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HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL

DRAINAGE STUDY INFORMATION FORM

Name of Development: Skye Canyon Detention Basin 1 Date:  September 2014
Location of Development: a) Descriptive (Cross Streets): North/South: Puli Road
East/West: Grand Teton Drive
b) Section: 12 Township: 19 South  Range: 59 East
c) APN: 126-12-000-001

Name of Owner/Developer: _Section 12, LLC / Ninety-Five Management, LLC

Telephone No.: _702-220-6565 Fax No.:  702-220-6566 E-mail Address: mbolduc@olympiacompanies.com
Address: 11411 Southern Highlands Parkway, Suite 300; Las Vegas, NV 89141

Contact Person — Name: Steve Jones, P.E. Telephone No.: 702-284-5300
“E-mail Address: sjones@shg-inc.com Fax No.:  702-284-5399
Firm: Slater Hanifan Group

Address: 5740 S. Arville Street, Suite 216; Las Vegas, NV 89118

| Type of Land Development/Land Disturbance Process:

[ ] | Rezoning [] | Subdivison Map [] | Clearing and grading Only

1 | Parcel Map [ ] | Planned Unit Development _X_ Other (Please specify below)

[ 1 | Large Parcel Map [] | Building Permit ] | Roadway & Storm Drain Infrastructure
1. Total Owned Land Area: At Site: 668.9 Acres Being Developed/Disturbed: _16.7 Acres +-

2. Is a portion or all of the subject property located in a FEMA Flood Hazard Area? [l VYes* X No

3. Is the property bordered or crossed by an existing or proposed Clark County Regional Flood

Control District Master Planned Facility? Yes*™ [ No

4. Proposed type of development (Residential, Commercial, Etc): _Detention Basin

5. Approximate upstream land area which drains to the subject site: 0.9 sq. miles

6. Has the site drainage been evaluated in the past? Yes® [] No If yes, please identify documentation:

Master Drainage Study for Kyle Canyon (SHG, DS4420)

7. 1f known, please briefly identify the proposed discharge point(s) of runoff from the site: Existing Arroyo

8. Briefly describe your proposed schedule for the subject project: 1% of 3 planned detention basins per DS4420

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.

*Newly Required Field
=*Review and concurrence of the Clark County Regional Flood Control District is required

4= Revision Date

Local Entity File No.

REFERENCE: SHG Job No. OLY1401.004 STANDARD FORM 1

Updated 05/01/2008




HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL
DRAINAGE SUBMITTAL CHECKLIST

Project Name: Skye Canyon Detention Basin No. 1 Map 1D:

Firm Name: Slater Hanifan Group (SHG)

Address: 5740 S. Arville St., Suite 216

City: Las Vegas State: Nevada Zip: 89118

Phone Number: 702-284-5300 Fax Number: 702-284-5399

Property Owner/Developer: Section 12, LLC / Ninety-Five Management, LLC
Address: 11411 Southern Highlands Parkway, Suite 300
City:  Las Vegas State: NV Zip: 89141

— - ——— ]

Reviewed By: Date Received: Date Accepted for Review:

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

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

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

I. GENERAL REQUIREMENT:

Yes No
X Design Manual Standard Form 1 with the engineer's seal and signature.
X Design Manual Standard Form 4.
X 2 copies of the 24" x 36" Drainage Plan.

N/A A notarized letter from the adjacent property owner(s) allowing off-site grading or discharge.

Reference: STANDARD FORM 2




HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL ]

DRAINAGE SUBMITTAL CHECKLIST

Yes No

X

X No

Il. MAPS AND EXHIBITS

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.

lll. DRAINAGE PLAN

Sheet size: 24” x 36" sealed by a registered engineer in the State of Nevada.

Minimum scale: 1" =60’

Project name.

Vicinity Map with local and major cross streets.

Revision box.

North arrow and bar scale.

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

Elevation datum and benchmark.

Legend for symbols and abbreviations.

X oIx X X X IX X (XX

Cutffill scarps, where applicable.

X

N/A

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

= — —— —
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C CRITERIA AND DRAINAGE DESIGN MANUAL

DRAINAGE SUBMITTAL CHECKLIST

Yes

No

N/A

N/A

N/A

N/A

N/A

lil. 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 indicating area and 10-year and 100-year storm peak
flows at basin concentration points.

Concentration points and drainage flow direction with Qo0 and Vige and Dy 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




HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL N

~ DRAINAGE SUBMITTAL CHECKLIST

ill. DRAINAGE PLAN (Continued)
Yes No

N/A  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.

N/A  Building and/or lot numbers.

X 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
N/A  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
N/A  inches above BFE.

Appropriately elevated “humps” 6 inches above the 100-year water surface elevation at site
N/A  accesses where the intent is to protect the site from the Qo flows.

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

IV. HYDROLOGIC ANALYSIS

Yes No
X Appropriate soil information and Soils Map for existing and future conditions with subbasins and
property delineated.
Input and output information for existing conditions from computer models (HEC-1 or TR-565). The
X 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
X flow routing diagram must be provided with HEC-1 models.
X 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,
X supporting assumptions, and calculations.
A summary table of storm water flows showing basin area, Qo and Qg for both individual basins
X and combined basin flows, where acceptable.

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

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

REFERENCE:

STANDARD FORM 2




HYDROLOGIC CRITERIA

AND DRAINAGE DESIGN MANUAL

DRAINAGE SUBMITTAL CHECKLIST

V. HYDRAULIC ANALYSIS

Yes No
Flow split calculations and supporting documentation or reference for the method of flow split
N/A  calculations used.
Normal depth street flow calculations and cross section diagrams for all interior and perimeter
streets. Provide “d x v" products for the Q0 and Q1o flows representing the worst case for interior
and all perimeter streets. Qoo d XV < 8. Qo dxv<6and 12 footdry lane for rights-of-way = 80
N/A feet. Calculations must be labeled by sireet 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
N/A  foot dry lane criteria.
Appropriate hydraulic calculations for block wall openings assuming a 50 percent vertical clogging
N/A  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
N/A 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 Qqoo Weir
N/A  height or flow depth, which ever is greater.
A complete water surface profile analysis (HEC-2, HEC-RAS, etc.) for channel flows and FEMA
X Zone A flood zones.
o  Field survey data.
o Input and output information.
o Plotied cross-sections based on survey with proper encroachments.
o A map showing the location of the cross-sections.
o Analysis of both sub-and super-critical flow segments.
o A summary table and a discussion of the results in the text of the report.
N/A  Provide a 50 percent clogging factor in the capacity calculation for drop inlets.
X 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
X be addressed.
REFERENCE:

STANDARD FORM 2




CITY OF LAS VEGAS

MINIMUM DRAINAGE STUDY CRITERIA
STANDARD FORM 2 CHECKLIST SUPPLEMENT

(Revised 5/18/11)

The following checklist is intended as a supplemental guide for the engineer preparing a Technical Drainage Study
submittal to the City of Las Vegas. This supplement focuses on requirements specific to the City of Las Vegas. The
requirements presented are in addition to the Clark County Regional Flood Control District (CCRFCD) Manual
Standard Form 2. The listed items are the minimum information required prior to the Gity performing a review. The
engineer will remain responsible to ensure the Technical Drainage Study is prepared within the guidelines as set forth
in the CCRFCD Hydrologic Criteria and Drainage Design Manual (Design Manual).

An appointment must be made to preview this checklist in conjunction with CCRFCD Standard Form 2 prior to the City
accepting a new drainage study for review. The engineer must contact the Flood Control Section at (702) 229-6541 to
schedule a submittal appointment.

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

|. GENERAL REQUIREMENT

Yes No

A notarized letter from the adjacent property owner(s) allowing off-site grading. (A copy of the letter
- N/A | must be received prior to final acceptance of the drainage study.)

B N/A Copies of all conditions of approval for development related to this property. (e.g. zoning, use permit,
tentative map, etc.) Verify compliance with conditions.

An electronic copy of the complete submittal is required to be submitted with one original hard copy
of the study. Electronic documents should be on a universal computer-readable digital output
device replicating your submittal. An Indexed Portable Document Format (PDF) or Print Ready

X " CAD file formats with a minimum of 300dpi are the desired formats. If figures are in color, they must
be scanned in color and saved as a separate file.

by initial here, the engineer on record acknowledges that the electronic copy is an
identical replicate of the original hard copy submitted to the City of Las Vegas.

Il. GRADING PLAN INFORMATION

Yes | No

X - (1) 24" X 36" copy of the Grading Plan, (including all Detail Sheets) sealed by the engineer.

Proposed future and existing spot grades for top of curbs and street crowns at lot lines, grade
- N/A | breaks, and along curb returns on both sides of the street. Note: Proposed top of curb elevations
must be provided for both sides of roadways even if only half street construction is required.

Label existing topography at a minimum 5 foot elevation interval including adjacent developments,
X - finished floor elevations of existing buildings and top of existing curbs extending 100 feet around the
perimeter of the site. (*Measured from the centerline of the adjacent roadway.)

Flood Control Section = 333 N. Rancho Drive * Las Vegas, NV 89106
Ph. (702) 229-6541 » Fax (702) 382-8551
www.lasvegasnevada.qov.

Page 1




CITY OF LAS VEGAS MINIMUM DRAINAGE STUDY CRITERIA CHECKLIST

Il. GRADING PLAN INFORMATION

Yes

No

Proposed on-site and off-site storm drains and other flood control facilities with plan and profile
sheets for public storm drains showing the class of pipe, (Class IlI, IV, V, etc.), design hydraulic
grade line, (HGL) and 100 year storm flow. A public drainage easement must be provided over on-
site storm drains conveying off-site flows. An overflow path must be provided over all storm drains.

N/A

All existing and “to be constructed” walls with cross-sections showing wall type, (e.g. block wall,
retaining wall, flood wall, etc.), with limits clearly defined, adjacent ground elevations. Wall heights
must meet current ordinances and in no case exceed 14 feet above the adjacent property.

N/A

Street slopes for both interior and perimeter streets. Note: The minimum slope for a roadway is 0.4
percent, a minimum 18-inch storm drain must be provided where minimum slopes cannot be met.

N/A

Back of lot elevations and lot drainage pattern for all lots including common lots.

N/A

Sites with a grade difference two feet above or below existing ground are required to have
approval from City of Las Vegas Current Planning. Current Planning approval is required prior to
final approval of the drainage study.

On-site facilities must perpetuate flows through or around the site without significantly impacting
adjacent property owners. (The project must pass flows through the site every 600 feet where the
project is blocking flow paths.)

N/A

This project uses a solid grouted stem wall (or approved alternate) at the back of sidewalk to provide
erosion protection for landscaped areas where the depth of flow in the roadway exceeds the back of
walk elevation. A corresponding cross-section detail is included.

N/A

Commercial and Common Lot Landscape areas are not allowed to drain over the sidewalk. The
grading plans show flow lines with grades and sidewalk under drains for all landscape areas draining
to the public ROW.

lll. Local Entity Criteria - City of Las Vegas — Manual Section 1600

Yes | No
N/A Concrete valley gutters are required in parking lots with slopes less than 1 percent. Slopes through
) cul-de-sac must be at a 1 percent minimum where flow is drained through the cul-de-sac.
Ten-foot wide public drainage easements to be privately maintained are allowed for flow less than 20
X - cfs. The depth of flow entering the easement must be checked using the submerged weir
calculation.
) N/A The limits of the flood zones and the base flood elevations (BFE) must be shown on all grading plans
for all developments within a Special Flood Hazard Zone A, AO, AE, etc.
Minimum finish floor elevation is 6 inches above highest adjacent top of curb. Finish floor
- N/A | calculations must include allowances for super elevations on curves and velocity head for tee
intersections.
) N/A Finished floor elevations for buildings adjacent to public drainage easements must be a minimum of

18 inches above the Q100 weir of submerged weir elevation, whichever is greater.

Flood Gontrol Section = 333 N. Rancho Drive ° Las Vegas, NV 89106
Ph. (702) 229-6541 - Fax (702) 382-8551
www.lasvegasnevada.qov

Page 2




CITY OF LAS VEGAS MINIMUM DRAINAGE STUDY CRITERIA CHECKLIST

I1l. Local Entity Criteria - City of Las Vegas — Manual Section 1600

Yes | No

Lots with “B and C Type Drainage” that drain from one lot to another through a drainage easement
- N/A | shall be required to install an underground nuisance drainage system or a 2-foot valley gutter. 16" x
24" minimum block wall openings are required for both options.

Bubblers are required across 80 foot and greater ROW streets. When flows exceed 10 cfs, bubblers
= N/A | larger than 18 inches will be required up to a maximum of 36”. Inlets must be sized to match the pipe
size provided.

o Contact the Flood Control Section regarding the drainage study review fee. These fees are payable at the time of
submittal.

o The Drainage Study must be conditionally approved prior to submitting improvement plans to the Civil and Planning
Development of the Department of Building and Safety for review.

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

Flood Control Section » 333 N. Rancho Drive ° Las Vegas, NV 89106
Ph. (702) 229-6541 * Fax (702) 382-8551
www.lasvegasnevada.qov

Page 3
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Technical Drainage Study — Skye Canyon Detention Basin 1

INTRODUCTION

Project Overview & Study Purpose

Ninety-Five Management, LLC is proposing to install a regional detention basin on the
western edge of the Skye Canyon property (formerly known as Kyle Canyon). The current
master plan for the 1,662 acre Skye Canyon property, plans for a series of three 3)
detention basins at its western edge to cut-off and reduce offsite flows impacting future
development.  This technical drainage study addresses the design of Skye Canyon
Detention Basin 1 (hereafter referred to as DB1), or the basin located furthest to the south
and closest to Grand Teton Drive.

The Skye Canyon property has been master planned and a Master Drainage Study for Kyle
Canyon (DS4420) had been approved by the City of Las Vegas. The proposed DB1 has
been proposed within the framework set forth by the Master Drainage Study. Therefore, it
is the objective of this technical study to show conformance to the drainage patterns set
forth in the Master Drainage Study.

DB1 has been planned as a regional detention basin: therefore, requirements of a regional
detention basin have been utilized in the technical design of the facility and its components.
Detailed hydrologic and hydraulic analyses have been utilized to design the following
significant components of the facility:

o Detention/storage area;

o Inflow channels, including a collector channel extending from Grand Teton to the
detention basin;
Debris storage;
Primary outlet structure;
PMF overflowspillway;
Maintenance access.

Location of Project

The project is located within Township 19 South, Range 59 East and Section 12, on APN
126-12-000-001. A location map identifying the site in relation to major streets in the
vicinity has been prepared as Exhibit A, included in Appendix A.

The project is located adjacent to future Skye Canyon developable property to the north
and the east, partially improved Grand Teton Drive to the south, and BLM property to the
west that is designated as the Red Rock Conservation Area. It is considered within the
scope of this project to dedicate flood control right-of-way required for the construction,
access and footprint associated with the functioning of DB1.

FEMA Flood Zone Designation

The DB1 boundary has been delineated on current FEMA FIRM Panel Map 32003C1750E
dated September 27, 2002, as Exhibit B included in Appendix A. Per the FIRM Panel, the
project site is located within a FEMA designated Zone X', or outside the 500-year
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Technical Drainage Study — Skye Canyon Detention Basin 1

floodplain. A Zone ‘X is located outside a FEMA designated Special Flood Hazard Area
(SFHA).

CCRFCD Facility Information

The project site has been delineated on the current 2013 Clark County Regional Flood
Control District (CCRFCD) Las Vegas Valley Flood Control Master Plan Update (2013
MPU, Reference 1) facility figures as Exhibit C, included in Appendix A. Per the 2013
MPU, the following CCRFCD facilities are associated with DB1 and technically addressed
by this study:

o MOHUO0186 — 55 ac-ft Moccasin Outfall Detention Basin #1

o MOHU0185 — 3,145 cfs PMF Spillway

o MOHUO0184 — 30-inch RCP outlet

o MOSRO0061 — 30-inch RCP outlet from MOHUO186 to MOSRO0060.

Note that this study will technically address the removal of the necessity for MOSR0061.
An overlay of the proposed DB1 footprint presented in this study compared to the
anticipated regional facilities has been illustrated on Exhibit C.

Note that the above discussed alignments and facility types had been included in the 2013
Kyle Canyon Amendment to the 2008 Las Vegas Valley Master Plan Update (hereafter
referred to as the MPU Amendment) prepared by Slater Hanifan Group, and reflected in the
currently issued 2013 MPU Facilities Map represented by Exhibit C. Although the facilities
identified above had been accepted by CCRFCD, the Amendment to add these facilities to
the CCRFCD MPU has not been formally approved by City of Las Vegas City Council.
Therefore, it is acknowledged that DB1 will not be accepted as a CCRFCD regional facility
until the City officially adopts the MPU Amendment.

USACE Coordination

DB1 and its outfall are located within a U.S. Army Corps of Engineers (USACE) 404
jurisdictional wash. It is considered within the scope of this project to obtain the required
404 permit from USACE for any disturbances proposed in the jurisdictional wash.

Nevada Dam Safety Coordination

DB1 consists of a 16-ft embankment within the USACE 404 wash that impounds a total of
65 acre-ft of volume during the 100-year storm event. Therefore, the Nevada Division of
Water Resources requires a submittal o obtain a dam safety permit for construction of the
facility.

NV Energy Coordination

An NV Energy overhead power utility corridor is located in proximity of DB1 between its
western limits and the Skye Canyon property boundary. It is considered within the scope of
this project to coordinate with NV Energy to maintain appropriate access to the existing
power corridor.
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1.8 Referenced Documents

The Master Drainage Study for Kyle Canyon, prepared by Slater Hanifan Group (hereafter
referred to as the SHG Master Study, Reference 8), had conceptually planned drainage
improvements required for the current land plan on the property. A total of three (3)
detention basins have been planned, identified on the included reference exhibit as
Facilities PO1W, P02W and PO3W. This study proposes the technical design of Facility
PO1W and its associated outfall Facility PO4W. The remaining two (2) detention basins
PO2W and PO3W will be technically addressed by future drainage studies. Note that the
SHG Master Study had planned for POTW (DB1) to utilize and discharge into PO2W, via
Facility PO4AW; however, this study establishes that a second outfall from DB1 is not
necessary to achieve the required volume and limit the outflow toward downstream
property and facilities in the alignment of Facility P74W. Note that inflow Facilites P67W
and P68W have also been technically addressed as an open channel by this study.

The SHG Master Study remains only conditionally approved and requires the following to
receive full approval: BLM concurrence, NV Energy concurrence and Gity Council approval
of the MPU Amendment. This technical study addresses these missing items in the
following manner:

o BLM property is not impacted because the outfall for DB1 discharges within an
arroyo that conveys the storm flows toward US-95 at approximately Brent Lane.
Existing US-95 culverts perpetuate the DB1 outflow south and east with no impacts
to the BLM property north of Moccasin that pertains to the condition of approval on
the SHG Master Study. Therefore, BLM concurrence is not required for
acceptability of DB1.

o NV Energy coordination will continue to be performed to show that the proposed
limits of improvements do not adversely impact accessibility to the existing
overhead power utility poles adjacent to the west of DB1. This project is anticipated
to fulfill its obligation of receiving NV Energy concurrence.

s City Council approval of the MPU Amendment is not required to construct the DB1;
however, it is anticipated that in the future that it will be adopted as a regional
facility. Therefore, the design of the DB1 satisfies all regional detention basin
criteria and should be reviewed in a manner with the plan for future regional funds
for maintenance.

2 METHODOLOGY

2.1 Compliance

The methodologies utilized in the preparation of this study are in compliance with the Clark
County Regional Flood Control District’s Hydrologic and Drainage Design Manual
(CCRFCD Manual, Reference 2).
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2.2 Hydrologic Modeling

Modeling:

The SCS Unit Hydrograph Method (SCS Method) was utilized to determine peak flow rates.
The SCS Method utilizes precipitation, drainage area, curve number and lag time
parameters to determine peak flow rates. The SCS Method routine within the USACE
HEC-1 Flood Hydrograph Package program was utilized to model the drainage basins
analyzed by this study.

Precipitation:

The site is located outside of the McCarran Rainfall Area, per CCRFCD Manual Figure 513.
The 100-year precipitation value utilized in this study’s HEC-1 model has been determined
as 3.00-inches utilizing CCRFCD Manual Figure 506 and Table 501. Drainage area
contributing to DB1 has been determined as 0.9 square miles; therefore, a depth-area
reduction factor per CCRFCD Manual Table 502 has been utilized. However, since the
drainage area does not exceed 8 square miles, an SDN 3 design storm distribution
referenced from Table 503 of the CCRFCD Manual is used. Note that the design of DB1 is
a regional facility; therefore, only a 100-year storm event has been modeled for the
purposes of this study. Relevant tables and figures from the CCRFCD Manual have been
included in Appendix B.

In addition to the 100-year storm event, all regional detention basins are required to pass
the probable maximum flood (PMF) event: therefore, the probable maximum precipitation
(PMP) must be determined and utilized by this study. The probable maximum precipitation
(PMP) has been determined as 14.1-inches following procedures outlined in the National
Oceanic and Atmospheric Administration (NOAA) Hydrometerlogical Report Number 49
(HMR 49, Reference 3). Inspection of the EM1110-2-1411 sequencing has been utilized to
determine it closely resembles the CCRFCD SDN3 storm distribution; therefore, the SDN3
storm distribution has been utilized to compute the PMF flow in HEC-1. Relevant reference
material and computations from HMR 49 has been included in Appendix B.

Curve Number:

The SCS curve number loss rate methodology was utilized to approximate infiliration for
the drainage basins. Per the SCS Soil Survey of the Las Vegas Valley Area (Soil Survey,
Reference 4), this study’s drainage basins lie within the following soil types delineated on
Exhibit D, included in Appendix A.
o Soil 155 — Cave gravelly fine sandy loam, 4 to 15 percent slopes. This soil is
composed of 5% HSG ‘A’, 5% HSG ‘B’ and 90% HSG ‘D’
o Soil 191 — Dalian very cobbly fine sandy loam, 2 to 8 percent slopes. This soil is
composed of 5% HSG ‘A’, 85% HSG B’ and 10% HSG D’
o Soil 400 — Tencee very gravelly fine sandy loam, 2 to 8 percent slopes. This soil is
composed of 10% HSG ‘B’ and 90% HSG ‘D’

Generally the contributing watershed to DB1 is undeveloped desert land, typical of
southern Nevada: therefore a curve number associated with “desert shrub — poor condition”
has been selected for these areas. A portion of the ultimate condition watershed adjacent
to Grand Teton Drive is planned by the current CCRFCD MPU as “very high density

4
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residential”; therefore, a referenced MPU curve number of 96 has been selected for this
area. Additionally, the DB is an improvement represented by a curve number associated

with a “newly graded area”. Composite curve numbers for basins with multiple soil types
and land uses have been computed as detailed above, and are included in Appendix B.

Lag Time:

The lag time is defined as the time measured from the center of mass of effective rainfall to
the time to peak of the outflow hydrograph. The lag time is related to the time of
concentration as 0.6 times the time of concentration. The time of concentration is defined
as the time required for runoff to flow from the hydraulically most distant point of a basin to
the outlet point of the basin. Standard Form 4, as outlined in the CCRFCD Manual, was
utilized to determine the lag times for basins modeled. The lag time computations have
been included in Appendix B.

Hydraulic Modeling & Criteria

Detention Basin Routing:

Detention basin routing was performed using the Modified Puls method within the USACE
HEC-1 computer program. A stage-storage-discharge curve for the design configuration of
DB1 and its outfall facilities has been utilized for HEC-1 to determine detention basin
performance components such as peak storage, peak elevation and peak discharge.
Performance curves associated with DB1 have been provided on the improvement plans to
validate that regional detention criteria, per CCRFCD Manual Section 1202.1, are satisfied.

Debris Loading:

In the same manner as utilized in the SHG Master Study, debris volume inflow to DB1
during the 100-year storm event has been determined by the Modified Universal Soil Loss
Equation (MUSLE) per CCRFCD Manual Equation 1307. Note that the cropping factor
utilized in this study corresponds to the factor from the SHG Master Study. The total 100-
year debris inflow volume has been provided in DB1 below the primary outlet structure. A
debris tower has been proposed to dewater the debris storage area in less than 7 days as
directed by CCRFCD detention basin criteria.

Main Inflow Channel:

The main collector channel into DB1 from Grand Teton has been designed to adhere to
CCRFCD Manual Section 706 methodology utilizing Flowmaster Version 7.0 software by
Heastad Methods. In addition to the hydraulic freeboard provided in the channel, an extra
1t of freeboard has been proposed to accommodate the sedimentation anticipated to
oceur from the contributing watershed. Note that maintenance access for the inflow
channel has been provided at the bottom of the channel and at the top of the east bank.

Lateral Inflow Channels:

Several incised washes discharge into DB1 and the main inflow channel laterally, and have
been designed to contain the inflow with no severe contractions or expansions utilizing
Flowmaster Version 7.0 software by Heastad Methods. Twice the depth of flow has been
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provided in these lateral channel sections and the necessary erosion protection has been
provided per CCRFCD Manual Table 703.

Primary Outlet Structure:

An orifice plate on the primary outlet structure has been designed to discharge 100-year
storm flowsfrom DB1. A rating curve has been determined utilizing the orifice equation
(CCRFCD Manual Equation 1202) performed in the Flowmatser Version 7.0 software by
Haestad Methods. The primary outlet structure has been designed without tailwater
impacts on the orifice plate opening intended to drain DB1.

PMF Overflow Spillway:

An overflow spillway has been provided to release storm flows in excess of the 100-year
event in emergency conditions in the case the primary outlet structure is incapacitated. The
rating curve has been determined utilizing the weir equation (CCRFCD Manual Equation
1203) performed in the Flowmatser Version 7.0 software by Haestad Methods.

The overflow spillway is located at the top of a 16-ft high embankment. Therefore a Roller
Compacted Concrete (RCC) stepped structure is proposed to provide the grade difference
and control the energy as the overflow spillway releases from DB1. The energy loss over
the stepped spillway has been determined by a comparison of two methods, Chanson
(Reference 5) and Christodolou (Reference 6) computations, with applicable reference
material detailing each method included in Appendix H. The Christodolou method yielded
the most conservative approach to estimating energy loss; therefore, a stilling basin and
end sill has been proposed at the bottom of the stepped spillway to force a hydraulic jump.

Stilling Basins:

A total of two (2) stilling basins have been proposed in the location of proposed drops. The
stilling basins have been designed utilizing methodologies found in the USBR Hydraulic
Design Manual of Stilling Basins and Energy Dissipators (Reference 7). These methods
utilize velocity, depth and Froude Number characteristics of the inflow to the stilling basin
to determine conjugate depths and lengths to force the required hydraulic jump needed to
dissipate the energy toward downstream conveyance. A Type Il baffled stilling basin has
been proposed at the downstream end of the drop from the main inflow channel into the
detention storage area. A Type | natural jump stilling basin has been proposed at the
downstream end of the drop from the stepped overflow spillway.

3 DESIGN FLOW RATES

3.1 Discussion of Hydrologic Analyses

A proposed and ultimate condition hydrologic analysis has been performed by this study to
show that DB1 functions during either the current condition of the contributing watershed,
and also the future anticipated watershed in accordance with the current CCRFCD MPU.
The ultimate condition resulted in a higher contributing inflow; therefore, all design flow
rates utilized in this study have been excerpted from the ultimate condition hydrologic
model.
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Refer to Exhibits E and F included in Appendix A for depiction of the proposed and ultimate
condition hydrologic analysis, respectively. The south boundary of the contributing
watershed remains consistent with the CCRFCD MPU at Grand Teton Drive in proximity to
the existing overhead power utility corridor. The remainder of the contributing watershed
has been delineated based on existing topography because the upstream drainage area
lies within the Red Rock Conservation area and is outside the ultimate development
boundary. Note that the ultimate condition produces a larger inflow to DB1 due to the
anticipated “very high density residential” outlined in the CCRFCD MPU, reflected by the
addition of Basin OFF7 to Exhibit F.

Summary of Design Flow Rates

As denoted above, the ultimate condition results in highest flow rates; therefore, the design
of DB1 utilizes the flow rates illustrated on Exhibit F and summarized below in Table 1.
Refer to Appendix C for the applicable HEC-1 analysis.

Table 1: Summary of Design Flow Rates
(Ultimate Condition)
3 Area
Basin ID (acres) Q100 (cfs)
OFF1 260.7 403
OFF2 22.7 48
OFF3 16.6 38
OFF4 872 84
OFF5 164.4 236
OFF6 25.6 59
OFF7 18.0 55
ON1 16.7 a7
Concentration Point ID ?nl;?;; Qoo (cfs)
CP1
(OFF1 + OFF2 + OFF3 + OFF7) A.50 ATl
CP2
(OFF1 + OFF7) 044 420
DB1
(CP1 + OFF4 + OFF5 + OFF6 + 0.88 794
ON1)
RDB1
(Detention Basin Oultflow) 0.88 A

Comparison of Design Flow Rates

For comparative purposes, the design flow rates reported in this study have been evaluated
against the pertinent SHG Master Study flow rates to show the study’s conformance to the
master plan for the area. Refer to Table 2 for the applicable comparison.
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Table 2: DB1 In/Out Flow Rate Comparison vs. SHG Master Study

Detention Basin 1 Technical Design SHG Master Study
Contribuling | *prea (mi®) | Quo (cfs) Contribufing | prea (mi?*) | Quoo (cfs)
(,E)’ﬂ%jv) 0.88 794 (,f:ﬂTolv) 0.84 777
(557,‘2;) 0.88 71 (gﬂ):v) 0.84 146

Review of the above table shows that although the inflow drainage area and peak 100-year
flow rate to DB1 has slightly increased from the concept presented in the SHG Master
Study, the outflow 100-year peak flow rate has been significantly reduced. The SHG
Master Study had designated that in addition to the proposed outfall into the arroyo utilized
by this study, DB1 would also outlet into the 2" of the 3 total detention basins planned at
the west boundary. However, this study has re-configured DB1 to intercept an additional
0.04 square miles of contributing drainage area and also increased the storage volume
from the conceptual 54.4 acre-ft to the proposed 70.9 acre-ft of volume required to no
longer necessitate the 2" outlet (SHG Master Study P04AW) into a future planned
detention basin. As a result, the functionality of DB1 no longer requires DB2 to be in place
to protect downstream property. Table 3 below has been provided to summarize that the
proposed outlet discharge is approximately equal to the discharge (SHG Master Study
P04W) conceptually approved in the SHG Master Study at the proposed outfall location.

Table 3: DB1 Outlet Comparison vs. SHG Master Study

Detention Basin 1 Technical Design SHG Master Study
Proposed 22 Proposed 22

Outlet Area (mi‘) Q0 (cfs) Outlet Area (mi’) | Qqqp (cfs)

RDB1 P0O4W

(Outflow) 0.88 71 (Outflow) 0.84 68

In conclusion, this table demonstrates that the removal of the 2™ outlet and the proposed
re-configuration of DB1 is considered acceptable without adverse impact toward
downstream property in accordance with the SHG Master Study.

4 HYDRAULIC FACILITIES

4.1 Summary of Detention Basin Design

As indicated previously, the configuration of DB1 has been modified from the conceptual
design presented in the SHG Master Study. It has been expanded north to provide storage
for an additional 25.6 acres of tributary area (Basin OFF6). Additionally, the storage
capacity has been increased to allow for one (1) outlet pipe instead of the conceptual
design of two (2) outlets. Table 4 below summarizes the critical performance parameters
for DB1 technically designed by this study, compared to the conceptual design presented in
the SHG Master Study. Several of the parameters summarized below are further detailed
in later sections of this report.
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Table 4: Summary of Detention Basin Performance Parameters
Detention Basin 1 Technical Design SHG Master Study Conceptual Design
Parameter Value Parameter Value
100-YT Inflow 794 cis 100-Yr Inflow 777 cfs
100-Yr Outflow 71 cfs 100-Yr Outflow 148 cfs
Outlet Orifice 30-inch Outlet Orifice (2) 30-inch RCPs
Total Storage Volume 70.9 ac-fi Total Storage Volume 54.4 ac-it
100-Yr Volume 65 ac-it 100-Yr Volume 50 ac-it
Debris Volume 5.9 ac-it Debris Volume 4.4 ac-t
100-Yr Water Surface 3036.0-ft 100-Yr Water Surface 3040.7-t
PMF Inflow 5,184 cfs PMF Inflow 3,145 cfs
PMF Outflow 4,912 cfs PMF Outflow 3,145 cfs
PMF Spillway Elevation 3037.0-t PMF Spillway Elevation 3042t
PMF Spillway Length 87t PMF Spillway Length 200-ft
PMF Spillway Depth 7+t PMF Spillway Depth 3-ft

Review of the above table results in the following major differences between this study’s
technical design of DB1 and the previous conceptual design:

o The storage volume of DB1 has increased to allow for it to independently function
without the need for a 2™ outlet pipe into the future 2™ detention basin as
conceptually presented in the SHG Master Study.

o As a result of DB1 functioning independently, the PMF inflow has been re-
calculated. Additionally, the PMF spillway has been positioned on the top of the
major embankment into the arroyo to direct the emergency overflow into a corridor
of minimal impact toward downstream property. Therefore, the PMF emergency
spillway has been re-configured to accommodate a larger PMF flow and also a
reduced length.

The maximum drain time per Section 1202.1 of the CCRFCD Manual is 7 days, and the
preferred drain time is 24 hours. The preferred drain time is measured as the time from
the end of the precipitation, or 6 hours for a SDN3 storm distribution, until the basin is
drained 90 percent of design capacity. It has been determined that DB1 is 90% drained
after 27 hours and 5 minutes from initial inflow, which meets the requirement for preferred
drain time. This study also shows that DB1 meets the requirement for drain time and is
entirely drained in approximately 2 days. The outflow hydrograph on the HEC-1 model
included in Appendix C has been plotted to demonstrate the above drain times.

Exhibit G, included in Appendix A, has been prepared to demonstrate the shadow of
protection for the downstream Skye Canyon master planned property resulting from the
construction and functioning of DB1. All areas located within the shadow on the exhibit are
subject to offsite flow rates that are intended to be captured by DB1. Note that the shadow
of DB1 is no longer conditioned on the 2" Detention Basin being in place.

A 12-ft drive-able access path has been provided to the entire perimeter of DB1, including
ramps to the bottom of the basin and to the discharge of the outlet pipes and overflow
spillway. Note that the existing access road for the overhead power poles has been utilized
to maintain the western perimeter of the basin. The provided access originates from the
public right-of-way of Grand Teton Drive and the existing power access corridor in the
alignment of Shaumber Road.
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Note that water quality features have not been proposed with DB1, as discussed with the
City of Las Vegas. The large majority of the watershed is located within the Red Rock
Conservation Area outside of the ultimate development boundary for the Las Vegas valley;
therefore, the influence of development that would require water quality improvements in
the basin is very limited.

Also note that 3-ft wide valley gutters have been provided on the floor of DB1 sloped at
0.5% to perpetuate low flows toward the outfall facilities.

Summary of 100-Year Outlet Facility

The following are performance parameters specific to the primary outlet structure for the
100-year storm event.

Outlet Invert Elevation = 3025.5-1t
Outlet Orifice Size = 30-inch RCP
Outlet Pipe = 36-inch RCP @ 2% slope

Note the following regarding the 100-year outlet facility:

o The outfall for the 100-year storm event has been staged above the bottom of the
detention basin. The bottom elevation is 3023.0-ft and the 2.5-ft of storage below
the outlet is intended as dead storage for debris collection. Further detail regarding
debris storage is provided in Section 4.3 of this study.

o The outlet flow has been controlled by a 30-inch orifice plate on the outlet pipe. The
outlet pipe is proposed as a 36-inch RCP in order to eliminate adverse tailwater
impacts to the functionality of the 30-inch orifice opening.

o The outlet pipe discharges thru a shared headwall with the drainage pipe from the
debris storage area, downstream of the overflow spillway.

Summary of Debris Storage Area

A total of 4.21 ac-ft of debris volume is required to be stored in DB1 during the 100-year
storm event. Note that the proposed condition hydrologic model has been uiilized to
determine the debris volume because it represents the worst case sedimentation impacting
DB1. During the ultimate condition, a portion of the watershed is anticipated to be
developed as “very high density residential” which is anticipated to result in no additional
sedimentation. Table 5 below summarizes the amount of debris estimated to impact DB1
from each individual basin comprising the offsite watershed.

Table 5: Summary of Debris Volumes
: Volume
Basin ID (ac-ft)
OFF1 2.20
OFF2 0.10
OFF3 ‘ 0.09
OFF4 0.27
OFF5 1.40
OFF6 0.14
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Table 5: Summary of Debris Volumes

. Volume
Basin ID (ac-ft)
Total 4.21

Note that the bottom of DB1 is intended solely for debris storage and the 100-year outlet
structure is staged 2.5-ft above the bottom of the basin. The 2.5-ft of storage resulis in
available volume of 5.86 ac-ft for the impacting debris which is greater than the 4.21-ft
required as summarized by the above table: therefore, the provided debris storage is
acceptable.

Since the primary outlet structure is staged above the debris storage area, a debris riser
tower has been provided to provide drainage for the bottom 2.5-ft of DB1. A perforated 24-
inch RGP riser structure has been provided, and computations included in Appendix G
show that the perforations are adequate to dewater the debris storage area in less than 7
days as directed by CCRFCD criteria. A total of four (4) 3-inch perforations have been
provided every 6-inches vertically on the tower, for a total of sixteen (16) perforations. Note
that a beehive grate is provided at the top of the riser tower to allow for floating debris to fall
off the tower without adverse impact.

Summary of PMF Overflow Spillway

The overflow spillway has been proposed at 3037.0-ft, or 1-ft above the 100-year water
surface elevation and the PMF outflow crests over the spillway at an elevation of 3043.98-
ft. The spillway has been located where the overflow passing thru DB1 will be directed into
a corridor that is considered to have the most minimal impact toward future development.
The overflow will be conveyed in a USACE jurisdictional wash that requires 404 permitting
for disturbances in the overflow corridor. A future dam break analysis, associated with
obtaining a Dam Safety Permit, will show the zone of impact for the overflow in this
corridor.

A PMF outflow from DB1 of 4,912 cfs conveyed thru the 87-t length spillway is conveyed
down a 16-ft embankment into the arroyo. A RCC stepped spillway featuring a total of 8
steps (4-ft horizontal by 2-ft vertical, or 2:1 H:V sloped) has been proposed to reduce the
energy from the top of the embankment to the bottom by a total ratio of 20%. The resulting
velocity and Froude number at the toe of the stepped spillway is 32.1 it/s and 4.3,
respectively. The energy loss over the stepped spillway is not large enough to dissipate
the energy of the PMF flow in order to minimize potential undercutting of the embankment;
therefore, a 60-ft length RCC stilling basin with 3.5-ft high end sill is proposed at the toe of
the stepped structure to force a hydraulic jump.

Summary of Main Inflow Channel

The main inflow channel is intended as a collector for contributing flows south of DB1, and
extends from Grand Teton Drive to 1,400-ft north. As shown on Exhibits E and F, included
in Appendix A, the large majority of contributing flows (Concentration Point CP2) is
anticipated to collect into the main inflow channel at approximately Grand Teton Drive.

11
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Therefore, the entire main inflow channel has been designed to convey the entire
contributing flow defined at Concentration Point CP1.

The main inflow channel has been designed to limit the excess cuts and fills from existing
topography; therefore, the longitudinal slope is a composite of flat and steep slopes. Note
that the maximum slope does not exceed 10% along the channel bottom to ensure drive-
able access to the proposed drop into DB1. Table 6 summarizes the channel hydraulics
proposed and accompanying computations have been included in Appendix E.

Table 6: Summary of Main Inflow Channel Hydraulic Characteristics

Flow Flow Hydraulic : . Required

Gross | Qun | Slope | popn | velociy | fiow | Fresbaard | TSR | Channel
(ft) (ft/s) (Ft) Depth (ft)

1 471 0.5 2.43 10.03 1.33 1.34 1.0 4.77
2 471 10.0 1.08 28.63 5.35 1.73 1.0 3.81
3 471 38.8 0.52 36.09 8.81 1.73 1.0 3.25

1 — Hydraulic Freeboard obtained from CCRFCD Manual Equation 747.

The channel geometry for Cross Sections 1 and 2 is represented by a concrete lined
trapezoidal section with a 12-ft bottom width and 3:1 SS for a depth of 5-ft. The flow
regime is anticipated to be stable with no hydraulic jumps as demonstrated by the above
table showing supercritical flow throughout the channel. Any grading above the depth of 5-
ft is to be earth lined because it is not anticipated that flows will exceed the top of concrete
side slope. However, a 3-ft deep concrete cut-off wall will be provided at the top of
concrete side slope to protect any undercutiing that may occur from lateral flows
contributing into the channel. Note that the major lateral inflows to the channel have been
lined with riprap for erosion protection.

The trapezoidal channel section characterized by Cross Sections 1 and 2 transitions near
the drop in grade to a concrete rectangular channel section that has also been widened to
25-ft for turnaround prior to the drop, required for the drive-able access that is present at
the bottom of the channel. At the toe of the 3:1 drop from the main inflow channel to the
detention basin, a Type Il stilling basin is provided for energy dissipation. Note that the
flow velocity in the rectangular drop, or Cross Section 3, exceeds the allowable velocity
over concrete of 35 ft/s as directed by CCRFCD Manual Table 703; however, 36.09 ft/s is
considered not excessive over 35 ft/s and a stilling basin designed to accommodate inflow
velocities upwards of 60 fi/s per CCRFCD Manual Table 1101 is provided at the toe of the
drop to protect the integrity of the concrete.

A 25-it wide Type Il stilling basin at the toe of the Cross Section 3 drop has been proposed
with a 14-ft length apron with a 0.8-ft end sill. 0.5-ft width chute blocks have been provided
at the toe of the drop, spaced evenly 0.5-ft apart from each other over 25-ft width, resuliing
in 24 chute blocks. 0.75-ft width baffle piers have been provided 4.2-ft from the toe, spaced
0.75-ft apart from each other over 25-ft width, resulting in 16 baffles. The height of the
vertical wall determined to control the splash from the hydraulic jump forced by the stilling
basin is 5.5-ft. Note that a 3-ft wide gap in the end sill has been provided to allow for low
flows to perpetuate into the detention basin.

