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Department of Development Services 
Major Projects Team 

500 S Grand Central Pky 1st FI Box 551 749 Las Vegas NV 89155-1749 
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March 2, 2007 
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6655 Bermuda Road : 
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Letter of Map Revision Application for the Pahranagat Wash :I 
Study Dated: February 22, 2007 
Location: NEC US 93 and SR 168 
(Sec. 21, 22, and 23, T. 13 S., R. 63 E.) 
HTE# 07-4040 
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The referenced Letter of Map Revision Application has been reviewed and is 
accepted with the following comments: 

1 .  The Application must be submitted to FEMA; 

2. Regional Flood Control District (RFCD) concurrence is required. Concurrent 
submittal to FEMA and RFCD is acceptable; 

3. As a condition of final approval, the Application submitted for this project requires 
the following modifications prior to further agency submittal: 

a. Verify all needed signatures are on forms 

The County’s review is solely based on the information submitted by the Engineer of 
Record. The County’s review is strictly limited to compliance with minimum County 
Codes and Standards. The Engineer of Record is responsible for researching and 
addressing situations that may require designs above and beyond the minimum codes 
for issues of public safety and impacts to upstream, downstream and adjacent 
properties. The County assumes no liability for information data, designs or conclusions 
of the Engineer of Record; 
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LETTER OF MAP REVISION APPLICATION FOR 
THE PAHRANAGAT WASH 

JOB #241408.044 

Clark County, Nevada 

Prepared by: 

Car ter::Burgess 
6655 Bermuda Road 

Las Vegas, Nevada 89119 

Submitted to: 
Michael Baker Jr., Inc. 

3601 Eisenhower Avenue 
Alexandria, Virginia 22304-6425 

FEBRUARY, 2007 



HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL 
DRAINAGE STUDY INFORMATION FORM 

Name of Development: LOMR for the Pahranagat Wash Date: Februarv 22.2007 I 

Rezoning Subdivision Map 
Parcel Map Planned Unit Development 
Large Parcel Map Building Permit 

Location of Development: a) Descriptive (Cross Streets): ~ o d d S o u  
b)Sect. 21,22.&23 Twn. 13s b g .  63E 

US HWY 93 bast/wesd NV HWY 168 

X Clearing and Grading Only 
Other (Please specify below) 

Name of Owner: Covote Springs Investment. LLC Assessors Parcel Number: 009-00-00 1-01 8 
Telephone Number: (702) 382-2818 Facsimile Number: (702) 676-1241 
Address: 
Contact Person - Name: Alex Kingston. E.I. Telephone Number: (702) 938-5453 

300 S. 4'" Street Suite 1406 Las Vegas. NV 89101 

Firm: Carter & Burgess. Inc. 
Address: 6655 Bermuda Road. Las Vegas, NV 89119 

1. 

2. 

3. 

4. 

5 .  

6. 

7. 

8. 

Total Owned Land Area: At site: 12.800 acres Being DevelopedDisturbed: f Sacres 

Is a portion or all of the subject property located in a designated FEMA Flood Hazard Area? 

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

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

Approximate upstream land area which drains to the subject site: 

Has the site been evaluated in the past? YES NO If yes, please identify documentation: 
&date #2 for the Coyote Springs Conceptual Drainage Study bv G.C. Wallace 

If known, please identifjr the proposed point(s) of runoff from the site: N/A 

Briefly describe your proposed schedule for the subject project: ASAP 

: YES* NO 

:YES* 

LOMR 

580 Acres 

Submit this form as part of the required drainage study to the local entity whi&$as 
jurisdiction over the property. This form may provide sufficient information t d e r v e  as -.. the Conceptual Drainage Study. * *  

i > :Q 
Review and concurrence of the Clark County Regional Flood Control District is, 
required. 

* 

Revisions 

P 

Local Entity File Number 

Engineer's Seal 
REFERENCE: STANDARD FORM 1 



February 13,2007 

Mr. Sacha Tohme, CFM 
Federal Emergency Management Agency 
C/o Michael Baker Jr., Inc 
3601 Eisenhower Avenue, Suite 600 
Alexandria, Virginia 22304 

Re: Application for a Letter of Map Revision for the Pahranagat Wash 
Clark County, Nevada 
Carter & Burgess, Inc. Job #241408.044 

Dear Mr. Tohme: 

Attached is an application for a Letter of Map Revision (LOMR) for the Pahranagat 
Wash. This LOMR is being submitted to the Federal Emergency Management Agency 
(FEMA) for review and acceptance. The Pahranagat Wash Special Flood Hazard Area 
(SFHA) Zone A is located within the existing Pahranagat Wash Floodplain area - located 
within Clark County, Nevada. The FEMA Flood Insurance Rate Map (FIRM) No. 
320003C225E, Panel Number 225 of 4090, effective September 27, 2002, shows the 
exact location of the LOMR and the Pahranagat Wash are shown on the attached Flood 
Insurance Rate Map (FIRM). 

The following has been included in this application: 
0 

0 

0 Figure 2 Effective FIRM 
0 Figure 2A Annotated FIRM 
0 

MT-2 - Form 1 - Revision Requestor and Community Official Form 
MT-2 - Form 2 - Riverine Hydraulic Analysis Form 

Proposed Conditions HEC-RAS output (File: .PRJ 
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Also the entire copy of the “Storm Centering Study for Pahranagat Valley - Upstream of 
Moapa, Nevada,” prepared by James C.Y. Guo, PhD, P.E. for VTN Nevada, Inc. 

SITE DESCRIPTION 

The site is located in North Clark County, Nevada. The existing floodzone is caused by 
the outfall of the 862 square miles drainage basins, which includes Kane Springs Valley 
basin and the Pahranagat Wash Valley tributary basin area between Pahranagat Wild Life 
Refugee Area and the City of Moapa, Nevada, as defined within the “Storm Centering 
Study for Pahranagat Valley - Upstream of Moapa, Nevada,” by VTN Nevada, Inc. 
Please see Vicinity and Location Map, enclosed in the appendix. 

HYDROLOGY 

The “Storm Centering Study for Pahranagat Valley - Upstream of Moapa, Nevada,” 
determined the 100-year flow rates for the Pahranagat Wash. The main wash is modeled 
with a 100-year flow rate of 12,100 cfs, a Western Tributary is contributing a 100-year 
flow rate of 10,000 cfs, together the two combine to create a 100-year flow rate of 15,871 
cfs - South of State Route 168. The 100-year flow rates were determined using Storm 
Centering Analysis, channel routing, and attenuation. 

HYDRAULICS 

The HEC-RAS computer program was used to determine the depths of flow in the 
Pahranagat Wash. The HEC-RAS analysis and the HEC-RAS Cross-section Exhibits are 
provided in the Appendix. The HEC-RAS analysis determined the Water Surface 
Elevation (WSEL) for the existing Pahranagat Wash from the Clark /Lincoln County line, 
South to Arrow Canyon. 

DISCUSSION 

This Letter of Map Revision is being submitted to establish the extent of flooding 
condition and redefining the Pahranagat Wash existing floodplain. In researching the 
Pahranagat Wash - no information could be obtained from local sources on how the 
Pahranagat Wash floodplain was determined or what models were used to generate the 
Hydrology or Hydraulic analysis. Carter & Burgess is submitting an updated Hydrology 
and Hydraulic analysis based on new data and existing information. 
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The land between the Clark/Lincoln County line and State Route 168, including the 
Pahranagat Valley is owner or leased by Coyote Springs Inc. The land surrounding the 
Pahranagat Valley is being developed into a Major Master Planned Community. The 
establishment of the Pahranagat Wash 1 OO-year floodplain will help the Coyote Spring 
development to establish encroachment limits into the revised SFHA Zone A. This 
LOMR will set 100-year flow depths, velocities and top widths associated with the 
Pahranagat Wash. 

The “Storm Centering Study for Pahranagat Valley - Upstream of Moapa, Nevada,” was 
written by Dr. James C.Y. Guo, P.E. an International renowned expert in the field of 
hydrology and Hydraulics. Dr. Guo is a Professor in the Department of Civil Engineering 
- Collage of Engineering and Applied Science - University of Colorado at Denver and 
also a Consulting Engineer. Dr. Guo specializes in Watershed Modeling - Fluid Flow 
Modeling - Flash Flood - Floodplain Management - Flood Protection, Risk and 
Optimization. Dr. Guo is recognized as an expert in the field of Hydrology and 
Hydraulics by Clark County Public Works and Clark County Regional Flood Control 
District. 

The LOMR Application for the Pahranagat Wash is enclosed within the appendix of this 
report. 

Thank You for your time in reviewing this LOMR application. If I can be of further 
assistance, or if you have any questions, I will be available. Please do not hesitate to 
contact me at (702) 938-5453. 

Sincerely, 
Carter::Burgess, Inc. 

Alexander Kingston. E.I.T. 
Senior Hydrologist 



FEDERALEMERGENCYMANAGEMENTAGENCY 
OVERVIEW & CONCURRENCE FORM 

Community No. Community Name State 

480287 Harris County TX 
Ex: 480301 City of Katy TX 

?0003 Clark County NV 

I 0M.B NO. 3067-0148 
Expires September 30,2005 I 

Map No. Panel No. Effective Date 
480301 0005D 02/08/83 
48201 C 0220G 09/28/90 
32003C 225E 09/27/02 

PAPERWORK BURDEN DISCLOSURE NOTICE 
Public reporting burden for this form is estimated to average 1 hour per response. The burden estimate includes the time for reviewing instructions, 
searching existing data sources, gathering and maintaining the needed data, and completing. reviewing, and submitting the form. You are not required 
to respond to this collection of information unless a valid OMB control number appears in the upper right corner of this form. Send comments regarding 
the accuracy of the burden estimate and any suggestions for reducing this burden to: Information Collections Management, Federal Emergency 
Management Agency, 500 C Street, SW. Washington DC 20472, Paperwork Reduction Project (3067-0148). Submission of the form is required to 
obtain or retain benefits under the National Flood Insurance Program. Please do not send your completed survey to the above address. 

A. REQUESTED RESPONSE FROM FEMA 
~ 

This request is for a (check one): 

c] CLOMR: 

LOMR: 

A letter from FEMA commenting on whether a proposed project, if built as proposed, would justify a map revision, or 
proposed hydrology changes (See 44 CFR Ch. 1. Parts 60, 65 & 72). 

A letter from FEMA officially revising the current NFlP map to show the changes to floodplains, regulatory floodway or flood 
elevations. (See Parts 60 & 65 of the NFlP Regulations.) 

B. OVERVIEW 

I 1. The NFlP map panel(s) affected for all impacted communities is (are): 

2. 

3. Project Namelldentifier: Pahranagat Wash 

4. 

5. 

Flooding Source: 862 Square Miles Total - Pahranagat Valley - consisting of the Kane Springs Wash Basin and the Pahranagat Wash Basin 

FEMA zone designations affected: A (choices: A, AH, AO, Al-A30, A99, AE, AR, V, Vl-V30, VE, B, C, D, X) 

Basis for Request and Type of Revision: 

a. The basis for this revision request is (check all that apply) 

0 Physical Change 

(7 Regulatory Floodway Revision 

Note: A photograph and narrative description of the area of concern is not required, but is very helpful during review. 

The area of revision encompasses the following types of flooding and structures (check all that apply) 

Types of Flooding: [XI Riverine 0 Coastal (7 Shallow Flooding (e.g., Zones A 0  and AH) 

[XI Improved Methodology/Data 

0 Other (Attach Description) 

b. 

0 Alluvial fan 0 Lakes 0 Other (Attach Description) 

Structures: 0 Channelization (7 Levee/Floodwall 0 BridgelCulvert 

0 Dam 0 Fill 0 Other, Attach Description 

FEMA Form 81-89, SEP 02 Overview & Concurrence Form MT-2 Form 1 Page 1 of 2 



C. REVIEWFEE 

Name: Alexander Kingston 

Mailing Address: 

Las Vegas, NV 891 19-3605 
6655 Bermuda Road 

I Has the review fee for the appropriate request category been included? 0 Yes Fee amount: $0 

[XI No, Attach Explanation 

I Please see the FEMA Web site at http://w.fema.gov/fhmlfrm fees.shtm for Fee Amounts and Exemptions. 

D. SIGNATURE 

All documents submitted in support of this request are correct to the best of my knowledge. I understand that any false statement may be punishable 
by fine or imprisonment under Title 18 of the United States Code, Section 1001. 

Company: Carter & Burgess 

Daytime Telephone No.: Fax No.: 
1-702-938-5400 1-702-938-5454 

E-Mail Address: Alex.Kingston@c-b.com 

Signature of Requester (required): 

As the community official responsible for floodplain management, I hereby acknowledge that we have received and reviewed this Letter of Map 
Revision (LOMR) or conditional LOMR request. Based upon the community’s review, we find the completed or proposed project meets or is designed 
to meet all of the community floodplain management requirements, including the requirement that no fill be placed in the regulatory floodway, and that 
all necessary Federal, State, and local permits have been, or in the case of a conditional LOMR, will be obtained. In addition, we have determined that 
the land and any existing or proposed structures to be removed from the SFHA are or will be reasonably safe from flooding as defined in 44CFR 
65.2(c), and that we have available upon request by FEMA. all analyses and documentation used to make this determination. 

Date: 

I Community Official’s Name and Title: 

Company Name: Carter & Burgess 

Telephone No.: 
(702) 633-1200 

Telephone No.: 1-702-938-5400 Fax No.: 
1-702-938-5454 

I I ~~ 

Signature: 

iommunity Name: Clark County,Nevada 

I 

Date: 

Community Official’s Signature (required): Date: 

CERTIFICATION BY REGISTERED PROFESSIONAL ENGINEER AND/OR LAND SURVEYOR I 
This certification is to be signed and sealed by a licensed land surveyor, registered professional engineer, or architect authorized by law to certify 
elevation information. All documents submitted in support of this request are correct to the best of my knowledge. I understand that any false 
statement may be punishable by fine or imprisonment under Title 18 of the United States Code, Section 1001. I 
Certifier‘s Name: Edward J. Thurnbeck. P.E. License No.: 16593 I Expiration Date: 

6/30/2008 

Ensure the forms that are appropriate to your revision request are included in your submittal. 

Form Name and (Number) Reauired if ... 
Riverine Hydrology and Hydraulics Form (Form 2) New or revised discharges or water-surface elevations 

Channel is modified, additionhevision of bridge/culverts, 
additionlrevision of leveelfloodwall, additionhevision of dam 

