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Section I Introduction 

1 .I. Purpose of Study 

The purpose of this study is to delineate the 100-Year Zone A Floodplains for 
Phase Ill of the Lower Centennial Wash Watershed. The goal is to delineate 
floodplains before development occurs to improve upon floodplain management 
and minimize losses due to flooding. 

1.2. Authority for the Study 

The Flood Control District of Maricopa County contracted RBF Consulting to 
perform the study based on existing 10 foot contour interval topographic 
mapping. The main contacts, addresses, and other information about both the 
Flood Control District and RBF Consulting are: 

Flood Control District of Maricopa County 
Address: 2801 West Durango Street 

Phoenix, Arizona 85009 
Phone: (602) 506-1 501 
Project Manager: Mr. Richard Harris, P.E., CFM 

RBF Consulting 
Address: 16605 North 28th Avenue, Suite 100 

Phoenix, Arizona 85053 
Phone: (602) 467-2200 
Principal-in-Charge: Michael Bruz, P.E. 
Project Manager: Nathan Ford, P.E. 

I .3. Site Location and Description 

Lower Centennial Wash Watershed is located in the western part of Maricopa 
County. Phase Ill is located north of the Centennial Wash, Phases I and II, and 
west of the Gila River and Old US Highway 80. This report discusses the 
floodplain delineation of approximately 61.8 miles of washes. These washes 
drain into the Centennial Wash and are classified as desert washes with mild 
slopes. The washes have been named according to the Township, Range, and 
Section where they join with Centennial Wash (floodplain) according to Maricopa 
County requirements. See Figure 1 .I for the location of Phase Ill and the 
proposed floodplains being delineated as part of this study. 
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1.4. Methodology 

I .4.1. Hydrology 

Peak flows were determined for both the 100-year 6-hour and 100-year 24-hour 
storms using the U.S. Army Corps of Engineers HEC-1 software package, 
version 4.1, dated June 1998, as outlined in Section 4 of this report. HEC-1 
model parameters were determined using WMS 7.0, the Watershed Modeling 
System, distributed by Environmental Modeling System-Incorporated (EMS-I). 
The Flood Control District of Maricopa County provided RBF Consulting with a 
digital elevation model (DEM) that contains data points on 10-foot grid elements. 
WMS analyzed the DEM, SCS (now NRCS) soils data, and land use data in 
order to create a HEC-1 model based on the Flood Control District's criteria. The 
peak flows produced by the HEC-1 model were then compared to three regional 
regression equations. A more detailed explanation of the hydrologic 
methodology and results are provided in Section 4. 

1.4.2. Hydraulics and Floodplain Delineation 

A geomorphic assessment was produced as a guideline for study reach selection 
and to help identify areas where approximate analysis would not be sufficiently 
complex to accurately predict floodplain boundaries. The geomorphic 
assessment is a separate document titled Lower Centennial Wash Watershed 
Zone A Delineation Study, Low Level Geomorphic Assessment prepared by 
Earth Consultants International in 2005 for RBF Consulting and the Flood Control 
District of Maricopa County. Generally, active fan and alluvial plain areas were 
avoided as shown on Figure 1.2 Lower Centennial Wash Watershed 
Geomorphology. 

Both normal depth and critical depth were calculated using the peak flow rate for 
each wash. Normal depth was used to delineate the Zone A floodplains if it was 
subcritical flow. Critical depth was used to map the floodplain when normal 
depth indicated supercritical flow, as a conservative measure. Manning's 
equation was used to determine normal depth. WMS was used to determine the 
cross section geometry at different locations along each wash, and to determine 
the normal depth for the 100-year storm using Manning's equation. Once the 
normal depth was determined, the floodplain could be delineated. 

1.5. Summary of Results 

The study resulted in the delineation of approximately 61.8 miles of Zone A 
floodplain through approximate methods. The floodplains have been plotted on 
the Hydraulic Study Maps, located at the end of this report. 
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Section 2 FEMA Forms 

2.1. Study Documentation Abstract for FEMA Submittals 
Study 
for FEMA 
2.1 .I 

2.1.2 

2.1.3 

2.1.4 

2.1.5 

2.1.6 

2.1.7 

2.1.8 

2.1.9 

2.1.10 

Initial 
study 

Documentation Abstract 
Submittals 

Date Study Accepted 

Study Contractor 
Contact 
Address 

Phone 
Internal Reference # 
FEMA Technical Review 
Contractor 
Contact 
Address 

Phone 
Internal Reference # 
FEMA Regional 
Reviewer 
Phone 
State NFlP 
Coordinator 
Phone 
Local Technical 
Reviewer 
Phone 
Reach Description 

USGS Quad Sheet 

Original photo date 
Latest photo revision 
date 
Unique Conditions and 
Problems 
Coordination of Q's 
Discharges 
(Agency, Date, 
Comments) 

RBF Consulting 
Michael Bruz, P.E. 
16605 North 28th Avenue, Suite 100 
Phoenix, Arizona 85053-7550 
602-467-2200 
45-1 01 952 
Michael Baker, Jr., Inc. 

Craig Kennedy 
3601 Eisenhower Ave., Suite 130 
Alexandria, VA 22304-6425 
703-960-8800 X 3091 

Michael Baker, Jr., Inc. 

703-960-8800 
Brian Cosson, CFM 
Arizona Department of Water Resources 
602-771 -8657 
Flood Control District of Maricopa County 

602-506-1 501 
Wash T I  SR8WS5, T I  SR8WS13-1, T I  SR8WS13-1 
Tributaries 1-4, T I  SR8WS13-2, T I  SR8WSl3-2 Tributary 1, 
TISR7WS18, T I  SR7WS21, T I  SR7WS21 Tributaries 1-3, 
TlSR7WS22-1, T I  SR7WS22-2, T I  SR7WS22-2 Tributaries 1 
& 2 are desert washes that all drain into Centennial Wash. 
Saddle Mt., Tonopah, Fourth of July Butte, Gillespie 
Arizona Arizona Arizona Arizona 
1956& 1960 1960 1956 & 1960 1960 
1984 1981 1984 1981 

Restudy CLOMR LOMR 
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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 comer 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. 

FEDERALEMERGENCYMANAGEMENTAGENCY 

OVERVIEW & CONCURRENCE FORM 

A. REQUESTED RESPONSE FROM FEMA 

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

This request is for a (check one): 

CLOMR: 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). 

LOMR: 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.) 

2 

B. OVERVIEW 

FEMA Form 81-89, SEP 02 

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

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

2. Flooding Source: See attached sheet for flooding sources. 

3. Project Namelldentifier: Lower Centennial Wash Watershed Zone A Floodplain Delineation Study Phase Ill FCD 2003C061 

4. FEMA zone designations affected: A (choices: A, AH, AO, A1-A30, A99, AE, AR, V, V1-V30, VE, B, C, D, X) 

5. Basis for Request and Type of Revision: 

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

Physical Change Improved MethodologyIData 

Regulatory Floodway Revision [XI Other (Attach Description) 

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

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

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

Alluvial fan Lakes Cj Other (Attach Description) 

Structures: Channelization LeveelFloodwall BridgeICulvert 

Dam Fill Other, Attach Description 

Panel No. 
0005D 
0220G 

Community No. - 
Ex: 480301 

480287 

Effective Date 
02/08/83 
09/28/90 

State 
TX 
TX 

Community Name 
City of Katy 
Harris County 
See attached sheet for affected panels 

Map No. 
480301 
48201 C 



C. REVIEW FEE 

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

No, Attach Explanation 

Please see the FEMA Web site at http://www.fema.gov/fhm/frm fees.shtm for Fee Amounts and Exemptions. 

D. SIGNATURE 

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

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. 

Name: Richard P. Harris, P.E., CFM 

Mailing Address: 
2801 West Durango Street 
Phoenix, AZ 85009 

Company: Flood Control District Maricopa County 

Daytime Telephone No.: 
602-506-4528 

Signature of Requester (required): -6 

Fax No.: 
602-506-4601 

Date: 

0 Y/O 7/06 

E-Mail Address: rph@maiI.maricopa.gov 

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. 

Telephone No.: 
602-506-1 501 

Date: 

+\0\0& 

Community Official's Name and Title: Timothy S. Phillips, P.E., Chief Engineer and General Manager 

Gommunity Name: Maricopa County Community Official's Signature (required): 

7- 5- 

CERTIFICATION BY REGISTERED PROFESSIONAL ENGINEER AND/OR LAND SURVEYOR 

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. 

Expiration Date: 
1213112006 

Fax No.: 
602-467-2201 

Date: 

5/91 0 6  

Certifier's Name: Nathan Ford 

Company Name: RBF Consulting 

License No.: 40054 

Telephone No.: 602-467-2200 

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

Form Name and (Number) Required i f  ... 

Riverine Hydrology and Hydraulics Form (Form 2) New or revised discharges or water-surface elevations 

Riverine Structures Form (Form 3) Channel is modified, additionlrevision of bridgelculverts, 
additionlrevision of leveelfloodwall, additionlrevision of dam 

Coastal Analysis Form (Form 4) New or revised coastal elevations 

Coastal Structures Form (Form 5) Additionlrevision of coastal structure Seal (Optional) 

[7 Alluvial Fan Flooding Form (Form 6) Flood control measures on alluvial fans 



The following NFIP map panels affected for all impacted communities are: 

I Community I Community I State I Map No. ( Panel No. I Effective 
No. 

040037 

040037 

Panel 1950G Flooding Source: Wash T1 SR8WS5, Wash T1 SR8WS 13-1, Wash 
TlSR8WS13-1 Tributary 1, Wash TlSR8WS13-1 Tributary 2, Wash TlSR8WS13-1 
Tributary 4, Wash TlSR8WS13-2, Wash T1 SR7WS21, Wash T1 SR7WS21 Tributary 1, 
Wash TlSR7WS22-2, Wash TlSR7WS22-2 Tributary 2. 

040037 

040037 

Panel 24256 Flooding Source: Wash TlSR8WS5, Wash TlSR8WS13-1, Wash 
TlSR8WS 13-1 Tributary 1, Wash T1 SR8WS13-1 Tributary 2, Wash T1 SR8WS13-1 
Tributary 3, Wash T1 SR8WS13-2, Wash TlSR8WS13-2 Tributary 1, Wash 
TlSR7WS18, Wash TlSR7WS21 Tributary 1, Wash TlSR7WS21 Tributary 2. 

Name 
Maricopa 
County 

Maricopa 

Panel 24506 Flooding Source: Wash T1 SR7WS21, Wash T1 SR7WS21 Tributary 1, 
Wash T1 SR7WS21 Tributary 2, Wash TlSR7WS21 Tributary 3, Wash TlSR7WS22-1, 
Wash T1 SR7WS22-2, Wash T1 SR7WS22-2 Tributary 1. 

* Panel Not Printed 

County 
Maricopa 
County 

Maricopa 
County 

Panel 1975D Flooding Source: Wash TlSR7WS21, Wash TlSR7WS21 Tributary 3, 
Wash T1 SR7WS22-2, Wash T1 SR7WS22-2 Tributary 1, Wash T1 SR7WS22-2 Tributary 
2. 

AZ 

AZ 

AZ 

AZ 

0401 3C 

04013C 

0401 3C 

04013C 

19506 

24256 

Date 
9/30/05 

9/30/05 

24506 

1975D* 

9/30/05 

9/30/05 



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 OM0 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, Papetwork 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. 

FEDERALEMERGENCYMANAGEMENTAGENCY 

RlVERlNE HYDROLOGY & HYDRAULICS FORM 

Flooding Source: TlSR8WS5 
Note: Fill out one form for each flooding source studied 

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

A. HYDROLOGY 

. 

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

[7 Not revised (skip to section 2) No existing analysis Improved data 

Alternative methodology Proposed Conditions (CLOMR) [7 Changed physical condition of watershed 

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

Location Drainage Area (Sq. Mi.) FIS (cfs) Revised (cfs) 
CENTENNIAL WASH (CP130) 1.03 Not Studied 

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

Statistical Analysis of Gage Records PrecipitationlRunoff Model HEC-1 [TR-20, HEC-1, HEC-HMS etc.] 
Regional Regression Equations Other (please attach description) 

Please enclose all relevant models in digital format, maps, computations (including computation of parameters) 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:l/www.ferna.gov/fhrnlen_modl.shtm. 

4. ReviewlApproval of Analysis 

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

5. Impacts of Sediment Transport on Hydrology 

Was sediment transport considered? Yes No If yes, then fill out Section F (Sediment Transport) of Form 3. If No, then attach 
your explanation for why sediment transport was not considered. 

8. HYDRAULICS 

1. Reach to be Revised 

Description Cross Section Water-Surface Elevations (ft.) 
Effective ProposedlRevised 

Downstream Limit 

Upstream Limit 

2. Hydraulic Method Used 

Hydraulic Analysis Normal 

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 Hydraulic Models 

FEMA has developed two review programs, CHECK-2 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-ZHEC-RAS. CHECK-2 and CHECK-RAS identify 
areas of potential error or concern. These tools do not replace engineering judgment. CHECK-2 and CHECK-RAS can be downloaded from 
http://www.fema.gov/fhm/frm~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-ZHEC-RAS models reviewed with CHECK-ZCHECK-RAS? '13j yes NO 
I 

4. Models Submitted 

1 Duplicate Effective Model* 
Corrected Effective Model' 

Natural File Name: 
Natural File Name: 

Existing or Pre-Project Conditions Model Natural File Name: 
Revised or Post-Project Conditions Model Natural File Name: 
Other - (attach desciiption) Natural File Name: 

Floodway File Name: 
Floodway File Name: 
Floodway File Name: 
Floodway File Name: 
Floodway File Name: 

I 'Not required for revisions to approximate 1%-annual-chance floodplains (Zone A) -for details, refer to the corresponding section of the instructions. I 
I 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/fhmlen-modI.shtm. I 
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%-annual-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.). 

Note that the boundaries of the existing or proposed conditions floodplains and regulatory floodway to be shown on the revised FlRM andlor FBFM 
lust tie-in with the effective floodplain and regulatory floodway boundaries. Please attach a copy of the effective FlRM andlor FBFM, annotated 
J 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? Yes No 

For CLOMR requests, if either of the following is true, please submit evidence of compliance with Section 65.12 of the NFlP regulations: 
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. Does the request involve the placement or proposed placement of fill? Yes No 

If Yes, the community must be able to certify that the area to be removed from the special flood hazard area, to include any stmctures 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. 

3. For LOMR requests, is the regulatory floodway being revised? Yes IXI No 

If Yes, attach evidence of regulatory floodway revision notification. As per Paragraph 65.7(b)(I) 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 Instmctions.) 

4. For LOMR requests, does this request require property owner notification and acceptance of BFE increases? Yes [XI No 

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. 

+ 
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- 
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, Pape~lork 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. 

FEDERALEMERGENCYMANAGEMENTAGENCY 

RlVERlNE HYDROLOGY & HYDRAULICS FORM 

Flooding Source: TlSR8WS13-1 
Note: Fill out one form for each flooding source studied 

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

A. HYDROLOGY 

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

Not revised (skip to section 2) No existing analysis Improved data 

Alternative methodology Proposed Conditions (CLOMR) Changed physical condition of watershed 

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

Location Drainage Area (Sq. Mi.) FIS (cfs) Revised (cfs) 
CENTENNIAL WASH (CP117) 9.17 Not Studied 

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

Statistical Analysis of Gage Records PrecipitationlRunoff Model HEC-1 (TR-20, HEC-1, HEC-HMS etc.] 
Regional Regression Equations Other (please attach description) 

Please enclose all relevant models in digital format, maps, computations (including computation of parameters) 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.gov/fhmlen~modl.shtm. 

4. ReviewlApproval of Analysis 

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

5. Impacts of Sediment Transport on Hydrology 

Was sediment transport considered? Yes [XI No If yes, then fill out Section F (Sediment Transport) of Form 3. If No, then attach 
your explanation for why sediment transport was not considered. 

B. HYDRAULICS 

1. Reach to be Revised 

Description Cross Section Water-Surface Elevations (ft.) 
Effective ProposedIRevised 

Downstream Limit 

Upstream Limit 

L. Hydraulic Method Used 

Hydraulic Analysis Normal Depth Analysis [HEC-2 , HEC-RAS, Other (Attach description)] 
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B. HYDRAULICS (CONTINUED) 

3. Pre-Submittal Review of Hvdraulic Models 

FEMA has developed two review programs, CHECK-2 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-ZHEC-RAS. CHECK9 and CHECK-RAS identify 

C areas of potential error or concern. These tools do not replace engineering judgment. CHECK9 and CHECK-RAS can be downloaded from 
http://www.fema.gov/fhm/frm~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-ZHEC-RAS models reviewed with CHECK-ZCHECK-RAS? Yes 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 Natural File Name: Floodway File Name: 
Revised or Post-Project Conditions Model Natural File Name: Floodway File Name: 
Other - (attach description) Natural File Name: Floodway File Name: 

'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%-annual-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.). 

Note that the boundaries of the existing or proposed conditions floodplains and regulatory floodway to be shown on the revised FlRM andlor FBFM 
nust tie-in with the effective floodplain and regulatory floodway boundaries. Please attach a copy of the effective FlRM andlor FBFM, annotated 
10 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. 

L 

D. COMMON REGULATORY REQUIREMENTS 

1. For CLOMR requests, do Base Flood Elevations (BFEs) increase? Yes No 

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

2. Does the request involve the placement or proposed placement of fill? Yes No 

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. 

3. For LOMR requests, is the regulatory floodway being revised? Yes ISI No 

If Yes, attach evidence of regulatory floodway revision notification. As per Paragraph 65.7(b)(I) 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.) 

4. For LOMR requests, does this request require property owner notification and acceptance of BFE increases? Yes • No 

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. 
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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 
above address. 

FEDERALEMERGENCYMANAGEMENTAGENCY 
RlVERlNE HYDROLOGY & HYDRAULICS FORM 

Flooding Source: TlSR8WS13-1 TRIBUTARY 1 
Note: Fill out one form for each flooding source studied 

_I 

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

A. HYDROLOGY 

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

Not revised (skip to section 2) IXI No existing analysis Improved data 

Alternative methodology Proposed Conditions (CLOMR) Changed physical condition of watershed 

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

Location Drainage Area (Sq. Mi.) FIS (cfs) Revised (cfs) 
TlSR8WS13-1 (CP128) 2.42 Not Studied 

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

Statistical Analysis of Gage Records [XI PrecipitationlRunoff Model HEC-1 VR-20, HEC-1, HEC-HMS etc.] 
Regional Regression Equations Other (please attach description) 

Please enclose all relevant models in digital format, maps, computations (including computation of parameters) and documentation to support 
the new analysis. The document, "Numerical Models Accepted by FEMA for NFIP Usage" lists the models accepted by FEMA. This document 
can be found at: http:llwww.fema.gov/fhmlen~modl.shtm. 

4. ReviewIApproval of Analysis 

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

5. Impacts of Sediment Transport on Hydrology 

Was sediment transport considered? Yes IXI No If yes, then fill out Section F (Sediment Transport) of Form 3. If No, then attach 
your explanation for why sediment transport was not considered. 

B. HYDRAULICS 

1. Reach to be Revised 

Description Cross Section Water-Surface Elevations (ft.) 
Effective ProposedlRevised 

Downstream Limit 

Upstream Limit 

2. Hydraulic Method Used 

Hydraulic Analysis Normal Depth Analysis [HEC-2 , HEC-RAS, Other (Attach description)] 
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B. HYDRAULICS (CONTINUED) 

3. Pre-Submittal Review of Hvdraulic Models 

FEMA has developed two review programs, CHECK-2 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-ZHEC-RAS. CHECK9 and CHECK-RAS identify 
areas of potential error or concern. These tools do not replace engineering judgment. CHECK-2 and CHECK-RAS can be downloaded from 
http://www.fema.gov/fhm/frrn-soft.shtrn. 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-ZHEC-RAS models reviewed with CHECK-2lCHECK-RAS? • Yes • 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 Natural File Name: Floodway File Name: 
Revised or Post-Project Conditions Model Natural File Name: Floodway File Name: 
Other - (attach description) Natural File Name: Floodway File Name: 

*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~rnodl.shtm. 

i 

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%-annual-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.). 

Note that the boundaries of the existing or proposed conditions floodplains and regulatory floodway to be shown on the revised FlRM and/or FBFM 
nust tie-in with the effective floodplain and regulatory floodway boundaries. Please attach a copy of the effective FlRM andlor FBFM, annotated 
co 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. 

L 

D. COMMON REGULATORY REQUIREMENTS 

1. For CLOMR requests, do Base Flood Elevations (BFEs) increase? 17 Yes • No 

For CLOMR requests, if either of the following is true, please submit evidence of compliance with Section 65.12 of the NFlP regulations: 
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. Does the request involve the placement or proposed placement of fill? Yes No 

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. 

3. For LOMR requests, is the regulatory floodway being revised? • Yes IXI No 

If Yes, attach evidence of regulatory floodway revision notification. As per Paragraph 65.7(b)(I) 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.) 

4. For LOMR requests, does this request require property owner notification and acceptance of BFE increases? • Yes IXI No 

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. 
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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 inst~ctions, 
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. 

FEDERALEMERGENCYMANAGEMENTAGENCY 
RlVERlNE HYDROLOGY & HYDRAULICS FORM 

+ 

Flooding Source: T I  SR8WS13-1 TRIBUTARY 2 
Note: Fill out one form for each flooding source studied 

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

A. HYDROLOGY 

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

[7 Not revised (skip to section 2) No existing analysis Improved data 

Alternative methodology Proposed Conditions (CLOMR) Changed physical condition of watershed 

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

Location Drainage Area (Sq. Mi.) FIS (cfs) Revised (cfs) 
TlSR8WS13-1 (CP123A) 2.42 Not Studied 

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

[7 Statistical Analysis of Gage Records PrecipitationlRunoff Model HEC-1 [TR-20, HEC-1, HEC-HMS etc.] 
Regional Regression Equations Other (please attach description) 

Please enclose all relevant models in digital format, maps, computations (including computation of parameters) 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:/lwww.fema.govlfhm/en_modl.shtm. 

4. ReviewIApproval of Analysis 

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

5. Impacts of Sediment Transport on Hydrology 

Was sediment transport considered? Yes No If yes, then fill out Section F (Sediment Transport) of Form 3. If No, then attach 
your explanation for why sediment transport was not considered. 

B. HYDRAULICS 

1. Reach to be Revised 

Description Cross Section Water-Surface Elevations (ft.) 
Effective ProposedlRevised 

Downstream Limit 

Upstream Limit 

2. Hydraulic Method Used 

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

_I 
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B. HYDRAULICS (CONTINUED) 

3. Pre-Submittal Review of Hydraulic Models 

1 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-UHEC-RAS. CHECK-2 and CHECK-RAS identify 

I 
areas of potential error or concern. These tools do not replace engineering judgment. CHECK-2 and CHECK-RAS can be downloaded from 
http://www.fema.gov/fhm/frm_soR.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-ZHEC-RAS models reviewed with CHECK-UCHECK-RAS? 

1 4. Models Submitted 

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

Yes No 

Floodway File Name: 
Floodway File Name: 
Floodway File Name: 
Floodway File Name: 
Floodway File Name: 

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

I 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. I 

- 

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%-annual-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.). 

Note that the boundaries of the existing or proposed conditions floodplains and regulatory floodway to be shown on the revised FlRM andlor FBFM 
nust tie-in with the effective floodplain and regulatory floodway boundaries. Please attach a copy of the effective FlRM andlor FBFM, annotated 
.o 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? Yes No 

For CLOMR requests, if either of the following is true, please submit evidence of compliance with Section 65.12 of the NFlP regulations: 
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. Does the request involve the placement or proposed placement of fill? Yes No 

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. 

3. For LOMR requests, is the regulatory floodway being revised? El Yes El No 

If Yes, attach evidence of regulatory floodway revision notification. As per Paragraph 65.7(b)(I) 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.) 

4. For LOMR requests, does this request require property owner notification and acceptance of BFE increases? Yes IXI No 

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. 

1 
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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, 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. 

FEDERALEMERGENCYMANAGEMENTAGENCY 

RlVERlNE HYDROLOGY & HYDRAULICS FORM 

Flooding Source: TlSR8WS13-1 TRIBUTARY 3 
Note: Fill out one form for each flooding source studied 

L 

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

A. HYDROLOGY 

+ 

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

• Not revised (skip to section 2) No existing analysis Improved data 

Alternative methodology Proposed Conditions (CLOMR) Changed physical condition of watershed 

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

Location Drainage Area (Sq. Mi.) FIS (cfs) Revised (cfs) 
TlSR8WS13-1 (8119) 1.18 Not Studied 

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

Statistical Analysis of Gage Records PrecipitationlRunoff Model HEC-1 FR-20, HEC-1, HEC-HMS etc.] 
Regional Regression Equations Other (please attach description) 

Please enclose all relevant models in digital format, maps, computations (including computation of parameters) 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:llwww.fema.govlfhmlen~modl.shtm. 

4. ReviewIApproval of Analysis 

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

5. Impacts of Sediment Transport on Hydrology 

Was sediment transport considered? Yes No If yes, then fill out Section F (Sediment Transport) of Form 3. If No, then attach 
your explanation for why sediment transport was not considered. 

B. HYDRAULICS 

1. Reach to be Revised 

Description Cross Section Water-Surface Elevations (ft.) 
Effective ProposedlRevised 

Downstream Limit 

Upstream Limit 

2 .  Hvdraulic Method Used 

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

/ 
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B. HYDRAULICS (CONTINUED) 

3. Pre-Submittal Review of Hvdraulic Models 1 
1 FEMA has developed two review programs, CHECK-2 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-UHEC-RAS. CHECK-2 and CHECK-RAS identify 

I 
areas of potential error or concern. These tools do not replace engineering judgment. CHECK9 and CHECK-RAS can be downloaded from 
http://www.fema.gov/fhm/frm~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-UHEC-RAS models reviewed with CHECK-UCHECK-RAS? Yes No 

4. Models Submitted 

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

Floodway File Name: 
Floodway File Name: 
Floodway File Name: 
Floodway File Name: 
Floodway File Name: 

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

I 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. I 

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%-annual-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.). 

Note that the boundaries of the existing or proposed conditions floodplains and regulatory floodway to be shown on the revised FlRM and/or FBFM 
lust tie-in with the effective floodplain and regulatory floodway boundaries. Please attach a copy of the effective FlRM andlor FBFM, annotated 
J 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? Yes No 

For CLOMR requests, if either of the following is true, please submit evidence of compliance with Section 65.12 of the NFlP regulations: 
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. Does the request involve the placement or proposed placement of fill? Yes No 

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. 

3. For LOMR requests, is the regulatory floodway being revised? Yes IXI 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.) 

4. For LOMR requests, does this request require property owner notification and acceptance of BFE increases? • Yes El No 

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. 

.. 
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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 
above address. 

FEDERAL EMERGENCY MANAGEMENT AGENCY 
RlVERlNE HYDROLOGY & HYDRAULICS FORM 

T 

Flooding Source: TlSR8WS13-1 TRIBUTARY 4 
Note: Fill out one form for each flooding source studied 

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

A. HYDROLOGY 

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

Not revised (skip to section 2) IXI No existing analysis Improved data 

Alternative methodology Proposed Conditions (CLOMR) Changed physical condition of watershed 

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

Location Drainage Area (Sq. Mi.) FIS (cfs) Revised (cfs) 

TISR8WS13-1 (8121) 0.34 Not Studied 

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

Statistical Analysis of Gage Records PrecipitationlRunoff Model HEC-1 VR-20, HEC-1, HEC-HMS etc.] 
Regional Regression Equations Other (please attach description) 

Please enclose all relevant models in digital format, maps, computations (including computation of parameters) 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:/lwww.fema.gov/fhm/en_modl.shtm. 