12
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4.6 Summary of Lateral Inflow Channels

At each of the incised washes contributing to DB1, a lateral inflow channel has been
proposed down the slope to the bottom of the basin. The lateral inflow channels have been
provided for control of the inflow into DB1 to identified areas down the slope to minimize
excessive maintenance concerns. The lateral inflow channels have been designed in a
manner that avoids any significant contraction or expansion tailwater impacts that may
result in storm flows backing up onto the offsite Red Rock Conservation area. Existing
cross sections have been analyzed in each of the incised washes, refer to Exhibit E, and
the proposed lateral inflow channel has been provided as the same width as existing in the
wash. All lateral inflow channels have been proposed as 1-ft deep down the slope which
provides minimum twice the depth of flow. Additionally, riprap armouring has been
provided for slope stability and the riprap has been deepened and lengthened at the toe of
slope per CCRFCD Manual Figure 705D. Table 7 below summarizes the flow depths and
velocities in each of the proposed lateral inflow channels, and the associated computations
have been included in Appendix F.

Table 7: Summary of Lateral Inflow Channel Hydraulic Characteristics
Flow Flow Channel Required ;

Offsite Basin (‘2}"5") S(';‘;e Depth | Velocity | Width | Channel | , RIPraP
. (ft) (ftls) (ft) Depth (it)’ Y

OFF4 84 | 333 | 033 10.04 24 0.66 LofgﬁnDSO
OFF5 034 | 333 | 047 12.67 38 0.94 G"°1“2t‘f'iﬂ Dso
OFF6 59 | 333 | 025 8.29 28 0.50 Log’zsﬁnDSO

1 — Required Channel Depth provided as minimum twice the depth of flow.

Note that due to the design of the main inflow channel, all lateral inflow locations discharge
over the channel’s concrete side slope which provides the slope stability without the need
for riprap armouring or a defined channel section for containment of flow. Therefore, lateral
inflow channels are not present adjacent to the main inflow channel.

5 CONCLUSIONS & RECOMMENDATIONS

The proposed improvements are not located within a FEMA designated SFHA.

2. This study is proposing a detention basin that is intended to be adopted as a CCRFCD
regional facility. The current 2013 MPU shows DB1 identified as regional Facility
MOHU 0186, its PMF overilow spillway as MOHU 0185, and its outfall as MOHU 0184.
It is acknowledged that although these regional facilities added to the MPU as part of
the Kyle Canyon Amendment has been accepted by CCRFCD, but they have not been
formally adopted by the City of Las Vegas. As a result, DB1 is not considered a
regional facility at this time, and future action by the Las Vegas City Council is required
to change the classification of DB1 to a regional facility.

13
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This study shows that the configuration of DB1 has changed from the concept approved
in the SHG Master Study. DB1 is larger in storage volume and no longer provides a nd
outlet into the future planned detention basin to the north. However, the outflow from
DB1 in the alignment of SHG Master Study facility PO4W is in conformance with the
master planned drainage patterns for the area, per Table 3 in this study.

w

4. Application to construct DB1 requires coordination with the following agencies in
addition to the City of Las Vegas:

« CCRFCD — DB is anticipated to be adopted as a regional facility.

o Nevada Division of Water Resources — A Dam Safety permit is required for
the impoundment of water behind the DB embankment.

e NV Energy — Improvements and access for DB1 within an existing overhead
power utility corridor.

o USAGCE — A permit for the proposed disturbances to the 404 jurisdictional wash
encumbered by DB1 is required.

o Clark County Dept. of Public Works — The Red Rock Conservation Area
representing the contributing watershed to DB1 is located within unincorporated
Clark County jurisdictional limits.

5 Al CCRFCD standards for a regional detention basin, per CCRFCD Manual Section
1202.1, have been satisfied by DB1 and its components. Additionally, the main inflow
channel satisfies the requirement for improved channels as directed by CCRFCD
Manual Section 706.

6. A RCC spillway and stilling basin has been provided for the emergency overflow,
intended to pass the PMF flow impacting DB1. Detailed sections regarding the
installation of the RCC material has been provided on the improvement plans.

7. A Type lll stilling basin has been proposed at the toe of the drop into DB1 from the main
inflow channel intended to dissipate the energy so as to not adversely impact the
effectiveness of the downstream basin.

8. The improvement plans for this project have been included with this study. These plans
support the drainage patterns, facilities and conclusions detailed in this study.
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APPENDIX A

Drainage Exhibits

Exhibit A — Location Map

Exhibit B — FEMA FIRM Panel

Exhibit C —2013 CCRFCD MPU Facilities
Exhibit D — Soils Map

Exhibit B — Proposed Condition Drainage Map
Exhibit F — Ultimate Condition Drainage Map
Exhibit G — Shadow of Protection Exhibit
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HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL
SR E
McCARRAN AIRPORT RAINFALL AREA
I~ .\5@ L u',.,./ Xie
RGOE“ RGTE R62E
¥ gty
qr Il lC'i lA—=
! T A
" ah Ededs lnakde 220 ~d
) N 74\ \'uc J
ap
N o '
NDR § 2
S U IR ore V b, 1208
St N — T =i ® ancnman n
%T’m‘m’ STANDARD L?AR (=_i- IZESIR '*T’.P«- /f:)
L‘/' .. B Jeu : ,: I : /1,'/ ;,J.(V' S VEGAS ° 1‘ ;
—’/\ y e P 7 A [AL 3a) L =
i ENN
ij'z LYoy
%< 1\"
v ; L
s E E =1 Ma
AR RN R R A o I%.
["Project t site not located within the MCC’]Iriaﬂ P\almgxll area (T2 IuRGO:-\ 531) |
TOWNSHIP RANGE SECTIONS TOWNSHIP RANGE SECTIONS
18 South 59 East 13-15,22-26,36 20 South 62 East 4-9,16-20,29-32
18 South 60 East  30-32 21 South 60 East 1-4,9-16,21-28,33-36
19 South 60 Fast 1-6,8-16,21-28,33-36 21 South 61 East ALL SECTIONS
19 South 61 East  ALL SECTIONS 2% South 62 East 4-9,15-23, 25-36
19 South 62 East 2-11,14-23,27-34 22 South 60 East 1-4,10-15,24
20 South 60 Fast 1-3,10-15,21-28,33-36 22 South 61 East 1-24,26-29
20 South 61 East  ALL SECTIONS 22 South . 62 Fast = 1-10,17-18
Notes: , =
Revision ara

1. Refer to Tab1e 505 and Figure 516 Depth-Duration- Frequency

values in the McCarran Airport Rainfall Area.
2. Refer to Table 506 and Figure 517 for Time- Intensity-Frequency

values on the McCarran Airport Rainfall Area.

g REFERENCE: . R
ENGINEERING I USACE, Los Angeles District, 1988 Fla




HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL

RAINFALL DEPTH-DURATION- ~-FREQUENCY

100-YEAR, 6-HOUR
(DEPTHS IN TENTHS OF INCHES)
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WRC REFERENCE:
| encineERING NOAA ATLAS 2, VOLUME VII NEVADA, 1973 § FIGURE 506
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HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL -

S

PRECIPITATION ADJUSTMENT RATIOS

Recurrence Ratio to
Interval NOAA Atlas 2

2-year 1.00
5-year S 1.16
10-year 1.24
25-year 1.33
50-year 1.39

. )

NOTE: 1. Multiply the values obtained from the NOAA Atlas 2 by the above
ratios to obtain the adjusted precipitation values.

2. NOAA Atlas 2 values for use with TR-55 shall not be adjusted
by the above ratios.

3. Tables 505 and 506 require no adjustments.

Revlsion Dare

‘-h—“

WRC REFERENCE: |
ENGINEERING USACE, Los Angeles District, 1988 TABLE 501




HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL

SIX-HOUR STORM DISTRIBUTIONS

Percent of Percent of
Total Storm Depth ~ Total Storm Depth

Storm Time [~ Storm Time ‘

(In Minutes) | SDN3 SDN4 SDN5 (In Minutes) | SDN3 SDN4 SDN5
0 0.0 0.0 0.0 185 32.2 37.6 43.0
5 2.0 2.0 2.0 190 35.2 41.5 47.7
10 5.7 5.8 5.9 195 40.9 46.2 51.4
15 7.0 7.5 8.0 200 49.9 53.0 56.1
20 8.7 9.9 11.0 205 59.0 61.0 63.0
25 10.8 12.6 14.4 210 71.0 71.0 71.0
30 12.4 18.7 15.0 215 74.4 732 72.0
35 13.0 14.5 16.0 220 78.1 75.6 73.1
40 13.0 14.9 16.8 225 81.2 78.2 75.2
45 13.0 15.1 17.1 230 .81.9 79.9 71.9
50 13.0 15.5 18.0 235 83.5 81.3 79.0
55 13.0 15.6 18.2 240 85.1 82.3 79.5
60 13.0 15.9 18.7 245 85.6 83.0 80.4
65 13.3 16.2 19.0 250 86.0 83.5 81.0
70 14.0 16.9 19.7 255 86.8 84.4 82.0
75 14.2 17.2 20.2 260 87.6 85.1 82.6
80 14.8 17.9 21.0 265 88.8 86.4 84.0
85 15.8 18.9 22.0 270 91.0 88.5 85.9
90 17.2 20.1 23.0 1275 92.6 90.8 88.9
95 18.1 21.1 24.1 280 93.7 92.4 91.0

100 19.0 22.0 25.0 285 95.0 94.4 93.8

105 19.7 22.8 25.9 290 97.0 96.8 96.6

110 19.9 23.2 26.5 295 97.6 97.3 97.0

115 20.0 24.0 28.0 300 98.2 97.8 97.4
120 20.1 24.6 29.0 305 98.5 98.2 97.9
125 20.4 25.2 30.0 310 98.7 98.4 98.1

130 21.4 26.0 30.5 315 98.9 98.6 98.3
135 22.9 26.9 30.9 320 99.0 98.8 98.5
140 24.1 27.6 31.0 325 99.3 99.1 98.9
145 24.9 28.3 31.7 330 99.3 99.2 99.0
150 25.1 28.6 32.1 335 99.4 99.3 99.2
165 25.6 29.2 32.7 340 99.5 99.4 99.3
160 27.0 30.2 333 345 99.8 99.7 99.6
165 27.8 31.2 34.6 350 99.8 99.8 99.7
170 28.1 32.1 36.1 355 99.9 99.9 99.9
175 28.3 33.2 38.1 360 100.0 | 100.0 100.0
180 295 | 352 40.8 .

Notes| 1. For drainage areas less than 8 square miles in size, use SDN 3.

5. For drainage areas greater than or equal to 8 square miles and less

than 12 square miles in size, use SDN 4. Ravision Data

3. For drainage areas greater than or equal to 12 square miles, use SDN 5.

4. A graphical representation of these values is presented on Figure 515,

IREFERENCE: TABLE 503
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HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL

T ——

51X HOUR DEPTH-AREA REDUCTION FACTORS

Drainage Area Six-Hour Depth-Area
(Square Miles) Reduction Factor

[ 0.0
| 0 |

T

co o H N =
o s

10.
20.
30.
5l
100.
150.
200.
300.
400.
500.

NOTES: 1. A graphical representation of these factors is presented in Figure
514, '

2. Consult with the local entity and/or the CCRFCD for guidance in
using the Depth-Area Reduction Factors for drainage areas greater

than 200 square miles.

Ravision

Dare

[REFERENCE: |
WRC TABLE 50

ENGINEERING USACE, Los Angeles District, 1988

2

L_Ll|







HYDROMETEOROLOGICAL REPORT NO. 49

Probable Maximum Precipitation Hstimates,
Colorado River and Great Basin Drainages

REPRINTED 1984

PROPERTY OF:
NOAA,NATIONAL WEATHER SERVICE

U.S. DEPARTMENT OF COMMERGE A
NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION
U.S. DEPARTMENT OF ARMY
CORPS OF ENGINEERS

Silver Spring, Md.



152

Table 6.3A.--Local-storm PMP computation, Colorado River, Great Basin and
California drainages. For drainage average depth FMP. Go to6
rable 6,38 if areal variation is required.

Drainage /NMFLOwW 7O DR | ' prea O, (9 m12 (k:mz)
Latitude 3Q3Q2 TLongitude 18 %) Minimum Elevation J020 £t (m)

Steps coxrespond to those in sec. 6.3A.

1. Average l-hr lmmiz (2.6_km2) PMP for ‘ ‘C7~(@ in., (mm)
drainage [fig. 4.5].

2, a. Reduction for elevatiomn. [No-adjustment
for elevations up to 5,000 feet (1,524 m):
5% decrease per 1,000 feet (305 m) above

5,000 feet (1,524 m)]. Kole) %
b. Multiply step 1 by step 2a. 'c>=Q9 in. (mm)
3., Average 6/l-hr ratio for drainage [fig. 4.7]. I--ggg

Duration (hr)
1/4 1/2 3/4 1L 2 3 4 5 6

4, Durational variation
for 6/l-hr ratio of

atep 3 [table 4.41. (93 §2.29%4 100 NS2 1S 122) 1807 133 %

5. 1-mi’ (2.6-km’) PMP for
indicated duratilons

lstep 2b % step 41. 7.3 9.2 10.0 10k 12.2 13.0 BS 1.9 Ju/ in. (um)

6, Areal reduction
[fig. 4.9]. 100 100 (90 |00 o0 100 100 100 190 %

7. Areal reduced PMP '
Tgs 5 & B 22 9.1 fo.0 100 22 130185 1Y @

8, Tncremental PMP
[ successive subtraction
in step 7]. _ in,

in., (mm)

} 15-min. increments

9, Time sequence of incre-
mental PMP according to:

Hourly increments
[table 4.7]. in.

Four largest 15-min.
increments [table 4.8]. in, (mm)

vse 1w
PMF HEe-|
&S “ng;_c_\?. VALWE
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RAINFALL CONVERSION SCALE

2 4
j ? l|0 I|2 (18] )

1
160 200 300 uAMI

DISTANCE SCALE

oo

s
/7

0.l

100 200 300 (D
i . ]

o0

! T  S—
100 200 300 400 1KY

_ Figure 4.5--Local-storm PMP for 1 miz (2.6 kmg) 1 hr. Directly
applicable for locations between sea level and 5000 ft (1584 m).
Flevation adjustment must be applied for locations above 5000 ft.

events. 1In contrast to figure 4.4, figure 4.5 maintains a maximum between
these two locations. There is no known meteorological basis for a different
solution. The analysis suggests that in the northern portion of the region
maximum PMP occurs between the Sierra Nevada on the west and the Wasatch
range on the east.

A discrete maximum (> 10 inches, 254 mm) occurs at the north end of the
Sacramento Valley in northern California because the northward-flowing moist
air is increasingly channeled and forced upslope. Support for this PMP cen-
ter comes from the Newton, Kemmett, and Red Bluff storms (fig. 4.1). Although
the analysis in this region appears CO be an extension of the broad maximum
through the center of the Southwestern Region, it does not indicate the
direction of moist inflow. The pattern has evolved primarily as a result of
attempts to tie plotted maxima into a reasonable picture while considering
inflow directions, terrain effects, and moisture potential.
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DISTANCE SCate 80 170160

0 100 200 300 (i )
I T 0 T 0 = o
100 200 300 400 500 (KM ' , 5
31° | | \ = 169° W07
123 121° 119° P VW \EJAVERAGE OF <3 STATIONS
« NO DATA

Figure 4.7.--Analysts of 6/1-hr ratios of averaged mazimun station
data (plotted at midpoints of a &° latitude~longitude grid).

1

establish the basic depth-duration curve, then structure a variable set of
depth—duration curves to cover the range of 6/1l-hr ratios that are needed.

Three sets of data were considered for obtaining a base relation (see
table 4.3 for depth-duration data).

a. An average of depth-duration relations from each of 17 greatest 3=hx
rains from summer SLOTMS (1940-49) in Utah (U. S. Weather Bureau 1951b) and
in unpublished tabulations for Nevada and Arizona (1940-63). The 3-hr
amounts ranged from 1 to 3 inches (25 to 76 mm) in these events.

b. An average depth-duration relation from 14 of the most extreme short-
duration storms listed in Storm Rainfall (U. S. Army, Corps of Engineers
1945- ). These storms come from Eastern and Central States and have 3=hv
amounts of 5 to 22 inches (127 to 559 mm) .
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ratios than storms with high 3/1l~hr ratios. The geographical distribution
of 15-min to l-hr ratios also were inversely correlated with magnitudes of
the 6/1-hr ratios of figure 4.7. For example, L0S Angeles and San Diego
(high 6/1l-hr ratios) have low 15-min to l-hr ratios (approximately 0.60)
whereas the 15-min to l-hr ratios in Arizona and Utah (low 6/1l-hr ratios)
were generally higher (approximately 0.75).

Depth-duration relations for durations less than 1 hour were then smoothed
to provide a family of curves consistent with the relations determined for 1
to 6 hours, as shown in figure 4.3. Adjustment was necessary to some of the
curves to provide smoother relations through the common point at 1 hour.

We believe we were justified in reducing the number of the curves shown in
figure 4.3 for durations less than 1 hour, letting one curve apply to a
range of 6/1-hr ratios. The corresponding curves have been indicated by
letter designators, A-D, on figure 4.3. As an example, for any 6-hr amount
Detween 115% and 135% of L-hr, l-mi2 (2.6-km2) PME, the associated values
for durations less than 1 hour are obtained from the curve designated as "B,

Table 4.4 lists durational variations in percent of 1-hr PMP for selected
6/1-hr rain ratios. These values were interpolated from figure 4.3.

To determine 6-hr PMP for a basin, use figure 4.3 (or table 4. 4) and the

geographical distxzibution of 6/1-hr ratios given in figure 4.7.

Table 4.4.--Durational variation of 1-mi.? (2.6-km?) local-storm PMP
in percent of l-hr PMP (see figure 4.3)

6/1-hr Duration (hx)
ratio 1/4 1/2 3/4 1 2 3 A 5 6
i3 86 93 97 100 107 109 110 110 110
1.2 74 89 95 100 110 115 118 119 120
1,39 —f L3 7489 95 100 114 121 125 128 130
1.4 63 83 93 100 118 126 132 137 140
1.5 63 83 93 100 121 132 140 145 150
1.6 43 70 87 100 124 138 147 154 160
1.8 43 70 g7 100 130 149 161 171 180
2.0 43 70 87 100 137 161 175 188 200

\/

y/

4.5 DepthéArea Relation

We have thus far developed local-storm PMP for amn area of 1 mi2 (2.6 km?) .
To apply PMP to a basin, we need to determine how 1-mi? (2.6-km?) PMP should
decrease with increasing area. We have adopted depth—area relations based
on.rainfalls in the Southwest and from consideration of a model thunderstorm.

'ﬁm ILQ ghi ! 2 fg (i 5« 6

@1.33 0.5 §22 99y oo WEa 15 narg 1307 133
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INCLOSED

ISOHYET AREA

(SQ.MLY (KM

A 1 26
B 5 13
C 25 68
D 55 142
E ?5 244
l 150 388
Figure 4.10.--Idealized G 220 570
local-storm 1sohyetal H 0 777
pattern. l 05 997
500 1295

DISTANCE SCALE

2 4 b g L
R L S e
2 4 a 8 10 12 (kM
SCALE
11500,000

storm period. The sequence of hourly incremental PMP for the Southwest 6-hr
thunderstorm in accord with this study is presented in column 2 of table
4.7. A small variation from this sequence is given in Engineering Manual
1110-2-1411 (U. S. Army, Corps of Engineers 1965) . The latter, listed in
column 3 of table 4.7, places greater incremental amounts somewhat more
toward the end of the 6-hr storm period. In application, the choice of
either of these distributions is left to rhe user since one may prove Lo

be more critical in a specific case than the other.

Table &4.7.--Time sequence for hourly incremental PMP in 6-hy storm

e,

= TN
HMR No. 57 FM1110-2-1411"
Increment Sequence Pgsition
Largest hourly amount Thixrd Fourth
2nd largest Fourth Thixd
3rd largest Second Fifth
Lth largest Fifth Second
5th largest Fivst . Last
least Last k First )
lUn S. Weather Bureau 1947. N— il

20. S. Corps of Engineers 1952.
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This unit is limited for roads because of the depth to
ithe indurated hardpan. Roads should be designed 1o
minimize cuts.

This map unit is in capability subclass Vs,
nonirrigated, and in horticultural group 6.

152—Cave gravelly fine sandy loam, 0 to 4 percent
slopes. This shallow, well drained soil is on erosional fan
remnants. It formed in alluvium derived from various
kinds of rock.

Typically, about 80 percent of the surface is covered
with a deserl pavement of pebbles and cobbles. The
surface layer is pale brown gravelly fine sandy loam
about 12 inches thick. The next layer to a depih of 36
inches is an indurated, lime-cemented hardpan. The
underlying material to a depth of 60 inches or more is
light brown very gravelly sandy loam. Depth to the
hardpan ranges from 4 to 20 inches.

Included in this unit are about 5 percent Arizo soils,
flooded, in channels, 5 percent Ganutio soils on inset
fans, and 5 percent Grapevine soils on side slopes of
erosional fan remnants. Included areas make up about
15 percent of the tolal acreage. The percentage varies
from one area to another.

Permeability of the Cave soil is moderate above the
hardpan. Available water capacity is very low. Effective
rooting depth is 4 to 20 inches. Runoif is slow, and the
hazard of water erosion is slight. The hazard of soil
blowing is high if the surface is disturbed.

This unit is used mainly for urban development. It is
also used as habitat for desert wildlife and for recreation.
This unit is poorly suited to urban development. The

main limitation is the shallow depth to the hardpan.
Excavation for building sites is limited by the hardpan,
and heavy equipment is needed. Special design of septic
tank absorption fields is needed.

Roads should be designed to minimize cuis because
of the limited depth to the hardpan.

It is difficult to establish plants in areas where the pan
is exposed. Mulching and fertilizing cut areas help to
establish plants. Lawn grasses, shrubs, and trees that
are not sensitive to lime-induced chlorosis are well suited
to use in landscaping. Annual applications of iron
chelates reduce the effects of chlorosis.

Intermittent streams form the drainageways in this unit.
These drainageways are subject to rare or occasional
periods of high-velocity flooding. Care should be taken
during urbanization to accommodate the runoff from the
drainageways. If drains become plugged during a major
flood, accelerated erosion and damage 1o roads,
hbuildings, and other structures can occur.

This map unit is in capability subclass Vils,
nonirrigated, and in horticultural group 6.

( 155/-Cave gravelly fine sandy loam, 4 to 15
pércént slopes. This shallow, well drained soil is on

Soil Survey

erosional fan remnants. It formed in alluvium derived
fromn various kinds of rock.

Typically, about 70 percent of the surface is covered
with a desert pavement of rock fragments and pan
fragments. The surface layer is light brown gravelly fine
sandy loam about 5 inches thick. The underlying material
to a depth of 15 inches is light brown gravelly fine sandy
loam. The next layer to a depth of 60 inches or more is
an indurated, lime-cemented hardpan. Depth to the
hardpan ranges from 4 to 20 inches.

Included in this unit are about 5 percent Arizo soils,
flooded, in channels and 5 percent Caliza soils on side
slopes of erosional fan remnants. Included areas make
up about 10 percent of the total acreage. The
percentage varies from one area to another.

Permeabhility of the Cave soil is moderate above the
hardpan. Available water capacity is very low. Effective
rooting depth is 4 to 20 inches. Runoff is moderate, and
the hazard of water erosion is slight. The hazard of soil
blowing is high if the surface is disturbed.

This unit is used as habitat for desert wildlife and for
recreation. ;

This unit is limited for roads because of the depth to
the indurated hardpan. Roads should be designed to
minimize cuts. Cutting and filling can be reduced by
building roads in the less sloping areas.

This map unit is in capability subclass Vlls,
nonirrigated and in horticultural group 6.

160—Destazo cobbly fine sandy loam, 0 to 2
percent slopes. This very deep, well drained soil is on
relict alluvial flats. It formed in alluvium derived
dominantly from limestone and dolomite.

Typically, about 60 percent of the surface is covered
with a desert pavement of pebbles and cobbles. The
surface layer is pink cobbly fine sandy loam about 11
inches thick. The upper 29 inches of the underlying
material is light brown very gravelly sandy clay loam, and
the lower part to a depth of 60 inches or more is pinkish
white gravelly sandy loam containing some crystalline
gypsum.

Included in this unit are about 5 percent Bracken very
cobbly fine sandy loam, 2 to 8 percent slopes, on side
slopes of slightly higher remnants of relict alluvial flats
and 10 percent Las Vegas soils on summits of slightly
higher remnants of alluvial flats. Included areas make up
about 15 percent of the total acreage.

Permeability of this Destazo soil is moderately slow.
Available water capacity is moderate. Effective rooting
depth is 60 inches or more. Runoff is slow, and the
hazard of water erosion is slight. The hazard of soil
blowing is moderate.

This unit is used mainly as habitat for desert wildlife
and for recreation. It is also used for urban development.

This unit is well suited to the construction of dwellings.

The main limitation for septic tank absorption fields is
restricted permeability. The operation of sepiic tank

|
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sandy loam about 4 inches thick. The upper 7 inches of
the underlying material is light yellowish brown extremely
gravelly fine sandy loam, the next 6 inches is light
yellowish brown very gravelly sandy loam, and the lower
part to a depth of 61 inches is light yellowish brown
exiremely gravelly fine sandy loam. Pebbles cover 50 to
75 percent of the surface.

Included in this unit are about 5 percent Tencee soils
on erosional fan remnants and 10 percent Arizo soils,
{looded, in channels. Included areas malke up about 15
percent of the tolal acreage. The percentage varies from
one area lo another.

Permeability of this Dalian soil is moderately rapid.
Available water capacily is low. Effective rooting depth is
60 Inches or more. Runoff is slow, and the hazard of
water erosion is slight. The hazard of soil blowing is
moderate.

This unit is used rnainly as habitat for desert wildlife
and for recreation. It is also used for urban development.

This unit is well suited to the construction of dwellings.

Septic tank absorption fields generally function well
unless the densily of housing is teo high.

Roads are easily constructed and maintained.

The main limitation for lawns and landscaping is the
pebbles on the surface and throughout the soil. Topsoil
is needed for best results when landscaping, particularly
in areas used for lawns. Lawn grasses, shrubs, and trees
that are not sensitive to lime-induced chlorosis are well
suited 1o use in landscaping. Annual applications of iron
chelates reduce the effects of chlorosis.

Intermittent streams form the drainageways in this unit.
These drainageways are subject to rare or occasional
periods of high-velocity flooding. Care should be taken
during urbanization to accommodate the runoff from the
drainageways. If drains become plugged during a major
flood, accelerated erosion and damage {o roads,
buildings, and other structures can occur.

This map unit is in capability subclasses Vs, irrigated,
and Vllis, nonirrigated. It is in horticultural group 2.

'\(‘191.—‘,“‘=-D5'Iian very cobbly fine sandy loam, 2 to 8
percent slopes. This very deep, well drained soil is on
tan skirts. It formed in alluvium derived dominantly from
limestone and dolomite.

Typically, about 85 percent of the surface is covered
with a desert pavement of rock fragments. The surface
layer is light yellowish brown very cobbly fine sandy loam
about 5 inches thick. The underlying material to a depth
of 60 inches or more is light yellowish brown very
gravelly sandy loam to extremely gravelly fine sandy
loam. P
included in this unit are about 10 percent Tencee soils
on erosional fan remnants and 5 percent Ari sails,
flooded, in channels. Included areas make up about 15
percent of the lotal acreage. The percentage varies from
one area to another.

Soil Survey

Permeabilily of this Dalian soil is moderately rapid.
Available water capacily is low. Effective rooting depth is
60 inches or more. Runoff is slow, and the hazard of
water erosion is slight. The hazard of soil blowing is
moderate if the surface is disturbed. This soil is subject
lo rare periods of flooding during prolonged, high-
intensily storms. Channeling and deposition are comrmon
along slrearmbanks.

Most areas of this unit are used as habilat for desert
wildlife and for recreation. A few areas are used for
urban development.

The main limitation for construction of dwellings is the
hazard of flooding. Dikes and channels that have outlets
for floodwater can be used to protect buildings from
flooding.

Dikes and channels that have outlets for floodwater
can be used to protect onsite sewage disposal systemns
from flooding.

Channeling and deposition can be minimized and
maintenance costs reduced by protecting roads from
flooding.

The main limitations for lawns and landscaping are the
cobbles and pebbles on the surface and throughout the
soil. Topsoil is needed for best results when
landscaping, particularly in areas used for lawns. Lawn
grasses, shrubs, and trees that are not sensitive to lime-
induced chlorosis are well suited to use in landscaping.
Annual applications of iron chelates reduce the effects of
chlorosis.

This map unit is in capability subclass Vlls,
nonirrigated, and in horticultural group 2.

192—Dalian-McCullough complex, 0 to 4 percent
slopes. This map unit is on fan skirts.

This unit is 55 percent Dalian very gravelly fine sandy
loam, 0 to 4 percent slopes, and 35 percent McCullough
very gravelly very fine sandy loam, gravelly substratum, 0
to 4 percent slopes. Both the Dalian and McCullough
soils are on alluvial fan skirts. The components of this
unit are so intricately intermingled that it was not
practical to map them separately at the scale used.

Included in this unit are about 5 percent Las Vegas
soils on basin floor remnants and 5 percent Tencee soils
on erosional fan remnants. Included areas make up
about 10 percent of the total acreage.

The Dalian soil is very deep and well drained. It
formed in alluvium derived from various kinds of rock.
Typically, about 75 percent of the surface is covered
with a desert pavement of pebbles. The surface layer is
light yellowish brown very gravelly fine sandy loam about
5 inches thick. The underlying material to a depth of 60
inches or more is light yellowish brown very gravelly
sandy loam.

Permeability of the Dalian soil is moderately rapid.
Available water capacity is low. Effective rooting depth is
60 inches or more. Runoff is slow, and the hazard of
waler erosion is slight. The hazard of soil blowing is
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Because of the content of gypsurn and other salts in
the soil, salt-lolerant planis should be selected for lawns
and landscaping. Because of the underlying hardpan,
deep cuts should be avoided on this soil. Lawn grasses,
shrubs, and trees that are not sensitive to lime-induced
chlorosis are well suited to use in landscaping. Annual
applications of iron chelales reduce the eifects of
chlorosis.

This map unit is in capability subclasses llis, irrigated,
and Vlls, nonirrigated. It is in horticultural group 8.

390—Spring clay loam. This very deep, moderately
well drained soil is on alluvial flats. It formed in
gypsiferous lacustrine sediment, Slope is 0 to 2 percent.

Typically, the surface layer is pale brown clay loam
about 5 inches thick. The underlying material to a depth
of 60 inches or more is stratified, light brown to pink silt
loam to silly clay, averaging silty clay loam, and contains
many gypsum crystals.

Included in this unit are about 10 percent Land soils
on alluvial flats and 5 percent Las Vegas soils on relict
alluvial flats. Included areas make up about 15 percent
of the total acreage.

Permeability of the Spring soil is slow. Available water
capacily is high. Effective rooling depth is 60 inches or
more. Runoff is slow, and the hazard of water erosion is
slight. The hazard of soil blowing is high. This soil is
subject to rare periods of flooding during prolonged,
high-intensity storms. Channeling and deposition are
common along streambanks. This soil is strongly
affected by salts to a depth of 5 inches, and it is
moderately affected below this depth.

This unit is used mainly for urban development. It is

also used as habitat for desert wildlife and for recreation.

The main limitation for construction of dwellings is the
hazard of flooding. Dikes and channels that have outlets
for floodwater can be used to protect buildings from
flooding. Gypsum in the soil can induce electrochemical
action that corrodes concrete. This limitation can be
overcome by using cement that is resistant to sulfate
corrosion.

The main limitation for septic tank absorption fields is '

restricted permeability. Special design of septic tank
absorption fields is needed. Using long absorption lines
and backfilling the trench with sandy material help to
compensate for the restricted permeability.

The Spring soil is limited for roads because of limited
ability to support a load. Roads and streets should be
designed to compensate for the instability of the soil.

The main limitation for lawns and landscaping is the
excess soluble salts in the soil. Intensive management is
required to reduce the salinity and maintain soil
productivity. Excess salts in the soil can be flushed out
by using heavy periodic applications of wailer. Because
of the content of gypsum and other salis in the soil, sali-
tolerant plants should be selected.

37 |

This map unit is in capability subclasses Vls, irrigaied,
and Vlls, nonirrigated. It is in horticultural group 4.

( 400--Tencee very gravelly fine sandy loam, 2 io 8
pércent slopes. This shallow, well drained soil is on
erosional fan remnants. It formed in alluvium derived
dominantly from limestone and dolomite.

Typically, 76 percent of the surface is covered with a
well developed desert pavement of pebbles. There is a
dark desert varnish on the exposed surfaces of the rock
fragments. The surface layer is light brown very gravelly
fine sandy loam about 5 inches thick. The next layer is
light brown very gravelly fine sandy loam and very
gravelly sandy loam and is weakly cemented with lime to
a depth of about 15 inches. An indurated, lime-cemented
hardpan is at a depth of about 15 inches. Depth to the
hardpan ranges from 7 to 20 inches.

Included in this unit are small areas of Dalian soils on
side slopes of fan remnants and on inset fans. Included
areas make up about 10 percent of the total acreage.
The percentage varies from one area o another.

Permeability of the Tencee soil is moderate above the
hardpan. Available waler capacity is very low. Effective
rooting depth is 7 to 20 inches. Runoff is medium, and
the hazard of water erosion is slight. The hazard of soil
blowing is moderate if the surface is disturbed.

This unit is used as habitat for desert wildlife and for
recreation.

This unit is limited for roads because of the depth to
the indurated hardpan. Roads should be designed to
minimize cuts. Heavy equipment is needed for
excavation.

This map unit is in capability subclass Vlis,
nonirrigated, and in horticultural group 6.

415—Aztec very gravelly sandy loam, 2 to 8
percent slopes. This very deep, well drained soil is on
erosional fan remnants. It formed in alluvium derived
from various kinds of rock.

Typically, 80 percent of the surface is covered with
pebbles. The surface layer is light yellowish brown very
gravelly sandy loam about 2 inches thick. The underlying
material to a depth of 63 inches is siratified, light
yellowish brown, light brown, and light reddish brown
very gravelly sandy loam to extremely gravelly loamy
coarse sand with weak, continuous gypsum cementation
in some layers.

Included in this unit are about 5 percent Bracken soils
on pediment remnants, 5 percent Rock outcrop on
isolated ridges, and 5 percent Caliza soils on erosional
fan remnants. Included areas make up about 15 percent
of the total acreage. The perceniage varies from one
area to another,

Permeability of the Aztec soil is moderately slow.
Available water capacily is low. Effective rooting depth is
60 inches or more. Runoff is medium, and the hazard of
water erosion is slight. The hazard of soil blowing is high




HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL

RUNOFF CURVE NUMBERS
" (URBAN AREAS")

. Curve numbers for
Cover degcription hydrologic soil group—

Average percent
Cover type and hydrologic condition impervious area? A B C D

Fully developed vrban areas (vegetation established)

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

ete.):
Poor condition (grass cover < 50%) .......... 68 79 86 89
Fair condition (grass cover 50% to 75%)........... 49 69 79 84
Good condition (grass cover > T5%) .ooovvieneenn. 39 61 74 80

Impervious areas:
Paved parking lots. roofs, driveways, ete.
(excluding right-of-way). cocvoveieineniirienenanns 98 98 28 98
Streets and roads: .
Paved: curbs and storm sewers (excluding

ORHUOLWRY o ¢ s wmimivrs s v v s 0 wimans 1 0 winsmmsses & e g 98 98 98 98
Paved; open ditches (including right-of-way) ....... 83 89 92 93
Gravel (including right-of-way) ......oooviennn. 76 © 85 89 91
Dirt (including right-of-way) «.o.oovevenneiunnns. 72 82 87 89
Western desert urban areas:
Natural desert landscaping (pervious areas 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 56 36 86
Urban districts: :
Commercial and business..... SRR § 5 SRS § S 5 4 85 89 92 94 95
Industrial. . .ooereiioniieiiiaiiiiiiiiaeiens T2 81 88 91 93
Residential districts by average lot size:
See Table 602A
Developing urbon areos
~" Newly graded aress (pervious aress only, ™
( NO Vegetation)® . ..ccervioeeracsoncneanoococaconans i 86 91 94 )

1 Average runoff condition, and I, =0.28. +

2 The average percent impervious arca shown was uscd to develop the composite CN'’s. Other assumptions are as follows: impervions arcas are directly
connected to the drainage system. Impervious areas have a CN of 98, and pervious arcas are considered cquivalent to open space in good hydrologic condition.
CN's for other coribinations of conditions may be computed using Figure 603.

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

4 Composite CN's for natural desert landscaping should be computed using Figure 603 based on the impervious area percenlage (CI #98) and the pervious arca
CN. The pervious area CIV's are arsumed equivalent to desert shrub in poor hydrologic condition.

5 Composite CN's to use for the design of temporary measures during grading and construction ehould be computed using

Figure 603 based on the degree of development impervious area percentage) and the CIN's for the nevly graded pervious arcas. o T
WRC REFERENCE: . TABLE 602
ENGINEERING SCS TR-55, USDA, June 1986. 1 of 4




HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL

1
(SEMIARID RANGELANDS)
Curve numbers for
Cover degcription hydrologic soil group—
Hydrologic '
Cover type condition? A3 B C D
Herbaceous—mixture of gimss, weeds, and Poor 80 B7 93
low-growing brush, with brush the Fair 71 81 89
minor element. Good 62 T4 85
Osk-aspen—mountain brush-mixture of oak brush, Poor 66 74 79
aspen, mountain mahogeny, bitter brush, maple, Fair . 48 57 63
and other brush. Good - 30 41 48
Pinyon-juniper—pinyon, juniper, or both; Poor 15 85 89
grass understory. Fair 58 73 80
. Good : 41 61 11
Sagebrush with grass understory. Poor 67 80 85
Fair 51 63 70
Good 3b 47 55
Desert shrub—msjor plants include ealtbush, Poor C K I 85 88
greasewood, creosotebush, blackbrush, bursage, Fair 55 2 81 © 86
palo verde, meequite, and cactus. Good 49 68 79 84
. 1 Avernge runoff condition, and 1, = 02S.
3'wur: <30% ground cover (litter, grugs, und brush overstory).
Fuir: 30 o 70% ground cover.
Guud: >T70% ground cover.
2Curve numbers for group A huve been developed only for desert shrub.
Revision Date I
' |
' REFERENCE: .
WRG SCS TR-55, USDA, June 1986. TABLE 602
ENGINEERING : 4 of 4



(\ ; SLATER Soil & Curve Number Computation
) et ] HANIFAN Project Name: SKYE CANYON - DETENTION BASIN 1
A ! GROUP Date: Sep-14
CONSULTING ENGINEERS & PLANNERS File Name: OLY1401-004 TDS DB1 CNs.xIsx
By: WTM
Data: Reference:
Soil Type & Descripfion A B C D Exhibit G
155 Cave gravelly fine sandy loam, 4 to 15 percent slopes 5% 5% 0% 90% SCS Soil Data
191 Dalian very cobbly fine sandy loam, 2 to 8 percent slopes 5% 85% 0% 10%
400 Tencee very gravelly fine sandy loam, 2 to 8 percent slopes 0% 10% 0% 90%
Land Use A B C D
Desert Shrub (poor) 63 77 85 88
Newly Graded 7 86 91 94
PROPOSED CONDITION
SOIL |SUBAREA - HYDROLOGIC SOIL GROUP LLAND USE CN SUBAREA |CALCULATED
BASINID TYPE |PERCENT LAND ISE A B C D A B C D ACRES CN
OFF1 400 51.0% Desert Shrub (poor) 0% 10% 0% 90% 63 i 85 88 140.07 44.33
155 44.2% Desert Shrub (poor) 5% 5% 0% 90% 63 77 85 88 121.46 38.13
191 4.8% Desert Shrub (poor) 5% 85% 0% 10% 63 77 85 88 13.07 3.68
TOTAL PERCENT| 100.0% TOTAL AREA| 274.60 86.14
SOIL |SUBAREA HYDROLOGIC SOIL GROUP LAND USE CN SUBAREA |CALCULATED
BASH D TYPE | PERCENT LAND USE A B C D A B C D ACRES CN
OFF2 155 75.1% Desert Shrub (poor) 5% 5% 0% 90% 63 77 85 88 20.12 64.74
191 24.9% Desert Shrub (poor) 5% 85% 0% 10% 63 77 85 88 6.67 19.27
TOTAL PERCENT| 100.0% TOTAL AREA| 26.79 84.01
SOIL |SUBAREA HYDROLOGIC SOIL GROUP LAND USE CN SUBAREA|CALCULATED
BASIN 1D TYPE | PERCENT LAND USE A B C D A B C | D ACRES CN
OFF3 155 100.0% Desert Shrub (poor) 5% 5% 0% 90% 63 77 85 88 16.58 86.20
TOTAL PERCENT| 100.0% TOTAL AREA| 16.58 86.20
SOIL |SUBAREA HYDROLOGIC SOIL GROUP LAND USE CN SUBAREA |CALCULATED
i TYPE |PERCENT LAND'USE A B [o] D A B C D ACRES CN
OFF4 155 100.0% Desert Shrub (poor) 5% 5% 0% 90% 63 77 85 88 3719 86.20
TOTAL PERCENT| 100.0% ) TOTAL AREA|  37.19 86.20
SOIL |SUBAREA HYDROLOGIC SOIL GROUP LAND USE CN SUBAREA |[CALCULATED
BASILID TYPE [PERCENT LAND LUSE A B C D A B C D ACRES CN
OFF5 155 63.9% Desert Shrub (poor) 5% 5% 0% 90% 63 77 85 88 105.09 55.10
400 36.1% Desert Shrub (poor) 0% 10% 0% 90% 63 77 85 88 59.32 31.35
TOTAL PERCENT| 100.0% TOTAL AREA| 164.41 86.45
SOIL |SUBAREA HYDROLOGIC SOIL GROUP LAND USE CN SUBAREA |CALCULATED
BAsIN 1D TYPE | PERCENT LANG USE A B [o] D A B c D ACRES CN
OFF6 155 100.0% Desert Shrub (poor) 5% 5% 0% 90% 63 77 85 88 25.54 86.20
TOTAL PERCENT| 100.0% TOTAL AREA| 25.54 86.20
SOIL |SUBAREA HYDROLOGIC SOIL GROUP LAND USE CN SUBAREA |CALCULATED
B 1D LLAND USE
A TYPE | PERCENT A B C D A B [+ D ACRES CN
ON1 155 100.0% Newly Graded 5% 5% 0% 90% 77 86 91 94 16.72 92.75
TOTAL PERCENT| 100.0% TOTAL AREA 16.72 92.75




ULTIMATE CONDITION

SOIL [SUBAREA HYDROLOGIC SOIL GROUP LAND USE CN SUBAREA |CALCULATED
BASINID| vpE [PERCENT LAND USE A B c D A B C D | ACRES CN
OFF1 | 400 | 51.0% Desert Shrub (poor) 0% | 10% | 0% | 90% | 63 77 85 88 129.73 4429
155 | 47.4% Desert Shrub (poor) 5% | 5% | 0% | 90% | 63 77 85 88 120.71 40.88
191 1.6% Desert Shrub (poor) 5% 85% 0% 10% 63 77 85 88 4.11 1.25
TOTAL PERCENT| 100.0% TOTAL AREA| 254.55 86.41
SOIL |SUBAREA . HYDROLOGIC SOIL GROUP LAND USE CN SUBAREA |CALCULATED
BASINID| vpE [PERCENT LAND USE A B c D A B c D | ACRES CN
OFF2 | 155 | 86.2% Desert Shrub (poor) 5% | 5% | 0% | 90% | 63 77 85 88 19.60 74.30
191 13.8% Desert Shrub (poor) 5% | 85% | 0% | 10% | 63 77 85 88 3.14 10.69
TOTAL PERCENT| 100.0% TOTAL AREA| 2274 84.98

OFF7 Curve Number referenced from CCRFCD MPU

5740 S. Anville St., Suite 216 - Las Vegas, NV 89118
Ph. 702-284-5300 - Fx. 702-284-5399
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BRSIN OFF7

Watershed Analysis

Table 4-2 Land Use Categories

Open Desert
Open Shrubf_oor
Land Landscaped Condition
Use Good Natural Deseri
Index Impervious Condition Landscaping
Number Description - Typical Land Uses (%) (%) (%)
Drought Ordinance Not Applied

1 Undeveloped Land, Open Desert 0 0 100

2 Parks, Golf Courses 5 85 10

3 Rural, 0.5-1 units per acre (uses 1 unit/acre) 20 20 60

4 Low-Density Residential, 1-2 units per acre (uses 2 units/acre) 25 40 35

5 Medium-Density Residential, 2-4 units per acre (uses 3 units/acre) 29 71 0

6 High-Density Residential, 4-8 units per acre (uses 6 units/acre) 62 38 0

7 Public Facility and Residential, 8- 12 units/acre 72 28 0

8 Very High-Density Residential, 12 units/acre or more 85 15 0

9 Commercial, Retail, Casino, High Rise Condominiums 90 10 0

10 Light Industrial 70 15 15

11 Heavy Industrial 85 8 7

12 Schools 50 50 0

13 Lakes 0 0 0

Drought Ordinance Applied

14 Low-Density Residential, 1-2 units per acre (uses 2 units/acre) 25 20 55

15 Medium-Density Residential, 2-4 units per acre (uses 3 units/acre) 29 35 36

16 High-Density Residential, 4-8 units per acre (uses 6 units/acre) 62 19 19

17 Public Facility and Residential, 8- 12 units/acre 72 14 14
§( 7118 h Very High-Density Residential, 12 units/acre or more 85 0 15

19 Commercial, Retail, Casino, High Rise Condominiums 90 0 10

20 Light Industrial 70 0 30

21 Heavy Industrial 85 0 15

22 Schools 50 30 20

The land use data used with the 2008 MPU is shown on the H-Maps of Volume 2.
Figure 4-1 shows the geographic comparison between the 2008 and 2002 MPU
land use coverages in terms of percent imperviousness. The increase or decrease
in impervious area represents an increase or decrease in the runoff potential for a

given area.
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100-Year HEC-1 Analyses






PROL1.OUT

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

FLOOD HYDROGRAPH PACKAGE (HEC-1)
JUN 8

oo

VERSION 4.1
08sEP14

oo on o

o

RUN DATE TIME 15:

o

X X OXOKXXX XKXXX X
X X X X XX
X X X X
MOXXXX XXXX X XXXXX X
X X X X
X X X X X X
X X XOOKXXX XXXXX XXX

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HECIGS, HECIDB, AND HECIKW.