New or revised coastal elevations 

0 Riverine Structures Form (Form 3) 

0 Coastal Analysis Form (Form 4) 

0 Coastal Structures Form (Form 5) 

0 Alluvial Fan Flooding Form (Form 6) 

Additionhevision of coastal structure 

Flood control measures on alluvial fans I Seal (Optional) u 
FEMA Form 81-89, SEP 02 

~~~ 

MT-2 Form 1 Page 2 of 2 Overview & Concurrence Form 



FEDERALEMERGENCYMANAGEMENTAGENCY 
RIVERINE HYDROLOGY & HYDRAULICS FORM I 0.M.B NO. 3067-0148 

Expires September 30,2005 I 
PAPERWORK REDUCTION ACT 

Public reporting burden for this form is estimated to average 3 hours per response. The burden estimate includes the time for reviewing instructions, 
searching existing data sources, gathering and maintaining the needed data, and completing, reviewing, and submitting the form. You are not 
required to respond to this collection of information unless a valid OMB control number appears in the upper right corner of this form. Send 
comments regarding the accuracy of the burden estimate and any suggestions for reducing this burden to: Information Collections Management, 
Federal Emergency Management Agency, 500 C Street. SW, Washington DC 20472, Papework Reduction Project (3067-0148). Submission of the 
form is required to obtain or retain benefits under the National Flood Insurance Program. Please do not send your completed survey to the 

Flooding Source: Pahranagat Wash 
Note: Fill out one form for each flooding source studied 

A. HYDROLOGY 

1. Reason for New Hydrologic Analysis (check all that apply) 

0 Not revised (skip to section 2) 

0 Alternative methodology 

No existing analysis 

0 Proposed Conditions (CLOMR) 

Improved data 

0 Changed physical condition of watershed 

2. Comparison of Representative 1 %-Annual-Chance Discharges 

Location Drainage Area (Sq. Mi.) FIS (cfs) 
North of State Route 168 862 12,100 
South of State Route 168 862 15,871 
Western Tributary 862 10,000 

3. Methodology for New Hydrologic Analysis (check all that apply) 

Revised (cfs) 

0 Statistical Analysis of Gage Records 
0 Regional Regression Equations 

Please enclose all relevant models in digital format, maps, computations (including computation oyparameters) and documentation to support 
the new analysis. The document, "Numerical Models Accepted by FEMA for NFlP Usage" lists the models accepted by FEMA. This document 
can be found at: http://www.fema.govlfhm/en-modl.shtm. 

Precipitation/Runoff Model [TR-20, HEC-1, HEC-HMS etc.] 
Other (please attach description) - pc-36 S # v l W  Cm-4 

amqW rs-WckSmQ 

4. Review/Approval of Analysis 

If your community requires a regional, state. or federal agency to review the hydrologic analysis, please attach evidence of approvaVreview. 

5. Impacts of Sediment Transport on Hydrology 

Was sediment transport considered? 
your explanation for why sediment transport was not considered. 

0 Yes @ No If yes, then fill out Section F (Sediment Transport) of Form 3. If No, then attach 

B. HYDRAULICS 

1. Reach to be Revised 

Downstream Limit 

Upstream Limit 

DescriDtion Cross Section 

Arrow Canyon 7115 

Cross-section @ Clark/Lincon 36400 
County Line 

2. Hvdraulic Method Used 

Hydraulic Analysis HEC-RAS [HEC-2 , HEC-RAS, Other (Attach description)] I 

Water-Surface Elevations (ft.) 
Effective Proposed/Revised 

2157.93 

2256.05 

FEMA Form 81-89A. SEP 02 Riverine Hydrology & Hydraulics Form MT-2 Form 2 Page 1 of 2 



B. HYDRAULICS (CONTINUED) 

3. Pre-Submittal Review of Hvdraulic Models 

FEMA has developed two review programs, CHECK9 and CHECK-RAS. to aid in the review of HEC-2 and HEC-RAS hydraulic models, 
respectively. These review programs verify that the hydraulic estimates and assumptions in the model data are in accordance with NFlP 
requirements, and that the data are comparable with the aSSUmPtiOnS and limitations of HEC-2/HEC-RAS. CHECK-2 and CHECK-RAS identify 
areas of potential error or concern. These took do not replace engineering judgment. CHECK-2 and CHECK-RAS can be downloaded from 
http://www.fema.gov/fhmlfrm_soft.shtm. We recommend that you review your HEC-2 and HEC-RAS models with CHECK-2 and CHECK-RAS. 
If you disagree with a message, please attach an explanation Of why the message is not valid in this case. Review of your submittal and 
resolution of valid modeling discrepancies will result in reduced review time. 

HEC-2/HEC-RAS models reviewed with CHECK9/CHECK-RAS? c] Yes [XI No 

4. Models Submitted 

Duplicate Effective Model' Natural File Name: Floodway File Name: 
Corrected Effective Model' Natural File Name: Floodway File Name: 
Existing or Pre-Project Conditions Model Floodway File Name: 
Revised or Post-Project Conditions Model Floodway File Name: 
Other - (attach description) Natural File Name: Floodway File Name: 

Natural File Name: 
Natural File Name: exist.PRJ 

*Not required for revisions to approximate 1 %-annual-chance floodplains (Zone A) - for details, refer to the corresponding section of the instructions. 

The document "Numerical Models Accepted by FEMA for NFlP Usage" lists the models accepted by FEMA. This document can be found at: 
http://www.fema.gov/fhm/en_modl.shtm. 

C. MAPPING REQUIREMENTS 
~~ ~~ 

A certified topographic map must be submitted showing the following information (where applicable): the boundaries of the effective, existing, and 
proposed conditions 1 %-annual-chance floodplain (for approximate Zone A revisions) or the boundaries of the 1 %- and 0.2%-annuai-chance 
floodplains and regulatory floodway (for detailed Zone AE, AO, and AH revisions); location and alignment of all cross sections with stationing control 
indicated; stream, road, and other alignments (e.g., dams, levees, etc.); current community easements and boundaries; boundaries of the 
requester's property; certification of a registered professional engineer registered in the subject State; location and description of reference marks; 
and the referenced vertical datum (NGVD, NAVD, etc.). 

I Note that the boundaries of the existing or proposed conditions floodplains and regulatory floodway to be shown on the revised FIRM and/or FBFM 
"nust tie-in with the effective floodplain and regulatory floodway boundaries. Please attach a copy of the effective FIRM andlor FBFM, annotated 
to show the boundaries of the revised 1%- and 0.2%-annual-chance floodplains and regulatory floodway that tie-in with the boundaries of the 
effective 1 %- and 0.2%-annual-chance floodplain and regulatory floodway at the upstream and downstream limits of the area of revision. 

D. COMMON REGULATORY REQUIREMENTS 
~ 

1. For CLOMR requests, do Base Flood Elevations (BFEs) increase? 

For CLOMR requests, if either of the following is true, please submit evidence of compliance with Section 65.12 of the NFlP regulations: 

Does the request involve the placement or proposed placement of fill? 

if Yes. the community must be able to certify that the area to be removed from the special flood hazard area, to include any structures or 
proposed structures, meets all of the standards of the local floodplain ordinances, and is reasonably safe from flooding in accordance with the 
NFlP regulations set forth at 44 CFR 60.3(a)(3). 65.5(a)(4). and 65.6(a)(14). Please see the MT-2 instructions for more information. 

For LOMR requests, is the regulatory floodway being revised? 0 Yes [XI No 

If Yes. attach evidence of regulatory floodway revision notification. As per Paragraph 65.7(b)(l) of the NFlP Regulations, notification is required 
for requests involving revisions to the regulatory floodway. (Not required for revisions to approximate 1 %-annual-chance floodplains [studied 
Zone A designation] unless a regulatory floodway is being added. Elements and examples of regulatory floodway revision notification can be 
found in the MT-2 Form 2 Instructions.) 

For LOMR requests, does this request require property owner notification and acceptance of BFE increases? 

If Yes, please attach proof of property owner notification and acceptance (if available). Elements of and examples of property owner notification 
can be found in the MT-2 Form 2 Instructions. 

The proposed project encroaches upon a regulatory floodway and would result in increases above 0.00 foot. 
The proposed project encroaches upon a SFHA with BFEs established and would result in increases above 1.00 foot. 

2. 0 Yes No 

3. 

4. Yes No 

FEMA Form 81-89A. SEP 02 Riverine Hydrology & Hydraulics Form MT-2 Form 2 Page 2 of 2 
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Pwashexisting Plan: Plan 02 2/21/2007 
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Pwashexisting Plan: Plan 02 2/21/2007 
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Plan: Plan 02 PWASH North of 168 RS: 36400. Profile: PF 1 
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Plan: Plan 02 PWASH North of 168 RS: 31900. Profile: PF 1 

500 00 ' 500 00 ' 

..- I 
12100 00 , I 

- t - I  
I 

- 1842.16 - C -- --2i:o.o9 - __ 1 

2965.06 ~-~ .__ 

2965.06 1 I 
I 

11 52.73 , 
4 08 
2.57 I 

206653.0 I 
11 53.79 ' 

0.55 1 
2.24 ' 

~ i 

~~ ~- 

1 ~ - 

832.67 1 7.36 i 



' 2232 60 I 500.00 ' 50000 ' 50000 I 

>(acre-%) I 7.16 I 1731.99 1 21.09 1 



Plan: Plan 02 PWASH North of 168 RS: 28400. Profile: PF 1 
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Plan: Plan 02 West Inflow Western RS: 400 Profile: PF 1 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH Reach = North of 168 RS = 36400. 

Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH Reach = North of 168 RS = 35900. 
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Pwashexisting Plan: Plan 02 2/21/2007 Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH Reach = North of 168 RS = 35400. River = PWASH Reach = North of 168 RS = 34900. 
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Pwashexisting Plan: Plan 02 2/21/2007 Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH Reach = North of 168 RS = 34400. River = PWASH Reach = North of 168 RS = 33900. 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH Reach = North of 168 RS = 33400 
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Pwashexisting Plan: Plan 02 2/21/2007 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH Reach = North of 168 RS = 31400 

Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH Reach = North of 168 RS = 30900. 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH Reach = North of 168 RS = 30400 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH Reach = North of 168 RS = 29900. 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH Reach = North of 168 RS = 29400. 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH Reach = North of 168 RS = 28400. 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH Reach = North of 168 RS = 27900. 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH Reach = North of 168 RS = 27400. 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH Reach = North of 168 RS = 26900. 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH Reach = North of 168 RS = 26400. 

Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH Reach = North of 168 R S  = 25900 
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Pwashexisting Plan: Plan 02 2/21/2007 Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH Reach = North of 168 RS = 25400. River = PWASH Reach = North of 168 RS = 24900. 
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Pwashexisting Plan: Plan 02 2/21/2007 
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Pwashexisting Plan: Plan 02 2/21/2007 
= PWASH Reach = North of 168 RS = 24400. River = PWASH Reach = North of 168 RS = 23900. 
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Pwashexisting Plan: Plan 02 2/21/2007 Pwashexisting Pian: Plan 02 2/21/2007 
River = PWASH Reach = North of 168 RS = 23400. River = PWASH Reach = North of 168 RS = 22900. 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH Reach = North of 168 RS = 22400. 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH Reach = North of 168 RS = 21900. 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH Reach = North of 168 RS = 21400. 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH Reach = North of 168 RS = 20900. 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH Reach = North of 168 RS = 20400 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH Reach = North of 168 RS = 19900 
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Pwashexisting Plan: Plan 02 2/21/2007 Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH Reach = North of 168 RS = 19400. River = PWASH Reach = North of 168 RS = 18900. 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH Reach = North of 168 RS = 18400 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH Reach North of 168 RS = 17900 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH Reach = North of 168 RS = 17400. 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH Reach = North of 168 RS = 16900. 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH Reach = North of 168 RS = 16400. 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH Reach = North of 168 RS = 15900. 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH Reach = North of 168 RS = 15400. 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH Reach = North of 168 RS = 14400 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH Reach = North of 168 RS = 13900 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH Reach = North of 168 RS = 12400. 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH Reach = North of 168 RS = 11900. 
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Pwashexisting Plan: Plan 02 2/21/2007 Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH Reach = North of 168 RS = 11400. River = PWASH Reach = North of 168 RS = 10900. 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH Reach = North of 168 RS = 10400. 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH Reach = North of 168 RS = 10350. Culv 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH Reach = North of 168 RS = 10350. Culv 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH Reach = North of 168 RS = 10300. 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH South Reach = South of 168 RS = 9450 

Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH South Reach = South of 168 RS = 8980 
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Fwashexisting Plan: Plan 02 2/21/2007 
River = PWASH South Reach = South of 168 RS = 8040 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH South Reach = South of 168 RS = 7820 
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Pwashexisting Plan: Plan 02 2/21/2007 
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Pwashexisting Plan: Pian 02 2/21/2007 
River = PWASH South Reach = South of 168 RS = 7520 
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Pwashexisting Plan: Plan 02 2/21/2007 Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH South Reach = South of 168 RS = 7115 River = PWASH South Reach = South of 168 RS = 6720 
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Pwashexisting Plan: Plan 02 2/21/2007 Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH South Reach = South of 168 RS = 6330 River = PWASH South Reach = South of 168 RS = 6260 
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Pwashexisting Plan: Plan 02 2/21/2007 Pwashexisting Plan: Plan 02 2/21/2007 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH South Reach = South of 168 RS = 5440 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH South Reach = South of 168 RS = 5100 
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Pwashexisting Plan: Plan 02 2/21/2007 Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH South Reach = South of 168 RS = 4910 River = PWASH South Reach = South of 168 RS = 4650 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH South Reach = South of 168 RS = 4500 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = PWASH South Reach = South of 168 RS = 4250 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = West inflow Reach =Western RS = 1200 

l ;  

Pwashexisting Plan: Plan 02 2/21/2007 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = West Inflow Reach = Western RS = 1000 
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Pwashexisting Plan: Plan 02 2/21/2007 Pwashexisting Plan: Plan 02 2/21/2007 
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Pwashexisting Plan: Plan 02 212112007 
River = West Inflow Reach = Western RS = 600 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = West inflow Reach =Western RS = 500 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = West Inflow Reach = Western RS = 400 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = West Inflow Reach = Western RS = 300 
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Pwashexisting Plan: Pian 02 2/21/2007 
River = West Inflow Reach = Western 
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Pwashexisting Plan: Plan 02 2/21/2007 
River = West Inflow Reach = Western RS = 100 
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March 28,2000 

James L. Fitzpatrick, P.E. 
VTN -Nevada 
2727 South Rainbow BouIevard 1 Las Vegas, NV 89102 
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Re: STORM CENTERING STUDY FOR COYOTE SPRINGS 
Study Dated: March 5,2000 
Location: Northeast and southeast of the NV Highway 168 and US HWY 93 
intersection 
Section 01, T. 13 S., R. 63 E. 
NPM-0049- 13 
HTE# 00-7 1 10 

Dear Mr. Fitzpatrick: 

The staff at The Louis Berger Group, Inc. have conducted an initial review of the above- 
referenced Storm Centering Drainage Study and have the following comments: 

1. The County requires the following figures with a report: 

a, Vicinity map with north arrow and indication of scale, or not-to-scale; 

b. A Flood Insurance Rate Map (FIRM) with: panel number, north arrow and bar 
scale, and site delineation; 

c. The CCRFCD Master Plan Figure with north arrow, bar scale, and site 
delineation; 

d. Design Manual Standard Form I signed and sealed by a professional engineer; 

2. The study must use equation 613, in accordance with Section 606.3 of the (CCRFCD) 
Hydrologic Criteria and Drainage Design Manual, to determine the TLAG for the larger 
basins. 

804OLvRI 
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5.  

6 .  

7. 

8. 

9. 
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1 1 .  

12. 

13. 

14. 

Page 2 of 4 

The study states “approximately 2750 square miles of this area are upstream of the 
Pahranagat National Wild Life Refugee Area (PNWLRA) which has sufficient capacity 
to contain flood flows without overflow.” Please provide information and calculations in 
support of the storage capacity of the depressioddetention area. 

The study use kinematic wave routing for the HEC-1 models. Muskingham routing 
should be used in accordance with section 608 of the CCRFCD Design Manual. Please 
revise accordingly. 

Provide precipitation isohytel maps with site delineation and point precipitation depth 
calculation in accordance with Section 500 in the CCRFCD Design Manual. 

The DARF’s used in the HEC-I model do not correspond to the values recommended in 
the CCRFCD Design Manual. Please revise the HEC-I model accordingly. 

Most of the 100-year flow rates listed and discussed in the conclusion section of the 
report do not appear in the HEC-I model output. If these values were interpolated please 
provide calculations. 

Provide supporting data and exhibits for the stagehtorage relationships and HEC-RAS 
information presented in Table 2 of the report. 

The study’s cover letter by VTN (stamped by James Fitzpatrick) states that “the purpose 
of this study is to establish the peak flow rates for the Pahranagat Wash as it crosses 
through this project.” Dr. James Guo states in the study that “results of this study are 
derived from limited information and may only serve for preliminary investigations.” 
Please clarify the purpose of this study. 

The study concludes that the critical storm size is 250 square miles, although the final 
flow value for Arrow Canyon was based on a 360 square mile storm. Please explain. 

Provide topographic data and/or available information in support of the channel routing 