4. ReviewIApproval of Analysis 

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

5. Impacts of Sediment Transport on Hydrology 

Was sediment transport considered? Yes [XI No If yes, then fill out Section F (Sediment Transport) of Form 3. If No, then attach 
your explanation for why sediment transport was not considered. 

B. HYDRAULICS 

1. Reach to be Revised 

Description Cross Section Water-Surface Elevations (fi.) 
Effective ProposedlRevised 

Downstream Limit 

Upstream Limit 

L. Hvdraulic Method Used 

Hydraulic Analysis Normal Depth Analysis [HEC-2 , HEC-RAS, Other (Attach description)] 
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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-ZHEC-RAS. CHECK-2 and CHECK-RAS identify 

I 
areas of potential error or concern. These tools do not replace engineering judgment. CHECK-2 and CHECK-RAS can be downloaded from 
http:llwww.fema.govlfhmlfrm~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-UHEC-RAS models reviewed with CHECK-ZCHECK-RAS? Yes No 

1 4. Models Submitted 

Duplicate Effective Model* 
Corrected Effective Model* 

Natural File Name: 
Natural File Name: .~. .. . -  

Existing or Pre-Project Conditions Model Natural File Name: 
Revised or Post-Project Conditions Model Natural File Name: 
Other - (attach description) Natural File Name: 

Floodway File Name: 
Floodway File Name: 
Floodway File Name: 
Floodway File Name: 
Floodway File Name: 

I 'Not required for revisions b approximate 1%-annual-chance floodplains (Zone A) -for details, refer b the corresponding section of the instructions. I 
I 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.govIfhmIen~modl.shtm. I 
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%-annual-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.). 

Note that the boundaries of the existing or proposed conditions floodplains and regulatory floodway to be shown on the revised FlRM and/or FBFM 
~ u s t  tie-in with the effective floodplain and regulatory floodway boundaries. Please attach a copy of the effective FlRM 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? Yes No 

For CLOMR requests, if either of the following is true, please submit evidence of compliance with Section 65.12 of the NFlP regulations: 
The proposed project encroaches upon a regulatoly 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. Does the request involve the placement or proposed placement of fill? Yes No 

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. 

3. For LOMR requests, is the regulatory floodway being revised? Yes El 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.) 

4. For LOMR requests, does this request require property owner notification and acceptance of BFE increases? Yes [XI No 

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. 

4 
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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 comer 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. 

FEDERALEMERGENCYMANAGEMENTAGENCY 
RlVERlNE HYDROLOGY & HYDRAULICS FORM 

Flooding Source: T I  SR8WS13-2 
Note: Fill out one form for each flooding source studied 

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

A. HYDROLOGY 

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

Not revised (skip to section 2) IXj No existing analysis Improved data 

Alternative methodology Cj Proposed Conditions (CLOMR) Cj Changed physical condition of watershed 

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

Location Drainage Area (Sq. Mi.) FIS (ds) Revised (cfs) 
CENTENNIAL WASH (CP112) 3.33 Not Studied 1,654 

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

Statistical Analysis of Gage Records IXj PrecipitationlRunoff Model HEC-1 [TR-20, HEC-1, HEC-HMS etc.] 
Regional Regression Equations Other (please attach description) 

Please enclose all relevant models in digital format, maps, computations (including computation of parameters) and documentation to support 
the new analysis. The document, "Numerical Models Accepted by FEMA for NFIP Usage" lists the models accepted by FEMA. This document 
can be found at: http://www.ferna.gov/fhrnlen_modl.shtm. 

4. ReviewlApproval of Analysis 

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

5. Impacts of Sediment Transport on Hydrology 

Was sediment transport considered? Cj Yes No If yes, then fill out Section F (Sediment Transport) of Form 3. If No, then attach 
your explanation for why sediment transport was not considered. 

B. HYDRAULICS 

1. Reach to be Revised 

Description Cross Section Water-Surface Elevations ( f t . )  
Effective ProposedIRevised 

Downstream Limit 

Upstream Limit 

2. Hvdraulic Method Used 

Hydraulic Analysis Normal Depth Analysis [HEC-2 , HEC-RAS, Other (Attach description)] 
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B. HYDRAULICS (CONTINUED) 

3. Pre-Submittal Review of Hydraulic Models 

FEMA has developed two review programs, CHECK-2 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-ZHEC-RAS. CHECK-2 and CHECK-RAS identify 
areas of potential error or concern. These tools do not replace engineering judgment. CHECK-2 and CHECK-RAS can be downloaded from 
http:llwww.fema.govlfhrnlfrrn_soft.shtrn. 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-21HEC-RAS models reviewed with CHECK-ZCHECK-RAS? Yes 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 Natural File Name: Floodway File Name: 
Revised or Post-Project Conditions Model Natural File Name: Floodway File Name: 
Other - (attach description) Natural File Name: Floodway File Name: 

'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/fhmlen_modl.shtrn. 

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%-annual-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.). 

Note that the boundaries of the existing or proposed conditions floodplains and regulatory floodway to be shown on the revised FlRM andlor FBFM 
lust tie-in with the effective floodplain and regulatory floodway boundaries. Please attach a copy of the effective FlRM andlor FBFM, annotated 

.o 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? Yes No 

For CLOMR requests, if either of the following is true, please submit evidence of compliance with Section 65.12 of the NFlP regulations: 
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. Does the request involve the placement or proposed placement of fill? Yes No 

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. 

3. For LOMR requests, is the regulatory floodway being revised? Yes El No 

If Yes, attach evidence of regulatory floodway revision notification. As per Paragraph 65.7(b)(I) 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.) 

4. For LOMR requests, does this request require property owner notification and acceptance of BFE increases? Yes El No 

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. 
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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, Papelwork 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. 

FEDERALEMERGENCYMANAGEMENTAGENCY 
RlVERlNE HYDROLOGY & HYDRAULICS FORM 

Flooding Source: T I  SR8WS13-2 TRIBUTARY 1 
Note: Fill out one form for each flooding source studied 

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

A. HYDROLOGY 

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

[7 Not revised (skip to section 2) IX] No existing analysis Improved data 

Alternative methodology Proposed Conditions (CLOMR) Changed physical condition of watershed 

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

Location Drainage Area (Sq. Mi.) FIS (cfs) Revised (cfs) 
TlSR8WS13-2 (CP116) 1.47 Not Studied 1,391 

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

Statistical Analysis of Gage Records [XJ PrecipitationlRunoff Model HEC-1 [TR-20, HEC-1, HEC-HMS etc.] 
Regional Regression Equations Other (please attach description) 

Please enclose all relevant models in digital format, maps, computations (including computation of parameters) 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.ferna.gov/fhrnlen_modl.shtm. 

4. ReviewlApproval of Analysis 

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

5. Impacts of Sediment Transport on Hydrology 

Was sediment transport considered? Yes No If yes, then fill out Section F (Sediment Transport) of Form 3. If No, then attach 
your explanation for why sediment transport was not considered. 

B. HYDRAULICS 

1. Reach to be Revised 

Description Cross Section Water-Surface Elevations (ft.) 
Effective ProposedlRevised 

Downstream Limit 

Upstream Limit 

2. Hvdraulic Method Used 

Hydraulic Analysis Normal Depth Analysis [HEC-2 , HEC-RAS, Other (Attach description)] 
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B. HYDRAULICS (CONTINUED) 

3. Pre-Submittal Review of Hydraulic Models 

FEMA has developed two review programs, CHECK-2 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 

I 
requirements, and that the data are comparable with the assumptions and limitations of HEC-ZIHEC-RAS. CHECK-2 and CHECK-RAS identify 
areas of potential error or concern. These tools do not replace engineering judgment. CHECK-2 and CHECK-RAS can be downloaded from 
http://www.fema.gov/fnm/frm~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-ZIHEC-RAS models reviewed with CHECK-ZICHECK-RAS? Yes No 

4. Models Submitted 

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

Floodway File Name: 
Floodway File Name: 
Floodway File Name: 
Floodway File Name: 
Floodway File Name: 

I 'Not required for revisions to approximate 1%-annual-chance floodplains (Zone A) -for details, refer to the corresponding section of the instructions. I 
I 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/fhmlen~modl.shtm. I 
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%-annual-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.). 

Note that the boundaries of the existing or proposed conditions floodplains and regulatory floodway to be shown on the revised FlRM andlor FBFM 
nust tie-in with the effective floodplain and regulatory floodway boundaries. Please attach a copy of the effective FlRM 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? Yes No 

For CLOMR requests, if either of the following is true, please submit evidence of compliance with Section 65.12 of the NFlP regulations: 
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. Does the request involve the placement or proposed placement of fill? Yes No 

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. 

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

If Yes, attach evidence of regulatory floodway revision notification. As per Paragraph 65.7(b)(I) 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.) 

4. For LOMR requests, does this request require property owner notification and acceptance of BFE increases? Yes [XI No 

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. 
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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 comer 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. 

FEDERALEMERGENCYMANAGEMENTAGENCY 

RlVERlNE HYDROLOGY & HYDRAULICS FORM 

Flooding Source: T I  SR7WS18 
Note: Fill out one form for each flooding source studied 

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

A. HYDROLOGY 

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

Not revised (skip to section 2) No existing analysis Improved data 

Alternative methodology Proposed Conditions (CLOMR) Changed physical condition of watershed 

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

Location Drainage Area (Sq. Mi.) FIS (cfs) Revised (cfs) 
CENTENNIAL WASH (CPI 11) 1.18 Not Studied 1,460 

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

Statistical Analysis of Gage Records PrecipitationlRunoff Model HEC-1 [TR-20, HEC-1, HEC-HMS etc.] 
Regional Regression Equations Other (please attach description) 

Please enclose all relevant models in digital format, maps, computations (including computation of parameters) 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:l/www.fema.gov/fhmlen~modl.shtm. 

4. ReviewlApproval of Analysis 

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

5. Impacts of Sediment Transport on Hydrology 

Was sediment transport considered? Yes [XI No If yes, then fill out Section F (Sediment Transport) of Form 3. If No, then attach 
your explanation for why sediment transport was not considered. 

B. HYDRAULICS 

1. Reach to be Revised 

Description Cross Section Water-Surface Elevations (ft .)  
Effective ProposedlRevised 

Downstream Limit 

Upstream Limit 

2. Hydraulic Method Used 

Hydraulic Analysis Normal Depth Analysis [HEC-2 , HEC-RAS, Other (Attach description)] 
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6. HYDRAULICS ICONTINUED) 
- - 

3. Pre-Submittal Review of Hydraulic 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 wifh the assumptions and limitations of HEC-2IHEC-RAS. CHECK-2 and CHECK-RAS identify 
areas of potential error or concern. These tools do not replace engineering judgment. CHECK-2 and CHECK-RAS can be downloaded from 
http://www.fema.gov/fhm/frm~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-21HEC-RAS models reviewed with CHECK-UCHECK-RAS? Yes No 

4. Models Submitted 

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

Floodway File Name: 
Floodway File Name: 
Floodway File Name: 
Floodway File Name: 
Floodway File Name: 

1 '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.ferna.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%-annual-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.). 

Note that the boundaries of the existing or proposed conditions floodplains and regulatory floodway to be shown on the revised FlRM and/or FBFM 
nust tie-in with the effective floodplain and regulatory floodway boundaries. Please attach a copy of the effective FlRM 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? Yes No 

For CLOMR requests, if either of the following is true, please submit evidence of compliance with Section 65.12 of the NFlP regulations: 
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. Does the request involve the placement or proposed placement of fill? Yes No 

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. 

3. For LOMR requests, is the regulatory floodway being revised? Yes 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.) 

4. For LOMR requests, does this request require property owner notification and acceptance of BFE increases? Yes • No 

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. 

. 
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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, Papetwork 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. 

L 

FEDERALEMERGENCYMANAGEMENTAGENCY 

RlVERlNE HYDROLOGY & HYDRAULICS FORM 

Flooding Source: TlSR7WS21 
Note: Fill out one form for each flooding source studied 

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

A. HYDROLOGY 

A 

Revised (cfs) 

3,634 

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

Not revised (skip to section 2) IXI No existing analysis Improved data 

Alternative methodology Proposed Conditions (CLOMR) Changed physical condition of watershed 

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

Location Drainage Area (Sq. Mi.) FIS (cfs) 

CENTENNIAL WASH (CP103) 7.73 Not Studied 

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

Statistical Analysis of Gage Records (XI PrecipitationlRunoff Model HEC-1 VR-20, HEC-1, HEC-HMS etc.] 
Regional Regression Equations Other (please attach description) 

Please enclose all relevant models in digital format, maps, computations (including computation of parameters) 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.govlfhmlen~modl.shtm. 

4. ReviewIApproval of Analysis 

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

5. Impacts of Sediment Transport on Hydrology 

Was sediment transport considered? Yes No If yes, then fill out Section F (Sediment Transport) of Form 3. If No, then attach 
your explanation for why sediment transport was not considered. 

B. HYDRAULICS 

1. Reach to be Revised 

Description Cross Section Water-Surface Elevations (ft.) 
Effective ProposedlRevised 

Downstream Limit 

Upstream Limit 

2. Hvdraulic Method Used 

Hydraulic Analysis Normal Depth Analysis [HEC-2 , HEC-RAS, Other (Attach description)] 
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B. HYDRAULICS (CONTINUED) 

3. Pre-Submittal Review of Hydraulic Models 

FEMA has developed two review programs, CHECK-2 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-ZHEC-RAS. CHECK9 and CHECK-RAS identify 
areas of potential error or concern. These tools do not replace engineering judgment. CHECK-2 and CHECK-RAS can be downloaded from 
http://www.fema.gov/fhm/frm~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-ZHEC-RAS models reviewed with CHECK-ZCHECK-RAS? Yes 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 Natural File Name: Floodway File Name: 
Revised or Post-Project Conditions Model Natural File Name: Floodway File Name: 
Other - (attach description) Natural File Name: Floodway File Name: 

'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%-annual-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.). 

Note that the boundaries of the existing or proposed conditions floodplains and regulatory floodway to be shown on the revised FIRM andlor FBFM 
l u s t  tie-in with the effective floodplain and regulatory floodway boundaries. Please attach a copy of the effective FIRM andlor FBFM, annotated 
J show the boundaries of the revised 1%- and 0.2%-annual-chance floodplains and regulatory floodway that tie-in with the boundaries of the 1 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? Yes No 

For CLOMR requests, if either of the following is true, please submit evidence of compliance with Section 65.12 of the NFlP regulations: 
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. Does the request involve the placement or proposed placement of fill? Yes No 

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. 

3. For LOMR requests, is the regulatory floodway being revised? Yes KI 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.) 

4. For LOMR requests, does this request require property owner notification and acceptance of BFE increases? Yes [XI No 

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. 

L 
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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, 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. 

FEDERAL EMERGENCY MANAGEMENT AGENCY 

RlVERlNE HYDROLOGY & HYDRAULICS FORM 

Flooding Source: TlSR7WS21 - TRIBUTARY 1 
Note: Fill out one form for each flooding source studied 

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

A. HYDROLOGY 

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

Not revised (skip to section 2) [XI No existing analysis Improved data 

[7 Alternative methodology Proposed Conditions (CLOMR) [7 Changed physical condition of watershed 

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

Location Drainage Area (Sq. Mi.) FIS (cfs) Revised (cfs) 
TlSR7WS21 (CP104) 2.51 Not Studied 1,677 

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

[7 Statistical Analysis of Gage Records [XI PrecipitationlRunoff Model HEC-1 VR-20, HEC-1, HEC-HMS etc.] 
Regional Regression Equations Other (please attach description) 

Please enclose all relevant models in digital format, maps, computations (including computation of parameters) 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:l/www.fema.govlfhm/en-modl.shtm. 

4. ReviewlApproval of Analysis 

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

5, Impacts of Sediment Transport on Hydrology 

Was sediment transport considered? Yes IX] No If yes, then fill out Section F (Sediment Transport) of Form 3. If No, then attach 
your explanation for why sediment transport was not considered. 

L 

B. HYDRAULICS 

1. Reach to be Revised 

Description Cross Section Water-Surface Elevations (TI.) 
Effective ProposedlRevised 

Downstream Limit 

Upstream Limit 

2. Hydraulic Method Used 

Hydraulic Analysis Normal Depth Analysis [HEC-2 , HEC-RAS, Other (Attach description)] 
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B. HYDRAULICS (CONTINUED) 

3. Pre-Submittal Review of Hydraulic Models 

FEMA has developed two review programs, CHECK-2 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-ZHEC-RAS. CHECK9 and CHECK-RAS identify 

I 
areas of potential error or concern. These tools do not replace engineering judgment. CHECK-2 and CHECK-RAS can be downloaded from 
http:llwww.fema.govlfhm/frm~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-2IHEC-RAS models reviewed with CHECK-ZCHECK-RAS? Yes No 

4. Models Submitted 

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

Floodway File Name: 
Floodway File Name: 
Floodway File Name: 
Floodway File Name: 
Floodway File Name: 

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

I The document "Numerical Models Accepted by FEMA for NFlP Usage" lists the models accepted by FEMA. This document can be found at: 
http:Nwww.ferna.gov/fhmlen-modI.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%-annual-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.). 

Note that the boundaries of the existing or proposed conditions floodplains and regulatory floodway to be shown on the revised FlRM andlor FBFM 
nust tie-in with the effective floodplain and regulatory floodway boundaries. Please attach a copy of the effective FlRM andlor FBFM, annotated 
LO 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? Yes No 

For CLOMR requests, if either of the following is true, please submit evidence of compliance with Section 65.12 of the NFlP regulations: 
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. Does the request involve the placement or proposed placement of fill? Yes No 

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. 

3. For LOMR requests, is the regulatory floodway being revised? C] Yes IXI No 

If Yes, attach evidence of regulatory floodway revision notification. As per Paragraph 65.7(b)(I) 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.) 

4. For LOMR requests, does this request require property owner notification and acceptance of BFE increases? Yes El No 

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. 

+ 
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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, 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. 

FEDERALEMERGENCYMANAGEMENTAGENCY . 
RlVERlNE HYDROLOGY & HYDRAULICS FORM 

Flooding Source: TlSR7WS21 - TRIBUTARY 2 
Note: Fill out one form for each flooding source studied 

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

A. HYDROLOGY 

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

0 Not revised (skip to section 2) [XI No existing analysis Improved data 

Alternative methodology Proposed Conditions (CLOMR) Changed physical condition of watershed 

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

Location Drainage Area (Sq. Mi.) FIS (cfs) Revised (cfs) 
TlSR7WS21 (B107) 1.025 Not Studied 

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

Statistical Analysis of Gage Records [XI PrecipitationlRunoff Model HEC-1 VR-20, HEC-1, HEC-HMS etc.] 
Regional Regression Equations Other (please attach description) 

Please enclose all relevant models in digital format, maps, computations (including computation of parameters) 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:l/www.fema.gov/fhmlen~modl.shtm. 

4. ReviewIApproval of Analysis 

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

5. Impacts of Sediment Transport on Hydrology 

Was sediment transport considered? Yes No If yes, then fill out Section F (Sediment Transport) of Form 3. If No, then attach 
your explanation for why sediment transport was not considered. 

B. HYDRAULICS 

1. Reach to be Revised 

Description Cross Section Water-Surface Elevations (ft.) 
Effective ProposedlRevised 

Downstream Limit 

Upstream Limit 

2. Hydraulic Method Used 

Hydraulic Analysis Normal Depth Analysis [HEC-2 , HEC-RAS, Other (Attach description)] . 
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B. HYDRAULICS (CONTINUED) 

3. Pre-Submittal Review of Hvdraulic Models 

FEMA has developed two review programs, CHECK-2 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 

I 
requirements, and that the data are comparable with the assumptions and limitations of HEC-UHEC-RAS. CHECK-2 and CHECK-RAS identify 
areas of potential error or concern. These tools do not replace engineering judgment. CHECK-2 and CHECK-RAS can be downloaded from 
http:llwww.fema.govlfhmlfrm~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-UHEC-RAS models reviewed with CHECK-2ICHECK-RAS? Yes No 

4. Models Submitted 

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

Floodway File Name: ' 

Floodway File Name: 
Floodway File Name: 
Floodway File Name: 
Floodway File Name: 

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

Note that the boundaries of the existing or proposed conditions floodplains and regulatory floodway to be shown on the revised FlRM andlor FBFM 
must tie-in with the effective floodplain and regulatory floodway boundaries. Please attach a copy of the effective FlRM 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. 

L 

D. COMMON REGULATORY REQUIREMENTS 

1. For CLOMR requests, do Base Flood Elevatlons (BFEs) increase? Yes No 

For CLOMR requests, if either of the following is true, please submit evidence of compliance with Section 65.12 of the NFlP regulations: 
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. Does the request involve the placement or proposed placement of fill? Yes No 

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. 

3. For LOMR requests, is the regulatory floodway being revised? Yes rn 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.) 

4. For LOMR requests, does this request require property owner notification and acceptance of BFE increases? Yes €4 No 

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. 
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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 comer 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. 

FEDERALEMERGENCYMANAGEMENTAGENCY 

RlVERlNE HYDROLOGY & HYDRAULICS FORM 

Flooding Source: TlSR7WS21 - TRIBUTARY 3 
Note: Fill out one form for each flooding source studied 

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

A. HYDROLOGY 

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

Not revised (skip to section 2) [X1 No existing analysis Improved data 

[7 Alternative methodology Proposed Conditions (CLOMR) [7 Changed physical condition of watershed 

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

Location Drainage Area (Sq. Mi.) FIS (cfs) Revised (cfs) 

TlSR7WS21 (B110) 0.7 Not Studied 

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

[7 Statistical Analysis of Gage Records PrecipitationlRunoff Model HEC-1 [TR-20, HEC-1, HEC-HMS etc.] 
Regional Regression Equations Other (please attach description) 

Please enclose all relevant models in digital format, maps, computations (including computation of parameters) 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:l/www.fema.gov/fhmlen~modl.shtm. 

4. ReviewlApproval of Analysis 

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

5. Impacts of Sediment Transport on Hydrology 

Was sediment transport considered? 0 Yes No If yes, then fill out Section F (Sediment Transport) of Form 3. If No, then attach 
your explanation for why sediment transport was not considered. 

B. HYDRAULICS 

1. Reach to be Revised 

Description Cross Section Water-Surface Elevations (ft.) 
Effective ProposedlRevised 

Downstream Limit 

Upstream Limit 

2. Hvdraulic Method Used 

Hydraulic Analysis Normal Depth Analysis [HEC-2 , HEC-RAS, Other (Attach description)] 
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6. HYDRAULICS ICONTINUED) 

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-ZHEC-RAS. CHECK-2 and CHECK-RAS identify 
areas of potential error or concern. These tools do not replace engineering judgment. CHECK9 and CHECK-RAS can be downloaded from 
http://www.fema.govlfhm/frm~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-ZHEC-RAS models reviewed with CHECK-ZCHECK-RAS? • Yes • No 

4. Models Submitted 

Duplicate Effective Model* 
Corrected Effective Model' 

Natural File Name: 
Natural File Name: 

Existing or Pre-Project Conditions Model Natural File Name: 
Revised or Post-Project Conditions Model Natural File Name: 
Other - (attach desciiption) Natural File Name: 

Floodway File Name: 
Floodway File Name: 
Floodway File Name: 
Floodway File Name: 
Floodway File Name: 

*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:llwww.ferna.gov/fhm/en-modI.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%-annual-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.). 

Note that the boundaries of the existing or proposed conditions floodplains and regulatory floodway to be shown on the revised FlRM andlor FBFM 
must tie-in with the effective floodplain and regulatory floodway boundaries. Please attach a copy of the effective FlRM 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. 

L 

D. COMMON REGULATORY REQUIREMENTS 

1. For CLOMR requests, do Base Flood Elevations (BFEs) increase? Yes No 

For CLOMR requests, if either of the following is true, please submit evidence of compliance with Section 65.12 of the NFlP regulations: 
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. Does the request involve the placement or proposed placement of fill? Yes No 

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. 

3. For LOMR requests, is the regulatory floodway being revised? Yes Ed No 

If Yes, attach evidence of regulatory floodway revision notification. As per Paragraph 65.7(b)(I) 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.) 

4. For LOMR requests, does this request require property owner notification and acceptance of BFE increases? Yes IXI No 

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. 
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FEDERALEMERGENCYMANAGEMENTAGENCY 

RlVERlNE HYDROLOGY & HYDRAULICS FORM 

Flooding Source: TlSR7WS22-1 
Note: Fill out one form for each flooding source studied 

L 

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

. 

A. HYDROLOGY 

* 

& 

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 
above address. 

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

Not revised (skip to section 2) No existing analysis Improved data 

Alternative methodology Proposed Conditions (CLOMR) Changed physical condition of watershed 

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

Location Drainage Area (Sq. Mi.) FIS (cfs) Revised (cfs) 

CENTENNIAL WASH (CP101) 2.0 Not Studied 1,149 

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

Statistical Analysis of Gage Records PrecipitationlRunoff Model HEC-1 FR-20, HEC-1, HEC-HMS etc.] 
Regional Regression Equations Other (please attach description) 

Please enclose all relevant models in digital format, maps, computations (including computation of parameters) 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:llwww.fema.govlfhmlen-modl.shtm. 

4. ReviewIApproval of Analysis 

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

5. Impacts of Sediment Transport on Hydrology 

Was sediment transport considered? Yes [XI No If yes, then fill out Section F (Sediment Transport) of Form 3. If No, then attach 
your explanation for why sediment transport was not considered. 

B. HYDRAULICS 

1. Reach to be Revised 

Description Cross Section Water-Surface Elevations (ft.) 
Effective ProposedlRevised 

Downstream Limit 

Upstream Limit 

2. Hvdraulic Method Used 

Hydraulic Analysis Normal Depth Analysis [HEC9 , HEC-RAS, Other (Attach description)] 
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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-ZHEC-RAS. CHECK-2 and CHECK-RAS identify 

I 
areas of potential error or concern. These tools do not replace engineering judgment. CHECK-2 and CHECK-RAS can be downloaded from 
http://www.fema.gov/fhm/frm~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. 

1 HEC-UHEC-RAS models reviewed with CHECK-ZCHECK-RAS? Yes No 

I 4. Models Submitted 

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

Floodway File Name: 
Floodway File Name: 
Floodway File Name: 
Floodway File Name: 
Floodway File Name: 

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

I 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%-annual-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.). 

Note that the boundaries of the existing or proposed conditions floodplains and regulatory floodway to be shown on the revised FlRM andlor FBFM 
nust tie-in with the effective floodplain and regulatory floodway boundaries. Please attach a copy of the effective FlRM andlor FBFM, annotated 
J 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? Yes No 

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

2. Does the request involve the placement or proposed placement of fill? Yes No 

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. 

3. For LOMR requests, is the regulatory floodway being revised? • Yes rn No 

If Yes, attach evidence of regulatory floodway revision notification. As per Paragraph 65.7(b)(l) of the NFIP 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.) 

4. For LOMR requests, does this request require property owner notification and acceptance of BFE increases? Yes (XI No 

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. 

2 
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- 
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, 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. 