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 FORTRAN77 VERSION
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,

DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION

KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM

1 HEC-1 INPUT PAGE 1
LINE 3 € o R s S i sweiois Bnonnesr sis doiiinn Seesvs i (R Tovumans 8 aevmrese L 10
#DIAGRAM
1 1D SLATER HANIFAN GROUP
2 D NINETY-FIVE MANAGEMENT, LLC.
3 in SKYE CANYON - DETENTION BASINS
4 ID TECHNICAL DRAINAGE STUDY
5 1D PROPOSED DRAINAGE CONDITION
6 1D
7 in RETURN PERIOD -- - 100-YEAR
8 D DISTRIBUTION - - 6-HOUR SDN3
9 in PROJECT NO - 0LY1401.004
10 0] FILENAME - - PROL.H1
1 D DATE ----- - 08/27/14
12 D IMODELED BY -- - WTM
13 D
14 1D SIX HOUR DEPTH-AREA REDUCTION FACTORS
15 ip DRAINAGE AREA (MIA2) RATIO
16 in 0.0-0.49 1.00
17 ip 0.5-0.99 0.98
18 D
19 fag 5 0 0 300
20 10 5 0 0
21 IN 5 0 0
22 IR PREC 1.00 0.98
23 KK OFFL
24 KM  EXISTING OFFSITE DRAINAGE BASIN
25 KM  DISCHARGES INTO DETENTION BASIN "DB1"
26 Ko
27 PB 3.00
28 PC 0 0.020 0.057 0.070 0.087 0.108 0.124 0.130 0.130 0.130
29 PC 0.130 0.130 0.130 0.133 0.140 0.142 0.148 0.158 0.172 0.181
30 pC  0.190 0.197 0.199 0.200 0.201 0.204 0.214 0.229 0.241 O 249
31 pPC 0.251  0.256 0.270 0.278 0.281 0.283 0.295 0.322 0.352 0.409
32 pC  0.499 0.590 0.710 0.744 0.781 0.812 0.819 0.835 0.851 O 856
33 PC 0.860 0.868 0.876 0.888 0.910 0.926 0.937 0.950 0.970 0.976
34 pC  0.982 0.985 0.987 0.989 0.990 0.993 0.993 0.994 0.995 0.998
35 pC  0.998 0.999 1
36 BA L4291
37 Ls 0 86.1
38 uo 0.420
39 KK OFF2
40 KM EXISTING OFFSITE DRAINAGE BASIN
41 KM  DISCHARGES INTO DETENTION BASIN "DB1"
42 KO 3
43 BA .0419
44 LS 0 84.0
45 up 0.150
1 HEC-1 INPUT PAGE 2
LINE T smrarscsboss v wosininpminiose sinBissemecniie B im0 5% ia wosa B saens Tsva s L — L RN 10
46 KK OFF3
47 KM  EXISTING OFFSITE DRAINAGE BASIN
48 KM  DISCHARGES INTO DETENTION BASIN "DB1"
49 Ko
50 BA .0259
51 Ls 0 86.2
52 up  0.112
53 KK cpl
54 KM  COMBINE OFFl, OFF2, AND OFF3
55 HC 3
56 KK OFF4
57 KM EXISTING OFFSITE DRAINAGE BASIN
58 KM DISCHARGES INTO DETENTION BASIN "DBL"
59 Ko 3
60 BA .0581
61 LS 0 86.2
62 up  0.136
63 KK
64 KM EXISTING OFFSITE DRAINAGE BASIN
65 KM DISCHARGES INTO DETENTION BASIN "DB1"
66 Ko
67 BA .2569
68 LS 0 86.5
69 l/;'D 0.419
70 KK OFF6
71 KM EXISTING OFFSITE DRAINAGE BASIN
72 KM  DISCHARGES INTO DETENTION BASIN "DB1"
73 KO 3
74 BA .0399
75 LS 0 86.2
76 up  0.121
77 KK ON1
78 KM PROPOSED ONSITE DRAINAGE BASIN
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79 BA  .0261
80 Ls 0 92.8
81 up  0.116
%
82 KK DBl !
83 KM COMBINE CP1, OFF4, OFFS, OFF6 AND ONL
84 HC 5
HEC-1 INPUT PAGE 3
LINE (TR o D & scviminonn Zeeenins B, i S e Bl mauiey Tigiize scsona B saverons L DA 10
85 KK RDB1
86 KM OUTLET = 30" ORIFICE @ INVERT ELEVATION = 3025.5-FT
87 RS 1 VoL -
88 sV 0 7.78 13.43 19.26 58.03 96.21 132.22
89 SE 25.5 27 28 29 35 40 4
90 sQ 0 25.59 36.20 44.33 76.78 335.94 1413.68 2946.76 4825.05
91 SE 25:5 29 30 31 37 38 40 42 44
92 Z7,
SCHEMATIC DIAGRAM OF STREAM NETWORK
INPUT
LINE (V) ROUTING (--->) DIVERSION OR PUMP FLOW
NO. (.) CONNECTOR (<---) RETURN OF DIVERTED OR PUMPED FLOW
23 OFFL
39 . OFF2
46 . OFF3
53 1o T,
56 OFF4
63 OFF5
70 . OFF6
77 3

FLOOD HYDROGRAPH PACKAGE (HEC-1)
JUN 1998

oo oo

VERSION 4.1

RUN DATE 08SEP14 TIME 15:43:36

oo

* U.S. ARMY CORPS OF ENGINEERS 2
HYDROLOGIC ENGINEERING CENTER
* 609

# DAVIS, CALIFORNIA 95616

SECOND STREET

(916) 756-1104

GEEEREEAEE

fowow %o

SLATER HANIFAN GROUP
NINETY-FIVE MANAGEMENT, LLC.
SKYE CANYON - DETENTION BASINS
TECHNICAL DRAINAGE STUDY
PROPOSED DRAINAGE CONDITION

RETURN PERIOD --

DISTRIBUTION
PROJECT NO.
FILENAME

DAT
MODELED BY -

100-YEAR
6-HOUR SDN3
0LY1401.004

SIX HOUR DEPTH-AREA REDUCTION FACTORS

DRAINAGE AREA (MIA2) RATIO
0.0-0.49 1.0
0.5-0.99 0.98
20 10 OUTPUT CONTROL VARTABLES
IPRNT 5 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE
T HYDROGRAPH TIME DATA
NMIN MINUTES IN COMPUTATION INTERVAL
IDATE 1 0 STARTING DATE
ITIME 0000 STARTING TIME
NQ 300 NUMBER OF HYDROGRAPH ORDINATES
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
ap MULTI-PLAN OPTION
NPLAN 1 NUMBER OF PLANS
IR MULTI-RATIO OPTION
RATIOS OF PRECIPITATION
1.0 .98
A EEE SR RS ARk AA% BAR RAR ARE SAE BEE BRE RAR ASE AAE SRR FEE REE
AhAhRAhhddiA
23 KK ¥
&

page 2



+

+

*

+

+

&

26 Ko QUTPUT CONTROL VARIABLES
IPRN 3 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE
21 1IN TIME DATA FOR INPUT TIME SERIES
JIXMIN 5 TIME INTERVAL IN MINUTES
JXDATE 1 0 STARTING DATE
IXTIME 0 STARTING TIME
SUBBASIN RUNOFF DATA
36 BA SUBBASIN CHARACTERISTICS
.43 SUBBASIN AREA
PRECIPITATION DATA
27 PB STORM 3.00 BASIN TOTAL PRECIPITATION
28 PI INCREMENTAL PRECIPITATION PATTERN
.02 .04 .01 . .02
00 00 .00 01 .00
01 00 .00 00 00
01 01 .01 00 00
09 12 .03 04 03
01 01 .01 02 02
00 00 .00 00 00
00 00
37 LS SCS LOSS RATE
STRTL .32 INITIAL ABSTRACTION
CRVNBR 86.10 CURVE NUMBER
RTIMP .00 PERCENT IMPERVIOUS AREA
38 uD

SCS DIMENSIONLESS UNITGRAPH
TLAG .42 LAG

PRO1.0UT

02 .01 00
01 .01 01
01 .02 01
01 .03 03
01 .02 02
01 .01 02
00 .00 00

UNIT HYDROGRAPH
27 END-OF-PERIOD ORDINATES

39. 118. 246. 379. 444. 445.
129. 98. 73. 55. 41. 30.
B LN 4. 3. 2. 1.

TOTAL RAINFALL = 3.00, TOTAL LOSS = 1.33, TOTAL EXCESS =

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR
(CFS) (HR)
(CFS)

387. 3.83 77. 19, 19.
(INCHES) 1.668 1.670 1.670
(AC-FT) 38. 38. 38.

CUMULATIVE AREA = .43 sq MI

HYDROGRAPH AT STATION OFF1

FOR PLAN 1, RATIO = 1.00

TOTAL RAINFALL = 3.00, TOTAL LOSS = 1.33, TOTAL EXCESS =

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR
(cFs) (HR)
(cFs)
387. 3.83 77. 19. 19.
(INCHES) 1.668 1.670 1.670
(AC-FT) 38. 38. 38.
CUMULATIVE AREA = .43 sqQ MI
P P waw wak
HYDROGRAPH AT STATION OFFL
FOR PLAN 1, RATIO = .98

TOTAL RAINFALL = 2.94, TOTAL LOSS = 1.32, TOTAL EXCESS =

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR
(CFs) (HR)
(CFs)
376. 3.83 755 19, 18.
(INCHES) 1.617 1.619 1.619
(AC-FT) 37; 37. 37.
CUMULATIVE AREA = .43 sQ MI
wak wh Sak wER REE BEE EEE RER

39 KK

42 ko OUTPUT CONTROL VARTABLES
IPRN 3 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE
SUBBASIN RUNOFF DATA
43 BA SUBBASIN CHARACTERISTICS
TAREA .04 SUBBASIN AREA
PRECIPITATION DATA
27 PB STORM 3.00 BASIN TOTAL PRECIPITATION
28 PI INCREMENTAL PRECIPITATION PATTERN
.02 .04 .01 .02 .02
00 .00 .00 01 .00
01 .00 .00 00 00
01 .01 .01 00 00
09 .12 .03 04 03
01 .01 .01 02 02
00 .00 .00 00 00
00 .00
44 Ls SCS LOSS RATE
STRT .38 INITIAL ABSTRACTION
CRVNBR 84.00 CURVE NUMBER
RTIMP .00 PERCENT IMPERVIOUS AREA
45 ubp

SCS DIMENSIONLESS UNITGRAPH
TLAG .15 LAG

397. 330.
22, 17.
1.
1.67

24.92-HR

19.
1.670
38.

1.67

24.92-HR

19.
1.670
38.

1.62

24.92-HR

18.
1.619
37.

02 .01 00
01 .01 01
01 .02 01
01 .03 03
01 .02 02
01 .01 02
00 .00 00

page 3
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UNIT HYDROGRAPH
11 END-OF-PERIOD ORDINATES
23. 1. 6.

39. 103. 91. 46.
0.
TOTAL RAINFALL = 3.00, TOTAL LOSS = 1.48, TOTAL EXCESS = 1.52

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 24.92-HR
+  (CFs) (HR)
(CFs)
+ 54. 3.58 i Z: 2, 2
(INCHES) 1.516 1.516 1.516 1.516
(AC-FT) 3. 3. 3. 3.
CUMULATIVE AREA = .04 sQ MI
sax s aax
HYDROGRAPH AT STATION OFF2
FOR PLAN 1, RATIO = 1.00
TOTAL RAINFALL = 3.00, TOTAL LOSS = 1.48, TOTAL EXCESS = 1.52
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 24.92-HR
+  (CFs) (HR)
(cFs)
& 54, 3.58 7. 2. Zs 2.
(INCHES) 1.516 1.516 1.516 1.516
(AC-FT) 3. 3 3. 3.
CUMULATIVE AREA = .04 sqQ MI
HYDROGRAPH AT STATION OFF2
FOR PLAN 1, RATIO = .98
TOTAL RAINFALL = 2.94, TOTAL LOSS = 1.47, TOTAL EXCESS = 1.47
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 24.92-HR
+  (CFs) (HR)
(CFs) .
+ 53. 3.58 7. 2. 2. Zs
(INCHES) 1.467 1.467 1.467 1.467
(AC-FT) 3. 3. 3. 3.
CUMULATIVE AREA = .04 sQ MI
fas wkE EES San ARE REE EEE REE REE RAR
49 Ko OUTPUT CONTROL VARIABLES
IPRNT 3 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE
SUBBASIN RUNOFF DATA
50 BA SUBBASIN CHARACTERISTICS
TAREA .03 SUBBASIN AREA
PRECIPITATION DATA
27 pB STORM 3.00 BASIN TOTAL PRECIPITATION
28 PI INCREMENTAL PRECIPITATION PATTERN
.02 .04 .01 .02 .02 .02 .01 .00 .00 .00
00 .00 00 01 .00 .01 .01 .01 .01 .01
01 .00 00 00 .00 01 .02 .01 .01 .00
01 .01 01 00 .00 01 .03 .03 .06 .09
09 2 03 .04 .03 01 .02 .02 .00 .00
01 .01 01 02 .02 01 .01 .02 .01 01
00 .00 00 00 .00 00 .00 .00 .00 00
00 .00
51 LS SCS LOSS RATE
STRTL .32 INITIAL ABSTRACTION
CRVNBR 86.20 CURVE NUMBER
RTIMP .00 PERCENT IMPERVIOUS AREA
52 uD SCS DIMENSIONLESS UNITGRAPH
TLAG .11 LAG
sax
UNIT HYDROGRAPH
9 END-OF-PERIOD ORDINATES
45. 81. 44. 18. 7. 3. 1. 2 28 0

TOTAL RAINFALL = 3.00, TOTAL LOSS = 1.32, TOTAL EXCESS = 1.68

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 24.92-HR
+  (cFs) (HR)
(CFs)
+ 38. 3.58 5% 1. 528 1,
(INCHES) 1.678 1.678 1.678 1.678
(AC-FT) 2. 2z 2. 2.
CUMULATIVE AREA = .03 sqQ MI
P e P . P
HYDROGRAPH AT STATION OFF3
FOR PLAN 1, RATIO = 1.00
TOTAL RAINFALL = 3.00, TOTAL LOSS = 1.32, TOTAL EXCESS = 1.68
PEAK FLOW TIME MAXIMUM AVERAGE_FLOW
6-HR 24-HR 72-HR 24.92-HR
+ (CFs) (HR)
(cFs)
+ 38. 3.58 . 1. 1 1.
(INCHES) 1.678 1.678 1.678 1.678
(AC-FT) 2. 2. 2. 2.

CUMULATIVE AREA = .03 sqQ MI

Eres ik wax A ey
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HYDROGRAPH AT STATION OFF3
FOR PLAN 1, RATIO = .98

TOTAL RAINFALL = 2.94, TOTAL LOSS = 1.31, TOTAL EXCESS = 1.63
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 24.92-HR
+  (cFs) (HR)
(CFs)
+ 37. 3.58 51, 1. 5 1
(INCHES) 1.626 1.626 1.626 1.626
(AC-FT) 2 2. 2. Z.
CUMULATIVE AREA = .03 sQ MI

56 KK
59 KO OUTPUT CONTROL VARTABLES
IPRNT 3 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE
SUBBASIN RUNOFF DATA
60 BA SUBBASIN CHARACTERISTICS
TAREA .06 SUBBASIN AREA
PRECIPITATION DATA
27 PB STORM 3.00 BASIN TOTAL PRECIPITATION
28 PI INCREMENTAL PRECIPITATION PATTERN
.02 .04 .01 .02 02 .02 01 .00 00 00
00 00 00 01 00 .01 01 .01 01 01
01 00 00 00 00 .01 02 01 01 00
01 01 01 00 00 01 03 03 06 09
09 12 03 04 03 01 02 02 00 00
01 01 0L 02 02 01 01 02 01 01
00 00 00 00 00 00 00 00 00 00
00 00
61 LS SCS LOSS RATE
STR .32 INITIAL ABSTRACTION
CRVNBR 86.20 CURVE NUMBER
RTIMP .00 PERCENT IMPERVIOUS AREA
62 UD SCS DIMENSIONLESS UNITGRAPH
TLAG .14 LAG
UNIT HYDROGRAPH
10 END-OF-PERIOD ORDINATES
67. 158. 323 55. 26. 12. 6. 3 1. 0
TOTAL RAINFALL = 3.00, TOTAL LOSS = 1.32, TOTAL EXCESS = 1.68
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 2-HR 24.92-HR
+ (CFs) (HR)
(CFs)
+ 84. 3.58 0. 3 3. 3
(INCHES) 1.677 1.678 1.678 1.678
(AC-FT) 5. 5. 5 5.
CUMULATIVE AREA = .06 sQ MI
was s pres e P
HYDROGRAPH AT STATION OFF4
FOR PLAN 1, RATIO = 1.00
TOTAL RAINFALL = 3.00, TOTAL LOSS = 1.32, TOTAL EXCESS = 1.68
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 24.92-HR
+  (cFs) (HR)
(CFs)
+ 84. 3.58 0. 3. 3. 3.
(INCHES) 1.677 1.678 1.678 1.678
(AC-FT) 5. 5. 5. 5
CUMULATIVE AREA = .06 sqQ MI
P P pees P P
HYDROGRAPH AT STATION OFF4
FOR PLAN 1, RATIO = .98
TOTAL RAINFALL = 2.94, TOTAL LOSS = 1.31, TOTAL EXCESS = 1.63
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 24.92-HR
+  (CFs) (HR)
(CFs)
+ 82. 3.58 A 3. 2 25
(INCHES) 1.626 1.626 1.626 1.626
(AC-FT) 5. 5. 5 5.
CUMULATIVE AREA = .06 sQ MI
S mEd RS RAR AEG REE KRR SEE id ARS RAR whE wEE AEh
63 KK
66 KO OUTPUT CONTROL VARIABLES
3 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE
SUBBASIN RUNOFF DATA
67 BA SUBBASIN CHARACTERISTICS

.26 SUBBASIN AREA

PRECIPITATION DATA
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27 P8 STORM 3.00 BASIN TOTAL PRECIPITATION
28 PI INCREMENTAL PRECIPITATION PATTERN
.02 .04 .01 .02 02 .02 01 .00 00 00
00 00 00 01 00 .01 01 .01 01 01
01 00 00 00 .00 .01 02 01 01 00
01 01 01 00 .00 .01 03 03 06 09
09 12 03 04 03 .01 02 02 00 00
01 01 01 02 02 .01 01 02 01 0L
00 00 00 00 00 .00 00 00 00 00
00 00
68 LS SCS LOSS RATE
STRTL .31 INITIAL ABSTRACTION
CRVNBR 86.50 CURVE NUMBER
RTIMP .00 PERCENT IMPERVIOUS AREA
69 uD SCS DIMENSIONLESS UNITGRAPH
TLAG .42 LAG

UNIT HYDROGRAPH
27 END-OF-PERIOD ORDINATES
26 38.

23. 71. 148. 228. 197. 143. 104.
77. 59. 43. 32, 24. 18. 13. 10. 7. 6.
4. 3. 2. 2. 1. 1. 0.
TOTAL RAINFALL = 3.00, TOTAL LOSS = 1.30, TOTAL EXCESS = 1.70
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 24.92-HR
+  (cFs) (HR)
(CFS)
+ 236. 3.83 47. 12. 11. 11.
(INCHES) 1.698 1.700 1.700 1.700
(AC-FT) 23, 235 23. 23.
CUMULATIVE AREA = .26 sQ MI
poes wak ank
HYDROGRAPH AT STATION OFFS
FOR PLAN 1, RATIO = 1.00
TOTAL RAINFALL = 3.00, TOTAL LOSS = 1.30, TOTAL EXCESS = 1.70
PEAK FLOW TIME MAXIMUM AVERAGE_FLOW
6-HR 24-HR 72-HR 24.92-HR
+  (cFs) (HR)
(cFs)
+ 236. 3.83 47. 12. 11 13
(INCHES) 1.698 1.700 1.700 1.700
(AC-FT) 23. 23. 23. 23.
CUMULATIVE AREA = .26 5Q MI
ann P wa
HYDROGRAPH AT STATION OFF5
FOR PLAN 1, RATIO =
TOTAL RAINFALL = 2.94, TOTAL LOSS = 1.29, TOTAL EXCESS = 1.65
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 24.92-HR
+ (CFs) (HR)
(CFs)
+ 229. 3.83 5. 11. 11 1L
(INCHES) 1.646 1.649 1.649 1.649
(AC-FT) 23. 23. 23. 23.
CUMULATIVE AREA = .26 sQ MI

Sae EEA BA

Sl kAR EARAAR

70 KK
73 Ko OUTPUT CONTROL VARIABLES
IPRNT 3 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE
SUBBASIN RUNOFF DATA
74 BA SUBBASIN CHARACTERISTICS
TAREA .04 SUBBASIN AREA
PRECIPITATION DATA
27 P8 STORM 3.00 BASIN TOTAL PRECIPITATION
28 PI INCREMENTAL PRECIPITATION PATTERN
.02 .04 .01 .02 .02 .02 01 .00 00 00
00 00 00 01 00 .01 01 .01 01 01
01 00 00 00 00 .01 02 01 01 00
01 01 01 00 00 .01 03 03 06 09
09 12 03 04 03 .01 02 02 00 00
01 o1 01 02 02 .01 01 02 0L 01
.00 00 00 00 00 .00 00 00 00 00
00 00
75 Ls SCS LOSS RATE
STRTL .32 INITIAL ABSTRACTION
CRVNBR 86.20 CURVE NUMBER
RTIMP .00 PERCENT IMPERVIOUS AREA
76 UD SCS DIMENSIONLESS UNITGRAPH
TLAG .12 LAG
UNIT HYDROGRAPH
9 END-OF-PERIOD ORDINATES
59. 119. 76. 31. 14. 6. 3. 1. 0
TOTAL RAINFALL = 3.00, TOTAL LOSS = 1.32, TOTAL EXCESS = 1.68
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 24.92-HR
+ (CFS) (HR)
(cFs)
+ 59. 3.58 7 2., 2 2.
(INCHES) 1.678 1.678 1.678 1.678
(AC-FT) 4. 4. 4. 4.
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CUMULATIVE AREA = .04 sQ MI

HYDROGRAPH AT STATION OFF6
FOR PLAN 1, RATIO = 1.00
TOTAL RAINFALL = 3.00, TOTAL LOSS = 1.32, TOTAL EXCESS = 1.68
PEAK FLOW TIME MAXIMUM AVERAGE_FLOW
6-HR 24-HR 72-HR 24.92-HR
+  (CFs) (HR)
(cFs)
+ 595 3.58 T 2 2, 2.
(INCHES) 1.678 1.678 1.678 1.678
(AC-FT) 4. 4. 4. 4.
CUMULATIVE AREA = .04 sQ MI
. * P P
HYDROGRAPH AT STATION OFF6
FOR PLAN 1, RATIO = .98
TOTAL RAINFALL = 2.94, TOTAL LOSS = 1.31, TOTAL EXCESS = 1.63
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 24.92-HR
+  (cFs) (HR)
(CFs)
+ 57. 3.58 7. 2. 2 P
(INCHES) 1.626 1.626 1.626 1.626
(AC-FT) 3. 3 3. 2
CUMULATIVE AREA = .04 sqQ MI
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 é RATIO 2
1.0 9i

HYDROGRAPH AT
+ OFF1 .43 1 FLow 387. 376.
TIME 3.83 3.83

HYDROGRAPH AT
+ OFF2 .04 1 FLow 54. 53.
TIME 3.58 3.58

HYDROGRAPH AT
+ OFF3 .03 1 FLow 38. 37.
TIME 3.58 3.58

3 COMBINED AT
+ cPl .50 1 FLow 430. 417.
TIME 3.83 3.83

HYDROGRAPH AT
+ OFF4 .06 1 FLOW 84. 82.
TIME 3.58 3.58

HYDROGRAPH AT
+ OFF5 .26 1 FLOW 236. 229.
TIME 3.83 3.83

HYDROGRAPH AT
+ OFF6 .04 1 FLow 59. 57.
TIME 3.58 3.58

HYDROGRAPH AT
+ ON1 .03 1 FLow 47. 46.
TIME 3.58 3.58

5 COMBINED AT
+ DB1 .88 1 FLow 754. 731.
TIME 3.75 3.75

ROUTED TO
+ RDBL .88 1 FLOW 71. 70.
TIME 5.58 5.58
%% PEAK STAGES IN FEET **

1  STAGE 35.99 35.72
TIME 5.58 5.58

#%% NORMAL END OF HEC-1 *#*
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* FLOOD HYDROGRAPH PACKAGE (HEC-1) = 3 U.S. ARMY CORPS OF ENGINEERS ®
¥ JUN 8 ¥ * HYDROLOGIC ENGINEERING CENTER )
. VERSION 4.1 * o 609 SECOND STREET ;

DAVIS, CALIFORNIA 95616 “‘

RUN DATE 08SEP14 TIME 15:44:54 (916) 756-1104

kA

X X XXXXXXX XOXXX X
X X X X XX
X X X X X
OOGKKX XXXX X XXX X
X X X X X
X X X X X
X X XXXXXXX KXXXX XXX

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HECL (JAN 73), HEC1GS, HEC1DB, AND HECIKV.

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 FORTRAN77 VERSION
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,

DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION

KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM

1 HEC-1 INPUT PAGE 1
LINE 5
“DIAGRAM
1 ID SLATER HANIFAN GROUP
2 1o NINETY-FIVE MANAGEMENT, LLC.
3 1D SKYE CANYON - DETENTION BASINS
4 1D TECHNICAL DRAINAGE STUDY
é 1D ULTIMATE DRAINAGE CONDITION
1D
7 1D RETURN PERIOD - 100-YEAR
8 in DISTRIBUTION - 6-HOUR SDN3
9 1D PROJECT NO. - - 0LY1401.004
10 D FILENAME - - ULT1.H1
11 in DATE --- - 08/19/14
12 ID MODELED BY --- - WTM
13 ip
14 10 SIX HOUR DEPTH-AREA REDUCTION FACTORS
15 iD DRAINAGE AREA (MIA2) TI0
16 ip 0.0-0.49 3
17 Db 0.5-0.99 0.98
18 iD
19 iT 5 0 0 500
20 10 5 0 0
21 IN 5 0 0
22 IR PREC 1.00 0.98
23 KK OFF
24 KM  EXISTING OFFSITE DRAINAGE BASIN
25 KM  DISCHARGES INTO DETENTION BASIN "DB1"
26 PB 3.00
27 PC 0 0.020 0.057 0.070 0.087 0.108 0.124 0.130 0.130 0.130
28 pPC 0.130 0.130 0.130 0.133 0.140 0.142 0.148 0.158 0.172 0.181
29 pC 0.190 0.197 0.199 0.200 0.201 0.204 0.214 0.229 0.241 0.249
30 pC  0.251 0.256 0.270 0.278 0.281 0.283 0.295 0.322 0.352 O 409
31 PC 0.499 0.590 0.710 0.744 0.781 0.812 0.819 0.835 0.851 0.856
32 PC 0.860 0.868 0.876 0.888 0.910 0.926 0.937 0.950 0.970 0.976
33 pc  0.982 0.985 0.987 0.989 0.990 0.993 0.993 0.994 0.995 0.998
34 pc 0.998 0.999 1
35 BA .4073
36 LS 0 86.4
37 uo 0.356
38 KK OFF7
39 KM  FUTURE DEVELOPED OFFSITE DRAINAGE BASIN
40 KM  DISCHARGES INTO DETENTION BASIN “DB1"
41 BA .
42 Ls 0 96.0
43 BD 0.118
1 HEC-1 INPUT PAGE 2
LINE
44 KK cP2
45 KM  COMBINE OFFl, OFF7
46 HC 2
x
47 KK OFF2
48 KM EXISTING OFFSITE DRAINAGE BASIN
49 KM  DISCHARGES INTO DETENTION BASIN "DB1"
50 BA 355
51 LS 0 85.0
52 up 0.148
53 KK
54 KM  EXISTING OFFSITE DRAINAGE BASIN
55 KM DISCHARGES INTO DETENTION BASIN “DB1"
56 BA .0259
57 LS 0 86.2
58 131) 0.112
59 KK cPl
60 KM  COMBINE CP2, OFF2, AND OFF3
61 HC 3
62 KK
63 KM  EXISTING OFFSITE DRAINAGE BASIN
64 KM  DISCHARGES INTO DETENTION BASIN "DBL"
65 BA .0581
66 LS 0 86.2
67 uo 0.136
68 KK OFF5
69 KM EXISTING OFFSITE DRAINAGE BASIN
70 KM  DISCHARGES INTO DETENTION BASIN "DB1"
71 BA
72 LS 0 86.5
73 uo 0.419
74 KK OFF!
75 KM EXISTING OFFSITE DRAINAGE BASIN
76 KM  DISCHARGES INTO DETENTION BASIN "DB1"
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77 BA .0399
78 LS 0 86.2
79 uo 0.121
1 HEC-1 INPUT PAGE 3
LINE IDweevssn i QU Biew v s deconans Seesvi s 6
80 KK ONL1
81 KM  PROPOSED ONSITE DRAINAGE BASIN
82 BA 5
83 LS 0 92.8
84 up 0.116
85 KK DBl
86 KM  COMBINE CP1, OFF4, OFF5, OFF6 AND ON1
87 Ko 1.
88 HC 5
89 KK RDB1
90 KM OUTLET = 30" ORIFICE @ INVERT ELEVATION = 3025.5-FT
91 Ko i
92 RS 1 VoL =1
93 sv 0 7.78 13.43 19.26 58.03 96.21 132.22
94 SE 25.5 27 28 29 35 40 44
95 sQ 0 25.59 36.20 44,33 76.78 335.94 1413.68 2946.76 4825.05
96 SE 25.5 29 30 31 37 38 40 42 44
¥
97 27
1
SCHEMATIC DIAGRAM OF STREAM NETVWORK
INPUT
LINE (V) ROUTING (--->) DIVERSION OR PUMP FLOW
NO. (.) CONNECTOR (<---) RETURN OF DIVERTED OR PUMPED FLOW
23 OFF1
38 : OFF7
44 cP2....
47 : OFF2
53 : . OFF3
59
62 : OFF4
68 . . OFFS
74 . ﬁ ; OFF6
80 . ; . . oN1
85
\
89 RDB1L
(**%*) RUNOFF ALSO COM
Tak PR "
* * * *
%  FLOOD HYDROGRAPH PACKAGE (HEC-1)  * # U.S. ARMY CORPS OF ENGINEERS *
JunN 1998 = # HYDROLOGIC ENGINEERING CENTER *
L VERSION 4.1 # 609 SECOND STREET *
* # * DAVIS, CALIFORNIA 95616 *
% RUN DATE O08SEP14 TIME 15:44:54 ] ® (916) 756-1104 %
* x =

SLATER HANIFAN GROUP
NINETY-FIVE MANAGEMENT, LLC.
SKYE CANYON - DETENTION BASINS
TECHNICAL DRAINAGE STUDY
ULTIMATE DRAINAGE CONDITION

100-YEAR
6-HOUR SDN3
0LY1401.004
ULT1.H1
08/19/14
WM

RETURN PERIOD -
DISTRIBUTION
PROJECT NO
FILENAME
DATE ----
MODELED BY -

SIX HOUR DEPTH-AREA REDUCTION FACTORS
DRAINAgE AREA (MIA2) RATIO
9 1.

0.0-0. .00
0.5-0.99 0.98
20 10 OUTPUT CONTROL VARIABLES
IPRNT 5 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE
iT HYDROGRAPH TIME DATA
NMI| MINUTES IN COMPUTATION INTERVAL
IDATE 1 0 STARTING DATE
ITIME 0000 STARTING TIME
NQ 500 NUMBER OF HYDROGRAPH ORDINATES
NDDATE 2 0 ENDING DATE
NDTIME 1735 ENDING TIME
ICENT 19 CENTURY MARK
COMPUTATION INTERVAL .08 HOURS

TOTAL TIME BASE 41.58 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
P MULTI-PLAN OPTION
NPLAN 1 NUMBER OF PLANS
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JR MULTI-RATIO OPTION
RATIOS OF PRECIPITATION
1.00 9

85 KK
87 Ko OUTPUT CONTROL VARIABLES
IPRNT 1 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE
88 HC HYDROGRAPH COMBINATION
ICoMP S NUMBER OF HYDROGRAPHS TO COMBINE

HYDROGRAPH AT STATION DB1
SUM OF 5 HYDROGRAPHS
PLAN 1, RATIO = 00

i

DA MON HRMN ORD FLOW DA MON HRMN ORD FLOW “ DA MON HRMN ORD FLOW
1 0000 1 0. 1 1025 126 0. 1 2050 251 0. # 2 0715 376 0.
1 0005 2 0. 1 1030 127 0. 1 2055 252 0. 2 0720 377 0.
il 0010 3 s, 1 1035 128 0. 1 2100 253 0. 2 0725 378 0.
hlt 0015 4 2. 1 1040 129 0. 1 2105 254 0. 2 0730 379 0.
1 0020 5 4. ® 1 1045 130 0. % 1. 2110 255 0. 2 0735 380 0.
1 0025 6 6. = 1 1050 131 0. & 1 2115 256 0. 2 0740 381 0.
1 0030 7 9. ® 1 1055 132 0. & 1 2120 257 0. 2 0745 382 0.
1 0035 8 10. * 1 1100 133 0. 1 2125 258 0. 2 0750 383 0.
1 0040 9 8. = 1 1105 134 0. 1 2130 259 0. 2 0755 384 0.
1 0045 10 5. # 1 1110 135 0. 1 2135 260 0. 2 0800 385 0.
1 0050 11 4. " 1 1115 136 0. = £, 2140 261 0. = 2 0805 386 0.
1 0055 12 3. * 1 1120 137 0. & 1 2145 262 0. # 2 0810 387 0.
1 0100 13 2. = 1 1125 138 0. = 1 2150 263 0. % 2 0815 388 0.
1 0105 14 3. * 1 1130 139 0. # 1 2155 264 0. # 2 0820 389 0.
1. 0110 15 4. o 23 1135 140 0. 3 1 2200 265 0. % 2 0825 390 0.
1 0115 16 6. = 1 1140 141 0. ® 1 2205 266 0. 2 0830 391 0.
1 0120 17 7s & 1 1145 142 0. % p & 2210 267 0. * 2 0835 392 0.
1 0125 18 11. = 1 1150 143 0. * 1 2215 268 0. = 2 0840 393 0.
b X 0130 19 17. * 1 1155 144 0. 2 1 2220 269 0. % 2 0845 394 0.
1 0135 20 24. = 1 1200 145 0. = 1 2225 270 0. ¥ 2 0850 395 0.
1 0140 21 29. ¥ 1 1205 146 0. = 1 2230 271 0. # 2 0855 396 0.
1 0145 22 33. * 1 1210 147 0. = 1 2235 272 0. % 2 0900 397 0.
1 0150 23 34. 1 1215 148 0. & i 2240 273 0. ® 2 0905 398 0.
1 0155 24 31. 1 1220 149 0. % 1 2245 274 0. # 2 0910 399 0.
il 0200 25 28. 1 1225 150 0. " 1 2250 275 0. * 2 0915 400 0.
1 0205 26 25. 1 1230 151 0. i 1 2255 276 0. % 2 0920 401 0.
1 0210 27 26. 1 1235 152 0. = 1 2300 277 0. 2 0925 402 0.
L 0215 28 34. % 1240 153 0. % 1 2305 278 0. 2 0930 403 0.
1 0220 29 44. 1 1245 154 Q. = 1 2310 279 0. & 2 0935 404 0.
1 0225 30 51. 1 1250 155 0. * 1 2315 280 0. ® 2 0940 405 0.
1 0230 31 53. 1 1255 156 0. € 1 2320 281 0. & 2 0945 406 0.
1 0235 32 51. 1 1300 157 0. ol 1 2325 282 0. 2 0950 407 0.
1 0240 33 56. 4 2l 1305 158 0. I 1 2330 283 0. 2 0955 408 0.
1 0245 34 63. & i 1310 159 0. = h | 2335 284 0. = 2 1000 409 0.
1 0250 35 63. 1 1315 160 0. 1 2340 285 0. = 2 1005 410 0.
1 0255 36 57. * 1 1320 161 0. = 1 2345 286 0. % 2 1010 411 0.
1 0300 37 58. L 1 1325 162 0. * 1 2350 287 0. ® 2 1015 412 0.
1 0305 38 75. * 1 1330 163 0. & 1 2355 288 0. b2 2 1020 413 0.
1 0310 39 107. * 1 1335 164 0. ® 2 0000 289 0. = 2 1025 414 0.
1 0315 40 163. % 1 1340 165 0 & 2 0005 290 0. & 2 1030 415 0.
1 0320 41 273. & 1 1345 166 0. * 2 0010 291 0. * 2 1035 416 0.
1 0325 42 428. z 1 1350 167 0. % 2 0015 292 0. = 2 1040 417 0.
1 0330 43 618. # 1 1355 168 0. * 2 0020 293 0. & 2 1045 418 0.
1 0335 44 764. * 1 1400 169 0. ) 2 0025 294 0. = 2 1050 419 0.
1 0340 45 807. = 1, 1405 170 0. i 2 0030 295 0. * 2 1055 420 0.
1 0345 46 817. ¥ 1 1410 171 0. * 2 0035 296 0. * 2 1100 421 0.
1 0350 47 780. ¥ 1 1415 172 0. * 2 0040 297 0. & 2 1105 422 0.
il 0355 48 698. ® 1 1420 173 0. * 2 0045 298 0. = 2 1110 423 0.
1 0400 49 612. ® 1 1425 174 0. 2 2 0050 299 0. 2 1115 424 0.
1 0405 50 519. % 1 1430 175 0. * 2 0055 300 0. i 2 1120 425 0.
1 0410 51 425. 4 1 1435 176 0. & 2 0100 301 0. ¥ 2 1125 426 0.
all 0415 52 349. * 1 1440 177 0. * 2 0105 302 0. 4 2 1130 427 0.
1 0420 53 292. o 1 1445 178 0. ® 2 0110 303 0. * 2 1135 428 0.
1 0425 54 254. * 1 1450 179 0. 2 2 0115 304 0. g 2 1140 429 0.
1 0430 55 240. 1 1455 180 0. # 2 0120 305 0. = 2 1145 430 0.
1 0435 56 242. % 1 1500 181 0. ® 2 0125 306 0. & 2 1150 431 0.
1 0440 57 240. * i 1505 182 0. * 2 0130 307 0. * 2 1155 432 0.
1 0445 S8 237. = 1 1510 183 0. ¥ 2 0135 308 0: 2 2 1200 433 0.
1 0450 59 245. * Ll 1515 184 0. = 2 0140 309 0. * 2 1205 434 0.
1 0455 60 248. * 1 1520 185 0. ¥ 2 0145 310 0. # 2 1210 435 0.
1 0500 61 232. = 1 1525 186 0. * 2 0150 311 0. & 2 1215 436 0.
1 0505 62 209. = 1 1530 187 0. L4 2 0155 312 0. ® 2 1220 437 0.
1 0510 63 182. = 1 1535 188 0. ¥ 2 0200 313 0. # 2 1225 438 0.
1 0515 64 155. 4 1 1540 189 0. b 2 0205 314 0. * 2 1230 439 0.
1 0520 65 128. = 1 1545 190 0. ® 2 0210 315 0. # 2 1235 440 0.
1 0525 66 104. * 1 1550 191 0. ® 2 0215 316 0. * 2 1240 441 0
1 0530 67 85. b 1 1555 192 0. = 2 0220 317 0. % 2 1245 442 0.
1 0535 68 67. * 1 1600 193 0. * 2 0225 318 0. * 2 1250 443 0.
1 0540 69 54. ¥ 1 1605 194 0. # 2 0230 319 0. * 2 1255 444 0.
1 0545 70 47. ® 1 1610 195 0. 2 0235 320 0. 4 2 1300 445 0.
1 0550 71 41. ¥ 1 1615 196 0. 2 0240 321 0. & 2 1305 446 0.
1 0555 72 34. = 1 1620 197 0. 2 0245 322 0. * 2 1310 447 0.
1 0600 73 30. 3 1 1625 198 0. 2 0250 323 0. * 2 1315 448 0.
1 0605 74 26. = 1 1630 199 0. 2 0255 324 0. 3 2 1320 449 0.
1 0610 75 21. % 1 1635 200 0. 2 0300 325 0. ® 2 1325 450 0.
1 0615 76 17. * 1 1640 201 0. 2 0305 326 0. ¥ 2 1330 451 0.
i 0620 77 13. * 1 1645 202 0. 2 0310 327 0. = 2 1335 452 0.
1 0625 78 10. # 1 1650 203 0. 2 0315 328 0. bid 2 1340 453 0.
1 0630 79 7. = 1 1655 204 0. 2 0320 329 0. b 2 1345 454 0.
1 0635 80 5. & 1 1700 205 0. 2 0325 330 0. ® 2 1350 455 0.
= 0640 81 4. s i 1705 206 0. ! 2 0330 331 0. ¥ 2 1355 456 0.
1 0645 82 3. * 1 1710 207 0. * 2 0335 332 0. * 2 1400 457 0.
1. 0650 83 2. & 1 1715 208 0. s 2 0340 333 0. # 2 1405 458 0.
1 0655 84 1. * 1 1720 209 0. * 2 0345 334 0. * 2 1410 459 0.
1 0700 85 1. il 1 1725 210 0. ¥ 2 0350 335 0. * 2 1415 460 0.
1. 0705 86 L # 1 1730 211 0. = 2 0355 336 0. 2 2 1420 461 0.
1 0710 87 0. * 1 1735 212 0. # 2 0400 337 0. 2 1425 462 0.
1. 0715 88 0. = 1 1740 213 0. # 2 0405 338 0. ol 2 1430 463 0.
1 0720 89 0. * 1 1745 214 0. ® 2 0410 339 0. # 2 1435 464 0.
1 0725 90 0. B 1 1750 215 0. & 2 0415 340 0. ¥ 2 1440 465 0.
1 0730 91 0. * 1 1755 216 0. * 2 0420 341 0. 2 1445 466 0.
1 0735 92 0. ¥ 1 1800 217 0. B 2 0425 342 0. 2 1450 467 0.
1 0740 93 0. * 1 1805 218 0. # 2 0430 343 0. 2 1455 468 0.
1 0745 94 0. ¥ 1 1810 219 0. 3 2 0435 344 0. 2 1500 469 0.
1 0750 95 0. = 1 1815 220 0. s 2 0440 345 0. 2 1505 470 0.
1 0755 96 0. ¥ 1 1820 221 0. & 2 0445 346 0. 2 1510 471 0.
1 0800 97 0. z 1 1825 222 0. A 2 0450 347 0. 4 2 1515 472 0.
1 0805 98 0. & 1 1830 223 0. * 2 0455 348 0. ” 2 1520 473 0.
1 0810 99 0. & 1 1835 224 0. & Z 0500 349 0. % 2 1525 474 0.
1 0815 100 0. & 1 1840 225 0. * 2 0505 350 0. ol 2 1530 475 0.
1 0820 101 0. Gl 1 1845 226 0. # 2 0510 351 0. # 2 1535 476 0.
1 0825 102 0. B 1 1850 227 0. * 2 0515 352 0. ¥ 2 1540 477 0.
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052 3