geometry used in the HEC- 1 analysis. 

It is unclear how the Storm Centering Test HEC-I analysis (in Appendix A) was utilized. 
Please provide discussion. 

A Technical Drainage Study will be required for future development of the site. 

The title on the cover of the drainage study differs from the title given on the Standard 
Form 1. Please revise and resubmi; accordingly. 
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James L. Fitzpatrick, P.E. 
Coyote Springs 
March 28,2000 
Page 3 of 4 

15. Site delineation must be accurately shown on the drainage maps. Please revise and 
resubmit accordingly. 

16. Resubmit drainage map showing concentration points, cumulative flows, velocity and 
direction of flow at upstream and downstream ends of site for the 10-year and 100-year 
flows. The following needs to be added on the topographic map insert: 

0 Provide a Figure number 

Provide a north arrow 

0 Basin K7 Reeds to be labeled 

0 Provide contour intervals 

The conceptual drainage study must correspond to the 1999 Updated Clark County 
Hydrologic Criteria and Design Manual, rather than the 1996 manual as stated on Page 4, 
paragraph 3 of the report. 

17. 

n&& 
m w w  

The items listed herein must be addressed. Addenda and revised plans must be submitted 
directly to Clark County for the necessary log-in procedures. 

If you have any questions concerning the comments, please contact The Louis Berger Group, Inc. 
to schedule a study review meeting. 

Sincerely, 

THE LOWS BERGER GROUP, INC. 

- 
Hydrologist 

Syn'di J. Dudley, Ph.D., P.E. 
Director of Water Resources 
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CONCURRENCE BY CLARK COUNTY PUBLIC WORKS: 

Signature 

COMMENTS: ___ 

cc: Coyote Springs, Inc. 
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March 9,2000 
W.O. #‘5685 

Clark County 
Department of Public Works 
500 S. Grand Central Parkway 
Las Vegas, Nevada 89155-4000 

Attention: Mr. Steve Parrish, P.E. 
Community Development 

RE: HYDROLOGIC ANALYSIS FOR COYOTE SPRINGS PROJECT 

Mr. Panrish: 

This letter is being written to submit the attached study prepared by Dr. James Guo, P.E- The 
purpose of his study is to establish the peak flow rates for the Pahranagat Wash as it crosses 
through this project. 

We ask for your review and approval of his study in order that that information can be utilized for 
the design of this project. 

Sincerely, 

._. 1 
J 

1 

I 
I 2727 SOUTH RAINBOW BOULEVARD LAS VEGAS, NEVADA 091465148 

TEL. (702) 873-7550 FAX: 362-2597 
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The 100-year floodplain in this area is typically within 800 feet of the wash 
channels. The development of flood plains in this area is limited. Immediately 
upstream of the gage station, a large storage capacity exists in Arrow Canyon. The 
historical record has shown that the largest flow of record was as low as 5100 cfs 
occurred on September 7,1967. According to the 1988 Flood Control Master Plan 
for Moapa Valley, the peak flow data does not have any outliers and the 100-year 
peak discharge was estimated to be 65 10 cfs at the gauge station on the Muddy 
River. 

In this study, the total drainage area is approximately 862 square miles which 
includes the tributary areas downstream of PNWLRA to the north of the entrance of 
Arrow Canyon. As shown in Figure 1, this area is divided into 

(1) Basin 1 of 249 square miles for Kane Springs Wash Basin, 
(2) Basin 2 of 253.5 square miles for Pahranagat Wash Basin upstream of Point A 
(3) Basin 3 of 155.0 square d e s  for the area between of Points A and B, and 
(4) Basin 5 of 204.50 square miles for the area south of Point B. 

Each basin is further divided into subareas based on the natural drainage network. 
The hydrologic parameters for subareas are listed in Table 1. The previous studies 
recommended that the curve number is 85 for the type of soil found in this area 
(Mark Group 1988, Corps 1988). h this study, the lag time was calculated by both 
USBR method (USBR 1987) with a Manning’s n of 0.042 and the SCS lag time 
formula. In comparison, the USBR lag times were shorter. As a result, the USBR 
lag times were coded into the HEC-1 model for runoff calculations as 
recommended by the 1996 Clark County Hydrologic Criteria and Design Manual. 

The storage capacity at Arrow Canyon is approximated by the elevation 
contours upstream of the narrowest section located at Station 8W6 used in the 
100-year floodplain delineation study. This section is approximated by a trapezoid 
with side slopes of 1V:3H and lV:4H. With limited information, the outflow rates 
through this section are estimated by Manning’s formula with a roughness 
coefficient of 0.042 and ground slope of 0.001, The stage-storage-outflow 
characteristics at Arrow Canyon are derived with a range of flow rates and the 
corresponding storage volumes h the valley backed up by the normal depths. This 
approach is an approximation for a preliminary study, and shall be refined when 
detailed data become available. 

4 



Point Design Rainfall Statistics 

The design rainfall statistics for the southern Nevada have been published in N U 4  
Atlas 2, Volume W f i r  Nevada (1 973), and NOAA Technical Memorandum N V S  
Hydro-40 for the semi arid southwest United States (1984). The design rainfall 
depths prepared by the Master Plan for Moappa Valley (1988) were derived fiom 
N O M  Atlas 2 with the adjustment recommended by the Clark County Regional 
Flood Control District (CCRFCD). In this study, the 6-hour design rainfall 
distribution is adopted with the 6-hour rainfall depths as: 

Return Period in years 25 
Six-hr Rainfall Depth in inches 2.05 

Depth Area Reduction Factors (DARF') 

The DARF's are derived fiom the areal distribution 
rainfall volume of a storm event is calculated by its 
can be accumulated fiom the center of the storm to 

50 100 
2.52 3.00 

of observed isohyets. The 
depth and area product which 
a specified area. The areal 

average rainfall depth is equal to the accumulated depth-area product divided by the 
area. The DARF's for the Moapa valley were studied by several observed storm 
events and then compared with N O M  Hydro 40 and Standard Project Storm 
recommended by Corps of Engineers (Flood Control Master Plan for Moapa Valley, 
1988). Table 2 is the average values for DARF"s f?om 10 to 900 square miles 
developed in this study. These values are then usen in the HEC-1 models for runoff 
calculations. 

Storm Centering Tests 

Although the total tributary area is 862 quare miles, the effective drainage area used. 
in the Flood Control Master Plan forMoapa Valley, Nevada 1988 was assumed to 
be 200 square miles. During the August 10, 1981 storm event, the one-inch 
isohyetal line encompasses an area of 280 square miles. 
centering tests were conducted with a storm center to cover a total drainage area of 
588.50 square miles, including Basins 2,3,5, and subareas of K6 and K7 fiom 
Bash 1 .  There are two scenarios performed in this study: with and without 
consideration of valley storage volumes. When using channel widths of 20 to 50 
feet for kineamtice wave routing through the valleys, as shown in Figure 2, the 

In this study, storm 
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r critical storm cover area is found to be 450 square miles. When a width of 800 feet 
is used to model the floodplains, the critical storm cover area is reduced to 250 

--square miles,-as shown in Figure 3. - - 
i 

t- 

The 1988 Flood Control Master Plan for Moapa Valley has recognized the 
significant storage capacities available in the valleys. Therefore, the critical storm 
cover area of 250 square miles is adopted in this study for runoff predictions. Of 

available. 

i '  r 

I course, a fbrther refinement is necessary when more detailed information become r 

I Based on the natural drainage network and the size of critical storm cover 
area, four locations of storm centers are h the r  developed for runoff predictions as 
listed in Table 4. They are: E 

I 

I 

Case One' covers Basin 1. 
Case Two covers Basin 2. 
Case Three covers Basins 3 and 5. 
Case Four covers the entire area of this study. 

At a design point, the runoff peak discharges shall be predicted by possible storm 
centers, and then the maximal value is selected and recommended for designs. For 
instance, the design flow at Point A is determined as: 

QA = Max (Case One, Case two, Case Four) 

At Point B, the design flow shall be the maximal value among the following cases: I D  

I 

, I  

Q, = Max (Case One with routing through the downstream valIey to Pt B, 
Case Two with routing through the downstream valley to Pt B, 
Case Three as the tributary area to Point B 
Case Four with all tributary areas to Point B.) 

I Table 5 presents the comparison and selection of the maximal value at various 
design points. 

6 



Conclusions 

I Location 4-25 Q-50 
C f i  C f s  

This study has been conducted based on USGS 15 minutes maps. With the optimal 
uses of the limited information, the storm centering tests have been investigated for 
the total drainage area of 862 square miles. It was found that the critical storm 
cover area is approximately 250 square miles. The maximal peak discharges are 
predicted as: 

Q- 1 00 
Cfi 

'loutlet of Basin 1 903 4,357 6,572 
Outlet of Basin 2 4,490 7,712 11,771 
Outlet of Basin 3 6,37 1 13,266 15,300 

The range of the 1 00-year peak discharge downstream of Arrow Canyon is between 
8683 to 11277 cfs. The 100-year peak discharge downstream of Arrow Canyon 
was also predicted to be 6510 cfs by the records at the USGS Gauge 09416000. 

Results of this study are derived fiom limited inforamtion and may only serve 
for preliminary investigations. The HEC-1 models developed shall be refined by 
more detailed information.. 

7 
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Storm Centering Tests for Pahranagat Valley, Moapa Nevad 

Design r Point 

t-- 

p145 
c145a 
c3 

c145b 
c45 
c6 
c7 

c l8  
A 

C l O  
c l  2 
c13 

s miles 

87.00 I 10410.001 

Figure 2 Critical Stom Cover Area of 450 sq Miles without Valley Storage 
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Figure 3 Storm Centering Tests for Pahranagat Valley, Moapa Nevada 4 [ s m m e  

I 

Conclusion: 
;. 

The critical storm cover area is approximately 250 sq miles determine by this study. 
This conclusion agrees with Master Pian study (200 square miles). 
During the August 10 1981 storm, the area with a rainfall depth of one inch was 280 sq miles. 

. 



Table I Watershed Parameters for Areas Upstream of Moapa, Nevada 

I Watershed 1 Subarea ID Area Upst Dnst Waterway Slope Slope Curve Initial SCS ‘ Area j Numer €lev €lev Length Number Loss Lagtime 
i I Sq mile meter meter kilometer percent Wmile hours 

I 

Roughness USBR , Dnst 
n Lag time Waterway j 

hours meter e 

Total Area 862 sq miles 



Table 2 STAGESTORAGE-OUTFLOW CURVE at ARROW CANYON 

Elevation Contour Storage Flow Flowrate Flowrate 
Area Volume Depth S=0.005 S=O.OOl 

n30.045 n=0.045 

HECRAS Section Sta80+6 

Flowrate 
HECRAS 

Predictions 

X .  1 Y (Elev) 
ft I ft 

t 120 

Cross Section Triangular Section 
Z1=3.0 2 2 4 . 0  
n = 0.045 

Note: S = 0.005 was predicted by HECRAS under the condition of steady flow 
S = 0.001 is the ground slope upstream of this section, and used in this study. 

. 
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Table 3 DARF Developed for Pahranagat Valley, Nevada 

Area 

1 .ooo 
5.000 
10.000 
20.000 
30.000 
40.000 
50.000 
60.000 

0.684 
0.666 
0.648 
0.630 
0.580 
0.530 
0.500 
0,460 
0.436 
0.412 
0.388 
0.364 
0,340 
0,317 

DARF DARF DARF DARF DARF 
100-y 50-v 25-yr 1 @year $year 

1.000 1,000 1 .ooo 1.000 1,000 
0.950 0.960 0.960 0.937 0.932 
0,900 0.900 0,900 0.873 0.890 
0.830 0,840 0,840 0.804 0.805 
0.800 0.780 0.780 0.778 0.771 
0.750 0.740 0.740 0.759 0.737 
0.720 0.720 0.720 0.728 0.678 
0.702 0.700 0,700 0.696 , 0.669 

0.680 0.680 0,665 
0.668 0.668 0,652 
0.652 0.652 0,633 
0,640 0.640 a614 
0.600 0.600 0.506 
0.560 0.560 0.475 
0.480 0.480 0.449 
0.440 0.440 0.430 
0.400 0.400 0.392 
0.382 0.382 0.380 
0.365 0.365 0.361 
0.347 0.347 0.342 
0.330 . 0.330 0.323 
0.312 0.312 0.304 

800.000, 
900.000 
1000.000 

DARF 
Average 
Value 

1.000 
0.948 
0.893 
0.824 
0.782 
0.745 
0.71 3 
0.694 
0.674 
0.661 
0.646 
0.632 
0.574 
0.531 
0.477 
0.439 
0.407 
0.389 
0.370 
0.351 
0.332 
0.31 3 
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Table 4 Locations of Storm Centers 

Location of Tributary Tributary 
Storm Center Basin(s) Area 

1 
2 

3 

4 

sq miles 
Kane Springs Valley Basin? 249.00 
Paharangat Valley Basin 2 253.50 
North of ff A 
Paharangat Valley Basins 3+5 359.50 
South of PtA 
Whole Area Bsn 1+2+3+5 861.50 , 



Table 6 Selection of Maximal Peak Discharges at Design Points 

100-year Peak Flowate at Deslgn Points 

Pdnt A 
Pdnt B 

OaSeStilbkn 

60-year Peak Flowrate at Deslgn Points 

A 903.01249.0 4490.01253.5 - 2466.01502 4490 
B 479.Ql249.0 4460.01253.5 3966.01359.5 1600.01861.5 4460 

0 0 3327.01359.5 840.W861.5 3327 ~ 

I 

I Point A A 4357.01249.0 7712.01253.5 - 4707.01502.0 7712 
i Point 0 B 693.01249.0 7095.0Q53.5 7478.01'359.5 31 333861.5 7695 

*Station 0 3620.0t253.5 8510.01359.5 2447.51861.5 6510 
I 
I 

P&year Peak Flomte at Deslgn Points 
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Appendix A Storm Centering T e s t  by HEC-1 Model 

.......................................... ....................................... . 
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The  HEC-1 Model Developed 

for Kane Springs Valley (Basin 1) 
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233.50 

233.50 

15-50 

249.00 

249.00 

249.00 

249.00 

1 F % o u  
T M e  

1 m  
T D 5  

1 -  
T D 5  

1 F L o w  
T D 5  

1 F l . a  
TMB 

1 m  
TIME 

1 F l K m  
TMB 

1 m  
TIW. 

1 PLOW 
T M e  

1 -  
TlNE 

I now 
T M E  

1 m  
T M  

1 m  
TlNE 

1 now 
TlNE 

1 p L D R  
T M e  

1 now 
TIXE 

1 F L o w  
TMB 

1 n a I  
TIHE 

1 F l . a  
TIM3 

1 noy 
TIM3 

RhTlW APPLIED TO PRECIPITATICM 
PATIO 1 RATIO 2 W I O  3 RATIO 4 M I 0  5 RATIO 6 RATIO 7 W I D  8 

-82 .78 .75 .69 .6S -57 .53 -50 

6220. 5711. 
6.25 6.25 

6216. 5705. 
8.17 8.25 

9213. 8452. 
6.75 6.75 

13618. 12251. 
7.83 8 - 0 0  

13567. 12112. 
8.92 9-08  

10134. 9302. 
6.42 6.50 

17430. 15543. 
8.92 7 .33  

17324. 15526. 
9.83 8.33 

3928. 3598. 
8.67 8.67 

4600. 4227. 
5.83 5.83 

22265. 20195. 
8.08 8.17 

22214. 20177. 
8.83 9 - 0 0  

5822. 5346. 
6.00 6.00 

23623. 
8.75 

21313. 
8 .92  

5268. 
6.25 

5264. 
8.33 

7790. 
6.75 

10967. 
8.17 

10966. 
9.25 

8580. 
6.50 

14185. 
7 -33 

14166. 
8 . 4 2  

3311. 
8.67 

3903. 
5 .83  

18404. 
8.33 

18387. 
9.17 

4933. 
6.08 

19334. 
9.08 

4666. 4115. 3312. 2851. 
6.25 6.33 6.33 6.33 

4664. 4111. 3310. 2848. 
8.42 8.58 8.83 9.00 

6894. 
6.83 

9555. 
8.25 

9334. 
9.58 

7600. 
6.50 

12380. 
7.42 

12370. 
8.50 

2923. 
8.67 

3462. 
5.83 

16038. 
8.50 

16016. 
9.33 

4374. 
6.08 

16735. 
9.33 

6071. 4876. 
6.83 6.83 

m z .  6346. 
8.33 8.58 

8181. 6182. 
9.67 10.17 

6696. 5384. 
6.50 6.58 

10699. 8295. 
7.58 7.83 

10692. 8276. 
8.75 9.17 

2568. 2055. 
8.75 8.75 

3054 2462. 
5.83 5.92 

13~108. 106x7. 
8.75 9.17 

13769. 10592. 
9.61 10.17 

3858. 3107. 
6.08 6.08 

14266. 
9.67 

10871. 
10.17 

4191. 
6.92 

5211. 
8.83 

5154. 
10.42 

4634. 
6.58 

6962. 
8.08 

6953. 
9.42 

1761. 
8.75 

2123. 
5.92 

8884. 
9.42 

8845. 
10.58 

2677. 
6.17 

9023. 
10.58 

2528. 
6.42 

2527. 
9.17 

3714. 
6.92 

4485. 
8.92 

4380. 
10.15 

4108. 
6.58 

6063. 
8.17 

6020. 
9.67 

1557. 
8 .83  

1885. 
5.92 

7660. 
9.67 

1614. 
10.92 

2376. 
6.17 

1738.' 
10.92 

23580. 21302. 19279. 16683. 14197. 10803. 8966. 6505. 
9-92 10.08 10.33 10.58 11.08 11.75 12.25 11-33 

2969. 2725. 2514. 2228. 1965. 1581. 1362. 1208. 
6.17 6.17 6.25 6.25 6.25 6.25 6.33 6.33 

23992. 21640. 19542. 16881. 14321. 10872. 9005. 6572. 
9.92 10.08 10 .33  10.58 11.08 11.75 12.25 11.33 

23938. 21554. 19502. 16820. 12849. 8174. 2835. 1094. 
11.08 11 .33  11.58 12.00 12.42 12.42 12.42 10.75 

23878. 21458. 15238. 0. 0. 0. 0 .  0. 
12.08 12.42 12.42 12.42 .OO -00 -00 .oo 

12507. 6907. 1894. 0. 0 .  0. 0. 0. 
12.42 12 .42  12.42 12.42 -00 . 00 - 00 -00 

+* PEAK STAGES I I  ETET ** 
1 STAGE 2161.29 2154.94 2145.48 2133.00 2133.00 2133.00 2133.00 2133.00 

T1)III 12.42 12.42 12.42 12.42 .OO -00 .oo -00 
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‘ d  1 
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-1 

1 

1 

31 
32 
33 

34 
35 
36 
37 
38 
39 

40 
41 
42 

43 
44 
45 
46 
47 
48 

LIm 

49 
50 
51 

52 
53 
51 
55 
56 
57 

58 
59 
60 

61 
62 
63 

64 
65 
66 
67 
68 
69 

70 
71 
72 

73 
74 
15 
76 
77 
78 

79 
80 
81 

82 
83 
84 

85 
86 
E7 
88 
89 
90 

LIm 

91 
92 
93 

94 
95 
96 

97 
98 
99 

IM 
Kn 
RR 

Im 
m 
BA 
PB 
Is 
m 
EN 
Kn 
EC 

XIf 
m 
ETA 
PB 
Is 
IID 

KK 
Kn 
RK 

KK 
m 
ETA 
PB 
Is 
m 
KI( 
m 
EC 

XK 
m 
RK 

KK 
m 
BA 
PB 
Is 
m, 

IM 
m 
RK 

IM 
m 
BA 
PB 
LS 
m 
KK 
m 
nc 
Im 
Fn 
RK 

IM 
IM 
BA 
PB 
Is 
OD 

R45 
Route pll tbrwgb p45 
64515 0.010 0.050 

P45 

59.0 
3.0 

2 - 675 
C45a 

2 

P2 

38.5 
3.0 

3.00 

subarea PI5 

0 85 

Comblne R45 and P45 

Subarea P2 

0 85 

R6 
Route p2 throug p6 
70380 0.010 0.050 

P6 

30.0 
3 .0  

2.36 

Subarea P6 

0 85 

C45b 

3 
Combine R45a, R6 and P6 

R7a 
Route C45b througb P7 
26565 0.010 0.050 

P3 
Subarea P3 
39.5 
3.0 

2.179 
0 85 

R7b 
Route p3 tbrong p7 
27600 0.010 0.050 

P7 

25.5 
3.0 

1.631 

Subarea P7 

0 85 

c7 

3 
CoPbint R7b. R7a, and P7 

R8 
Route c7 thrwg p8 
15180 0.010 0.050 

PB 

33 
Subarea P8 

o w  

HEC-1 I r n  

3.0 
0 85 

1.846 
HEC-1 INPUT 

800 10 

ID..... .. I . . . . .  .. 2.......3.......1.......5.......6.......7.......8.......9......10 

ID.. ..... 1 ....... 2.. ..... 3.......4.......5.......6.......7.......8.......9...... IO 

BOO 

BOO 

800 

BOO 

10 

10 

10 

10 

ClB(Pt A) 
Combine R8 and PElBasin 2 --Prahrangat Yatersbed north of Point A) 

2 

B 
Route B to ARRCWEAD VALLEY 
52800 0.01 0.050 0 RULP 800 10 

RMW 
Route cl5 TAROOGH tbe Valley to ARROWHEAD VALLEY 
42500 0.01 0.050 0 m 800 10 

2 

P N Z  2 

PAGE 3 



" '  

I '  

I 

I 

0 

r 

I -  > .  

: .  
I 

I 

1 

mpm 
LINE 

no. 

17 

31 

34 

40 

43 

49 

52 

58 

61 

64 

70 

73 

79 

82 

85 

91 

94 

97 

100 

100 K1UrrowlGage) 
101 KLI a r r o v ~ a n p  

103 
104 
105 SQ 
106 EI 

102 R9 1 sroa -1 
sv 0 14 460 915 2385 5005 
SB 2133 2140 2150 2160 2170 2180 

0 325 3186 10713 24587 46286 

sc€IDl?3IC DIAGRAM OF STREAM NETtKBK 

(V) ROUTING 

t.)  CONNECTMI 

I--->) D'IVERSICIY OR PUMP PLDW 

(<---I RETORN OF DIVER!IED OR PUMPSD naW 

Pl 
V 
V 

R4 5 

PI5 

P2 
V 
V 
R6 

P6 

. -  
C45b.. ............ ".:. ...... 

V 
V 

R7a 

P3 
V 
V 

R7b 

P7 

c7 ........................ 
V 
V 
RE 

P8 

E18 ............ 
V 
V -  
B 
V 
V 

Rlun 
V 
V 

ArrortGa 

(***) RUNOFF ALSO COWDTED AT THIS LOC&TI(PI 

14 IO 

IT 

........................................................ 
Pabranagat NAmRSBED North of Pt A ........................................................ 

100-year event vitb PB-3.0 inches 

--- BASIN 2 

THE CRITICAL S T M  C W  Mw IS 250 Sq ri les  

prepared by WN-nerada i n  January 2000 

PREC 0.824 0.782 0.745 0.694 0.646 0.574 0.510 0.50 
AREA 20 30 40 60 90 150 220 250 

OUTPUT CONTROL VARIABLES 
I PRNT 5 PRINT CONTROL 
I Prn 0 PLOTCONTROL 
as- 0 .  mmwn~msw 
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101 R1( 42500 0.01 0.050 0 TRAP 800 10 

108 KX ArrowIGage) 
109 RLI Arrow Canyon 

0 14 460 915 2385 5005 
110 sv 

SE 2133 2140 2150 2160 2110 2180 
111 

0 325 3186 10713 24587 46286 
112 
113 SQ 
114 zz 

Rs 1 STOR -1 

SCER~&?IC DUtRALl OF STRULW NE1woRI( I 

INPUT 
LINE 

no. 
2i 

[v) ROUTING 

1.1 comc1oR 
P9 

PI0 

CIO............ 
V 
V 

-12 

35 

40 

43 

46 PI1 

p12 

c12..............-......-.. 

51 

56 

P13 

C13............ 

59 

64 

PI7 

V 
Rk16 

67 

72 

75 

80 C16. 
V 
V 

RklSa 83 

86 p14 
V 
v 

Rk15b 

ClS..........-.-.-.. 

B......--.... 
V 
V 

91 

PI 5 

. . . . . . . 
94 

99 

r 102 

105 RMIl 
