCP 809 0.50
BFQ 230 =3 107-V2314 42" RCP 542 0.52
BFO 240 E 107-V2314 66" RCP 120 6.08
8F0O 250 E 107-V2314 72" RCP 108 1.27
BFO 280 E  {107-v2314 66° RCP 1.226 1.27
cCco 080 E 1327Y-4480 38* RCP 418 3.00
CCD 090 E 327Y-4480 30° RCP 121 7.50
CCD 100 £ 327Y-4480 42" RCP 487 3.00
CcCD 110 E 327Y-4480 48° RCP 47 2.00
CDL 018 E 715-94 30" RCP 822 4.36
CDL 020 E. |107v-2289 & 2259 |{36" RCP 230 432
CcDOL 021 E 107V-2289 30" RCP 751 2.09
coL 022 E |107v-2259 36" RCP 84 3.41
coL 023 E 107V-2259 24° RCP 643 0.035
CDL 024 E 107V-2259 42" RCP 1.211 1.88
CDL 025 € 107Y-4294-1-3 30" RCP 100 0.90
CDL 026 E 107Y-4294-1-3 24" RCP 452 0.90
coL 027 E 107Y-4294-1-3 42" RCP 308 4.04
CcoL 028 E 107Y-4294-1-3 48" RCP 938 1.60
CcDL 029 E 107Y-4294-1-3 30" RCP 80 1.28
CDL 030 £ 107Y-4294-1-3 24 RCP 634 3.50
CDL 031 g 107Y-4294-1-3 48" RCP 327 2.16
CDL 032 E 107Y-4294.1-3 72" RCP 759 1.25
CDL 033 E 107Y-4394 24" RCP 2862 3.00
CDL 034 E 107Y-4427-1 24" RCP 167 3.00
CDL 035 £ 107Y-4420-4 24" RCP 233 1.23
CHN 410 E 107-V1648 54" RCP 634
CHN 420 E 107-V1648 48" RCP 1,185
CHN 430 E 107-V1648 42° RCP 1,179
CHN 440 E 107-Vi648 36° RCP s27
CHN 445 £ 107-V2251 19” x 30" HE RCP 108 Q.25
CHN 446 £ 107-V2251 30" RCP 249 0.25
CHN 450 £ 107-V1648 30" RCP 250
CHN 4680 E 107-V1648 24" RCP 430
CHN 470 E  }107-V1848 21" RCP 587
CHN 475 E 107-V1697 18" RCP 2.800
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FIGURE 6-2

Gowan Watershed
- South
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