1 0830 103 0. 1 1855 228 0 2 0 53 0 2 1545 478 0
1 0835 104 0. 1 1900 229 0 2 0525 354 0 2 1550 479 0
1 0840 105 0. 1 1905 230 0 2 0530 355 0 2 1555 480 0
1 0845 106 0. 1 1910 231 0 2 0535 356 0 2 1600 481 0
1 0850 107 0. 1 1915 232 0 ¥ 2 0540 357 0 2 1605 482 0
1 0855 108 0. 1 1920 233 0 * 2 0545 358 0 2 1610 483 0
1 0900 109 0. 1 1925 234 0 2 0550 359 0 2 1615 484 0
1 0905 110 0. 1 1930 235 0 2 0555 360 0 2 1620 485 0
1 0910 111 0. 1 1935 236 0 % 2 0600 361 0 2 1625 486 0
1 0915 112 0. 1 1940 237 0 N 2 0605 362 0 2 1630 487 0
1 0920 113 0. 1 1945 238 0 2 0610 363 0 x 2 1635 488 0
I 0925 114 0. % 14 1950 239 0 2 0615 364 0 & 2 1640 489 0
1 0930 115 0. * 1 1955 240 0 2, 0620 365 0 * 2 1645 490 0
1 0935 116 0. 2 1 2000 241 0 % 2 0625 366 0 i 2 1650 491 0
i 0940 117 0. ® 1 2005 242 0 * 2 0630 367 0 * 2 1655 492 0
1 0945 118 0. i 1 2010 243 0 * 2 0635 368 0 ¥ 2 1700 493 0
1 0950 119 0. o 1 2015 244 0 = 2 0640 369 0 N 2 1705 494 0
1 0955 120 0. & p 2 2020 245 0 * 2 0645 370 0 4 2 1710 495 0
1 1000 121 0. = 1 2025 246 0 * 2 0650 371 0 ¥ 2 1715 496 0
1 1005 122 0. il 1 2030 247 0 # 2 0655 372 0 = 2 1720 497 0
1 1010 123 0. * i 2035 248 0 % 2 0700 373 0 2 1725 498 0
1 1015 124 0. L 2040 249 0 4 2 0705 374 0 2 1730 499 0
1 1020 125 0. i 2045 250 0 2 0710 375 0 2 1735 500 0

PEAK FLOW TIME MAXIMUM AVERAGE_FLOW
6-HR 24-HR 72-HR 41.58-HR
+  (CFs) (HR)
(CFSs)
+ 817. 3,75 163. 41, 24. 24.
(INCHES) 1.727 1.732 1.732 1.732
(AC-FT) 81. 81. 81. 81.
CUMULATIVE AREA = .88 sqQ MI

HYDROGRAPH AT STATION DBl
SUM OF 5 HYDROGRAPH:
PLAN 1, RATIO = .98

DA MON HRMN ORD FLow DA MON HRMN ORD FLOW :" DA MON HRMN ORD FLOW #; DA MON HRMN ORD FLOW
1 0000 1. 0. & 1 1025 126 0. ® 1 2050 251 0. & 2 0715 376 0.
1 0005 2 0. = L 1030 127 0. * 1 2055 252 0. = 2 0720 377 0.
1 0010 3 1. ¥ 1 1035 128 0. 2 I 2100 253 0. & 2 0725 378 0.
1 0015 4 2, 3 1040 129 0. = 1 2105 254 0. & 2 0730 379 0.
1 0020 5 = & 1 1045 130 0. # 1 2110 255 0. ® 2 0735 380 0.
1 0025 6 6. o) 1 1050 131 0. ® 1 2115 256 0. ¥ 2 0740 381 0.
1 0030 7 9. * 1 1055 132 0. * 1 2120 257 0. * 2 0745 382 0.
p 4 0035 8 9. ® 1 1100 133 0. i 1 2125 258 0. ® 2 0750 383 0.
1 0040 9 7. i 1 1105 134 0. * i 2130 259 0. = 2 0755 384 0.
1 0045 10 5. £ 1 1110 135 0. i 1 2135 260 0. il 2 0800 385 0.
1 0050 11 3. * 1 1115 136 0. # 1 2140 261 0. . 2 0805 386 0.
1 0055 12 3 & 1 1120 137 0. ® g5 2145 262 0. 2 0810 387 0.
1 0100 13 7 * i 1125 138 0. a 2150 263 0. ¥ 2 0815 388 0.
1 0105 14 2. # 1 1130 139 0. 1 2155 264 0. & 2 0820 389 0.
1 0110 15 4. ® 1 1135 140 0. 1 2200 265 0. ¥ 2 0825 390 0.
1 0115 16 5. * h o 1140 141 0. # 1 2205 266 0. = 2 0830 391 0.
1 0120 17 7. & 1 1145 142 0. % 1 2210 267 0. = 2 0835 392 0.
1 0125 18 10. * 1 1150 143 0. # 1 2215 268 0. * 2 0840 393 0.
1 0130 19 16 & 1 1155 144 0. ¥ 1 2220 269 0. & 2 0845 394 0.
d. 0135 20 23 * 1 1200 145 0. ¥ 1 2225 270 0. % 2 0850 395 0.
1 0140 21 27 = 1 1205 146 0. * 1 2230 271 0. ® 2 0855 396 0.
1 0145 22 31 ¥ 1 1210 147 0. ¥ 1 2235 272 0. 2 2 0900 397 0.
1 0150 23 32 ' 1 1215 148 0. = 1 2240 273 0. * 2 0905 398 0.
1 0155 24 29 ¥ =1 1220 149 0. # 1 2245 274 0. 3 2 0910 399 0.
1 0200 25 26 = 1 1225 150 0. = 1 2250 275 0. = 2 0915 400 0.
1 0205 26 23 1 1230 151 0. # 1 2255 276 0. * 2 0920 401 0.
1 0210 27 24 . 1 1235 152 0. & 1 2300 277 0. 4 2. 0925 402 0.
1 0215 28 32 & 1 1240 153 0. b 1 2305 278 0. = 2 0930 403 0.
1 0220 29 42 ks 1 1245 154 0. * 1 2310 279 0. * 2 0935 404 0.
1 0225 30 49 * 1 1250 155 0. ® 1 2315 280 0. * 2 0940 405 0.
1 0230 31 50 i 1 1255 156 0. i 1 2320 281 0. % 2 0945 406 0.
1 0235 32 49 # 1 1300 157 0. = 1 2325 282 0. ® 2 0950 407 0.
1 0240 33 54 4 1 1305 158 0. & 1 2330 283 0. H 2 0955 408 0.
1 0245 34 60 = 1 1310 159 0. = 1 2335 284 0. F 2 1000 409 0.
1 0250 35 60 i3 i 1315 160 0. & 1 2340 285 0. * 2 1005 410 0.
1 0255 36 55 8 1 1320 161 0. % 1 © 2345 286 0. % 2 1010 411 0.
1 0300 37 55 ® 1 1325 162 0. = 1 2350 287 0. ® 2 1015 412 0.
1 0305 38 72 # A& 1330 163 0. . 1 2355 288 0. x 2 1020 413 0.
1 0310 39 103 = 1 1335 164 0. * 2 0000 289 0. = 2 1025 414 0.
1 0315 40 158 * 1 1340 165 0. b 2 0005 290 0. 4 2 1030 415 0.
A 0320 41 264 * 1 1345 166 0. * 2 0010 291 0. * 2 1035 416 0.
1 0325 42 414 d 1 1350 167 0. ' 2 0015 292 0. £ 2 1040 417 0.
L 0330 43 599 * 1 1355 168 0. 2 0020 293 0. & 2 1045 418 0.
1 0335 44 741 g 1 1400 169 0. & 2 0025 294 0. i 2 1050 419 0.
1 0340 45 784 i 1 1405 170 0. & 2 0030 295 0. & 2 1055 420 0.
1 0345 46 794 * 1 1410 171 0. ® 2 0035 296 0. = 2. 1100 421 0.
1 0350 47 758 4 1 1415 172 0. ¥ 2 0040 297 0. ol 2 1105 422 0.
1 0355 48 678 * 1 1420 173 0. » 2 0045 298 0. * 2 1110 423 0.
1 0400 49 595 ol 1 1425 174 0. & 2 0050 299 0. = 2 1115 424 0.
1 0405 50 505 * 1 1430 175 0. * 2 0055 300 0. * 2 1120 425 0.
L 0410 51 414 ¥ 1 1435 176 0. i 2 0100 301 0. 4 2 1125 426 0.
1 0415 52 339 * 1 1440 177 0. * 2 0105 302 0. ] 2 1130 427 0.
1 0420 53 284 ® 1 1445 178 0. = 2 0110 303 0. & 2 1135 428 0.
1 0425 54 247 = 1 1450 179 0. # 2 0115 304 0. ¥ 2 1140 429 0.
1 0430 55 233 * 1 1455 180 0. x 2 0120 305 0. * 2 1145 430 0.
4 0435 56 235 i 1 1500 181 0. ® 2 0125 306 0. ¥ 2 1150 431 0.
1 0440 57 234 * 1 1505 182 0. * 2 0130 307 0. * 2 1155 432 0.
1 0445 58 231 3 1 1510 183 0. 2 2 0135 308 0. ks 2 1200 433 0.
1 0450 59 239 = 1 1515 184 0. * 2 0140 309 0. = 2 1205 434 0.
1 0455 60 242. * 1 1520 185 0. £ 2 0145 310 0. b 2 1210 435 0.
1 0500 61 226. * 1 1525 186 0. = 2 0150 311 0. * 2 1215 436 0.
1 0505 62 204. = 1 1530 187 0. ® 2 0155 312 0. o 2 1220 437 0.
1 0510 63 178. s 4 1535 188 0. * 2 0200 313 0. & 2 1225 438 0.
1 0515 64 151, * i 1540 189 0. # 2 0205 314 0. ! 2 1230 439 0.
1 0520 65 124, 2 1 1545 190 0. 2 2 0210 315 0. 2 1235 440 0.
1 0525 66 101. bid 1 1550 191 0. ® 2 0215 316 0. * 2 1240 441 0.
1 0530 67 82. ¥ 1 1555 192 0. # 2 0220 317 0. & 2 1245 442 0.
1 0535 68 65. * 1 1600 193 0. = 2 0225 318 0. * 2 1250 443 0.
1 0540 69 53. ¥ 1 1605 194 0. & 2 0230 319 0. * 2 1255 444 0.
1 0545 70 45. B =2 1610 195 0. * 2 0235 320 0. & 2 1300 445 0.
1 0550 71 40. I 1 1615 196 0. ® 2 0240 321 0. % 2 1305 446 0.
1 0555 72 34. ¥ 1 1620 197 0. % 2 0245 322 0. & 2 1310 447 0.
b I 0600 73 29, ® 1 1625 198 0. * 2 0250 323 0. = 2 1315 448 0.
1 0605 74 26. ¥ 1 1630 199 0. 4 2 0255 324 0. & 2 1320 449 0.
1 0610 75 21. * L 1635 200 0. = 2 0300 325 0. * 2 1325 450 0.
1 0615 76 17. & 1 1640 201 0. & 2 0305 326 0. & 2 1330 451 0.
1 0620 77 13. = 1 1645 202 0. * 2 0310 327 0. ] 2 1335 452 0.
b K 0625 78 10. # 1 1650 203 0. * 2 0315 328 0. * 2 1340 453 0.
1 0630 79 7 2 1 1655 204 0. ® 2 0320 329 0. = 2 1345 454 0.
1 0635 80 5. £ 1 1700 205 0. " 2 0325 330 0. = 2 1350 455 0.
1 0640 81 4. # b 8 1705 206 0. % 2 0330 331 0. . 2 1355 456 0.
1 0645 82 3. * 1 1710 207 0. * 2 0335 332 0. * 2 1400 457 0.
1 0650 83 Z % 1 1715 208 0. & 2 0340 333 0. £ 2 1405 458 0.
1 0655 84 1. * 1 1720 209 0. * 2 0345 334 0. ¥ 2 1410 459 0.
1 0700 85 1. i 1 1725 210 0. i 73 0350 335 0. & 2 1415 460 0.
1 0705 86 1. 5 1 1730 211 0. % 2 0355 336 0. b 2 1420 461 0.
1 0710 87 0. * 1 1735 212 0. = 2 0400 337 0. & 2 1425 462 0.
1. 0715 88 0. 2 1 1740 213 0. i 2 0405 338 0. i 2 1430 463 0.
1 0720 89 0. il 1 1745 214 0. Sl 2 0410 339 0. " 2 1435 464 0.
& 0725 90 0. * = & 1750 215 0. ¥ 2 0415 340 0. # 2 1440 465 0.
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ow TIME
6-HR
(HR)
(cFs)
3. 75 158.
(INCHES) 1.675
(AC-FT) 78.

CUMULATIVE AREA =

OUTPUT CONTROL VARIABLES
IPRNT 1
IPLOT 0
QSCAL 0.
HYDROGRAPH ROUTING DATA
STORAGE ROUTING
NSTPS 1
ITYP VoL
RSVRIC -1.00
X .00
STORAGE .0
ELEVATION 25.50
DISCHARGE 0.
ELEVATION 25.50
STORAGE .00 7.78
OUTFLOW .00 10.97
ELEVATION 25.50 27.00
STORAGE 114.21 132.22
OUTFLOW 2946.76 4825.05
ELEVATION 42.00 44.00

AR A AR AR

ULT1.0UT
0420

1755 216 0. 2 4 341
1800 217 0. 2 0425 342
1805 218 0. 2 0430 343
1810 219 0. 2 0435 344
1815 220 0. H 2 0440 345
1820 221 0. * 2 0445 346
1825 222 0. ¥ 2 0450 347
1830 223 0. = 2 0455 348
1835 224 0. 2 0500 349
1840 225 0. % 2 0505 350
1845 226 0. ® 2 0510 351
1850 227 0. # 2 0515 352
1855 228 0. 2 0520 353
1900 229 0. % 2 0525 354
1905 230 0. = 2 0530 355
1910 231 0. ¥ 2 0535 356
1915 232 0. “‘ 2 0540 357
1920 233 0. 2 0545 358
1925 234 0. % 2 0550 359
1930 235 0. x 2 0555 360
1935 236 0. ® 2 0600 361
1940 237 0. * 2 0605 362
1945 238 0. 2 0610 363
1950 239 0. 2 0615 364
1955 240 0. s 2 0620 365
2000 241 0. 3 2 0625 366
2005 242 0. 2 2 0630 367
2010 243 0. 2 0635 368
2015 244 0. * 2 0640 369
2020 245 0. & 2 0645 370
2025 246 0. = 2 0650 371
2030 247 0. ¥ 2 0655 372
2035 248 0. # 2 0700 373
2040 249 0. * 2 0705 374

0. # 2 0710 375

MAXIMUM AVERAGE_FLOW
24-HR 72-HR

41.58-HR

40. 23. 23.

1.680 1.680 1.680

79. 79. 79.
.88 sQ MI

PRINT CONTROL
PLOT CONTROL
HYDROGRAPH PLOT SCALE

NUMBER OF SUBREACHES

TYPE OF INITIAL CONDITION
INITIAL CONDITION

WORKING R AND D COEFFICIENT

7.8 13.4 193 58.0 96.2
27.00 28.00 29.00 35.00 40.00
26. 36. 44. 77. 336.
29.00 30.00 31.00 37.00 38.00

st

COMPUTED STORAGE-OUTFLOW-ELEVATION DATA

13.43 19.26 25.72 32.18 58.03
18.28 25.59 36.20 44.33 65.96
28.00 29.00 30.00 31.00 35.00

HYDROGRAPH AT STATION
PLAN 1 TIO =

RA

A AEAEREREAAARAAAAGELS PETEre
HRMN ORD OUTFLOW STORAGE STAG
0000 1 0. .0 25
0005 2 0. .0 25
0010 3 0. 0 25
0015 4 0. .0 25
0020 5 0. .0 25
0025 6 0. o 25
0030 7 0. 1 25
0035 8 0. o2 25
0040 9 0. .2 25
0045 10 0. 3 25
0050 11 0. .3 25
0055 12 0. 3 25
0100 13 0. .3 25
0105 14 i 15 .4 25
0110 15 1. .4 25
0115 16 1. .4 25
0120 17 1. .5 25
0125 18 1. .5 25
0130 19 1. .6 25
0135 20 1. 7 25
0140 21 1. .9 25
0145 22 2. 1.1 25
0150 23 2. 1.3 25
0155 24 2. 1.5 25
0200 25 2. 1.7 25
0205 26 3. 1.9 25
0210 27 3. 2.0 25
0215 28 3. 2.2 25
0220 29 3. 2.5 26
0225 30 4. 2.8 26
0230 31 4. 3 26
0235 32 5. 3.4 26
0240 33 5. 3.8 26
0245 34 6. 4.1 26
0250 35 6. 4.5 26

I e A e e IR e

R AAAERARAREAAARAANRENEGTRES

0000000000000 000000000000000000202

132.2
44.00
1414.
40.00

E f DA MON HRMN ORD OUTFLOW STORAGE STAGE i DA MON HRMN
1 1355 168 42. 30.2 30.7 * 2 0350
01 1400 169 42. 30.0 30 % 2 0355
& 1 1405 170 41. 29.7 30.6 ¥ 2 0400
£ 1 1410 171 41. 29.4 30.6 * 2 0405
& 1415 172 40. 29.1 30.5 * 2 0410
= 1 1420 173 40. 28.8 30,.5% 2 0415
b 1425 174 40. 28.6 30.4 * 2 0420
& 1 1430 175 39. 28.3 30.4 * 2 0425
£ 1 1435 176 39. 28.0 30.4 * 2 0430
® L 1440 177 39. 27.7 30.3 % 2 0435
2 1 1445 178 38. 27.5 30.3 % 2 0440
® L 1450 179 38. 27.2 30.2 * 2 0445
& 1 1455 180 38. 27.0 30.2 * 2 0450
® 1 1500 181 37. 26.7 30.2 * 2 0455
i 1505 182 37. 26.4 30.1 % 2 0500
® 1 1510 183 37. 26.2 30,12 2 0505
1 1515 184 36. 25.9 30.0 * 2 0510
=1 1520 185 36. 257 30.0 * 2 0515
L 1525 186 36. 25.4 30.0 * 2 0520
£ 1 1530 187 35. 25.2 29:9 ¥ 2 0525
L ! 1535 188 35. 24.9 29.9 = 2 0530
* 1 1540 189 35. 24.7 29.8 % 2 0535
ol 1545 190 34. 24.5 29:8 & 2 0540
& 1 1550 191 34. 24.2 29.8 * 2 0545
1 1555 192 33, 24.0 29.7 % 2 0550
1 1600 193 33. 23.8 29.7 * 2 0555
#01 1605 194 33. 23.5 29.7 ¢ 2 0600
1 1610 195 32. 23.3 29.6 * 2 0605
1 1615 196 32. 23.1 29.6 * 2 0610
LAl - 1620 197 32. 22.9 29.6 * 2 0615
* 1 1625 198 31. 22.7 29.5 * 2 0620
E 3 1630 199 a1, 2255 29.5% 2 0625
Ll 2 1635 200 30. 22.2 29.5 * 2 0630
& 1640 201 30. 22.0 29.4 % 2 0635
* ik 1645 202 30. 21.8 29.4 * 2 0640
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ULT1.0UT
21.6

1 0255 36 7 4.9 26.4 * 1 1650 203 29. 29. 4.4 26.4
1 0300 37 7 542 26.5 ¥ 1 1655 204 29. 21.4 29. 4.4 26.3
1 0305 38 8 5.6 26.6 * 1 1700 205 29 21.2 29 4.3 26.3
= 0310 39 9 6.2 26:7 £ L 1705 206 28 21.0 29 4.3 26.3
1 0315 40 10 -1 26.9 = 1 1710 207 28. 20.8 29 4.3 26.3
1 0320 41 12 8.5 271 % 1 1715 208 28 20.6 4.2 26.3
1 0325 42 15 10.8 27.5 % 1 1720 209 28 20.4 4.2 26.3
1 0330 43 19 14.3 28.2 * 1 1725 210 27 20.3 4.1 26.3
1 0335 44 25 18.9 28.9 * 1 1730 211 27 20.1 4.1 26.3
1 0340 45 34 24.1 29.8 = 1 1735 212 27 19.9 4.1 26.3
1 0345 46 41 29.5 30.6 ¢ 1 1740 213 26 19.7 4.0 26.3
1 0350 47 46 34.7 31.4 1 1745 214 26 19.5 4.0 26.3
2 0355 48 50 39.4 32.1 3 1750 215 26 19.3 3.9 26.3
1 0400 49 54 43.6 32.8 % 1 1755 216 25 19.2 3.9 26.3
1 0405 50 57 47.1 33.3 1 1800 217 25 19.0 3.9 26.2
1 0410 S1 59 49.9 33.7 % 1 1805 218 25 18.8 3.8 26.2
1 0415 52 61 52.2 34.1 1 1810 219 25 18.7 3.8 26.2
& 0420 53 63 54.0 34.4 % 1 1815 220 25 18.5 3.7 26.2
1 0425 54 64 55.4 34.6 * 1 1820 221 24 18.3 3.7 26.2
1 0430 55 65 56.7 34.8 * 1825 222 24 18.1 3.7 26.2
1 0435 56 66 5749 35.0 * 1830 223 24 18.0 3.6 26.2
1 0440 57 67 59.1 3551 % 1835 224 24 17.8 3.6 26.2
1 0445 58 68 60.3 35.3 ¥ 1840 225 24 17.7 3.6 26.2
& 0450 59 68 61.5 35.4 1845 226 23 17.5 3.5 26.2
1 0455 60 69 62.7 35.6 * 1850 227 23 17.3 3.5 26.2
b | 0500 61 70 63.9 35.8 ¢ 1855 228 23 17.2 3.5 26.2
1 0505 62 71 64.9 35.9 # 1900 229 23 17.0 3.4 26.2
1 0510 63 71 65.8 36.0 * 1905 230 23 16.9 3.4 26.2
1 0515 64 72 66.4 361 * 1910 231 22 16.7 3.4 26.1
1 0520 65 72 66.9 36.2 1915 232 22 16.5 3.3 26.1
1 0525 66 72 67.2 36.2 1920 233 22 16.4 3.3 26.1
1 0530 67 73 67.3 . 1925 234 22 16.2 3.3 26.1
1 0535 68 73 67.4 1930 235 22 16.1 3.2 26.1
1 0540 69 73 67.3 1935 236 21 15.9 3.2 26.1
1 0545 70 72 67.1 1940 237 21 15.8 3.2 26.1
1 0550 71 72 66.9 1945 238 21 15.7 3.1 26.1
1 0555 72 72 66.7 . 1 1950 239 21 15.5 3.1 26.1
1 0600 73 72 66.4 g i 1955 240 21 15.4 3.1 26.1
1 0605 74 72 66.1 % 1 2000 241 21 15.2 3.1 26.1
1 0610 75 71 65.8 N R 2005 242 20 15.% 3.0 26.1
1 0615 76 71 65.4 .00% 1 2010 243 20 14.9 3.0 26.1
1 0620 77 71 65.0 -9 1 2015 244 20 14.8 * 3.0 26.1
1 0625 78 71 64.6 49 1 2020 245 20 14.7 i 2.9 26.1
i 0630 79 70 64.2 .8 1 2025 246 20 14.5 * 2.9 26.1
1 0635 80 70 63.8 .8 1 2030 247 19 14.4 % 2.9 26.1
1 0640 81 70 63.3 g% 01 2035 248 19 14.3 = 2.9 26.1
1 0645 82 69 62.9 .6 1 2040 249 19 14.1 ® 2.8 26.0
1 0650 83 69 62.4 .6 1 2045 250 19 14.0 i 2.8 26.0
i 0655 84 69 61.9 ) 1 2050 251 19 13.9 = 2.8 26.0
1 0700 85 68 61.5 <5 1 2055 252 19 13.7 4 27 26.0
1 0705 86 68 61.0 .4 1 2100 253 19 13.6 o” 2.7 26.0
1 0710 87 68 60.6 3,3 % 1 2105 254 18 13.5 ® 2.7 26.0
1 0715 88 67 60.1 35.3 = 1 2110 255 18 13.4 * 2.7 26.0
) 0720 89 67 59.6 35.2* 1 2115 256 18 13.2 il 2.6 26.0
1 0725 90 67 59.2 35.1 % 1 2120 257 18 13,1 = 2.6 26.0
i 0730 91 66 58.7 35.1% 1 2125 258 18 13.0 * 2.6 26.0
1 0735 92 66 58.3 35.0 * 1 2130 259 18 12.9 2.6 26.0
1 0740 93 66 57.8 35.0 * 1 2135 260 17 12.7 2.5 26.0
1 0745 94 65 57.4 34.9 % 1 2140 261 17, 12.6 2.5 26.0
1 0750 95 65 56.9 34.8 % 1 2145 262 17 12.5 2.5 26.0
1 0755 96 65 56.5 34.8 % 1 2150 263 17 12.4 2.5 26.0
1 0800 97 64 56.0 34.7 % 1 2155 264 17 12.3 2.4 26.0
1 0805 98 64 55.6 34.6 * 1 2200 265 17 12.2 2.4 26.0
1. 0810 99 64 55.1 34.6 * 1 2205 266 16 12.0 2.4 26.0
1 0815 100 63 54.7 34.5 % 1 2210 267 16 11.9 2.4 26.0
1 0820 101 63 54.3 34.4 % 1 2215 268 16 11.8 2.4 26.0
1 0825 102 62 53.8 34,4 % 1 2220 269 16 11.7 2.3 25.9
1 0830 103 62 53.4 34.3 % 1 2225 270 16 11.6 2.3 25.9
1 0835 104 62. 53.0 34,2 % 1 2230 271 16 11.5 2.3 25.9
1 0840 105 61. 52.6 34.2 % 1 2235 272 16 11.4 2.3 25.9
1 0845 106 61 52.1 34.1 % 1 2240 273 15 11.3 2:2 25.9
1 0850 107 61 51.7 34.0 * 1 2245 274 15 11.2 2.2 25.9
1 0855 108 60 51.3 34.0 % 1 2250 275 15 11.1 2.2 25.9
1 0900 109 60 50.9 33.9 % 1 2255 276 15 11.0 2.2 25.9
1 0905 110 60 50.5 33.8 % 1 2300 277 15 10.9 2.2 25.9
1 0910 111 59 50.1 33.8* 1 2305 278 15 10.8 2.1 25.9
1 0915 112 59 49.7 33.7 % 1 2310 279 15 10.7 2.1 25.9
1 0920 113 59 49.2 33.6 = 1 2315 280 15 .6 2.1 25.9
i 0925 114 58 48.8 33.6 * 1 2320 281 14 10.5 2.1 25.9
1 0930 115 58 48.4 33.5 * 1 2325 282 14 10.4 = 2.1 25.9
il 0935 116 58 48.0 33.5% 1 2330 283 14 10.3 ® 2.0 25.9
1 0940 117 57 47.7 33.4 = 1 2335 284 14 10.2 2 2.0 25:9
1 0945 118 57 47.3 £ Il 2340 285 14 10.1 * 2.0 25.9
1 0950 119 57 46.9 33.3 ¢ 1 2345 286 14 10.0 # 2.0 25.9
1 0955 120 56 46.5 33.2 % 1 2350 287 14 9.9 = 2.0 25.9
1 1000 121 56 46.1 33.2 % 1 2355 288 14 9.8 & 1.9 25.9
1 1005 122 56 45.7 33.1 % 2 0000 289 13 9.7 * 1.9 25.9
1 1010 123 55 45.3 33.0 * 2 0005 290 13 9.6 5 1.9 25.9
1 1015 124 55 44.9 33.0 * 2 0010 291 13 9.5 3 1.9 25.9
1 1020 125 55 44.6 32.9 % 2 0015 292 13 9.4 3 1.9 25.9
1 1025 126 54 44.2 32.9% 2 0020 293 13 9.3 & 1.8 25.9
1, 1030 127 54 43.8 32.8 % 2 0025 294 13 9.2 * 1.8 25.9
1 1035 128 54 43.4 32.7 % 2 0030 295 13 9.1 i 1.8 25.8
1 1040 129 53 43.1 32.7 % 2 0035 296 13 9.1 = 1.8 25.8
1 1045 130 53 42.7 32.6 % 2 0040 297 13 9.0 " 1.8 25.8
1. 1050 131 53 42.3 32.6 * 2 0045 298 12 8.9 i 1.8 25.8
1 1055 132 53 42.0 32.5 * 2 0050 299 12 8.8 & 1.7 25.8
1 1100 133 52 41.6 32:5 ¥ 2 0055 300 12 8.7 % 1.7 25.8
1 1105 134 52 41.3 32.4 % 2 0100 301 12 8.6 * 1.7 25.8
1 1110 135 52 40.9 2.3 % 2 0105 302 12 8.6 * 1.7 25.8
1 1115 136 51. 40.6 32.3 % 2 0110 303 12 8.5 = 1.7 25.8
1 1120 137 51 40.2 32.2 % 2 0115 304 12 8.4 3 1.7 25.8
i 1125 138 51 39.8 32.2 % 2 0120 305 12 8.3 = 1.6 25.8
1 1130 139 50 39.5 32,1 % 2 0125 306 12 8.2 & 1.6 25.8
1 1135 140 50 39.2 32.1% 2 0130 307 &l 8.1 il 1.6 25.8
1L 1140 141 50 38.8 32.0 ¥ 2 0135 308 11 8.1 & 1.6 25.8
1 1145 142 50 38.5 32.0 * 2 0140 309 1 8.0 -4 1.6 25.8
1 1150 143 49 38.1 31.9 * 2 0145 310 11 7.9 * 1.6 25.8
1 1155 144 49 37.8 31.9% 2 0150 311 11 7.8 ¥ 1.5 25.8
1 1200 145 49 37.5 31.8 ¥ 2 0155 312 11 7.8 * 1.5 25.8
1 1205 146 48 37.1 31.8 % 2 0200 313 11 2.0 I 1.5 25.8
=h 1210 147 48 36.8 31.7 * 2 0205 314 11 7.6 = 1.5 25.8
1 1215 148 48 36.5 31,7 % 2 0210 315 11 7.5 ¥ 1.5 25.8
1 1220 149 48 36.1 31.6 * 2 0215 316 11 7.5 & 1.5 25.8
1 1225 150 47 35.8 31.6 * 2 0220 317 10 7.4 ® 1.5 25.8
4 1230 151 47 35:5 33.5% 2 0225 318 10 7.3 ¥ 1.4 25.8
1 1235 152 47 35.1 31.5% 2 0230 319 10 7.3 * 1.4 25.8
1 1240 153 47 34.8 31.4 * 2 0235 320 10 {2 ¥ 1.4 25.8
1 1245 154 46 34.5 31.4 * 2 0240 321 10 7.1 = 1.4 25.8
1 1250 155 46 34.2 31.3 ¢ 2 0245 322 10 7.0 £ 1.4 25.8
1. 1255 156 46 33.9 31.3 % 2 0250 323 10 7.0 & 1.4 25.8
1 1300 157 45 33.6 31.2 % 2 0255 324 10 6.9 b 1.4 25.8
i 1305 158 45 33.2 31.2 ¥ 2 0300 325 10 6.8 ® 1.4 25.8
1 1310 159 45 32.9 3.1 % 2 0305 326 10 6.8 o 1.3 25.8
1 1315 160 45 32.6 31.1 % 2 0310 327 9 6.7 & 1.3 25.8
1 1320 161 44 32.3 31.0 * 2 0315 328 6.6 * 1.3 25.8
1 1325 162 44 32.0 31.0 * 2 0320 329 9 6.6 * 1.3 25.8
1 1330 163 44 31.7 30.9 * 2 0325 330 9 6.5 # 1.3 25.7
1 1335 164 43 31.4 30.9 * 2 0330 331 9 6.5 € 1.3 25.7
1 1340 165 43 31.1 30.8 * 2 0335 332 9 6.4 ¥ 1.3 25.7
b 1345 166 43 30.8 30.8 * 2 0340 333 9 6.3 * 1.3 25.7
1 .5 S E 2 334 9 6.3 i

AR ARARASEREREAREASAALSAERES CEERAREEEEEESSS
PEAK FLOW TIME MAXIMUM AVERAGE FLOW

6-HR 24-HR 72-HR 41.58-HR
page 6



ULT1.0UT

+ (CFs) (HR)
(CFs)
+ 73. 5.58 65. 37. 23, 23,
(INCHES) .693 1.576 1.706 1.706
(AC-FT) 32. 74. 80. 80.
PEAK STORAGE  TIME MAXIMUM AVERAGE STORAGE
6-HR 24-HR 72-HR 41.58-HR
+  (AC-FT) (HR)
67. 5.58 58. 30. 19; 19
PEAK STAGE TIME MAXIMUM AVERAGE STAGE
6-HR 24-HR 72-HR 41.58-HR
+  (FEET) (HR)
36.22 5.58 34.91 30.59 28.68 28.68
CUMULATIVE AREA = .88 sQ MI