V 
V 

%rrw r 108 

' and depression area in Pahranagat National Wild Life Refuge 

P M C  0.824 0.782 0.745 0.713 0.679 0.661 0.632 0.531 0.45 
ARE8 20 30 40 50 70 80 100 200 360 

p m  AND STAGE (END-OF-PERIOD) SWHARY FOR MULTIPLE PLAN-RATIO ECONWC CCMPUTATIONS 
FLOWS IN CUBIC ITEI PER SECOND, AREA IN SQORRE WILES 

1Iw6 TO PFAK IN BOURS 

3 



WIGS APPLIED 20 PRECIPITATICPI 
RATIO 1 PATIO 2 PATIO 3 W I O  4 RATIO 5 RATIO 6 RATIO 7 W I O  8 RATIO 9 

.82 -78 -15 .71 .67 -66 .63 -53 .45 
OPERUIO11 STATIO11 

32.50 1 €%OR 
TIME 

7224. 
5.67 

6639. 
5.67 

6129. 
5.67 

5693. 
5.67 

5168. 
5 .75 

4997. 
5 .75 

4617. 
5.75 

3341. 
5.75 

2388. 
5.83 

9452. 
6.25 

8679. 
6.25 

8006. 
6.25 

7431. 
6.25 

6740. 
6.25 

6512. 
6.33 

6012. 
6.33 

4333. 
6.33 

3085. 
6.42 

50.00 1 FLar 
TMB 

2 C(HB1NED M 
t c10 13791. 

5.92 
12799. 

5.92 
11615. 

6.00 
11224. 

6.00 
5320. 

6.08 
82.50 1 PLOY 

T In8 
16282. 

5.92 
14951. 

5.92 
10362. 

6.00 
7468. 

6.00 

R(IOTED TO 
+ Rk12 

.I 
82.50 1 FLOY 

TlUE 
16260. 

6.15 
14930. 

6.83 
13777. 

6.83 
12794. 

6.92 
11605. 

6.92 
11213. 

1.00 
10341. 

7.00 
7461. 

7.25 
5316. 

7.42 

ByDRoGRApll AT + P11 36.00 1 Flow 
TlUS 

8019. 
5.67 

7370. 
5.67 

6805. 
5.67 

6321. 
5.67 

5739. 
5.67 

5547. 
5 .67 

5125. 
5.75 

3710. 
5.75 

2651. 
5.83 

BTDROGwl? AT 
t pl2  36.50 1 Flow 6831. 6271. 5784. 5370. 4872. 4707. 4344. 3130. 2228. 

TIME 6.25 6.25 6.33 6 .33  6.33 6.33 6.33 6.42 6.42 

d > 1 2  155.00 1 FILS3 29053. 26555. 24402. 22550. 20327. 19601. 18012. 12633. 8673. 
TWE 6.42 6.42 6.50 6.50 6.58 6.58 6.58 ' 6.83 7.08 

s b  

3 CCWBIPJED AY 
t 

IIYDRaiRAPB AT 
t P13 42.50 F W  

TlMi 
7936. 

6.25 
7285. 

6.25 
6721. 

6 .33 
6239. 

6.33 
5660. 

6 .33 
5469. 

6.33 
5047. 

6.33 
3636. 

6.42 
2588. 

6.42 

+ 36980. 33817. 31096. 28740. 25935- 25010. 22988. 16141. 11009. 
TIM3 6.33 6.42 6.42 6.42 6 -50  6.50 6.58 6.75 7.08 

2 CCWBImD AT 
C13 197.50 1 FLoy 

, ?  

IIYDROGRAPE AT 
t pa7 42.00 1 FLOM 8494. 7802. 7199. 6683. 6064. 5861. 5412. 3905. 2786. 

P TlUE 6.00 6.00 6.00 6.00 6.08 6.08 6.08 6.08 6.17 

t 8479. 7795. 7187. 6674. 6061. 5856. 5403. 3900. 2782. 
TlUE 7.25 7.33 7 .33  7.42 7 .50  7 .50  7.58 7.83 8.17 

RWTED TO 
RLl6 42.00 1 FLoY . 

EYDRaiRAPE AT 
+ p16 27.00 1 FLOW 5710. 5245. 4841. 4495. 4082- 3946. 3644. 2632. 1879. 

TIME 5.83 5.83 5.83 5.92 5.92 5.92 5.92 5.92 6.00 

r 

2 COHBINBD AT 
t C16 69.00 

ROOTED 10 
t M15a 69.00 

1 FLOW 
TUIE 

12354. 11227. 10288. 9476. 8488. 8166. 7486. 5151. 3465. 
6.83 6.92 6.92 1 - 0 0  7.08 7.17 7.17 7.58 8-00 

1 m  
TlMi 

12340. 11219. 10281. 9465. 8490. 8156. 7467. 5104. 3443. 
8-00 8.08 8.17 8.33 8.50 8.50 8.67 9.33 10.00 

r EYDROGRAPE 
t pl4 61.00 1 n . m  11767. 10806. 9968. 9252. 8393. 8111. 7488. 5398. 3846. 

?DIP. 6.17 6.17 6.17 6.17 6.25 6.25 6.25 6.25 6.33 

RWTED TO 
Rk15b 61.00 1 m  11757. 10795. 9963. 9247. 8390. 8101. 7484. 5393. 3838. 

TI116 7.50 7.58 7.58 1-67 7.75 7-75 7.83 8-08 8.42 r 
p i 5  32.00 1 m  7757. 7121. 6571. 6102. 5538. 5354. 4947. 3582. 2567. 

TIHE 5.17 5.17 5.25 5.25 5.33 5.33 5.33 5.42 5.50 
r 

3 CCWBINED AT 
t @5 162.00 

2 C(NBXNED AT 
t B 359.50 

mED TO 
t RIW~ 359.50 

RWIED TO 
+ Arrow 359.50 

1 m  25081. 22633. 20517. 18675. 16547. 15902. 14356. 9380. 6140. 
TIUS 7.75 7.92 8.08 8.25 8.42 8.42 8.58 9.25 10.00 

1 m  52968. 47712. 43152. 39165. 34574. 32972. 29677. 19797. 12793. / 
TlHE 6.92 7.08 7.17 7.25 7.42 7.50 7.58 8.00 8.42 

- - 
/ ,  

c 

1 FLOU 52930. 47679. 43043. 39041. 34413. 32896. 29577. 19719. 12707. 
TIM?. 7 . 5 8  7.75 7.92 8-00 8.17 8.25 8.42 9.00 9.67 

I 

1 m  42116. 37859. 34390. 31148. 27780. 26592. 24067. 16158. 11277. 
TUlE 9.00 9-17 9.25 9.42 9.50 9.58 9.67 9.15 10.17 

* *  PEAK STAGES IN FEET ** 
1 STAGE 2178.08 2176.12 2174.52 2173.02 2171.47 2170.92 2169.63 2163.92 2160.41 

TIUE 9.00 9.17 9.25 9.42 9.50 9.58 9.67 9-75 10.17 
1 
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Appendix E 
The HEC-1 Model Developed for Total Area of 861 Square Miles 

Including B a s i n s  1, 2, 3 ,  and 5 

1 

amRoLoCIC ENGINEERING CENTER 

0.S. Mun CORPS OF ENGINEERS 

609 SECOND S T m  

MYIS, UltIFORHIA 95616 

* 1916) 756-1104 

x X X X X X X X X X X X X X  X 
x x x  x x  xx 
x x x  X X 
XXXXXXXXXXX x X x x x x x  
x x x  X X 
x x x  x x  X 
x X X X X X X X X x x x X x  xxx 

rJ?Is PROGRM REPLACES ALL PREVIWS VERSIONS OF BEC-1 KNOWH AS BEcl (JAN 731, HEClGS, IiEClDB, AND BEClM. 

THE DEFINITIONS OF VARIABLES -RTIHP- AND -RTIOR- EAVE ClUHGED €kcW TEBOSE USED WITE TES 1973-STYLE lDPm STRUCTURE. 
TEE DEFINITION OF -ILwsIM- Ow PH-CARD WAS CEANGED NITE REVISIONS DATED 28 SEP 81. =IS IS THE FDRTIuN77 VERSIC# 
HEY OPTICXS: DWBREu( OKTnoW SWHERGEACE , SlNGLE EVENT DAMAGE CALCWLAIICH, DSS:NRIIE STAGE FREQUENCY, 
DSS:REN) PIHE SERIES AT DESIRED UILCULATION INTERVAL LOSS RATE:w(EEN AND INFILTPATION 
K l m T I C  NAVE: NEW FIUITF. DIFFERENCE ALGORITHn 

BEC-1 3 m  PAGE 1 

LINE ID.....,.l.......Z.... ... 3.......4......-5.......6.......7.......8.......3......10 
1 
2 
3 
4 
5 
6 
7 
B 
9 
10 
11 
12 
13 
1 4  
1s 

16 
17 
18 
19 

**. - ..* 
20 
21 
22 
23 
24 
25 
26 
27 
28 

'DIAGPJM 
I D  
I D  

I D  ALL ME&S of 862 Sq riles 
I D  PNLlUNAGU WATERSEED AND KAN8 SPRIwiS . 
I D  BASINS 1, 2, 3, and 5. Points A and B . 
I D  .. *..*...**..*..*t*.~*~**..*.***~**.*.~~**.~***.*~.***,.~**~~*.~* 
I D  
JD 
111 
I D  
I D  
I D  
ID PREC 0.531 0.477 0.439 0.407 0.3sb 0.370 0.351 0.332 
ID Mw 200 300 400 500 600 700 800 900 

IT 5 0 0 150 
IO 5 0 0 
IN 5 0 0 
JR PRU: 0.531 0.477 0.439 0.407 0.389 0.370 0.351 0.332 

I D  .*.*.... t...1~..*tt.***~~.~~.***.*.**.~~~.*.***.~*~..**~**~.~.~.~ 

prepared by VTN-nerada i n  January 2000 

A l l  tributary area north of Naynard Lake drains  i l l to  tbc detent ion 
and depression area i n  Pahraoagat National Wild L i f e  Refuge 

Rlt 
KH 
BA 
PB 
Pc 
Pc 
Pc 
Pc 
Pc 

Pl 

28.0 
subarea pl 

3.0 
-000 .020 -059 -000 -110 -146 -150 .160 .I68 -171 
.I80 -182 -187 .190 .197 -202 .210 .220 .230 -241 
.250 .259 -265 -280 .290 .300 .305 .309 .310 .317 
.321 .327 -333 -345 -361 .381 . I08 -430 -471 -514  
.sa .630 -710 -720 .731 -752 -779 .790 .795 .eo( 

1 

t 



t *I 

1 
! .  

I "I 

r' . r  

I 

i .  

I 

I 

1 
I 

. -  

I 

29 
30 
31 
32 
33 

34 
35 
3 6. 

37 
38 
39 
40 
41 
42 

43 
I4 
45 

LlNZ 

46 
47 
48 
49 
50 
51 

52 
53 
54 

55 
56 
57 
58 
59 
60 

61 
62 
63 

64 
65 
66 

67 
68 
69 
70 
71 
72 

73 
74 
15 

76 
77 
78 
79 
80 
81 

82 
83 
84 
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MIRI 1, 2, 3. and 5. Points  A and B 
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prepared by VTN-nevada in Jmnary 2000 
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11.83 

1853. 
6 -83  

1853. 
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6.83 

956. 
7.17 

0. 
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7.83 

2663. 
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6.42 

4860. 
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7.75 

1835. 
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5 .92  

8634. 
7.92 

1895. 
6.42 

1892. 
9.50 

2818. 
7-00 

3092. 
9.42 

3045. 
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6.75 
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8.92 
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6.58 
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ADDENDUM #1 TO THE 
STORM CENTERING STUDY 

FOR 

PAHRANAGAT VALLEY 
UPSTREAM OF MOAPA, NEVADA 

CLARK COUNTY, NEVADA 

W.O. #5685 

Prepared for: 

COYOTE SPRINGS INVESTMENT, LLC. 

Submitted to: 

PUBLIC WORKS DEPT. 
CLARK COUNTY, NEVADA 



,ugust 7, 2000 

~0bet-t Thompson, P.E. 
:ommunity Development 
:lark County Department of Public Works 
;oo south Grand Central Parkway 
as Vegas, NV 89155 

)ISTRICT CONCURRENCE: COYOTE SPRINGS CONCEPTUAL 
(HTE# 00-7110) 

)ear Mr. Thompson: 

b e  District has reviewed the Conceptual Drainage Study dated March 9, 2000, and 
iddendurn No. 1 dated May 30,20do, for the above captioned project as submitted by W N  
Jevada and James C.Y. GUO, Ph.D., P.E. In addition, the Disbict is in receipt of the 
Zonditional Letter of Acceptance from Clark County Public Works dated June 9, 2000. 

We District concurs with the acceptance of this Conceptual Drainage Study by Clark County 
'ublic Works. 

me District's review of this project was limited to issues of Regional flood Control 
Significance as defined in the Uniform Regulations for the Control of Drainage. As noted 
in the study the site resides in a Special Flood Hazard Area (SFHA) designated as "Zone 
A" per the effective flood Insurance Rate Map (RRM). Therefore the consultant should be 
advised that this acceptance does not serve to amend the FIRM or remove the SFHA 
designation. 

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

GALE WM. FRASER 11, P.E. 
General Manager/Chief Engineer 

BY: 

cc: VTN Nevada / 
File: 13-63-01.vtn 

600 S. Grand Central Parkway. Suite 300 Las Vegas. Nevada 89106-4511 
(702) 455-3139 FAX: (702) 4553870 

Website: hitpyhww. ccrtd- org 
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500 S Grand Central Pky PO Box 554000 - Las Vegas NV 89155-4000 

(702) 455-6000 Fax (702) 455-6040 

M.J. Manning, Director €-Mail: mjm@co.clark.nv.us 

VTN - Nevada 
Attn: James L. Fitzpatrick, P.E. 
2727 South Rainbow Boulevard 
Las Vegas, NV 891 02 

Re: CONCEPTUAL DRAINAGE STUDY FOR COYOTE SPRINGS 
Study Dated: March 5, 2000 
Addendum # I  Dated: May 30,2000 
Location: Northeast and southeast of the NV Highway 168 and US H W  93 
intersection 
Section 01, T. 13 S., R. 63 E. 
NPM-0049-13 
HTE# 00-71 I O  

The referenced Conceptual Drainage Study has been reviewed and is accepted as 
complying with minimum improvement standards. As set forth in the subject drainage 
study, the following measures will be taken to mitigate flood hazards: 

1. This approval does not allow any construction activity including grading, placement 
of fill or excavation of any kind. An approved technical drainage study shall be 
required prior to any construction activity or subdivision of the site. 

2. The subject site is located within Zone X and Zone A as shown on FIRM Community 
Panel Numbers 32003C 225 D and 32003C 250 D, effective date: August 16,1995. 
Zone X is an area determined by FEMA to be outside the 500-year flood plain. 
Zone A is a special flood hazard area determined to be within the 100-year flood 
plain. No base flood elevations have been determined by FEMA. 

Clark County Regional Flood Control District (CCRFCD) concurrence is required 
because the project is located partially in Zone A and impacts a regional flood 
control facility. As a condition of final approval, the applicant must submit a copy 
of the drainage study and any addenda to the CCRFCD. 

3. 

8-D OF CouwrY COMMISSIONERS 

WONNE ATKINSON GATES DARK) HERRERA * MARY J. KIWCAH) * LANCE M. MALONE MYRNA WlUW 
DALE W. ASKEW. County Ma- 

BRUCE L. WOODBURY. ch.irman * ERIN KENNY. V I *  
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James L. Fitzpatrick, P.E. 
Coyote Springs 

J 
I I June 9,2000 
d Page 2 of 2 

1 

J 
No liability is assumed by the County for information, data, and conclusions of the 
consulting engineer. 

J 
M. J. MANNING 

J 
DIRECTOR OF PUBLIC WORKS 

BY /h!& Qd J 
J 

- 
Steven C. Parrish, P.E. 
Senior Engineer 
Community Development Division 

J SCP:alg 
* 

cc: Coyote Springs, Inc. 
Development File P, 

J 

J 
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CONSULTING ENGINEERS PLANNERS SURVEYORS 
PROVIDING QUALITY PROFESSIONAL 

SERVICES SINCE 1960 

May 30,2000 
W.O. #5685 

Clark County 
Department of Public Works 
500 S. Grand Central Parkway 
Las Vegas, Nevada 89155-4000 

Attention: Mr. Steve Panish, P-E. 
Community Development 

ADDENDUM #1 TO.THE STORM CENTERING STUDY FOR 
PAHRANAGAT VALLEY UPSTREAM OF M O N A ,  NEVADA 

SUBECT: 

Mr. Parrish: 

This Addendum #1 is being submitted to Clark County Department of Public Works to address 
the review comments to the above mentioned study that were issued on March 3 1,2000. 

Dr. Guo has prepared a summary of his responses to the CCPW comments listed in Exhibit A. 
That exhibit is a summary of his responses which have been incorporated into the revised text of 
this report. The revised text has been attached to this letter and is part of the fist addendum. 

In addition, VTN Nevada has prepared responses to CCPW comments lb-d, 3,9, 13, 14, 15, and 
17. Those responses are Exhibit B and have been attached to this letter. 

If there are any questions or additional information is required, please contact this office. 

Respectfblly Submitted, 

VTN Nevada 

2727 SOUTH RANBOW BOULEVARD LAS VEGAS. NEVADA 89146-5148 
TEL. (702) 873-7550 FAX: 362-2597 



HYDROLOGIC CRITERIA AND DRAINAGE DESIGN MANUAL 

DRAINAGE STUDY INFORMATION FORM 

Rezoning 

Parcel Map 

large Parcel M.p 

gamed Development STORM CENTERING STUDY FOR PAIIRANAGAT Dade: MAP 30 , 2000 

Location of Development a) Descriptive (Cross Streets) N o M o a  us 9 3 EasVWest STATE ROUTE 
VALLEY UPSTREAM OF-MOAPA, NEVADA 

- - -  

Subdhrision Mop 

Planned UnH Developmont 

Building PemU 

Ckadng and Grading Only 

Other (Please rpocity below) 

b) Sect. REFER Y m A T T A O  S#IET 168 

NW of mneri COYOTE SPRINGS INVESTMENT, LLC . Assessors p a d  NO: REFER TO ATTACHED SHEET 

Telephone No: (775) 626-6526 Facsimile No: (775) 626-6500 

Wess: 7755 SPANISH SPRINGS ROAD 
SPARKS, NEVADA 89436 

.ontad Persoon-Name: AARON M .  YAMACHIRA, E. I. Telephone No: ( 7 0 2 )  873-7550 

REFERENCE: 

Review and concunenw of the ask County Regionel Rood Conbd Oisbict k Requkrd, . * 

0- Rovislan 

Locd Enlrty Fo. No. 

1 CI... L a - -  ----- - 



Assessors Parcel Numbers for Coyote SDringS 

APN’ south of ClarkLincoln County Line 

009-00-00 1-003 
009-00-001-004 
009-00-00 1-005 
009-00-00 1-002 (Portion) 
009-00-00 1-006 (portion) 
009-00-00 1-009 (Portion) 

009-00-002-003 
009-00-002-oO4 
009-00-002-002 (Portion) 

008-00-001-001 
008-00-001-005 (Portion) 

008-00-002-001 

Location of Development 

Township 13 South 
Range 63 ~ a s t  
Sections 1-5,8-12, 13-17, and 20-24 
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ME Louis Berger Group, INC. 

500 Amigo Court, Suite 100. lar Vegas, Nevada 891 1 9  
Tel702 736 6632 Fax 702 736 0704 ‘ww.louisberger.com 

* l i  
L-- ” _ _  ___. - -  - ... __. --.. 

-. . - 
March 28,2000 

James L. Fitzpatrick, P.E. 
VTN - Nevada 
2727 South Rainbow Boulevard 
Las Vegas, NV 89102 

Re: STORM CENTERING STUDY FOR COYOTE SPRINGS 
Study Dated: March 5,2000 
Location: Northeast and southeast of the NV Highway 168 and US HWY 93 
intersection 
Section 01, T. 13 S., R 63 E. 
NPM-0049- 13 
HE# 00-71 10 

Dear Mr. Fitzpatrick: . 

The staff at The Louis Berger Group, Inc. have conducted an initial review of the above- 
referenced Storm Centering Drainage Study and have the following comments: 

1. The County requires the following figures with a report: 

a. Vicinity map with north arrow and indication of scale, or not-to-scale; 

b, A Flood Insurance Rate Map (FIRM) with: panel number, north arrow a d  bar 
scale, and site delineation; 

c. The CCRFCD Master Plan Figure with north arrow, bar scale, and site 
delineation; 

d. Design Manual Standard Form 1 signed and sealed by a professional engineer; 

u 

I 2. The study must use equation 613, in accordance with Section 606.3 of the (CCRFCD) 
Hydrologic Criteria and Drainage Design Manual, to determine the TLAG for the larger 
basins. - 

I 



3. 

4. 

5. 

6.  

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

ames L. Fitzpatrick, P.E. 
:oyote Springs 

-March 28; 2000 
Page 2 of 4 

The study states “approximately 2750 square miles of this area are upstream of the 
Pahranagat National Wild Life Refbgee Area (PNWLRA) which has suficient capacity 
to contain flood flows without overflow.” Please provide infomation and calculations in 
support of the storage capacity of the depressioddetention area. 

The study use kinematic wave routing for the HEC-I models. Muskingharn routing 
should be used in accordance With section 608 of the CCRFCD Design Manual. Please 
revise accordingly. 

Provide precipitation isohytel maps with site delineation and point precipitation depth 
calculation in accordance with Section 500 in the CCRFCD Design Manual. 

The DARF’s used in the HEC-1 model do not correspond to the values recommended in 
the CCRFCD Design Manual. Please revise the HEC-1 model accordingly. 

Most of the 100-year flow rates listed and discussed in the conclusion section of the 
report do not appear in the HEC-1 model output. If these values were interpolated please 
provide calculations. 

Provide supporting data and exhibits for the stagektorage relationships and HEC-RAS 
information presented in Table 2 of the report. 

The study’s cover letter by VTN (stamped by James Fi-atrick) states that “the purpose 
of this study is to establish the peak flow rates for the Pahranagat Wash as it crosses 
through this project.” Dr. James Guo states in the study that “results of this study are 
derived fiom limited information and may only serve for preliminary investigations.” 
Please clarify the purpose of this study.. 

The study concludes that the critical storm size is 250 square miles, although the final 
flow value for Arrow Canyon was based on a 360 square mile storm. Please explain. 

Provide topographic data and/or available information in support of the channel routing 
geometry used in the HEC-1 analysis. 

It is unclear how the Storm Centering Test HEC-1 analysis (in Appendix A) was utilized. 
Please provide discussion. 

A Technical Drainage Study will be required for future development of the site. 

The title on the cover of the drainage study differs from the title given on the Standard 
Form 1. Please revise and resubmi: accordingly. 

HwayIlvHlEl OO-71 IO  



Page 3 of 4 

Site delineation must be accurately shown on the drainage maps. Please revise and 
resubmit accordingly. 

15. 

16. Resubmit drainage map showing concentration points, cumulative flows, velocity and 
direction of flow at upstream and downstream ends of site for the 10-year and 100-year 
flows. The following needs to be added on the topographic map insert: . 

0 Provide a Figure number 

0 Provide a north arrow 

0 Basin K? ceeds to be labeled 

0 Provide contour intervals 

17. The conceptual drainage study must correspond to the 1999 Updated Clark County 
Hydrologic Criteria and Design Manual, rather than the 1996 manual as stated on Page 4, 
paragraph 3 of the report. 

The items listed herein must be addressed. Addenda and revised plans must be submitted 
directly to Clark County for the necessary log-in procedures. 

If you have any questions concerning the comments, please contact The Louis Berger Group, Inc. 
to schedule a study review meeting. 

Sincerely, 

THE LOUIS BERGER GROUP, INC. 

- 
Hydrologist . 

,.c- . , 

Sddi J. Dudley, PbD., P.E. 
Director of Water Resources 
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CONCURRENCE BY CLARK COUNTY PUBLIC WORKS: 

Signature -91 Date 

COMMENTS: -- 

cc: Coyote Springs, Inc. 
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EXHIBIT A 

SUMMARY OF DR. GUO'S RESPONSE 
TO CCPW COMMENTS 
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Responses to March-28-2000 Comments 
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1. a. A north arrow and scale are added to Figure 1 
b. The FIRM will be added to the Floodplain Delineation Study Report. 

d. 

' 

C. 

2. Eq 6 13 is used to calculate the lag times used in the HEC-1 model. (Page 6 )  

3. The storage capacity of PNWLRA is reported by the 1988 Master Plan Study as quoted 
on Page 5 .  

4. Muskingum method is used in the revised study, and compared with results from the 
kinematic wave model for the storm centering tests. . - 

5.  Precipitation isohytal maps are provided in Figures 3 and 4. 

6. Point values of precipitation are calculated and summarized on Page 8. 

7. All HEC-1 output printouts are included in Appendices A through E. 

8. The topography upstream of Arrow Canyon is provided in Figure 2. 

9. Inconsistency between statements has been reconciled with more information. 