FEDERALEMERGENCYMANAGEMENTAGENCY 
RlVERlNE HYDROLOGY & HYDRAULICS FORM 

Flooding Source: TlSR7WS22-2 
Note: Fill out one form for each flooding source studied 

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

A. HYDROLOGY 

L 

Revised (cfs) 
4,451 

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

Not revised (skip to section 2) [XI No existing analysis Improved data 

Alternative methodology Proposed Conditions (CLOMR) Changed physical condition of watershed 

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

Location Drainage Area (Sq. Mi.) FIS (cfs) 
Centennial Wash (CP94) 9.71 Not Studied 

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

Statistical Analysis of Gage Records PrecipitationlRunoff Model HEC-1 [TR-20, HEC-1, HEC-HMS etc.] 
Regional Regression Equations Other (please attach description) 

Please enclose all relevant models in digital format, maps, computations (including computation of parameters) 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:/lwww.fema.gov/fhmlen~modl.shtm. 

4. ReviewlApproval of Analysis 

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

5, Impacts of Sediment Transport on Hydrology 

Was sediment transport considered? Yes (XI No If yes, then fill out Section F (Sediment Transport) of Form 3. If No, then attach 
your explanation for why sediment transport was not considered. 

B. HYDRAULICS 

1. Reach to be Revised 

Description Cross Section Water-Surface Elevations (ft.) 
Effective ProposedlRevised 

Downstream Limit 

Upstream Limit 

2. Hydraulic Method Used 

Hydraulic Analysis Normal Depth Analysis [HEC-2 , HEC-RAS, Other (Attach description)] 
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B. HYDRAULICS (CONTINUED) 

3. Pre-Submittal Review of Hydraulic Models 

FEMA has developed two review programs, CHECK-2 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-2IHEC-RAS. CHECK-2 and CHECK-RAS identify 
areas of potential error or concern. These tools do not replace engineering judgment. CHECK-2 and CHECK-RAS can be downloaded from 
http://www.fema.gov/fhm/frm-soft.shtm. We recommend that you review your HEC-2 and HEC-RAS models with CHECK9 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-21HEC-RAS models reviewed with CHECK-2lCHECK-RAS? Yes 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 Natural File Name: Floodway File Name: 
Revised or Post-Project Conditions Model Natural File Name: Floodway File Name: 
Other - (attach description) Natural File Name: Floodway File Name: 

*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-modI.shtm. 

i 

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%-annual-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.). 

Note that the boundaries of the existing or proposed conditions floodplains and regulatory floodway to be shown on the revised FlRM andlor FBFM 
vust tie-in with the effective floodplain and regulatory floodway boundaries. Please attach a copy of the effective FlRM andlor FBFM, annotated 
.o 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? Yes No 

For CLOMR requests, if either of the following is true, please submit evidence of compliance with Section 65.12 of the NFlP regulations: 
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. Does the request involve the placement or proposed placement of fill? Yes No 

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. 

3. For LOMR requests, is the regulatory floodway being revised? Yes IXI No 

If Yes, attach evidence of regulatory floodway revision notification. As per Paragraph 65.7(b)(I) 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.) 

4. For LOMR requests, does this request require property owner notification and acceptance of BFE increases? Yes IXI No 

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. 

. 
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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 OM6 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. 

FEDERALEMERGENCYMANAGEMENTAGENCY 
RIVERINE HYDROLOGY & HYDRAULICS FORM 

Flooding Source: TlSR7WS22-2 (TRIBUTARY 1) 
Note: Fill out one form for each flooding source studied 

i 

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

A. HYDROLOGY 

. 

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

I7 Not revised (skip to section 2) [XI No existing analysis Improved data 

Alternative methodology Proposed Conditions (CLOMR) Changed physical condition of watershed 

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

Location Drainage Area (Sq. Mi.) FIS (cfs) Revised (cfs) 
TlSR7WS22-2 (CP98A) 4.01 Not Studied 1,687 

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

Statistical Analysis of Gage Records [XI PrecipitationlRunoff Model HEC-1 FR-20, HEC-1, HEC-HMS etc.] 
Regional Regression Equations Other (please attach description) 

Please enclose all relevant models in digital format, maps, computations (including computation of parameters) 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.gov/fhmlen~modl.shtm. 

4. ReviewIApproval of Analysis 

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

5. Impacts of Sediment Transport on Hydrology 

Was sediment transport considered? Yes [XI No If yes, then fill out Section F (Sediment Transport) of Form 3. If No, then attach 
your explanation for why sediment transport was not considered. 

B. HYDRAULICS 

1. Reach to be Revised 

Description Cross Section Water-Surface Elevations (ft.) 
Effective ProposedlRevised 

Downstream Limit 

Upstream Limit 

2.  Hydraulic Method Used 

Hydraulic Analysis Normal Depth Analysis IHEC-2 , HEC-RAS, Other (Attach description)] 

L 
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B. HYDRAULICS (CONTINUED) 

3. Pre-Submittal Review of Hvdraulic Models I 
I FEMA has developed two review programs, CHECK-2 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 NFIP 
requirements, and that the data are comparable with the assumptions and limitations of HEC-ZHEC-RAS. CHECK-2 and CHECK-RAS identify 
areas of potential error or concern. These tools do not replace engineering judgment. CHECK-2 and CHECK-RAS can be downloaded from 
http://www.fema.gov/fhm/frm_soA.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-ZHEC-RAS models reviewed with CHECK-21CHECK-RAS? I7 Yes No 

4. Models Submitted 

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

Floodway File Name: 
Floodway File Name: 
Floodway File Name: 
Floodway File Name: 
Floodway File Name: 

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

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%-annual-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.). 

Note that the boundaries of the existing or proposed conditions floodplains and regulatory floodway to be shown on the revised FlRM andlor FBFM 
nust tie-in with the effective floodplain and regulatory floodway boundaries. Please attach a copy of the effective FlRM andlor FBFM, annotated 
.o 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? Yes • No 

For CLOMR requests, if either of the following is true, please submit evidence of compliance with Section 65.12 of the NFlP regulations: 
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. Does the request involve the placement or proposed placement of fill? Yes • No 

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. 

3. For LOMR requests, is the regulatory floodway being revised? Yes IXI 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.) 

4. For LOMR requests, does this request require property owner notification and acceptance of BFE increases? Yes IXI No 

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. 
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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, Papenvork 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. 

FEDERALEMERGENCYMANAGEMENTAGENCY 

RlVERlNE HYDROLOGY & HYDRAULICS FORM 

L 

Flooding Source: TlSR7WS22-2 (TRIBUTARY 2) 
Note: Fill out one form for each flooding source studied 

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

A. HYDROLOGY 

Revised (cfs) 

2,135 

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

Not revised (skip to section 2) [Xj No existing analysis Improved data 

Alternative methodology Proposed Conditions (CLOMR) Changed physical condition of watershed 

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

Location Drainage Area (Sq. Mi.) FIS (cfs) 

TlSR7WS22-2 (B96) 2.47 Not Studied 

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

Statistical Analysis of Gage Records (XJ PrecipitationlRunoff Model HEC-1 [TR-20, HEC-1, HEC-HMS etc.] 
Regional Regression Equations Other (please attach description) 

Please enclose all relevant models in digital format, maps, computations (including computation of parameters) 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:/lwww.fema.govlfhm/en~modl.shtm. 

4. ReviewlApproval of Analysis 

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

5. Impacts of Sediment Transport on Hydrology 

Was sediment transport considered? Yes No If yes, then fill out Section F (Sediment Transport) of Form 3. If No, then attach 
your explanation for why sediment transport was not considered. 

B. HYDRAULICS 

1. Reach to be Revised 

Description Cross Section Water-Surface Elevations (ft.) 
Effective ProposedlRevised 

Downstream Limit 

Upstream Limit 

.:. Hydraulic Method Used 

Hydraulic Analysis Normal Depth Analysis [HEC-2 , HEC-RAS, Other (Attach description)] 
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B. HYDRAULICS (CONTINUED) 

3. Pre-Submittal Review of Hydraulic Models 

. FEMA has deveioped two review programs, CHECK-2 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-ZHEC-RAS. CHECK-2 and CHECK-RAS identify 

I 
areas of potential error or concern. These tools do not replace engineering judgment. CHECK-2 and CHECK-RAS can be downloaded from 
http:llwww.fema.govlfhmlfrm~soft.shtm. We recommend that you review your HEC-2 and HEC-RAS models with CHECK9 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-ZHEC-RAS models reviewed with CHECK-UCHECK-RAS? • Yes • No 

4. Models Submitted 

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

Floodway File Name: 
Floodway File Name: 
Floodway File Name: 
Floodway File Name: 
Floodway File Name: 

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

I 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/fhmlen-modI.shtm. I 

C. MAPPING REQUIREMENTS 
b 

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%-annual-chance 
floodplains and regulatory floodway (for detailed Zone AE, AO, and AH revisions); location and alignment of all cross sections with stationing wntrol 
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.). 

Note that the boundaries of the existing or proposed conditions floodplains and regulatory floodway to be shown on the revised FlRM andlor FBFM 
nust tie-in with the effective floodplain and regulatory floodway boundaries. Please attach a copy of the effective FlRM andlor FBFM, annotated 
.o 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? Yes No 

For CLOMR requests, if either of the following is true, please submit evidence of compliance with Section 65.12 of the NFlP regulations: 
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. Does the request involve the placement or proposed placement of fill? I7 Yes No 

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. 

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

If Yes, attach evidence of regulatory floodway revision notification. As per Paragraph 65.7(b)(I) 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.) 

4. For LOMR requests, does this request require property owner notification and acceptance of BFE increases? Yes IXI No 

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. 

4 
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Zone A Floodplain Delineation Study 

Phase Ill 

Section 3 Mapping and Survey lnformation 

3.1. Field Survey Information 

Field survey related to this contract consisted of surveying any man made 
structures that could impact the floodplains within this watershed. Field survey 
was not conducted for any locations within Phase Ill. 

3.2. Mapping 

RBF used existing digital elevation models (DEM) and digital terrain models 
(DTM) provided by the Flood Control District of Maricopa County. Stewart Geo 
Technologies, Inc. created the DTM from digital ortho-photos that were created 
as part of the Maricopa County Ortho-photo project in 2000 and 2001. The 
coordinate system is based on NAD 83, Arizona State Plane - Central Zone. 
The vertical coordinate system is NAVD 88. 
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Section 4 Hydrology 

4.1 Method Description 

The purpose of the hydrologic analysis is to provide peak flow data for the Zone 
A floodplain delineation of washes in this watershed that have a drainage area of 
at least one-half square mile. Peak flows for the 100-year 6-hour and 100-year 
24-hour storm were computed using the Army Corps of Engineers' Flood 
Hydrograph Package HEC-I, version 4.1, dated June 1998. Environmental 
Modeling Systems Incorporated's (EMS-I) Watershed Modeling System version 
7.0 (WMS), dated April 9, 2004, was used to build the hydrologic model using a 
grid of elevation data and geographic information system (GIs) data provided by 
the Flood Control District of Maricopa County (FCDMC). 

4.2 Parameter Estimation 

Hydrologic parameters were estimated using the FCDMC1s methodology, as 
outlined in Volume I of the Drainage Design Manual For Maricopa County (DDM), 
dated January 1, 1995. The following sections discuss the parameter estimation 
in detail. 

4.2.1 Drainage Area Boundaries 

Figure 4.1 and 4.2 show the sub-basin delineation for the Lower Centennial 
Phase Ill, with aerial photos and top0 lines as their respective backgrounds. 

The Phase Ill Watershed is approximately 35.8 square miles of mainly 
undeveloped upland desert. The watershed is bounded at its far upstream end 
by mountains and on the South (downstream end) by the Centennial Wash. 

Sub-basin delineation was performed with the aid of WMS using a digital 
elevation model (DEM) produced from digital orthophotos, dated June 24, 2002. 
The grid spacing of the DEM is 20 feet (thinned for manageability) and it has an 
accuracy of plus or minus five feet. 

Additional subdivision of drainage areas was required for hydraulic modeling 
where the detailed hydrology sub-basin was too large to accurately model a 
wash branch or tributary. The peak flow for these smaller sub-basins was 
determined by using the Regression Equation developed from the detailed 
hydrology for Phase Ill. The delineation of these smaller sub-basins is shown in 
Figure 4.3. 
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4.2.2 Watershed Work Maps 

Figure 4.4 shows the watershed boundaries overlain on top of the soil map units, 
according to the Maricopa County Central Part Soil Survey. Figure 4.5 shows 
the land use designation for Phase Ill. 

Figure 4.6 shows the sub-basin boundaries, confluence or concentration points, 
and routing reaches. Each basin is labeled with a "B" and a number. The Phase 
Ill basin numbering continues from the end of the Phase II basin numbering. The 
numbering for the basins starts at the most downstream confluence with 
Centennial Wash. The basin numbers increase going upstream. The left branch 
is numbered before the right branch. In other words, the numbering continues 
upstream on the left branch until that branch is complete and then the numbering 
resumes on the right branch. The concentration point for each sub-basin is 
labeled with a "CP" in front of the name of the upstream sub-basin. The routing 
reach is named by replacing the "CP" with an "R" for the reach downstream of 
the concentration point. 

4.2.3 Gage Data 

There are no rain gages located within Phase Ill. 

4.2.4 Statistical Parameters 

Statistical parameters have not been considered at this stage of the study. 

4.2.5 Precipitation 

The National Oceanic and Atmospheric Administration (NOAA) Atlas II was used 
to obtain 100-year 6-hour and 24-hour point precipitation values for Phase Ill of 
3.3 inches and 4.1 inches, respectively. Because of the varying sizes of the 
watersheds within the study area, both the 100-year 6-hour and the 100-year 24- 
hour storm were analyzed. 

HEC-1's JD record option was used to reduce point precipitation values using the 
depth-area reduction factors from the DDM. Tables 4.la and 4.1 b list the depth- 
area rainfall relationships that were input on the JD records. The appropriate 
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rainfall distribution pattern for the 6-hour storm was also input onto the 
corresponding PC records. 

Table 4.la - Debth-Area Relation used in the 6-hour HEC-1 Model 

( Depth (in) I Area (sq mi) I Rainfall Distribution Pattern 

3.22 
3.04 16 3 
2.67 90 4 

Table 4.lb - Depth-Area 
Relation used in the 24-hour 

HEC-1 Model 

Depth (in) I Area (sq mi 

3.764 

4.2.6 Physical Parameters 

Rainfall Losses 

The Green - Ampt infiltration equations were used within HEC-1 to estimate 
rainfall losses according to the procedures outlined in the DDM. WMS was used 
to calculate the logarithmic area averages of the hydraulic conductivities of each 
map unit within each sub-basin. WMS also selects the wetting front capillary 
suction (PSIF) and soil moisture deficit (DTHETA) using the average XKSAT 
value. After PSIF and DTHETA are calculated the XKSAT value was adjusted 
for vegetative cover. 

A GIs based soils map of data from the SCS (Now NRCS) Soil Surveys of 
Aguila-Carefree Area, Parts of Maricopa County and Pinal Counties, Arizona, 
issued April 1986, Maricopa County, Arizona, Central Part, issued September 
1977 and Gila Bend - Ajo Area, Arizona, Parts of Maricopa and Pima Counties, 
issued May 1997 was obtained from the FCDMC for input into WMS. This data 
was used to obtain soils information inside of Maricopa County. 
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A table relating the Map Unit numbers to the XKSAT values was obtained from 
the FCDMC. Table 4.2 lists the map unit values that were input into WMS to 
compute the rainfall losses. 

Table 4.2- Soils Characteristics Used to Compute Green - Ampt Parameters 
11 I I I 

Soil ID Description XKSAT % 
(inlhr) Impervious Effective 
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The FCDMC provided land use data in shape file (GIs) format based on 
Maricopa Association of Governments (MAG) Data. Table 4.3 lists the land use 
data that was imported into WMS to help determine rainfall losses. The land use 
data provides initial abstraction calculations, percent vegetation (used to adjust 
the XKSAT parameter) and percent impervious. 

Table 4.3- Land Use Characteristics Used to Compute Green-Ampt Parameters 
I 

Land 
Use 
ID 

Description 

The values listed in Tables 4.2 and 4.3 were used in WMS to calculate the 
Green-Ampt parameters for each sub-basin according to the FCDMC's 
methodology as outlined in the DDM. The results are listed in Table 4.4. WMS 
calculated the hydraulic conductivity (XKSAT) values listed in Table 4.4 by 
"areally averaging" the XKSAT values of each individual soil in the sub-basin, 
and then adjusting that value according to the vegetative cover. WMS 
determines volumetric soil moisture deficit at the start of rainfall (DTHETA) and 
wetting front capillary suction (PSIF) according to a relation with XKSAT (prior to 
being adjusted for vegetative cover) as outlined in the DDM. Surface retention 
loss, or initial abstraction, (IA) and percent impervious cover (RTIMP) are 
determined from the Land Use Coverage. See Section 4 of the DDM for a more 
detailed description of the methodology. 

Initial 
Abstraction 

(in) 

Table 4.4- Green-Ampt Parameters 

% 
Impervious 

% 
Vegetation 

Soil 
Condition 
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Table 4.4- Green-Ampt Parameters (Continued) 

Unit Hydrograph Procedure 

The S-Graph procedure was used to obtain the unit hydrographs for Phase Ill 
because the total drainage area for Phase Ill is greater than 10 square miles. 
Lag time is calculated using the following equation from the DDM (pg 5-24): 

Lag = C*(L*L,/SP)m 

where Lag is the basin's lag time in hours and 
L = length of longest flow path in miles, 
L, = length along the watercourse to a point opposite the centroid in miles, 
S = watercourse slope in feeffmile, 
C = 24 k,, Coefficient that relates the watersheds roughness. 

C was obtained from Figure 5.1 1 of Appendix K in the DDM. The Kn value used 
(0.03) was obtained from Table 5-4 in the DDM. p is equal to 0.5, and m is equal 
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to 0.38 according to the U.S. Army Corps of Engineers' equations. Table 4.6 
summarizes the Lag Time calculations 

Table 4.5- Sub-Basin Lag Time Summary 

Basin I L (mi) 1 Lca (mi) I slope (ftlmi) 1 ~ a g  (min) 

42.7 
38.7 
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Page 5-20 of the DDM states that the HEC-1 computation interval, or time step 
(NMIN), should equal about 0.15 times the lag time, or be within a range from 0.1 
to 0.25 times the lag time (Sabol, 1995). Based on the lag times shown in Table 
4.6, the time step for Phase Ill was selected to be 5 minutes. 

The S-Graph chosen to create the unit hydrographs for each model is the 
Phoenix Mountain S-Graph, as shown in the DDM (pg 5-22). The time step for 
the watershed (NMIN) and calculated lag time for each sub-basin was entered 
into WMS, which calculated the unit hydrograph for each sub-basin and prepared 
it for input into the HEC-1 input file. 

Channel Routing 

There are eighteen reaches that require channel routing. Normal depth routing 
was performed in HEC-1 for these reaches. The cross-sections were created in 
WMS using the cross section editor on a DEM. Cross-section plots are provided 
in Appendix D.3. Table 4.6 summarizes the normal depth routing parameters. 
Routing reach locations are shown on Figure 4.6 

Reservoir Storage Routing 

Table 4.6- Channel Routing Parameters for Normal Depth Routing 

There are no major locations within Phase Ill where enough water is impounded 
to warrant reservoir storage routing analyses. 

  each 1 Reach Length (ft) I Slope (fUft) 
I 

6 hr 

Lag (min) ~NSTPS 

24 hr 

Lag (min) (NSTPS 
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4.3 Problems Encountered During the Study 

4.3.1 Special Problems and Solutions 

When the DEM data provided by the FCDMC was originally read into WMS, it 
was found that the large amount of data caused extremely long processing times 
and problems with manageability that bordered on instability. To overcome these 
problems, a thinning factor of two was used when importing the DEM data into 
WMS. This thinning factor, in effect, changes the grid size from 10' to 20'. The 
accuracy of the thinned data was successfully compared to the original data to 
ensure that the required level of accuracy was not lost. 

The topographic data provided by the FCDMC was found to have anomalies that, 
while deemed acceptable from a surveying point of view, made it difficult to 
extract acceptable representative cross sections for several of the washes within 
Phase Ill. This was the case for the data, thinned or not. For the purpose of the 
hydrological analyses, representative cross sections (cut in locations free of the 
anomaly) were utilized for routing reaches. 

4.3.2 Modeling Warning and Error Messages 

The HEC-I model did not produce any error or warning messages. 

4.4 Calibration 

Recorded data has not been used to calibrate the model at this stage of the 
study. 
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4.5 Final Results 

4.5.1 Hydrologic Analysis Results 

Table 4.7 lists the results of the hydrologic analysis. 

Table 4.7- Hydrologic Analysis Results 
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Table 4.7- Hydrologic Analysis Results (Continued) 
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Table 4.7- Hydrologic Analysis Results (Continued) 

4.5.2 Verification of Results 

The results of the HEC-1 models were compared to three different regression 
equations. The three equations are the USGS, Malvick (based upon the Malvick 
curve), and Regional Regression. The comparison is provided in Appendix D.6 
in the form of graphs. Separate graphs were compiled to compare the 100-year 
6-hour and 100-year 24-hour storms to the three equations and to perform a 
regression on the data itself. 

All of the HEC-1 results correlate well and lie relatively close to the regression 
equations. The HEC-1 discharges are slightly higher than the USGS curve, 
slightly lower than Malvic's curve, and in line with the Regional Regression curve. 
The different plots indicate that the HEC-1 discharges are within acceptable 
limits. True verification cannot occur because the watershed lacks gages that 
can be used for comparison. 
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Section 5 Hydraulics 

5.1. Method Description 

All of the washes delineated in this phase are desert washes. Environmental 
Modeling Systems Incorporated's (EMS-I) Watershed Modeling System (WMS) 
version 7.0 was used to create cross sections from the existing elevation data 
provided by the Flood Control District. WMS was used to obtain cross sections 
and calculate both the normal and critical depths for each cross section. 
Locations of the cross sections are shown on the Work Study Maps. Floodplain 
boundaries were then delineated using the cross section data and topographic 
contour lines provided by the Flood Control District. 

The name for each wash was determined by the location (Township Range and 
Section) of the wash discharge point into the existing Centennial Wash 
floodplain. Tributaries were numbered in a clockwise fashion from the wash 
discharge point. Similarly, reaches were numbered in a clockwise fashion from 
the tributary discharge point. River stationing was reset for each wash tributary 
and reach, except for the main branch of each wash, which was stationed 
continuously. The main branch stationing starts at the Centennial Wash 
floodplain. 

The floodplain delineation used the larger flow between the 100-year 6-hour and 
100-year 24-hour storm at the confluence with Centennial Wash. The storm that 
produced the larger flow was then used for the washes connected to that 
concentration point with Centennial Wash. 

In cases where the upstream flow was higher than the downstream flow, the flow 
at each cross section was linearly interpolated by length between the two nearest 
concentration points. As mentioned in Section 4.2.1, smaller sub-basins were 
required for some wash tributaries to more accurately determine the flow for 
floodplain delineation. The flow for these smaller basins was determined using 
the regression equation developed in Phase Ill by the detailed hydrology. Flows 
where reaches extend a long way upstream into a basin were interpolated 
between one of the previously mentioned smaller basins, and downstream 
concentration point. Table 5.2 shows the results used in the floodplain mapping 
including the flow and how it was determined. Prorated basins can be seen in 
Figure 4.3. 

Work Study Maps 

Work Study Maps that show the floodplain delineations have been prepared at a 
scale of I inch = 500 feet, according to FEMA standards. A cover sheet shows 
the location of each wash and the corresponding floodplain in relation to each 
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other. Each Work Study Map shows the thalweg of each wash, the zone 
boundaries, and the cross sections used in the delineation. 

5.3. Parameter Estimation 

5.3.1. Roughness Coefficients 

The procedures used to determine the Manning's "n" roughness coefficients are 
outlined in the USGS publication "Estimated Manning's Roughness Coefficients 
for Stream Channels and Floodplains in Maricopa County, Arizona" (April 1991). 
Based on field observations, the Manning's roughness coefficients were 
calculated for each wash in the channel and overbanks. A list of the roughness 
coefficients for each wash, photos of each wash, and a description of how the 
roughness coefficients were obtained is provided in Appendix E.l 

5.4. Cross Section Description 

Cross sections were located at approximately half-mile intervals along the 
washes. Additionally, cross sections'were located near confluences and at 
particular areas of interest. Some locations were less than ideal due to mapping 
issues, which are discussed in Section 5.7. The cross sections are oriented left 
to right looking downstream. 

The cross sections were imported into WMS and placed over the Digital 
Elevation Model (DEM). Tools within WMS were then used to cut the cross 
sections and weed out any unnecessary points. The peak flows listed in Table 
5.1 were then used in WMS's channel calculator to calculate both critical depth 
and normal depth for each cross section. The flows generated by the IOO-year 
6-hour and IOO-year 24-hour storms were compared at the downstream outlet of 
each wash. The storm that produced the higher flow at that location was utilized 
to produce flows for all cross sections of the wash. If flow was supercritical, then 
critical depth was used to plot the floodplain boundaries. A plot of each cross 
section and the normal and critical depth calculation results are provided in 
Appendix E.5. 

5.5. Modeling Considerations 

Because this study is only producing approximate Zone A floodplain delineations, 
many of the modeling considerations that would accompany a detailed study 
have not been considered in this study. 
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5.6. Floodway Modeling 

Because this study is only producing approximate Zone A floodplain delineations, 
floodways have not been modeled. 

5.7. Problems Encountered During the Study 

As previously mentioned in Section 4.3.1, certain anomalies were present in the 
topographic data provided by the FCDMC, which made it nearly impossible to cut 
truly representative cross sections in many locations. Due to the same problem, 
the data suggest (in many locations) an improper location for the thalweg of 
some washes. Utilizing the aerial photography provided by the FCDMC to assist 
in the thalweg location rectified this problem. As for the cross sections, trouble 
areas were avoided. Trouble areas were rectified by adjusting section locations 
and intensified aerial photo interpretations. 

5.8. Calibration 

Calibration was not performed as part of this study. 

5.9. Final Results 

Table 5.1 lists the results of the hydraulic calculations for both the normal depth 
and critical depth to determine which will be used for floodplain mapping. Normal 
depth was used to delineate the Zone A floodplains if it was subcritical flow. 
Critical depth was used to map the floodplain when normal depth indicated 
supercritical flow as a conservative measure. Table 5.2 lists the values used to 
map the floodplain. 