HYDROGRAPH AT STATION RDB1
PLAN 1, RATIO = .98

R AR A * ot we * it

DA MON HRMN ORD OUTFLOW STORAGE STAGE DA MON HRMN ORD OUTFLOW STORAGE STAGE * DA MON HRMN ORD OUTFLOW STORAGE STAGE
8 I 0000 1 0. .0 25.5%® 1 1355 168 40 29.0 30.5 * 2 0350 335 8. 6.0 26.6
1 0005 2 0. .0 25.5 % 1 1400 169 40 28.8 30:5% 2 0355 336 - 5.9 26.6
1 0010 3 0. .0 25,5 % 1 1405 170 40 28.5 30.4 * 2 0400 337 8 5.8 26.6
1 0015 4 0. .0 25.5 % 1 1410 171 39 28.2 30.4 % 2 0405 338 8 5.8 26.6
1 0020 5 0. .0 25.5 % 1 1415 172 39 27.9 30.3 ¢ 2 0410 339 8 5.7 26.6
1 0025 6 0. .1 25:5 % 1. 1420 173 39 27.7 30.3 * 2 0415 340 8 5.7 26.6
1 0030 7 0. ol 25.5 % 1 1425 174 38 27.4 30.3 ¥ 2 0420 341 8 5.6 26.6
1 0035 8 0. .2 25.5% 1 1430 175 38 27.1 30.2 * 2 0425 342 8 5.6 26.6
1 0040 9 0. 2 25.5% 1 1435 176 38 26.9 30.2 % 2 0430 343 8 5.5 26.6
1 0045 10 0. .3 25.6 * 1 1440 177 37 26.6 3001 % 2 0435 344 8 5.5 26.6
1 0050 11 0. .3 25.6 * 1 1445 178 37 26.4 30.1 % 2 0440 345 8 5.4 26.5
1 0055 12 0. 3 25.6 % 1 1450 179 37 26.1 30.1* 2 0445 346 8 5.4 26.5
1 0100 13 0. =3 25.6 % 1 1455 180 36 25.9 30.0 * 2 0450 347 7 5.3 26.5
1, 0105 14 0. .3 25.6 * 1 1500 181 36 25.6 30.0 * 2 0455 348 7 5.3 26.5
1 0110 15 0. 3 25.6 % 1 1505 182 36 25.4 29.9 * 2 0500 349 7 5.2 26.5
1 0115 16 1. .4 25.6 % 1 1510 183 35 25.1 29.9 ¥ 2 0505 350 7 5.2 26.5
1 0120 17 1. .4 25.6 * 1 1515 184 35. 24.9 29.9 % 2 0510 351 7 5.1 26.5
1 0125 18 1. <5 25.6 * 1 1520 185 34. 24.6 8% 2 0515 352 7 Sl 26.5
1 0130 19 1. .5 25.6 * 1 1525 186 34. 24.4 = 2 0520 353 7 5.0 26.5
1 0135 20 1. 7 25.6% 1 1530 187 34 24.2 2 0525 354 7 5.0 26.5
1 0140 21 1. .8 25.7* 1 1535 188 33 23.9 2 0530 355 7 4.9 26.4
3 0145 22 1. 1.0 25:7 & 1 1540 189 33 23.7 2 0535 356 7 4.9 26.4
1 0150 23 2. 1.2 25.7 % 1L 1545 190 33 23.5 . 2 0540 357 7 4.8 26.4
1 0155 24 2. 1.4 25.8 * 1 1550 191 32 23.3 S 2 0545 358 7 4.8 26.4
p 0200 25 2; 1.6 25.8 = 1 1555 192 32 23.0 6 ®. 2 0550 359 7 4.7 26.4
1 0205 26 2. 1.8 25.8 % 1 1600 193 31 22.8 . 2 0555 360 7 4.7 26.4
il 0210 27 3. 1.9 25.9 * L 1605 194 31 22.6 : 2 0600 361 7 4.6 26.4
1 0215 28 3. 2.1 25.9 * 1 1610 195 31 22.4 5E 2 0605 362 6 4.6 26.4
1 0220 29 3. 2.3 25.9% 1 1615 196 30 22.2 S 2 0610 363 6 4.5 26.4
1 0225 30 4. 2.6 26.0 * 1 1620 197 30 22.0 . 2 0615 364 6 4.5 26.4
1 0230 31 4. 2.9 26.1 % 1 1625 198 30 21.8 ‘ 2 0620 365 6 4.5 26.4
1 0235 32 5. 3.2 26.1 % 1 1630 199 29 21.6 s 2 0625 366 6 4.4 26.4
i 0240 33 5. 3.5 26.2 % 1 1635 200 29 21.4 . 2 0630 367 6 4.4 26.3
1 0245 34 6. 3.9 26.3 * 1 1640 201 29 21.2 v 2 0635 368 6 4.3 26.3
1 0250 35 6. 4.3 26.3 * 1 1645 202 28 21.0 . 2 0640 369 6 4.3 26.3
1 0255 36 7. 4.6 26.4 = 1 1650 203 28 20.8 o 2 0645 370 6 4.2 26.3
1 0300 37 7 5.0 26.5 * 1 1655 204 28 20.6 . 2 0650 371 6 4.2 26.3
1 0305 38 8. 5.4 26.5 * 1 1700 205 27 20.4 . 2 0655 372 6 4.2 26.3
1 0310 39 8. 5.9 26.6 * 1 1705 206 27 20.2 29.1.* 2 0700 373 6 4.1 26.3
1 0315 40 10. 6.7 26.8 * 1 1710 207 27 20.0 29.1* 2 0705 374 6 4.1 26.3
1 0320 41 11; 8.1 273 2 1715 208 27 19.8 29,1 % 2 0710 375 6 4.0 26.3
1 0325 42 14 10.4 o5 % q 1720 209 26 19.7 29.1 * 2 0715 376 6 4.0 26.3
1 0330 43 19 13.7 =1 1725 210 26 19.5 29.0 * 2 0720 377 6 4.0 26.3
1. 0335 44 24 18.2 =1 1730 211 26 19.3 29.0 * 2 0725 378 6 3.9 26.3
1 0340 45 32 23.3 6 % 1 1735 212 25 19.1 29.0 * 2 0730 379 5 3.9 26.2
1 0345 46 40 28.5 4% 1 1740 213 25 19.0 28.9 * 2 0735 380 5 3.8 26.2
1 0350 47 45 33.5 2% 1 1745 214 25 18.8 28.9 * 2 0740 381 5 3.8 26.2
3 0355 48 49 38.1 9 % 1750 215 25 18.6 28.9 * 2 0745 382 5 3.8 26.2
1 0400 49 53 42.1 5F 1 1755 216 25 18.4 28.9 * 2 0750 383 5 3.7 26.2
1 0405 50 56 45.6 L ¥ 4 1800 217 24 18.3 28.8 * 2 0755 384 5 3.7 26.2
1 0410 51 58 48.3 5o 1 1805 218 24 18.1 28.8 * 2 0800 385 5 3.7 26.2
3; 0415 52 60 50.5 B ® 1 1810 219 24. 17.9 28.8 * 2 0805 386 5 3.6 26.2
1 0420 53 61 52.3 Gd* 1 1815 220 24, 17.8 28.7 * 2 0810 387 5 3.6 26.2
1 0425 54 62 53.7 3% 1 1820 221 24 17.6 28.7 * 2 0815 388 5 3.6 26.2
1 0430 55 63 54.9 SE L 1825 222 23 17.5 28.7 * 2 0820 389 5. 3.5 26.2
1 0435 56 64 56.1 JF 1 1830 223 23 17.3 28.7 * 2 0825 390 5. 3.5 26.2
1 0440 57 65 57.2 v 1 1835 224 23 171 28.6 * 2 0830 391 S 3:5 26.2
i 0445 58 66 58.4 X 1 1840 225 23 17.0 28.6 * 2 0835 392 5 3.4 26.2
1 0450 59 67 59.5 2% 1 1845 226 23 16.8 28.6 * 2 0840 393 5 3.4 26.2
i 0455 60 68 60.7 401 1850 227 22 16.7 28.6 * 2 0845 394 5 3.4 26.1
1 0500 61 69 61.9 SE 1 1855 228 22 16.5 28.5 * 2 0850 395 5 3.3 26.1
1 0505 62 69 62.9 6% 1 1900 229 22. 16.4 28.5 * 2 0855 396 5 3.3 26.1
1 0510 63 70 63.7 2% 1 1905 230 22 16.2 28.5 % 2 0900 397 5 3.3 26.1
1 0515 64 70 64.4 81 1910 231 22 16.1 28.5 * 2 0905 398 5 3.2 26.1
1 0520 65 71 64.8 9= 1 1915 232 21 15.9 28.4 * 2 0910 399 5 3.2 26.1
1 0525 66 71 65.1 35.9 * 1 1920 233 21 15.8 28.4 % 2 0915 400 4 3.2 26.1
1 0530 67 71 65.3 35.9 * 1 1925 234 21 15.6 28.4 = 2 0920 401 4 3.3 26.1
1 0535 68 71 65.3 35.9 * 1 1930 235 21 15.5 28.4 * 2 0925 402 4 3.1 26.1
1 0540 69 71 65.2 35.9 * 1 1935 236 21 15.3 28.3 % 2 0930 403 4 3.1 26.1
1 0545 70 71 65.0 35.9*% 1 1940 237 20 15.2 28.3 * 2 0935 404 4 3.0 26.1
1 0550 71 71 64.8 35.9 * 1 1945 238 20 15.1 28.3 * 2 0940 405 4 3.0 26.1
1 0555 72 71 64.6 35.9% 1 1950 239 20 14.9 28.3 * 2 0945 406 4 3.0 26.1
1 0600 73 70 64.3 35.8 * 1 1955 240 20 14.8 28.2 * 2 0950 407 4 3.0 26.1
1 0605 74 70 64.0 35.8 % 1 2000 241 20 14.6 28,2, % 2 0955 408 4 2.9 26.1
1 0610 75 70 63.7 35.7 % 1 2005 242 20 14.5 28.2 * 2 1000 409 4 2.9 26.1
1 0615 76 70 63.4 35.7 * 1 2010 243 19 14.4 28.2 * 2 1005 410 4 2.9 26.1
1 0620 77 69 63.0 35.7 % 1 2015 244 19 14.2 28.1 % 2 1010 411 4 2.8 26.0
1 0625 78 69 62.6 35.6 * 1 2020 245 19 14.1 28.1 % 2 1015 412 4 2.8 26.0
1 0630 79 69 62.2 35.5 # 1 2025 246 19 14.0 28.1% 2 1020 413 4 2.8 26.0
1 0635 80 69 61.7 35.5 * 1 2030 247 19 13.8 28.1 % 2 1025 414 4 2.8 26.0
1 0640 81 68 61.3 35.4 % 1 2035 248 19 13.7 28.0 * 2 1030 415 4 2.7 26.0
1 0645 82 68 60.9 35.4 = 1 2040 249 18 13.6 28.0 * 2 1035 416 4 2.7 26.0
1 0650 83 68 60.4 35.3 * 1 2045 250 18 13.5 28.0 * 2 1040 417 4 2.7 26.0
1 0655 84 67 60.0 35.3 % 1 2050 251 18 13.3 28.0 * 2 1045 418 4 2.7 26.0
1 0700 85 67 59.5 35.2 % 1 2055 252 18. 13.2 28.0 * 2 1050 419 4 2.6 26.0
1 0705 86 67 59.0 35.1 % 1 2100 253 18. 13.1 22.9°% 2 1055 420 4 2.6 26.0
& 0710 87 66 58.6 35.1 % 1 2105 254 18 13.0 27.9 * 2 1100 421 4 2.6 26.0
1 0715 88 66 58.1 35.0 * 1 2110 255 18 12.8 27:9°% 2 1105 422 4 2.6 26.0
1 0720 89 66 57.7 34.9 * 1 2115 256 17 12.7 27.9 * 2 1110 423 4 2.5 26.0
1 0725 90 65 57.2 34.9 % 1 2120 257 17 12.6 20.9% 2 1115 424 4 2.5 26.0
1 0730 91 65 56.8 34.8 * 1 2125 258 17 12.5 27.8 * 2 1120 425 4 2.5 26.0
1 0735 92 65 56.3 34,7 = 1 2130 259 17 12.4 27.8 * 2 1125 426 3 2.5 26.0
1 0740 93 64 55.9 34.7 % 1 2135 260 17 12.2 27.8 % 2 1130 427 3 2.4 26.0
1 0745 94 64 55.5 34.6 * 1 2140 261 17 12.1 27.8 % 2 1135 428 3 2.4 26.0
1 0750 95 63 55.0 34.5 % 1 2145 262 16 12.0 27:8 & 2 1140 429 3 2.4 26.0
1 0755 96 63 54.6 34.5 % 1 2150 263 16 11.9 27.7 = 2 1145 430 3 2.4 26.0
1 0800 97 63 54.2 34.4 * 1 2155 264 16 11.8 27.7 & 2 1150 431 3 2.3 26.0
1 0805 98 62 53.7 34.3 % 1 2200 265 16 11.7 27.7 * 2 1155 432 3 2.3 25.9
1 0810 99 62 53.3 34.3 % 1 2205 266 16 11.6 A% 2 1200 433 3 2.3 25.9
1 0815 100 62 52.9 34.2 % 1 2210 267 16 11.5 B2 1205 434 3 2.3 25:9
1 0820 101 61 52.4 34.1 % 1 2215 268 16 11.4 2 1210 435 3 2.3 25.9
1 0825 102 61 52.0 34.1 % 1 2220 269 15 11.3 2 1215 436 3 2.2 25.9
1 0830 103 61 51.6 34.0 % 1 2225 270 15 11.1 2 1220 437 3 2.2 25.9
1 0835 104 60 51.2 33.9 % 1 2230 271 15 11.0 2 1225 438 3 2.2 25.9
1 0840 105 60 50.8 33.9* 1 2235 272 15 10.9 2 1230 439 3 2.2 25.9
1 0845 106 60 50.4 33.8 1 2240 273 15 10.8 2 1235 440 3 2.1 25.9
1 0850 107 59 50.0 33.8 % 1 2245 274 15 10.7 2 1240 441 3 2.1 25.9
1 0855 108 59 49.5 33.7 % 1 2250 275 15 10.6 2 1245 442 3 2.1 25.9
1 0900 109 59 49.1 33.6 * 1 2255 276 15 10.5 g 2 1250 443 3 2.1 25.9
Page



1 0905 110 58. 48
1 0910 111 58. 48
1 0915 112 58. 47
1 0920 113 57. 47
1 0925 114 57. 47
1 0930 115 57. 46
1 0935 116 56. 46
1. 0940 117 56. 46
1 0945 118 56. 45
X 0950 119 55 45
1 0955 120 55. 44
1 1000 121 55 44
1 1005 122 54. 44
1: 1010 123 54. 43
1 1015 124 54. 43
1 1020 125 53. 43
1 1025 126 53, 42
i 1030 127 53. 42
1 1035 128 52. 41,
L 1040 129 52. 41
1 1045 130 52. 41
1 1050 131 52 40
1 1055 132 51. 40
1 1100 133 51. 40
1 1105 134 51. 39
L 1110 135 50. 39
1 1115 136 50. 39
1 1120 137 50. 38
1 1125 138 50. 38
1 1130 139 49. 38
1 1135 140 49, 37
1 1140 141 49. 37
1 1145 142 48. 37
1 1150 143 48. 36
1 1155 144 48. 36
1 1200 145 48. 36
1 1205 146 47. 35
1 1210 147 47. 35
S 1215 148 47. 35
1 1220 149 46. 34
1 1225 150 46. 34
1 1230 151 46. 34
1 1235 152 46. 33
1 1240 153 45. 33
i1 1245 154 45. 33
2l 1250 155 45. 32
1 1255 156 45. 32
1 1300 157 44. 32
1 1305 158 44, 31
1 1310 159 44. 31
1 1315 160 43, 31
1 1320 161 43. 31
1 1325 162 43. 30
1 1330 163 42. 30
1 1335 164 42. 30
1 1340 165 41, 29
1 1345 166 41. 29
1 1350 167 41. 29

PEAK FLOW
+ (cFs)
+ 71.

PEAK STORAGE

+ (AC-FT)
65.

PEAK STAGE

+ (FEET)
35.95

OPERATION

HYDROGRAPH AT

+

HYDROGRAPH AT

+

2 COMBINED AT

+

HYDROGRAPH AT

+

HYDROGRAPH AT

+

3 COMBINED AT

+

"

HYDROGRAPH AT

HYDROGRAPH AT

+

+

+

¥

HYDROGRAPH AT

HYDROGRAPH AT

5 COMBINED AT

ROUTED TO

TIME
(HR)
5.58
TIME

(HR)
5.58

PEAK FLOW AND STAGE (END-OF-PERIOD) SUM:
FLOWS IN CUBIC FEET PER SECOND,
TIME TO PEAK IN HOURS

STATION

OFF1

OFF7

cp2

OFF2

OFF3

OFF4

OFF5

OFF6

ON1

DBl

(cFs)

(INCHES)
(AC-FT)

CUMULATLV

AREA
41
.03
.44
.04
.03
.50
.06
.26
.04
.03

.88

NOOBRENOVWN
w
]

BN NOWNONNONNERENFANDENOENOAENHARHNRNNOWAD &N
w
b=

6-HR
34.64
E AREA =

PLAN

NNEROVOORHNWW &N

PO N NRROOOORHNNNWWARNNONNGBROOOOHHNNWWE SN

G o W % o

P

%

W on o

o

oo B w o

oo oW

PR

P

i 2300 277 14,
1 2305 278 14.
1 2310 279 14.
1 2315 280 14.
1 2320 281 14.
1 2325 282 14.
1 2330 283 14.
1 2335 284 14.
1 2340 285 13.
1 2345 286 13.
1 2350 287 13.
1 2355 288 13
2 0000 289 13.
2 0005 290 13.
2 0010 291 13.
2 0015 292 13.
2 0020 293 12,
2 0025 294 12.
2 0030 295 12.
2. 0035 296 12.
2 0040 297 12,
2 0045 298 12.
2 0050 299 12,
2 0055 300 12.
2 0100 301 12,
2 0105 302 12,
2 0110 303 11.
2 0115 304 11.
2 0120 305 11
2 0125 306 11.
2 0130 307 11
2 0135 308 11.
2 0140 309 11.
2 0145 310 11,
2 0150 311 11.
2 0155 312 11,
2 0200 313 10.
2 0205 314 10.
2 0210 315 10.
2 0215 316 10.
2 0220 317 10.
2 0225 318 10.
2 0230 319 10
2 0235 320 10
2 0240 321 10
2 0245 322 10
2 0250 323

2 0255 324

2 0300 325

2 0305 326

2 0310 327

2 0315 328

2 0320 329

2 0325 330

2 0330 331

2 0335 332

2 0340 333

2 0345 334

"
"
=

MAXIMUM AVERAGE FLOW
24-HR 72-HR

36.
1.531
72.

23.
1.655
77.

MAXIMUM AVERAGE STORAGE
24-HR 72-HR

29.

18.

MAXIMUM AVERAGE STAGE
24-HR 72-HR

FLOW
TIME

FLow
TIME

FLOwW
TIME

FLOW
TIME

FLOW
TIME

FLOW
TIME

FLOW
TIME

FLOW
TIME

FLOW
TIME

FLOW
TIME

FLOW
TIME

30.43
.88 sQ MI

RATIOS APPLIED TO PRECIPITATION

RATIO 1
1.00

403.
3.75

432.
3.75

48.
3.58

38.
3.58

485.
3.75

84.
3.58

236.
3.83

59.
3.58

47.
3.58

817.
3.75

28.57

RATIO 2
.98

391.
3.75

54.
3.50

420.
3.75

47.
3.58

471.
3.75

82.
3.58

229.
3.83

57
3.58

46.
3.58

794.
3.75

BVWLVOLVVWVVLWLWVVY

LLVLLOLVVLVLLVLYYY
OORNWANONGIOWL O NW S,

PPN NNNNANAAAN NN NNNNNNNNNNN NN 0000909000 00090000
L NWW A RO ONRPOOORNNWERENONNROOHHNWEENANED

41.58-HR

23.
1.655
77.

41.58-HR
18.

41.58-HR
28.57
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+ RDBL .88 i E FLOW 73. 74
TIME 5.58 5.58
%% PEAK STAGES IN FEET **
1  STAGE 36.22 35.95
TIME 5.58 5.58

NORMAL END OF HEC-1 *%*

ULTL1.0UT
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FLOOD HYDROGRAPH PACKAGE (HEC-1)
UN 1998

B}
VERSION 4.1

RUN DATE 29AUG14 TIME 12:16:29

THIS PROGRAM REPLACES ALL

THE DEFINITIONS OF VARIABL
THE DEFINITION OF -AMSKK-

PMF.OUT

U.S. ARMY CORPS OF ENGINEERS
HYDROLOGIC ENGINEERING CENTER
609 SECOND STREET
DAVIS, CALIFORNIA 95616

E
*

(916) 756-1104

X X OOKXXXX HOXXX X
X X X X X XX
X X X X X
XXKXXXX  XXXX X XXXXX X
X X X X X
X X X X X X
X X OXXXXXXX XXXXX XXX

PREVIOUS VERSIONS OF HEC-1 KNOWN AS HECL (JAN 73), HEC1GS, HEC1DB, AND HECIKW.

ES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION

NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,

DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL

LOSS RATE:GREEN AND AMPT INFILTRATION

KINEMATIC WAVE:

NEW FINITE DIFFERENCE ALGORITHM

¥ HEC-1 INPUT PAGE 1
LINE 2 i RPN oonctiniis Zi vwieEs R &5 pasas Sla wiarese { Zisia sormnsie Biv wowi wial L FO— 10
*DIAGRAM
1 D SLATER HANIFAN GROUP
2 1D NINETY-FIVE MANAGEMENT, LLC.
3 1D SKYE CANYON - DETENTION BASINS
4 iD TECHNICAL DRAINAGE STUDY
5 i) PMF DRAINAGE CONDITION
6 IDn
7 D RETURN PERIOD -~ 100-YEAR
8 1D DISTRIBUTION 6-HOUR SDN3
9 iD PROJECT NO. 0LY1401.004
10 1D FILENAME -
11 ID DATE ---
12 D IMODELED BY
13 iD
14 D SIX HOUR DEPTH-AREA REDUCTION FACTORS
15 1D DRAINAGE AREA (MIA2) RATIO
16 D 0.0-0.49 1.00
17 ip 0.5-0.99 0.98
18 iD
19 iT 5 0 0 500
20 10 5 0 0
21 IN 5 0 0
22 IR PREC 1.00 0.98
23 KK OFF1
24 KM EXISTING OFFSITE DRAINAGE BASIN
25 KM  DISCHARGES INTO DETENTION BASIN "DB1"
26 PB 4.1
27 PC 0 0.020 0.057 0.070 0.087 0.108 0.124 0.130 0.130 0.130
28 pCc  0.130 0.130 0.130 0:133 0.140 0.142 0.148 0.158 0.172 0.181
29 pC  0.190 0.197 0.199 0.200 0.201 0.204 0.214 0.229 0.241  0.249
30 PC 0.251  0.256 0.270 0.278 0.281 0.283 0.295 0.322 0.352 0.409
31 PC 0.499 0.590 0.710 0.744 0.781 0.812 0.819 0.835 0.851 0.856
32 PE 0.860 0.868 0.876 0.888 0.910 0.926 0.937 0.950 0.970 0.976
33 pPC 0.982 0.985 0.987 0.989 0.990 0.993 0.993 0.994 0.995 0.998
34 pCc  0.998 0.999 1.
35 BA .4073
36 LS 0 86.4
37 up 0.356
38 KK OFF7
39 KM  FUTURE DEVELOPED OFFSITE DRAINAGE BASIN
40 KM  DISCHARGES INTO DETENTION BASIN "DB1"
41 BA 81
42 LS 0 96.0
43 uo 0.118
1 HEC-1 INPUT PAGE 2
LINE IDieeesss T sa waes Leaas aw's 3 s wraa Bize i vwd Sisis v ot [N (R 8ot L AR 10
44 KK cP2
45 KM  COMBINE OFFl, OFF7
46 HC 2
47 KK OFF2
48 KM  EXISTING OFFSITE DRAINAGE BASIN
49 KM  DISCHARGES INTO DETENTION BASIN "DB1"
50 BA 355
51 LS 0 85.0
52 up 0.148
53 KK
54 KM EXISTING OFFSITE DRAINAGE BASIN
55 KM  DISCHARGES INTO DETENTION BASIN "DBL"
56 BA .0259
57 LS 0 86.2
58 uo 0.112
59 KK cpl
60 KM COMBINE CP2, OFF2, AND OFF3
61 HC 3
62 KK
63 KM  EXISTING OFFSITE DRAINAGE BASIN
64 KM  DISCHARGES INTO DETENTION BASIN "DBL"
65 BA  .0581
66 LS 0 86.2
67 uo 0.136
68 KK OFF5
69 KM  EXISTING OFFSITE DRAINAGE BASIN
70 KM  DISCHARGES INTO DETENTION BASIN "DBL"
71 BA 9.
72 LS 0 86.5
73 uo 0.419
74 KK OFF6
75 KM EXISTING OFFSITE DRAINAGE BASIN
76 KM  DISCHARGES INTO DETENTION BASIN "DB1"
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PMF.OUT

77 BA  .0399
78 LS 0 86.2
79 up  0.121
HEC-1 INPUT PAGE 3
LINE
80 KK ON1
81 KM  PROPOSED ONSITE DRAINAGE BASIN
82 BA  .0261
83 15, 0 92.8
84 up 0.116
85 KK
86 KM  COMBINE CPl, OFF4, OFF5, OFF6 AND ON1
87 Ko 1
88 HC 5
89 KK RDB1
90 KM  OUTLET = 30" ORIFICE @ INVERT ELEVATION = 3025.5-FT
91 KO 1
92 RS 1 VoL -1
93 sV 0 7.78  13.43 19.26 58.03 96.21 132.22
94 SE 25:5 27 28 29 5 40 44
95 sqQ 0 25.59 36.20 44.33 76.78 341.94 1444.86 3013.84 4936.17
96 SE 25.5 29 30 31 37 38 40 42 44
97 2z
SCHEMATIC DIAGRAM OF STREAM NETWORK
INPUT
LINE (V) ROUTING (--->) DIVERSION OR PUMP FLOW
NO. (.) CONNECTOR (<---) RETURN OF DIVERTED OR PUMPED FLOW
23 OFF1
38 OFF7
44 (o R ;
47 OFF2
53 OFF3
59 L.« i 5 SO & :
62 OFF4
68 OFFS
74 ; OFF6
80 . ONL
85 DBL e et et A B e ;
v
v
89 RDBL
%) RUNOFF ALSO COMPUTED AT THIS LOCATION
A AR A A EAAAAEAAESASAARARARASL £#
% FLOOD HYDROGRAPH PACKAGE (HEC-1) ¥ % U.S. ARMY CORPS OF ENGINEERS
JUN 1998 * # HYDROLOGIC ENGINEERING CENTER
VERSION 4.1 * # 609 SECOND STREET
* * DAVIS, CALIFORNIA 95616
RUN DATE 29AUG14 TIME 12:16:29 * * (916) 756-1104
AEEERAREERE AAAAESRAAAASERREARELR AR AAAAAARSEAAELASAREELRLR
SLATER HANIFAN GROUP
NINETY-FIVE MANAGEMENT, LLC.
SKYE CANYON - DETENTION BASINS
TECHNICAL DRAINAGE STUDY
PMF DRAINAGE CONDITION
RETURN PERIOD - 100-YEAR
DISTRIBUTION 6-HOUR SDN3
PROJECT NO. - 0LY1401.004
FILENAME - 1

20 10

iT

DATE --- 08/22/14
MODELED BY M

SIX HOUR DEPTH-AREA REDUCTION FACTORS
DRAINAGE AREA (MIA2) RATIO
0.0-0.49

0.5-0.99 0.98

OUTPUT CONTROL VARTIABLES
IPRI 5 PRINT 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
N 500 NUMBER OF HYDROGRAPH ORDINATES
NDDATE 2 0 ENDING DATE
NDTIME 1735 ENDING TIME
ICENT 19 CENTURY MARK
COMPUTATION INTERVAL .08 HOURS

TOTAL TIME BASE 41.58 HOURS

ENGLISH UNITS

P

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

MULTI-PLAN OPTION
NPLAN 1 NUMBER OF PLANS
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PMF.OUT

JR MULTI-RATIO OPTION
RATIOS OF PRECIPITATION
1.0 .98

85 KK
87 Ko OUTPUT CONTROL VARIABLES -
1 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE
88 HC HYDROGRAPH COMBINATION
Icon 5 NUMBER OF HYDROGRAPHS TO COMBINE

HYDROGRAPH AT STATION DBl
SUM OF 5 HYDROGRAPHS
PLAN 1, RATIO = 1.00

DA MON HRMN ORD FLOW DA MON HRMN ORD FLOW FLOW DA MON HRMN ORD FLOW
1 0000 1 0. X 1 1025 126 0 1 2050 251 0. 2 0715 376 0.
1 0005 2 4. 54 1 1030 127 1 2055 252 0. 2 0720 377 0.
1 0010 3 67. = L 1035 128 0 1 2100 253 0. * 2 0725 378 0.
1 0015 4 172. 1 1040 129 0 1 2105 254 0. & 2 0730 379 0.
1 0020 5 264. * 1 1045 130 0 2 1 2110 255 0. : 2 0735 380 0.
1 0025 6 394. & 1 1050 131 0 = 1 2115 256 0. ¥ 2 0740 381 0.
1 0030 7 542. * 1 1055 132 0 3 1L 2120 257 0. = 2 0745 382 0.
1 0035 8 628. % 1 1100 133 0 * 1 2125 258 0. & 2 0750 383 0.
1 0040 9 624. 1 1105 134 0 ¥ 1 2130 259 0. = 2 0755 384 0.
1 0045 10 565. i 1110 135 0 T 1 2135 260 0. & 2 0800 385 0.
1 0050 11 488. 1 1115 136 0 * 1 2140 261 0. B 2 0805 386 0.
1 0055 12 400. 1 1120 137 0 ¥ 1. 2145 262 0. ® 2 0810 387 0.
1 0100 13 308. 1 1125 138 0 ® 1 2150 263 0. = 2 0815 388 0.
1 0105 14 239. 1 1130 139 0 5 1 2155 264 0. * 2 0820 389 0.
1. 0110 15 220. 1 1135 140 0 * 1 2200 265 0. # 2 0825 390 0.
1 0115 16 221, 1 1140 141 0 * 1 2205 266 0. = 2 0830 391 0.
1 0120 17 227. 1 1145 142 0 = 1 2210 267 0. € 2 0835 392 0.
1 0125 18 276. 1 1150 143 0 & 1 2215 268 0. = 2 0840 393 0.
1 0130 19 371. 1 1155 144 0 L 2220 269 0. & 2 0845 394 0.
1 0135 20 467. 1 1200 145 0 1 2225 270 0. o 2 0850 395 0.
1 0140 21 533. ® 1 1205 146 0 & 2230 271 0. 2 0855 396 0.
1 0145 22 579. X 1 1210 147 0 1 2235 272 0. # 2 0900 397 0.
1 0150 23 583. 1 1215 148 0 1 2240 273 0. * 2 0905 398 0.
1 0155 24 539. & 1 1220 149 0 1 2245 274 0. = 2 0910 399 0.
1 0200 25 473. * 1 1225 150 0 1 2250 275 0. * 2 0915 400 0.
1 0205 26 410. 4 1 1230 151 0 1 2255 276 0. * 2 0920 401 0.
1 0210 27 393. ud 1 1235 152 0 1 2300 277 0. hid 2 0925 402 0.
1. 0215 28 450. I 1 1240 153 0 1 2305 278 0. 2 0930 403 0.
il 0220 29 540. % 1 1245 154 0 1 2310 279 0. 2 0935 404 0.
1 0225 30 607. = 1 1250 155 0 1 2315 280 0. 2 0940 405 0.
1 0230 31 623. # 1 1255 156 0 3 2320 281 0. 2 0945 406 0.
vl 0235 32 608. * 1 1300 157 0 1 2325 282 0. 2 0950 407 0
1 0240 33 637. 4 1 1305 158 0 1 2330 283 0. 2 0955 408 0.
i 0245 34 682. % 1 1310 159 0 i 2335 284 0. T 2 1000 409 0.
1 0250 35 664. b 1 1315 160 0 1 2340 285 0. 2 1005 410 0.
b} 0255 36 604. = 8 1320 161 0 1 2345 286 0. 2 1010 411 0.
1 0300 37 589. * 1 1325 162 0 b 1 2350 287 0. 2 1015 412 0.
1 0305 38 713. & 1 1330 163 0 = 1 2355 288 0. 2 1020 413 0.
1 0310 39 956. = 1 1335 164 0 % 2 0000 289 0. 2 1025 414 0.
1 0315 40 1362. = & 1340 165 0 * 2 0005 290 0. 2 1030 415 0.
1 0320 41 2114. 2 1 1345 166 0 ® 2 0010 291 0. 2 1035 416 0.
1 0325 42 3110. x i 1350 167 0 £ 2 0015 292 0. 2 1040 417 0.
1 0330 43 4258. * 1 1355 168 0 # 2 0020 293 0. 2 1045 418 0.
1 0335 44 5096. # 1 1400 169 0 ¥ 2 0025 294 0. * 2 1050 419 0.
1 0340 45 5296. & X 1405 170 0 * 2 0030 295 0. # 2 1055 420 0.
1 0345 46 5265. * 1 1410 171 0 ¥ 2 0035 296 0. * 2 1100 421 0.
1 0350 47 4944. ¥ 1 1415 172 0 * 2 0040 297 0. ® 2 1105 422 0.
1 0355 48 4362. # 1 1420 173 0 & 2 0045 298 0. * 2 1110 423 0.
1 0400 49 3771. 1 1425 174 0 jid 2 0050 299 0. = 2 1115 424 0.
1 0405 50 3160. 1 1430 175 0 # 2 0055 300 0. # 2 1120 425 0.
1. 0410 51 2566. 1 1435 176 0 £ 2 0100 301 0. #* 2 1125 426 0.
i 0415 52 2087. 1 1440 177 0 »: 2 0105 302 0. iid 2 1130 427 0.
1 0420 53 1731. 1 1445 178 0 & 2 0110 303 0. * 2 1135 428 0.
1 0425 54 1485. 1 1450 179 0 * 2 0115 304 0. S 2 1140 429 0.
g5 0430 55 1381. = 1 1455 180 0 2 0120 305 0. 2 1145 430 0.
1 0435 56 1372. 1 1500 181 0 * 2 0125 306 0. 2 1150 431 0.
1 0440 57 1350. 1L 1505 182 0 % 2 0130 307 0. 2 1155 432 0.
1 0445 58 1325. 1 1510 183 0 * 2 0135 308 0. ® 2 1200 433 0
1 0450 59 1357. 1 1515 184 0 . 2 0140 309 0. ® 2 1205 434 0.
1 0455 60 1363. 1 1520 185 0 g 2 0145 310 0. * v 1210 435 0.
1 0500 61 1272. 1 1525 186 0 2 0150 311 0. * 2 1215 436 0.
2 0505 62 1145. 1 1530 187 0 o 2 0155 312 0. "l 2 1220 437 0.
1 0510 63 997. 1 1535 188 0 * 2 0200 313 0. s 2 1225 438 0.
E 0515 64 844. i 1540 189 0 ok 2 0205 314 0. # 2 1230 439 0.
1 0520 65 696. 1 1545 190 0 * 2 0210 315 0. x 2 1235 440 0.
1 0525 66 566. = 1 1550 191 0 i 2 0215 316 0. * 2 1240 441 0.
1. 0530 67 459. = 1 1555 192 0 = 2 0220 317 0. 2 2 1245 442 0.
4 0535 68 364. % 31 1600 193 0 * 2 0225 318 0. * 2 1250 443 0.
1 0540 69 293. * 1 1605 194 0 # 2 0230 319 0. i 2 1255 444 0.
1 0545 70 252. £ 1 1610 195 0 ¥ 2 0235 320 0. £ 2 1300 445 0.
1 0550 71 221. # 1 1615 196 0 i 2 0240 321 0. ® 2 1305 446 0.
1 0555 72 186. & 1 1620 197 0 * 2 0245 322 0. 2 2 1310 447 0.
1 0600 73 162. * 1 1625 198 0 % 2 0250 323 0. * 2 1315 448 0.
1 0605 74 141, A 1 1630 199 0 * 2 0255 324 0. ¥ 2 1320 449 0.
o i 0610 75 116. * 1 1635 200 0 # 2 0300 325 0. * 2 1325 450 0.
1 0615 76 93. # 1 1640 201 0 = 2 0305 326 0. ¥ 2 1330 451 0.
1 0620 77 72. ® 1 1645 202 0 b 2 0310 327 0. ¥ 2 1335 452 0.
1 0625 78 54. = 1 1650 203 0 # 2 0315 328 0. * 2 1340 453 0.
il 0630 79 40. v 1 1655 204 0 # 2. 0320 329 0. 4 2 1345 454 0.
1 0635 80 29. * 1 1700 205 0 * 2 0325 330 0. = 2 1350 455 0.
1 0640 81 20. ‘"“ 1 1705 206 0 * 2 0330 331 0. # 2 1355 456 0.
1 0645 82 14. 1 1710 207 0 & 2 0335 332 0. * 2 1400 457 0.
1 0650 83 10. ¥ 1 1715 208 0 = 2 0340 333 0. i 2 1405 458 0.
1 0655 84 7. i 1 1720 209 0 i 2 0345 334 0. & 2 1410 459 0.
1 0700 85 5. & b & 1725 210 0 # 2 0350 335 0. 2 1415 460 0.
1 0705 86 4. * 1 1730 211 0 * 2 0355 336 0. ¥ 2 1420 461 0.
1 0710 87 3. = i 1735 212 0 ¥ 2 0400 337 0. * 2 1425 462 0.
1 0715 88 2. 5 1 1740 213 0 = 2 0405 338 0. & 2 1430 463 0.
1 0720 89 1. * 1 1745 214 0 # 2 0410 339 0. = 2 1435 464 0.
1 0725 90 1. ¥ 1 1750 215 0 * 2 0415 340 0. # 2 1440 465 0.
1 0730 91 1. * L 1755 216 0 I 2 0420 341 0. i 2 1445 466 0.
1 0735 92 0. * i} 1800 217 0 ] 2 0425 342 0. ® 2 1450 467 0.
1 0740 93 0. & 1 1805 218 0 & 2 0430 343 0. x 2 1455 468 0.
1. 0745 94 0. * 1 1810 219 0 i 2 0435 344 0. * 2 1500 469 0.
1 0750 95 0. s 1 1815 220 0 * 2 0440 345 0. * 2 1505 470 0.
1 0755 96 0. * 1 1820 221 0 ¥ 2 0445 346 0. * 2 1510 471 0.
1 0800 97 0; = 1 1825 222 0 # 2 0450 347 0. ¥ 2 1515 472 0.
1 0805 98 0. * 1 1830 223 0 # 2 0455 348 0. # 2 1520 473 0.
1 0810 99 0. ¥ 1 1835 224 0 ¥ 2 0500 349 0. i 2 1525 474 0.
1 0815 100 0. 3 1 1840 225 0 & 2 0505 350 0. b 2 1530 475 0.
1 0820 101 0. R 1 1845 226 0 = 2 0510 351 0. 2 2 1535 476 0.
1 0825 102 0. ¥ 1 1850 227 0 ® 2 0515 352 0. ¥ 2 1540 477 0.



PMF.OUT
05

1 0830 103 0. 1 1855 228 0 2 20 353 0 . 2 1545 478 0
E 0835 104 0. 1 1900 229 0 2 0525 354 0 ¥ 2 1550 479 0
1 0840 105 0. 1 1905 230 0 2 0530 355 0 2 1555 480 0
1 0845 106 0. 1 1910 231 0 2 0535 356 0 2 1600 481 0
1 0850 107 0. 1 1915 232 0 & 2 0540 357 0 2 1605 482 0
1 0855 108 0. 1 1920 233 0 = 2 0545 358 0 2 1610 483 0
1 0900 109 0. p 1L 1925 234 0 ¥ 2 0550 359 0 2 1615 484 0
1 0905 110 0. ! 1930 235 0 * 2 0555 360 0 2 1620 485 0
1 0910 111 0. & 1 1935 236 0 * 2 0600 361 0 2 1625 486 0
1 0915 112 0. " i ! 1940 237 0 ¥ 2 0605 362 0 2 1630 487 0
1 0920 113 0. 3 1 1945 238 0 # 2 0610 363 0 2 1635 488 0
1 0925 114 0. * 1 1950 239 0 * 2 0615 364 0 2 1640 489 0
1 0930 115 0. % 1 1955 240 0 = 2 0620 365 0 2 1645 490 0
1 0935 116 0. = 1 2000 241 0 = 2 0625 366 0 2 1650 491 0
1 0940 117 0. * 1 2005 242 0 2 0630 367 0 2 1655 492 0
1 0945 118 0. % 1 2010 243 0 ¥ 2 0635 368 0 b 2 1700 493 0
b & 0950 119 0. * 1 2015 244 0 & 2 0640 369 0 ] 2 1705 494 0
1 0955 120 0. A 1 2020 245 0 * 2 0645 370 0 2 1710 495 0
1 1000 121 0. 1 2025 246 0 & 2 0650 371 0 ¥ 2 1715 496 0
il 1005 122 0. 1 2030 247 0 = 2 0655 372 0 2 1720 497 0
1 1010 123 0. 1 2035 248 0 & 2 0700 373 0 i 2 1725 498 0
1 1015 124 0. 1 2040 249 0 = 2 0705 374 0 2 1730 499 0
1 1020 125 [y 1 2045 250 0 2 2 0710 375 0 2 1735 500 0

#

PEAK FLOW TIME MAXIMUM AVERAGE_FLOW
6-HR 24-HR 72-HR 41.58-HR
+ (CFs) (HR)
(CFs)
2 5296. 3.67 1167. 293. 169. 169.
(INCHES) 12.363 12.429 12.429 12.429
(AC-FT) 579. 582. 582. 582.
CUMULATIVE AREA = .88 sQ MI

HYDROGRAPH AT STATION DB1
SUM OF 5 HYDROGRAPHS
PLAN 1, RATIO = .98

DA MON HRMN ORD FLOW i DA MON HRMN ORD FLowW j DA MON HRMN ORD FLOW
1 0000 1 0. ¥ 1 1025 126 0. 1 2050 251 0. * 2 0715 376 0.
1 0005 2 3. * 1 1030 127 0. 1 2055 252 0. ¥ 2 0720 377 0.
1 0010 3 64. ¥ 1 1035 128 9, 1 2100 253 0. # 2 0725 378 0.
1. 0015 4 165. * 1 1040 129 0. il 1 2105 254 0. & 2 0730 379 0.
1 0020 5 253. ¥ 1 1045 130 0. * 1 2110 255 0. # 2 0735 380 0.
i 0025 6 379. * 1 1050 131 0. é 1 2115 256 0. * 2 0740 381 0.
1 0030 7 522. & 1 1055 132 0. = i 2120 257 0. % 2 0745 382 Q..
il 0035 8 606. ¥ 1 1100 133 0. ® 1 2125 258 0. = 2 0750 383 0.
1 0040 9 602. * 1 1105 134 0. = 1 2130 259 0. b 2 0755 384 0.
1 0045 10 546. X 1 1110 135 0. & 1 2135 260 0. * 2 0800 385 0.
1 0050 11 472. 7 1 1115 136 0. * 1 2140 261 1003 & 2 0805 386 0.
1 0055 12 387. # 1 1120 137 0. * L 2145 262 0. # 2 0810 387 0.
1 0100 13 298. “ i 1125 138 0. ® 1 2150 263 0. * 2 0815 388 0.
1 0105 14 231. 1 1130 139 0. = 1 2155 264 0. ¥ 2 0820 389 0.
T 0110 15 213, = 1 1135 140 0. & 1 2200 265 0. = 2 0825 390 0.
1 0115 16 215. 1 1140 141 0. * 1 2205 266 0. i 2 0830 391 0.
1 0120 17 221. 1 1145 142 0. & 1 2210 267 0. * 2 0835 392 0.
1 0125 18 268. 1 1150 143 0. 1 2215 268 0. ¥ 2 0840 393 0.
1 0130 19 361. 1 1155 144 0. ® 1 2220 269 0. ¥ 2 0845 394 0.
1 0135 20 455. 1 1200 145 0. # 1 2225 270 0. & 2 0850 395 0.
1 0140 21 519. 1 1205 146 0. = 1 2230 271 0. & 2 0855 396 0.
1 0145 22 564. 1 1210 147 0. = 51 2235 272 0. * 2 0900 397 0.
1 0150 23 568. 1 1215 148 0. * 1 2240 273 0. * 2 0905 398 0.
1 0155 24 525. 1 1220 149 0. £ 1 2245 274 0. * 2 0910 399 0.
1 0200 25 461. 4 1225 150 0. % 1 2250 275 0. ¥ 2 0915 400 0.
1 0205 26 400. 1 1230 151 0. * 1 2255 276 0. = 2 0920 401 0.
1 0210 27 383. 1 1235 152 0. 1 2300 277 0. = 2 0925 402 0.
1 0215 28 439. 1 1240 153 0. = 1 2305 278 0. s 2 0930 403 0.
1 0220 29 527. 1 1245 154 0. & 1 2310 279 0. ® 2 0935 404 0.
1 0225 30 593. 1 1250 155 0. = 1 2315 280 0. 2 0940 405 Q.
1 0230 31 608. 1 1255 156 0. ® 1 2320 281 0. * 2 0945 406 0.
1 0235 32 593. il 1300 157 0. ¥ 1 2325 282 0. = 2 0950 407 0.
1 0240 33 622. i 1305 158 0. ¥ 1 2330 283 0. = 2 0955 408 0.
1 0245 34 666. i 1310 159 0. % 1 2335 284 0. * 2 1000 409 0.
N 0250 35 648. 1 1315 160 0. ® 1 2340 285 0. 2 1005 410 0.
1 0255 36 590. 1 1320 161 0. & I 2345 286 0. P 1010 411 0.
1 0300 37 576. 1 1325 162 0. * 1 2350 287 0. 2 1015 412 0.
1 0305 38 697. 1 1330 163 0. * 1 2355 288 0. 2 1020 413 0.
1 0310 39 34. 1 1335 164 0. = 2 0000 289 0. 2 1025 414 0.
1 0315 40 1332. 1 1340 165 0. : 2 0005 290 0. 2 1030 415 03
1 0320 41 2067. 1 1345 166 0. vz 2 0010 291 0. = 2 1035 416 0.
1 0325 42 3042. 1 1350 167 0. = 2 0015 292 0. = 2 1040 417 0.
EE 0330 43 4167. 1 1355 168 0. # 2 0020 293 0. B 2 1045 418 0.
1 0335 44 4987. 1 1400 169 0. = 2 0025 294 0. * 2 1050 419 0.
il 0340 45 5184. 1. 1405 170 0. i 2 0030 295 0. i 2 1055 420 0.
L 0345 46 5153. an 1410 171 0. * 2 0035 296 0. & 2 1100 421 0.
it 0350 47 4840. 1 1415 172 0. & 2 0040 297 0. # 2 1105 422 0.
1 0355 48 4271. 1 1420 173 0. * 2 0045 298 0. # 2 1110 423 0.
i 0400 49 3692. & 1 1425 174 0. # 2 0050 299 0. = 2 1115 424 0.
1 0405 50 3094. ¢ 1 1430 175 0. e 2 0055 300 0. = 2 1120 425 0.
1 0410 51 2512. ® . 1435 176 0. % 2 0100 301 0. # 2 1125 426 0.
1 0415 52 2044. = 1 1440 177 0. * 2 0105 302 0. 2 2 1130 427 0.
1 0420 53 1695. ® 1 1445 178 0. * 2 0110 303 0. 2 2 1135 428 0.
1 0425 54 1454, = 1 1450 179 0. % 2 0115 304 0. * 2 1140 429 0.
1 0430 55 1352. % he 1455 180 0. * 2 0120 305 0. ¥ 2 1145 430 0.
1 0435 56 1343. = 1 1500 181 0. ® 2 0125 306 0. ® 2 1150 431 0.
1 0440 57 1322, = 1 1505 182 0. * 2 0130 307 0. ¥ 2 1155 432 0.
1 0445 58 1298. % 1 1510 183 Qs = 2 0135 308 0. = 2 1200 433 0.
1 0450 59 1329. * 1 1515 184 05 % 2 0140 309 0. # 2 1205 434 0.
1 0455 60 1335. * 1 1520 185 0. e 2 0145 310 0. = 2 1210 435 0.
1 0500 61 1246. * 1 1525 186 0. ¥ 2 0150 311 0. * 2 1215 436 0.
1 0505 62 1122. % 1 1530 187 0. . 2 0155 312 0. ¥ 2 1220 437 0.
1 0510 63 976. = i i 1535 188 0. I 2 0200 313 0. # 2 1225 438 0.
1. 0515 64 827. ¥ 1 1540 189 0. * 2 0205 314 0. & 2 1230 439 0.
1 0520 65 682. * 1 1545 190 0. ¥ Z 0210 315 0. * 2 1235 440 0.
uE 0525 66 554. A 1 1550 191 0. * 2 0215 316 0. = 2 1240 441 0.
1 0530 67 450. b 1 1555 192 0. ¥ 2 0220 317 0. * 2 1245 442 0.
1 0535 68 357. % 1 1600 193 0. ¥ 2 0225 318 0. ® 2 1250 443 0.
1. 0540 69 287. % 1 1605 194 0. = 2 0230 319 0. * 2 1255 444 0.
1 0545 70 247. = nll 1610 195 0. ¥ 2 0235 320 0. ® 2 1300 445 0.
1. 0550 71 216. i 2N 1615 196 0. # 2 0240 321 0. # 2 1305 446 0.
1 0555 72 182. * 1 1620 197 0. ¥ 2 0245 322 0. * 2 1310 447 0.
d- 0600 73 159. ® 1 1625 198 0. = 2 0250 323 0. ® 2 1315 448 0.
1 0605 74 138. 2 1 1630 199 0. ¥ 2 0255 324 0. = 2 1320 449 0.
1 0610 75 113. x 1 1635 200 0. * 2 0300 325 0. = 2 1325 450 0.
1 0615 76 91, # 1 1640 201 0. & 2 0305 326 0. ik 2 1330 451 0.
1 0620 77 70. * 1 1645 202 0. E 2 0310 327 0. ¥ 2 1335 452 0.
1 0625 78 53. ¥ 1 1650 203 0. = 2 0315 328 0. = 2 1340 453 0.
1 0630 79 39. * 1 1655 204 0. & 2 0320 329 0. * 2 1345 454 0.
1 0635 80 28. ¥ 1 1700 205 0. = 2 0325 330 0. # 2 1350 455 0.
i 0640 81 20. ] 1 1705 206 0. ¥ 2 0330 331 0. = 2 1355 456 0.
1 0645 82 14. * 1 1710 207 0. * 2 0335 332 0. & 2 1400 457 0.
1 0650 83 10. bi 1 1715 208 0. = 2 0340 333 0. ¥ 2 1405 458 0.
1 0655 84 7. = 1 1720 209 0. % 2 0345 334 0. i 2 1410 459 0.
1 0700 85 5., * 1 1725 210 0. & 2 0350 335 0. ¥ 2 1415 460 0.
1 0705 86 4. = 1 1730 211 0. i 2 0355 336 0. ® 2 1420 461 0.
1 0710 87 3 ¥ 1 1735 212 0. = 2 0400 337 0. % 2 1425 462 0.
il 0715 88 2. = 1 1740 213 0. ¥ 2 0405 338 0. = 2 1430 463 0.
1 0720 89 1. * 1 1745 214 0. = 2 0410 339 0. & 2 1435 464 0.
1 0725 90 . ¥ 1 1750 215 0. ® 2 0415 340 0. * 2 1440 465 0.
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PEAK FLOW TIME
6-HR
+ (CFs) (HR)
(cFs)
+ 5184. 3.67 1141.
(INCHES) 12.085
(AC-FT) 566.