10. The are coverage of a critical storm is one of major factors in the selection of storm 
centers, but it does not exclude other orographic effects. The Basis for chosing these four 
storm centers are discussed on Page 12. 

1 1. The HECRAS data file provides cross sections for the valleys in the study are. The 
channel width of 800 feet is suggested by the 1988 Master Plan, and also shown in Figwe 
2 as an example. In this study, the channel width of 800 A and flow depth of 3-A on 
alluvial fans were tested independently by both kinematic wave and Muskingum 
methods. Both produce closely agreeable results. 

1'2. Figures 6 through 11 are added into the revised report for clarification on storm 
centering tests and the computer models developed for four storm centers. The predicted 
Q- 10 and Q- 100 are marked on the figure for each case. Tables 7 and 8 are provided to 
explain how the max and min value are selected. 

13 
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16a A Figure number is assign to be FIGURE A 
16b A North Arrow is added 
16c Basin K7 is marked 
16d Contour interval is added. 
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EXHIBIT B 

VTN's RESPONSE TO CCPW COMMENTS 
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lb) Flood Insurance Rate Map (FW Panel Numbers 32003C0225 and 32003C0250 effective 
date August 16, 1995, have been included. It should be noted that only the Clark County 
portion of this development has been included. 

IC) This development is not located within or adjacent to any CCRFCD Master Plan facility. 
The Master Plan Update (MPU) does not extend to the north to include this development. 
Therefore, no figure has been included. 

la) The Standard Form 1 was stamped and signed by a professional engineer. However an 
additional stamped copy of the Standard Form 1 has been included. 

3) The referenced information from the approved FIood Control Master Plan for Moapa 
Valley, Nevada, by The Mark Group, 1988, has been included with this submittal. That 
CCRFCD study references an Army Corps of Engineers (COE) study that determined the 
Pahranagat Wash upstream of the Pahranagat Lakes is not tributary to the Pahranagat Wash 
downstream of those lakes It should be noted that the study for Moapa Valley has been 
approved by CCRFCD and therefore, no calculations to support the storage capacity of the 

. depressioddetention area should be required. 

In addition, this report as well as the CCRFCD Master Plan for Moapa Valley, Nevada 
determines that the design storm is not determined by the flow fiom the entire effective 
(without flow upstream of the Pahranagat Lakes) basin. Therefore it is logical to assume 
that the peak flow rate would not be impacted by hrther iricreasing the basin area since the 
design storm does not include runoff from the entire tributary basin as determined by this 
study. Also, the reference material from the Mark Group has been included in the 
Appendix. 

9) The purpose of this study is to determine the amount of flow that will be routed through ‘the 
Pahranagat Wash during certain storm events. 

13) This comment has been noted. 

14) The title of the Standard Form 1 has been revised to reflect the title of the drainage study 
“Storm Centering Study for Pahranagat Valley Upstream of Moapa, Nevada. 

15) The site delineation has been shown on the Drainage Map and included in the Appendix. 

17) The text has been revised to state that the Conceptual Drainage Study corresponds to the 
1999 Updated Clark County Hydrologic Criteria and Design Manual. 



! 

*l  
i c 

c 

DR. GUO's STORM CENTERING ANALYSIS 



I 

I 

ii , *  
! I  

. 't 

STORM CENTERING STUDY 
FOR 

PAHRANAGAT VALLEY 
UPSTREAM OF MOAPA, NEVADA 

Prepared by 

James C.Y.'Guo, Ph.D., P.E.' 

3906 S. Pinehurst Circle, Denver, CO 80235 
Phone: 303-947-3413 
Fax : 303-984-8882 

Prepared for 

VTN- n eva da 
2727 South Rainbow Bhrd., 

Las Vegas, NV 89102 

February 2000 
April 2000 - revised 

1 



.‘c 
I 

.i 
I 

.t 
! 

’t 
f l  

LI 
’ I  

‘D 
‘ 1  

STORM CENTERING STUDY 
FOR 

PAHRANAGAT VALLEY 
UPSTREAM OF MOAPA, NEVADA 

List of Figures 

Figure A. Watershed Map in Back Pocket 
Figure 1. Watershed Map 
Figure 2. Topography near Arrow Canyon 
Figure 3. Rainfall Isohyetal Map of 10-year 6-hour Rainfall Depths for South Nevada 
Figure 4. Rainfall Isohyetal Map of 100-year 6-hour Rainfall Depths for South Nevada 
Figure 5. Derivation of Depth Reduction Area Factors for South Nevada 
Figure 6. Waterway and Tributary Area used in Storm Centering Test 
Figure 7. Critical Storm Cover Area with and without Valley Storage Effects 
Figure 8. Case 1 Storm Center in Basin I 
Figure 9. Case 2 Storm Center in Basin 2 
Figure 10. Case 3 Storm Center in Basins 3 and 5 
Figure 1 1. Case 4 Storm Center Covering All Basins. 

List of Tables 

Table 1. Hydrologic Parameters for Subareas 
Table 2. Frequency Analysis at USGS Gage Station near Moapa, Nevada. 
Table 3 Stage-Storage-Outflow Characteristics at Arrow Canyon 
Table 4 Depth Area Reduction Factors for South Nevada 
Table 5 Parameters Derived for Muskingum Method 
Table 6 Summary of Storm Center Tests 
Table 7 Determination of 1 00-year Design Peak Discharges 
Table 8 Determination of 10-year Design Peak Discharges 

‘I’ 
B 

‘ 1  

-I 
! 2 



I 

h i 

STORM CENTERING STUDY 
FOR 

PAHRANAGAT VALLEY 
UPSTREAM OF MOAPA, NEVADA 

List of Appendices 

Appendix A -- Storm Centering Tests 

1. Without Valley Storage by KW. Model (file:SKW30.dat) 
2. With Valley Storage Effects by KW Model (file: SKW800.dat) 
3. With Valley Storage Efects by Muskingum Method (file:SMSKG.dat) 

Appendix B -- CASE 1 100-yr Storm Center inBasin 1 (file: B1-100.dat) 
10-yr Storm Center in Basin 1 Ifile B1- 10.dat) 

Appendix C- CASE 2 1 00-yr Storm Center in Basin 2 .(file: B2-100.dat) 
10-yr Storm Center in Basin 2 (file: B2-1O.dat) 

Appendix D- CASE 3 I 00-yr Storm Center in Basins 3 and 5 (file: B35-100.dat) 
IO-yr Storm Center in Basins a and 5 (file: B35-lO.dat) 

Appendix E- CASE 4 100-yr Storm Center in All Basins (file: Ball-100.dat) 
10-yr Storm Center in All Basins (file: Ball- 1 O.dat) 

'T 

3 



STORM CENTERING 
FOR 

STUDY 

PAHRANAGAT VALLEY, 
UPSTREAM OF MOAPA, NEVADA 

Introduction 

This report presents a hydrologic study for the tributary area to Pahranagat Wash 

upstream of the city of Moapa, Nevada. The study area is approximately 862 square 

miles as shown in Figure 1 and Figure A. It covers the Kane Springs valley, and the 

Paharanagat Wash tniutary area between the Pahranagat Wild Li$e Refugee Area and the 

City of Moapa, Nevada. The main purpose of this study is to determine the maximal 

flooding conditions at the confluence (point A) of Kane Springs Wash and Pahranagat 

Wash, and the entrance (Point B) to Arrow Canyon upstream of the city of Moapa, 

Nevada. In this study, the HEC-1 computer model developed by the Hydrologic 

Engineering Center, Corps of Engineers was adopted for watershed rainfalYrunoff 

modeling. Watershed parameters were prepared under the guidance of 1999 Design 

Criteria Manual, set forth by the Clark County Regional Flood Control District 

(CDWCD). The SCS six-hour design rainfall distniution was employed to generate 

storm hydrographs. 

Storm centering tests are conducted in this study to identifj. the critical storm 

cover area using the local rainfall depth area reduction factors (DARF). Both kinematic 

wave and Muskingum routing methods were tested with and without flood plain storage 

effects. And then the Muskingum routing method was adopted to model the movement 

of flood flows through natural washes. In this study, the critical storm cover area was 

identified to be between 250 and 300 square miles, Considering the regional topographic 
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conditions in the watershed and critical storm size, there are four storm centers separately 

developed for the upper and lower valley areas. The design discharges were determined 

by the maximal value among these four cases. The predicted peak discharges are 

comparable to the observed determined by records collected at the nearby USGS gage 

station. 

Watershed Hy d r 01 ogy 

Pahranagat Wash is originated fiom the Pahranagat valley, and has a total watershed area 

of 3,860 square miles. Approximately 2750 square miles of this area is located upstream 

of the Pahranagat National Wild Life Refigee Area (PNWLRA). In 1988, the Mark 

Group prepared a technical report: "Hood Control Muster Plan for Mouppa Valley, 

Nevada" (1 988 Mater Plan) for CCRCD. The 1988 Master Plan Study divided the 

Pahranagat valley into the upper and lower areas based on the location of the PNwLRk 

The surface area of the PNWLRA is more than 10 square miles. According to the 1988 

Master Plan, the PNWLRA has a sufficient storage capacity to contain flood flows fiom 

the upper tributary area without overflow. This fact is confirmed by the flood records 

observed at the USGS Gage Station near the city of Moappa The area between the 

PNWLRA and the city of Moapa is estimated to be 1 110 square miles. As illustrated in 

Figure 1, the study area is fiom the PNWLRA to the north entrance of Arrow Canyon, 

and divided into four basins as: 

(1) Basin 1 of 249 suqare miles for the Kane Springs valley, 

(2) Basin 2 of 253.5 square miles for the Pahranagat Wash valley upstream of Pt A, 

(3) Basin 3 of 155.0 square miles for the area between Points A and B, and 
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(4) Basin 5 of 204.50 square miles for the area south of Point B. 

The location, Point B, is the outfall point for the study area. The total watershed area 

upstream of Point B is 862 square miles for the above four basins. To model flood flows. 

each basin is further divided into subareas based on the natural drainage network. The 

hydrologic parameters for subareas are listed in Table 1. The previous studies 

recommended that the curve number was 85 for the type of soil in this area (1 988 Master 

Plan, Corps of Engineers in 1988). In this study, the lag t h e  was calculated by the 

USBR method with a roughness coefficient of 0.042, i.e. Eq 61 3 in Section 606.3 of the 

Manual, and then coded into the HEC-1 model for hydrograph predictions by the SCS 

synthetic unit hydrograph method. 

Pahranagat Wash is a major tributary to the Muddy River. Downstream of the 

confluence, the Muddy River has been monitored by the USGS Gage Station 0941 6000 at 

h o w  Canyon near the City of Moapa since 1945. The historic record indicates that the 

highest flood flow was 5 100 ck  produced by the storm event on September 7,1967. The 

1988 Master Plan also found that the peak flow data of the Muddy River does not have 

any outlier, and the I OO-year peak discharge at the USGA Gage Station 0941 6000 was 

-_ estbatedlo-be65 10 cfs by the Log-pegsgn Typy III analysis (see Table 2). 

The low ratio of peak flow to watershed area implies that the flood plains in the 

watershed provide significant storage volumes. As stated in the 1988 Master Plan, the 

]()()-year flood plains in this area are typically 800 feet wide. Such a wide flood plain 

acts as a detention system to attenuate flood flows. In addition to the storage effects 

6 



along the floodplains, the narrow passage at Amow Canyon as shown in Figure 2 also 

creates a significant storm water storage volume upstream of the USGS Gage Station. 

Arrow Canyon acts as a detention basin due to the deep flow depth at the narrowest 

section. Such a detention process caused by backwater effects is different fiom the 

conventional outfall devices such as orifices or weirs. The narrowest section at h o w  

Canyon is approximately located at Station 80+6 according to the HECRAS model 

developed for the 1 OO-year flood plain delineation study. In this study, this section is 

approximated by a trapezoid with side slopes of lv:3h and lv:4h (see Table 3). The 

stage-storage curve at Arrow Canyon was derived by the elevation contours immediately 

upstream of Station 80+6 for flow depths ranging from zero to. 47 feet. Figure 2 and 

Table 3 present the stage-outflow curve in which the outflow rates are determined by 

Manning's formula applied to the canyon section with a roughness coefficient of 0.042 

and a slope of 0.001. This approach takes into consideration of the open channel 

hydraulics through the narrow section and the storage effects upstream of the narrow 

section. 

Point Design Rainfall Statistics 

The design rainfall statistics for the southern Nevada have been published on NOAA Atlas 

2 9 Volume - -VlIlo_oyNevada &97>)zgndNOM- rechnigl Memorandum NWS Hydro40 _. for 

the semi-area southwest United States (1984). Figures 3 and 4 are examples of 6-hour 

IO- and I OO-year rainfall isohyetals for the study area ( N O M  Atlas 2, Volume VII 

1973). The point design rainfall depths obtained fiom NOAA Atlas 2 are subject to the 

adjustment recommended by the CCRFCD. Design rainfall depths are summarized as: 
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Return period in years - - L O -  10 25 100 
6-hr rainfall depth in inches 1.30 1.55 1.90 2.10 
I999 CCRFCD correction factor 1.24 1.33 1.39 1.43 
6-hr design depth in inches 1.60 2.05 2.64 3.00 

These design rainfall values agree with those used in the 1988 Master Plan. 

Depth Area Reduction Factors (DARF) 

Records from a rain gage network provide the information of the spatial and temporal 

isohyetal distribution of a storm event. The rainfall depth in a storm event decays with 

. respect to the distance fiom the storm center. The rainfall volume in a storm event is 

estimated by the integration of rainfall depth over cover area. Knowing the isohyetal 

distribution, the rainfall volumes can be cumulatively computed as the storm cover area 

expands fiom the center of the storm to its boundaries. Considering that the rainfall 

depth at the storm center as the point value, the DARF for a specified area is calculated 

by the ratio of the area-averaged rainfdl depth to the point value. 

According to the 1988 Master Plan, a special effort was made to the derivation of 

the local DARF for the study area because the Las Vegas experience might not be 

suitable for the Moapa valley area. A total of six severe storm events were evaluated, 

including 08/1 O/I 983, 08/10/1981, 07/03/1975, 10/21/1957, 06/13/1955, and I W17/1946 

stom events. As shown in Figure 5,  the derived DARF's were then compared with the 

recommendation by NOAA Hydro 40, and Standard Project Storm recommended by 

- - - -. - __ - - --- - - - _. __ - - - 

Corps of Engineers. Table 4 presents the local DAFW developed for the Moapa valley, 

covering storm sizes fiom 10 to 900 square miles. 
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Although these DARF's are slightly different fiom the 1999 CCRFCD Criteria 

Manual, these values have been implemented for flood predictions since 1988 after the 

Flood Control Master Plan for Moapa valley area has published by CCRFCD. To be 

consistent, the DARF's in Table 4 are adopted in this study. 

Storm Centering Tests 

Although the total watershed area for this study is 862 square miles, the effective 

trjjutary area used in the 1988 Master Plan was assumed to be 200 square miles. Such a 

crjtjca] storm cover area was chosen based on the experience with the local hydrology. 

However, the analysis of the August 10, 198 1 storm event indicated that the one-inch 

isohyetal line encompassed an area of 280 square miles. This discrepancy leads to the 

necessity of storm centering tests by which the critical storm cover area can be defined. 

Along a major waterway, the amount of storm runoff is proportional to the 

product of tributary area and area-averaged rainfall depth The tradeoff in the runoff 

accurnujation is prescribed by the hyperbolic relationship between tributary area and 

DARF. The storm centering technique is to identifl the maximal peak discharge as the 

tniutary area increases, but the area-averaged rainfall depth decreases. The god of a 

storm centering test is: 

- - - .. . - - -_ _- - - - - 

Maximization of Peak Discharge = Max (Area * D A W  Point Rainfall Depth) 

Of course, the above objective fiinction can not be solved by a direct algebraic 

summation, but by the rainfalllrunoff routing processes through the waterway. In this 
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study, the test waterway is chosen to be the reach of Pahranagat Wash between the 

P m R A  and Point B. Figure 6 shows that the reach collects the storm water between 

Points A and B fiom a tributary area of 613.0 square miles, including Basins 2,3, and 5. 

There are two scenarios performed in this study: 

(A) Scenario A: without consideration of valley storage eflects 

This study was conducted using the kinematic wave routing method with channel 

widths of 100 feet through the valley. This approach obviously underestimates the 

flood plain storage volumes. The kinematic wave routing method essentially confines 

'I :l 
-1 
'I 
!p 
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'I 3 
I 

,b 

flood waves within the mahchannel of 100-A wide. As a result, the flood waves are 

only translated through the waterway without sufficient attenuation. As shown in 

Figure 7, the plot of peak discharges versus tributary area indicates that the critical 

storm cover area is approximately 450 square miles. Details of calculations are 

summarized in Study 1 in Appendix A. 

(s) Scenario B: with consideration of valley storage eflects 

As suggested in the 1998 Flood Control Master Plan, the valley in this area is 800 feet 

wide. Such a wide flood plain provides an immense storage volume and attenuates 

flood waves significantly. Flood routing is an algorithm to balance the inflow and 

outflow by the change of the storage volume in the reach. In this study, both 

kinematic wave approach and Muskingum method are tested for 800-fi flood plains. 

The kinematic wave approach begins with an approximate width of flood plain. 

Flood waves are attenuated according to the flow depth determined by the continuity 

11 
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principle. In this study, with a channel width of 800 feet, the kinematic wave method 

has demonstrated that the continuity principle can sufficiently reduce the peak flows. 

Figure 7 indicates that the critical storm cover area is reduced to 250 to 300 square 

miles (see Study 2 in Appendix A). This conclusion concurs with the assumption of 

200 square miles as the critical storm size recommended by the 1988 Master Plan 

Study, and the observed storm size of 280 quare miles in the August 10,1981 event. 

Although the predictions by the kinematic wave method closely agree with the 

previous assumption, the 1999 CCRFCD Manual suggests that the Muskingum 

routing method be considered when the peak flows are significantly attenuated by the 

storage effects on alluvial fans. The Muskingum method begins with an approximate 

flow depth on alluvial fbns for flow velocity calculations. In this study, the flow 

velocity on alluvial fans is estimated by a 3-ft water depth. The Muskingum 

weighting factor, X, is set to be 0.10 to reflect the flood plain storage capacities in 

this area. The storage constant, K, representing the travel time of flood waves 

through the reach, is calculated by reach length and flow velocity. The number of 

computational step is determined for each reach according to the numerical stability 

criteria. Table 5 is the summary of Muskingum routing parameters developed for all 

reaches used in the study. Using the parameters in Table 5, the Muskingum method 

was then coded into the HEC-1 model. As presented in Table 6 and Figure 7, both 

Muskingum and kinematic wave methods produce closely agreeable predictions. The 

critical storm cover area is also identified between 250 to 300 square miles. 
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' I  The 1988 Master Plan has recognized the significant storage capacities in the valley, and 