Table 5.1 Results of Hydraulic Calculations 

T1SR8WS5 
Reach 1 

Reach 1 

T1SR8WS13-1 
Reach 1 

T1SR8WS13-1 
Reach 2 

0.473 

0.973 

0.267 

0.838 

1110 

1110 

3873 

2610 

2.744 

3.191 

4.530 

3.836 

320.478 

210.144 

771.301 

687.644 

2.537 

3.452 

2.174 

2.241 

0.382 

0.492 

0.252 

0.303 

1.890 

2.426 

2.673 

2.752 

224.472 

150.591 

396.670 

528.017 

5.420 

6.191 

6.800 

5.419 
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Table 5.1 Results of Hydraulic Calculations (continued) 
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Table 5.1 Results of Hydraulic Calculations (continued) 

- 

TlSR8WS13-1 
Tributary 1 

Reach 2 

T I  SR8WS13-1 
Tributary 1 

Reach 3 

T I  SR8WS13-1 
Tributary 1 

Reach 4 

TlSR8WSI3-1 
Tributary 1 

Reach 5 

TlSR8WS13-1 
Tributary 1 

Reach 5 

T I  SR8WS13-1 
Tributary 1 

Reach 6 

TlSR8WS13-1 
Tributary 1 

Reach 7 

T I  SR8WS13-1 
Tributary 1 

Reach 7 

TlSR8WS13-1 
Tributary 1 

Reach 7 

TlSR8WS13-1 
Tributary 1 

Reach 7 

T I  SR8WS13-1 
Tributary 2 - 

Reach 1 

T I  SR8WSl3-1 
Tributary 2 

Reach 1 

T I  SR8WS13-1 
Tributary 2 

Reach 1 - 
TlSR8WS13-1 

Tributary 2 
Reach 1 

1.999 

0.500 

0.361 

0.500 

0.688 

0.451 

0.500 

1.000 

1.500 

1.742 

0.500 

1.000 

1.393 

2.000 

140.154 

268.415 

198.167 

163.873 

171.365 

47.696 

76.730 

169.019 

148.838 

71.441 

394.978 

206.699 

278.977 

376.890 

977 

918 

209 

935 

94 1 

155 

943 

943 

943 

943 

1417 

1456 

1487 

868 

3.013 

2.207 

1.284 

2.816 

2.374 

1.696 

3.840 

2.525 

3.114 

3.898 

3.207 

4.091 

6.357 

2.106 

3.876 

2.771 

1.806 

3.609 

3.362 

3.510 

5.261 

4.260 

4.063 

5.885 

2.286 

3.225 

3.055 

2.423 

0.509 

0.439 

0.416 

0.506 

0.464 

0.643 

0.607 

0.656 

0.573 

0.693 

0.322 

0.384 

0.408 

0.438 

2.261 

1.582 

1.001 

2.104 

1.575 

1.414 

3.012 

2.125 

2.611 

3.297 

2.21 1 

2.724 

4.294 

1.594 

122.114 

214.819 

177.832 

132.845 

138.204 

42.066 

64.070 

144.779 

144.017 

62.529 

310.007 

144.115 

89.273 

281.837 

6.363 

5.163 

3.357 

6.097 

6.030 

4.914 

7.797 

5.941 

5.952 

7.860 

5.280 

6.878 

8.125 

4.629 
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Table 5.1 Results of Hydraulic Calculations (continued) 



Lower Centennial Wash Watershed 
Zone A Floodplain Delineation Study 

Phase I l l  

Table 5.1 Results of Hydraulic Calculations (continued) 
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Table 5.1 Results of Hydraulic Calculations (continued) 
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Table 5.1 Results of Hydraulic Calculations (continued) 
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Table 5.1 Results of Hydraulic Calculations (continued) 
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Table 5.2 Hydraulic Calculations Used in Floodplain Mapping (continued) 
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Table 5.2 Hydraulic Calculations Used in Floodplain Mapping (continued) 

3.51 0 

5.261 

4.260 

4.063 

5.885 

2.286 

3.225 

3.055 

2.423 

3.540 

4.940 

1.770 

1.873 

1.887 

4.508 

47.696 

76.730 

169.01 9 

148.838 

71.441 

394.978 

206.699 

278.977 

376.890 

179.559 

113.422 

371 571 

368.094 

335.272 

76.833 

TlSR8WS13- 
1 Tributary 1 

Reach 6 

T I  SR8WS13- 
1 Tributary 1 

Reach 7 

TlSR8WS13- 
1 Tributary 1 

Reach 7 

TlSR8WS13- 
1 Tributary 1 

Reach 7 

T I  SR8WS13- 
1 Tributary I 

Reach 7 

TlSR8WS13- 
1 Tributary 2 

Reach 1 

TlSR8WS13- 
1 Tributary 2 

Reach 1 

TlSR8WS13- 
1 Tributary 2 

Reach 1 

TlSR8WS13- 
1 Tributary 2 

Reach 1 

TlSR8WS13- 
1 Tributary 2 

Reach 1 

TlSR8WS13- 
1 Tributary 2 

Reach 1 

TlSR8WS13- 
1 Tributary 3 

Reach 1 

TlSR8WS13- 
1 Tributary 3 

Reach 1 

TlSR8WS13- 
1 Tributary 3 

Reach 1 

TlSR8WS13- 
1 Tributary 4 

Reach 1 

1.696 

3.840 

2.525 

3.1 14 

3.898 

3.207 

4.091 

6.357 

2.106 

2.241 

2.762 

2.139 

1.668 

1.809 

2.478 

I 1  
Subcritical 

Subcritical 

Subcritical 

Subcritical 

Subcritical 

Subcritical 

Subcritical 

Subcritical 

Subcritical 

Subcritical 

Subcritical 

Subcritical 

Subcritical 

Subcritical 

Subcritical 

0.451 

0.500 

1.000 

1.500 

1.742 

0.500 

1.000 

1.393 

2.000 

2.500 

3.000 

0.422 

0.953 

1.402 

0.500 

1 

943 

943 

943 

943 

1417(~') 

1456(~') 

1487(~') 

868 

868 

868 

819 

81 9 

81 9 

450 
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Table 5.2 Hydraulic Calculations Used in Floodplain Mapping (continued) 
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Table 5.2 Hydraulic Calculations Used in Floodplain Mapping (continued) 
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Table 5.2 Hydraulic Calculations Used in Floodplain Mapping (continued) 
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Table 5.2 Hydraulic Calculations Used in Floodplain Mapping (continued) 
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Table 5.2 Hydraulic Calculations Used in Floodplain Mapping (continued) 

(L') Indicates that the flow was linearly interpolated by length between the nearest 
two concentration point flows, or an upstream prorated basin (using the equation 
mentioned below) and a downstream concentration point flow. 

Indicates that the flow was prorated using the basin area and the equation 
developed from the basins within Phase Ill 

T I  SR7WS22- 
2 Tributary 1 

Reach 1 

T I  SR7WS22- 
2 Tributary 1 

Reach I 

T I  SR7WS22- 
2 Tributary 1 

Reach 1 

TlSR7WS22- 
2 Tributary 2 

Reach 1 
T I  SRMIS22- 
2 Tributary 2 

Reach 1 

TlSR7WS22- 
2 Tributary 2 

Reach 1 

T I  SR7WS22- 
2 Tributary 2 

Reach 1 

T I  SR7WS22- 

T I  SR7WS22- 

2.964 

3.500 

4.000 

1 .I41 

1.500 

2.000 

2.500 

887(L') 

807'~') 

732(L') 

1612'~" 

1447'~') 

~ 2 1 8 ( ~ ' )  

988'L') 

2.789 

3.998 

3.294 

5.425 

4.291 

3.854 

3.841 

Subcritical 

Subcritical 

Subcritical 

Subcritical 

Subcritical 

Subcritical 

Subcritical 

131.486 

144.864 

59.91 9 

232.381 

11 5.589 

85.837 

95.808 

3.758 

3.565 

5.575 

3.847 

5.205 

6.121 

4.91 5 
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Section 6 Erosion and Sediment Transport 

Erosion and sediment transport is not being considered in this study. 



Lower Centennial Wash Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 

Section 7 Draft FIS Report Data 

7.1. Summary of Discharges 

Table 7.1 -Summary of Discharges 
I. 

Location Drainage Peak 100 - Yea1 
, Flooding Source (Miles upstream of Centennial Area Discharge 

Wash Floodplain) ( ~ i * )  (cfs) 

7.2. Floodway Data and Flood Profiles 

There are no floodway data or flood profiles because this is a Zone A 
Approximate Floodplain Study. 
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Annotated FIRMS 
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2004, Phoenix, Arizona. 
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Soil Survey of Maricopa County, Arizona Central Part, United States Department 
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B.1 Special Problem Reports 
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1 Paul Sclafani - RE: Lower Centennial (FCD 2003 C061) 

From: Richard Harris - FCDX <rph@mail.maricopa. gov> 
To: "'Paul S clafani"' cPSCLAFANI@rbf. corn> 
Date: 10/13/2004 4:30 PM 
Subject: RE: Lower Centennial (FCD 2003 C061) 
CC: John Stock - FCDX ~jrs@mail.rnaricopa.gov>, Michael Duncan - 

FCDX ~mwd@mail.maricopa.gov>, Richard Harris - FCDX 
<rph@mail.maricopa. gov> 

Paul, 

Thanks for sending the detailed message. I agree with holding off on the sub-basin 
delineation until the end of October, if need be, so that the automated procedures can be 
used. Again, you might want to cosider using the USGS data between now and then or do 
it by hand, it is up to you. However, if the photogrammetrist has not satisfied our request 

i by that time, we will want to move forward in some fashion, anyway. Please let me know 
which you will plan on doing. Either way, the Geologic Assessment should not be 
slowed. 

If you have any questions, please let me know. I am going to make a reminder to check 
with John next week regarding the status of our request. 

Richard 

-----Original Message----- 
From: Paul Sclafani [mailto :P SCLAFANIarb f. coin] 
Sent: Wednesday, October 13,2004 355 PM 
To: rph@mail.maricopa. gov 
Cc: Anthony Barry; Nathan Ford; Scott Larson 
Subject: Lower Centennial (FCD 2003 C061) 

Richard, 

I wanted to send you a quick email explaining some problems that we 
, have been having with Maricopa County's data. When we were delineating 

the basins using WMS we noticed some problems with certain reaches where 
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WMS delineated a boundary on top of a wash, or where the delineation of 
- - ) the basin "jumped" washes and incorrectly included additional area. A 

investigation of these areas revealed a problem where the contours show 
a ridge on top of a wash that should be have a channel. In other words, 
the flow in the channel is flowing the wrong way. We took a random 
sampling of different areas and found that this problem is not an 
isolated occurrence but occurs throughout the project area in 
unpredictable ways. We then looked at the profile plot of the channel 
flowlines that was generated from WMS and found that there were unusual 
spikes along the washes. 

We thought that perhaps the problem may have been with WMS so we 
performed an analysis where we generated contours from the original 
ASCII file using WMS and compared that to the DXF of the contours 
provided by the FCD. We found the problem to be identical in both 
files. The conclusion we therefore reached was the problem lies within 
the original ASCII data that came from the FCD. At that point we 
notified you of the problem. 

i 

) This problem effects our ability to use WMS to delineate the basins and 
develop the reach lengths. We were in process of delineating the basins 
and reach lengths when we came across the problem. We have explained 
the problem to John Stock with FCD and sent him digital information 
regarding the problem. He is going to send that information along to 
the mapping consultant that originally perforrned the work. I would like 
to hold off on delineating the basins and reach lengths until we get 
some feedback from John. It may be worthwhile to wait until the mapping 
agency fixes the problem, if it means that we could use the automated 
features of WMS. If it turns out that it will take more time than is 
reasonablem, then we will continue using USGS maps. Let me know what 
you think about our plan. 

Thanks 

Paul Sclafani, P.E., CFM 
Project Manager 

- RBF Consulting 
16605 North 28 th Avenue, Suite 100 
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. I  - - 
Phone: (602) 467-2200 
Fax: (602) 467-2201 
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i Paul Sclafani - FW: Analysis of Centennial Wash 10-foot Contour 
-1 Mapping 

From: Richard Hams - FCDX <rph@mail.maricopa. gov> 
To: "'psclafani@rbf. corn"' <psclafani@rbEcom>, ""nford@rb f. corn"' 

<nford@rbf. corn> 
Date: 11/2/2004 9:23 AM 
Subject: FW: Analysis of Centennial Wash 1 0-foot Contour Mapping 
CC: Richard Harris - FCDX <rph@mail.maricopa.gov> 

For your records. Should we include a copy in the TDN? I guess the answer to 
that is what the final study sheet background will look like relative to study 
reaches? Your thoughts, please. 
-----Original Message----- 
From: Jay Satalich [mailto:JSatalic@landata.com] 
Sent: Friday, October 29, 2004 10:54 AM 

1 
To: John Stock - FCDX; rph@mail.maricopa.gov 

' Cc: Brad Arshat; Paul Rivers 
Subject: Analysis of Centennial Wash 10-foot Contour Mapping 

John 

Per your request, the following is an analysis of the information given to us from 
FCDMC in the areas in and around Centennial Wash. 

EFFORT EXPENDED. SGT tasked five people to aide in review of this dataset. 
SGT personnel logged in excess of twenty-five hours reviewing this project. 

GIVENS. It is our understanding that USGS quad sheet data (l-inch equals 
2000 feet horizontal scale, 20 or 40 foot contour interval mapping) was compared 
against SGT's 10-foot contour interval product. It is also our understanding that 
there were "problems" with the SGT data as "... streams sometimes go uphill ..." 
Besides the shapefiles of the "problem" areas, SGT received no other 
information such as the quad sheet information from the areas in question. 

TASKS ACCOMPLISHED. Given the nature of the request, SGT determined 
that stereo models would need to be setup to properly validate the veracity of the 
allegations. 

METHODOLOGY. In order to perform a thorough review of the data, SGT 
< 
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; needed to go back to the year one imagery of its orthophotography project and 
) rescan the negatives. Like other photogrammetric firms, SGT does not keep raw 

scans of its imagery for its orthophotography projects due to the massive size of 
these files. SGT scanned approximately sixteen negatives to rebuild the imagery 
needed to review the mapping. SGT used the original year one aerotriangulation 
to established the orientation parameters of the models. SGT used the 
shapefiles provided by FCDMC to identify so-called "problem" areas. 

Besides the internal checks provided by the aerotriangulation, several other 
independent checks have been made on the dataset. First, the aerotriangulation 
was checked using field survey methods on aerial targets scattered throughout 
Maricopa County. This provided an independent check of SGT's work on the 
year one aerotriangulation with ties to the GDACS geodetic system within the 
County. Next, the resulting orthophotography was checked against existing GIs 
datasets. Finally, the orthophotography was visually scanned for any "smears" 
or other distortions which might contaminate the final orthophotography. If 
orthophotography is rectified using an inaccurate DTM, then distortions will most 
certainly appear in the final orthophotography. SGT has performed the Maricopa 
County orthophotography the last four years with the same DTM surface -- all 

, without distortions present in the final orthophoto images in these so-called 
i "problem" areas. Statistically analyzing the year one DTM dataset, it was 
) calculated that this DTM surface was actually accurate to a 7-foot contour 

interval product, making it somewhat more accurate than the intended 10-foot 
product. I certified to a 10-foot product, and this is a conservative, therefore, safe 
estimate of the accuracy of SGT's product. 

After scanning the images and setting up the orientations from the 
aerotriangulation, SGT staff reviewed the stereo models in the areas in question. 
Three (3) SGT personnel reviewed the stereo imagery on a softcopy 
workstation. The original DTM surface was then compared with the stereo 
imagery. The DTM consisted of mass points obtained via autocorrelation 
methods, which were then enhanced interactively with breaklines along major 
streambeds. 

FINDINGS. Review of the stereo imagery indicated agreement with the original 
DTM surface of better than four feet vertically throughout the models. Major 
streambeds were enhanced with breaklines, and also agreed with the original 
dataset. The data was very repeatable, and met the accuracy tolerance of a 10- 
foot mapping product. The review was routine without anything out of the 

, ordinary. Breaklines ran along the major channels, and were consistent with the 
autocorrelated masspoint data. 

COMMENTARY. Based upon the information from the year one Maricopa 
I 
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E County orthophotography project, the assertion that "... streams sometimes go 

') uphill ..." is baseless. This is certainly not the case when using the original 
information used to create this dataset. Perhaps this might be true when 
compared with less accurate 2000-scale USGS data, although SGT cannot be 
certain because it was never provided with this information. We could only 
analyze the information we were given and had in hand. One of the major 
reasons FCDMC contracted with SGT to provide the 10-foot data product was to 
provide FCDMC with a more accurate and higher resolution product to better 
perform hydraulic modeling throughout Maricopa County. It goes without saying 
that the 10-foot SGT product will have a greater level of detail and accuracy than 
the 2000-scale USGS product. Features not depicted in the 2000-scale product 

w i l l  be shown in the 10-foot product. The same is true when comparing the ten- 
foot product with a more accurate two- (or even one) foot product. The greater 
the scale of the mapping, the more features are generalized and there is less 
detail of the fine-scale features. 

Should. you have any other comments or questions regarding this project, please 
refer all future inquiries to SGT's project manager Paul Rivers. 

Jay Satalich, P.L.S. 
1 Vice President of Land Surveying 
.I Stewart Geo Technologies, Inc. 

(formerly Landata Airborne Systems, Inc.) 
949.784.41 00 (office) 
949.784.4101 (fax) 
949.283.2728 (mobile) 



Lower Centennial Wash Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 

8.2 Contact (Telephone) Reports 
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Paul Sclafani - Lower Centennial FDS 

From: Richard Harris - FCDX <rph@mail.maricopa. gov> 
To: "'mpomper@cap-az.comW <mpomper@cap-az.com> 
Date: 7/7/2004 10: 04 AM 
Subject: Lower Centennial FDS 
CC: Richard Hams - FCDX <rph@mail.maricopa. gov>, 

"'psclafani@rbf.com'" <psclafani@rbf.com> 

Hi Marilyn, 

As discussed, I am requesting that you provide Paul with as-built plan and profile sheets 
for the CAP canal, regarding the District's subject Flood Delineation Study. I suggest you 
call Paul at 602 467 2242 to discuss the region he needs the info for, in detail. Please 
copy me with any letters of transmittal. 

If you have any questions, please call me at 602 506 4528. 
9 
. hanks, 

Richard 

-----Original Message----- 
From: Paul Sclafani [mail to:PSCLAFANI@,rbf.com] 
Sent: Wednesday, July 07,2004 9:29 AM 
To: rph@mail.maricopa.gov 
Subject: Re: Meeting Minutes wltracked changes 

Richard, 
I need you to send an email to the CAP requesting them for the 
information for Lower Centennial. The information is as follows, 

Marilyn J. Pomper, CLA 
Land Administration Assistant 
'23-869-2265 1 

pomper@cap-az.com 
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Lower Centennial FDS 

Basically I gave them the location of the CAP where we need information 
1 to be RlOW and R9W along T3N. They just need to make sure that the 

purpose of our request is for a County project. Let me know if you have 
any questions. 

Paul 

Page 2 of 2 
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Paul Sclafani - Lower Centennial FDS Harquahala Irrigation District 
3 

From: Richard Hams - FCDX <rph@mail.maricopa.gov> 
To: "'psclafani@rbf.com'" <psclafani@rbf.com> 
Date: 7/13/2004 2:40 PM 
Subject: Lower Centennial FDS Harquahala Irrigation District 
CC: Richard Harris - FCDX <rph@mail.maricopa.gov> 

Paul, 

I used DEX and found the following contact info.: 

Harquahala Irrigation District 
HARQUAHALA, AZ 853 26 
(928) 372-4791 add to address book dservlet/ActionServlet? 
pid=addListing&tvpe=b&address=&ci~HARQUAHALA&state=AZ&zi~=8 

I 
28928%29+372, 

) 479 1 &from=70VT&lait 1 OSaved=true&resultFon~~=BASIC&showResetButt~ 
))Imgation Companies 

I called and spoke to Earlene Warren and told her we would be by to visit 
their office on the 2 1 st, arriving between 10 and 10:30. We should be 
prepared give a brief description of the study and have the most current 
displays available (it would be great if we were able to show them some of the 
selected study reaches by that time). 

Her husband, Rick, is the GM of the District. Their address is: 
Harquahala Irrigation District 
402 South Harquahala Valley Rd. 
Tonapah, AZ 85354 

Although the zip codes are differant, the 85354 code is correct per Earlene. 
Richard 



ni - Union Pacific Railroad Contacts 

) From: 
To: 
Date: 
Subject: 

Ryan Christensen 
Anthony Barry 
7/14/2004 4:58:42 PM 
Union Pacific Railroad Contacts 

Bridge Maintenance Manager 
John Tripp 
(520) 629-2222 

Bridge Maintenance Director 
Jeffery Mancuso 
(916) 801-3233 

CC: Paul Sclafani 



Lower Centennial Wash Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 

B.3 Meeting Minutes or Reports 
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Lower Centennial Wash Tributaries Flood Delineation FCD 2003C06 1 RBF 45101952 
Kickoff Meeting Minutes Meeting Date: June 23, 2004 

'l Page 2 of 7 

Summary of Discussion Topics: 

1 Coordination Activities 

A. Project Schedule 

1 The Notice to Proceed date was 06-07-04. 
2. The FEMA submittal package must be ready within 520 days. 
3. There is a minimum of 120 days for District review in the 520-day project 

development time limit. If possible, please allow more than 120 days for 
District reviews. 

4. 420 days have been allotted for obtaining FEMA approval following 
project development. 

5. All work must be completed within 940 days, including FEMA review 
related information requests. The Consultant has updated the Project 
Schedule as called for in Task 1 .I. 

6. THERE WILL BE NO TIME EXTENSIONS. EVERY TASK MUST BE 
COMPLETED ON TIME. 

Update schedule monthly . 

Written request for extensions 

B. Coordination Meetings 

In order to keep this project moving along, and on schedule, regular 
coordination meetings will be held approximately every 4 weeks (Task 
1.2). Unless a schedule is change is requested and approved by the 
District, these meetings will occur every third Tuesday around 10 a.m. at 
the District office. However, coordination meetings do not always have to 
be face-to-face, telephone coordination meetings can be held. 
Milestone meetings are called for in the Scope when certain specific 
tasks are completed. These meetings will almost always be handled in 
person. 
Please remember that the consultant (RBF) has been tasked with 
keeping minutes of any meeting (Task 1.2). 

C. ~stimated Monthly Billings 

1. For budgeting purposes we need an estimate of the total dollar amount 
that will be invoiced for each month (Task 1.3). This estimate will be 
updated quarterly per the contract. 

H : \ P D A T A W S I 0 1 9 5 2 V \ D ~ C K O P P  MTG 0623WREVISED.DOC 



Lower Centennial Wash Tributaries Flood Delineation FCD 2003C06 1 RBF 45101952 
Kickoff Meeting Minutes Meeting Date: June 23,2004 

C . Page 3 of 7 
\ 

D. Billing and Progress Reports 

1. A progress report is supposed to be submitted 5 days before the 
submittal of a monthly invoice (Task 1.4). Sample progress reports have 
been provided. 

Forward progress reports to subs 
' Include % completed for the task 

Right-of-way letter from Survey 
Right-of-way Entry for geomorphology 
Notice of intent 

2. Within invoices I like to see an indication of the amount of work 
completed for each sub-task as a percent for each task during the month, 
and the total amount completed so far (earned value concept). We can 
only pay for items that have been completed. All invoices are now being 
looked at very closely. If the work isn't 100% done, please don't bill for 
100%. The same can also be said about any other percentage level too. 

3. The next month's work plan. 
i 4. MBEIWBE stuff. 

Fill out form every month. 

E. Legal Ad 

I. The District is responsible for placing the legal ads (Task 1.5). Sample 
ads will be provided by PI0 staff to me, and I will forward them on to you 
for modification before posting. 

F. Study NotificationIRight of Entry Letter 

1. RBF is responsible for notifying the property owners about the survey 
(Task 4.6). The District can provide a sample to RBF for modification. 
Once the study reaches have been selected and approved, the District's 
GIs can provide RBF with a mailing list of potentially affected properties. 

G. Coordination Meetings With Others 

1. None are foreseen at present. However, there may be a request for 
meetings by larger affected entities such as the CAP or the local 
irrigation companies. If this occurs, the consultant will be expected to 
assist in preparations and attend the meeting@). 



Lower Centennial Wash Tributaries Flood Delineation FCD 2003C06 / RBF 451 01 952 
Kickoff Meeting Minutes Meeting Date: June 23, 2004 
Page 4 of 7 

H. Public Meeting 

I. No public meetings are called for in the scope. 

I. Performance Evaluations 

1. Evaluation forms will be provided at a later time by the District. 

3. Data Collection 

A. Other Studies that cover the area 

1. Centennial Wash FDS 
2. Design studies for District Structures 

Harquahala diversion channel 
3. Geologic Mapping by AZGS4. Adjacent studies such as Tiger Wash 
5nd WMyvelde Development Plan 
6. Railroads 

Southern Pacific 
7. Irrigation Companies 

Names and mailing addresses 
8. CAP 

Locally and differences 
9. Others 

Compare results to Palo Verde report and Luke Wash 

4. Field Surveying 

A. All new survey is to be done on 1988 NAVD and 1983 NAD. Structure survey 
should follow graphic format defined by the District's chief surveyor (CD to be 
transmitted to RBF). All survey data must be transferred to the District per 
contract format (section 4.2) for review and approval before the District will 
authorize payment. Survey Control will be based upon the County's GDACS 
system. 

Grid international feet 
B. The final floodplain mapping scale will use a scale of Iw=500 feet (unless 

otherwise agreed upon later), and a contour interval of 10 feet. 
C. All survey submittals must be prepared using the authority requirements called 

for in the SOW. 
D. Optional survey must be authorized in writing by the District prior to activity. 

r~ 

H : \ P D A T A W 5 1 0 1 9 5 2 k D ~ C K O F P  MTG 062304-REVISm).DOC 



Lower Centennial Wash Tributaries Flood Delineation 
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-3 Page 5 of 7 

FCD 2003C06 / RBF 451 01 952 
Meeting Date: June 23, 2004 

5. Hydrology 

HEC-I will be used along with the Districts methodology (computer programs). 
DDMSW 

The 100-year 6-hour and 100-year 24-hour events will be modeled. 
The primary factor to consider when choosing concentration points and sub 
basins is what is needed for the delineation. 
The hydrology report must have a table listing the peak discharge at each sub 
basin and concentration point. A cfslsq. mi. check can be added to this table. 
It is also a good idea to compare the hydrologic results with enveloping curves 
relative to adjacent studies, and possibly some regression equations. 
Four Meetings and Two field trips will be scheduled and performed at regular 
intervals. 
There is an optional sub-task 5.5.1.4 that may be exercised for locations 
identified as split-flow, in order to better estimate local hydraulic and 
hydrologic conditions. This option must be authorized in writing by the District. 

ESI may want to have input 
Digital Deliverables of the Hydrologic analysis should begin. as soon as the 
Hydrologic modeling is approved. 

I. Hydrologic Verification 
Graph it on log - log 
Show results in a form that you can come up with equations 

6. Floodplain Delineation 

A. HEC-RAS may be used for the hydraulic modeling. If it is, the most current 
version is 3.1 .I. What alternative methodologies might be used? Care should 
be taken using different methodologies to identify critical depth areas for 
delineation purposes. 

Plot stream profiles 
Cut section @ grade breaks 
I mi vs. %mi 
Compute critical depth if HEC-RAS not used. 

B. There are six specific steps called for when District approval must be 
obtained. 

C. N value report and method. The District will provide a copy of the 
recommended guideline. 

D. If HEC-RAS is used, the Consultant (RBF) is to run FEMA's Check-RAS 
I ? program. 

E. Geomorphic Assessment. What will GIs deliverables need to consist of? 
F. Methodology for generating cross section geometry must be coordinated with 

the District. 
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?I Page 6 of 7 

G. FP Boundary GIs deliverable needed for study map quality checking. Data 
tables to list wash name, section ID, flow quantity, flow depth, flow velocity, 
flow top width, Manning's roughness average value. 

7. Low Level Geomorphic Assessment 

A. The District has provided Geologic Mapping and Stereo Photos to RBF 
B. The District has provided RBF with a copy of the 2003 (or later) version of the 

Piedmont Flood Hazard Assessment Manual. 
C. A technical Memorandum of the Assessment will be prepared separately for 

District review and approval. A copy will also be placed in the project TDN. 

A. Survey and development information is to be submitted before the study is 
submitted to FEMA. 

B. It might be permissible to also submit the hydrologic data to FEMA before the 
study is submitted to FEMA in total. Doing this will depend upon if we feel the 
likelihood of the hydrology being changed by FEMA is low. 

i .) Coordinator to be informed of all floodplain delineations but the final 
document is to eventually be reviewed by Michael Baker, the FEMA 
reviewer. 

C. Please work with our GIs people. Too many studies in the past have spent 
too much time going back and forth because the consultant wasn't working 
with our GIs people. Priority must be given to getting the GIs completed and 
approved. In the past we have had some foot dragging by the consultants on 
getting this task completed. 