CUMULATIVE AREA =
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1755 216 0. ¥ 2 42 341 0. 2 1445 466
1800 217 0. ® 2 0425 342 0. 2 1450 467
1805 218 0. i 2 0430 343 0. 2 1455 468
1810 219 0. # 2 0435 344 0. 2 1500 469
1815 220 0. 2 0440 345 0. 2 1505 470
1820 221 0. 2 0445 346 0. 2 1510 471
1825 222 0. 2 0450 347 0. 2 1515 472
1830 223 0. 2 0455 348 0. 2 1520 473
1835 224 0. 2 0500 349 0. 2 1525 474
1840 225 0. 2 0505 350 0. 3 2 1530 475
1845 226 0. & 2 0510 351 0. = 2 1535 476
1850 227 0. 2 2 0515 352 0. 4 2 1540 477
1855 228 0. * 2 0520 353 0. * 2 1545 478
1900 229 0. i 2 0525 354 0. ¥ 2 1550 479
1905 230 0. * 2 0530 355 0. * 2 1555 480
1910 231 0. % 2 0535 356 0. L 2 1600 481
1915 232 0. = 2 0540 357 0. % 2 1605 482
1920 233 0. ¥ 2 0545 358 0. 2 1610 483
1925 234 0. g 2 0550 359 0. % 2 1615 484
1930 235 0. ® 2 0555 360 0. 2 1620 485
1935 236 0. % 2 0600 361 0. £ 2 1625 486
1940 237 0. * 2 0605 362 0. # 2 1630 487
1945 238 0. 4 2 0610 363 0. it 2 1635 488
1950 239 0. = 2 0615 364 0. ® 2 1640 489
1955 240 0. S 2 0620 365 0. ﬁ 2 1645 490
2000 241 0. i 2 0625 366 0. od 2 1650 491
2005 242 0. = 2 0630 367 0. “ 2 1655 492
2010 243 0. L 2 0635 368 0. 2 1700 493
2015 244 0. : 2 0640 369 0. * 2 1705 494
2020 245 0. * 2 0645 370 0. ¥ 2 1710 495
2025 246 0. 2 0650 371 0. & 2 1715 496
2030 247 0. 2 0655 372 0. # 2 1720 497
2035 248 0. 2 0700 373 0. 2 1725 498
2040 249 0. 2 0705 374 0. 2 1730 499
2045 250 05 2 0710 375 0. 2 1735 500
MAXIMUM AVERAGE FLOW

24-HR 72-HR 41.58-HR

287. 166. 166.

12.150 12.150 12.150

569. 569. 569.

.88 sQ MI
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91 Ko OQUTPUT CONTROL VARIABLES
IPRNT 1 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE
HYDROGRAPH ROUTING DATA
92 RS STORAGE ROUTING
NSTPS NUMBER OF SUBREACHES
iTyp VOL TYPE OF INITIAL CONDITION
RSVRIC -1.00 INITIAL CONDITION
.00 WORKING R AND D COEFFICIENT
93 sv STORAGE .0 7.8 13.4 19.3 58.0 96.2 132.2
94 SE ELEVATION 25.50 27.00 28.00 29.00 35.00 40.00 44.00
95 sQ DISCHARGE 0. 26. 36. 44. 77. 342. 1445. 3014. 4936.
96 SE ELEVATION 25.50 29.00 30.00 31.00 37.00 38.00 40.00 42.00 44.00
COMPUTED STORAGE-OUTFLOW-ELEVATION DATA
STORAGE .00 7.78 13.43 19.26 25.72 32.18 58.03 73.30 80.94 96.21
OUTFLOW .00 10.97 18.28 25.59 36.20 44.33 65.96 76.78 341,94  1444.86
ELEVATION 25.50 27.00 28.00 29.00 30.00 31.00 35.00 37.00 38.00 40.00
STORAGE 114.21 132.22
OUTFLOW 3013.84  4936.17
ELEVATION 42.00 44.00
WARNING --- ROUTED OUTFLOW C 5020.) IS GREATER THAN MAXIMUM ouTFLOW ( 4936.) IN STORAGE-OUTFLOW TABLE
AREEEREESAAARS AR A AR RS EEE AR AR AR AARASEE AR AR AR AR AR AR R AR SRR EEEEREEARAEAEALLE
HYDROGRAPH AT STATION RDB1
PLAN 1, RATIO =
% e A AEEE AR AR AR R A AR A AR R R AR R AR AR R R R
* *

DA MON HRMN ORD OUTFLOW STORAGE STAGE : DA MON HRMN ORD OUTFLOW STORAGE STAGE * DA MON HRMN ORD OUTFLOW STORAGE STAGE
1 0000 1 0. .0 25.5 % 1 1355 168 48. 36.8 31.7 * 2 0350 335 11. 7.6 27.0
1 0005 2 0. .0 25.5* 1 1400 169 48. 36.5 31.7 % 2 0355 336 11. 7.5 27.0
i 0010 3 0. 3 25.5 * 1 1405 170 48. 36.1 31.6 * 2 0400 337 11. 7.5 26.9
il 0015 4 2. 1.1 25.7 % 1 1410 171 47. 35.8 31.6 ¥ 2 0405 338 10. 7.4 26.9
T 0020 S 4. 2.6 26.0 * 1 1415 172 47. 35.5 3L.5 * 2 0410 339 10. 7.3 26.9
1 0025 6 7. 4.8 26.4 % 1 1420 173 47. 35.2 31.5* 2 0415 340 10. 7.3 26.9
1 0030 7 11. 7.9 22.0% 1 1425 174 47. 34.9 31.4 = 2 0420 341 10. 7.2 26.9
1 0035 8 16. 11.9 27.7 % 1 1430 175 46. 34.5 31.4 = 2 0425 342 10. 7.1 26.9
1 0040 9 22. 16.1 28.5 * 1 1435 176 46. 34.2 31.3 % 2 0430 343 10. 7.1 26.9
1 0045 10 27. 20.0 29.1 % 1 1440 177 46. 33.9 31.3 * 2 0435 344 10. 7.0 26.8
1 0050 11 32. 23.4 29.6 * 1 1445 178 46. 33.6 31.2 % 2 0440 345 10. 6.9 26.8
1 0055 12 37. 26.2 30.1 % 1 1450 179 45. 33.3 3.2 ¥ 2 0445 346 10. 6.8 26.8
1 0100 13 40. 28.4 30.4 % 1 1455 180 45. 33.0 31.1 % 2 0450 347 10. 6.8 26.8
1 0105 14 42. 30.0 30.7% 1 1500 181 45. 32.7 3.1 % 2 0455 348 9. 6.7 26.8
1 0110 15 43. 31.3 30.9 % 1 1505 182 44. 32.3 31.0 * 2 0500 349 9. 6.7 26.8
1 0115 16 45. 32.5 31,19 1 1510 183 44. 32.0 31.0 * 2 0505 350 9. 6.6 26.8
1 0120 17 46. 33.8 31.2 % 1 1515 184 44. 31.7 30.9 * 2 0510 351 9. 6.5 26.8
1 0125 18 47. 35.2 31.5% 1 1520 185 43. 31.4 30.9 ¥ 2 0515 352 9. 6.5 26.7
1 0130 19 48. 37.1 31.8% 1 1525 186 43. 3.1 30.8 * 2 0520 353 9. 6.4 26.7
1 0135 20 51, 39.6 32.1% 1 1530 187 43, 30.8 30.8 * 2 0525 354 9. 6.3 26.7
1 0140 21 53. 42.7 32:6:% 1 1535 188 42. 30.6 30.7 * 2 0530 355 9. 6.3 26.7
1. 0145 22 56. 46.2 33.2* 1 1540 189 42. 30.3 30.7 = 2 0535 356 9. 6.2 26.7
1 0150 23 59. 49.8 [l B L 1545 190 42, 30.0 30.7 * 2 0540 357 9. 6.2 26.7
1 0155 24 62. 53.2 34.3 % 1 1550 191 41. 29.7 30.6 * 2 0545 358 9. 6.1 26.7
1 0200 25 64. 56.3 34.7 % 1 1555 192 41. 29.4 30.6 * 2 0550 359 9. 6.0 26.7
1 0205 26 67. 58.9 35.1 % 1 1600 193 40. 29,1 30.5 * 2 0555 360 8. 6.0 26.7
1 0210 27 68. 61.2 35.4 % 1 1605 194 40. 28.8 30.5 * 2 0600 361 8. 5.9 26.6
1 0215 28 70. 63.6 1 1610 195 40. 28.6 30.4 * 2 0605 362 8. 5i59 26.6
1 0220 29 72. 66.5 1 1615 196 39. 28.3 30.4 * 2 0610 363 8. 5.8 26.6
1 0225 30 74. 70.0 1 1620 197 39. 28.0 30.4 % 2 0615 364 8 5.7 26.6
1 0230 31 88. 73.6 1 1625 198 39. 27.8 30.3 * 2 0620 365 8. 5.7 26.6
1 0235 32 201. 76.9 1 1630 199 38. 27.5 30.3 * 2 0625 366 8. 5.6 26.6
i I 0240 33 291. 79.5 1 1635 200 38. 27.2 5 30.2 % 2 0630 367 8. 5.6 26.6
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1 0245 34 394. 81.7 38.1 % 1 1640 201 38. 7 0635 368 8 5.5 26.6
1 0250 35 505. 83.2 38.3 ¢ 1 1645 202 37. 26.7 30 0640 369 8 5.5 26.6
1 0255 36 556. 83.9 38.4 % 1 1650 203 37. 26.5 30 0645 370 8 5.4 26.5
1 0300 37 573. 84.1 38.4 % 1 1655 204 37. 26.2 30 0650 371 8 5.4 26.5
e 0305 38 604. 84.6 38.5 % 1 1700 205 36. 25.9 30 0655 372 7 5.3 26.5
1 0310 39 696. 85.8 38.6 * 1 1705 206 36. 25.7 30 0700 373 7 5.3 26.5
1 0315 40 880. 88.4 39.0 * 1 1710 207 36. 255 30 0705 374 7 5.2 26.5
1 0320 41 1222. 93.1 39.6 * 1 1715 208 35. 25.2 29 0710 375 7 5.2 26.5
1 0325 42 1828. 100.6 40.5 * 1 1720 209 35, 25.0 29 0715 376 7 5.1 26.5
1 0330 43 2685. 110.4 41.6 * 1 1725 210 35. 24.7 29 0720 377 7 5.1 26.5
1 0335 44 3702. 120.7 4.7 * 1 1730 211 34. 24.5 29 0725 378 7 5.0 26.5
1 0340 45 4505. 128.2 43.6 * 1 1735 212 34. 24.3 29 0730 379 Z: 5.0 26.5
1 0345 46 4922. 132:1 44.0 * 1 1740 213 33. 24.0 29 0735 380 7 4.9 26.4
1 0350 47 5020. 133.0 44.1 % 1 1745 214 33. 23.8 29 0740 381 7 4.9 26.4
1 0355 48 4823. 131.2 43.9 * 1 1750 215 33. 23.6 29 0745 382 7 4.8 26.4
1 0400 49 4416. 127.4 43.5 = 1 1755 216 32. 23.3 29 0750 383 7 4.8 26.4
i o 0405 50 3905. 122.6 42.9 * 1 1800 217 32. 23.1 29 0755 384 7 4.7 26.4
1 0410 S1 3345, 117.3 42.3 * 1 1805 218 32. 22.9 29 0800 385 7 4.7 26.4
o 0415 52 2828. 112.1 41.8 * 1 1810 219 31. 22.7 29 0805 386 7 4.6 26.4
1 0420 53 2404. 107.2 41.2 = 1 1815 220 31. 225 29 0810 387 6 4.6 26.4
1 0425 54 2036. 103.0 40.8 * 1 1820 221 31. 22.3 29 0815 388 6 4.6 26.4
1 0430 55 1758. 99.8 40.4 * 1 1825 222 30. 22.1 29 0820 389 6 4.5 26.4
1 0435 56 1582. 97.8 40.2 * 1 1830 223 30. 21.8 29 0825 390 6 4.5 26.4
1: 0440 57 1480. 96.6 40.0 * 1 1835 224 30. 21.6 29 0830 391 6 4.4 26.4
1 0445 58 1418. 95.8 40.0 * 1 1840 225 29. 21.4 29 0835 392 6 4.4 26.3
1 0450 59 1387. 95.4 39.9 * 1 1845 226 29. 21.2 29 0840 393 6 4.3 26.3
1 0455 60 1377. 95.3 39.9 1 1850 227 29. 21.0 29 0845 394 6 4.3 26.3
1 0500 61 1353. 94.9 39.8 1 1855 228 28. 20.8 29.2 * 0850 395 6 4.3 26.3
1 0505 62 1296. 94.1 39.7 1 1900 229 28. 20.7 29.2 * 0855 396 6 4.2 26.3
L 0510 63 1206. 92.9 39.6 p ! 1905 230 28. 20.5 29 : 0900 397 6 4.2 26.3
1 0515 64 1092. 91.3 39.4 1 1910 231 27. 20.3 ¥ 0905 398 6 4.1 26.3
1 0520 65 964. 89.6 39.1% 1 1915 232 27 20.1 * 0910 399 6. 4.1 26.3
1 0525 66 831. 87.7 38.9 * 1 1920 233 27. 19.9 . 0915 400 6. 4.1 26.3
1t 0530 67 704. 86.0 38.7 1 1925 234 28 19.7 & 0920 401 6 4.0 26.3
1 0535 68 588. 84.3 38.4 1 1930 235 26. 19.5 = 0925 402 6 4.0 26.3
1 0540 69 485. 82.9 38.3 i 1935 236 26. 19.4 ¥ 0930 403 6 3.9 26.3
1 0545 70 400. 81.7 38.1 1 1940 237 255 19.2 * 0935 404 5 3.9 26.3
1 0550 71 338. 80.8 38.0 1 1945 238 25, 19.0 = 0940 405 5 3.9 26.2
4. 0555 72 309. 80.0 37.9 % 1 1950 239 25. 18.8 = 0945 406 5 3.8 26.2
i 0600 73 280. 79.2 37.8 % 1 1955 240 25. 18.7 ® 0950 407 5 3.8 26,2
1 0605 74 253, 78.4 37.7 % 1 2000 241 25¢ 18.5 % 0955 408 5 3.8 26.2
1 0610 75 226. 77.6 37.6 % 1 2005 242 24. 18.3 1000 409 5 3.7 26.2
1 0615 76 200. 76.9 37.5 % 1 2010 243 24. 18.2 . 1005 410 5 3.7 26.2
1 0620 77 175. 76.1 374 % 1 2015 244 24, 18.0 * 1010 411 5 3.6 26.2
1 0625 78 151. 75.4 37.3% 1 2020 245 24, 17.8 # 1015 412 5 3.6 26.2
1 0630 79 129. 74.8 3.2 % L 2025 246 24. 17.7 * 1020 413 5 3.6 26.2
1 0635 80 109. 74.2 7.1 1 2030 247 23. 17.5 % 1025 414 5 3.5 26.2
1 0640 81 91 73.7 37.1* 1 2035 248 23. 17.3 * 1030 415 5 3.5 26.2
1 0645 82 77. 73.2 37.0 # 1 2040 249 23. 17.2 » 1035 416 S 3.5 26.2
I 0650 83 76. 72.8 36.9 * 1 2045 250 23. 17.0 # 1040 417 S 3.4 26.2
i i 0655 84 76. 72.3 36.9 * 1 2050 251 23 16.9 » 1045 418 5 3.4 26.2
1 0700 85 76. 71.9 36.8 * 1 2055 252 22 16.7 ¥ 1050 419 5 3.4 26.1
1 0705 86 75. 71.4 36.7 * 1 2100 253 22 16.6 = 1055 420 5 3.3 26.1
1 0710 87 75. 70.9 36.7 * 1 2105 254 22 16.4 * 1100 421 5 3.3 26.1
1 0715 88 75 70.4 36.6 * 1 2110 255 22 16.3 * 1105 422 5 3.3 26.1
1 0720 89 74. 69.9 36.6 * 1 2115 256 22 16.1 ¥ 1110 423 5 3.2 26.1
1 0725 90 74. 69.4 36.5 * 1 2120 257 21 16.0 * 1115 424 S 32 26.1
1 0730 91 74. 68.9 36.4 % 1 2125 258 21 15.8 # 1120 425 4 3.2 26.1
1 0735 92 73. 68.4 36.4 % 1 2130 259 21 15.7 ¥ 1125 426 4 3.1 26.1
1 0740 93 73. 67.9 36.3 % 1 2135 260 21: 15.5 = 1130 427 4 3.1 26.1
1 0745 94 3. 67.4 36.2 % 1 2140 261 21 15.4 ¥ 1135 428 4 3.1 26.1
1 0750 95 72. 66.9 36.2 % 1 2145 262 21 15.2 * 1140 429 4 3.1 26.1
1 0755 96 72. 66.4 36.1 % 1 2150 263 20 15.1 & 1145 430 4 3.0 26.1
1 0800 97 72. 65.9 36.0 * 1 2155 264 20 15.0 ® 1150 431 4 3.0 26.1
1 0805 98 71. 65.4 36.0 1 2200 265 20 14.8 b 1155 432 4 3.0 26.1
1 0810 99 71. 64.9 35.9 1 2205 266 20 14.7 % 1200 433 4 2.9 26:1
1 0815 100 70. 64.4 35.8 * 1 2210 267 20 14.5 % 1205 434 4 2.9 26.1
1 0820 101 70. 63.9 35.8 * 1 2215 268 20 14.4 # 1210 435 4 2.9 26.1
1 0825 102 70. 63.4 35.7 % 1 2220 269 19 14.3 = 1215 436 4 2.9 26.1
1 0830 103 69. 63.0 35.6 * 1 2225 270 19 14.1 £ 1220 437 4 2.8 26.0
1 0835 104 69. 62.5 35.6 % 1 2230 271 19 14.0 * 1225 438 4 2.8 26.0
1 0840 105 69. 62.0 35.5 * 1 2235 272 19 13.9 & 1230 439 4 2.8 26.0
1 0845 106 68. 61.5 35.5 % 1 2240 273 19 13.8 1235 440 4 237 26.0
1 0850 107 68 61.1 35.4 * 1 2245 274 19 13.6 1240 441 4 2.7 26.0
1 0855 108 68 60.6 35:3 % 4 2250 275 18 13.5 1245 442 4 2.7 26.0
ik 0900 109 67 60.1 35.3* 1 2255 276 18 13.4 1250 443 4 2.7 26.0
1 0905 110 67 59.7 35.2% 1 2300 277 18 13.2 1255 444 4 2.6 26.0
4 0910 111 67 59.2 35.2 % 1 2305 278 18 131 1300 445 4 2.6 26.0
1 0915 112 66 58.8 35.1 % 1 2310 279 18 13.0 1305 446 4 2.6 26.0
1 0920 113 66 58.3 35.0 * 1 2315 280 18 12.9 1310 447 4 2.6 26.0
1 0925 114 66 57.8 35.0 * 1 2320 281 17 12.8 1315 448 4 2.5 26.0
1 0930 115 65 57.4 34.9 % 1 2325 282 17 12.6 1320 449 4 2.5 26.0
1 0935 116 65 56.9 34.8 % 1 2330 283 17 12.5 1325 450 4 2.5 26.0
1 0940 117 65 56.5 34.8 % 1 2335 284 17 12.4 1330 451 3 2.5 26.0
1 0945 118 64 56.0 34.7 % 1 2340 285 17 12.3 1335 452 3 2.4 26.0
1 0950 119 64 55.6 34.6 * 1 2345 286 17 12,2 1340 453 3 2.4 26.0
1 0955 120 64 55,2 34.6 * 1 2350 287 17 12.1 1345 454 3 2.4 26.0
1 1000 121 63 54.7 34.5 % 1 2355 288 16 11.9 1350 455 3 2.4 26.0
1 1005 122 63 54.3 34.4 % 2 0000 289 16 11.8 1355 456 3 2.4 26.0
1 1010 123 62 53.9 34.4 % 2 0005 290 16 11.7 1400 457 3 2.3 25.9
L 1015 124 62 53.4 34.3 % 2 0010 291 16 11.6 1405 458 3 2.3 25.9
1 1020 125 62 53.0 34.2 % 2 0015 292 16 11.5 1410 459 3 2.3 25.9
1 1025 126 61 52.6 34.2 % 2 0020 293 16 11.4 1415 460 3 2.3 25.9
1 1030 127 61 52.2 34.1 % 2 0025 294 16 11.3 1420 461 3 2.2 25.9
1 1035 128 61 51.7 34.0 * 2 0030 295 15 11.2 1425 462 3 2.2 25.9
1 1040 129 60 51.3 34.0 * 2 0035 296 15 1t 1430 463 3 2.2 2559
1 1045 130 60 50.9 33.9* 2 0040 297 15 11.0 1435 464 3 2.2 25.9
1 1050 131 60 50.5 33.8 % 2 0045 298 15 10.9 1440 465 3. 2.2 25.9
1 1055 132 59 50.1 33.8* 2 0050 299 15 10.8 1445 466 3. 2.1 25.9
1 1100 133 59 49.7 33,7 2 0055 300 15 10.7 1450 467 3. 2.1 25.9
1 1105 134 59 49.3 33.6:% 2 0100 301 15 10.6 1455 468 3 2.1 25.9
1 1110 135 58 48.9 33.6 * 2 0105 302 14 10.5 1500 469 3 2.1 25.9
1 1115 136 58 48.5 33.5 * 2 0110 303 14 10.4 1505 470 3 2.1 25.9
1 1120 137 58 48.1 33.5 % 2 0115 304 14 10.3 1510 471 3 2.0 25.9
1 1125 138 57 47.7 33.4 % 2 0120 305 14 10.2 1515 472 3 2.0 25.9
1 1130 139 57 47.3 33.3 ¢ 2 0125 306 14 10.1 1520 473 3 2.0 25.9
1 1135 140 57 46.9 33.3 % 2 0130 307 14 10.0 1525 474 3 2.0 25.9
) 1140 141 56 46.5 33.2 2 0135 308 14 9.9 1530 475 3 2.0 25.9
1 1145 142 56 46.1 33,2 % 2 0140 309 14 9.8 1535 476 3 1.9 2549
i 1150 143 56 45.7 33.1 % 2 0145 310 13 9.7 1540 477 3 1.9 25.9
1 1155 144 55 45.4 33.0 % 2 0150 311 13 9.6 1545 478 3 1.9 25:9
1 1200 145 55 45.0 33.0 * 2 0155 312 13 9.5 1550 479 3 1.9 25.9
1 1205 146 55 44.6 32.9% 2 0200 313 13 9.4 1555 480 3 1.9 25.9
1 1210 147 54 44.2 32.9 % 2 0205 314 13 9.3 1600 481 3 1.8 25:9
1 1215 148 54 43.8 32.8 % 2 0210 315 13 9.2 1605 482 3 1.8 2549
1 1220 149 54 43.5 32.7% 2 0215 316 13 9.2 1610 483 3 1.8 25.8
A 1225 150 53 43.1 32.7* 2 0220 317 13 g.dl 1615 484 3 1.8 25.8
1 1230 151 53 42.7 32.6 2 0225 318 13 9.0 1620 485 3 1.8 25.8
il 1235 152 53 42.4 32.6 2 0230 319 12 8.9 1625 486 2 1.8 25.8
1 1240 153 53 42.0 32.5% 2 0235 320 12 8.8 1630 487 2 1.7 25.8
1 1245 154 52 41.6 32.5 % 2 0240 321 12 8.7 1635 488 2 1.7 25.8
1 1250 155 52 41.3 32.4 % 2 0245 322 12 8.6 1640 489 2 1.7 25.8
1 1255 156 52 40.9 32.4 % 2 0250 323 12 8.6 1645 490 2 1.7 25.8
1 1300 157 51 40.6 32,3 % 2 0255 324 12 8.5 1650 491 2 1.7 25.8
1 1305 158 51 40.2 32.2% 2 0300 325 12 8.4 1655 492 2] 1.7 25.8
1 1310 159 51 39.9 32.2 % 2 0305 326 12 8.3 1700 493 2 1.6 25.8
1 1315 160 50 39.5 32.1% 2 0310 327 12 8.2 1705 494 2 1.6 25.8
1 1320 161 50 39.2 32.1 % 2 0315 328 11 8.2 1710 495 2 1.6 25.8
1 1325 162 50 38.8 32:0 % 2 0320 329 11 8.1 1715 496 2 1.6 25.8
L. 1330 163 50 38.5 32.0 % 2 0325 330 11 8.0 1720 497 2 1.6 25.8
1 1335 164 49 38.2 31.9%® 2 0330 331 11 7.9 1725 498 2 1.6 25.8
1 1340 165 49 37.8 31.9 * 2 0335 332 11 7.8 1730 499 2 1.6 25.8
1 37.i 31.8 * % 0340 333 11 ;.8 1735 500 2 1.5 25.8
1 5 8 * o7
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PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 41.58-HR
+ (CcFs) (HR)
(CFs)
+ 5020. 3.83 1030. 288. 169. 169.
(INCHES) 10.909 12.188 12.397 12.397
(AC-FT) 511. 571. 580. 580.
PEAK STORAGE  TIME MAXIMUM AVERAGE STORAGE
6-HR 24-HR 72-HR 41.58-HR
+ (AC-FT) (HR)
133. 3.83 86. 45. 28. 28.
PEAK STAGE TIME MAXIMUM AVERAGE STAGE
6-HR 24-HR 72-HR 41.58-HR
+ (FEET) (HR)
44.09 3.83 38.63 32.85 30.13 30.13
CUMULATIVE AREA = .88 sQ MI

HYDROGRAPH AT STATION RDB1
PLAN 1, RATIO = 8

DA MON HRMN ORD OUTFLOW STORAGE STAGE DA MON HRMN ORD OUTFLOW STORAGE STAGE * DA MON HRMN ORD OUTFLOW STORAGE STAGE
%

1 0000 1 0. .0 8% X 1355 168 48 36.8 o 2 0350 335 11. 7.6 27.0
1 0005 2 0. .0 . 1 1400 169 48 36.4 & 2 0355 336 i 8 75 27.0
1 0010 3 0. 2 . 1 1405 170 48 36.1 6% 2 0400 337 1l. 7.5 26.9
1 0015 4 T 1.0 ¥ 1 1410 171 47 35.8 B ® 2 0405 338 10. 7.4 26.9
1 0020 5 3. 2.4 y 1 1415 172 47 35.5 o5 * 2 0410 339 10. -3 26.9
1 0025 6 6. 4.6 . 1 1420 173 47 35.1 oy 2 0415 340 10. 7.3 26.9
i 0030 7 11. 748 . 1 1425 174 47 34.8 .4 2 0420 341 10. 12 26.9
1 0035 8 16. 11.4 g 1 1430 175 46 34.5 .4 2 0425 342 10. 71 26.9
1 0040 9 21, 15.5 . 1 1435 176 46 34.2 .3 2 0430 343 10. 7.0 26.9
1 0045 10 26. 19.3 = 1 1440 177 46 33.8 3 2 0435 344 10. 7.0 26.8
1 0050 11 31. 22.6 v 1 1445 178 45 33.6 W2 2 0440 345 10. 6.9 26.8
1 0055 12 35. 25.3 § 1 1450 179 45 33.2 Ko 2 0445 346 10. 6.8 26.8
1 0100 13 38. 27.4 . 1 1455 180 45 32.9 A E 2 0450 347 10. 6.8 26.8
1 0105 14 40. 28.9 e 1 1500 181 45 32.6 F.I= 2 0455 348 9y 6.7 26.8
1 0110 15 42. 30.2 . 1 1505 182 44 32.3 31.0% 2 0500 349 9. 6.6 26.8
1 0115 16 43, 31.4 . 1 1510 183 44 32.0 31.0 * 2 0505 350 9. 6.6 26.8
1 0120 17 45. 32.6 . 1 1515 184 44, 31.7 30.9 * 2 0510 351 9. 6.5 26.8
1 0125 18 46. 33.9 » 1 1520 185 43. 31.4 30.9 * 2 0515 352 9. 6.5 26.7
1 0130 19 47. 35.8 . 1 1525 186 43, 31.1 30.8 * 2 0520 353 9. 6.4 26.7
1 0135 20 49. 38.3 . 1 1530 187 43 30.8 30.8 * 2 0525 354 9. 6.3 26.7
1 0140 21 52 41.3 3244 1 1535 188 42 30.5 30.7 * 2 0530 355 9. 6.3 26.7
1 0145 22 55 44.6 32.9*% 1 1540 189 42 30.2 30.7 * 2 0535 356 9. 6.2 26.7
1 0150 23 58. 48.1 33.5= 1 1545 190 42 29.9 30.7 * 2 0540 357 9. 6.1 26.7
1 0155 24 60. S1:S 34.0 * 1 1550 191 41 29.7 30.6 * 2 0545 358 - 9. 6.1 26,7
1 0200 25 63. 54.5 ! 1555 192 41 29.4 30.6 * 2 0550 359 9. 6.0 26.7
1 0205 26 65. 57.0 1 1600 193 40 29.1 30.5 * 2 0555 360 8. 6.0 26.7
1 0210 27 67. 59.2 * 4 1605 194 40 28.8 30.5 ¥ 2 0600 361 8. 549 26.6
1 0215 28 68. 61.6 * I 1610 195 40 28.5 30.4 % 2 0605 362 8. 5.9 26.6
1 0220 29 71s 64.4 * 1 1615 196 39 28.3 30.4 * 2 0610 363 8. 5.8 26.6
1 0225 30 3. 67.8 =1 1620 197 39 28.0 30.4 % 2 0615 364 8. S.7 26.6
3. 0230 31 755 71.4 I 1625 198 39 27.7 30.3 * 2 0620 365 8. 5.7 26.6
1 0235 32 131. 74.9 2 1 1630 199 38 27.5 30.3 % 2 0625 366 8. 5.6 26.6
i 0240 33 2334 77.8 i 1635 200 38 27.2 30.2 * 2 0630 367 8. 5.6 26.6
1 0245 34 321. 80.3 37.9 = 1 1640 201 38 26.9 30.2% 2 0635 368 8. 55, 26.6
1 0250 35 436. 82.2 38.2 * 1 1645 202 37 26.7 30.1 % 2 0640 369 8. 5D 26.6
1 0255 36 509. 83.3 3 1 1650 203 37 26.4 0.1% 2 0645 370 8. 5.4 26.5
1 0300 37 538. 83.7 . 1 1655 204 37 26.2 30.1 * 2 0650 371 8. 5.4 26.5
1. 0305 38 577. 84.2 . i 1700 205 36 25.9 30.0 * 2 0655 372 T 5.3 26.5
1 0310 39 672. 85.5 601 1705 206 36 25.7 30.0 * 2 0700 373 7. 5.3 26.5
1 0315 40 856. 88.1 IR " 1710 207 36 25.4 30.0 * 2 0705 374 e 502 26.5
1 0320 41 1192, 92.7 WS % 1L 1715 208 35 25,2 9 * 2 0710 375 b3 5.2 26.5
h 0325 42 1781. 100.1 4% 1 1720 209 35 24.9 49 ® 2 0715 376 7. 5.1 26.5
i i 0330 43 2623. 109.7 5% 1 1725 210 35 24.7 8% 2 0720 377 7 5.1 26.5
1 0335 44 3609. 119.8 6% 1 1730 211 34 24.5 8% 2 0725 378 7. 5.0 26.5
p 0340 45 4403, 127.2 4 E L 1735 212 34 24.2 8% 2 0730 379 7. 5.0 26.5
1 0345 46 4815. 131.1 9 % 1 1740 213 33 24.0 g F 2 0735 380 7. 4.9 26.4
i 0350 47 4912. 132.0 0% 1 1745 214 33 23.8 LB 2 0740 381 7. 4.9 26.4
1 0355 48 4720. 130.2 43.8 * 1 1750 215 33 23.5 AE 2 0745 382 7 4.8 26.4
1 0400 49 4323. 126.5 43.4 % 1 1755 216 32 23.3 Bo® 2 0750 383 7. 4.8 26.4
1 0405 50 3823, 1721.8 42.8 % 1 1800 217 32 23.1 6 2 0755 384 7. 4.7 26.4
1 0410 51 3275. 116.7 42:3 % 1 1805 218 32 22.9 6% 2 0800 385 7. 4.7 26.4
1 0415 52 2778. 111.5 41.7 * 1 1810 219 31 2257 S5 E 2 0805 386 7/ 4.6 26.4
1 0420 53 2359. 106.7 41.72% 1 1815 220 31 22.5 w3 * 2 0810 387 6. 4.6 26.4
1 0425 54 1997. 102.5 40.7 * 1 1820 221 30 22,2 S ¥ 2 0815 388 6. 4.6 26.4
1 0430 55 1723. 99.4 40.4 = 1 1825 222 30 22.0 4% 2 0820 389 6. 4.5 26.4
1 0435 56 1550. 97.4 40.1 % 1 1830 223 30 21.8 A E 12 0825 390 6. 4.5 26.4
1 0440 57 1450. 96.3 40.0 1 1835 224 29 21.6 402 0830 391 6. 4.4 26.4
q 0445 58 1393 95.5 39.9 * 1 1840 225 29 21.4 W3 = 2 0835 392 6. 4.4 26.3
1 0450 59 1361 95.1 39.8 * 1 1845 226 29 21.2 53 & 12 0840 393 6. 4.3 26.3
1 0455 60 1350 94.9 39.8 % 1 1850 227 28 21.0 3= 2 0845 394 6. 4.3 26.3
1 0500 61 1326 94.6 39.8 % 1 1855 228 28 20.8 2 F 2 0850 395 6. 4.3 26.3
1 0505 62 1270 93.8 39.7* 1 1900 229 28. 20.6 2L 2 0855 396 6. 4.2 26.3
1 0510 63 1182 92.6 39.5* 1 1905 230 28. 20.4 2% 2 0900 397 6. 4.2 26.3
1 0515 64 1070 91.0 39.3 = 1 1910 231 21 20.3 202 0905 398 6. 4.1 26.3
1. 0520 65 944 89.3 39.1% 1 1915 232 27 20.1 1 & 2 0910 399 6. 4.1 26.3
1 0525 66 814 87.5 38.9 * 1 1920 233 27 19.9 A E 2 0915 400 6. 4.1 26.3
1 0530 67 690 85.8 38.6 * 1 1925 234 26 19.7 A 2 0920 401 6. 4.0 26.3
1 0535 68 576 84.2 38.4 % 1 1930 235 26 19.5 O % 2 0925 402 6. 4.0 26.3
1 0540 69 475 82.8 38.2 * 1 1935 236 26 19.3 0 2 0930 403 6. 3.9 26.3
1 0545 70 392 81.6 38.1 % 1 1940 237 25 19.2 0 ® 2 0935 404 5. 3.9 26.3
1 0550 71 335 80.7 38.0 * 1 1945 238 25 19.0 0% 2 0940 405 5. 3.9 26.2
1 0555 72 306 79.9 3.9 % A 1950 239 25 18.8 o E 2 0945 406 S. 3.8 26.2
1 0600 73 277 79.1 37.8* 1 1955 240 25 18.7 9 * 2 0950 407 5¢ 3.8 26.2
1 0605 74 249 78.3 37.7 % 1 2000 241 25 18.5 9% 2 0955 408 5. 3.7 26.2
1 0610 75 223 77.5 37.6 * 1 2005 242 24 18.3 .8 * 2 1000 409 5. 3.7 26.2
1 0615 76 197. 76.8 37.5 % 1 2010 243 24 18.1 8% 2 1005 410 S5 3./ 26.2
1 0620 77 172. 76.0 37.4 % 1 2015 244 24 18.0 8% 2 1010 411 5., 3.6 26.2
p 0625 78 149. 75.4 373 1 2020 245 24 17.8 * 2 1015 412 5% 3.6 26.2
1 0630 79 127 74.7 37.2* 1 2025 246 24 17.7 % 2 1020 413 5. 3.6 26.2
1 0635 80 107 74.2 37.1% 1 2030 247 23 17.5 # 2 1025 414 5% 3.5 26.2
1 0640 81 89 73.7 37.0* 1 2035 248 23 17.3 dE 2 1030 415 5. 3.5 26.2
2 0645 82 77 73.2 340 * 1 2040 249 23 17.2 6% 2 1035 416 5 3.5 26.2
1 0650 83 76 72.8 36.9 * 1 2045 250 23 17.0 6% 2 1040 417 5. 3.4 26.2
i 0655 84 76 72.3 36.9 * 1 2050 251 23 16.9 6 F 2 1045 418 5, 3.4 26.2
1 0700 85 76 71.8 36.8 % 1 2055 252 22 16.7 6% 2 1050 419 S 3.4 26.1
di 0705 86 75 71.3 36.7 * 1 2100 253 22 16.5 S 2 1055 420 5. 3.3 26.1
1 0710 87 75 70.8 36,7 % 1 2105 254 22 16.4 52 1100 421 5. 3.3 26.1
1 0715 88 75 70.3 36.6 * 1 2110 255 22. 16.2 <5 & 2 1105 422 5. 3.3 26.1
uld 0720 89 74 69.8 36.5 % 1 2115 256 22 16.1 o5 2 1110 423 5i 3.2 26.1
1 0725 90 74 69.3 36.5 % 1 2120 257 21 15.9 .4 2 1115 424 5. 3.2 26.1
1 0730 91 74 68.8 36.4 % 1 2125 258 21 15.8 .4 2 1120 425 4. 3.2 26.1
1 0735 92 73 68.3 36.3 % 1 2130 259 21 15.7 b ® 2 1125 426 4. 3.1 26.1
1 0740 93 73 67.8 36.3 % 1 2135 260 21 15.5 .4 2 1130 427 4. 3.1 26.1
1 0745 94 73 67.3 36.2 % 1 2140 261 21 15.4 3 2 1135 428 4. 3.1 26.1
1 0750 95 72 66.8 36.2% 1 2145 262 21 15.2 .3 2 1140 429 4. 3.1 26.1
1 0755 96 72 66.3 36.1 % 1 2150 263 20 15.1 3 2 1145 430 4, 3.0 26.1
1 0800 97 71 65.8 36.0 * 1 2155 264 20 14.9 <3 2 1150 431 4. 3.0 26.1
1 0805 98 71 65.3 36.0 * 1 2200 265 20 14.8 o2 2 1155 432 4. 3.0 26.1
1 0810 99 71 64.9 35.9% 1 2205 266 20. 14.7 28.2. * 2 1200 433 4. 2.9 26.1
1 0815 100 70 64.4 35.8 % 1 2210 267 20. 14.5 28.2 * 2 1205 434 4. 2.9 26.1
1 0820 101 70 63.9 35.8 * 1 2215 268 19 14.4 28,2 % 2 1210 435 4. 2.9 26.1
1 0825 102 70 63.4 35.7 % 1 2220 269 19 14.3 28.1 % 2 1215 436 4. 2.9 26.1
1 0830 103 69 62.9 35.6 * 1 2225 270 19 14.1 28.1 % 2 1220 437 4. 2.8 26.0
1 0835 104 69 62.4 35.6 * 1 2230 271 19 14.0 28.1 *® 2 1225 438 4. 2.8 26.0
1 0840 105 69 62.0 35.5 % 1 2235 272 19 13.9 28.1 % 2 1230 439 4. 2.8 26.0
1 0845 106 68 61.5 35.5% % 2240 273 19 13.7 28.1 * 2 1235 440 4. 2.7 26.0
1 0850 107 68 61.0 35.4'% 1 2245 274 19 13.6 : 28.0 * 2 1240 441 4. 27 26.0
page



b > 0855 108 68. 60
1 0900 109 67. 60
1 0905 110 67. 59
1 0910 111 67. 59
1 0915 112 66. 58
1 0920 113 66. 58
1 0925 114 66. 57
1 0930 115 65. 57
1 0935 116 65. 56
1 0940 117 65. 56
i 0945 118 64. 56
1 0950 119 64. 55
1 0955 120 64. 55
1 1000 121 63. 54
1 1005 122 63. 54
1 1010 123 62. 53
1 1015 124 62. 53
sl 1020 125 62. 53
1 1025 126 61. 52
1 1030 127 61. 52
1 1035 128 61. 51.
1 1040 129 60. 51
1 1045 130 60. 50
1 1050 131 60. 50
1 1055 132 59, 50
1 1100 133 59. 49
1 1105 134 59. 49
1 1110 135 58. 48
1 1115 136 58. 48
1 1120 137 58. 48
1 1125 138 57. 47
1 1130 139 57. 47
1 1135 140 57. 46
1 1140 141 56. 46
1 1145 142 56. 46
1 1150 143 56. 45
1 1155 144 55. 45
1 1200 145 55. 44
1 1205 146 55. 44
1 1210 147 54. 44
1 1215 148 54. 43
1 1220 149 54. 43
1 1225 150 53. 43
1 1230 151 53. 42
1 1235 152 53. 42
1 1240 153 53. 42
1 1245 154 52. 41
1 1250 155 52. 41
1 1255 156 52, 40
1 1300 157 51, 40
p 4 1305 158 51. 40
1 1310 159 S1. 39
1 1315 160 50. 39
1 1320 161 50. 39
® 1325 162 50. 38
1 1330 163 50. 38
1 1335 164 49. 38
1 1340 165 49. 37
1 1345 166 49. 37
1 1350 167 48. 37

e
W
s

o B 0 NN IO W PO W BERNOAOWNRHNCWAOERNAHNOWNFNOARWNHAOUVTOWRWNNO S
w
o

NOANRROOO N WW

R

F of

1 2250 275 18
1 2255 276 18
1 2300 277 18
1 2305 278 18
1 2310 279 18
1 2315 280 18
1 2320 281 17
1 2325 282 17
. 2330 283 17
1 2335 284 17
3. 2340 285 17
1 2345 286 17
1 2350 287 16
1 2355 288 16
2 0000 289 16.
2 0005 290 16.
2 0010 291 16
2 0015 292 16
2 0020 293 16
2 0025 294 15
2 0030 295 15
2 0035 296 15
2 0040 297 15
Z 0045 298 15
2 0050 299 15
2 0055 300 15
2 0100 301 15
2 0105 302 14
2 0110 303 14
2 0115 304 14
2 0120 305 14
2 0125 306 14
2 0130 307 14
2 0135 308 14
2 0140 309 14
2 0145 310 13
2 0150 311 13
2 0155 312 13
2 0200 313 13
2 0205 314 13
2 0210 315 13
2 0215 316 13
2 0220 317 13
2 0225 318 13
2 0230 319 12.
2 0235 320 12,
2 0240 321 12.
2 0245 322 12,
2 0250 323 12.
2 0255 324 12,
2 0300 325 12.
2 0305 326 12.
2 0310 327 12.
2 0315 328 11.
2 0320 329 11.
2 0325 330 11.
2 0330 331 11.
2 0335 332 11.
2 0340 333 11.
2 0345 334 11.