suggested that the critical storm area be approximately 200 square miles. The flood flow 

frequency analysis on the long-term data collected at the USGS Gage Station further 

confirms that the I 00-year peak discharge is only 6510 cfs. Therefore, in this study, the 

critical storm cover area of 250 to 300 square miles is adopted for flood flow predictions. 

Flood Predictions by Various Storm Centers 

Precipitation processes in a storm event involve cyclonic, convective, and orographic 

effects. Although the critical storm cover area is identified to be 250 to 300 square miles 

for the study area, it does not exclude considerations of orographic effects and the natural 

wash network. The topographic conditions in the study area can be divided into three 

distinctive zones as: 

(a) the Kane Springs Wash area (Basin I )  of 249 square miles east of Delamar 

Mountains. 

(b) the Pahranagat Wash area (Basin 2) of 253.5 square miles west of Delamar 

Mountains. 

(c) the lower valley area of 359.5 (Basins 3 and 5) square miles on the plains. 

Since no apparent topographic barriers exist in the lower valley area, it is suggested that 

the lower valley be treated as a hydro-meteorological region According to the size of 

critical storm cover area and the aforementioned topographic condition, four locations are 

developed for storm centers as: 
I 
I 

I 
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Case One : 

The design storm only covers Bash 1 of 249.0 square miles (see Figure 9). The 

storm water released fiom Subarea K7 is routed through Basin 3 to Point B, and 

then fiom Point B through Arrow Canyon to the Gage Station. Due to the storage 

capacity in the downstream valley, the flood flows generated fiom Basin 1 are 

expected to have significant attenuation. 

Case Two : 

The design storm only covers Basin 2 of 253.50 square miles (see Figure 10). 

The storm water released fiom Suba;ea P8 is routed through Basin 3 to Point B, 

and then fiom Point B through Arrow Canyon to the Gage Station. Flood flows 

produced by Case Two is also subject to similar storage effects to Case One. 

However, the shape of Basin 2 tends to produce more concentrated flows With 

higher peaks than Basin 1. 

Case Tbree: 

The design storm only covers B a s h  3 and 5 of 359.50 square miles (see Figure 

10). The storm water released to Point B will directly flow to Arrow Canyon. 

Without adequate valley storage effects, Case Three may produce high peak flows 

at Point B. 

QseFour : 

The design storm covers the entire watershed area of 861 3 0  square miles, 

including Basins 1,2,3, and 5 (see Figure 11). In this case, the storm water is 

13 



L accumulated through a large area with a low depth area reduction factor. Flood 

flows are subject to valley storage effects through the entire waterway. 

i-- 

‘I- . ._  
r - 7  

‘1- 
r‘? At a design point, the range of the peak discharge can be predicted by the above 
I 

four storm centers, and the highest one is recommended for designs. For instance, the f 
b- 

f 
‘1 

design discharge at Point A, Qa, can be determined as: 

Qa = Max (Case 1: Bash 1 as the direct tributary to Pt. A, I, 

‘I- 

1 

r ‘I 
Case 2: Basin 2 as the direct tributary area to Pt. A, 

Case 4: All Basins under the storm, but only Basins 1 and 2 as the direct ,. 
tributary area to Pt. A) 

,E 
L 

i 
The design discharge at Point B, Qb, can be determined as: 

f i 
Qb = Max (Case 1 : Basin 1 as the direct tniutary area to Pt. 4 and then routed to Pt. B, 

Case 2: Basin 2 as the direct tributary area to Pt. A, and then routed to Pt. €3, 

Case 3: Basins 3 and 5 as the direct triiutary area to Pt. B, 

Case 4: All basins as the tri’butary area to Pt. B.) 

Table 7 presents the minimal and maximal values of the 100-yr peak discharges predicted 

for the design points, and Table 8 presents the predicted-10-year peak discharges by 

various storm centers. The recommended design discharges are summarized as: 
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Location 1 0-year 1OO-year 
Peak Flow Peak Flow 

Q10 Q-100 

t 
I 

Remarks 

Outlet of Basin 1 
Outlet of Bash 2 

Point A 
Outlet of Basin 5 P t  B 

I cf% I c f k  I _ _  _ _  
1858 91 88 
2456 12101 
2456 12101 
2739 15871 

~~ 

Gage Station I 2016 I 13484 I 1 

The range of the predicted 100-year peak discharge at the Gage Station is between 1445 

to 13484 cfs versus 6510 cfs suggested by the Log-pearson analysis. 

(I 

‘I 
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Conclusions 

The watershed area upstream ofpoint B is identified to be 862.0 square miles. The 6- 

hour 10- and 100-yr rainfall depths at the study area are 1.60 and 3.0 inches. The Log- 

pearson analysis applied to the flood records at the USGS Gage Station near the city of 

Moapa indicates that the 1 0- and 100-year peak discharges are approximately 14 10 and 

6510 cfs. The analysis of  the most severe historic event on August 10,1981 shows that 

the storm cover area was approximately 280 square miles. 

From the previous studies, the local depth area reduction fgctors have been 

developed for the Moapa valley. It is noticed that this set of DARF is slightly different 

fiom the published values on the 1999 CCRFCD Criteria Manual. Since 19888, the 

Master Plan has been implemented as a regional flood control guidance, the DARF used 

in the 1988 Master Plan are accepted and used in this study. 

The wide flood plains in this area have significant impacts on peak flow 

attenuations. This study presents storm centerkg tests using the kinematic wave and 

I ‘  15 
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Muskingum methods with and without considering the valley storage effects. The critical 

storm cover area is identified to be approximately 250 to 300 square miles. 

There are four storm centers developed for this area, based on the critical storm 

cover area and topographic conditions in the watershed. The maximal peak discharges at 

a point can be determined by the highest value among these four storm centers. For 

instance, the 10- and 100-year peak discharges are 2456 to 12010 cfi at Point A, and 

2739 to 15871 cfs at Point B. 

16 



‘I 
- 7  

I 

‘4 

“Flood Control Master Plan for Maopa Valley, Nevada,” Technical Report, prepared by 
the Mark Group, Engineering and Geologists, Inc., December 1, 1988 

“Las Vegas Wash and Tributaries, Frequency Analysis Study,” Section IV, Corps of 
Engineers, Los Angeles District, California 1988. 

“Interim Report on Survey, Hood Control, Meadow Valley Wash and Lower Muddy 
River,” Corps of Engineers, Los Angeles District, California. 1948 

“Depth-Area Ratios in the Semi Arid Southwest United States,” NWS NOAA Technical 
Memo Hydro-40, US Department of Commerce, Silver Spring, Maryland, 1984 

“NOM Atlas 2, Precipitation-Frequency Atlas of the Western United States”, Volume 
VII, Nevada, Sivler Spring, Maryland, 1973 

‘%lydrologic Criteria and Design Manual,” published by Clark County Regional Flood 
Control District, 1999 

“HEC-I Flood hydrograph Package - User’s Manual, ” Corps of Engineers, the 
Hydrologic Engineering Center, Davis, California. 

“Hydrology”, SCS national Engineering Handbook, Section 4, Soil Conservation Servic, 
Washington, D.C., 1985 

I 

17 



;lLl i * .  

LIST OF FIGURES 

Figure 1. R &ers,.ed Map 
Figure 2. Topography near Arrow Canyon 
Figure 3. Rainfall Isohyetal Map of IO-year 6-hour Rainfall Depths for South Nevada 
Figure 4. Rainfall Isohyetal Map of 100-year 6-hour Rainfall Depths for South Nevada 
Figure 5. Derivation of Depth Reduction Area Factors for South Nevada 
Figure 6. Waterway and Tributary Area used in Storm Centering Test 
Figure 7. Critical Storm Cover Area with and without Valley Storage Effects 
Figure 8. Case 1 Storm Center in Basin 1 
Figure 9. Case 2 Storm Center in Basin 2 
Figure 10. Case 3 Storm Center in Basins 3 and 5 
Figure 1 1. Case 4 Storm Center Covering All Basins. 

:y 
.Y 

2 

J 



. I -  
, 

i 





3 

m
 



Y 



t- 1 i t li 'r f 1 

I, 
I 

I 



I" 

Figure 6. Waterway and Tributary Area used In Storm Centering Test 
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Table 1 Watershed Hydrologic Parameters for the Area Upstream of Moapa, Nevada 

USBR 
Lag Time 

hours 

2.36 
2.91 
2.57 
4.87 
1.89 
2.13 
2.30 

2.40 
3.00 
2.1 8 
2.67 
2.36 
1.63 
1.85 

1.75 
2.35 
1.74 
2.38 

2.10 
1.94 
2.27 
1.40 
2.39 

Watremhed 
Area 

Area 

sq mlle 

33.00 
56.50 

36.50 
21 S O  
29.00 
15.50 

249.00 

57.00 

Bash 1 
Kane 

Sprlngs 
Wash 

Upst 
Elev 

meter 

2222.0C 
2250.0C 

1750.00 
1500.00 
1250.00 
1000.00 

2050.0a 

Bash 2 
Pahmnagat 

Wash 
North of 

P t A  

Length to 
Centroid 

Mlle 

7.1 9 
9.69 
8.1 3 

16.88 
5.00 
5.31 
5.31 

Bash 3 
Pahranagat 

Wash 
Between 
A and B 

Basin 5 
Area 

South of 
PtB 

Roughness 
Kn 

0.04; 
0.04; 
0.042 
0.042 
0.042 
0.042 
0.042 

Subarea 
ID 

1250.00 
1050.00 
1000.00 
900.00 
900.00 
850.00 
750.00 

K1 
K2 
K3 
K4 
K5 
K6 
K7 

Sum 

P i  
P2 
P3 

P45 
P6 
P7 
P8 

Sum 

P9 
P10 
P i  1 
P i2  
Sum 

P17 
P16 
Pi  5 
P14 
P i  3 
Sum 

23.00 4.23 
31 .OO 3.87 
26.00 4.04 
54.00 1.57 
16.00 3.75 
17.00 2.35 
17.00 1.47 

28.00 
38.50 
39.50 
59.00 
30.00 
25.50 
33.00 

253.50 

32.50 
50.00 
36.00 
36.50 

155.00 

42.00 
27.00 
61 .OO 
32.00 
42.50 

204.50 

2222.00 
825.00 

2500.00 
1000.00 
2000.00 

1550.00 
1750.00 
1500.00 
1250.00 
1750.00 
2245.00 
2000.00 

21 .oo 
27.00 
19.00 
23.00. 
23.00 
16.00 
18.00 

i900.00 
1500.00 
21 50.00 
1000.00 

2.62 
1.85 
3.16 
1.96 
4.13 
9.1 9 
6.94 

ercent 

6.56 
8.44 
5.94 
7.19 
7.19 
5.00 
5.63 

5.16 
6.88 
5.31 
5.94 

0.042 
0.042 
0.042 
0.042 
0.042 
0.042 
0.042 

0.042 
0.042 
0.042 
0.042 

1000.00 
1250.00 
900.00 
800.00 
800.00 
775.00 
750.00 

775.00 
700.00 
800.00 
650.00 

16.50 6.82 
22.00 3.64 
17.00 
19.00 

825.00 
725.00 

1000.00 
650.00 
650.00 

Waterway 
Slope 
ftlmlle 

20.62 
18.8E 
19.7C 
7.68 

18.29 

7.17 
1 4.48 

21 S O  6.50 31.70 
11 S O  0.87 4.24 
24.00 6.25 30.49 
10.00 3.50 17.07 
25.00 5.40 26.34 

12.78 
9.03 

15.40 
9.54 

20.15 
44.82 
33.88 

33.26 
17.74 
38.74 
8.99 

Curve 
Number 

85.0C 
85.0C 
85.0C 
85.0C 
85.0C 
85.0C 
85.00 

85.00 
85.00 
85.00 
85.00 
85.00 
85.00 
85.00 

85.00 
85.00 
85.00 
85.00 

85.00 
85.00 
85.00 1 
85.00 
85.00 

0.042 
0.042 
0.042 
0.042 
0.042 



Return 
Period 

2 

5 

10 

25 

50 

100 

5 00 

Peak Flow (cf8) Volume (AP) 
R e d l c  t e d  5 %  95% P r e d i c t e d  5% 95 % 

370 200 180 . 300 110 270 

780 

1410 

2740 

4290 8760 2560 

1170 560 600 1140 360 

2330 960 1080 2320 620 

5110 1730 1970 49 10 1050 

2880 7890 1450 

401W 12000 1920 

7650 27300 3300 
65 lo* 14480 3680 

15 700 42200 7840 

* Recommended design values 

Table 2. Frequency Analysis at USGS, Gage Station near Moapa, Nevada. 



TABLE 3 ! STAGESTORACE-OUTFLOW CURVE at ARROW CANYON 

HECRAS Section Sta80+6 

300 
400 

2180 . 
2260 

Cross Section Triangular Section 
Z1=3.0 224.0 
ns0.045 . 

Elevation Contour Storage 9 Flow 
Depth 

ft 
0.00 
7.00 

17.00 
27.00 
37.00 
47.00 

Note: S = 0.005 was predicted by HECRAS under the condition of steady flow 
S = 0.001 is the ground slope upstream of this section, and used in this study. 
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Area DARF DARF DARF DARF DARF 
1 &Par $year 100-yr 50-yr 25yr 

DARF 
Average 

Value 

......... 



TABLE 5 

Computational Time Step dT = 

Parameters Developed for Muskingum Method 

5 minutes 



Table 6 

I 

C45a 
C45b 1 

C18/Pt A 
c10 
C12 
C13 
Pt. B 

Design 
Point 1 

Outlet of BSN 2 

Outlet of BSN 3 

Outlet of BSN 2,3,& 5 

Location 

Summary of Storm Centering Tests 

Tributary 
Area 

Square 
Miles 

87.0 
155.0 
253.0 
336.0 
408.5 
451 .O 
613.0 

DARF 

0.646 
0.574 
0.500 
0.450 
0.435 
0.423 
0.385 

1 00-yr Peak 
Discharge 

WIO Storage 
by 

K.W. Model 
dS 

8606.0 
10303.0 
13027.0 
13930.0 
15099.0 
15538.0 
171 98.0 

1 00-yr Peak 
Discharge 

With Storage 
by 

K.W. Model 
dS 

6743.0 
8388.0 

11 771 .O 
10484.0 
9863.0 
9400.0 

1 1066.0 

1 00-yr Peak 
Discharge 

With Storage 
by ‘ 

Muskingum 
CfS 

8497.0 
10360.0 
12101.0 
10614.0 
10203.0 
1071 7.0 
13527.0 



TABLE 7 

Location 100-yr Storm 100-yr Storm 100-yr Storm 
Center Center Center 

Case 2 Case 3 Case 1 
Q1 OO/Area Q1 OO/Area Q l  OOIArea 
c ~ s q  mile c ~ s q  mile c ~ s q  mile 

I 
I 

I C18 lOutletofBSN2 N/P 
! PtA IConfluence 9021/249 121 Ov253.5 N/P 

i Gage i j 1445/249 71491253.5 13484E69.0 

i 
I w 

i C7 ;Outletof BSN 1 9021/249 N/P 
N/P 

N/P 
12101/253.5 

, 7511/249 118421253.5 15871/359.0 [ C15/Pt B jOutlet of BSN 5 
I 

Predictions of 100-year peak Discharges 

100-yr Storm 1 Max 100-yr 1 Min 100-yr 
Center ' Peak j Peak 
Case4 1 Discharge Discharqe 

QlOO Q l O O  Q1 OO/Area 1 

9188l249.0 I 91 88.0 I 9021.0 ' 
12101.0 
9021 .o 

10367/657.0 ' 15871 .O j 751 1 .O 

c ~ s q  mile I cfs I cfs 
i (design) 

12101l253.5 j 12101.0: 
10500/502.5 i 12101 .o i 
9329/861.5 i 13484.0 j 1445.0 

I 

- 
I t source HEClOutput 1 AppendixA Appe ndix B I Appendix C I Appendix D 

Note: N/P = Not Application because of No Precipitation 



Design Location 10-yr Storm 10-yr Storm 10-yr Storm 10-yr Storm Max 10-yr 
h in t  Center Center Center Center Peak 

Case 2 Case 3 Case 4 Mscharge 
Ql  O/Area QlO/Atea Ql  OlArea QlWArea Q l O  
Case 1 

cfdsq mile cfdsq mile ddsq mile ddsq mile dS 
I (design) 

C7 1QMofBSNl 1858 /249 NIP N/P 18561249 1858.0 
C18 adletafBSN2 N/P 2456433.5 N P  2456l253.5 2456.0 
R A  Cdluence 1858 E49 2456i253.5 NIP 1584l502.5 ' 2456.0 

Gage 342 I249 981l253.5 2016/359 742t881.5 2016.0 
14% E49 23991253.5 2739l359 1069l657.0 2739.0 Cls/p1B OllletofBSN5 

L source I HEC 1 Output I AppendlxA I Appe ndix B I Appe ndix C I Appe ndixD 1 

Min 10yr  
Peak 

Discharge 
Q l O  1 
d S  

1856.0 
2456.0 
1584.0 
1069.0 
342.0 

Note: N/P = Nd Application because of No Predpitation 
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LIST OF APPENDICES 

Appendix A - Storm Centering Tests 

1. Without Valley Storage by ILW. Model (file:SKW30.dat) 
2. With Valley Storage Effects by KW Model (file: SKW8OO.dat) 
3. With Valley Storage Efects by Muskingum Method (file:SMSKG.dat) 

Appendix B - CASE 1 100-yr Storm Center in Basin 1 (file: B1-100.dat) 
10-yr Storm Center in Basin 1 Ifile B1-1O.dat) 

Appendix C-CASE 2 100-yr Storm Center in Basin 2 (file: B2-100.dat) 
10-yr Storm Center in Basin 2 (file: B2-1O.dat) 

Appendix D-CASE 3 100-yr Storm Center in Basins 3 and 5 (file: B35-100.dat) 
10-yr Storm Center in Basins a and 5 (file: B35-10.dat) 

Appendix E-CASE 4 100-yr Storm Center in All Basins (file: Ball-100.dat) 
IO-yr Storm Center in All Basins (file: Ball-1O.dat) 
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APPENDIX A 

$TUDY 1: STORM CENTERING TEST BY KINEMATIC WAVE METHOD 
WITHOUT VALLEY STORAGE EFFECTS 

FTUDY 2~ STORM CENTERING TEST BY KINEMATIC WAVE METHOD 
WITH VALLEY STORAGE EFFECTS 

STUDY 3 :  STORM CENTERING TEST BY MUSKINGUM METHOD 
WITH VALLEY STORAGE EFFECTS 
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Appendix A 
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STUDY 1: STORM CENTERING TEST BY KINEMATIC WAVE METHOD 
WITHOUT VALLEY STORAGE EFFECTS 
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FLOOD HYDROCRAPH PACKAGE IHEC-11 

JAN 1997 

VERSION 4.1 
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prepared by YIH-nevada in January 2000 

All tributary area north of Maynard Lake drain. into the detention 
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FPORW CQrrsRINo TEST ................................................................. 

prepared by Yns-nwad. i n  JMWY 1000 

A l l  t r i b u t a r y  area north of Maynard Lake d r . 1 ~  i n t o  the d e t e n t i o n  
and depremaloa area in Pahranagat rational Wild Life Refuge 

for P a h r u g a t  Watarahed . 
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RATIOS OF PRECIPITATIW 
.6S .57 .so -4s .44 - 4 1  .38 
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c13 451.00 

p17 41.00 

-16 41.00 

p16 17.00 

C16 69.00 

RL15. 69.00 

p14 61.00 

-15b 61.00 

plS 31.00 

u s  162.00 

B 613.00 

RauI 613.00 

HYDRffiRAF’II AT 
+ 1 PLDW 

TIME 
5611. 
6.00 

4535. 
6.08 

3465. 
6.11 

1706. 
6.17 

2509. 
6.17 

1434. 
6.17 

1961. 
6.15 i ROUTED m 

+ 1 M w  
TIME 

5615.  
6.91 

4531. 
7.00 

3463. 
7.17 

1787. 
7.33 

2585. 
7.33 

1430, 
7.33 

1961. 
7.50 

i HYDROGRAPH AT 
+ 1 M Y  

TIME 
3709. 
5.91 

3055. 
5.91 

1336. 
6.00 

1079. 
6.00 

1747. 
6.00 

1643. 
6.00 

1316. 
6.00 

2 ca.mINH) AT 
+ 1 P u m  

TIWB 
0680. 
6.50 

6909. 
6.67 

5193. 
6.75 

4098. 
6.91 

3791 - 
6.91 

3543. 
1.00 

2003. 
7.17 

1 M w  
TIHE 

8600. 
7.33 

6905. 
7.50 

5190. 
7.75 

4094. 
0.00 

3716. 
0.00 

3539. 
0.00 

1101. 
0 .33  

WDROGFW’H AT 
+ 1 P u m  

TI118 
7780. 
6.15 

6171. 
6.25 

4709. 
6.33 

3046. 
6.33 

3573. 
6.33 

3359. 
6.33 

2705. 
6.42 

R- m 
+ ’  1 p L O w  

TIME 
7783. 
7.11 

6267. 
7.15 

4705. 
7.41 

3570. 
7.50 

33S6. 
1.67 

3839. 
7.50 

-1701. 
7.75 i WDRwIupa AT 

+ i M  
TIWB 

5143. 
5.33 

4150. 
5.33 

3104. 
5.42 

1567. 
5.50 

1389. 
5.50 

1150.  
5.50 

1021. 
5.58 

3 ca.mIwgD AT 
+ 1 M V  

TI118 
10334. 
7.00 

14450. 
7.17 

10715. 
1.41 

0378. 
7.67 

1721. 
7.75 

1191. 
7.03 

5567. 
8.17 

2 co)IBIHoD AT 
+ 1 FLOW 61014. 47041. 3476e.. ~6711. 24449. ia704. 17190. 

TIUS 6.91 7.00 7.41 7.67 1.75 7.75 

1 PuI(  60931. 47770. 34606. 16656. 14335. 11630. 17141. 
TIWB 7.33 7.50 7.91 0.17 8.33 8 . 4 1  0.83 

Arrcu 513.00 1 P u m  46054. 36191. 16950. 11097. 19370. 10056. 14095. 
TIME 0.50 0.03 9.00 9.33 9.41 9.42 9.75 

** Pw( S I M E S  IN FEET ** 
1 STAGE ii79.09 2175.39 iiii.09 ai67.a 1166.1s ~165.13 ai6a.44 

TIME 0.50 0 .03  9.00 9.33 9.41 9.41 9.75 

m m  
+ 

1 

Gage 613.00 1 F u m  46043. 36105. 16950. 11093. 19375. 11053. 14091. 
TIWO 0 . 8 3  9.00 9.33 9.50 9.67 9.75 10.08 
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Appendix A 

$STUDY 2:  STORM CENTERING T E S T  BY KINEMATIC WAVE METHOD 
WITH VALLEY STORAGE EFFECTS - 

Watershed 

.......................................... 

F m D  HYDROCMPH PACKAGE IHEC-11 

JAN 1991 

VERSION 4.1 

nun DATE IO~UYOO trne 01:01:34 

......................................... ....................................... 

1 

Area: Pahranagat Valley 

...................................... 
U.S.  UUCI CORPS OF ENGINEERS 

HYDR0UX;IC ENGINEERING CENTER 

609 secMm STREET 

DAVIS. CALIPORNIA 95616 

19161 156-1104 

x x U O O U * X -  X 
x x x  x x  xx 
x x x  X X 
UMoauUx x x x x x x x  
x x x  X X 
x x x  x x  X 
x x u u u x l l x x a u  M 

MIS PR- UPLACES P ~ I W S  VERSIONS OF HEC-1 IGK)wH Is XKCl (JAN 131. HBClOS. HEClD8. AND HECIIOI. 

THE DEFINITIONS OF VARIAELFS -RTINP- AND -RTIOR- H~VB CIUNosn PRCW THOSE USKD WITH nix 1973-srna INPLIT SIR-. 

w6w OPIIONS~ DUIBRENC ourftow S U ~ ~ E R G F ~ C P  . SINGLE EWHT DA~UGE -TION. DSS:WRITE srwe FREQUENCY, 
THE DSFINITION OF -MsIu(- ON R N - W  M A S  CHANGED WITH REVISIONS DATSD 11 PEP 81. THIS IS M E  POR-77 YPRSION 

DSS:RMD 11- SERIES A T  DESIRED UltcUuIION INTERVAL U S S  RATBIGREEN AND A H P I  IHFILTRAtION 
KINENAtIC WAVE: NEW F I N I T E  DIFFERBWCh *LooRITlll4 

HEC-1 INPUT Puie 1 

LINE ID ....... 1.......1.......3.......4.......5... .... 6 . .  ..... 1.......8..... .. 9 ...... 10 
1 
1 
3 
4 
5 
6 
7 
1 
9 

10 -- 
11 
11 
11 
14 

15 
16 
17 
1 0  

19 
IO 
11 
11 
13 
14 
15 
26 
17 

... pllg. ... 

*DUGRAN 
ID ................................................................... 
ID S l o r u l ~ I f f i f B s T  
ID for Pahranagat ................................................................... 
ID 
ID 
ID 
ID All tributary area north of W a p r d  Lake drain. into the detention 

.- - I D  -- and depreaiion area in Pahranagat National Wild Life Refuge 
ID 
ID J R  PREC 0.646 0.574 0.500 0.4SO 0.435 0.413 0.185 DARF 
ID AREA 87.0 155.5 153.5 116.0 401.0 451.0 613.0 mq rile. 
ID mubare C4Sa C4Sb C11/A C10 Cl2 Cl3 Pt8 

prepared by VIW-nevada In January 2000 

It 
IO 
IN 
JR 

10( 
la 
BA 
Pa 
Pc 
Pc 
Pc 
Pc 
Pc 

5 0 
5 0 
5 0 

PREC 0.646 

Pl 

18 .0  