Marc Brewer in charge of database 

D. There are three times that deliverables are called for. 
1. Prior to FEMA submittal 
2. For the FEMA submittal 
3. After FEMA approval 
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Kickoff Meeting Minutes 
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FCD 2003C06 1 RBF 451 01 952 
Meeting Date: June 23, 2004 

9. Other General Stuff 

A. Every drawing must have either the last date it was revised, or the date it was 
printed on it. Because towards the end of the project minor revisions are 
impossible to spot. 

B. Title pages of drawings and reports shall include at a minimum the name of 
the study, the District's contract number, date last revised (even if minor), 
name of the consultant(s), consultant's address, consultant's phone number. 

C. All reports and drawings must be sealed and signed by persons of appropriate 
registration. 

D. Please use a clear plastic sheet as the inside cover in all notebooks. If you 
don't, the first sheet ends up sticking to the notebook, and will eventually end 
up being ripped out. 

E. Make generous use of headers and footers in the reports, especially in the 
hydrology and hydraulics printouts. Items to consider are: contract name & 
number, consultant's name, print date, event being modeled. 

Set up border template 
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Summary of Discussion Topics: 

Data Collection Report a'nd Progress 
Include the site visit with report 
Richard will get back with us with comments to the report 

Since we are using the County's soils information, we should not reference 
SSURGO in the report 
There is an irrigation line floating in mid-air, include link canal in drawing 

We need to get overall image of the aerial for 2003 
.$&, 
4.' *,.;..$<>' 

Geomorphology Schedule and Tasks .,+$.:b *%&# 
$@$:::.. 

If there is information that we did not have th,g$&vq$qeded, let Katherine 
,\>:k.sy *. .\%.. 

know. .+g.:p +.- +?;:.:*$, *&%.. 
.Z&+ 

.'A ...I 0 
.,.. -5 '" '.$$$?+,. 

Overall Schedule .,+$$p ..*% ..ya>+. . e 

,,..~~x-i .:\.:+;., "X.X.... 

Get list of locations that need to bg$&eyed ?, 

' ... ..<.. *.;>.;.;., 
f ;$Y 

;'.:::gs .,.::$$$;:. o Shape file x.:,~.~?~ ..:.....- 3x ..:.:v.:::.- ,,.,.. '.'. ,<;:41;y 
\:;$$$& .. . ,>:... :i2*v ...y 

Reach Lengths Identified to be Studied ..!4Sp ...* - .+>:, , . , 
,Ik . '?x.%>:* Jeri needs a copy of the-$edbJ+I.engths .# -ysL3~;e0 -w&, .??$3&,, 

l Closer to existing farm lan@~s%?&ky X$~I&?. priority@*. ., 

l Pick out 150 mi get startedbht awayhxtkqn ,.$>$;% T.& =+%.,,, g&lOO for optional, Jeri's in- 
active alluvial fajq,+jgill be ~ ( $ $ % t i ~ ~ ~ l  ''<@:,' 

.$@g$<:':\. '.:.$$g+<$:*- 
What is landalqner$g SE ~ h a S e  1; is it State Land? *sY" It may be ,,&%..Y im&rtant t k q a p  ar$$sputh of Centennial Level since it has a 
water sue$y ,,ti~,y.3L'C .&- %%S. is,-.d ~ $ 3  .. 

l Send the.?#$ape ....+, ? . % .%d.&.. fil&b$h&:~~$~b&s .- Y.-., .t~+.:~~.. to Richard 
*.;y5%. .. %@& 

~ossib~~~%~%.btai&&+~verall q. -%+- +&...s y~bkk Aerial Of Study Area That Is Not To The Level 
0 f@fa i l  &@ As v\l&@~as'~@$ded. 
e,-.~h No comment$,$$i Y~F %q3?,. \T$C '@a2> !h.~ 
Upcomq# ~ o n t h ' s ~ a l s  
l ~ e @ ~ o ~ r e & # k ~ o r t  tsp&, 4g3y for ~ u l y  

?qg$\2@ 
Anything ~ l s a y r o m  Others 

No comments. 
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Summary of Discussion Topics: 

I. Data Collection Report 
l The final version of the report is nearly done but Richard needs to take one 

last look at it before we print out the final version. 
* The pictures need to be notated as to where they were taken. 

Include all of the Watermaster pictures. 

2. Geomorphology Progress 
The areas of significant concern consist of the area&&the southeast 
portion of phase 2 and the area just upstream of"@~a~letail levee. The 
areas in Phase 1, south and north of the ~owe@&ghtennial Wash look 0.k. *:g$?? **y.. 
The other areas in Phase 3 haven't been assessed.&g. 

*.:,\ *..., 

Jeri is planning to head out to the site $@$&%day. "*%$jP, 

We may want to focus our attention gg$ff5'e area that is 88$hof Lower 
Centennial Wash on the eastern sid&%f ..*2;j.., the watershed. ~#$$$rea has a ,::.:.:. . . . 

a*.'. .. greater potential to develop. ""'" q+:.:.. , ,$@y .itw;: 
Paul needs to call the irrigation dist%&gg lelthem know you are going out 
there. c:kk%.y- 5V'5 % "..:\b.>* 

I , f  l The Eagletail levee was$@!jiqally p 2.. :>+?x~~* built bfi kt:&. SCS and until recently been 
-. 4. \\5.\. ? $  ~%x..,,+.\ 

k maintained by FCD. T h e ~ & ~ a l ~ q ~ ~ s t r i c t  isxqw ..S? assuming maintenance. 
.'.::.,\ ,>&Y:$4$$&.* 4x.:,.>.2'.... 5s 

3. Reach Lengths IdentiOeQto ~E..>.V., be ~ % k i i ~ . ~ @ s ~  +x-&: ....-.\5' .k2~5~- .. 
The areas inJ@w&&@ppear4@@e clear to begin hydrology. Final 
deterrninat.i@bn ~ h a k e s  .:+y 2 ank:$ +-..'.c. have yet been completed. 

,&fF ','. \:.. <,<* 98;. +&>\ .<.$$\.. ".'\ ..'.%* 4. Schedule ~q .&, G~gg~p:~>%2$&~7:-:3:e:..5.. .. ..:.:FJ..:~Y~+ , :.- uf;.,>.:5-.Q: .%X" - ,., . L p  

RBF is going&kqkl started ofi?he hydrology in Phase 1 on Monday. ,., %P\ \>R. ,: , ,%$%., ?%. \@<.>k 
$,\Q... -Q- ,,, 

, t($$i ',-..A 

. .<:*s "%$%, 
5. SPaRis of the geriB@ aerf@9vering the larger area. 

e'%$~.ic .eg,$8k has been%&her busy and is still working on burning the CD. 
Tb$\\ % 

6. upcomb. b~ontt$!&oals 
l C o n h e  (h geomrrphic assessment. 

Begin '"' ti%$ $ ydrology and developing reach lengths. 
Layout the structures that need to be surveyed. 

l The reach names should include the Township and Range. 
The basin names should indicate the major watershed that it's located in . 
Richard needs to look at the cross section locations before we compute 
the hydraulics. 

( :, 

7. Anything Else From Others 
l No comments. 
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Summary of Discussion Topics: 

1. SUBBASINN DELINEATION / HYDROLOGY 

Subbasins should be larger at top of watershed where the terrain is more 

mountainous and less habitable. Subbasins at the b~ f tom of the &&+ 
.-+.:%... 

watershed in flatter zones should be smaller. -bs@$F 
;,4$$&Z>. 

Flows for areas between concentration poinjs:%~l~b'e,~.~prorated". 
.+&$ qR$\ 

..5. ..:>.;.:+, 
The S-Graph hydrograph will be used. ,*&.. ..'...X< a ..+,....: '>. '.:p>c .. &a> *Y&, 

, $&s$.:* '"2...."?.:, 
,.*:.x*:.y- ':.*.%.,, 
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It was suggested by Steven Tucker that we should make a small scale 

comparison between the USGS DTM and the Maricopa County 
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FCD 2003C061 

Lower Centennial Wash Tributaries Flood Delineation 
Study 

Progress Meeting 

November 17,2004 

Agenda 

1. Phase Boundaries and Reach Lengths 

JLK is going to do an approximate study similar to what we (RBF) is doing on 
Phase 1. 

2, Survey Request Exhibit 

Railroad is owned by Union Pacific, not the Southern Pacific. The label needs to be 
changed. 

If we need to change the funding of the study around because there isn't as much 
survey then we need to submit a request and have some sort of backup. 

3. Phase 1 Basin Delineations 

Richard asked about small areas directly adjacent to Lower Centennial Wash and 
why they weren't delineated. This was done because the contributory drainage area 
is not large enough to warrant delineation. 

4. Basin Nomenclature 

The basin nomenclature looks 0.k. but Steve said the Letter "B" doesn't really 
indicate location. It was explained that the the names are constrained by the model 
which only allows 6 letters. In the end Steve was satisfied with our naming 
convention. 

5. Upcoming Month's Goals 

Include our methodology for the Hydrology in a special problems section of our 
TDN and in the next progress report. 

Steve reviewed the basin areas and after going over them in the meeting he is 
comfortable with the basin delineation for Phase 1. At that time he approved the 
basin delineation, thus releasing RBF to continue with the hydrologic parameters. 

The next month goals involve working on the hydrology for Phase 1 and begin the 
basin delineation for Phase 2. 

9 



Site Visit July 13, 2004 
Sunny and Hot, no rain or moisture in the past few weeks. 

This site visit consisted of driving the structures with Charlie (maintenance manager), Richard, 
Kathryn, Mike, Nathan, Anthony, and Paul. The pictures for this site visit are located in: 

H:\PDATA\45101952\lmages\Site Visit 7-1 3-04-Structures 

Contactr Tom Wrinkly about inspection reports 
Steve Watters would hav data on the Wayne Rain Gauge in the area - however it may not 
be in service. 
It may be necessary to contact the El Paso Natural Gas Line 
Delmonte has some gauge information at 623-925-0900 or 602-708-6297 * 

The trapezoidal section of the diversion channel is maintained by mowing out the brush. 
The diversion channel has a consistent cross section, there are inlet spillways every 50-1 00 
feet apart. 
The saddleback flood retarding structure has significant potholing in the top the structure. A 
study is currently being done by AMEC. The vegetative overshoots are closed because of 
longitudinal cracking at the toe of the dam. 
There is a 60" water ling on the upstream side shoots out of the dam at the saddleback dam. 
This is the only drainage reaching the Saddleback channel. 



-l FCD 2003C061 
Lower Centennial Wash Tributaries Flood Delineation 

Study 
Intermediate Meeting 

December 28,2004 

Meeting Minutes 

Purpose 
The purpose of this meeting is to clarify some of ow methodology for computing the hydrology 
parameters before we complete the preliminary draft of the hydrology report. 

1. Clarify which soils data to use when two soils survey meet within the study area. 

a. The original NRCS Study didn't have any XKSAT values. FCD added XKSAT in 
1997. 

b. Bing recalled that there was something wrong with the Gila Bend data. Amir 
performed a study on the XKSAT and compared the Gila Bend to the original 
values used. He found that corresponding values of the XKSAT based on the new 
description of the soils for the Gila Bend soils survey, are higher, sometimes 
significantly so, than the values used in the previous study. 

The computations performed to develop the new XKSAT values were found in a 
report titled "Saturated hydraulic Conductivity *(=SAT) Estimated Values Green 
and Ampt Parameters of the Soil Survey of the Gila Bend-Ajo Area, Arizona, Parts 
of Maricopa and Pima Counties" written in January 23,2004 by Amir Motarnedi 
and John Holmes. 

c. Based on the confbsing nature of the data, Bing and Steven will look into what direction the 
County wants to take and give a recommendation. Amir will be consulted as to what the 
result of his study produced. 

Other minor hydrology parameter questions. 

a. There was a question regarding the Passive open space definition in the percent 
vegetation table. Based on this table the recommended percent vegetation was 90 
percent. This seems high based on visual inspection of an aerial photography. 

b. Steven explained that the prescribed percent vegetation was not meant to be 
definitive, but only a guide and that he would accept variations of the recommended 
values. After looking at the aerial photograph he roughly suggested that a 
percentage around 20-30 percent might be more appropriate. 

c. RBF chose the Phoenix Mountain S-Graph distribution from the Maricopa County's 
Hydrology manual. Steven agreed that this was the appropriate distribution to use. 



The Kn values listed in the Maricopa County Hydrology manual for Foothills are to 
be used for the hydrology. 

d. Steven recommended that we use the same Kn value for the 100-year 6-hour and the 
100-year 24-hour storms. 

3. Representative cross sections for the hydrology. 

a. Ordinarily a representative cross section would be selected for each routing reach. 
However, because of irregularities with the topographic data, there were only a few 
locations where the cross sections seemed reasonable. Therefore, representative 
cross sections, cut in locations where the top0 is accurate, will be used to represent 
the routing reaches for the drainage areas throughout Phase 1. 

4. Change order for the survey sub-consultant. 

a. We will submit the change order for the revision to the survey scope. The amount 
that A-Team proposed looked 0.k. but Richard recommended that we follow the 
same format as the previous proposal, including hourly and overhead rates. 



FCD 2003C061 
Lower Centennial Wash Tributaries Flood Delineation 

Study 
Intermediate Meeting 

December 26,2004 

Agenda 

Sign In Sheet 

Name Organization Phone Number E-Mail 

1. Paul Sclafani RBF Consulting 602-467-2200 psclafani@rbf.com 

r ,) 2. Nathan Ford RBF Consulting 602-467-2200 nford@rbf.com 

3. Richard Harris FCDMC - 602-506-4582 rph@mail.rnaricopa.gov 

4. Mike Duncan FCDMC 602-506-4732 mwd@,,mail.maricopa.gov 

5. Steven Tucker FCDMC 602-506-4872 slt@mail.maricopa.~ov 

6. Bing Zhao FCDMC 602-506-3293 biz@mail.maricopa.gov 



.. . , . 

3 FCD 2003C061 
Lower Centennial Wash Tributaries Flood Delineation 

Study 
Progress Meeting 

January 7,2005 

Meeting Minutes 

1. Progress report. 
= This item was discussed. Richard asked for a change order to be added for the next months 

item. 

2. Submit the rough draft of the hydrology section. 

Discussed the regression analysis. 

3. Submit the rough draft of the geomorphology. 

Plotting and digital size to be investigated. 

= The scale on all of the exhibits should be English. 

Add folder with a copy of soils report. 

Include study area boundary on all of the exihibits. 

4. Number of cross sections for the hydraulic analysis. 

Place the cross sections every '/z mile. 

5. Hydraulic analysis methodology. 

Compute the depth using Manning's equation in WMS. 

Compute the normal and the critical depth and use the greater of the two. 

6. Who is reviewing the hydraulics. 

Richard is reviewing the hydraulic analysis. 

7. Change order for the survey. 

Exercise Optional task. 

8. What is the timeframe for the hydrology review and geomorphology review. 

The hydrology should be reviewed in 3 weeks. 

The geomorphology should be reviewed in 3 weeks. 



FCD 2003C061 
Lower Centennial Wasb Tributaries Flood Delineation 

i Study 
i Progress Meeting 

January 7,2005 

Sign In Sheet 

Name Organization Phone Number E-Mail 

1. Paul Sclafani RBF Consulting 602-467-2200 psclafani@rbf.com 

2. Nathan Ford RBF Consulting 602-467-2200 nford@rb f.com 

3. Kathryn Gross FCDMC 602-506-4837 kag@mail.maricopa.gov 

' 4. Jeri Young ECI 480-966-8801 Jeri.young@asu.edu 

5. Mike Duncan FCDMC 

6. Richard Harris FCDMC 



3 FCD 2003C061 

Lower Centennial Wash Tributaries Flood Delineation 
Study 

Progress Meeting 

February 2,2005 

Minutes 

1. Hydraulic cross section submittal. 
Submitted: 

a. Printouts of all of the cross sections. 
b. Preliminary set of hydraulic cross sections (1 8 sheets). 

The following comments are based on things that Richard had commented before in the past, they are not based 
on a review of any submittal by RBF. 

Ground Control- RBF may have done the ground control in the area. Dan Mardock may have that 
information, at Flood Control, John Stock is the best source for this information. 
Add the township and range on the Sheet breakout on the cover page. 
The location map shows the project in relation to Maricopa County as a whole, add a map that shows 
local culture in the area. 

.) Administrative floodways should be delineated along the same stream lengths as the Zone A 
floodplains. 
Richard suggested that we may want to put the drainage areas in red to assist reviewers decipher which 
subbasins the channels are located. This will be investigated but it seems that the utility of doing this 
may be limited since FEMA won't see it and ultimately may be a source of confusion or errors. 
Make sure that all of the street labels are located directly on top of the corresponding street. 
The leaders labeling the floodplain should point to the Zone A boundary not to the inside of the shading. 
Include with the base mapping icons locating schools, churches, culverts, bridges, railroads, etc. 
In the index diagram (the one that's on the right hand side of each sheet) add the township and range. 
Add the GDACs points. 
Include the peak discharge that is used at each cross section. 
Extend the thalwag's of the delineated streams down to the thalwag of Lower Centennial. 
Richard still needs to email the thalwag of Lower Centennial to RBF. 
Add the match lines on the edges of each sheet. 
RBF will use the latest FCD logo on plan sets. 

2. Review hydrology comments. 
Received: 

First round of comments and mark-up report from Steven Tucker. 

There was a discussion about increasing the power of the best-fit equation. In the end the linear best-fit 
line appeared adequate and highly representative of the data. 

\ 

C ! 
Add label to graphs showing that the equations represent certain size drainage areas. 
Round the cfslmiY (csm) amount to the nearest whole number. 
Steve will provide an approval of the hydrology report once the changes have been made and reviewed. 



3. Change Order. 
Received: 

Two copies of the change order form from Sharon McGuire to be signed by Scott Larson. 

The change order looked o.k., RBF will sign both copies and send both copies back to FCD. 
In order to exercise the option, RBF will send a letter to Richard spelling out the option that is to be 
excercised. 

4. Miscellaneous discus&on 

RBF will coordinate with Richard and Jerri to set up a meeting next Tuesday for the Geomorphology 
review. 
RBF will formally request the shape file for the Lower Centennial thalwag. 



FCD 2003C061 
Lower Centennial Wash Tributaries Flood Delineation 

Study 
Progress Meeting 

February 2,2005 

Sign In Sheet 

Name Organization Phone Number E-Mail 

1. Paul Sclafani RBF Consulting 602-467-2200 psclafani@rbf.com 

2. Nathan Ford RBF Consulting 602-467-2200 nford@rbf.com 

1 3. Richard Harris FCDMC 602-506-4528 rph@mail.maricopa.gov 

4. Steven Tucker FCDMC 

5. 



FCD 2003C061 
Lower Centennial Wash Tributaries Flood Delineation 

I 
1 Study 

Progress Meeting 

i@ February 15,2005 

Minutes 

1. Progress of Change Order. 

2. Geomorphology Review. 

Put streams on Jerri's delineations 

Put Jeni's study in an appendix in the TDN 

Put copy of the Geomorphology in all Phases 

Get hard copy of the geology reports to Jerry 



k ,- FCD 2003C061 
Lower Centennial Wash Tributaries Flood Delineation 

L 
I Study 

Progress Meeting 

k@ February 15,2005 

Name Organization 

1. Paul Sclafani RBF Consulting 

2. Jeri Young Earth Consultants 

3. Richard Harris FCDMC 

r . $ )  
4. Kathryn Gross FCDMC 

Sign In Sheet 

Phone Number E-Mail 

602-467-2200 psclafani@rbf.com 



FCD 2003C061 
/ Lower Centennial Wash Tributaries Flood Delineation 

Study 
Progress Meeting 

March 3,2005 

Minutes 

1. Cross Sections 

Possibly Ground survey. This option depends in large part with the accessibility to the area and if 
there are reasonably accurate bench marks within 6 miles of the sections. A coarser version would 
include using a hand level, but lack of good access may still make this not possible. 

Duplicating next downstream section to a point upstream. This seems like a second choice, unless 
what geometry you cut at the point of interest compares at say, 80% of the points in the 
downstream section. 

Theoretical rectangular or trapezoidal sections. This option seems the least favorable since 

geometry might be entirely assumed. If this option were to be considered, we would first want to 

look at the flow top-width given a flow depth in a section with vertical end extension of no more than 

1'. I might add this must be based upon the greater in-channel flow depths of critical depth or normal 

depth. A look at section geometry cut from the USGS DTM would be useful to start. 

2. Optional Task Letter 

Add display o f  additional stream delineation miles 

3. Invoice 

4. Other Topics 

We will need to receive to review the GIs Hydrologic Deliverable. We will need: 

1. GIS shape files drnpthpt.shp, drnpthln.shp, and drnbsn.shp. 
2. Hard and electronic copies of the sub watershedlwatershed map(s). 
3. HEC-1 input and output data files 

Add the shape file to the request for optional task authorization showing the additional stream length 

delineation. 



3 FCD 2003C061 
Lower Centennial Wash Tributaries Flood Delineation 

Study 
Progress Meeting 

March 3,2005 

Sign In Sheet 

Name Organization Phone Number E-Mail 

1. Paul Sclafani RBF Consulting 602-467-2200 psclafani@rbf.com 

2. Nathan Ford RBF Consulting 602-467-2200 nford@rb f. com 

3. Richard Hanis FCDMC 

i ,) 
4. Mike Duncan FCDMC 



' >  

FCD 2003C061 
Lower Centennial Wash Tributaries Flood Delineation 

Study 
Progress Meeting 

March 16,2005 

Meeting Minutes 

1. Additional section placement criteria. 

For the most part additional cross sections were added using USGS map. As you move 
closer to Lower Centennial though the terrain flattens out and the channel becomes less 
defined. In this region, USGS may not be suitable. 

If additional detail or information is necessary then field survey may be required. 

The roughness coefficients are going to be determined using field investigation during the 
week of March 21,2005. 

Special Problems: The USGS DEM coordinates do not match the Flood Control District 
topo, we are going to adjust the section information obtained from USGS vertically to 
match the Flood Control District coordinates. 

2. GIs Hydrologic Deliverable Materials. 

We need to create one CD of the submittal for the subconsultant review. 

Include 2 hard copies of the information. 

We'll need to check all drainage areas and that the polygons are closed. 

Richard will email us the comments, it will take one month for the review from the time the 
NTP is issued. 

Administrative Floodway determination method. 

a. HEC-RAS: Too costly and confusing during the review process. Not considered. 

b. ~ l imka te  end points to one foot of rise: Mike has done something like this in the past, 
however, it may still be significant effort to meet the floodway requirements. 

c. Floodway = Floodplain: Too restrictive. 

d. Critical Depth: Not accurate and some of the floodplain is already at critical depth. 

e. Bank Stations: Not restrictive enough regarding developments. 

f. Check State Standards. 



g. Use Percentage of flow as Floodway discharge: This was suggested by Portia as something 
that she used in the past. It seems appropriate and the most logica'l option. Check with Mike 
regarding the viability of this option. What percentage is to be used. Check Riverside 
county where this method was used before. 

4. Geomorphic Analysis (coming soon) 

Double check the formatting soas to fit in the TDN appropriately. 

5. JLK's upcoming analysis. 

Take a look at the countrou map to see if errors exist within the area that Portia is covering. 

We need to obtain the flows/hydrographs coming out of the structures in Portias area. 
Check with Joe Tram. 

Portia needs to develop the workplan including 2 weeks for the RBF Review and a week for 
Richard review. 



4 FCD 2003C061 
Lower Centennial Wash Tributaries Flood Delineation 

Study 
Progress Meeting 

March 16,2005 

Sign In Sheet 

Name Organization Phone Number E-Mail 

1. Paul Sclafani RBF Consulting 602-467-2200 psclafani@rbf.com 

2. Nathan Ford RBF Consulting 602-467-2200 nford@rbf.com 

3. Richard Hams FCDMC 602-506- 1202 rph@mail.maricopa.gov 

4. Portia Gonzalez JLK 602-288-6528 pgonzalez@jlkengineers.com 



9 FCD 2003C061 
Lower Centennial Wash Tributaries Flood Delineation 

Study 
Progress Meeting 

April 19,2005 

Minutes 

1. Project Update 

a. RBF will submit basin delineation for Phase 2 on Monday, April 25,2005 

b. RBF will update the project forecast and forward it on to Richard, some of the FEMA review 
money needs to be added to previous months 

2. Current Invoice 

a. Richard suggested that RBF needs to bill to 40 percent of the job by the end of May 

, , 

( b. The current invoice looks 0.k. 

3. Status-of Draft Survey Report 

a. Survey notes need to be included in the submittal, and they need to be sealed 

b. The coordinates need to be included on the photos 

c. Mike Duncan asked if the crossings have guide dikes 

4. Status of Earth Consultant Study 

a. RBF needs to provide Jeri with the geology reports that FCD provided. 

b. SCS should be changed to NRCS wherever applicable. 

c. ECI will provide shape files to RBF and FCD. 

d. The title Lower Centennial Wash needs to be changed to Lower Centennial Wash Watershed 
Zone A Delineation Study wherever it occurs in order to match the original contract. 

e. Township and Range lines should be added to the exhibit index. RBF has these shape files that 
were obtained originally from FCD. 

f. Add the Contour lines to the exhibits at an appropriate scale to display contours, use a lighter 
shade so they are not so prominent. Also show geologic units on all relevant displays 



g. ECI needs to make 4 total copies, 2 for FCD and 2 for RBF. A draft Final deliverable will be 
provided by May 1 *. 

h. Jeri will send Kathryn her responses to the earlier comments and questions via email. 

i. Kathryn will provide comments on the draft report submitted at the meeting by 4/27/05. 

5. Status of JLK's Progress 

a. Mike asked if JLK needs soil coverage. This needs to be determined for sure but it's likely that 
there is enough coverage. 

b. Hydrograph from the Harquahala FRS and also into the Diversion channel 

1. JLK thought that the hydrograph can be obtained through another study, they will 
continue to research it. Otherwise to use the maximum outlet capacity as a "make do" 
hydrograph per recommendation by Joe Tram of the District.. 

2. JLK's work schedule was received and approved by the District. 

6. Channel Capacity Issues 

a. If there is breakout, it may be necessary and indeed more accurate to bend the cross section so it 
captures the upstream slope. 

b. Alternatively we can extend the cross section out until there is one-foot depth and map the 
- floodplain to that point. 

c. Some of the areas may need to be Zone A 0  'more discussion on this may be necessary. 

d. It was agreed and decided that RBF will survey the cross sections in questions and compare to 
the aerial topography to verify it's accuracy. Once that is done RBF will bring in the work map 
and the cross section comparison into FCD. 

7. Optional Authorization 

a. A request to authorize the optional additional 100 miles was submitted to FCD. 

8. Floodway Determination 

a. For right now we are not considering floodway. 

9. Schedule 

a. Richard requested that Phase 2 hydrology needs to be completed by July 2005 

b. Richard requested that Phase 3 hydrology needs to be completed by September 2005 

c. The hydraulics for Phase 1 should be done by the middle of May 



3 FCD 2003C061 
Lower Centennial Wash Tributaries Flood Delineation 

Study 
Progress Meeting 

April 19,2005 

Sign In Sheet 

Name Organization Phone Number E-Mail 

1. Paul Sclafani RBF Consulting 602-467-2200 psclafani@rbf.com 

2. Nathan Ford RBF Consulting 602-467-2200 nford@rbf.com 

3. Richard Harris FCDMC 602-506-1 501 rph@mail.maricopa.gov 

!) 
4. Mike Duncan FCDMC 602-506-4732 mwd@n~ail.maricopa.gov 

5. Portia Gonzalez JLK 602-288-6528 pgonzalez@jlkengineers.com 

ECI 480-966-8801 6. Jeri J. Young jeri.~ounn@,asu.edu 

7. Kathryn Gross FCDMC 602-506-4837 kaa(iimail.maricopa.~zov 

8. Steven Tucker FCDMC 602-506-4872 slt@mail.maricopa.rzov 



- .  9 FCD 2003C061 
Lower Centennial Wash Tributaries Flood Delineation 

Study 
Progress Meeting 

May 18,2005 

Meeting Minutes 

1. Project Update 

2. Current Invoice 

The April invoice was given to Richard. 