PEAK FLOW
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+ 4912.
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TIME
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TIME
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12.118
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45.

28.

MAXIMUM AVERAGE STAGE
24-HR 72-HR

32.82
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PEAK FLOW AND STAGE (END-OF-PERIOD) SUMMARY FOR MULTIPLE PLAN-RATIO ECONOMIC COMPUTATIONS
F

STATION

OFF1

OFF7

cpP2

OFF2

OFF3

cpPl

OFF4

OFFS

OFF6

ONL

DB1

AREA

.41

.03

.44

.04

.03

.06

.26

.04

.03

.88

LOWS IN CUBIC FEET PER SECOND,
TIME TO PEAK IN HOURS

PLAN

FLOW
TIME

FLOW
TIME

FLOW
TIME

FLOW
TIME

FLOW
TIME

FLOW
TIME

FLOW
TIME

FLOW
TIME

FLOW
TIME

FLOW
TIME

FLowW
TIME

RATIOS APPLIED TO PRECIPITATION

RATIO 1 RATIO 2
1.00 .98

2662,
3.75
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3.50

2804.
3.75

323.
3.58

247,
3.50

3128.
3.75
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3.50
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1516.
3.83
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3.58
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5184.
3.67
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+

ROUTED TO

##% NORMAL

END OF HEC-1

RDB1 .88 1 FLOW 5020. 4912.
TIME 3.83 3.83
%% PEAK STAGES IN FEET *¥
1  STAGE 44.09 43.98
TIME 3.83 3.83

£

PMF.OUT
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Las Vegas Valley Area, Nevada, Part of Glark Gounly 185

TABLE 14,--PHYSICAL AND CHEMICAL PROPERTIES OF SOILS-~Continued

Erosilon
Soil name and Depth{Clay Permeabllity Availlable Soil Salinity| Shrink-swell| factors Wind
map symbol - water reaction potential erodibillity
capaclty ) K T group
In Pct In/hr In/in pH Mmhos/cm
1L0m e wm=e=| 0=1 |20-30 0.2-0.6 0.08-0.10 >8 .4 8-16 Moderagew—=m——[0,10| 5 7
Casaga 1-21|27-35 0.06-0,2 0+19-0.21 >8.4 L-8 Moderate~—==——|0,32
21-41|27-35 0.2-0.6 0.08-0.11 >8.4 4-8 Moderate—w———{0,17
4i-60| 8-18 2,0-6.0 0,06-0.10(7.4-9.0 8-16 Loy e | 0, 1.0
150 | 0=6 10.-=20 0.6-2.0 0.06-0.10|7.4=8.14 <2 -lo.10] 1 5
Cave 6-60 ——- ——— e e e e
15l s | 05 3-8 6,0-20 0.09-0,11|7.9-8.14 24 0.17{ 1 2
Cave 5-11]10-20 0.6-2.0 0.07-0.12|7.9-8.14 2-1 0.24
11-60| == —— s e ——— i
1520ttt s 0-12]10-20 0.6-2.0 0,07-0.12[7.9-8.14 21 -[0.20) 1 uy,
Cave 12-36| === —— ——— ——— —— ———
36-60| 2-5 2.0-6,0 0,04-0.06(7.9-8.4 <y 0.10
155 i 0-15[10-20 0.6-2.0 0.07-0.12|7.9-8.14 21 0.20] 1 41,
Cave 15-60]| === —— —— e e ———
160mmmm e 0-11| 8-18 2.0-6.0 0.10-0.12(7.9-8.4 <Y 0.17| 5 8
Destazo 11-40{20-35 0,2-0.6 0.05-0,10{7.9-8.14 <Y 0.10
40-60|15-20 2,0-6.0 0.09-0.11[7.9-8.4 <Y 0.17
181
Caliza— 0~2 4-10 2,0-6.0 0.05-0.08{7.9-8.14 <2 LOW— w0, 05| 5 6
2-14| 3-8 2.0-6.0 0.05-0,09]7.9~8.4 <2 LOW == [ 0, 10
14-60| 2-8 6.0-20 0.03-0.07|7.9-8.4 <2 L0 s s s 0.05
Pltbtman———mm————| 0-2 5-15 6,0-20 0.04-0,08|7.4-8.14 <2 OV s s i s 0.10{ 2 8
2-23| 2-12 6.0-20 0.04-0.08|7.9-8.14 <2 ey 0.17
23=32| e - ——— ——— e et e
32-50| ~=w —— —— —— B e e ———
50-60| 0-5 6.0-20 0.03-0.06(7.4-8.04 <8 LoV i iaran 0.05
182%:
Callzammmm— e 0-2 4-10 2,0-6,0 0.05-0,08(7.9-8.14 <2 0.05| 5 6
2-14| 3-8 2.0-6.0 0.05-0,09|7.9-8.4 <2 0.10
14-60| 2-8 6.0-20 0.03-0.07{7.9~8.14 <2 0.05
Plbtman——m—————o-— 02 515 6.0~20 0.04-0.06]7.4-8.14 <2 LOW—m i 0.10| 2 8
2-23| 2-12 6.0-20 0,04-0,08(|7.9-8.14 <2 Lo 0.17
23=32] == - —— o e e
32-50| ~~- e — —— | e ———
50-60| 0-5 6.0-20 0.03-0.06(7.4-8.1 <8 LOW—mmm e 0.05
AP L Z O s i 0-8 2-8 6.0-20 0,04-0.06(7.4-9.0 @2 Lo it 0.15] 5 4
8-60| 0-5 >20 0.04-0.06|7.4-9.0 <2 LoV e 0.10
183 0-3 2-6 6.0-20 0.04-0.07|7.9-8.14 <2 LOW— e e 0.05( 5 5
Caliza 3-60| 2-8 2.0-6.0 0.03-0,07[7.9~8.4 <2 LOoW=om i 0.05
;|| 0-3 | 5-10 2.0-6.0 0.05-0.07[7.9-8.4 <2 LOWmmmm 0.10f 5 5
Caliza 3-16| 5-10 2.0-6.0 0.05-0.08[7.9-8.4 <2 LOW—m—m e e 0.05
16-60| 3-8 6.0~20 0.03-0.06|7.9-8.14 <2 LW = e e e 0.10
187 e e 02 4=10 2.0-6.0 0.05-0,08[7.9-8.14 <2 LoWmmmmmmm——= [0,05] 5 6
Caliza 2-14| 3-8 2.0-6,0 0.05-0.09(7.9-8.4 <2 LOW— i 0.10
14-60| 2-8 6.0-20 0.03-0.07|7.9-8.14 <2 Lo 0.05
. ¢ [REE————— 0-4 | 5=10 2,0-6,0 0.05-0,09(7.9-8.14 <2 LOW e i s 0.15] 5 5
Dalilan 4-61| 312 2.0-6.0 0.05-0,09]7.9-8.4 <2 Lo W e e 0.15
L9) i e 0-5 5-10 2.0-6.0 0,05-0,09|7.9-8.14 <2 LOW=m s e (0.150 5 8
Dallan 5-60| 3-12 2,0-6.0 0.05-0.09|7.9-8.14 <2 Lo o e 8 5
192#;
DaLL BN s 0-5 5-10 2.0-6.0 0.05-0.09(7.9-8.14 <2 LI Wt e 0.15| 5 5
5-60| 3-12 2,0-6.0 0.05-0,09|7.9-8.14 <2 LoV = mmmmmia e 0.15

See footnote at end of ftable.



188 Soll Survey
TABLE 1l4,--PHYSICAL AND CHEMICAL PROPERTIES OF SOILS--Continued
Erosion ‘
Soil name and Depth|Clay Permeability Avallable Soill Salinity| Shrink-swell| factors Wind
map symbol water reactlon potential erodibllity
capacitby X T group
In Pct In/hr In/in pH lMmhos/cm
JO0 - 0-5 [10-20 2,0-6.0 0.05-0,07|7.9-8.4 <2 jo.15]) 1 8
Tencee 5-15]|10-20 0.6-2.0 0.05-0.08(7.9-8.14 K2 0.15
15-60| ——v —— e e ——— e
L T e 0-2 6-12 2,0-6.0 0.06-0,08|7.4-9.0 <2 LoV | 0, 10| 5 6
Aztec 2-30} 3-15 0.2-0.6 0.06-0,08{7.4-9.0 lj..8 Lo e 0.15
30-60]| ——- S SO S U [ —— S
LRVAR
AzbeC—r 0-4 | 6-12 2,0-6.0 0.06-0,08(7.4-9.0 <2 LoW~—m—mmm—==|0,10| 5 6
4-30( 3~15 0.2-0.6 0.06-0.08{7.4-9.0 48 LOoW=—mmm—me== 0. 15
30-60| ——= o —— —— | m———————— s
Rock outecrop.
418
AZbeCm i 0-4 3-12 2.0-20 0.06-0.10(7.4-9.0 <2 5 3
h-30| 3-15 0.2-0.6 0.06-0.08[7.4-9.0 4.8
30-60( —=— - ——— ——— e
Nicke Lo mmmmmmma— 0-9 | 4-12 2,0-6.0 0.06-0.10(7.9-9.0 <2 5 i}
9-23| 6-15 0,2-0.6 0.04-0.07{7.9-9.0 <2
23-45| 2-10 2,0-6.0 0.04-0.08{7.9-9.0 <2
5 . . — e —
nob Hilleww—e—e—| 0-7 | 3-8 6.0-20 0.06~0.08[7.9~8.4 <2 5 2
7-23| 3-10 2,0-6.0 0,06-0,08{7.9-8.14 <2
23-37| 3-10 2,0-6.0 0.06-0.08[7.9-9.0 <y
37-60| 3-8 6.0-20 0.05-0.07{7:9-9.0 <Y LOW— e | 00 LT
haigit:
Azbeg———mm—mmmme 0-4 3-12 2.0-20 0.06-0.10{7.4-9.0 <2 LoV it e 0.17| 5 3
4-60| 3~15 0.2-0.6 0.06-0.08[7.4-9.0 4-8 L0 W e o s 0445
Bracke ne s mmm—— O—% ~10 2,0-6.0 0,06-0.11{7.4-8.4 <2 10 W o e e 0.10( 4 6
1-60] == o [ —— s | s ——————— ey
B30 e 0~T7 3-8 6,0-20 0.06-0.08[7.9~-8.4 <2 Lo W e 0.17] 5 2
Knob Hill 7-23] 3~10 2.0-6.0 0,06-0.08{7.9-8.4 <2 LOW =i 0.17
23-37| 3-10 2.,0-6.0 0.06-~0,08{7.9-9.0 <y LoV s i 0.17
37-60| 3-8 6.0-20 0.05-0.07{7.9-9.0 <h L0 W rm o wmt mm 0.17
L T ettt 0-9 412 2.0-6.0 0.04-0,08(7.9-9.0 <2 TIO W e et e 0.10| 5 5
Nickel 9-23| 6-15 0.2-0.6 0.04-0,07|7.9-9.0 <2 LoV m i s e 0.05
23~45 2-10 2.0-6.0 0.04-0,08{7.9-9.0 <2 L0 W o e e 0.05
5 iR —— — s e | m—mm——————— e
50 e 0;2 7-15 2.0-6.0 0.06-0.09|7.9~8.4 <2 0.17] 1 5
Cave Variant 2.11] 7-18 . 2.0-6.0 0,04-0.08|7.9-8.4 <2 0.17
11-29| ~=— e —— o ——— ————
29-40|12~30 0.6-2.0 0.10-0,14{7.9-8.14 8-16 0,24
4o-60| 5-10 2.0-6.0 0.05-0,09(7.4-7.8 8-16 LOWm e 0.15
Y B e i 0-4 1-5 6.0-20 0.,08-0,10(7.4-8.14 <2 LOW=—mm e 0.17| 1 2
Hobog §-13{12-25 0.6-2.0 0.04-0.06|7.4-9.0 <2 L0 Wi s s 0.20
13 —— —— ——— —— e T Lol e Tl ————
I e T 0-9 9-21 0.6-2.0 0.04-0.06{7.4-9.0 <2 LOW——mmmmmm— 0.10f 1 8
Hobog 9~15| 9-21 0.6-2.0 0.04-0.06(7.4-9.0 <2 T1O Wi e s 0.17
15 o —— e — e [ e ——— ]
500% :
Canublommmmmmmm=| 0=l 5-12 2,0-6.0 0.05-0.08{7.4-8. <2 LoW—mmmmmma==|0,10| 3 8
43| 5-10 2.0-6.0 0.04-0.08|7.4-8.4 <2 LiO Vot et s e 0.10
n3 i . - T s e e R
AKEL A e s 0-3 5-12 0.6-2,0 0.04-0,09|7.4-8.4 <2 LoW—mmmmm 0.17( 1 5
3-11| 6-=10 0.6-2.0 0.04-0.09|7.4-8.14 <2 TiO v s s 0.17
11-60| -~ — —— e — e et e | e
See footnote at end of table.



HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL

INFLUENCE OF VEGETAL CANOPY (C,)

C.=0.82

1.00

0.80

0.60
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Factor for Conopy Effect

0.20 \
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Percent Ground Cover by Canopy
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REFERENCE: il- ibili
l A Soil-Erodibility Nomograph FIGURE 1303ﬂ

for Farmland and Construction Sites, 1971




HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL

EFFECT OF PLANT RESIDUES OR CLOSE-GROWING
STEMS AT THE SOIL SURFACE ((' . 'S

C,=0.80

1.00

0.80

0,60 N

0,40 \\
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0.20 \

Factor for Type II Effect
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Percent of Soll Structure Covered by Mulch
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REFERENCE: Estimating the Cover and
Management Factor for Undisturbed Areas, 1972 FIGURE 1303c




HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL

Factor for Type III Effects

TYPE Il EFFECTS ON UNDISTURBED LAND AREAS (¢

Cm = .48

0,50

0 40)‘?\\\

' : \ \\\

\\ Weeds
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0.10 \\m

0 20 40 60 30 100%
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REFERENCE: Estimating the Cover and

Management Factor for Undisturbed Areas, 1972 - I FIGURE 1 303ﬂ
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APPENDIX E

Main Inflow Channel Hydraulic Computations






Typical Cross Section 1
Worksheet for Trapezoidal Channel

Worksheet CP1 Inflow Channel @ 0.5%
Flow Element Trapezoidal Channel
Method Manning's Formula
Solve For Channel Depth
Input Data

Mannings Coefficient 0.015

Channel Slope 0.50 %

Left Side Slope 3.00 H:V

Right Side Slope 3.00 H:V

Bottom Width 12.00 it

Discharge 471.00 cfs

Results

Depth 2.43 ft

Flow Area 46.9 it?

Wetted Perimeter 27.39 it

Top Width 26.60 it

Critical Depth 2.85 ft

Critical Slope 0.27 %

Velocity 10.03 ft/s
Velocity Head 1.66 Tt

Specific Energy 4.00 ft

Froude Number 1.33

Flow Type Supercritical

Notes: CP1 =471 cfs

j:\...\oly1401-004 tds hydraulic sections.fm2 Slater Hanifan Group FlowMaster v7.0 [7.0005]
09/04/14 02:25:14 PM  © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666 Page 1 of 1



Project Description

Typical Cross Section 1
Cross Section for Trapezoidal Channel

Worksheet
Flow Element
Method

Solve For

CP1 Inflow Channel @ 0.5%
Trapezoidal Channel
\Vianning's Formula

Channel Depth

Section Data

Mannings Coefficient 0.015
Channel Slope 0.50 %
Depth 2.43 ft
Left Side Slope 3.00 H:V
Right Side Slope 3.00 H:V
Bottom Width 12.00 ft
Discharge 471.00 cfs
j:\...\oly1401-004 tds hydraulic sections.fm2 Slater Hanifan Group

09/04/14 01:20:16 P\ © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA

+1-203-755-1666

FlowMaster v7.0 [7.0005]
Page 1 of 1



Project Description

Typical Cross Section 2
Worksheet for Trapezoidal Channel

Worksheet
Flow Element

CP1 Inflow Channel @ 10.0%

Trapezoidal Channel

Method Manning's Formula
Solve For Channel Depth
Input Data

Mannings Coefficient 0.015

Channel Slope 10.00 %

Left Side Slope 3.00 H:V
Right Side Slope 3.00 H:V
Bottom Width 12.00 ft
Discharge 471.00 cfs
Results

Depth 1.08 ft

Flow Area 16.5 ft?
Wetted Perimeter 18.83 ft

Top Width 18.48 ft
Critical Depth 2.85 ft
Critical Slope 0.27 %
Velocity 28.63 ft/s
Velocity Head 12.74 it
Specific Energy 13.82 it
Froude Number 5.35

Flow Type

Supercritical

Notes: CP1 =471 cfs

j:\...\oly1401-004 tds hydraulic sections.fm2

00/04/14 01:26:17 PMi  © Haestad Methods, Inc.

Slater Hanifan Group

37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666

FlowMaster v7.0 [7.0005]
Page 1 of 1



Typical Cross Section 2
Cross Section for Trapezoidal Channel

Project Description

Worksheet CP1 Inflow Channel @ 10.0%
Flow Element Trapezoidal Channel

Method Manning's Formula

Solve For Channel Depth

Section Data

Mannings Coefficient 0.015

Channel Slope 10.00 %

Depth 1.08 it

Left Side Slope 3.00 H:V

Right Side Slope 3.00 H:V

Bottom Width 12.00 ft

Discharge 471.00 cfs

\\ 1.08 ft
v
12.00 ft
V:’IB
H:1
NTS
j:\...\oly1401-004 tds hydraulic sections.fm2 Slater Hanifan Group FlowMaster v7.0 [7.0005]

09/04/14 01:26:25 PM  © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666 Page 1 of 1



Project Description

Cross Section 3
Worksheet for Rectangular Channel

Worlksheet Drop Flume (DB1)
Flow Element Rectangular Channel
Method Mianning's Formula
Solve For Channel Depth
Input Data

Mannings Coefficient 0.015

Channel Slope 33.30 %

Bottom Width 25.00 ft

Discharge 471.00 cfs

Results

Depth 0.52 ft

Flow Area 13.1 ft?
Wetted Perimeter 26.04 ft

Top Width 25.00 ft

Critical Depth 2.23 it

Critical Slope 0.31 %
Velocity 36.09 ft/s
Velocity Head 20.24 it

Specific Energy 20.76 ft

Froude Number 8.81

Flow Type Supercritical

Notes: CP1 =471 cfs

j:\...\oly1401-004 tds hydraulic sections.fm2

09/04/14 02:39:05 PM  © Haestad Methods, Inc.

Slater Hanifan Group

37 Brookside Road Waterbury, CT 06708 USA

+1-203-755-1666

FlowMaster v7.0 [7.0005]
Page 1 of 1



Cross Section 3
Cross Section for Rectangular Chaninel

Project Description

Worksheet Drop Flume (DB1)
Flow Element Rectangular Channel
Method \Vianning's Formula
Solve For Channel Depth

Section Data

Mannings Coefficient 0.015

Channel Slope 33.30 %
Depth 0.52 ft
Bottom Width 25.00 ft
Discharge 471.00 cfs

0.52 ft

VAN
H:1

NTS

j:\...\oly1401-004 tds hydraulic sections.im2 Slater Hanifan Group

FlowMaster v7.0 [7.0005]
09/04/14 02:22:44 PM  © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666

Page 1 of 1
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DROP STRUCTURE COMPUTATIONS

DESIGN PROCEDURE:

STEP 1:

STEP 2:

STEP 3:

DETERMINE INLET FLOW HYDRAULIC FLOW PROPERTIES (SEE FLOW MASTER SECTION 3)
n-value = 0.015

bottom width = 25 feet

Q=471 cfs

slope = 3:1

depth,D1 = 0.52 f

velocity,V1 = 36.09 fps OK; < 60 fps
Froude No., F1 = 8.81 > OK;>4.5
Flow Type = supercritical

A%

DETERMINE CONJUGATE DEPTH, D2 (SEE FIGURE 11)
D2/D1 = 10.0
D2 = 5.2 ft

DETERMINE LENGTH OF JUMP, L (SEE FIGURE 12)
L/D2 = 2.7
L= 14.0 ft > Therefore, minimum apron length is 14.0 it.
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STILLING BASIN FOR HIGH DAM AND EARTH DAM SPILLWAYS
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SHORT STILLING BASIM FOR CANAL STRUCTURES, ETC. 37
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T)l Trguns 18.—Height of bafle piers and end sill (Basin I11). b - - RO T2 '
i

ducing eddies which in turn aid in the dissipation
of energy. Small chamfers on the pier edges of
the type used to obtain better forming of the
concrete may be used.

End sill. The height of the solid end sill is
also shown to vary with the Froude number,
although there is nothing critical about this
dimension. The heights of the sills used in the
verification tests are shown in Columns 27 and 28
of Table 4. The height of the end sill in terms
of D, is plotted with respect to the Froude number
and shown as the lower line in Figure 18. A
slope of 2:1 was used throughout the tests since
previous sill experiments indicated that minimum
wave heights and erosion could be expected with
this slope.

Tail water depth. As in the case of Basin II,
full conjugate depth, measured above the apron,

- is also tecommended for Basin IIT. There are
geveral reasons for this: First, the best operation
for this stilling basin occurs at full conjugate teil
water depth; second, if less than the conjugate
depth is used, the surface velocities leaving the
pool are high, the jump action is impaired, and
there is greater chance for scour downstream; and
third, if the baffle blocks erode with time, the

additional tail water depth will serve to lengthen
the intervsl between repairs. On the other hand,
there is no hydraulic advantage in using greater
then the conjugate depth, as the action in the
pool will show little or no improvement. The
game precautions should be considered when
determining the tail water for Basin IIT that were
discussed for Basin II.

The margin of safety for Basin TIT varies from
15 to 18 percent depending on the value of the
Troude number, a8 can be observed by the dashed
line labeled “Minimum Tail Water Depth—Basin
II1,” in Figure 11. The points, from which the
line was drawn, were obtained from the verifi-
cation tests, Columns 10 and 14, Table 4. Again,
this line does not represent complete jump sweep-
out, but rather the tail water depth af which the
front of the jump moves away from the chute
blocks. In this position the jump is not fully
developed and the stilling bagin does nob perform
properly. In special cases it may be necessary
to encroach on this wide margin of safety; how-
ever, it is not advisable as a general rule for the
reasons skated above.

Length of basin. The length of Bagin [IT,
which is related to the Froude number, can be
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APPENDIX F

Iateral Inflow Channel Hydraulic Computations
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HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL

B

MAXIMUM PERMISSIBLE
MEAN CHANNEL VELOCITIES

Material / Lining Maximum Permissible
Mean Velocity
(fps)
Natural and Improved Unlined Channels
Fine sand,colloidal ... .. ..ot iiienaenens 1.50
Sandy loam,nencolloidal .. .isessesnanvinsnsassasrpunsse 1.75
Silt lToam,noncolloidal.......... e B R SR E s R EEEE 2.00
Alluvial silts,noncolloidal... ... oo 2.00
Ordinary Tirm J10@Mecsssssirsnnansssmssesmonmanss ponnee s 2.50
Volcanic ash.............. ... A R em B EE R EREES § B 2.50
Stiff clay,vary colloidal..... ..o, 345
AlTuvial $9148,c010070d8) cvisvnmasnarsrsnnmsnsssnnmens sms 3.75
Shales and hardpansS.......ooeuiiiniiinniiinennenenenns 6.00
Fine gravel ...ttt ineainnaaaneanceon 2.50
Graded Toam to cobbles when noncolloidal................ 3.75
Graded silts to cobbles when colloidal........... ... ... 4.00
Coarse gravel,noncolloidal........ooviieiininneann. 4.00
Cobbles and shinglesS....c.ueeiiiiininianennanonocns 5.00
CAMY BITH e sxanman s nopmasmmm e 1 s presusmnss wesmwnme omnbd 2.00
BITEY ETAV e cimois s sunua@ns vsse Snsnerasss spnmmns s ww=yr 2.50
BT e e mwswmmisme e mmmamn i d R A HOE RS AT RS P EE 6.00
Poor sedimentary roCk ....eveeeveieceeneecaceooeeacannncns 10.0

Fully Lined Channels

Unreinforced vegetation...c.sssvesvenvarsnmcnnncscoinnssse 5.
LOOSE PAPTADn v vnsssamsnasssssssmenuessass pesanmsss wvmnssd
Grouted riprap...c.ceceeeceencnennononaneanaancaraonnens (
LSS o £
SOT T=CoMBNT A sssissanmnmaanmsss asmmsmennsss smwgne s vomme sbs
CONCre . i iie e ieeeee e iieitanetassnatasannnnnanasnason

NOTES: 1. For composite lined channels, use the lTowest of
the maximum mean velocities for the materials
used in the composite lining.

2. Deviations from the above values are only

Ravision

Date

allowed with appropriate engineering analysis

and/or suitable agreements for maintenance

responsibilities.

WRC REFERENCE:  \ityral-Fortier and Scobey, 1926 TABLE 703
ENGINEERING Fully Lined-Various Sources |




OFF4 Existing Wash

Worksheet for Irregular Channel

Project Description

Worksheet OFF4 Existing Wash
Flow Element Irregular Channel
Method Manning's Formula
Solve For Channel Depth
Input Data

Channel Slope 412 %

Discharge 84.00 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 0.035
Water Surface Elevation 3,037.48 it

Elevation Range

3,036.30 to 3,068.70

Flow Area 14.0
Wetted Perimeter 23.90 ft
Top Width 23.71 it
Actual Depth 1.18 it
Critical Elevation 3,037.64 ft
Critical Slope 2.06 %
Velocity 6.02 ft/s
Velocity Head 0.56 ft
Specific Energy 3,038.04 ft
Froude Number 1.38
Flow Type Supercritical
Roughness Segments

Start End Mannings

Station Station Coefficient
0+00.0 4+96.6 0.035

Natural Channel Points

Station Elevation

(t) (ft)
0+00.0 3,065.90
0+15.0 3,066.30
0+35.1 3,066.00
0+51.2 3,065.00
1+44.3 3,050.00
2+16.8 3,038.00
2+44.8 3,036.30
2451.1 3,038.00
2+85.1 3,043.00
3+17.2 3,045.00
4+11.7 3,060.00
4+38.5 3,065.00
4+57.0 3,067.00
4+96.6

3,068.70

j:\...\oly1401-004 tds hydraulic sections.fm2
09/08/14 08:20:42 AM  © Haestad Methods, Inc.

Slater Hanifan Group
37 Brookside Road Waterbury, CT 06708 USA
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Project Description

OFF4 Existing Wash

Worksheet
Flow Element
Method

Solve For

OFF4 Existing Wash
Irregular Channel
Manning's Formula

Channel Depth

Section Data

Mannings Coefficient
Channel Slope

Water Surface Elevation
Elevation Range
Discharge

0.035
412 %
3,037.48 ft

3,036.30 to 3,068.70

84.00 cfs

3,060.00

3,085.00 F—

3,055.00

3,050.00
3,045.00

Vi e

~ =

3,040.00

P
Sz

et

3,035.00 I

0+00.0 0+50.0 1+00.0

j:\...\oly1401-004 tds hydraulic sections.fm2
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Project Description

OFF4 Lateral Inflow Channel
Worksheet for Trapezoidal Channel

Worksheet
Flow Element
Method

Solve For

OFF4 Inflow Channel (DB1)
Trapezoidal Channel
Manning's Formula
Channel Depth

Input Data

iannings Coefficient 0.040
Channel Slope 33.33 %

Left Side Slope 3.00 H:V
Right Side Slope 3.00 H:V
Bottorn Width 24.00 ft
Discharge 84.00 cfs
Results

Depth 0.33 it
Flow Area 8.4 ft*
Wetted Perimeter 26.12 ft
Top Width 26.01 ft
Critical Depth 0.70 ft
Critical Slope 272 %
Velocity 10.04 ft/s
Velocity Head 1.67 it
Specific Energy 1.90 it
Froude Number 3.12
Flow Type Supercritical

j:\..\oly1401-004 tds hydraulic sections.fm2
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OFF4 Lateral Inflow Channel
Cross Section for Trapezoidal Channel

Project Description

Worksheet
Flow Element
Method

Solve For

OFF4 Inflow Channel (DB1)
Trapezoidal Channel
Manning's Formula
Channel Depth

Section Data

Mannings Coefficient 0.040
Channel Slope 33.33 %
Depth 0.33 ft
Left Side Slope 3.00 H:V
Right Side Slope 3.00 H:V
Bottom Width 24.00 it
Discharge 84.00 cfs
\ 2

l..//% 00ft—————————— "]

j:\...\oly1401-004 tds hydraulic sections.fm2
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OFF5 Existing Wash

Worksheet for Irregular Channel

Project Description

Worksheet OFF5 Existing Wash
Flow Element Irregular Channel
Method \ianning's Formula
Solve For

Input Data

Channel Slope 3.40 %

236.00 cfs

Current Roughness Method
Open Channel Weighting Method
Closed Channel Weighting Method

Improved Lotter's Method
Improved Lotter's Method

Horton's Miethod

Results

Mannings Coefficient 0.035
Water Surface Elevation 3,048.67 ft

Elevation Range

3,047.30 to 3,065.90

Flow Area 32.9 ft*
Wetted Perimeter 37.55 it
Top Width 37.37 ft
Actual Depth 1.37 it
Critical Elevation 3,048.88 ft
Critical Slope 1.78 %
Velocity 717 fiUs
Velocity Head 0.80 ft
Specific Energy 3,049.47 ft
Froude Number 1.35
Flow Type Supercritical

Roughness Segments

Start End Mannings
Station Station Coefficient
0+00.0 5+76.6 0.035

Natural Channel Points

Station Elevation
(ft) (f)
0+00.0 3,061.90
0+82.6 3,064.00
1+20.5 3,064.50
1+60.0 3,064.00
2426.5 3,061.00
2+57.2 3,051.00
2+60.0 3,050.80
2+62.3 3,051.00
2+75.3 3,052.60
2+83.8 3,052.00
3+00.5 3,048.00
3+25.5 3,047.30
3+58.5 3,052.00
3+81.3 3,062.00

-
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OFF5 Existing Wash
Worksheet for Irregular Channel

Natural Channel Points

Station Elevation
(ft) (ft)
4+60.8 3,063.00
5+76.6 3,065.90

Slater Hanifan Group FlowMaster v7.0 [7.0005]

j:\...\oly1401-004 tds hydraulic sections.fm2
37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666 Page 2 of 2
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OFF5 Existing Wash
Cross Section for Irregular Channel

Project Description

Worksheet OFF5 Existing Wash
Flow Element Irregular Channel
Method Manning's Formula
Solve For Channel Depth

Section Data

Viannings Coefficient 0.035
Channel Slope 3.40 %
\Water Surface Elevation 3,048.67 ft
Elevation Range 3,047.30 to 3,065.90
Discharge 236.00 cfs

o

306980

3,058.00

3,052.00 b S = »
3,046.00 LA -
0+00.0 0+50.0 1+00,0 1+50.0 2:+00.0 2+50.0 3+00.0 3+50.0 4+00.04+50.0 5+00.0 5+50.0 6+00.0

V:4.00\
H:1

NTS
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OFF5 Lateral Inflow Channel
Worksheet for Trapezoidal Channel

Project Description

Worksheet OFFS5 Inflow Channel (DB1)
Flow Element Trapezoidal Channel
Method Manning's Formula
Solve For Channel Depth
Input Data

Viannings Coefficient 0.040

Channel Slope 33.33 %

Left Side Slope 3.00 H:V

Right Side Slope 3.00 H:V

Bottom Width 38.00 ft

Discharge 236.00 cfs

Results

Depth 0.47 ft

Flow Area 18.6 it*

Wetted Perimeter 40.99 it

Top Width 40.83 it

Critical Depth 1.03 it

Critical Slope 2.39 %

Velocity 12.67 ft/s
Velocity Head 2.50 ft

Specific Energy 2.97 ft

Froude Number 3.31

Flow Type

Supercritical

j:\...\oly1401-004 tds hydraulic sections.fm2 Slater Hanifan Group
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OFF5 Lateral Inflow Channel
Cross Section for Trapezoidal Channel

Project Description

Worksheet OFF5 Inflow Channel (DB1)
Flow Element Trapezoidal Channel
Method Manning's Formula

Solve For Channel Depth

Section Data

Mannings Coefficient 0.040
Channel Slope 33.33 %
Depth 0.47 ft
Left Side Slope 3.00 H:V
Right Side Slope 3.00 H:V
Bottom Width 38.00 ft
Discharge 236.00 cfs
N 7 .
/ 0.4/ ft
38.00 ft -
V:4.0h
H:1
NTS
j:\..\oly1401-004 tds hydraulic sections.fm2 Slater Hanifan Group FlowMaster v7.0 [7.0005]
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Project Description

OFF6 Existing Wash
Worksheet for Irregular Channel

Worksheet OFF6 Existing Wash
Flow Element Irregular Channel
Method Manning's Formula
Solve For Channel Depth
Input Data

Channel Slope 3.37 %

Discharge 59.00 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

0.035
3,050.12 it

3,049.30 to 3,061.90

12.8 it
28.30 ft
28.23 ft

0.82 it

3,050.18 ft

2.25 %
4.60

0.33 ft

3,050.45 ft

1.20

Flow Type Superecritical
Roughness Segments
Start End Mannings
Station Station Coefficient
0+00.0 3+17.4 0.035

Natural Channel Points

Station Elevation
(ft) (ft)
0+00.0 3,060.50
0+61.8 3,055.00
0+87.8 3,050.00
1+00.3 3,049.30
1#16.41 3,050.00
1+28.8 3,055.00
1+59.1 3,057.00
1+75.0 3,057.40
1+90.6 3,057.10
3+17.4 3,061.90
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Project Description

OFF6 Existing Wash

Worksheet
Flow Element
Viethod

Solve For

OFF6 Existing Wash
Irregular Channel
Manning's Formula

Section Data

\Viannings Coefficient 0.035
Channel Slope 3.37 %
Water Surface Elevation 3,050.12 ft
Elevation Range 3,049.30 to 3,061.90
Disﬁ(iwiarge_ - - 7759.09’cf§
3,062.00 5
3,060.00'*\“‘%*%\ — ]
3.056.00 ~ e
. /
3,052.00 S
3,048.00 - |
0+00.0 0+50.0 1+00.0 1+50.0 2+00.0 2+50.0 3+00.0 3+50.0
V:4‘OB
H:1

NTS
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OFF6 Lateral Inflow Channel
Worksheet for Trapezoidal Channel

Project Description

Worksheet OFF6 Inflow Channel (DB1)

Flow Element Trapezoidal Channel

Vethod \Vianning's Formula

Solve For Channel Depth

Input Data

Mannings Coefficient 0.040

Channel Slope 33.33 %

|eft Side Slope 3.00 H:V

Right Side Slope 3.00 H:V

Bottom Width 28.00 ft

Discharge 59.00 cfs

Results

Depth 0.25 ft

Flow Area 7.1 ft?

Wetted Perimeter 29.57 ft

Top Width 29.49 ft

Critical Depth 0.51 ft

Critical Slope 2.99 %

Velocity 8.29 ft/s

Velocity Head 1.07 ft

Specific Energy 1.32 ft

Froude Number 2.97

Flow Type Supercritical
i:\...\oly1401-004 tds hydraulic sections.fm2 Slater Hanifan Group FlowMaster v7.0 [7.0005]
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Project Descriptior

OFF6 Lateral Inflow Channel
Cross Section for Trapezoidal Channel

Worksheet
Flow Element
Method

Solve For

OFF6

Inflow Channel (DB1)

Trapezoidal Channel
Mianning's Formula
Channel Depth

Section Data

Mannings Coefficient
Channel Slope
Depth

Left Side Slope
Right Side Slope
Bottom Width
Discharge

0.040
33.33 %
0.25
3.00
3.00
28.00
59.00 cfs

AT I

<<

11
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APPENDIX G

Discharge Curves






Project Description

3

0-inch Orifice Discharge Curve

Rating Table for Circular Orifice

Worksheet Quitfall
Type Circular Orifice
Solve For Discharge
Input Data
Centroid Elevation 3,026.75 it
Tailwater Elevation 3,028.00 ft
Discharge Coefficient 0.65
Diameter 30.0 in
Attribute Minimum Maximum Increment
Headwater Elevation (ft) ,026.00 3,044.00 1.00
Headwater Discharge Velocity T
Elevation (cfs) (ft/s)
(ft)
3,026.00 N/A N/A
3,027.00 N/A N/A
3,028.00 N/A N/A
3,029.00 25.59 5.21
3,030.00 36.20 7.37
3,031.00 44.33 9.03
3,032.00 51.19 10.43
3,033.00 57.23 11.66
3,034.00 62.69 12.77
3,035.00 67.72 13.80
3,036.00 72.39 14.75
3,037.00 76.78 15.64
3,038.00 80.94 16.49
3,039.00 84.89 17.29
3,040.00 88.66 18.06
3,041.00 92.28 18.80
3,042.00 95.77 19.51
3,043.00 99.13 20.19
3,044.00 102.38 20.86
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36-inch RCP Outlfow Pipe

Worksheet for Circular Channel

Project Description

Worksheet Outflow Pipe
Flow Element Circular Channel
Method Manning's Formula
Solve For Full Flow Diameter
Input Data

Viannings Coefficient 0.013

Channel Slope 2.00 %

Discharge 71.00 cfs

Results

Depth 2.70 ft

Diameter 32.4 in

Flow Area 5.7 ft?