3.0 

.ooo .020 

.loo .le1 

.150 .a59 
-311  -317 
.561 .630 

subarea p1 

0 
0 
0 

0.574 

.os9 

.le7 

.16S 

.333 

.llO 

150 

0.500 0.45 0.435 0.411 

.080 .llO .144 .IS0 

.190 .197 -101 .210 

.zoo .290 -300 .lo5 

.J46 .361 .311 .408 

.110 .711 .152 .179 

B 

0.305 

.160 .160 .171 

.120 .130 - 2 4 1  

.lo9 .310 .I11 

.430 .47f -514 

.190 .195 .EO4 



L 

-L 

il; 1 

€ 
I 1 

f k 
' ,  

1 

20  
19 
30 
31 
31 

33 
34 
35 

36 
31 
38 
39 
40 

41 
4 1  
43 

LINE 

44 
45 
46 
41 
40 

4Y 
50 
51 

51 
53 
54 
55 
56 

51 
50 
59 

6 0  
61 
6 2  

63 
64 
65 
CC 
61 

68 
69 
70 

11 

73 
14 
15 

16 
17 
18 

19 
80 
01 

81 
I 3  
84 
85 
I 6  

ia 

LInZ 

81 
08 

90 
91 
92 

93 
94 
95 
96 
Y 1  

PC .010 .810 . O X  .a40 -059 .a09 .910 .93r .96C .970 
PC -974 .¶lY .9Il -903 .)OS .919 .990 .991 .993 -996 
PC -991 -999 1-00 
L8 0 05 
LID 1.401 

KK R 4 5  
IpI Route pl thrwgh p4S 
RX 64515 0.010 0.050 0 TRAP roo 

ac PIS 
Xn 6ub.ru PI5 
M 59.0 
Ls 0 I S  
M 1.615 

KK CIS. 
XW conbine 1145 and ~ 4 5  
HC 1 

HEC-1 INPWI 

ID ....... l.... ...~....... 3.......4.......5.......6.. 

ac 

aa 
Ls 
M 

ac 

M 

KK 

M 
L6 
M 

ac 
13( 
nc 

ac 

M 

ac 
m 
M 
la 
on 

R 

u( 

la 

M 
U 
VD 

KK 
101 
1(c 

R 
m 
nit 

Ju 
m 
M 
W 
M 

m 

m 

m 

m 

m 

m 

P2 

30.5 

3.00 

I 6  

Subarea Pa 

0 I S  

Rout. pl throug p6 
10300 0.010 0.050 

P6 

30.0 

1.36 

C45b 

3 

suhru P6 

0 05 

Conbin. 114%. I 6  and P6 

Rla 
Route C45b through PI 
16565 0.010 0.050 

P3 

3Y.S 
E u h r u  P3 

0 85 
2.119 

Rout. p3 thrciAg p7 
Ilb 

21600 0.010 0.050 

n 
25.5 

1.631 

CI 

3 

I 8  

Suhrr. Pl 

0 05 

carbine R7b. 117.. md P7 

mute cl tbroug pr 
15180 0.010 0.050 

W 

33 

1.046 

eub.I-.a PO 
.- 0. (5 -.  

800 

I O 0  

800 

800 

10 

PAGE 1 

.. 7.......0... .... 9......10 

10 

10 

10 

10 

H W - 1  I W W  

ID.......l. ...... 1.......3...~...4~~~....5.......6.......1.......O.......Y......lO 

I(x 

nK 

I(x 

M 
U 
0 

m 

m 

a 1 0  
Rout. A Chxuug P9lplO 
34155 0.010 0.050 0 llup 000 10 

P9 
8uhr.a P9 

32.5 
0 8 S  

1.148 

PAOI 3 

9 



91 
99 
100 
101 
102 

103 
104 
105 

106 
107 
101 

109 
110 
111 
110 
113 

114 
115 
116 
117 
iia 

119 
110 
121 

122 
11 3 
124 
12s 
126 

LINg 

127 
111 
12 9 

130 
131 
131 
133 
134 

135 
136 
131 

i3a 
139 
14 0 
141 
141 

143 
144 
145 

146 
147 
141 

149 
150 
IS1 
152 
153 

154 
155 
156 

157 
151 
lS9 
160 
161 

162 
163 
164 

165 
1CC 
167 

LIrn 

KK 
m 
M 
la 
W 

KK 
m 
HC 

R 

UK 

M 

BA 
Is 
W 

KK 
m 
BA 
16 
W 

KK 
m 
HC 

KK 
m 
M 
L.9 
W 

m 

m 

r PI0 

50.0 

2.345 

c10 

3 

m 1 2  

Subrea p10 

0 85 

Combine A. P9 and p10 

Route C10 thmug Plllpl2 
0 ZRAP a00 10 34155 0.010 0.050 

P11 

36.0 

1.739 

Subarea Pll 

0 as 

PI2 
Subarea pi2 
36.5 

2.332 

c12 

3 

P13 

42.5 

2.390 

o as 

cawbinc nk12, Pll. and p12 

Subare. P13 

0 as 

wsc-1 IWPVT 

r 

1 PAGE 4 

..... ..... .. ID.. 1.. 2 .......................... S..... .. 6.......7.. m * "  ............................... 
la 
m 
nc 

KK 
m 
M 
L8 
W 

la 
m 
UK 

la 
m 
M 
16 
UD 

la 
m 
HC 

la 
m 
RI( 

la 
10( 
M 
la 
tm 

Ix 
m 
RK 

la 
m 
M 
L.9 
UD 

M 
m 
WC 

M 

IIC 
m 

E13 

2 
corbiw cl2 and p13 INaterdsed 3) 

10 

pi7 
Subarea pl7 
42.0 

2.099 

mklc 

o as 

Route pl7 throug PIC 
37950 0.010 0.050 0 aoo 

PIC 

27.0 

1.935 

subarea pl6 

0 85 

C16 

1 
Combine W16,and Pl6 

J RJclS. 
Route Cl6 throug Pls 
40250 0.010 0.050 

pi4 
Subarea pl4 
61.0 

2.271 

RklSb 
Route pl4 throug PlS 
45540 0.010 0.050 

0 1s 

PIS 
Subarea p15 
32.0 

1.402 
0 1 5  

0 lnAQ 100 10 

0 TRAP aoo 10 

C l 5  

3 

D 

1 

Combine m1Sa. RklSb. and P15 (at Polnt 5 )  

Combine C l S  and E13 

WKC-1 INPVT 1 P M S  5 

ID ....... i ....... 1.......~.......4.......~.......6.......7.......0.......9...... 10 

10 



llDM 
Route c15 MRou(uI ARROWHSAD VAtLBl 

0 TRn? 100 10 42500 0.01 0.050 

hcrcu 
hcmr canyon 

1 srop -1 
0 14 660 915 2385 SO05 

2133 J140 JlSO J160 1170 1180 
0 11s 3116 10113 14517 66J86 

w a  
169 
170 

171 
17J 
173 
174 
17s 
176 

177 KK Gage 
178 101 Route toVSOS0.ge 
179 RK 22500 0.01 O.OS0 0 ZIW 100 10 
180 zz 

1 
S M D U r I C  D I M R M  OF S T R W  NETWORK 

INPUT 
LIM8 (VI  ROVTIW I--->) DIVERSION OR PUMP lLMl ‘6. 

36 PIS 

41 ass............ ? ]  k 
44 PJ 

V 
V 

49 I6 

pi 

C4Sb ........................ 
V 
V 

117 

51 

x ? !  

60 

63 
V 
V 

nm 

... 

I3 ............... 
V 
V 
M 

61. , 

71 

76 

7 Y  - 

81 

P7 

...... 

cl1.. .......... 
V 
V 

W O  

DY 

a7 

¶O 

Y3 

Ye 

103 

106 

PI0 

..... c l o .  ............. 
V 
V 

Rkll 

... 

114 PI2 

119 E l l . . . . . . . . . . . . . . . . . - - . . . . . .  

-I 



'5; 

x I 
'c1 
i 
fi I 

i 
I, 

121 

111 

130 

135 

130 

143 

146 

149 

154 

151 

162 

165 

160 

171 

i n  

16 IO 

IT 

P13 

a3. ........... 
PI7 
V 
V 

U16 

Pi6 

Cl6.. .......... 
V 
V 

m15. 

pi4 
V 
V 

m15b 

c15 ............. 
8 ............ 
V 

... 
PIS 

..... 

................................................................. 
OmRncRNTmIm~ ................................................................. for Pduumgat and lower luna Spring Watermhedm 

prepared by vm-ncvad. in ~ m r ~ y  aooo 

All tributary a n a  north of Mynard lake draina into ths detantioo 
and depremmicm m n a  in Pahranagat NatioP.1 Wild Lifa Refuge .. 

JR PRSC 0.646 0.514 0.500 0.450 0.435 0.423 0.305 LlAW 
ARU 01.0 155.5 153 .5  136.0 400.0 451.0 611.0 *Q milea 

mubare C45a C45b Cle/A E10 Cl1 1 x 3  Pt8 

OVTm mRnoL YARXABLIB 
5 plllwlcowlwn 

IptQT 0 PmT- 
Qscu 0 .  I P I D I M ( I I u A ( P L 0 f ~  

l(lMIO0RApLI TIMU MTA 
mxw 5 MIsnrrUr IY LIonPVTATIOH I m V A L  

IM1I 1 0 ST&UTINODATI 
I T W  0000 STARTIBQ TIN# 

m 150 -KR W WTDlooRIPH ORDINAIBS 
wDMn i o ~ D I W O D A ~  
YmIwl 1115 W I N O  TIWl 
1- 19 C R t l U U Y I L U X  

CUHPUTATIOW INTERVAL .OO WOVRB 
mu. TIME BABE 1a.a HWFS 

PlOtISH WXTE 
DRAlNMC A1191, S W A u  M I L W  
PIUCIPITATIOW MPTX Iwolu 
Lfm3nI. .LNATICII 
nay CUBIC ?Xm PER SECOND 
F l o R M C  YouW Acw-mr 
IURPAcl ARm lrcRul 
TBtP.IUNIIl D-18 I m ' I I  

JP MULTI-PIAN OPTION 
YPu* 1 YLMBPl01PunS 

.m MILTI-RATIO OPTIQ( 
RATIOS or PRBCIPITATIOW 
.6S .57 .so .45 .44 . 4 1  .IO 

I2 



1 

OPIRATIOW STATION PIAN 

HYDROGRAPH AT . 
R o v r s D  10 

t 

HYDROWUIPH AT 

1 COnBINH) AT 

lplDRooRAPH AT 

RouTm To 

HYDROQRAPH AT 

3 -1- AT . 
R o m m  To 

H t D R M M P H  AT 

R o v w  m 

UYDRCURAPH AT 

3 cQ(BINED AT 

XYDRQIIUPH AT 

1 coI(BIHIID AT 
t 

R 0 u l - m  10 

HYDROORAFM AT 

HYDROGRAPH AT . 
3 C 0 I I B I W . D  AT 

Rcnnm To . 

p1 18.00 

n45 18.00  

P45 59.00 

CIS. 07.00 

PP 30.50 

. R6 38.50 

P6 30.00 

C45b 1SS.50 

If. 155.50 

P3 39.50 

R7b 39.50 

P7 25.50 

c7 120.50  

R8 210.50  

PO 1 3 . 0 0  

C18 2 5 3 . 5 0  

*lo 153.50 

P9 31.50 

p10 50.00 

C10 336.00 

e l 1  336.00 

l p t o y  
TIME 

1 FWM 
11116 

1 P W M  
TIME 

1 M w  
TIW 

1 P L M l  
TIME 

1 -  
T I M  

1 -  
TI- 

1 -  
TI- 

l p t o y  
TIWI 

1 ?Low 
TIM 

1 M y  
TIW 

1 M w  
TIWI 

1 n o w  
TIW 

1 ?Low 
TI- 

1 -  
TIME 

1 F u m  
TIW 

1 -  
TI- 

1 ?Low 
TIWI 

1 M Y  
TIW 

1 -  
TIME 

1 ?lMI 
TIW 

RATIOS APPLIB) To PRbTIPITATIOW 
RATIO 1 RATIO 1 RATIO 3 RATIO 4 RATIO 5 RATIO 6 RATIO 7 

.65 

3448. 
6.13 

3443. 
9.50 

6743. 
6 .58 

6743. 
6 .58 
- 
4044. 
6.91 

4040. 
10.17 

3737. 
6.33 

10431. 
6.50 

10416. 
7.15 

5174. 
6.17 

S171. 
7 .as 

3334, 
5.58 

17500. 
7.08 

17481. 
7.33 

4747. 
5.83 

10157. 
7.17 

10133. 
1 -91 

4300. 
5-75 

6151. 
6.33 

15614. 
7.67 

25531.  
8.41 

.57 

1774. 
6.41 

m i .  
9.83 

5412. 
6.67 

5411. 
6.67 

3141. 
6.91 

3246. 
10.50 

3 0 0 8 .  
6.33 

1388. 
T3 

8311. 
1.31 

4168. 
6 -17 

4164. 
1.33 

3134. 
5.67 

13958. 
7.17 

13946. 
7.50 

3819. 
5.13 

15907. 
7.33 

15807. 
3.17 

3875. 
5.75 

5034. 
6 .33  

19561. 
8.00 

19490. 
8.83 

13 

.so 

1113. 
6 . 4 1  

1117. 
10.15 

4134. 
6.67 

4134. 
6.61 

2473. 
7.00 

1469. 
10.92 

119s. 
6.41 

6396. - 6 3 6  
6390. 
7.50 

3134. 
6.1s 

3181. 
7.53 

1404. 
5.67 

10513. 
7.13 

10501. 
7.7s 

1919. 
5-91 

11771. 
7.58 
- 
11764. 

3.50 

1966. 
5.75 

3042. 
6.33 

13870. 
6 - 5 0  

13331. 
9.41 

. 4 f  

1699. 
6.42 

1698. 
10.67 

1312. 
6.75 

3311. 
6.75 

1980. 
7.03 

1978. 
11.33 

1843. 
6.42 

5119. 
6.S3 

5115. 
7.67 

1558.  
6 - 1 5  

1553. 
7.75 

1935. 
5.67 

8344. 
7.50 

1139. 
e.00 

13s7. 
5.91 

Y106. 
7.75 

.91¶3. 
a.91 

1338.  
1.33 

3005. 
6,41 

.44 

1570. 
6.50 

1577. 
10.75 

3076. 
6.75 

3076. 
6.75 

1839. 
7.08 

1838. 
11.50 

1711. 
6.42 

4763. 
6.53 

4159. 
7 .67 

1377. 
6.1s 

1375. 
7.75 

1300. 
5.75 

7731. 
7.58 

7721. 
1.03 

1191. 
5.91 

8447. 
8 .00  

3440. 
Y.08 

1221. 
5.83 

ass. 
6.41 

10434. 9503. 
T 9.08 

10413. 9464. 
10.00 10.17 

-41 -38  

1484 - 
6.50 

1483. 
10.91 

7891. 
6.75 

23Y1. 
6.75 

1717. 
7.08 

1715. 
11.67 

1609. 
6.42 

4476. 
6.67 

4475. 
7.15 

1135. 
6.1s 

1133.  
7.83 

1694. 
s.75 

7a42. 
7.67 

7140. 
1.00 

1061. 
5.91 

7890. 
8.00 

737s. 
Y .lS 

2009. 
5.83 

1694. 
6.41 

8796. 
9.1? 

87S9. 
10.13 

1195. 
6.50 

1191. 
11.31 

1315 .  
6 .75 

2315 .  
6.75 

1383. 
7.03 

1336. 
11.03 

1195. 
6.50 

3603. 
6.67 

3601. 
7.91 

1801. 
6.33 

1797. 
3.00 

1370. 
5.75 

5775. 
7.33 

5771. 
8 .33  

1664. 
6.00 

cas. 
3 .15  

6117. 
9.50 

1687. 
5.91 

1169. 
6.41 

sen. 
9.50 

6171. 
10.83 



r 

H Y D R C C W  AT . P11 36.00 1 ctow 5311. 4301. 3195. 1651.  1466. 1310 .  1874. 
TIW 5 . 1 5  5.15 5.75 5.03 5 . 8 3  5 . 8 3  5.83 

. p l l  36 .50  1 Fulw 4519. 3636. 1776.  1178. 1069-  1945.  1566. 
HYDRtXRWH AT 

TIME 6.33 6.33 6 .41  6.41 6.42 6 . 4 1  6.50 

3 rmSlHe0 AT 

t 7 

i 
t 
t 
? 
t 
i 

1 Fulw 
TIW 

11514. aii is .  14735. 10919. 9863. 9093. 6963. 
0 .41 8.83 9.41 9 . 9 1  10 .33  10.83 

C l l  400.50 

WyDRoORIsH AT . 1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Fulw 
TIW 

5150. 
6.33 

4114. 
6 .33 

3115.  
6 .41  

1588 .  
6 - 4 1  

1403.  
6 . 4 1  

1159.  1819. 
6 .50 6 .50  

P13 41 .50  

C13 451.00 

p17 41 .00  

Rk16 4 1  .OO 

p16 17 .00  

Cl6  69 .00  

II*15a 69.00 

p14 61.00 

RklSb 61 .00  

p15 31.00 

1 COWBINM AT 
tu)II 
TIME 

30911. 
8 . 3 3  

21715. 
8 . 0 3  

15499. 
9 .41  

11361. 
9 . 9 1  

10111. 
10 .11  

9400. 1304. 
1.16 1 . 4 1  

HXDIl0GR)rpH AT 
5 6 1 0 .  

6.08 
453s.  

6 - 0 8  
3465. 

6 -11  
1186. 

6 .17  
1589. 

6 . 1 7  
1434.  1961. 

6.17 6.15 

RovrsD fo 
Iulw 
TIW 

5614. 
1 .sa 

4531. 
7 .75 

3450. 
1 .91  

1181. 
8 - 1 1  

1585.  
0 .15  

1430.  19511. 
8.15 (1.50 

HYOROORAPH AT 
t FxmA 

TXW 
3189. 

5 .91  
3055. 

5 .91  
1336.  

6 .00 
1019. 

6.00 
1747. 

6.00 
1643.  1316. 

6.00 6.08 

1 rmSIHe0 AT 
t m 

T l W  
7803. 
1 .ll 

6105. 
1 . 4 1  

6003. 
9.00 

4504. 
1 - 5 0  

3465.  
8.00 

3184 - 
8.00 

7180 .  
0 .so 

4461. 
9.50 

3443.  
10 .00  

3119. 
10.15 

1901.  1316.  
10 .41  10.50 

WyDiloORMlAT 
ploy 
TIW 

1188. 
6.15 

6171. 
6.25 

4189. 
6.33 

3846. 
6.33 

3513.  
6 . 3 3  

3359.  n o s .  
6.33 6 . 4 1  I R O V W  fo . ?Law 

TIW 
7180. 

1 .13  
sasa. 

1 .00  
4?84. 

0.95 
3838. 

0 .41  
3569. 

8.50 

1 ? 

AT 
4 Mu 

TXW 
5143. 

5.33 
4150. 

. 5.33 
3184. 

5.41 
1567 

5 . 5 0  
1389.  

5.50 
x iso.  iaii. 

5.so 5 .51  

3 m l H K D A T  
+ a 5  161.00 1 FxmA 15014. 11404. a166. . F140. 5493. 5143. 4161. 

TIM# 1.50 9.00 9.50 10.00 1 o . x  0.58 10.50 

1 CCUtBIwB) AT 
* D 613.00 1 ploy 45494. u i i o .  ax.05. 17464. iscia. 14340.  1 1 0 6 ~ .  

TIWE 1.50 1 .91  9.50 10 .00  10 .05  10.41 

R O V W  To 
t RMll 613.00 1 lLow 45151. 33300. 13193. 11300.  15441. 141YO. 109W. 

TIW YJS 9.83 10.10 11 .08  1 i . a  11.58 11.01 

Rcinmm 
t Arrow 613.00 1 M* 35545. 26919. 10195. 14001.  11101- 11177.  888s.  

TIW 10.1s 10.61 11.41 12.00 . ii.as 1 0 . 4 1 ,  U . 4 1  Y .  ** PIu( mAl3ss I* TXeI 0 .  

1 6’1- 1175.05 1111.01 1165.83 1161.43 1161.43 1160 .71  1151.5’1 
TIM# 10.15 i o . c i  11.41 11.00 11.15 1 a . a  11.41 

. 0.9 613 .00  1 ctow 35534. 16914.  18106. 14011.  1131Y. 11157.  1399. 
R a r n D  To 

TIM 10.18 11 .08  11.91 11 .41  11 .41  1 1 . 4 1  11.41 . .  
1 

I4 
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STUDY 3 :  STORM CENTERING TEST BY MUSKINGUM METHOD 
WITH VALLEY STORAGE EFFECTS - 

Watershed Area: Pahranagat Valley 

I......................................... ....................................... 
FLOOD NYDROCRAPW PACIUGE (HEC-1) 

JAN 1997 

VERSION 4.1 

RUN -11 lOlUYO0 TI= OlzO3ilO 

......................................... ....................................... 

x x x u u u a u m u  X 
x x x  x x  X 
x x x  X X 
uclRxxxuu[x x a a x x x  
x x x  X X 
x x x  x x  X 
x x x u w u m m c  u(x 

U.S. ARHY CORPS OF MOINIIGRS 

NYDROLOCIC MOINEERIKI CEtmSR 

609 SEUTWD STR%I%7 

DAVIS. uurnunm 95616 
(916) 756-1104 

THIS PRQiRu( REPLACES ALL PRKVICUS YBFSIONS OF HBC-1 lMom A9 HBCl (JAN 73). liEClO8, Uc10B. AHD HBCI IM.  

THE DEPINITICRIS 01 VARIABLES -RTIMP- AND -RTIOR- WAM -OED PRW 'IHOSE USQ Y I M  lM6 1973-SlYI.8 INPVT SIX-. 
THE DEPINITICU OF -AMSKI(- ON RII-CARD YAS CHANGED WITH REVISIONS DATED 28 SKP 81. MI5 15 MB FoRRuIII7 VERSICII 
NXN OPTIONSI W R E A K  0WIFU)Y SUBMERGENCE SINGLE EVENT 0-8 CNKUL&TION. 0sS:NRITE STmE FmQUmKr, 
D S S r R W  TIME SERIES AT DESIRED CUCUL&TION INTERVAL. LOSS RATEzGREXN AHD AnPT INFILTRATION 
KI-TIC YAYBa WBW F I N I T E  DIFFERENCK AUXIRI'I'W 

1 m - 1  INPUT PMK 1 

L U R  ID. .  ..... 1 ....... a.......3.......4.......5.......6.......7.......6.......9...... 10 

*DIAQIUW 
1 I D  
I 
3 
4 
5 
6 
7 
8 
9 
10 
11 

13 
14 

15 
16 
17 
18 

19 
10 

ia 

... mDn ... 

ai 
aa 
a i  
a4 

I D  
ID 
I D  
I D  
I D  
ID 
I D  
I D  
I D  
I D  
ID 
I D  
ID 

IT 
IO 

JR 

a: 
A( 
M 
Pa 
Pc 
Pc 

In 

................................................................. 
s p o R I ( c p r r m 1 ~ T K s I  ................................................................. for Pahranagat Yaterhed 

prepared by VIW-nevada in  January 1000 

A l l  t r i h t a y  area north of maynard lake drain. into  tha detention 
and dcprcmmicn area i n  Pahranagat National Nild Life Refuge 

JR PRgc 0.646 0.574 0.500 0.4s  0.435 
AREA 87.0 1S5.5 153.5 336.0 401.0 

Dagn P t  C4Sa C45b Cl1 C10 C l P  

5 0 0 150 
5 0 0 
5 0 0 

PllBC 0.646 0.574 0.500 0.450 

P1 

18.0 
3.0 

Subarea pl 

.OOO .oao .OSY .oao .iio 

.io0 . m a  . i u  .i90 .is7 

IS 

0.413 0.385 M R P  
451.0 613.0 .q nile. 
Cl3 Pt8 

.144 .1SO -160 .168 .171 

.JOZ .ai0 .Iao .a30 .a41 



f 

1 
i 
i 
i 
i 

IS 
26 
27 
10 
19 
30 
31 
31 

33 
34 
3s 

36 
37 
31 
39 
40 

41 
4 2  
43 

1 

LINE 

'1 
7 

1 

4 4  
45 
46 
47 
40 

4Y 
so 
51 

52 
53 
54 
55 
56 

57 
SO 
59 

60 
61 
62 

63 
64 
65 
66 
67 

60 
69 
70 

71 
71 
73 
74 
75 

76 
77 
70 

79 
10 
81 

11 
03 
1 4  
15 
16 

07 
00 
09 

90 
91 
91 

93 
94 

PC .2SO -259 ,165 -100 .190 .300 -301 .309 .310 .317 
PC -311 .317 .333 .34C ,361 .301 .400 .430 -417 .S14 
PC .5C1 -630 .710 -720 -111 -7Sl -779 -790 -795 .E04 
PC .E10 -810 . I 1 6  .a40 . I S 9  .EO9 -910 .938 .966 .970 
pc .974 - 9 7 ~  . m i  .go3 -98s .goy -990 .99a .993 .9gs 
Pc .997 -999 1.00 
Ls 0 0s 
M 1.401 

Iu R4S 
f f l  Route pl through p45 
Rn 10. 1.16 0.10 

Iu PIS 
f f l  subarea PI5 
BA 59.0 
Ls 0 1s 
M 1.675 

M CIS. 
ffl Canblne n45 and PIS 
HC 1 

W-1 I N W P  

IO..... .. 1.......1.......3.....~.4.......5.......6.......7.......-1.......9......10 

Pl 

38.5 

3 -00 

R6 

Subarea P2 

0 I 5  

Route p1 throVg pb 
io a.64 0.10 

PC 

30.0 

1.36 

C45b 

3 

R7. 

Subarea PC 

0 I S  

mine R45.. RC and PC 

Route C4Sb through P7 
10 1.00 0.10 

P3 

39.5 

2.179 

R7b 

Subarea P3 

0 05 

R o u t e  p3 tw p7 
10 1.13 0.10 

P7 

15.5 

1.631 

c7 

3 

Ra 

Sub.rea P7 

0 05 

Combine R7b. R7a. and n 

lloutc c7 throug p1 
10. 0.61 0.10 

PO 

33 

1.046 

Subarea PO 

0 05 

H E - 1  IWPWI' 

10.......1.......2.......3.......4.....-.5.-.-...6.......7.......0.......9......10 

R[ RklO 
101 R o u t e  A thmug P9fplO 
Iw 10. 1.40 0.10 

KK P9 
ffl subarea PY 

P M K  3 

rl 16 



i 
I 

i a 
ci 
1 

i 
II 

J r 

c 

d 1 
3 

1 

9s 
96 
97 

98 
99 
100 
101 
101 

103 
104 
10s 

106 
107 
loa 

109 
110 
111 
111 
113 

114 
115 
116 
117 
118 

119 

111 
Lao 

iai 
la3 
114 
la5 
116 

LIm 

117 
118 
rag 

130 
131 
132 
133 
134 

135 
136 
137 

138 
139 
140 
141 
141 

143 
144 
145 

146 
147 
14 @ 

149 
150 
151 
151 
153 

154 
15s 
156 

157 
lS8 
159 
160 
161 

161 
163 
164 

165 
166 
167 

M 
La 
W 

a 
101 
M 
Ls 
W 

a 
101 
HC 

a 
101 
Iu( 

10( 
101 
BA 
Ls 
M 

KK 
101 
M 
Ls 
M 

a 
101 
nc 

XlC 

BA 
Is 
M 

m 

37.5 

1.748 
0 85 

PI0 
subarea p10 

50.0 

1.345 

C l O  

3 

R J C l l  

0 85 

Cclablne A. PI and p10 

Route n o  thmug Plllpll 
10. 1.40 0.10 

P11 

36.0 

1.73¶ 

Subarea P11 

0 8s 

PI1 
Subarea pll 
36.5 

2.382 

c11 

3 

P13 

41.1 

1 . 3 9 0  

0 85 

Combine U11. pll, and plz 

-ma PlS 

0 85 

wc-1 INm 

ID ....... I .  ......1....... 3.......4.......5.......c.......7.......8......*9......10 

XlC p17 
101 Buhrca p17 
M 41.0 
la 0 8s 
W 1.099 

R( -16 
101 Ilouta pl7 LbFnrg PlzC 
w 10. 1.56 0.10 

a p1c 
m Suhrea p1C 
M 27.0 
la 0 85 
UD 1.935 

n clc 

Bc 2 

a U15. 
101 ROUtC C16 thrarg P1S 
Iu( 10. 1-65 0.10 

XlC p14 
m subarea p14 
M 61.0 
la 0 85 
M 2.171 

M WclSb 

RM 10. 1.87 0.10 

rn -im m ~ i c . u d  pic 

m Iloute pi4 tw pis 

a p15 
m aubarea p15 
.A 37.0 
la 0 8s 
M 1.401 

a C I S  
101 C h i n e  IUlSa. U15b. and Pl5 Iat hint 5) 
wc 3 

a a 
m CaPbina CIS .ad cia 
Hc a 

17 
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1 

- 1  1 

:r 

L 

INPUT 
LINE 

No. 

19 

33 

36 

41 

I 

71 

76 

79 

81 

17 

90 

93 

98 

103 

106 

109 

114 

4 4  

49 

s2 

57 

60 

63 

61 

HEC-1 INPUT 

LINE ID ....... 1 ....... i. ...... 3.......4.......5.......6.. 
168 I o t -  
169 
110 

Kn Route e15 mouw( ARROWHEM VALLBY 
Fn 10. 1.12 0.10 

171 
172 
173 
174 
175 
116 

177 
178 
119 
110 

Arrw 
Arrw Canyon 

1 SFOR -1 
0 14 460 915 231s 5005 

2133 I140 2150 1160 1170 1180 
0 325 3116 10713 24511 46286 

cage 
Route LO USGS Gage 
10. 1.10 0.15 

P4 s 

cas... .......... 
PI 

V 
V 

R6 

P6 

C45b ........................ 
V 
V 

Ita 

P3 
V 
V 

17b 

P7 

c7 ........................ 
V 
V 
RI 

PI 

C l S  (AI ............ 
V 
V 

EklO 

c10.. 
V 
V 

RL11 

..... 

P9 

PI0 

............... 

Q11 

PI1 

. 7 .  ...... .a ....... 9 ..... 
PAGE s 

.lo 

I 8  



'r 
i 
t 
t 

t 
I 

I 

119 

112 

127 

130 

135 

138 

143 

146 

14Y 

154 

157 

162 

165 

1CI 

171 

111 

. .  
El2 ........................ 

P13 

c13.. ........... 
pi7 

V 
V 

Rk16 

C16. 
V 
V 

Rk15. 

P16 

......... 

pi4 
V 
V 

IuI15b 

8.  
V 
V 

Iullr)l 
V 
V 

krou 
V 

PI5 

Cls ........................ 
.......... 

16 IO 

IT 

J? 

................................................................. 
F p o R I ( ~ I W 0 f l s T  . 

for Pahrumgat Watershrd . ................................................................. 
prepased by Ww-nevula in J.nrury 2000 

A l l  tributary area north of l4ayrurd lake  &aim into the detcntioo 
urd depremmioa area in Prhruugat National Wild Life Rctug. 

JR PRfc 0.64s 0.574 0.500 0.4s 0.435 0.413 0.3#1 DIU 
ARU 87.0 155.5 1S3.S 33C.O 408.0 451.0 Cll.0 .Q d l e m  

D ~ g o  P t  C I S .  C4Sb C l @  E10 C l J  Cl3 PLO 

mm -L VARIABLLB 
IplllcT 5 PRxm-L 
IPLQI 0 PLozamaoL 
O s a L  0. IFIDRu3RAPn P M  B c l l l  

)FCDRJQIURI rnm DATA 
NnIW 5 M1wvF.s IN COIPWATXOLI INTKRVAL 

rmn 1 0 Sl'ARTIuOMf. 
I T I B  0000 STWINO TIM 

wp 150 NIWBKR O? WYDRWRAPH ORDIHAz.8 
YDOIII 1 0 KNDIMlMTS 
mxu 1125 WIWD TIME 
1- 1s cpRMr)uIII( 

a P U T A T I O U  INTERVAL . O I  WOURB 
"CWAL TI- BIBK 11.41 HovRll 

I 

i 
I 9  



,m 

JR )(uLrI-RATIO OFTIOH 
RATIOS OF PRECIPITATION 
-65 . 51 .so .45 -44 - 4 1  . I 8  I 1 

P w (  Mw AND STAGE I--OF-PERIOD1 SUWURY FOR MULTIPLE PLAN-RATIO ECOHOIIIC COnPUTATIONS 
FLOWS IN cunic FEET PER SECOM). ARM I n  SOVARS n i u s  

TIM YU PEAK In nouns 

OPERATION STATION ARRU PLAN 
RATIOS APPLIED ?U PRECIPITATIOH 

RATIO 1 RAT10 2 RATIO 3 RATIO 4 RATIO 5 RATIO 6 RATIO 7 