3. Kathryn's comments on Geomorphology 

a. The digital submittal was created for version 9.0. This needs to be converted to version 3.2. 

b. The date on the exhibits need to be updated and sent back to FCD. 

4. Status of JLK's Progress 

a. Portia needs to call Tom Wrinkley and get the rating curve for the outlet structures within her 
area. 

5. Phase 2 Hydrology - Basin Delineations 

a. Review of Steven Tucker Comments 

b. B64 needs to be field verified for possible overtop of roadhem into the farm area. Site visit to 
be conducted Monday May 23. 

c. Basin names need to be renumbered to not duplicate names in other phases of Lower 
Centennial. 

d. Washes to be delineated need to be submitted for informational purposes only with the basin 
delineation. 

6 .  Phase 1 Hydraulics - Floodplain Delineation 

a. RBF needs to supply Richard with the following items 

i. Shape files of the cross sections (both 111 cross sections and the cross sections trimmed 
to the width of the floodplain. 

ii. Shape file of the floodplain as closed polygons. 

( ) iii. Summary table of the topwidths, critical depth, and chosen depth. 

7. Schedule 



a. The hydraulic submittal was delivered 12 days ahead of schedule. 

b. The Phase 2 hydrology will begin as soon as the basin delineation issues are resolved. 

c.  The Phase 3 basin delineation is nearly complete and will be submitted by next meeting. 

d. The Phase 1 TDN will be submitted by next meeting. 

8. Other Issues 

a. RBF needs to update the on-call folder with the FCD to make sure it represents current 
information regarding the GIs capability. Make sure you say GIs capability for the Hydrology 
Information System (HIS) development. 



9 FCD 2003C061 
Lower Centennial Wash Tributaries Flood Delineation 

Study 
Progress Meeting 

May 18,2005 

Sign In Sheet 

Name Organization Phone Number E-Mail 

1. Paul Sclafani RBF Consulting 602-467-2200 psclafani@rbf.com 

2. Nathan Ford RBF Consulting 602-467-2200 nford@rbf.com 

3. Richard Harris FCDMC 602-506-1501 rph@mail.maricopa.gov 

4 
4. Portia Gonzalez JLK 602-288-6528 pgonzalez@jlkengineers.com 



h FCD 2003C061 

1- Progress Meeting 

June 22,2005 

Meeting Minutes 
1. Project Update 

a. Covered monthly progress and next month's objectives 

2. Current Invoice-Submitted 

3. Phase 1 TDN-Submitted 
a. Print out fill size plots and include 11x17 plots of floodplain delineation for Richard's review. 

b. For future reference, add legend to annotated FIRM for the annotations. 

c. Include a CD with the digital information (i.e. computer models). 

4. Phase 2 Hydrology Report-Submitted 

a. We may want to compare the Phase I regression results to the Phase I1 regression results. 

5. Phase 3 Basin Delineation 

I ),' 
a. Send a PDF of the basin delineation to Richard and Steven. 

b. Delineation looks good, based on Steven's review, we can continue with the Phase III 
hydrology. 

6. Geomorphology Report-Submitted 

7. Status of JLK9s Progress (Phase 4 Boundary) 
a. 90% plot of the basin delineation was presented to Richard and Steven, 100% plot should be 

done by Tuesday next week 6/28/05. 

b. The final basin delineation plot should be at 1"=2000' to match what has been done on Phase I, 
IT, and m. This may warrant breaking it up into two sheets. 

c. The basin delineation plot will need to have the culverts and the overshoots labeled. 

d. Using Phase IV designation for JLK's hydrology will work with the County; we will need to 
make sure the formatting of their report matches Phase I, II, and ILI. 

8. Schedule-Submitted 

9. Other Issues 
a. Need to submit to Richard a shape file with an outline of the phases. 



FCD 2003C061 
Lower Centennial Wash Tributaries Flood Delineation 

Study 
Progress Meeting 

June 22,2005 

Sign In Sheet 

Name Organization Phone Number E-Mail 

1. Paul Sclafani RBF Consulting 602-467-2200 psclafani@rbf.com 

2. Nathan Ford RBF Consulting 602-467-2200 nford@rbf.com 

3. Richard Harris FCDMC 602-506-1501 rph@mail.maricopa.gov 

4. Steven Tucker FCDMC 602-506-1 501 slt@,mail.maricopa.gov 

5. Portia Gonzalez JLK 

6. Joe Gonzalez JLK 



, -. FCD 2003C061 

Lower Centennial Wash Tributaries Flood Delineation 
Study 

Progress Meeting 

July 18,2005 
- 

Minutes 

1. Project Update 

2. Phase 1,TDN - Response to Comments 

Richard will look it over then give the copy back with more comments or for final copy and 
seal. RBF will provide 2 sealed copies of the TDN along with sealed mylars after the final 
review. 

' ,) * Upon initial review the final report looks good. 

4. Phase 4 Update 

The routing submittal and the parameter submittal is planned for this Friday July 22,2005. 

5. Schedule 

RBF needs to provide a timeframe for the digital submittal of the Geomorphic investigation. 

6. Other Issues 



3 FCD 2003C061 
Lower Centennial Wash Tributaries Flood Delineation 

Study 
Progress Meeting 

July 18,2005 

Sign In Sheet 

Name Organization Phone Number E-Mail 

1. Paul Sclafani RBF Consulting 602-467-2200 psclafani@rbf.com 

2. Nathan Ford RBF Consulting 602-467-2200 nford@rbf.com 

3. Richard Harris FCDMC 602-506-1501 rph@mail.maricopa.gov 

,\ 
JLK ' 4. Portia Gonzalez 602-288-6528 pgonzalez@iIkengineers.com 

5. Steven Tucker FCDMC 602-506- 150 1 slt@mail.maricopa.gov 



. - FCD 2003C061 9 
Lower Centennial Wash Tributaries Flood Delineation 

Study 
Progress Meeting 

August 24,2005 

Minutes 

1. Project Update 

Survey is complete, survey report was placed in the library. 

Phase DI and N Hydrology reports were submitted to Steven Tucker 

2. Phase 1 TDN 

Submitted to FEMA 

. )  3. Phase II Cross Sections 

Steven stated that he would use the same scale on all the profile plots. Richard requested the 
cross sections be provided to him including the reach and cross section name and the layout 
from ArcMap in lieu of revising the profile plots. 

4. Phase III Hydrology Report 

Was submitted to Steven 

5. Phase IV Update 

Hydrology Report Was submitted to Steven 

6. Schedule 

Phase III and IV Hydrology reports will be reviewed in 3 weeks from the meeting date. Phase 
I1 cross sections will be reviewed sometime next week. 

( 1 7. Other Issues 

Need to work out Geomorphic GIs submittal with ECI 



FCD 2003C061 
Lower Centennial Wash Tributaries Flood Delineation 

Study 
Progress Meeting 

August 24,2005 
- 

Sign In Sheet 

Name Organization Phone Number E-Mail 

1. Nathan Ford RBF Consulting 602-467-2200 nford@rbf.com 

2. Richard Harris FCDMC 602-506-1501 rph@mail.maricopa.gov 

4. Joe Gonzalez . JLK 602-288-6528 j~onzalez@ilken~ineers.com 

1 .) 

5. Steven Tucker - FCDMC 602-506-1501 slt@mail.maricopa.gov 



- 3) FCD 2003C061 
Lower Centennial Wash Tributaries Flood Delineation 

Study 
Progress Meeting 

September 19,2005 

Minutes 

1. Project Update 

Phase I1 floodplain delineation has started. 

2. Phase II Cross Sections 

Additional cross sections were added based on the review comments 

3: Phase Ill Hydrology Report Comments 

Comments were submitted at this meeting. Steven stated that the comments were minor and the 
Phase III Hydrology was approved. He stated that this project has ''h hydrology and beautiful 
reports". 

A summary of the hydrology results will be included in an addendum. This will be an 
additional work under RBF's on-call contract. The comments received from Phase III that 
impact Phase I and Phase II will be made in the addendum (the scale of the graphs). 

4. Phase IV Update 

Need to request the thalwegs shapefile from Eric Feldman. Kevin LaValle should have the 
thalwegs as a result of the DFlRM effort. 

5, Schedule 

Both RBF and JLK need to provide revised schedules to Richard. 
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Lower Centennial Wash Tributaries Flood Delineation 

Study 
Progress Meeting 

Sept 19,2005 
- 

Sign In Sheet 

Name Organization Phone Number E-Mail 

1. Nathan Ford RBI? Consulting 602-467-2200 nford@rbf.com 

2. Richard Harris FCDMC 602-506-1501 rph@mail.maricopa. gov 

4. Joe Gonzalez JLK 602-28 8-6528 inonzalez@ilkengineers.com 

1 ,) 5. Steven Tucker FCDMC 602-506-1501 slt@mail.maricopa.gov 



-> FCD 2003C061 
Lower Centennial Wash Tributaries Flood Delineation 

Study 
Progress Meeting 

October 19,2005 

Minutes 

1. Project Update 

RBF is'making good progress and is ahead of schedule. Preliminary Phase II Floodplain and Phase 
In n value report were submitted for review. 

2. Geomorphology Review Comments Update 

Jer i  should respond early next week. 

3. Phase II Preliminary Floodplain Boundary Submittal 

i ) 
Richard requested the cross section output and Table 5.2 be provided to aid in the checking of the 
floodplain. 

4. Phase IV Update 

Phase IV n value report is approved, Joe to provide Richard with cross sections tomorrow. Possible 
A 0  Zones located within Phase IV. 

5. FEMA Update (Phase I TDN Submittal) 

Delay due to budget constraints and hurricane relief efforts. 



FCD 2003C061 
Lower Centennial Wash Tributaries Flood Delineation 

Study 
Progress Meeting 

- 
Sign In Sheet 

Name Organization Phone Number E-Mail 

1. Nathan Ford RBF Consulting 602-467-2200 nford@rbf.com 

2. Anthony Barry RBF Consulting 602-467-2200 abarry@rbf.com 
i ,j 

3. Richard Harris FCDMC 602-506-1501 rph@mail.maricopa.gov 

4. Joe Gonzalez JLK 602-288-6528 ~,~onzalez@,ilken~zineers.com 



- 7  FCD 2003C061 
Lower Centennial Wash Tributaries Flood Delineation 

Study 
Progress Meeting 

November 17,2005 

Minutes 

1. Project Update 

RBF is.making good progress. Richard told Tim Murphy that Phase I1 TDN would be submitted 
at the end of January. 

2. Phase I - FEMA Comments 

Richard will call Craig Kennedy since John Buflod has not returned his phone calls. RBF to send 
all ten pages for the two railroad trestles to John. State that pages 3-10 are not applicable. Mention 
that the FCDMC does not need to pay the review fee. 

I - 
i ;) 3. Phase 11 Comment Update 

Need to include the response to comments with the TDN submittal. Copy Phase I title block. Add 
thalweg and remove contours under existing Centennial Wash floodplain delineation. 

4. Phase IV Update 

Match Figure 4.6 of Phase I. Richard to review JLK's submittal by close of business on Tuesday. 
Joe to stop by ADOT to obtain the as-built plans for the 1-10 culverts. 



FCD 2003C061 
Lower Centennial Wash Tributaries Flood Delineation 

C Study 
Progress Meeting 

Nov 17,2005 

Sign In Sheet 

i :) Name Organization Phone Number E-Mail 

1. Nathan Ford RBF Consulting 602-467-2200 nford@rbf.com 

2. Anthony Barry RBF Consulting 602-467-2200 abarry@rbf.com 

3. Richard Harris FCDMC 602-506-1501 rph@mail.maricopa.gov 

4. Joe Gonzalez JLK 602-288-6528 j~onzalez@~lken~ineers.com - 



FCD 2003C061 
Lower Centennial Wash Tributaries Flood Delineation 

Study 
Progress Meeting 

January 12,2006 

Minutes 

1. Project Update 

The main effort this month has been working on the Phase I1 TDN and Phase I11 floodplain. JLK 
submitted Phase IV TDN for Richard to review as well. 

2. Phase 11 - TDN Comments 

Richard covered the Phase II TDN review comments and would like to receive the update by 
Wednesday of next week. 

3. Phase 111 Submittal 

Full size Phase I11 floodplain sheets and calculation sheets were given to Richard to review. He will 
start his review after finishing the Phase IV TDN. 

4. GIs Hydrology Submittal for Phase 11, 111, and IV 

Work is proceeding on the Hydrology GIs Deliverables for Phase 11, and 111. RBF will coordinate 
the GIs review with CH2M Hill. Richard would like to meet with Tom Toronto to see the top 
width shapefile procedure. 

5. Phase IV TDN 

JLK provided Richard with the culvert input data at the meeting. JLK needs to get Richard the 
digital files and top width shapefile to facilitate the review. 

6. FIRM Panels 

Steve Bruffy gave RBF the four FIRM panels to review for Phase 11. 



FCD 2003C061 
Lower Centennial Wash Tributaries Flood Delineation 

Study 
Progress Meeting 

Jan 12,2006 
- 

Sign In Sheet 

Name Organization Phone Number E-Mail 

1. Nathan Ford RBF Consulting 602-467-2200 nford@rbf.com 

2. Richard Harris FCDMC 602-506-1501 rph@mail.maricopa.gov 

3. Mark Mayer FCDMC 602-506-1501 mkm@mail,maricopa.gov 

4. Steve Bmffy FCDMC 602-506-1501 stb@mail.maricopa.gov 

5. Joe Gonzalez JLK 602-288-6528 i~onzalez@,ilkengineers.com 
\ 



FCD 2003C061 
+ Lower Centennial Wash Tributaries Flood Delineation 

Study 
Progress Meeting 

Mar 1,2006 

Minutes 

1. Project Update 

Phase I has been approved by FEMA. Phase I1 has been submitted to FEMA for review. Phase IV 
has been resubmitted and Steven Tucker is reviewing it. 

2. Phase 11 TDN 

Phase I1 has been submitted to FEMA but a case number has not been assigned yet. 

3. Phase 111 TDN Update 

RBF is working on the Phase I11 TDN and has addressed Richard comments from the cross section 
submittal. Richard asked that we review the Phase I1 TDN review comments and incorporate any 
new comments. He also stated that the State NFIP Coordinator information has changed so it needs 
to be updated on in Section 2. 

4. GIs Hydrology Submittal for Phase II, III, and IV 

CH2M Hill has the files for Phase I1 and III but Richard has not received the final signed proposal 
required to issue the Notice to Proceed. RBF will review JLK's Phase IV due to the work load of 
CH2M Hill. RBF needs to get Richard a proposal for Phase IV Hydrology GIs review. 

5. Phase IV TDN 

Steven Tucker said he should be finished reviewing the Phase IV TDN today. 

6. FIRM Panels & Floodplain Notification Mailing Lists 

Steve Bruffy asked how to show the other phases on the FIRM panels. It was decided that Phase I11 
would be highlighted and the floodplain from other phases would be shown using a different color. 
RBF will request the floodplain mailing list. 



FCD 2003C061 
Lower Centennial Wash Tributaries Flood Delineation 

Study 
Progress Meeting 

Mar 1,2006 

Sign In Sheet 

Name Organization Phone Number E-Mail 

1. Nathan Ford RBF Consulting 602-467-2200 nford@rbf.com 
2. Anthony Barry RBF Consulting 602-467-2200 abarry@rbf.com 
3. Richard Harris FCDMC 602-506-1501 rph@mail.maricopa.gov 

JLK 602-288-6528 ig 4. Joe Gonzalez onzalez@jlken~i~~eers.com 
5. Steven Tucker FCDMC 602-506-1501 slt@mail.maricopa.gov 
6. Steve Bruffy FCDMC 602-506-1501 stb@mail.maricopa.gov 



Lower Centennial 
FCD 2003C061 
Wash Tributaries 

Study 
Progress Meeting 

Mar 30,2006 

Minutes 

1. Project Update 

2. Phase II TDN 

3. Phase III TDN 

4. GIs Review 

Flood Delineation 

5. Phase IV TDN 
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Sign In Sheet 

Name Organization Phone Number E-Mail 

1. Nathan Ford RBF Consulting 602-467-2200 nford@rb f.com 

2. Anthony Barry RBF Consulting 602-467-2200 abarryarb f.com 
3. Richard Harris FCDMC 602-506-1 501 rph@mail.maricopa.gov 



PROGRESS REPORT 
March 2006 

FIRM NAME: RBF Consulting 
PROJECT NAME: Lower Centennial Watershed Tributaries Zone A Floodplain Delineation Study 

CONTRACT NUMBER: FCD 2003 C061 
TIME PERIOD: June 2004-September 2006 

Page 1 of 1 

Progress Report 

Issues andlor Problems 

Task Name 
Task 1 Coordination 
Task 2 Data Collection 
Task 3 Field Survey 
Task 4 Hydrology 

Task 5 Floodplain Delineation 

Task 6 Geomorphology 
Task 7 Deliverables 

Upcoming Work Tasks 

This month ran smoothly with only minor problems or issues. The main effort this month was 
addressing comments to the Phase Ill TDN. 

Progress 

Complete 
Complete 
Waiting on GIs hydrology review comments 

Phase II TDN submitted to FEMA 
Phase IV TDN submitted to FEMA 
Completed Phase Ill TDN 
Complete 

Task Name 
Task 1 Coordination 
Task 2 Data Collection 
Task 3 Field Survey 
Task 4 Hydrology 

Task 5 Flood Plain Delineation 

Task 6 Geomorphology 
Task 7 Deliverables 

Progress 
GIs Review for Hydrology and Hydraulic Submittals 

Address any GIs review comments 

Submit Phase Ill TDN to FEMA 

Complete 



Lower Centennial Wash Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 

B.4 General Correspondence 





F 
CONSULTING 

Example Notification Letter 

March 6,2006 

((APN)) 
((FIRST)) ((LAST)) 
((BUSINESS)) 
((ADDRESS)) 
<<CITY>). <<STATE>> <<ZIP)) 

Re: Lower Centennial Wash Floodplain Delineation Study Results Notification 

Dear Property Owner: 

RBF Consulting, Inc. has contracted with the Flood Control District of Maricopa County 
to perform an approximate Zone A Floodplain Delineation Study for tributaries to Lower 
Centennial Wash. The purpose of this study is to determine flood related hazard zones 
and delineate areas that may be subject to inundation during a "1% Annual Chance 
Flood" event. According to records at the Maricopa County Assessor's office, you own 
one or more parcels of land within the predicted limits of the floodplain boundaries. 

The study and resulting maps will be used for floodplain management purposes and 
submitted to the Federal Emergency Management Agency (FEMA) for flood insurance 
information and revisions to the Flood Insurance Rate Maps. The study should be 
available to the public for formal review and comment in approximately 12 to 15 months. 
In the interim if you have any questions regarding this study or if you have any 
information regarding flooding in your area, please contact Mr. Richard P. Harris, of the 
Flood Control District at 602-506-4528, or Mr. Nathan Ford of RBF Consulting, Inc. at 
602-467-2200. 

Sincerely, 

Nathan E. Ford, P.E. 
RBF Consulting, Inc. 

PLANNING m D E S I G N  S CONSTRUCTION 

16605 N. 28th Avenue, Suite 100, Phoenix. AZ 85053-7550 8 602.467.2200 Fax 602.467.2201 

Offices located throughout California, Arizona & Nevada rn www.RBF.com 
printed on recycled paper 



Lower Centennial Wash Watershed 
Zone A Floodplain Delineation Study 
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B.5 Contract Documents 



SCOPE OF WORK 

I CONTRACT FCD 2003C061 

1111 
LOWER CENTENNIAL WATERSHED TRIBUTARIES 

a ZONE A FLOODPLAIN DELINEATION STUDY 

. I 
4 



EXHIBIT A 

GENERA& SCOPE OF WORK 

CONTRACT FCD 2003C061 

LOWER CENTENNIAL WATERSHED TRIBUTARIES ZONE A FLOODPLAIN 
DELINEATION STUDY 

GENERAL 

The goal of this project is to delineate an estimated 250-miles of approximate Zone A 100-year 
floodplains within the Lower Centennial Watershed. The limits of the Lower Centennial 
Watershed are shown on Exhibit A-1. 

In order to accomplish the study's goal, the CONSULTANT will have to 1) coordinate the study 
with the DISTRICT and others, 2) collect and analyze existing data, 3) use the DISTRICT'S 10- 
foot contour mapping, existing United States Geological Survey (USGS) and/or other topographic 
mapping, 4) perform field surveys as required, 5) develop the 100-year peak discharges, 6) 
delineate the Zone A floodplains and optionally delineate approximate method floodways and 
alluvial fan landforms, 7) prepare a low level geomorphic assessment , and 8) deliver all of the 
study documentation in formats acceptable to the DISTRICT and Federal Emergency 
Management Agency (FEMA). 

The CONSULTANT must use sound engineering judgment in the development of the hydrologic 
data and hydraulic models. All work must meet Arizona Department of Water Resources 
(ADWR) and FEIktA requirements for Zone A floodplain delineations. Prior to the finalization of 
this contract, FEMA and the DISTRICT must review and accept the results of this study, and all 
items called for in this Scope of Work must be delivered to the DISTRICT. AU work completed 
under this scope of services is to conform to the DISTRICI"s Consultant Guidelines dated 
December 1,2003. 

The floodplain delineation will be phased according to the sub-watershed identification as 
identified in Exhibit A. 1 and prioritization presented in Table1 below. 

Table 1: Sub-watershed Prioritization . 

ub- Watershed 

All work must be completed within nine hundred and forty (940) days from the Notice to 
Proceed (NTP). The FEMA submittal package must be completed within five hundred and 
twenty (520) days (which includes one hundred twenty (120) days for the DISTRICT 
review). The remaining four hundred and twenty (420) days are allotted for obtaining 
FEMA approval, and the completion of those tasks required after FEMA approval is 
obtained 

FCD 2002CO24 Page 2 of 15 Exhibit A 



TASK 1 - COORDINATION 

1.1 Within fourteen (14) calendar days of Notice to Proceed, the CONSULTANT will submit a 
project schedule to the D1STRICI"s Project Manager showing coordination meetings and 
completion dates for each task identified in the Scope of Work (SOW). The 
CONSULTANT will update this project schedule when appropriate. 

1.2 The CONSULTANT will participate in regular coordination meetings (at least every 4 
weeks) with the DISTRICT'S Project Manager and in milestone coordination meetings in 
the development of the hydrologic, hydraulic, and geomorphic analyses. The 
CONSULTANT is responsible for the minutes of any meetings. Whenever possible, 
coordination and milestone meetings will be combined. 

1.3 The CONSULTANT will submit an estimate of the monthly billing within twenty-one (21) 
days of Notice to Proceed. Thereafter, this estimate will be updated and submitted to the 
DISTRICT'S Project Manager at least ten (10) days before the end of each quarter. 

1.4 The CONSULTANT will submit monthly progress reports at least five (5) days before . 
subniittal of monthly invoices. The report shall be brief and should be no longer than two 
(2) typed pages. At a minimum, the monthly report shall contain the following: 

a. A description of the work accomplished by task during the reporting month. 
b. Percent (%) completed for the month and percent (8) cumulative completed for 

each task. 
c. A brief description of the work to be accomplished in the following month. 
d. A description of any problems encountered and a recommended solution. 

1.5 The DISTRICT will be responsible for placing the legal advertising at the beginning of the 
study, notifying the public of the study. The ad will be run in a widely circulated local 
newspaper twice, with approximately two (2) weeks between runs. The ad must also be run 
twice in a local newspaper that serves the area being studied. After the newspapers run the 
ad, the DISTRICT will supply the CONSULTANT with the original affidavit of 
publication from each newspaper for each day that the ad ran. 

1.6 The CONSULTANT will notify property owners located within close proximity of study 
watercourses by regular mail and obtain any necessary Rights of Entry for the study area, 
using a list of property owners furnished by the DISTRICT. The CONSULTANT will 
furnish the DISTRTm with a sample of the Notification1 Right of Entry letter and a list of 
expected mail recipients. 

1.7 The CONSULTANT will coordinate with officials from the DISTRICI' and any agencies 
affected during the course of the study. Towards the end of each study phase, the 
CONSULTANT will notify property owners located within close proximity of study 
watercourses by regular mail, if applicable, regarding the floodplain boundary delineations. 
A public meeting may be held after each phase to solicit public input. Organization of the 
public meeting will be the responsibility of the DISTRICT. The CONSULTANT will 
furnish the DISTRICT with a sample of the public meeting notification letter and a list of 
expected mail recipients. 

1.8 The DISTRICT will provide any public notice beyond that described in Task 1.7. 
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1.9 CONSULTANT/DISTRICT Performance Evaluations will be performed. An i n f d  
evaluation will be performed at the completion of the hydrologic analysis. A formal 
evaluation will be performed at the completion of the project upon receipt of all 
deliverables. 

1.10 The CONSULTANT will coordinate with the CAP and other agencies to determine 
whether the levee diversion dikes are certified structures. 

TASK 2 - DATA COLLECTION 

2.1 The CONSULTANT will collect and review pertinent data from the DISTRICT and other 
outside sources. Data to be collected will include previous flood hazard reports and 
hydrology for the study area; existing readily available topographic mapping; proposed 
development plans, historical flooding information; as-built plans for existing structures; 
FEMA Flood Hazard Boundary Maps and any Letters of Map Amendment and/or 
Revisions, data necessary for geomorphologic analysis, and other pertinent information. 

2.2 A written report sllmmaridng the data collected will be included as a section in the 
Technical Data Notebook (TDN). A preliminary draft of this section is due within ninety 
(90) days of Notice to Proceed. Continued research may be necessary as the project 
proceeds. 

TASK 3 - TOPOGRAPHIC MAPPING 

The CONSULTANT will use existing USGS topographic mapping andlor other topographic 
mapping provided by the DISTRICT. 

TASK 4 - FIELD SURVEY 

4.1 Field measurements of bridges, culverts, and hydraulic structures are to be obtained by the 
CONSULTANT when as-built plans are not available, or when conditions have changed 
that impact the Zone delineation. GDACS control will be the basis of the field survey. 
This information should be reduced and compiled into an 11-inch x 17-inch (maximum 
size) drawing for inclusion in the TDN. The information presented in the drawing should 
be in a format appropriate for use in future HEC-RAS models. * 

4.2 Copies of the survey field books and office calculations must be included in the TDN. An 
Arizona Registered Land Surveyor (RLS) must seal the survey notes. This information can 
be submitted separately if approval is obtained from the DISTRICT'S Project Manager. . 

4.3 (OPTIONAL) The CONSULTANT shall provide field survey data for cross sections and 
additional hydraulic structures used for approximate floodplain delineations where the 
DISTRICT'S 10-foot contour mapping or the USGS DEM data are not adequate. This 
optional task is not authorized with the Notice to Proceed; it may be authorized in 
writing by the DISTRICT based upon specific need as determined by the DISTRICT 
during the contract period. 