Wetted Perimeter 11.00 ft

Top Width 0.00 ft

Critical Depth 2.57 ft

Percent Full 100.0 %

Critical Slope 1.74 %

Velocity 12.43 ft/s

Velocity Head 2.40 ft

Specific Energy 5.10 ft

Froude Number 0.00

Vlaximum Discharge 76.38 cfs

Discharge Full 71.00 cfs

Slope Full 2.00 %

Flow Type N/A

Notes: Outflow Pipe is large enough to not result in backwater impacts to orifice plate outlet from DB1.
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Project Description

PMF Overflow Spillway Discharge Cuirve

Rating Table for Generic Weir

Worksheet PMF Spillway - Weir
Type Generic Weir

Solve For Discharge

Input Data

Crest Elevation 3,037.00 it

Discharge Coefficient 3.00 US

Crest Length 87.00 ft

Attribute Minimum Maximum Increment
Headwater Elevation (it) 3,037.00 3,044.00 1.00
Headwater Discharge Velocity

Elevation (cfs) (ft/s)

(1)

3,037.00 N/A N/A
3,038.00 261.00 3.00
3,039.00 738.22 4.24
3,040.00 1,356.20 5.20
3,041.00 2,088.00 6.00
3,042.00 2,918.07 6.71
3,043.00 3,835.90 7.35
3,044.00 4,833.79 7.94
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Debris Tower Orifice Calculator
Rating Table for Circular Orifice

Project Description

Worksheet Debris Tower
Type Circular Orifice
Solve For Discharge
Input Data
Centroid Elevation 3,023.12 ft
Tailwater Elevation 3,023.00 ft
Discharge Coefficient 0.65
Diameter 3.0 in
Attribute Minimum Maximum Increment
Headwater Elevation (it) 3,023.00 3,025.50 0.50
Headwater Discharge Velocity
Elevation (cfs) (ft/s)
(t)
3,023.00 N/A N/A
3,023.50 0.16 3.21
3,024.00 0.24 4.89
3,024.50 0.30 6.13
3,025.00 0.35 7:158
3,025.50 0.39 8.04

~

1R

B o p— ~ . aan ( . ( = C 5 i
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G\! \ HANIFAN
o GROUP

CONSULTING ENGINEERS & PLANNERS

Elevation vs. Discharge Calculation

Project: Skye Canyon Detention Basin No. 1
Date: 8/26/2014

(1) Row 1 Row 2 Row 3 Row 4 Row 5
Elevation 4- 3" Dia. 4- 3" Dia. 4- 3" Dia. 4- 3" Dia. Beehive Q Total
(Feet) (cfs) (cfs) (cfs) (cfs) Grate (cfs) (cfs)
3023.0 0.00 0.00 0.00 0.00 0.00 0.00
3023.5 0.64 0.00 0.00 0.00 0.00 0.64
3024.0 0.96 0.64 0.00 0.00 0.00 1.60
3024.5 1.20 0.96 0.64 0.00 0.00 2.80
3025.0 1.40 1.20 0.96 0.64 0.00 4.20
3025.5 1.56 1.40 1.20 0.96 4.10 9.22

5740 S. Anville St., Suite 216 - Las Vegas, NV 89118

Ph. 702-284-5300 - Fx. 702-284-5399




‘ l SLATER Dewatering Time Calculation
) :\i 5’i,’~\\i\!lij’—\l“
L

(2=}
GROUP Project: ~ Skye Canyon Detention Basin No. 1

CONSULTING ENGINEERS & PLANNERS Date: 8/26/2014

(@) Storage Difference in (4) Average ©6) 7)
Elevation Volume (Cu. Storage Discharge | Discharge| Time Accumulated
(Feet) Ft.) Volumes (cfs) L (cfs) (Hrs.) Time (Hrs.)
3025.5 162159 0 9.22 0.00 000 | 000
3025.0 120608 41551 4.20 4.20 2.75 2.75
3024.5 76670 43938 2.80 3.50 3.49 6.24
3024.0 32731 43939 1.60 2.20 5.55 11.78
3023.5 16366 16365 0.64 112 4.06 15.84
3023.0 0 16366 0.00 0.32 14.21 30.05

Debris storage area drains in 30 hours which is less than maximum allowed 7 days.
Debris Tower Acceptable.

5740 S. Arville St., Suite 216 - Las Vegas, NV 89118

Ph. 702-284-5300 - Fx. 702-284-5399




APPENDIX H

Emergency PMFE Spillway RCC Design Energy Computations



S ATEFR " e
o P~ f"'f;/"\ |IF|§ - Chanson - Energy Reduction Step Computation
Q) e I - ANTFAN | Project Name: Skye Canyon Detention Basin No. 1 ] -
W’ (,J GROUP Date: 8/19/2014
CONSULTING ENGINEERS & PLANNERS File Nalgsf gl\l_/l‘j1401-004 TDS RCC Spillway Energy Calc.xlsx

1. Using the energy reduction equation in Sturm - Open Channel Hydraulics (Section 6.4 Stepped Spillways, pages 213-215)

Y . T E T T S (L L) R
AH = Energy head dissipated, ft
H = Total Head, ft
Haam = Height from the toe of the spillway to the crest, ft
ﬁfi,ﬁg | Getiese ]
f = friction factor )
=

h } :heigvh't of}r;e s:tep, o
| = length of the step, it

2. Using the critical depth (rectangular) equation in Lindehurg (page 19-17)

I @i ]

Flow rater, cfs

Q Q}
It

gravity, f/sec”
w = width, ft

3. Applying Steps 1 and 2

Known: Q= 4912 cfs Solve for: Ve = 4.63 ft
g= 322 ft/s?
w= 87 ft
Hdam =16 it
= 9

Solve for:
hil 0 0 Cy c. 2 cos@ [ AHH

(assumed) (rads) (deq) (rads)
0.01 0.010 0.573 12.501 2.321 1.000 0.186 0.513
0.02 0.020 1.146 6.251 1.842 1.000 0.295 0.599
0.03 0.030 1.719 4.169 1.609 1.000 0.386 0.637
0.05 0.050 2.864 2.503 1.358 0.999 0.542 0.672
0.10 0.100 5.713 1.256 1.079 0.995 0.859 0.697
0.15 0.149 8.535 0.843 0.945 0.989 1.121 0.699
0.20 0.197 11.316 0.637 0.861 0.981 1.350 0.694
0.25 0.245 14.043 0.515 0.802 0.970 1.556 0.686
0.30 0.291 16.708 0.435 0.758 0.958 1.742 0.678
0.35 0.337 19.300 0.378 0.723 0.944 1.912 0.670
0.40 0.381 21.812 0.337 0.696 0.928 2.067 0.661
0.45 0.423 24.240 0.305 0.673 0.912 2.209 0.654
0.50 0.464 26.579 0.280 0.654 0.894 2.339 0.646
0.55 0.503 28.825 0.259 0.638 0.876 2.459 0.639
0.60 0.540 30.979 0.243 0.624 0.857 2.568 0.633
0.65 0.576 33.041 0.229 0.612 0.838 2.669 0.627
0.70 0.611 35.010 0.218 0.602 0.819 2.761 0.622
0.75 0.644 36.889 0.208 0.593 0.800 2.846 0.617
0.80 0.675 38.679 0.200 0.585 0.781 2.923 0.613

] 0.85 0.704 40.385 0.193 0.578 0.762 2.994 0.609
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0.95 0.760 43.553 0.181 0.566 0.725 3.120 0.603
1.00 0.785 45.023 0.177 0.561 0.707 3.175 0.600
1.25 0.896 51.366 0.160 0.543 0.625 3.392 0.590
1.50 0.983 56.338 0.150 0.532 0.555 3.539 0.584
1.75 1.052 60.286 0.144 0.524 0.496 3.640 0.580
2.00 1.107 63.467 0.140 0.519 0.447 3.713 0.579
2.25 1.153 66.071 0.137 0.515 0.406 3.767 0.578
2.50 1.190 68.233 0.135 0.513 0.371 3.807 0.578
2.75 1.222 70.052 0.133 0.510 0.342 3.838 0.578
3.00 1.249 71.601 0.132 0.509 0.316 3.862 0.578
3.25 1.272 72.934 0.131 0.508 0.294 3.881 0.579
3.50 1.292 74.092 0.130 0.507 0.275 3.897 0.579
3.75 1.310 75.107 0.129 0.506 0.258 3.909 0.580
4.00 1.326 76.002 0.129 0.505 0.243 3.920 0.580
4.25 1.340 76.798 0.128 0.505 0.229 3.929 0.581
4.50 1.352 77.510 0.128 0.504 0.217 3.936 0.581
475 1.363 78.151 0.128 0.504 0.206 3.943 0.582
5.00 1.373 78.730 0.127 0.503 0.196 3.948 0.582
5.25 1.383 79.256 0.127 0.503 0.187 3.953 0.582
5.50 1.391 79.736 0.127 0.503 0.179 3.957 0.583
5.75 1.399 80.175 0.127 0.502 0.171 3.960 0.583
6.00 1.406 80.579 0.127 0.502 0.164 3.964 0.584
6.25 1.412 80.951 0.127 0.502 0.158 3.966 0.584
6.50 1.418 81.295 0.126 0.502 0.152 3.969 0.584
6.75 1.424 81.614 0.126 0.502 0.147 3.971 0.585
7.00 1.429 81.911 0.126 0.502 0.141 3.973 0.585
7.25 1.434 82.188 0.126 0.502 0.137 3.975 0.585
7.50 1.438 82.447 0.126 0.501 0.132 3.977 0.586
7.75 1.442 82.690 0.126 0.501 0.128 3.978 0.586
8.00 1.446 82.917 0.126 0.501 0.124 3.979 0.586
8.25 1.450 83.131 0.126 0.501 0.120 3.981 0.586
8.50 1.454 83.332 0.126 0.501 0.117 3,982 0.587
8.75 1.457 83.523 0.126 0.501 0.114 3.983 0.587
9.00 1.460 83.702 0.126 0.501 0.110 3.984 0.587
9.25 1.463 33.872 0.126 0.501 0.107 3.985 0.587
9.50 1.466 84.034 0.126 0.501 0.105 3.985 0.588
9.75 1.469 84.187 0.126 0.501 0.102 3.986 0.588

| 10.00 1.471 84.332 0.126 0.501 0.100 3.987 0.588

4. Findings of Step 3 and Results

From the computations of Step 3, the maximum reduction we can obtain is approximately 69.9%
The corresponding h/l ratiois 0.15

Per CCRFCD, the preferred height of a step is 2.0 it
Per CCRFCD, the preferred slope is 2:1; therefore, the length of the step is 4.0 it
The resulting h/l ratio is 0.50
Number of steps, N = Hgam/h 8
From the table and chart, the corresponding energy reduction is 64.6%
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am )1 .sl - I "'\NH-“‘N Project Name: Skye Canyon Detention Basin No. 1
| W GROUP Date: 8/19/2014
mm File Name: OLY1401-004 TDS RCC Spillway Chirstodolou Calc.xlsx
By: SMJ

1. Identify known parameters

Known: Flow rate, Q = 4,912 cfs
Gravity, g = 32.2 ft/s?
Width of spillway, w = 87 ft
Height of spillway, h = 16 ft
Number of Steps, N = 8
Height of step, hs = 2 ft
Length of step, | = 4 ft

2. Using the critical depth (rectangular) equation in Lindeburg (page 19-17)

I y.=[(@)/ (W) 1" |
Q = Flow rate, cfs
g = gravity, ft/sec’
w = width of spillway, ft
Solve for: Yo = 4.63 ft

3. Determining the energy at the top of stepped structure

[ Ho = h+ Yo * (V' 20) |
L = b+ yo+ (V2 29) |
L —h+ye+ (O 2gwye)

Q = Flow rate, cfs

g = gravity, ft/sec’

w = width, ft

h = height of spillway, it

Ye = critical flow depth, ft

Solve for: Ho = 22.94 ft

10f3



4. Determining the energy at the toe of stepped structure

—
I
I

Q = Flow rate, cfs

g = gravity, fi/sec’®

w = width, ft

Vi = flow depth at the toe of stepped structure

Use the percentages from both the Energy Reduction and Christodoulou Methods to see which controls.

(See Energy Reduction) (Use Christodoulou, Fig 4)
Ilhs= 2.0
Yo/hs = 2.3

If yo/(Nhs) = 0.29
Check 1, is Ilhs 2 0.7 yes
Check 2, is I/lhg < 2.5 yes
Check 3, is y/hs = 4.5 yes
Check 4, is y/Nhs < 0.5 yes
Is the Christodoulou Method, Fig 4 valid?: yes

AH = 64.6% AH = 20.0%
Then Hy = 8.120 Then H; = 18.351
Solve for: yy = 715 1t Solve for: vy =173 1t
[ Vi = Q/ (wys) ]
V4 = velocity at the toe of stepped structure
Vi = flow depth at the toe of stepped structure
w = width of spillway, ft
Q = Flow rate, cfs
(Energy Reduction) I (Christodoulou)
Solve for: V,=7.90 “ Solve for: V, = 32.64
| Fu= Vil(ay)™ |
Fr = Froude Number at the toe of stepped structure
g = gravity, ft/sec?
Y1 = flow depth at the toe of stepped structure
(Energy Reduction) I (Christodoulou)
Solve for: Frq = 0.52 " Solve for: Fq=4.37

5. Determining the height of block to force a hydraulic jump

Broad-crested weir
| Q = CLH"? |

Q = Flow rate, cfs
C = Weir coefficient
L = width of spillway, it
H = Weir depth, ft
C= 3.30
L=w= 87ft
Solve for: H= 6.64 ft

20f3



Conjugate depth for a hydraulic jump

/2

) (¢

Use Christodolou Equation. End Sill Height is 3.5-t (hg).

Use:

6. Determining the length of the stilling hasin

Solve for: Length of stilling basin,

Conclusion:
The design length of the stilling basin is 60-ft.

10-ft (y,) depth provided in stilling basin for hydraulic jump depth.

hg = 3.5t

Length of Free Jump can be obtained from USBR EM25 Figure 12 (1983)

Controlling Method = Christodoulou
Fy = 4.37
Yo = 9.87
Then Lgly, = 5.900

Lg = 58.22 ft

2 ) _:ﬁoifvvd;pt; a—t the hydrauli;: ijp
Vi = flow depth at the Loe of stepped structure
Fry = Froude Number at the toe of stepped structure
(Energy Reduction) [ (Christodoulou)
Solve for: Y, = 2,79 it “ Solve for: y, = 9.87 fit
Required tailwater depth to force a hydraulic jump - o B
. - 7 B _hg=y,-H o ) |
Ya = flow depth at the hydraulic jump
hs = Height of block, ft
H = Weir depth, it
(Energy Reduction) I (Christodoulou)
IfAH = 64.6% If AH = 20.0%
Solve for: hg = -3.9 ft Solve for: hg = 3.23 ft
Conclusion:

30f3
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CuAPTER 60 Hydrantic Structures 213

known from. profotype experience, the required valus of L/h cen be determined
from Rquation 6.8 for the desired air concentration. Then, from. the relationship
given by Bquation 6.7 from physical model stidies or numetical analysis of the jet
irajectory for a given ramp geometry, the required underpressure Ap,, can be deter-
mined for the specified value of L/A and the known value of the Froude number.
TFinally, the air delivery system. can be designed to provide the air flow raie with the
specified pressure drop. o

The value of k in Bqgoation 6.8 has been determined to be 0.033 from the Fox
do Areia prototype spillway tests (de o Pinto 1988), but it can vary for different
flow conditions and. different ramp geometries. What is required is & model study
with 2 relatively large seale (1:10 to 1:15) to eliminate Reynolds number and Weber
number offects and so determine specific design. values of k. '

! 6&4 E
STEPPED SPILLWAYS

Stepped spillivays have been used. extensively around the world since antiquity, but
they became very popular in the past few decades with the advent of roler-
compacted concrete (RCC) and gabion construction of dams (Chanson 1994a).
They provide good surface aeration but also merease the energy dissipation in the
flow down the spillway in compatison 0 2 smooth gpillway. This latter featuie of
stepped spillways may reduce the cost of the downstream stilling basin.

Stepped. spillways can operate either #n 2 nappe flow regime or a skimming
flow regime. Iin nappe flow, which tends to occut af lower discharges on flatter
spiftways, the flow consists of a series of jets that strike the floor of the succeeding
steps. Bach jet usually is followed by a partial hydraylic jump. In skimming Flow,
ihe jets move smoothly without breakup across the steps, which act as a series of
roughness elerfients. A recirculating vortez forms on each step in which energy dis-
sipates. The skimming flow regime is shown in Figure 6.8. Rajaramam (1990) sug-
gested that the onset of glimming flow occurs for values of y [k exceeding 0.8,
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FIGURE 6.8 Coiine
Definition sketch ofd. stepped spillway: -
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Model study results for
and Radavy 1996). (Source:

head Toss on 2 stepped spiltway in skimming flow with IV steps (Rica!
C E. Rice and K. C. Radavy. “Model Study of a Roller Corn-
ingrg., © 1996, ASCE. Reproduced by per-

mission of ASCE.)

whese v, is the ciitical depth for the flow on the spillway and % is the height of an
individual step. _

The amotnt of enetgy dissipation that occurs on 2 stepped spillway for skim-
ming flow is one of the primary design variables. Christodoulou (1993) suggested
that the energy head dissipated, AH, in ratio to the total bead, H,, npstream of the
dam relative to the toe is related to y [Nk, in whick y, = critical depth; IV = number
of steps; and % =-the height of sach step, as shown in Figure 6.9. Rice and Kadavy
(1996) have confirmed the validity of Fignre 6.9 for 2 physical model of the Salado
Creek spillway in Texas. Based on thefr data points, the Christodoulon cntve in Fig
ure 6.9 s valid for /7 valnes in the range of 0.7 10 2.5, y/h = 4.5, and y,/NE =< 0.5.

Chanson (1994b) analyzed experimental data for stepped spillways from a

ative energy loss with

an analytical formufation for mniform flow conditions given by
CY3 cosf + 0.5CF %

(6.9),

AF

—= -
Hy

g 4 P

in which C; = FH(8 sin 9); f = fiction factor: O = tan~" (A/l); Hy,, = dam crest
height above the tos; and y, = critical flow depth. He found reasonable agreement
with the experirental resulls, considering the degree of scaiter, using f' = 1.0 (non-
aerated flow) and § = 52° over a very wide range of Hy, /v, from approximately 2 ;
to0 90. Usually, H,,, = Nk, so Equation 6.9 corresponds with the variables of Fig-
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ure 6.9 except that it covers a wider range in y /NA. Bquation 6.9 must be used with.
cars because of the uncertainty in the friction factor due to the effects of aeration.

Stepped spillways offer the advantage of enhanced air entrainment as well as
energy dissipation. Chanson (1994b) shows that the inception of air entrafnment
oceurs in 4 shorter distance on a stepped spillway than oo a smooth spillway
because of the more rapid rate of boundary-layer growth. However, the equilibsivm,
aft concentration is similar on stepped and smooth spillways and primarily is a
function of slope. For more details on the design of stepped spillways, refer to the
comprehensive treatment of the subject by Chanson (1994b).

6.5
CULVERTS

Cylverts seem o be simple hydravlic structures but in fact are among the most
complicated because of the wide vatiety of flow conditions that can occus in them.
Flow can be gradually varied or rapidly vatied and also a function of time. A, cul-
wvert can flow Full, in which cage it operates under pressure-flow conditions as in
" pipe flow, or it can flow partly full, as an open channel. The open channel flow can
be superctitical or subexitical, and its analysis may imelude computation of a grad-
wally varied flow profile or a hydraulic jump. Culverts Flow full when the outletis -
subrmnerged due to high tailwater but also may flow full for a very high headwater
with the outlet unsebmerged. In both full and partly full flow, the submesgence of
the inlet or outlet is an important criterion in determining the type of flow that
oceurs. Perhaps the most important distinguishing characteristic of a culvert flow is
whether it is under inlet or outlet control. In the case of inlet conirol, the head-
discharge relation is determined entirely by the inlet geomeiry, including the inlet
area, edge rounding, and shape. Tailwater conditions are immaterial for inlet con-.
trol. Tn ouilet control, on the other hand, the head-discharge relation is affected not
only by the inlet but also by-the barel roughness, length, slope, shape, and area as
well as the tailwater elevation, These influences on inlet and ontlet control are suim-
marized in Table 6-1. Talet control generally occurs for shott, steep culverts with a
free outlet, while outlet control prevails for long, rough-barreled culverts with high
taitwater conditions. '
Culvert design usually is based on the selection of a design discharge deter-
rined from frequency analysis. Interstate highway culverts, for example, may be
designed to catry the 100 year peak discharge. The culvert is sized to Hmit the
headwater resulting from the design discharge to 2 specified value to prevent over-
topping the highway embankment. Once the design culvert size is determined, its
{ performance may be analyzed over a wide range of discharges, inchading dis-
' charges that overtop the embankraent. This analysis can be summarized by a plot
iof the complete head-discharge telation, called the performance curve. This step is
 fmportant {o accyrately. determine whether the culvert operates under inlet or out-
~/let controk-for.the: design.discharge. The design process is based on a selected pealk
:: dischasge:in: steady: flow,; and a conseryatiye approach: is.taken in which hoth. inlet
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ENERGY DISSIPATION ON STEPPED SPILLWAYS
By George C. Christodonlou,* Member, ASCH

ApsrracT: Potentially high energy dissipation on stepped overflow spillways would
imply a significant reduction of the size of downstream stilling basins. The amount
of energy loss on snch spillways under skimming-flovr conditions is examined ex-
perimentally for structures with a moderate number of steps and a width-to-height
ratio equal to 0.7. The experimental resnits, suppozted by dimensional consider-

ations, indicate that the most important parameters governing energy dissipation
are the ratio of the critical depth of flowr passing over the spillway to the step height
yJh, and the number of steps M. Dissipation is highest for the small values of
y.(k tested, near unity, and decreases with increasing y /h; for a certain y./h the
dissipation increases with N. The results are compared to those of earlier investi-
gations referring to a Jarge number of steéps. For commonly used 1anges of the step
dimensions, 2 general relation is cstablished between the energy loss and the pa-
rameter ¥./h, which may be useful in practical applications.

INTRODUCTION:

Usually, the crest of overflow spiltways follows the standard shapes that
were determined after extensive experiments at the U.S. Waterways Hx--
periment Stafion (Chow 1959). The flow accelerates along the downstream
face and high velocities are attained at ihe spillway toe, so that stilling basins
or other types of energy dissipators need to be provided. Some conciete
pravity dams and the associated spillways are being construcied with a step-
wise profile by application of rollcrete technology [e.g., Hollingworth and
Druyts (1986); Bouyge ei al. (1988)]. However, the performance of stepped
spillways is not well known. Limited experimental research in the past
(Young 1982; Sorensen 1985) has suggested that considerable energy dis-
sipation may take place on the stepped surface of the spillway, and, con-.
sequently, the stilling basin might be severely reduced in size or even elimn-
inated. Rajaratnam (1990) proposed a theoretical estimate for the energy
loss due to the steps, assuming the establishment of uniform skimming flow.
This assumption would imply a high spillway with many steps—a require-
ment that may not be typical of stepped structure. Peyras et al. (1992)
presented experimental results for small gabion weirs with a flat crest and
up to seven steps. According o these results, the relative energy dissipation
decreases: with-inereasing flowrate and also depends on the slope of the
downstream face. The abjective of the present paper is to further assess the
energy loss characteristics of stepped spillways by means of laboratory ex-

periments.

EXPERIMENTS

The experiments were conducted at the Applied Hydraulics Laboratory
of the National Technical University of Athens. The spillway tested had the
form shown in Fig. 1, in which all dimensions are given in centimeters. The

1Assoc. Prof., Dept. Civ. Bngrg., Nat. Tech. Univ. of Athens, Athens 15773,

Greece.

Note. Discussion open il October 1, 1993. To extend the closing date one

month, a written request mnst be filed with the ASCE Manager of Journals, The
manuscript for this paper was submitted for review and possible publication on May
22, 1992, This paper is part of the Journal of Hydraulic Engineering, Vol. 119, No.
5, May, 1993. ©ASCE, ISSN 07733-9429/93/0005-0644/$1.00 + §.15 per page. Paper

No. 4137,
644
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FiG: 1. Side View of Spillway Tested (Diimensions in ¢m)

steps are designed so that the envelope of their tips, indicated by the broken
line, follows the standard Waterways Experiment Station (WES) profile up
to a constant slope of 1:0.7 (55° angle o the horizontal). There are seven
steps on the-curved patt of the spillway face with variable height-to-width
ratios, and eight steps on the straight part with constant width / = 1.75 cm
and height = 2.50 cma (Jh = 0.7). The spillway was made of wood, and
epoxy coated to avoid warping. Ti was placed in a laboratory flume 10 m
long and 0.5 m wide, which was connected upstream to. a2.0m X 1.5 m
supply reservoir through an elliptical transition. Beyond the toe of the

iltway, the-flume had a bottom slope of 0.04, and there was no downstreaim
control, so that supercritical flow was maintained without formation of a
hydraulic jump. :

Bight experimental runs were carried out, with discharges ranging be-
tween 10 1/s and 45 L/s. The measurement of discharge O was performed
by means of a carbon-tetrachloride differential manometer installed on the
main supply line of the laboratory. In each tun, the vertical water depth
was measured at the brink of the 10th and the 13th step by means of a point
gage mounted on an aluminum frame sO that it could be moved longitu-
dinally and transversely over any point on the spillway. The gage was equipped
with a vernier, readable to within 0.1 mm. However, minor irregularities
of the-water surfaee, due primarily to the influence of the side walls, render
an overall accuracy on the order of 0.1 cm. The depth was recorded at three
points- across-each step (at B/4,B/2,3B/4, where B is the flume width), and
the arithmetic mean of the three values was considered as the vertical depth
d over the respective step. The water level was measured on the flume axis
1 m upstream of the crest. Based on the preceding measurements, the head
loss was calculated as discussed in the following section.

AnaLYsis OF RESULTS

Referring to the notation shown in Fig. 2, the total head loss up to 2
certain step is expressed by
AH = Hy — H oeoririne e (1)

where H = y cos 8 + (V*2g) = head on the step under. consideration; Hy
= Az + ¥ + (V¥29) = head upsiream of the spillway relative to the same
datum; V = QI(yB) = local mean velocity; and ¥, = O/(YB) = approach
velocity. _
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FiG. 2. Notation Sketches

Provided B >> y, the head loss should be primarily dependent on the
number of steps IV, the geometry of the steps %h, 1), and the discharge O;
the latter may be expressed equivalently by the critical depth y. =
/(O/BYg. Simple dimensional analysis leads to the relation

AH e ! ;
- = f(N, Je -—-) ........................................... 2)

0

In the present experiments, the ratio of Ifh was 0.7. This value is close
to the practieally applied values of 0.78 (Sorensen 1985), 0.60-0.62 (Hol-
lingworth and Druyts 1988), and 0.75 (Bouyge et al. 1988). The importance
of the parameter y /7 was suggested earlier by Rajaratnam (1990). He de-
termined that for y/h > 0.8, skimming flow is expected to occur over a
stepped spillway, whereas for smaller values of y./h, there is-a nappe-flow
regime, i.e, the flow from each step hits the step below as a fatling jet.
According to observations on gabion weirs by Peyras et al. (1992), isolated
nappe flow occurs at very small flow rates, in the range of y./2 < 0.5, and
partial nappe flow occuzs at somewhat higher discharges. Although the
nappe-flow conditions are evidently most efficient in terms of energy dis-
sipation, they are not likely to be sought in practice, due to the anticipated
considerable damage of the stepped structure.

The theoretical description of flow over a spillway is not simple, even for
the conventional form without the steps. The flow accelerates down the
slope, and a boundary layer develops starting at the crest. After fully de-
veloped flow is established, the entrainment of air due to high velocities
may lead to considerable flow bulking. In attempting to estimate the energy
Joss due to the steps, Rajaratnam (1990} adopted the assumption of uniform
skimrming flow, and derived the following expression for the effective rough-
ness coefficient ¢; of the stepped surface:

. 2ydg sin 6

1 Q>2

B
where y, = (uniform) depth normal to the flow direction. Rajaratnam
reported values of ¢ for stepped structures ranging between 0.05 and 0.18.

For the stepped spillway fested by Sorensen (1985), Rajaratnam calculated
values of ¢ In the range 0.11 =+ 0.20, with an average of 0.18.
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TABLE 1. Summary of Experimental Data

[0 a Y 14 H H, .
(Ls) | (em) | (em) {cm/s) (om) (cm) AHIH, cr Y. Ik
' @) (3) (4) G | @) (7) (8) (©)

() Step MNo.'13

10 2.82 1.62 124 8.82 38.02 0.768 0,171 1.34
15 277 | 1.59 188 18.93 39.26 0.518 0.072 1.75
20 3.20 1.83 218 25.41 40.41 0.372 0.062 2.12,

95 | 365 [ 200 | 239 3030 | 4143 | 0268 | 0.059 | 245
30 | 457 | 262 | 229 2895 | 4238 | 0333 | 0080 | 2.78
35 | 500 | 2.80 | 242 4153 | 4322 | 0270 | 0.080 | 3.07
40 | 560 | 326 | 245 .45 | 44.00 | 0265 | 0.087 | 335
45 | 655, .36 | 240 3146 | 4517 | 0303 | 0105 | 3.64

(b) Step No. 10

10 | 2.67 | 153 132 9.74 30.27 0.678 0.048 1.34
15 2.68 | 1.54 |. 195 20.30 31.51. 0.355 0.065 1,75
20 3.18™ ['1.82 220 25.69 32.66 0.214 0.061. 212
725 375 | 2.15 732 28.74 33.68 0.147 0.064 2.45
30 434 . | -~2.49 241, 31.05 34.63 0.104 0.069 2.78
35 512 | 2.93 239 30.76 9547 0.133 0.083 3.07
40 559 | 3.21 248 33.21 36.25 0.084 0.084 3.35
45 7.00 | 4.07 22 | 2135 | 3742 0.266 | 0.133 3.64

Table 1 summarizes the present experimental vesults for the 10th and the
13th. step. The experimental range of y./h cleasly belotigs to the skimming:
flow regime. It is seen that fox each y,/h the relative head loss is higher at
the 13th step, close to the spillway toe. There is high energy dissipation for
small y,/h, apparently due to the more pronounced effect of the steps for
small water depths relative to the step size. In fact, the presence of the steps
may be considered as a macroroughness of the boundary, at a scale much
larger than the-usual wall roughness. The values of ¢ calculated by (3) are
ko shown in Table 1; although not sirictly uniform, the observed local
depth is used for the sake of comparison. Theix average value is 0.089 at
the 13th-step-and- 0.076 at the 10th step. These are within the expected
range, but less than half the value corresponding fo Sorensen’s experiments.

According to. Rajaratnam (1990), for a large anmber of identical steps
and for a high Froude number, the theoretical energy loss at the spillway
toe is 88% of the energy present without the steps. Sorensen (1985) reported
2 BA% kinetic energy dissipation up to the toe for the maximum discharge
passing over a model spillway of 58 steps. However, the present resulis,
obtained for a much smaller number of steps, indicate significantly lower
energy losses. A plot of the preseni data of AH/H, versus y /b is shown in
Fig. 3. On the same fignre the respective results of Sorensen are presented,
as calculated from his original data. The effect of the number of steps N is
evident, since at any specific y./7 the relative energy loss increases with the
number of steps; in fact the importance of N is more pronounced at higher
y /. Fig. 4 illustrates the dependence of AH/H, on the parameter v ANh.
The data points suggest 2 single experimental curve, indicated by the broken
line. Clearly,.a stepped spillway is most effective for energy dissipation when
y/Nh is small or when the discharge is small. For-a certain discharge, the
dissipation decreases with increasing Nk, which roughly equals the total

647



T

X
)

1.0

0.5

Ho
l 0" @t:j?:i?\:k‘u.*"‘%d-’ .
3 q " X e T 5N
N N"'xA \ﬁ"““'iﬁm:gg}
i \ i e Sorensen
- \ ~. .
s | (N 33)
05
. a. )
- e (N:3)
O Present .
l" -
! oo 2 (N=10)
\ ) ! I ) |_____1’____L____L._,..
0 1 2 3 4 Ye
h

FIG. 3. Variatior of Relative Head Loss AH/H, with y./h and N .

R LV
S
¥
. %W
B ¥ w0
L N
\\
@\‘o\\ ° 3
" @ \\1 @ (=)
Q e
L . - ?ﬁ‘%m
o]
) - 1 ] I =1 v
01 02 03 _yg_
Nh

Fiti. 4. Dependence of AHIH, on y./Nh

648



height of the gpillway. This somewhat unexpected dependence on the total
height holds provided that the values of y./h and I/h are within the ranges
tested. (This dependence obviously cannot be generalized for any step size.)
With the stated limitations, the experimental curve of Fig. 4 may be used
in design practice for straightforward preliminary estimates of the energy
loss.

CoONCLUSIONS

Fxperiments on a moderately sized stepped spillway indicate that the
energy dissipation may be significantly less than suggested by edrlier studies
based on the establishment of uniform flow on high spilfways. It is found
that the energy loss due to the steps depends primarily on the ratio y./A,
where y, is the critical depth of flow passing over the spillway, and 7 is the
step height, as well as on the number of steps N. For small values of y./h
near unity, i.e., near the limit of skimming flow, the stepped surface is very
effective in dissipating energy. For higher values of y./h, the effect of N
becomes appreciable: at a certain y/h, the relative enexgy loss increases
with N. The present and previous experimental vesults can be combined in .
a single experimental curve expressing the relative energy loss in terms of
the patameter y,/Nh for the commonly used vatues of I/k close to 0.7 and

y/k in the range of 1-4.
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Appenpix Il NoOTATION

The following symbols are used in this poper:

B = flume widih;

¢, = effective roughness coefficient;

4 = vertical depth of flow over brink of step;
f = function;
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acceleration due to gravity;

local enexrgy head, above chosen step;

upstream head, referred to step elevation;

step height;

step width;

number of steps from crest to chosen level;

discharge;

Ineal mean velocity;

approach velocity;

upstream depth;

depth of flow normal to spillway slope;

critical depth;

uniform depth;

H, - H;

elevation difference between chosen step and bottom of flume in
front of spittway; and '

angle.of downstream face of spillway to horizontal [Fig. 2a)].
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09/19/2012 WED 15:29 TFAX 7022296541 Devco Sewver Road Flood [Aoo1/003

CITY OF LAS VEGAS AT %/d e
INTER-OFFICE MEMORANDUM september 144017
TO: FROW: é i
Land Development Services Oh Sang l<v/n, F.E. {—lw
Department of Public Works Flood Control Section
Department of Public Works
SUBJECT: | Drainage Study for: COPIES TO:
Kyle Canyon Master Drainage Study Slater Hanifan Group
Cross Streets: Fort Apache Road & Moccasin Road Wachovia Bank / Carwin Advisors
File Number: F\Depol\DSMemos\D84420F . doc Bart Anderson, P.E., DevGCo
Parcel Number: | 125-06-001-001 Randy Fuliz
Zoning Action: CCPW, CCRFCD
FEMA Flood Zone YES NO X NDOT; NV Energy
Proposed Storm Drain | YES X NO PB America, Inc.
HISTORY DATE DATE COMMENTS REVIEW FEES PAID
RECEIVED | REVIEWED FEES Transaction #
18 Submittal | 6/22/2010 7/13/2010 Not Approved $1,000.00 | 147216: $1000
2" Submittal | 9/17/2010 10/4/2010 Not Approved $400.00 | 153788: $400
39 Submittal | 10/15/2011 | 11/14/2011 Not Approved $400.00 | 153788: §400
A% Submittal | 2/13/2012 3/1/2012 Conditional Approval $400.00 | 274196: $400
CCRFCD 512312012 512412012 Concurrence Recv'd N/C N/C
5% Submittal | 9/10/2012 | 9/19/2012 |  See Comments Below N/C N/C
NDOT
Comments
TOTAL FEES (LDDRS): | $2,200.00 | -~
REMARKS:

5" Submittal: Responses to NDOT Gomments
Update to original Kyle Ganyon Master Drainage Study (HS4091). Site layout has been changed.
The Master Dralnage Study for the subject project has been reviewed and:

is approved subject to conformance to all City standards and the following conditions:
must be resubmitted or supplemented including the following:

is conditionally approved subject to Clark County Regional Flood Control District
concurrence.

X is conditionally approved subject to Clark County Department of Public Works
concurrence.

X is conditionally approved subject to Nevada Department of Transportation
concurrence.

X is conditionally approved subject to BLIM concurrence/approval.

The following comments are repeated until they are complete:

1. Please note that the traffic study must be approved prior fo final approval of the Master Drainage
Study. If the street layout does not match the Master Drainage study, an update fo the Master
Drainage Study must be submitted to address the changes.



09/19/2012 WED 15:29 FAX 7022296541 Devco Sewer Road Flood [Aoo2/003

2. The Kyle Canyon Master Drainage Study is proposing to revise the hydrology and facilities indentified
in the Clark County Regional Flood Control District's (CCRFCD) 2008 Las Vegas Valley Flood
Conlrol Master Plan Update. A Master Plan Amendment (MPA) must be submilled to the Cily of Las
Vegas for approval. The City of Las Vegas will coordinate the MPA submittal to CCRFCD for
approval. The Master Developer will be responsible for preparing all submittals needed for CCRFCD
along with any and all presentations. The MPU must be approved by CCRFCD prior o the final
approval of the Master Drainage Study.

3. Per a meeting held in August 18, 2011 beiween the developer and the Cily of Las Vegas, il was
agreed that NV Energy's approval of any proposed drainage facilities within their access easements
(such as the proposed detention basins) rmust be obtained prior to the final approval of the Master
Drainage Study. Please provide documentation for such approval or acknowledgment.

4. Please note that any future technical drainage study submittals that differ from the Master Drainage
Study (ie. Changes in pods, infrastructure, flows efc.) will require an update to the Master Drainage
Study and this update must be approved by the City of Las Vegas Flood Control Section prior to final
approval of technical drainage study.

5. The proposed detention basins will require coordination with the State of Nevada, Division of Water
Resources Dam Safely and will require the State’s approval prior to permitting.

6. Please obtain necessary 404 permits from Army Corps of Engineers and provide a copy of the permit
to Flood Conltrol prior to issuance of the grading permit. The contact information for Army Corps of
Engineers is listed below:

Patricia L. McQueary

Chief, USACE 8. George Regulatory Office
us Army Corps of Engineers

321 North Mall Drive

Suite L-101

St. George, UT 84790

(435) 986-3979 (Office)
(435) 986-3981 (FAX)
Patricia.l..McQueary@usace.army,mil

7. Please note that the proposed 100-year flood protection facilities identifled on Exhibit F must be
constructed by the Master Developer as a part of the master planned infrastructure. Technical
drainage studies are required for each phase of the master planned infrastructure improvements.
The technical drainage studies for the infrastructure improvements may be submitted with conditional
approval of this Master Drainage Study. However, final approval for the Master Drainage Study must
be obtained prior to conditional approval of the infrastructure drainage studies.

8. Technical drainage studies are required for each of the POD's. The technical drainage studies for
the POD’s may not be submitted until the conditional approval of the pertinent infrastructure drainage
study is obtained. Final approval for the infrastructure drainage study must be obtained prior to
conditional approval of the impacted POD drainage studies.

9. Building permits for the homes within the individual POD’s will not be issued until construction of the
street and flood control infrastructure around the POD Is substantially complete or interim protection
is provided per the approved technical drainage sludy.

10. The site is adjacent to Clark Counly jurisdictional boundaries. The engineer must coordinate the
Master Drainage Study with Clark County Public Works Department (CCPW) and incorporate any
concerns for boundary conditions. CCPW concurrence is required prior to final acceptance of the
Master Drainage Study.
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11, The project proposed to construct facilities and/or increase flows within Nevada Department of
Transportation (NDOT) right-of-way. Therefore, NDOT concurrence is required prior to final approval
of the Master Drainage Sludy.

12. The project proposed to discharge flows onto and proposed facililies within U.S. Bureau of L.and
Management (BLM) property. Therefore, BLIV concurrence is required prior to final approval of the
Master Drainage Study.

13, The proposed berm/levee along Moccasin Road will require approval from [FFederal Emergency
Management Agency (FEMA) in the future. The proposed berm/levee musl be designed lo meel the
minimum requirements set by FEMA and CCRFCD by a future technical drainage study.

14, The design of debris basins at all major culvert entrances {o limit the amount of sediment and debris
entering the storm drain facilities will be required in a future infrastructure study.

15. Please note that all detention basins must be designed per CCRFCD criteria including a low flow
facility around the detention basin.  Also, include new water quality feature per Storm Water
Management Plan,

16. Please note that all proposed interim facilities must be maintained by the master developer.

17. Provide a legal description of the proposed detention basins prior recordation of the parent final
map.

18. Coordinate the proposed drainage facilities with Sheep Mountain Parkway project, Please contact
Greg McDermott, P.E., at 702-229-2143 to coordinate the proposed drainage facilities.

NOTE: Any future changes to the proposed design (or design assumptions) as oullined in the approved
master drainage sludy and attached preliminary grading plan which affect drainage must be
addressed in a Drainage Study Amendment and accepted by the City of Las Vegas Flood Gontrol
Section. Additionally, conditional acceptance of a drainage study is valid for a period of one (1)
year, 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 of a project.

NOTE: Please be advised that all land surface area disturbances over 1 acre or any area adjacent to a
water way must submit to the Nevada Division of Environmental Protection a "Notice of Intent"
to discharge that certifies a stormwater pollution prevention plan has been developed and is
maintained on site: for inclusion in the Stormwater General Permit No. NVR100000. A phased
construction unit in a contiguous subdivision is considered under construction until all stripped
or disturbed surface areas have been covered by paving, building construction or planting. For
more Information, including forms and applications see hitp:/indep.nv.gov/bwpe/stormO1.htm or
call (775) 687-9429,

In an effort to increase administrative efficiency, the City of Las Vegas Public Works Depattment requires all soil
reports, drainage studies and traffic impact analysis submittals to be accompanied by an electronic copy of the submittal.
Electronic documents must be submitted with one original hard copy of the study. Electronic documents should be on a
universal computer-readable digital output replicating your submittal to be used for archival or display purposes. This
may be more than one file if necessary. An Indexed Portable Document Format (PDF) or Print Ready CAD file formats
with a minjmum of 300dpi are the desired formats, but provided it is a high quality digitized replication of the submital,
other formats may be acceptable. If figures are in color, they must be scanned in color and saved as a separate file. The
new submittal requirement is effective on July 1, 2011, If there are any questions regarding these new requirements,

please contact Oh Sang Kwon in the Flood Section at (702) 2292177 or Rick Schroder in Traffic Engineering at (702)

229-63277,

END OF REMARKS TIRIS:  T19S/R60E/6 &7
osk _ AREA G-6,7,&F-12
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Improvement Plans