. 4 1  .38  .65 . 5 1  .so -4s  .44 

HYDROGRAPH AT 
p1 18.00 1 ruJn 

TIW 

mmmm 
145 18.00 1 PtMl 

TIW 

HYDRffiRAPH AT 
P I 5  59.00 1 FuJn 

TI)(B 

3448, 1114. 2118. 1699. 1516. 1484. 1195. 
6.33 6.42 6 . 4 1  6 . 4 1  6 . 5 0  6.50 6.50 

3179. 2554. 1946. 1559. 1 4 4 1 .  1360. 1093. 
8.50 6 . 5 0  1.511 8 . 5 8  8 . 6 1  8.67 8.m 

6743. 5421. 4134. 3 3 1 1 .  3016. 1891. 2315. 
6.58 6.67 6 .61  6.75 6.75 6.15 6.15 

1 COnBINED AT 
+ CIS8 87.00 1 bar *; 6811- 5114. 4131. 3839. 3605.  1893. 

11- 1.11 1.15 1.15 1 - 1 5  7.15 1 . 3 3  

IpIM(QjrwH AT 
4 P 2  38.50 1 Mw 4044. 3241. 2413. 1980. 1839. 1111. 1388. 

TIME 6.91 6.92 1.00 1-08  1.08 7.08 1.01 fi R6 38.50 1 M w  
Tu18 

3701. 
9.58 

1969. 
9.58 

1806. 
9.61 

1616. 
9.75 

151s. 
9 .15 

1965. 
9.15 

1158. 
9 .67 

IiYDROCRWU AT S P6 30.00 1 M w  
TIME 

3731. 
6.33 

3008. 
6.33 

1196. 
6.41 

1843. 
6.4a 

1111. 
6.41 

1609. 
6.4a 

11 9s.  
6.50 

3 COWBIUED AT 
1 F u J n  

TIIU 
11949. 

1.17 
10360. 
-737 

7054. 
1 - 1 5  

6111. 
1.15 

5817. 
1.15 

5461. 
1.33 

4380. 
7.33 

C4Sb 155.50 

RlA 155.50 
w m o m  

1 I U w  
TIW 

12845. 
8.11 

10118. 
8.15 

7793. 
8.15 

6 1 2 3 .  
8 .33  

5113. 
8.33 

5419. 
8.33 

4346. 
8.33 

RlDlloolupIl AT 
+ P3 39.50 1 m  

TR(B 
5114. 

6.11 
4168. 

6.11 
3184. 

6.15 
1558 .  

6.25 
2311. 

6.15 
1235.  

6.25 
1801. 
6.31 

w u m m  
+ R7b 39.50 1 m  

TI- 
5039. 

1 - 1 5  
4054. 

1.05 
3096. 
7.33 

0484. 
1 - 3 3  

1301.  
1.41 

2169. 
1 . 4 1  

1741. 
1.41 

wyDRomupI( AT 
t lo 15.50 1 m  

TInm 
3884. 

5.58 
3134. 

5.67 
1404. 

5.61 
1935. 

5.61 
1800. 

5.15 
1694. 

5.15 
1370. 

5.15 

j! 
i. 

3 cO((B1wIID AT 
t cl 110.50 1 M y  

Tu18 
18511. 

1 .so 
14818. 

1 . 5 6  
11158. 

1 -58 
9000. 
1 .61  

8351. 
1 .61  

1841. 
1 .61  

6195.  
1.67 

w u m m  
I 8  ' 120.50 18446. 

8.11 
14113. 

8.11 
11116. 

8.15 
8965. 

8.15 
8318. 

8.25 
1110. 

8.15 
6111. 

8.33 

UYDRffiPAPli AT 
pa 11.00 1 M y  

TI10 
4 x 1 .  

5.83 
38a9. 

5.83 
~ 9 2 9 .  

5.91 
a m .  

5.91 
ais1 . 

5.91 
1061. 

5.91 
1664. 

6.00 

1 M w  
TI10 

9668. 
1.00 

8969. 
8.00 

8411. 6156. 
8.00 8.08 

1 -1Nm AT 
C l 8 W  J53 .50  15949. 11101. 

7.83 

R o v r r o  20 
+ a 1 0  153.50 1 M w  

TIlU 
19643. 

9.15 
15119. 11925. 

9.33 1.33 
s a s .  

9.41 
8836. 

9.41 

WYDRffiRWU AT 
+ P9 31.50 1 M y  

TIIU 
4800. 

S.15 
3815. 1966. 

5.75 5-15  
1388. 

5.83 
1111. 

5.13 
1089. 1681. 

5.83 5.Y1 

WYDRCUiUPH AT 
+ 010 so.00 1 M y  

T I 1 0  
6151. 

6.33 
5034. 3841. 
6.33 6.33 

308s. 
6.41 

2866. 
6 .41  

1694. 1169. 
6.41 6.41 

3 C0II)IwID AT 
C l O  336.00 1 M Y  

I110 
21964. 

8.61 
17560. 13301. 
. 8.15 8.15 

9842. 
1.83 

Y231. 1403. 
8.91 8.91 



11793. 17415. 13199. 10531. 9766. 9166. 7344. 
10.08 10.17 

Ran.EDm 
Rkll 

P11 

P l l  

336.00 

36.00 

36. so 

10.00 

1 3 1 8 .  
5.75 

4519. 
6.33 

11811. 
9.58 

5250. 
6 -33 

255S6. 
7.33 

S618. 
6.08 

5347. 
7.58 

3789. 
5.91 

7566. 
7.00 

7315. 
8.67 

7788. 
6 .as 

7989. 
8.08 

5143. 
5.33 

14911. 
8,17 

40006. 
8.00 

39811. 
9.08 

36154. 
10.50 

10.17 10.15 10.15 

1310. 
5.83 

1945. 
6.41 

9575. 
9.83 

1159. 
6.50 

10717. 
-774.3 

1424. 
6.17 

10.15 

1874. 
5.83 

1566. 
6.50 

766*. 
9.91 

1819. 
6.50 

*sa). 
7.49 

1969. 
6.15 

HyauxilwH AT 
4301. 3195. 

5.75 5.75 

3636. 1776. 
6-33  6.41 

18134. 13801. 

1651. 2466. 
5.83 5.83 

HYDRWRIPH- A? 
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W E  SPRINCS Water8hed only 
9 u l N S  1 to Point. A ................................................................. 

100-year event with PB-3.0 Inches 

prepared by VTN-nevada In January 2000 

A11 tributary area north of nayturd Lake drain. Into the detention 
and depremsion area in Pahranagat National wild Life Refuge 
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APPENDIX B 
10-year STORM CENTER IN BASIN 1 

l......... ................................ ....................................... . 
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APPENDIX C 
100-year STORM CENTER IN BASIN 2 
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B.17 1.11 8.15 

3311. 31M. 1066. 
5.42 5.42 5-50  

9404. 9100. 5817. 
@.a5  8.25 8 - 3 1  

16580.  25508. 16192. 
1.33 8.42 8.41 

a m i .  23670. isiic. 
11.58 11.58 11.51 

* *  P W  62AOBs IN F B R  ** 
1 STAGE 1170.03 2169.34 2163.11 

T I M  11.56 11.51 11.58 

~ 2 3 .  
6 . 4 1  

1431. 
8.25 

176B. 
5.51 

4946. 
n.4a 

lY741. 
8.50 

13505. 
10.33 

1990. 
6.42 

1646. 
m.33 

1353. 
5.58 

3739. 
8 .50  

10367. 

ioa49. 
10.41 

i a ~ o c .  9985. 
11.58 11-15 

2161.58 2159.03 
11.58 11.25 
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APPENDIX E 
10-year STORM CENTER IN ALL BASINS 

l..........t..............~b.......b..4... ....................................... . 
FLOOD HYDRCGlUPR PACIutS 1HeC-1) 

JAN 1991 . VERSICW 4.1 . 
. 

R W  DATE 1OIurOO IIHE 11:50:55 . ......................................... . ....................................... 

U.S. ARMY CORPS OF ENGINEERS 

SIDROLOGIC ENGINEERING CEliTER 

609 SECaR, STREET 

DAVIS, CALIFORRIA 95616 

(916) 756-1104 

x xXXX)(XXXxxxar  X 
x x x .  x x xx 
x x x  x X 
U X X X X X m u  x x x x x x x  

X X x x x  
x x x  x x  X 
x x x x x x x a t x x x x x  xxx 

1 

LIW 

1 
2 
3 
4 
5 
6 
1 
8 
9 
10 
I1 
12 
13 
14 
15 
16 
11 

18 
19 
20 
21 

22 
23 
24 
25 

... pRu ... 
IN 5 0 0 
JR PREC 0.510 0.500 0.401 0.380 0.340 ..: 

Pl 
IM snb.rea p l  
M 21.0 

-- PI) 1.6 
26 PC .OOO .020 .OS9 -080 -110 .I44 .150 .160 .168 .Ill 
21 PC -180 .le2 -181 -190 .197 .202 .210 .220 .230 .241 
28 PC .250 .259 -265 -280 .290 .300 .305 .309 .310 .311 
29 PC .321 -327 .333 -346 .361 .381 -408 .430 -411 .514 
30 PC -561 .630 .110 .720 .131 .752 -779 .790 .195 .BO4 
31 PC .e10 -820 .e26 -840 .E59 .BO9 .910 .938 .966 .970 
32 PC -914 .979 .981 .983 .985 .989 -990 .992 -993 .996 

P 
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T 
, B  

II 
B 

'1 
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1 
.I 

1 
I 

1 
+ I  

1 
R 

' 4  
I 

' 3  
I 

I 

33 
34 
35 

36 
37 
38 

39 
40 
41 
42 
43 

44 
45 
46 

1 

LIRh 

47 
48 
49 
50 
SI 

52 
53 
54 

55 
56  
51 
5 1  
59 

60 
61 
62 

63 
64 
65 

66 
67 
6B 
69 
1 0  

7 1  
72 
1 3  

14  
75 
76  
77 
78 

1 9  
80 
81 

82 
e3 
84 

85 
86 
e7 
811 
89 

1 

LIME 

90 
91 
92 

93 
94 
95 
96 
97 

98 
99 

100 

K .997 .999 1.00 
Is 0 85 
OD 2.401 

IO( 145 
KH Route p l l  through p45 
Rn 10.0 2.16 0.10 

m e45 
IO4 Subarea P45 
M 59.0 
Is 0 85 
M 2.675 

IM C45a 

uc 2 
Ccinbiae R45 and PIS 

HEC-I IHPW 

ID. . . . . . . l  ....... 2.......3.......4-......5. 
la 
un 
BA 
Is 
tm 

KK 
un 
Rn 

KK 
101 
M 
IS 
WD 

KK 
la# 
uc 
KK 
Icn 
Rw 

KK 
un 
M 
Is 
DD 

IM 
KH 
Rw 

m 
un 
M 
Is 
WD 

IM 
101 
Bc 

10[ 
1M 
M 

P2 

3e.5 

3.DO 

R6 

Subarea P2 

0 e5 

Route p2 throug p6 
10.0 2.64 0.10 

P6 

30.0 

2.36 

C45b 

3 

117. 

Subarea P6 

0 e5 

Co&inr 845.. R6 end P6 

Route C45b through P7 
10.0 1.0 0.10 

P 3  
Subarea P3 
' 39.5 

0 e5 
2.179 

Rlb 
Rout. p3 throug p l  

10.0 1.13 0.10 

e7 

25.5 

1.631 

Subarea P7 

0 85 

C l  . 
m i n e  nm, R ~ B ,  md ~7 

3 

81) 
h t e  c1 throug pe 

10.0 0.62 0.10 

...... 6. ...... l.... ... e.... . 
PAGE 2 

.. 9 . . . . . . 1 0  

Io( P e  
101 Subarea PE 
M 33 
w 0 85 
LID 1.1146 

m-I Inpm 

I D  ....... 1.......2.......3.......(.......5. 
PhGE 3 

...*.. 6. ... 7. . .  .... 8. . . . . . .9 .  ..... 10 

m cia 
KH 
nc 2 

KK K 1  

Combine FIE and PE(Basin 2 --Prabrangat Watershed north of Point A) 

wI( Subarea k1 
M 32.5 
Is 0 e5 
UD 2.356 

I M W  
KH Route H tbroup U 
m4 10.0 1.68 0.10 

1 
I 

12 

1 



101 
102 
103 
104 
105 

?x 
wn 
BA 
LS 
OD 

KlI 
wn 
flc 

KK 
wn 
Iw 

KlI 
wn 
BA 
LS 
m, 

k2 

56.5 

2.911 

c2 

2 

Subarea t2 

0 65 

Combine Rk2.and k 2  

-1 
I 

l-’ 
I 

106 
107 
100 

109 
110 
111 

Rk3 
Rout. c2 throup k3 

10.0 1.56 0.10 T 
.I 112 

113 
114 
115 
116 

k3 

57.0 

2 .573  

Subarea k3 

0 85 
1’ 
I 117 

118 
119 

120 
121 
122 

123 
124 
125 

KlI c3 
IW Combine Rk3,~nd k3 
nc 2 

:I= 
,I 

KK Rk4 
IW Route c 2  throug k3 
PN 10.0  1.56 0 .10  

k4 

36.5 

4.87 

k5 

2 1 . 5  

1 .891  

Subarea k4 

0 85 

SubaIaJ k5 

0 85 

BEC-1 x m  

3- 
, a  126 

127 

128 
129 
130 
131 
132 

x 
, I  

P u g  4 1 

LINE rr 
b 

133 
134 
135 

CIS 

3 

Rk6 

Combine RkI,K4, md k5 

Rout. c4S tbrrmg k6 
10 .0  1.40 0.10 

k6 

29.0 

2.125 

C6 

2 

Subarea k6 

0 85 

Combine Rk6 J D ~  k6 

I 
I 

136 
131 
138 

139 
140 
141 
142 

-I[ 
I 

143 

144 
145 
146 

147 
148 
149 

150 
151 
152 
153 
154 

155 
156 
157 

158 
159 
160 

KK Rk7 
101 Route c 6  throup k7 

10 .0  2.03 0 . 1 0  

KK k7 
101 Subare8 k7 
EA 15.5  
Ls 0 85 
OD 2.297 

‘P 
. I  

m 
I lac c 7  

101 Combine Rk7 Jnd k7 INJtermhed l-I(.ne Spxinpr) 
nc 2 

A 

2 

11110 
Rout. A tbroug P9/p10 

10 .0  1 .40  0.10 

C4lbine C7 and C18 (Point A) 

P9 

32.5 

1.748 

%bar.. p 9  

0 85 

PI0 
Sub8r.a p10 

161 
162 
163 

164 
165 
166 
167 
168 

169 
170 

U 
I 

13 
II 
I 



'V 
I 

T 

' I  

171 
172 
173 

1 

LINE 

174 
175 
116 

171 

179 
lie 

iao 
iai 

1114 

ias 
ias 
iai 
iaa 

102 
103 

109 

190 
191 
192 

193 
194 
19s 
196 
197 

198 
199 
200 

201 
202 
203 
204 
20s 

206 
207 
208 

209 
210 
211 
212 
213 

1 

LIAt 

214 
21s 
216 

. 217 
218 
219 

220 
221 
222 
223 
224 

22s 
226 
227 

228 
229 
230 
231 
232 

233 
234 
23s 

236 
237 
238 

4 - E  

M 50.0 

OD 2.345 
ts o as 

B E C - ~  xnm 
ID ....... 1. ...... 2.......3.......4.......S.......6.......7.......a.......9......10 

P M 3  s 

KR c10 
IM Conbine A, P9 nnd p10 
nc 3 

KK 
IM 
Rn 

KR 
IM 
M 
w 
ml 
KK 
Kn 
M 
Ls 
m 

RLXZ 

10.0 1-10 0.10 
Rout. C10 tbroug Plllp12 

P11 

36.0 

1.739 

subarea pll 

o as 

PI2 
Subarea p12 
36.5 

o as 
2.3~2 

KN c12 
IM 
IIC 3 

Colblne Rk12, pll, and p12 

SUb.r*a P13 
42-S 

2.330 
0 e5 

C13 

2 
Combin. clZ and p13 (Watorshd 31 

pi7 
Subarea p17 
42.0 

2.099 

RklL 

10.0 1.56 0.10 

o es 

h t o  pll throug P16 

Iot C16 
Wn carbine Rkl6,and P16 
BC 2 

R k l k  
Rout. C16 tbrotlp P1S 
10.0 1.65 0.10 

Subaroa pl4 
61.0 

2.271 

RklSb 
Rout. pl4 throup P1S 

0 15 

10.0 1.11 0.10 

PIS 

32.0 

1.402 

c15 

3 

B 

2 

subaroa plS 

0 OS 

Combine RklSa, RklSb, and P1S (a t  Point I) 

Cc&ino C1S and C13 

14 

..... a. 
P A t g  6 

... 9......10 
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INPUT 
LIME 

No. 

22 

36 

39 

i 

'I 

,'l 
, I  

I 
i 

, I  

4 4  

41 

52 

55 

60 

63 

239 
240 
2 4 1  

l a m  
101 
1w 10.0 1.75 0.10 

Route e15 TU- ARRornw VALLET 

242 hrrw 
143 IOI hrrau canyon 
2 4 4  Rs 1 STOR -1 
245 JI o 14 460 91s 2385 500s 
246 SE 2133 2140 2150 2160 2170 2180 
2 4 1  sp o 32s 3186 10113 z m i  4 ~ 1 6  

2411 R X G A G E  
249 1w 10.0 2.16 0.10 
250 LL 

SCBDArIC D U t M  OF S'IREAW NETWm 

( V I  RLWTIWG 

I.) CONNECTOR 

I--->) DIVERSIClS OR PWP naC 

I<---) RETUBS OF DIVERTED OR PUHPID PLCU 

PI 
V 
V 

R45 

PIS 

C45....... ...... 
92 
V .  
V 
R6 

C45b.. ............ 
V 
V 

Rl a 

P6 

... 

66 P3 

11 Am 
V 
'I 

14 Pl 

19 C?........................ 
V 
V 

82 R8 

e5 Po 

90 ClO ............ 
93 Y.l 

V 
V 

98 RL2 

. -  
101 u 

106 

109 

112 

111 

CZ. . . . . . . . . . . .  
V 
V 

Rk3 

k3 

CL........... 
V 
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f 
I 

1 
11 
. I 

123 

128 

133 

136 

139 

111 

147 

150 

15s 

156 

161 

164 

169 

174 

177 

180 

18s  

190 

193 

198 

201 

206 

k4 

k5 

c45........................ 
V 
V 

Rk6 

k6 

C6 ............ 
V 
V 

Rk7 

C l .  ........... 

209 

214 

217 

220 

22; 

220 

A............ 
V 
V 

Ilk10 

P9 

. -  - .  
C l O . . . . . . . . . . . . . . . . .  

V 
V 

RL12 

P11 

c12.. .............. 
e13 

C13.. . . . . . . . - .-  

PI0 

...... 

PI2 

....... 

C16 ............ 
V 
V 

RklSa 

pi4 
V 
V 

RklSb 

233 ClS........................ 

236 I ............ 
r 

239 Rw( 
V 

V 

1 
16 
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RUN MTS 1OIt4YOO TIHE 17:50:55 . 

......................................... ....................................... 

1 
, 1. 

3- 

I 

1 9  IO 

IT 

J? 

JR 

................................................................. 
Of 162 D q  rile. 
BASINS 1, 2, 3, and 5. P o i n t s  A and B . ................................................................. 

10-year e m n t  
prepared by VIN-nevada l a  January 2000 

A l l  t r lbutary  area nortb of Maynard Lake drains i n t o  tb d e t e n t i o n  
and dcpre3rrlon area in Pahranaqat National Wild Life Refuge 

PRtC 0.510 0.500 0.401 0.380 0.340 
MU!% 241.5 253.5 502.0 651.0 161.5 
Point  C18 Cl  A El2 B 
O u t f a l l  Ban2 Ban1 Ban3 Ban5 

mm caIRo% VarUAnUS 
I P r n  5 P R l N I c C a m l o L  
IPloz 0 P M C O w l m L  
Wu1. 0. FIww;IupBPLofsthlt 

DloRoGRMl T I M  M A  
mII 5 ILtNlITES IU CCMPUTATIQI IWTERVAL 

1- 1 0 STARTING DATE 
IYDB 0000 S?ARTING T I W  

BO 150 m u  OT rnRo3APH ORDIRATES 
lmDMs 1 0 WmIffiaMs 
mDB 1225 CNDIIOG TIllB 
1- 19  CENnmrInRx 

CaWmATXol l  INTERVAL .08 E m  
TOTAL T I M  BASK 12.42 BOORS 

0.S. MIHI CORPS OF ENGINEERS 

RYaROLOGIC CWGINEEMX CENTER . 609 SECWD STREET . DAVIS, C4LIFORNIA 95616 

(9161 756-1104 

ENGLIBB UWITS 

pEu( FLCY AND STAGE IEND-OF-PCRIoD) 5-1 FOR MWLTIPLC PWII-RATIO Lcc)(QuC COIIPUTATIQIS 
FLOVS IN CWIC FEET PER ZICCCOWD, W IN SQUARE MUS 

TIW TO PEAK IN R D m U  

RATIOS APPLIED TO PRECIPITATIaS 
STATIW RATIO 1 RATIO 2 RATIO 3 RATIO 4 RATIO S 

.51 .SO . 4 1  .38 .34 

PI 21.00 1 Flm 460. 440. 214. 161. 95. 

17 



T M  6.61 6.61 6.83 6.92 1.00 

RMmD to + ~ 4 5  26.00 

p45 59.00 

CIS. 81.00 

p2 38.50 

R6 38.50 

P6 30.00 

C45b 155.50 

R7a 155.50 

P3 39.50 

R l b  39.50 

p i  25.50 

cl  220.50 

Re 220.50 

p8 33.00 

cie 253.50 

K 1  32.50 

1 m  
TINE 

426. . 401. 
8.83 8.92 

194. 146. 
9.00 9.08 

86. 
9 .25  

1- 
II 

HYDRffiMPU AT 
+ 1 n a r  

TINE 
901. 853. 
6.92 6.92 

413. 311. 
7.08 1.11 

183. 
1 .25  

2 UXBIHEDAT 
+ 505. 319. 

1.61 1.15 
1 n o w  

TIHC 
1120. 1052. 
7.50 1.50 

221. 
1 .83  

RIMIOCIUPB AT 
+ 1 n o w  

TXHC 
540. 501. 
1.25 1.25 

245. 184. 
1.42 1.50 

108. 
1 - 5 8  

ROWTED TO 
+ 98.  

10.33 
490. 461. 
9.92 10.00 

222. 161. 
10.08 10.11 

BTDRoGlwll AT 
+ 508. 418. 

6.61 6.61 
232. 115. 
6.83 6.83 

103. 
1 . 0 0  

I t - W H  
T I l 5  

3 CCWBIWED AT 
+ 1693. 1590. 

1.50 1.50 
1 n a r  

TINE 
163. 511. 
1 .61  1.61 

333. 
7.15 

1 n a r  
TIHC 

1680. 1511. 
8-50 6.50 

157. 561. 
8 . 6 1 ,  0.15 

331. 
8-83 

109. 666. 
6.50 6.50 

325. 245. 
6.58 6.61 

145. 
6 .15  

ROUTED TO 
+ 685. 644. 

1.58 1.58 
140. 
7 . 9 2  

314. 231. 
1 .15  1.83 

'I. 1 m  
. TIME 

548. 516. 
5.92 5.92 

256. 194. 
6.08 6.11 

117. 
6.25 

3 -1lIED AT 
+ 1 o u y  

TIME 
2443. 2295. 

1.83 1.92 
1106. 830. 
8.00 8.08 

486. 
1.11 

' RoDztDto 
2433. 2286. 

8-50 8-50 
1101. 826. 

8 .61  8.61 
483. 
8.83 

HIDROQIAPB AT 
+ 1 m  

TIME 
660. 621. 
6.11 6.11 

306. 231. 
6.25 6.33 

138. 
6 .42  

518 .  J 
8.58 

2 CLWBIkiED AT 
+ 1182. 886. 

8 .42  8.50 

S M I  
TIME 

551. 518. 
6.61 6.61 

252. 190. 
6 - 8 3  6.83 

112.  
1 . 0 0  

lD5. 
8-67  

Rk2 32-50 l n x r u  
T U l s  

231. 178. 
8.50 8.58 

BTDROWUPB AT 'I k2 56.50 

c2 89.00 

nk3 89.00 

k3 51.00 

I n o w  
. TIME 

812. 763. 
1.11 1.11 

369. 211. 
1 . 3 3  1.42 

163. 
1 . 5 0  

2 CCI(BWE0 AT 
+ 1 M I  

TIME 
1241. 1166. 
7 .15  1.15 

563. 423. 
1 . 9 2  8.00 

248. 
8.06 

ROWED to 
+ 1 n x r u  

TIME 
1198. 1126. 

9.33 9.33 
543. 408. 
9.50 9.50 

239 .  
9 .61  

UYDfKGRAPE AT 
t : r 1 FuIl 

TINE 
904. 850. 
6.83 6.83 

412. 310. 
1.00 1.08 

183. 
1.11 

2 CCUBIlIEO AT 
+ c3 146.00 

Rk4 146.00 

1 F L c u  
TIME 

1610. 1511. 
0.50 8.50 

123. 541. 
8 . 6 1  8.61 

314. 
8.83 

mED to 1 n x r u  
TI?E 

isez. 1116. 
10.08 10.08 

I8 

112. 533. 
10.25 10.33 

310. 
10.42 

1 



'r -. 

"1 

HYORffiMPR AT 
t 

IiYOROGrWR AT 
+ 

3 CC?IBINED AT 
+ 

R&CD TO 
t 

BYDRCGPMR AT 

2 CCHBlNeD AT 
t 

RWTCO To 
4 

HIDRCGWR AT 
t 

2 CMBIWED AT 
+ 

2 c m 1 m  AT 
+ 

RomCO TO 
t 

R Y D n a X w R  A? 
4 

I1IDRoGIupI( AT 
t 

3 N X B I ~  A? 
+ 

RWICD TO 
t 

EYDIlCGMPR AT 
4 

BTDROGRAPB A? 

3 CMBlwED AT 
t 

HYDROCnhPB AT 
t 

2 CMBIUED AT 

RYDROGMPU AT 
t 

noma TO 

RYDRffiRAPU AT 
t 

k 4  

k5 

c4 5 

Rk6 

k6 

C6 

Rk1 

k 1  

c7 

A 

RklO 

99 

PI0 

c10 

Rk12 

PI1 

PI2 

c12 

P13 

E13 

PI7 

Ilk16 

36.50 

21.50 

204.00 

204.00 

29.00 

233.00 

233.00 

15.50 

248.50 - 
502.00 

502.00 

32.50 

50. 00 

584.50 

584.50 

36.00 

36.50 

651 -00 

42.50 

699.50 

42.00 

42.00 

27.00 

335. 
9.08 

424. 
6.17 

1934. 
9.83 

1914. 
11.25 

530. 
6.42 

1940. 
11.17 

1848. 
12.42 

268. 
6.58 

im. rn 

3556. 
8 . 0  

3515. 
10.08 

672. 
6.00 

851. 
6.67 

3702. 
9-83 

3669. 
11.25 

746. 
6.00 

614. 
6.67 

3734. 
11.08 

113. 
6.61 

3199. 
11.00 

173. 
6.42 

726. 
8.00 

525. 
6.25 

314. 
9.08 

399. 
6.17 

1816. 
9.83 

1797. 
11.25 

498. 
6.42 

1822. 
11.11 

1134. 
12.42 

252. 
6.58 

1741. 
12.42 

3340. 
8.67 

3301. 
10.17 

632. 
6.08 

800. 
6.61 

3416. 
9.83 

3446. 
11.25 

702. 
6.00 

577. 
6.67 

3506. 
11.08 

670. 
6-67 

3561. 
11.00 

721; 
6.42 

682. 
8.00 

494. 
6.25 

19 

151. 
9.17 

196. 
6.33 

870. 
10.00 

860. 
11.42 

243. 
6.58 

872. 
11.33 

em. 
12.42 

123. 
6.75 

822. 
12.42 

1604. 
8.83 

4% 
312. 
6.17 

389. 
6.75 

1666. 
10.00 

1651. 
11.42 

347. 
6.11 

281. 
6.83 

1679. 
11.25 

326. 
6.83 

1707. 
11.11 

355. 
6.50 

333. 
8.17 

242. 
6.33 

113. 
9.25 

148. 
6.42 

651. 
10.08 

644. 
11.12 

183. 
6.61 

652. 
11.33 

607. 
12.42 

92. 
6.83 

610. 
12.42 

1201. 
8-93 

1186. 
10.33 

237. 
6.25 

293. 
6.83 

1247. 
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sect ion 4: Hydrologic and- Hydraulic Modeling 

4 . 1  General 

The hydro logic  modeling approach t a k e n  i n  t h i s  s t u d y  w a s  
s imi l a r  i n  concept  t o  t h a t  fo l lowed i n  t he  CFCMP. A hydrograph 
from t h e  upper Moapa Valley d ra inage  (above t h e  G l e n d a l e  gauge. 
and w e l l s  s i d i n g  Diversion d a m )  was developed from a n a l y s i s  of 
the  h i s t o r i c  record and used a s  input for  t h e  Corps of Engineers' 
H E C - 1  f l o o d  hydrograph  c o m p u t e r  model. Peak f l o w  v a l u e s  
gene ra t ed  by t h e  HEC-1 modeling w e r e  i n  t u r n  used a s  i n p u t  for 
t h e  Corps of Engineers' HEC-2 water  s u r f a c e  p r o f i l e  computer  
program. + 

The scope of t h i s  analysis,  however, required p red ic t ion  of 
both  peak f l o o d  f lows  and volumes . for  t h e  upper  Moapa V a l l e y  in 
order to evaluate the effect iveness  of detent ion s to rage  in the 
upper basins  t o  reduce peak f lows i n  the lower Moapa Valley. 

The methods, assumptions, and r e s u l t s  of the-hydro logic  and 
h y d r a u l i c  modeling e f f o r t s  used i n  t h i s  s t u d y  t o  e s t i m a t e  peak 
flow and volume are described i n  t h i s  section. 

c 

4 . 2  U p p e r  Moapa Valley Hydroloqic Analysis 

The major  watersheds t h a t  can cause  f l o o d i n g  in t h e  l o w e r  
Moapa 'Valley a r e  t h e  upper  Muddy' R i v e r  (above t h e  mouth of 
C a l i f o r n i a  Wash), California. 'Wash, and Meadow V a l l e y  Wash. T h e  
m a j o r  w a t e r s h e d s  a r e  shown i n  F i g u r e  4.1. A l l  of these  
watersheds combine near Glendale, where flow has been monitored 
by t h e  U.S. Geologic Survey s i n c e  1950 (USGS Gauge 09419000). 
Flow8 have a l s o  been monitored on t h e  upper  Muddy R i v e r  n e a r  

q u a r e  m i l e s  ( U S G S ,  1987) o f  t h e  a r ea  b e  
Arrowhead Canyon dam which dampens f lood  f l  

(1) An S-graph ana lys i s  of precipi ta t ion-runoff ;  

4-1 111 E 












	07-09-1485P - The Pahranagat Wash - Letter of Map Revision Application - February 2007
	Letter Of Transmittal�
	Approval Letter�
	Standard Form 1�
	Storm Centering Study for Pahranagat Valley - Upstream of Moapa, Nevada
	Addendum #1 to the Storm Centering Study