4.4 Digital data in either a CADD or GIS format will be prepared in conformance with the 
DISTRICT'S Hydrologic Information System Data Delivery Specifications, Revision 3.1 
(or CADD Data Delivery Specifications Rev.. 1.0, January 2000 or latest version). The 
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following themes are generally used for the data developed for Field Survey. However, for 
this study there may not be data for every theme identified here, or the CONSULTANT 
might develop data for themes not listed here. Therefore, only those themes for which 
there are data need to be completed. If the CONSULTANT has data that doesn't fit one of 
the themes listed here, the DISTRICT'S Project Manager shall be contacted to determine 
the appropriate theme for that data. 

a. CORNERS (if any) b. CTRL (Misc. Control Survey Pts.) 
c. FPCZZFCD (ERMs)) d. STRCT (Structure) 
e. PRJ (Project Boundary) 

TASK 5 - HYDROLOGY 
The CONSULTANT shall perform complete and detailed hydrologic analysis of the project area 
in order to fulfill the specific requirements identified in the SOW. The CONSULTANT shall 
follow the procedures outlined in the Drainage Design Manual for Maricopa  count^, Volume I 
Hvdrolom, latest version, for all hydrologic modeling and calculations and the SOW, General 
Requirements and Procedures. The Hydrologic modeling shall be completed for the 100-year, 6- 
hour and 100-year, 24-hour s t o m  Where diversion structures cannot be certified by FEMA, the 
hydrology analysis shall include an investigation of both with and without the diversion 
structures. 

5.1 Existing Studies 

The CONSULTANT shall research and give consideration to all existing hydrologic studies 
of the area and shall become familiar with the general hydrology of the area. The 
DISTRICT will provide the outflow hydrographs for the DISTRICT maintained structures. 

The CONSULTANT shall develop the hydrologic base maps using the 10-ft contour 
internal topographic mapping supplied by the DISTRICT. An overall drainage basin map 
with sheet index will be prepared at a scale of lW=2000 feet, or some other appropriate 
scale approved by the DISTRICT. 

5.3 Watershed and Sub-basin Delineations 

Using appropriate hydrologic judgment, sub-basins are to be identified that provide 
reasonable depiction of the watershed conditions. The sub-basins must be as homogeneous 
as possible, using watershed area, watershed type (mountainous and flat lands or urban and 
undeveloped areas), and time of concentration as criteria. Sub-basin breakdowns will be 
done in sufficient detail to provide peak discharges at structures, major road crossings, 
confluences, and at boundary Sines. An appropriate time step and number of ordinates is to 
be selected that allows for complete calculation of the flood hydrograph without sacrificing 
resolution on the flood peak All calculations or assumptions used in developing sub-basin 
and routing parameters 'shall be documented and made a part of the appendix for the 
hydrology report. The CONSULTANT will provide a WMS applicability matrix to be 
located within the Special Problems Section of the TDN. 

5.4 HEC-1 Parameters 
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5.4.1 M a l l  Excess - The Green and Ampt methodology will be utilized for 
estimation of rainfall losses. 

5.4.2 Unit Hydrograph - The Clark or S-graph method should be used. The choices in 
methodology will be to the discretion of the CONSULTANT, with approval from 
the DISTRICT. 

5.4.3 Time of Concentration - The Time of Concentration and Lag times shall be 
adjusted for the appropriate return frequency using the Drainage Design Manual, 
Volume L 

5.4.4 HEC-1 Input Data - The DISTRICT'S computer program DDMS or WMS shall 
be used to develop HEC-1 input data. 

5.5 HEC-1 Modeling 

The CONSULTANT shall use the U.S. Army Corps of Engineen computer program HEC- 
1, Zaest version, to develop an existing conditions hydrologic model for the study area. 

5.5.1 HEC-1 Model for the 100-year peak runoff event will be developed for the study 
area to use in the development of a HEC-RAS Hydraulic model. 

5.5.1.1 Channel Routing - The choice of methodology will be at the discretion of 
the CONSULTANT, with approval from the DISTRICT. Average cross 
sections will be developed utilizing the 10-ft contour interval mapping 
and field reconnaissance data. Sufficient field cross sections will be 
taken to ensure that routing reaches are reasonable and representative of 
field conditions. The HEC-1 routing parameters for the reaches modeled 
using HEC-RAS will be adjusted after the HEC-RAS cross sections are 
available. The resulting velocities and depths, for all reaches, must be 
assessed for realistic values. 

5.5.1.2 Reservoir Routing - Detailed analysis of structures and ponding areas 
will be accomplished using the Modified Puls reservoir routing option of 
HEC-1. Stage versus discharge tables for hydraulic structures will be 
estimated using appropriate hydraulic methodology. 

5.5.1.3 Split Flows -At locations of stable split flows a rating curve will be 
developed to dehne the split using normal depth in both branches of the 
downstream cross sections. 

5.5.1.4 (OPTIONAL) For split flow locations judged to be unstable additional 
analysis will be done to identify and classify landforms in greater detail. 
This optional task is not authorized with the Notice to Proceed; it 
may be authorized in writing by the DISTRICT based upon specific 
need as determined by the DISTRICT during the contract period 

5.6 Meetings and Field Visits 
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Five (5) meetings and three (3) field trips, associated with development of the hydrologic 
model for each phase, shall be held with DISTRICT staff at the following milestones: 

5.6.1 One (1) field trip and kick off meeting at the start of the project to identify the 
critical points of the watershed and problem areas. This trip will be considered 
one of the three total trips. 

5.6.2 Meeting No. 1: held as soon as basic data are gathered and the sub-basins have 
been delineated preliminarily. Sample HEC-1 parameter estimations should also 
be presented and discussed at this meeting. Four (4) days prior to this meeting a 
copy of the draft maps of the sub-basins must be delivered to the DISTRICT. 
The method for generating the peak discharges will also be agreed upon at this 
meeting. Potential locations for altering sub-basin boundaries will be discussed 
during this meeting. 

5.6.3 Meeting No. 2: after the parameters have been estimated. A draft copy of the 
parameters must be delivered to the DISTRICT at least one (1) week prior to this 
meeting. 

5.6.4 Meeting No. 3: after the preliminary HEC-1 results have been obtained and a 
draft report has been prepared. A copy of the draft report and a digital copy of 
the HEC-1 model must be delivered two (2) weeks prior to the meeting. 

5.6.5 Meeting No. 4: review of final hydrology report and comments by the 
DISTRICT. A second field trip may be scheduled for the same day so the results 
can be related to conditions in the field. 

5.7 Review and Approval 

The CONSULTANT shall obtain approval from the DISTRICT at each of the following 
steps: 

a. Watershed boundary maps, soil maps, and land use maps 
b. HEC-1 parameter estimation 
c. HEC-1 flow diagram and input parameters 
d. HEC-1 results 

5.8 The Hydrologic Report 

5.8.1 The findings of the hydrologic study will be presented in Section 4 of the 
Technical Data Notebook and will be prepared in accordance with ADWR State 
Standards Attachment 1-97 (SSA 1-97). The report will be organized as 
specified by the DISTRICT, following SSA 1-97 format. Specific deviations 
from this hydrologic scope shall not be undertaken without the specific written 
authorization from the DISTRICT'S Project Manager. 

5.8.2 Tables and Figures for the Appendices: 

5.8.2.1 (Schematic Map) Base Topographic maps(s) showing the sub-basins, 
schematic map for the HEC-1, routing reaches, arder of combiied 
hydrographs, major man-made structures such as pipes, levees, railroads, 
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or culverts, and references (i.e., street names, Township, Range, Section, 
etc.) at a scale to be agreed upon with DISTRICT Staff. 

5.8.2.2 (Routing Map) Topographic base map showing the Tc flow path or lag 
flow paths, and routing reaches labeled at the same scale as the base 
map. Pertinent hydraulic data for each routing reach such as cross 
sections locations shall be included on the map. 

5.8.2.3 (Soils Map) Soils map(s) at the same scale as the base map. 

5.8.2.4 (Land Use Map) Land use map(s) at the same scale as the base map. 

5.8.2.5 @low Map) Base topographic map showing the results of the study (i.e. 
peak flows, peak volumes for impoundments, etc) at major concentration 
points. The level of detail of this map is to be determined by each 
individual scope. 

5.9 Digital Deliverables 

Digital data in either a CADD or GIs format will be prepared in conformance with the 
DISTRICT'S Hydrologic Information System Data Delivery Specifications, Revision 3.1 
(or CADD Data Delivery Specification, Rev. 1.0, January 2000). The following themes 
are the ones generally used for Hydrologic data. However, for this study there may not 
be data for every theme identified, or the CONSULTANT might develop data for themes 
not listed. Therefore, only those themes, for which there are data, need to be completed. 
If the CONSULTANT has data that doesn't fit one of the themes listed here, the 
DISTRICT'S Project Manager shall be contacted to determine the appropriate theme for 
that data. 

a. DRNBSN (Drainage Basins) 
b. PRJDAT (Project Identification) 
c. DRNPTH (Drainage Flow Paths) 

TASK 6 - FLOODPLAIN DELINEATION 

6.1 Floodplain delineations will be conducted using methodology as outlined by FEMA. The 
CONSULTANT will prepare the study using the guidelines established in FEMA's 
Guidelines and Specifications for Flood Hazard Mapping Partners, April 2003, and F'IA 
Document 12, Appeals, Revisions, and Amendments to Flood Insurance Maps, December 
1993, and FEMA 265, Managing Floodplain Development in Approximate Zone A Areas, 
April 1995. 

The CONSULTANT must obtain DISTRICT approval at each of the following steps: 

a. Draft field reconnaissance section of the TDN and estimation of M d g ' s  "n" 
values. 

b. Proposed location and alignment of the cross sections. 
c. Methodology used for both the floodplain and optional floodway delineations. 
d. Approximate floodplain (naturaI) delineation. 
e. Approximate floodway delineations. 
f. Final hydraulics section of the TDN. .. 
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6.2 The delineation work shall meet requirements for floodplain delineations as prescribed by 
FEMA and the Arizona Department of Water Resources. 

6.3 The CONSULTANT will delineate 150-miles of Approximate Zone A floodplain 
boundaries based upon the final results of the hydrologic study as directed by the 
DISTRICT. 

6.4 (OPTIONAL) The CONSULTANT will delineate an additional 100-miles of approximate 
Zone A delineation. This optional task is not authorized with the Notice to Proceed; it 
may be authorized in writing by the DISTRICT based upon specific need as 
determined by the DISTRICT during the contract period 

6.5 (OPTIONAL) The CONSULTANT will delineate an additional eighty (80) square miles 
of approximate Zone A 0  per FEMA Guidelines. This optional task is not authorized 
with the Notice to Proceed; it may be authorized in writing by the DISTRICT based 
upon specific need as determined by the DISTRICT during the contract period 

6.6 (OPTIONAL) The CONSULTANT will delineate administrative floodway boundaries for 
the 250-miles of Approximate Zone A delineations listed under Task 6.3. This optional 
task is not authorized with the Notice to Proceed; it may be authorized in writing by 
the DISTRICT based upon specific need as determined by the DISTRICT during the 
contract period. 

6.7 Field Reconnaissance 

6.7.1 The CONSULTANT will conduct a field reconnaissance of the study area. This 
will include observation of channel and floodplain conditions for estimating 
Manning's "n" values; photographic documentation of floodplain characteristics; 
determination of channel bank characteristics; observation of possible overflow 
areas; observation of levees or other flood control structures; and measurement of 
bridge dimensions. 

6.7.2 Manning's "n" values are to be determined using the methodology in the USGS 
report, Estimating Manning's Roughness Coefficients for Stream Channels and 
Flood Plains in Maricopa County, Arizona, April 1991. Copies of the report are 
available through the DISTRICT. Manning's Roughness Coefficients will be 
presented for typical reach types observed in the project area, rather than specific 
reaches of specific named watercourses. It is anticipated that between 15 and 25 
typical reach types will be identified during the field reconnaissance. 

6.7.3 Representative "n" values for each typical reach type will be selected. The 
reconnaissance report will present the determination of channel and over bank 
"n" values using captioned color photographs or color photocopies for each 
identified reach type in the project area, and the extents of the typical reach types 
shall be displayed on an aerial photo exhibit. The report will also discuss 
floodplain conditions affecting the delineation, describe structures and 
obstructions, and provide color photos or photocopies of major hydraulic 
structures. Photo locations for channels, structures, and "n" value determinations 
will be displayed on reduced scale mapping and included in the Final Report. 
The reconnaissance or n-value report will be included in all subsequent phased 
TDN submittals associated with this contract. 
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6.8 Cross Sections 

6.8.1 The location and alignment of cross sections will be submitted for the 
DISTRICT'S review and approval before developing the cross section data. The 
CONSULTANT must coordinate the methodology for generating the cross 
section geometric data. Acceptable methods might include collecting the data 
directly off paper copies of the DISTRICT'S 10-foot contour map orthophotos, , 
use of a computer program to develop the data from digital information, or from 
field surveys. 

6.8.2 The cross section plots will at a minimum show computed water surface 
elevations and "nu values. All plots are to be accompanied by a legend. These 
plots should be available at all review levels. 

6.9 The hydraulic effects of bridges and culverts should be incorporated into assessing the 
floodplain around such structures, especially in areas where ponding will occur. The Zone 
A and Zone A 0  limits must be determined according to FEMA criteria and clearly labeled 
on the final drawings. Minor conveyance structures such as small culverts (i-e., less than 
30" in diameter), or, structures considered likely to become clogged during the 100-year 
peak discharge shall not be included in the hydraulic analyses. 

6.10 The findiigs of the floodplain delineation study will be presented in Section 5 of the 
Technical Data Notebook and will be prepared in accordance with ADWR State Standards 
Attachment 1-97 (SSA 1-97). The report will be organized as specified by the DISTRICT 
standards, following SSA 1-97 format. 

6.1 1 The CONSULTANT shall fill out all the forms required by FEMA for the submittal of a 
Floodplain Delineation Study. 

6.12 The CONSULTANT will provide work maps on either the DISTRICT'S 10-foot 
Orthophotos, or, on monochrome USGS digital raster graphic quadrangle USGS maps 
(used as base maps). The CONSULTANT will develop check plots and certify that they 
have been examined, and that the check plots faithfully represent the data and maps used in 
the report and /or work maps. The work map drawings will be 24-iich x 36-inch in size. 
The work map scale will be determined by the CONSULTANT, and will vary between 
19'=400' and lW=1000' scale, depending on the terrain and the floodplain widths. The 
DISTRICT'S Project Manager must approve the horizontal scale to be used. 

A cover sheet will be part of the work-study drawings and shall include the project title, 
source and date of topographic mapping, and a location map showing geographic range 
covered by each specific mapping sheet. Each drawing will include the watercourse names 
and floodplain boundaries, approximate method floodway boundaries (if developed), 
piedmont surface land forms (if developed), a north arrow, scale, section corners, current 
streets and highway names, subdivision boundary names, Horizontal and Vertical Datum 
references (State Plane Coordinate System, NAD 83, and NAVD 88), any MCDOT's 
GDAC's monument labels located within individual sheet boundaries, major drainage 
features, corporate boundaries, hydraulic cross section lines, index map, peak discharges at 
every concentration points, and Section, Township, Range for each watercourse delineated 
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6.13 Digital data in either a CADD or GIS format will be prepared in conformance with the 
D1STRICI"s Hydrologic Information System Data Delivery Specifications, Revision 3.1 
(or CADD Data Delivery Specifications, Rev. 1.0, January 2000). The following themes 
are the ones generally used for the data developed for hydraulics. However, for this study 
there may not be data for every theme identified here, or the CONSULTANT might 
develop data for themes not listed here. Therefore, only those themes for which there are 
data need to be completed. If the CONSULTANT has data that doesn't fit one of the 
themes listed here, the DISTRICT'S Project Manager shall be contacted to determine the 
appropriate theme for that data. 

a. PRJ (Project Boundary) b. CARTO (Cartographic Features) 
c. DQ (Data Quality) d. FPXFCD (Cross Sections) 
e. FPZNFCD (Floodplain Zones) f. NDXPRJ (Map Sheet Index) 
g. PRJDAT (Project Identification) h. FPBLN (Floodplain Baseline) 

TASK 7 LOW LEVEL GEOMORPHIC ASSESSMENT 

The CONSULTANT will perform a low level geomorphic assessment on the 
piedmont/alluvial plain surfaces within the area identified on Exhibit 1. The purpose of this 
geomorphic assessment is to identify locations where conventional riverine floodplain 
analysis is not appropriate. Example landfonns not conducive to conventional riverhe 
floodplain analysis are: active alluvial fans, unstable or complex distributary flow areas, 
and alluvial plains and piedmonts with expansive areas of unstable and/or shallow 
channels. The results of the analysis will be submitted in a technical memorandum 
including exhibits and digital delineations. Recommendations regarding what type of 
floodplain analysis should be applied to the identified landformi shall be presented with a 
focus toward the locations where the approximate floodplain delineations for this study 
should be performed. 

7.2 Data Collection 

7.2.1 The DISTRICT will provide: 
Digital black and white and color aerial photography, 
A digital copy of the DISTRICT'S "Piedmont Flood Hazard Assessment 
Manual" (draft 2003), and 1 

Available geologic maps (OFR89-7, 0FR9y3, OFR92-5, OFR94-17, 
OFR9 -6, and OFR-93-12) from AZGS. 4 v L/ 

'4 

7.2.2 The DISTRICT shall obtain stereo photos for the CONSULTANT*, as available. 

7.3 The CONSULTANT will analyze and document all landforms and identify locations where 
conventional riverine floodplain analyses are not appropriate. The analysis will be based 
on identifying characteristics specific to each type of landform found in the study area 
based on soils, geology, topography, aerial photo interpretation (digital and stereoscopic) 
and limited fieldwork 

Specific landform characteristics to be identified by aerial photo interpretation and 
reconnaissance level fieldwork are: relative channel size, drainage pattern, drainage 
density, frequency and spacing of channel splits, surface color, and vegetative associations. 
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7.3.1 Specific landform characteristics to be identified by inspection of the topographic 
mapping are: degree of contour crenulations, degree of channel incision, presence 
of radiaVcurvilinear contour patterns, and contour spacing. 

7.3.2 Chapters 2, 3, and applicable appendices of the DISTRICT'S "Piedmont Flood 
Hazard Assessment Manual" (draft 2003) shall be used as a guide for defining 
the landform characteristics as well certain piedmont assessment methodologies. 

7.3.3 Detailed geologic mapping may not be available for the entire analysis area. 
Where geologic data is lacking, the CONSULTANT will compare surfaces in the 
unmapped area with equivalent surfaces in the mapped areas in order to 
determine appropriate geologic unitslage ranges for the unmapped areas using 
their professional judgment. 

7.4 The results will be submitted to the DISTRICT in the form of a technical memorandum 
discussing the background, methods, sources of the data, and scaldlevel of detail of the 
analysis, results, and flood delineation method recommendations. The technical 
memorandum will be included in the k a l  TDN. 

7.4.1 The memorandum should discuss and document the characteristics each 
landform type identified, including piedmont landforms where riverine analysis 
is appropriate (relict and inactive alluvial fans). The relict and inactive fans can 
be discussed and documented in a more general fashion within the memorandm 
Areas where any particular landform exhibited unique characteristics somewhat 
different from more representative landforms should be mentioned specifically 
within the discussions. A table relating landform characteristics and landform 
determinations should be included either within the memorandum text or as an 
appendix. 

7.4.2 Exhibits shall be included as part of the technical memorandum. Exhibits shall 
be included as either 24-inch x 36-incb or 11-inch by 17-inch sheets to be 
determined based on which size shows an appropriate level of detail. The 
following are the minimum exhibits required: 

a Study Area Map: One (1) exhibit shall show the landform delineations 
and their relation to the Lower Centennial project area. 

a Study Overview Map: One (1) exhibit shall show the landform 
delineations within the geomorphic assessment study area with an aerial 
photo background. It is recommended that this exhibit be 2-inch x 36- 
inch. 

• Geology Overlay Map: One . (1) exhibit shall show the landform 
delineations within the geomorphic assessment study area with a geology 
background. 

a Soils Overlay Map: One (1) exhibit shall show the landform delineations 
within the geomorphic assessment area with a soils background. 

a Non-Riverine Landform Exhibits: More detailed exhibits shall be 
provided of the individual non-riverine landforms with either one (1) to 
two (2) landform delineations being shown on an 1 I-inch x 17-inch sheet 
or possibly three (3) to four (4) on an 24-inch x 36-inch sheet. All 
exhibits will have an aerial photo background. 
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' 7.4.3 The original AZGS Open File Reports shall be included as appendices to the 
technical memorandum. 

7.5. The digital line work for the landforms identified shall also be provided to the DISTRICT 
with the foUowing associated attribute data: landform id #, landfonn type, and scale of 
analysis. The CONSULTANT will need to coordinate with the DISTRICT'S GIs branch t6 
obtain specific format details. 

7.6 Deliverables: 

Technical Memorandm including discussions, 1 1-inch x 17-inch landfonn exhibits, 
and AZGS Open File Reports in hard copy and digitally in WORD and PDF format. 
Digital polygon files in CAD format or Arc sh@e files with associated attribute 
information. The CONSULTANT will need to coordinate with the DISTRICT'S GIS 
branch to obtain specific format details. 

TASK 8 - DELIVERABLES 

8.1 Both paper and electronic deliverables will be made at the completion of each task .In 
addition, the CONSULTANT will deliver the following items to the DISTRICT before 
delivering the FEMA submittal package: 

8.1.1 Original =davits of Publication of the legal advertisements. Additional copies 
are to be included in the Technical Data Notebook. 

8.1.2 Any hydrologically significant related data for the DISTRICT'S Hydrologic 
Information System. 

8.1.3 If bound separately from the Technical Data Notebook, two (2) copies of the 
field survey notes and office calculations. 

8.2 The CONSULTANT will submit the following items to the DISTRICT for review by 
FEMA and any other appropriate governmental agency. All of the following products are 
considered deliverables for the FEMA submittal. 

8.2.1 Two (2) complete sets of 24-inch x 36-inch black line drawings with the 
topographic data and floodplain delineations shown. All drawings will be signed 
and sealed by persons of appropriate professional registration(s). Each registrant 
will provide a specific statement as to what service they performed. 

8.2.2 Two (2) complete copies of the Technical Data Notebook. The Technical Data 
Notebook will be prepared in accordance with ADWR State Standards 
Attachment 1-97 (SSA 1-97). The notebook will be organized as specified by the 
DISTRICT, following SSA 1-97 format. These copies will be updated if 
necessary based upon FEMA's review comments. Completed FEMA forms will 
be included in the Technical Data Notebook 

8.3 Final Submittal: unless directed otherwise by the DISTRIn, all printed deliverable items 
shall be in color unless authorized otherwise by the DISTRICT. The CONSULTANT will 
submit two separate TDN's, one for each division established in Table 1 and shown in 
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Exhibit A. The following products are considered deliverables for the final submittal to the 
DISTRICT after FEMA approval is issued: 

8.3.1 One (1) complete composite set of sealed non-erasable mylars with the 
topographic data and floodplain delineations shown. Two (2) complete sets of 
sealed blue line copies of the delineation exhibits. The sheets shall be 24-inch x 
36-inch in size, and all drawings will be signed and sealed by persons of 
appropriate professional registration(s). Each registrant will provide a specific 
statement as to what service they performed. 

8.3.2 All remaining hydrologic and floodplain delineation.data in conformance with 
the DISTRTCT's HIS Specifications. 

8.3.3 Two (2) complete copies of the Technical Data Notebooks. The Technical Data 
Notebook will be prepared in accordance with ADWR State Standards 
Attachment 1-97 (SSA 1-97). The notebook will be organized as specified by the 
DISTRICT, following SSA 1-97 format. This submittal of the Technical Data 
Notebook shall include any correspondence and/or meeting minutes with the 
reviewing agencies and shall reflect any revisions required by those reviewing 
agencies. 

8.3.4 The final TDN shall be delivered to the DISTRICT in PDF format. 
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February 10,2005 
CONSULTING 

Richard P. ~arr is ,  P.E., C.F.M. 
Senior Civil Engineer 
Flood Delineation Branch 
2801 West Durango Street 
Phoenix, Arizona 85009 

RE: Lower Centennial Survey change 0rder.Request (FCD 2033C061) 

Dear Mr. Harris: 

I would like to request a change order for survey tasks that were originally included in 
the scope for Lower Centennial. The amount that was negotiated at the beginning of the 
project was based on performing field survey for various structures in the Harquahala 
Valley. This survey would have included survey of the Westside/Eagletail Levee, 
WestsideICentennial Levee, Harquahala FRS, Saddleback FRS, Saddleback Diversion 
Channel, and railroad crossings. The amount that was negotiated was based on the 
assumption that this information was necessary to support the hydrology and floodplain 
delineation in this region. However, now that the phase boundaries are finalized and the 
stream lengths to be delineated are known, the scope relative to the necessary survey 
was re-evaluated. Of the original structures that were assumed necessary for field 
survey, only the railroad crossings fall within the actual study area. Therefore, a revised 
cost to do the remaining survey work was estimated by our sub-consultant, A-Team. 

In addition, the original scope's assumption regarding the topography assumed that the 
automated procedures in WMS could be used for the hydrology modeling and hydraulic 
mapping. However, because of irregularities with the topography found during the 
analysis of Phase 1, as already noted in the meeting minutes and. the progress updates, 

. . using. the FCD topography required hand delineation of the drainage areas and the 
floodplain mapping which is more work then expected. Much of the hydrology analysis 
was effected by the topography irregularities and many of the procedures that were 
originally thought to be automated now have to be done by hand and compared back to 
aerial photography. This additional work will also apply to Phase 2 and'Pbase 3 of the 
project, which haven't been started -yet. Table I following this report shows the tasks 
that are affected by'this increase in effort along with a description of why there was.an- 
increase and the dollar amount of increase. 

PLANNING i. DESIGN ,'..' CONSTRUCTION 

16605 N. 28th Avenue, Suite 100, Phoenix, AZ 85053-7550 s 602.467.2200 i Fax 602.467.2201 

Offices located throughout California, Arizona & Nevada R www.RBF.com 
wlntrm m ~snclnl-8 



Richard Harris 
February 10,2005 
Page 2 

The amount shown roughly correlates to the amount of the reduction in survey task 
costs. Therefore I would like to transfer the difference in the original survey cost and the 
current survey cost to the hydrology and hydraulics tasks in the report as shown in Table 
1. This additional money will be used primarily to offset the increase in effort because of 
the mapping irregularities and also to assist in future effort in coming up with the 
floodplain delineation for the hydraulic analysis. Table 2, attached, shows the increased 
man-hours for the affected tasks. Please feel free to contact me if you have any 
questions regarding this request. 

0 .  

Sincerely, I 

RBF Consulting, 
, < 
. , . . -,. .- - -..- -. 

i .  ,., .------- 
. . .,.' ,,..' 

. . 
- .  . p  < -  .. . 

i c 

.-x; 
. . . . 

Paul Sdafani, P.E;, c.F.M.I.: . . ''. , 
,, \ 

I. 

Attachments ( .  '\i 
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CONSULTANTCHANGEORDER-FCDAPPROVAL 
Flood Control Dlstrlct of Marlco @ County (FCDMC) 

Change Order Number: 
late: 02/15/2005 Amount: & $ File No: 1 Xxxxx 
:ontract No: FCD 2003C061 I PCN No: 014.01.026 
:onsultant Name: RBF Consulting 

;ontract Tltle: Lower Centennlal FDS 

'nltia' pjiiq Contract Award Amount: Date: 11 Total Previous Change Orders: 

y mutual agreement of the parties, the following contract change(s) are incorporated into the above-identified contract. All other contract t e r n  and 
mditions remain unchanged. 
Change order #1 authorizes a reallocation of $31,116.00 from Optional Task 4.3 - Field Survey for Cross Sectlons/St~ctures and a reallocation of 
$58,757.47 from Task 4.0 - Field Survey to Task 5.0 Hydrology and Task 6.0 Hydraulics, for a total reallocated amount of $89, 873.47 (see attachments 
This reallocation will not result in any change to the original project cost. 

With this Change Order, the total amount of this contract has increased 0%. 
By reason of this proposed change 0 days extension of time will be allowed. 

The contract completion date is: 

The following financial Information Is submitted: 

Initial Contract Amount $ 689,730.00 
Amended Contract Amount wl previous change orders $ 689,730.00 

Current Change Order Request $ 
Amended Contract Amount w/cumnt chancre order S 689.730.00 

FCDMC AUTHORIZATION LIMIT: $ 90,000.00 
Total Requested Change Orders $ 

Change Order Authorization Remaintng $ 90,000.00 

s, the undersigned Consultant, do hereby agree that upon execution of his change order thaf we will perfon all work as identified above, and as may 
described h aftachment(s), and will accept the above specffied amount@) as full payment thereof. 

Consultant Name: RBF Consulting 

Consultant Address: 16605 North 28th Avenue, Suite 100 Printed Name: a Scott M. Larson, P.E., CFM 

Phoenix. AZ 85053 Title: Vice President Water Resources 

Date: 

DISTRICT APPROVAL 

. . . . 

ief Engineer and General Manager Date County Engineep' 
h Date 

ORIGINAL TO: Contract Flie and*C~$$&@: COPY TO: Controller, Project Manager, Construction Manager 

Change Order form revised 01/14/2002 



LOWER CENTENNIAL WATERSHED TRIBUTARIES ZONE A 
FLOODPLAIN DELINEATION STUDY PHASE IV 

Conversations were held between RBF consulting and the Flood Control District 
of Maricopa County in July of 2005 which resulted in the creation of Phase IV. 
This was done to accommodate the subconsultant, JLK Engineering, with a 
separate phase to work upon, independently. In order to create Phase IV, what 
was previously referred to as Phase Ill was divided into the present Phase Ill and 
Phase IV. 



Lower Centennial Wash Watershed 
Zone A Floodplain Delineation Study 

Phase I l l  

B.6 Public Information 



FW: legal ads change.. Page 1 of 1 

I '.. 

Paul Sclafani - FW: legal ads change.. 

From: Richard Hams - FCDX <rph@mail.maricopa.gov> 
To: "'psclafani@rbf.com'" <psclafani@rbf.com> 
Date: 6/25/2004 1059 AM 
Subject: FW: legal ads change.. 

FYI 

-----Original Message----- 
~rom:  Melissa Lempke - FCDX 

' Sent: Friday, June 25,2004 10:42 AM 
To: Richard Harris - FCDX 
Subject: legal ads change.. 

The adjustment has been made. 

The ad will run in the AZ Business Gazette on the 8th and the 22nd and in the 
Wickenburg S u n  on the 7th and the 21st. 

Melissa Lempke 
Public Information Officer 
Flood Control District 
Maricopa County 
602-506-061 2 
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ANNOUNCEMENT OF INTENT TO PERFORM 
FLOODPLAIN DELINEATION STUDY OF THE 
LOWER CENTENNIAL WASH WATERSHED 

The Flood Control District of Maricopa County 
(FCDMC) has contracted with RBF Consulting, Inc. 
to perform an approximate Zone A floodplain 
delineation study of selected watercourses within 
the Lower Centennial Wash Watershed. , 

This study will examine and evaluate the flood 
hazard areas in the watershed to determine 
approximate floodplain limits. These floodplain 
limits will then be used to determine the flood 
insurance rates used by the Federal Emergency 
Management Agency (FEMA). 

This announcement is intended to inform all 
interested persons and communities of the 
commencement of this study so that they may have 
an opportunity to bring any relevant technical 
information to the attention of the FCDMC/FEMA, 
to be considered during the course of this study. 
Your comments should be addressed to Mr. Richard 
P. Hams, P.E., at the Flood Control District of 
Maricopa County, 2801 West Durango Street, 
Phoenix, AZ 85009, (602) 506-4528. 



WRICOPA COUNTY FLOOD CONTROL DfSTRICT ' 
ANNOUNCEWEEKT OF INTEkTT TO PERFORM 
DELINEATION STUDY OF TEE 
LO\%?ER CENTEh%TBL F??ASH \TATERSED 

STATE OF ARlZON.4 

County of h4aricopa . 

Ke\.in Cloe, being duly sworn. upon oath, deposes and says: 
That he is the Publisher of 

The. \Tickenburp Sun 

A newspaper of general circulation in the County of Maricopa 
State of Arizona, published in Wickenburg, Arizona, and that 
the copy hereto attached is a true copy of the advertisement as . - 
p~rblished weeklj) in The Wic1;enburg - Sun on the Dates 
r 
1 " -. - 

July 7 and JlmEg 21, 2004. 

KEVIN CLOE 
PUBLISHER 

Sworn to before me this 7th day of Jdy A,D. 3 0 4  
1 

- 
OfFlCtkL SE& 

BET/ lR€IUE GALMM - 
NOTMY PUBLIC - State d AfizonR ; 

MrnIC0?,4 courw 
My C ~ r n * . , E X p i ~  AuJ. 19,2[n!S : 



AtJNOUNCEMEIJT O-: II:TENT TOPERFORM 
FLO0DPLI;II.I DELINEAllOt: STUDY S T H E  
~OERCENE~JN~AL WASH WATERSHED 

The F l w d  Controi IjUrlcl 31 Marlcopa Cwfdy 
FCDM',) has conlraded wllh RBi  Cmwrllh~ Inc lo 
peflorm an approximale Z m  P. W~.pain Ceha6on 
sluoy 01 Elecled wakrw~unes snnh the Lower 
C m ~ m t  VJe*: Walenhtd 

Thfs s1uOy wlk e m m  and evaluara tne llan namd 
areas in the wesIshxI lo delemine approljmale 
t m p h  Ilmns. Tkse I w a l n  limns WE tnen be mecl 
ID delermha the lload Innrrane rales used by the 
Froeml Ernergenw tdanegemenl Agency (FEMA). 

:his amcemerd  is hller&d lo inform aD hlensed 
D E ~ ;  an3 mmmunllas ol IM mmrnenceml ol lhls 
;lo& so lhal they may have an o p m t u n ~  to ~ n n g  
any &even1 lemrwcat hlamalion lo tht anrnllon ol nie 
FCDI&CFEtfA. IL be m?so?re3 dumu the c o r n  ot 
!hissludy. Yarr comments sa~lld t~ aictessed lo Mr 
Flrhard P Harris. P.E. RI the F I m  Conhol Dlstnd 01 
Mancop County ZED1 Wesl Durango StreeL Fnoenn. 
A2 Bj0W. 1602) 5C54528. 

h t j i M i n  The WirXbnbwg Sun on July 7 and July 21. 
2m. 



I Class I 

Arizona Business 
PO BOX 194 

Phoenix, Arizona 85001-0194 
(602) 444-7300 F A X  (602) 444-7364 
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U.S. Department of Homeland Security 
500 C Strect, SW 
Washington, DC 20472 
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U.S. Department of Homeland Security 
Washington, D.C. 20472 

OFFICIAL BUSmSS 

Mr. Richard P. Hams, P.E., CFM 
Project Manager 
Planning & Project Management Division 
Flood Control District of Maricopa County - - - - -  
2801 West Durango Street 
Phoenix, AZ 85009 



1 - washington, D.C. 20472 

CERTIFIED MAIL 
RETURN RECEIPT REQUESTED 

The Honorable Mary Rose Wilcox 
Chairman, Maricopa County 
Board of Supervisors 

County Administration Building 
30 1 West Jefferson, 10th Floor 
Phoenix, AZ 85003 

IN REPLY REFER TO: 
Case No.: 06-09-B7 15P 
Community Name: Maricopa County, AZ 
Community No.: 040037 
Effective Date of 
This Revision: AUG 2 4 2006 

Dear Ms. Wilcox: 

The Flood Insurance Study report and Flood Insurance Rate Map for your community have been revised by this 
Letter of Map Revision (LOMR). Please use the enclosed annotated map panel(s) revised by this LOMR for 
floodplain management purposes and for all flood insurance policies and renewals issued in your community. 

Additional documents are enclosed which provide information regarding this LOMR. Please see the List of 
Enclosures below to determine which documents are included. Other attachments specific to this request may be 
included as referenced in the Determination Document. If you have any questions regarding floodplain management 
regulations for your community or the National Flood Insurance Program (NFIP) in general, please contact the 
Consultation Coordination Officer for your community. If you have any technical questions regarding this LOMR, 
please contact the Director, Federal Insurance and Mitigation Division of the Department of Homeland Security's 
Federal Emergency Management Agency (FEMA) in Oakland, California, at (5 10) 627-7175, or the FEMA Map 
Assistance Center toll free at 1-877-336-2627 (I-877-FEMA MAP). Additional information about the NFIP is 
available on our website at http://www.fema.gov/nfip. 

Sincerely, 

Michael B. Godesky, Project Engineer 
Engineering Management Section 
Mitigation Division 

List of Enclosures: 

Letter of Map Revision Determination Document 
Annotated Flood Insurance Rate Map 
Annotated Flood Insurance Study Report 

cc: Mr:Richard P. Harris, P.E., CFM 
Project Manager 
Planning & Project Management Division 
Flood Control District of Maricopa County 

Ms. Lynn M. Thomas, P.E., CFM 
Technical Supervisor 
Flood Control District of Maricopa County 

Mr. Timothy S. Phillips, P.E. 
Chief Engineer and General Manager 
Flood Control District of Maricopa County 

For: Doug Bellomo, P.E., Acting Chief 
Engineering Management Section 
Mitigation Division 

Mr. Ted Collins, CFM 
Principal Floodplain Coordinator 
Flood Control District of Maricopa County 

Mr. Brian Cosson, CFM 
NFIP Coordinator 
Office of Dam Safety and Flood Mitigation 
Arizona Department of Water Resources 

Mr. Nathan Ford, P.E. 
RBF Consulting 



Case No.: 06-09-B715P Effective Date: AUG 2 4 2006 Page I of 4 LOMR-APP Issue Date: JUL 2 4 2006 0 
2@; 

Federal Emergency Management Agency 
Washington, D.C. 20472 

*4ND 5% 

LETTER OF MAP REVISION 
DETERMINATION DOCUMENT 

BASIS OF REQUEST 

HYDRAULIC ANALYSIS 
HYDROLOGIC ANALYSIS 
NEW TOPOGRAPHIC DATA 

PROJECT DESCRIPTION 

NO PROJECT 

COMMUNITY AND REVISION INFORMATION 

Lower Centennial Wash Watershed Zone A Floodplain 
Delineation Study, Phase Ill 

ANNOTATED MAPPING ENCLOSURES 

TYPE: FIRM' NO.: 04013C1950 G DATE: September 30,2005 

' TYPE: FIRM NO.: 04013C1975 D DATE: (Panel Not Printed) 
TYPE: FIRM NO.: 04013C2425 G DATE: September 30,2005 
TYPE: FIRM NO.: 04013C2450 G DATE: September 30,2005 

- 
Enclosutes reflect changes to flooding sources affected by this revision. 

COMMUNITY 

APPROXIMATE LATITUDE 8 LONGITUDE: 33.333. -113.000 
SOURCE: FIRM Panel DATUM: NAD 83 

ANNOTATED STUDY ENCLOSURES 

DATE OF EFFECTIVE FLOOD INSURANCE STUDY: September 30,2005 
SUMMARY OF DlSCHARGES TABLE: 

Maricopa County 
Arizona 

(Unincorporated Areas) 

COMMUNITY NO.: 040037 

FIRM - Flood Insurance Rate Map; " FBFM - Flood Boundary and Floodway Map; "' FHBM - Flood Hazard Boundary Map 

FLOODING SOURCE(S) & REVISED REACH(ES) 

Multiple Tributaries of Centennial Wash - Lower Centennial Wash Watershed Zone A 

r 
SUMMARY OF REVISIONS 

Flooding Source Effective Flooding Revised Flooding Increases Decreases 

Multiple Tributaries of Centennial Wash Zone X (unshaded) Zone A YES NONE 

* BFEs - Base Flood Elevations 

DETERMINATION 
This document provides the determination from the Department of Homeland Security's Federal Emergency Management Agency (FEMA) 
regarding a request for a Letter of Map Revision (LOMR) for the area described above. Using the information submitted, we have determined that 
a revision to the flood hazards depicted i n  the Flood lnsurance Study (FIS) report and/or National Flood lnsurance Program (NFIP) map is 
warranted. This document revises the effective NFIP map, as indicated in the attached documentation. Please use the enclosed annotated map 
panels revised by this LOMR for floodplain management purposes and for all flood insurance policies and renewals in your community. 

This determination is based on the flood data presently available. The enclosed documents provide additional information regarding this determination. If you have 
any questions about this document, please contact the FEMA Map Assistance Center toll free at 1-877-336-2627 (1-877-FEMA MAP) or by letter addressed to the 
LOMr 701, 3601 Eisenhower Avenue, Alexandria, VA 22304. Additional Information about the NFlP is available on our website at http:Nw.fema.govlnfip. 

p+=- 
Michael B. Godesky, Project Engineer 
Engineering Management Section 
Mitigation Division 106979 10.3.1.0609B715 102-I-C 



,PART&& @ Federal Emergency Management Agency 
Washington, D.C. 20472 

+4&D st 

2bf 4 1 Issue Date: JUL 2 4 2006 1 E f f i e  Date: AUG 2 4 2006 

LElTER OF MAP REVISION 
DETERMINATION DOCUMENT (CONTINUED) 

I COMMUNITY INFORMATION 

Case No.: 06-09-B715P 

-1 APPLICABLE NFIP REGULATlONSlCOMMUNlTY OBLIGATION 

LOMR-API 

We have made this determination pursuant to Section 206 of the Flood Disaster Protection Act of 1973 (P.L. 93-234) and in accordance 
with the National Flood Insurance Act of 1968, as amended (Title XI11 of the Housing and Urban Development Act of 1968, P.L. 90-448 
42 U.S.C. 4001-4128, and 44 CFR Part 65. Pursuant to Section 1361 of the National Flood Insurance Act of 1968, as amended, 
communities participating in the N F P  are required to adopt and enforce floodplain management regulations that meet or exceed NFIP 
criteria. These criteria, including adoption of the FIS report and FIRM, and the modifications made by this LOMR, are the minimum 
requirements for continued NFP participation and do not supersede more stringent State/Commonwealth or local requirements to which 
the regulations apply. 

I COMMUNITY REMINDERS 

We based this determination on the 1 -percent-annual-chance discharges computed in the submitted hydrologic model. Future 
development of projects upstream could cause increased discharges, which could cause increased flood hazards. A comprehensive 
restudy of your community's flood hazards would consider the cumulative effects of development on discharges and could, therefore, 
indicate that greater flood hazards exist in this area. 

You1 community must regulate all proposed floodplain development and ensure that permits required by Federal andlor 
State/Commonwealth law have been obtained. State/Commonwealth or community officials, based on knowledge of local conditions and 
in the interest of safety, may set higher standards for construction or may limit development in floodplain areas. If your 
State/Commonwealth or community has adopted more restrictive or comprehensive floodplain management criteria, those criteria take 
precedence over the minimum NFIP requirements. 

We will not print and distribute this LOMR to primary users, such as local insurance agents or mortgage lenders; instead, the community 
will serve as a repository for the new data. We encourage you to disseminate the information in this LOMR by preparing a news release 
for publication in your community's newspaper that describes the revision and explains how your community will provide the data and 
help interpret the NFIP maps. In that way, interested persons, such as property owners, insurance agents, and mortgage lenders, can 
benefit from the information. 

This determination is based on the flood data presently available. The enclosed documents provide additional information regarding this determination. If you have 
any questions about this document, please contact the FEMA Map Assistance Center toll free at 1-877-336-2627 (1-877-FEMA MAP) or by letter addressed to the 
LOMP -spot, 3601 Eisenhower Avenue. Alexandria, VA 22304. Additional Information about the NFIP is available on our website at http://www.fema.gov/nfip. 

Michael B. Godesky, Project Engineer 
Engineering Management Section 
Mligation Division 
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@ Federal Emergency Management Agency 

Washington, D.C. 20472 t,, 
LETTER OF MAP REVISION 

DETERMINATION DOCUMENT (CONTINUED) 

We have designated a Consultation Coordination Officer (CCO) to assist your community. The CCO will be the primary liaison between 
your community and FEMA. For information regarding your CCO, please contact: 

Ms. Sally M. Ziolkowski 
Director, Federal Insurance and Mitigation Division 

Federal Emergency Management Agency, Region IX 
11 11 Broadway Street, Suite 1200 

Oakland, CA 94607-4052 
(5 10) 627-7 175 

STATUS OF THE COMMUNITY NFIP MAPS 

We will not physically revise and republish the FIRM and FIS report for your community to reflect the modifications made by this 
LOMR at this time. When changes to the previously cited FIRM panel(s) and FIS report warrant physical revision and republication in 
the future, we will incorporate the modifications made by this LOMR at that time. 

Ple ote that a portion of this revision request is located on FIRM Panel 04013C1975 D, which is not currently a printed panel. 
Be~aube FIRM Panel 04013C1975 D is not printed, the flood hazard data along portions of T1 SR7WS22, TlSR7WS22 Tributary 1, 
T1 SR7WS2 1, and T1 SR7WS2 1 Tributav 3 could not be included in this LOMR. We reviewed the submitted data for these flooding 
sources enclosed in the application package entitled "Lower Centennial Wash Watershed Zone A Floodplain Delineation Study 
Phase 111," prepared for the Flood Control District of Maricopa County by RBF Consulting, dated March 30,2006, and determined that 
the submitted data met the minimum floodplain management criteria of the NFIP. 

In accordance with Paragraph 60.3(b)(4) of the NFIP regulations (copy enclosed), we encourage your community to reasonably use the 
draft work maps entitled "Lower Centennial Watershed Phase 111 - Zone A Floodplain Delineation Study," Sheets 3,6, and 7 of 14, 
prepared by RBF Consulting, dated March 2006, as the best available data for these flooding sources for floodplain management purposes 
until such time as FEMA can publish an effective FIRM panel through a Physical Map Revision or until a new countywide restudy of 
Maricopa County, Arizona and Incorporated Areas has been completed. 

This determination is based on the flood data presently available. The enclosed documents provide additional information regarding this determination. If you have 
any all-stions about this document, please contact the FEMA Map Assistance Center toll free at 1-877-336-2627 (1-877-FEMA MAP) or by letter addressed to the 
LOP %pot, 3601 Eisenhower Avenue, Alexandria, VA 22304. Additional Information about the NFIP is available on our website at http://www.fema.gov/nfip. 

-+===- 
Michael B. Godesky, Project Engineer 
Engineering Management Section 
Mitigation Division 106979 10.3.1.0609B715 102-I-C 

Effective Date: AUG 2 4 2006 Issue Date: JUL 24 2006 Case No.: 06-09-B715P LOMR-APP 
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@ Federal Emergency Management Agency 

Washington, D.C. 20472 
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LETTER OF MAP REVISION 
DETERMINATION DOCUMENT (CONTINUED) 

PUBLIC NOTIFICATION OF REVISION 

This revision will become effective 30 days from the date of this letter. Any requests to review or alter this determination should be made 
within 30 days and must be based on scientific or technical data. 

This determination a based on the flood data presently available. The enclosed documents provide additional information regarding this determination. If you have 
any questions about this document, please contact the FEMA Map Assistance Center toll free at 1-877-336-2627 (1-877-FEMA MAP) or by letter addressed to the 
LOMP mspot, 3601 Eisenhower Avenue, Alexandria, VA 22304. Additional Information about the NFlP is available on our website at http://www.fema.gov/nf~p. 

Michael 8. Godesky, Project Engineer 
Engineering Management Section 
Mitigation Division 106979 10.3.1.06098715 102-I-C 

Case No.: 06-09-B715P Issue Date: I& 2 4 2006 I Effective Date: AuG 2 4 2006 LOMR-APP 







Legend 

TISR 7WS22-2, Tributary 1 

TISR 7WS21, Tributary 2 

TISR 7WS21, Tributary I 

1% annual chance 
(1 00-Year) Floodplain 

1% annual chance 
(1 00-Year) Floodway 



Table 3. Summary of Discharges (Cont' d) 

Drainage Area 
Flooding Source and Location (Square Miles) 

Peak Discharges (Cubic Feet per Second) 
10-Year 50-Year 100-Year 500-Year 

Lower Centennial Wash Watershed 
TlSR8WS5 
Approximately X feet upstream Wash 1.03 

TlSR8WS13-1 
Approximately X feet upstream Wash 9.17 

TlSR8WS13-1, Tributary 1 
Approximately 1,663 feet upstream 
Centennial Wash floodplain 2.42 

TlSR8WS13-1, Tributary 2 
Approximately 4,673 feet upstream 
Centennial Wash floodplain 2.42 

TlSR8WS13-1, Tributary 3 
Approximately 2.3 miles upstream 
Centennial Wash floodplain 1.18 

TlSR8WS13-1, Tributary 4 
Approximately 5.3 miles upstream 
Centennial Wash floodplain 0.34 

TlSR8WS13-2 
Approximately upstream Centennial Wash 3.33 

TlSR8WS13-2, Tributary 1 
Approximately upstream Centennial Wash 1.47 

TlSR7WS18 
Approximately upstream Centennial Wash 1.18 

TlSR7WS21 
Approximately upstream Centennial Wash 7.73 

TlSR7WS21, Tributary 1 
Approximately upstream Centennial Wash 2.51 

TlSR7WS21, Tributary 2 
Approximately upstream Centennial Wash 1.02 

TlSR7WS21, Tributary 3 
Confluence with Centennial Wash 0.70 

TlSR7WS22-1 
Approximately upstream Centennial Wash 2.00 

TlSR7WS22-2 
Confluence with Centennial Wash 9.71 

TlSR7WS22-2, Tributary 1 
Confluence with Centennial Wash 4.01 

TlSR7WS22-2, Tributary 2 
Confluence with Centennial Wash 2.47 

l~ot computed 
'~ot available 
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NATIONAL FLOOD INSURANCE 
FEMA NATIONAL SERVICE PROVIDER 

April 19,2006 

Mr. Nathan E. Ford, P.E. 
RBF Consulting 
16605 North 28th Avenue, Suite 100 
Phoenix, AZ 85053-7550 

IN REPLY REFER TO: 
Case No.: 06-09-B7 15P 
Community: Maricopa County, AZ 
Community No.: 040037 

Dear Mr. Ford: I .  

This responds to your request dated April 14,2006, concerning a Letter of Map Revision (LOMR) request 
that the Department of Homeland Security's Federal Emergency Management Agency (FEI'vIA) issue a 
revision to the Flood Insurance Rate Map (FIRM) for Maricopa County, Arizona and Incorporated Areas. 
Pertinent information about the request is listed below. 

Identifier: Lower Centennial Wash Watershed 

Flooding Source: Multiple Tributaries of Centennial Wash 

FIRM Panel(s) Affected: 0401 3C1950 G, 1975 D, 2425 G, 2450 G 

We have completed an inventory of the items you submitted. Our review of the submitted data indicates 
we have the minimum data required to perform a detailed technical review of your request. If additional 
data are required or if delays are encountered, we will inform you within 60 days of the date of this letter. 

As you may know, FEMA has implemented a procedure to recover costs associated with reviewing and 
processing requests for modifications to published flood information and maps. However, because your 
request is based on flood hazard information meant to improve upon that shown on the flood map or within 
the flood study and does not partially or wholly incorporate manmade modifications within the Special 
Flood Hazard Area, no fees will be assessed for our review. 

Please direct questions concerning your request to us at the address shown at the bottom of this page. For 
identification purposes, please include the case number referenced above on all correspondence. 

If you have general questions about your request, FEMA policy, or the National Flood Insurance Program, 
please call the FEMA Map Assistance Center, toll free, at 1-877-FEMA MAP (1-877-336-2627). 

3601 Eisenhower Avenue, Alexandria, VA 22304-6425 PH:l-877-FEMA MAP FX: 703.960.9125 

The Mapping on Demand Team, under contract with the Federal Emergency Management Agency, is the 
National Service Provider for the National Flood Insurance Program 



If you have specific questions concerning your request, please call the Revisions Coordinator for your 
State, Mr. Craig Kennedy, CFM, who may be reached at (703) 960-8800, ext. 3091. 

Sincerely, 

Sheila M. Norlin, CFM 
National LOMC Manager 
Michael Baker Jr., Inc. 

cc: Mr. Richard P. Harris, P.E., CFM 
Project Manager 
Maricopa County 

Ms. Lynn M. Thomas, P.E., C.F.M. 
Technical Supervisor 
Maricopa County 

Mr. Timothy S. Phillips, P.E. 
Chief Engineer & General Manager 
Maricopa County 

Mr. Ted Collins, CFM 
Principal Floodplain Coordinator 
Maricopa County 

Mr. Brian Cosson, CFM 
NFIP Coordinator 
Arizona Department of Water Resources 



Fulton BKj€k, Disbict 1 
Don Stapley, Disbict 2 

Flood Control District Andrew Kunasek, Disbid 3 
Max Wilson, Disbict 4 

of Maricopa County Mary ~ o s e  W~ICOX, Distn'ct 5 

2801 West Durango street 
Phoenix, Amona 85009 
Ph~ne: 602-506-1501 
Fax: 602-506-4601 
TT: 602-505-5897 

Mr. Craig Kennedy, Regional Manager 
Baker Gvil 
360 1 Eisenhower Avenue 
Alexandria, Virginia 22304 

Community: Maricopa County, Arizona 

Community Nos .: 040037 

Flooding Sources: Numerous Tributaries of Centennial Wash (see attached sheet from 
the TDN) 

FIRM Panels Affected: 1950G 1975D, 2425G, and 2450G 

Dear Mr. Kennedy: 

I have enclosed a floodplain delineation study for portions of the above-listed Flooding 
Sources. This study was done to more accurately define and map potential flood hazard 
areas in advance of anticipated future development. The supporting Technical Data 
Notebook includes a copy of the work maps. Please review and process a Letter of Map 
Revision for the studied portions of these washes. 

If you have anyquestions, please contact me at (602) 506-4528. 

Sincerely, 

Richard P. Harris, P.E., CFM 
Project Manager, Planning and Project Management Division 

Enclosure 



The following NFlP map panels affected for all impacted communities are: 

I Community 

I 

* Panel Not P 

Community1 State I MapNo. 
Name 

Maricopa 
county 

Maricopa 

Maricopa 1 AZ 1 04013C 

AZ 

County 
Maricopa 
Countv 

County 

04013C 

AZ 

inted 

04013C 

AZ 

Panel No. I Effective 

04013C 

Panel 1950G Flooding Source: Wash TlSR8WS5, Wash T1 SR8WS13-1, Wash 
TlSR8WS 13-1 Tributary 1, Wash TlSR8WS13-1 Tributary 2, Wash TlSR8WS13-1 
Tributary 4, Wash TlSR8WS13-2, Wash TlSR7WS21, Wash TlSR7WS21 Tributary 1, 
Wash T1 SR7WS22-2, Wash T1 SR7WS22-2 Tributary 2. 

Panel 24256 Flooding Source: Wash TlSR8WS5, Wash T1 SR8WS13-1, Wash 
TlSR8WS1.3-1 Tributary 1, Wash TlSR8WS13-1 Tributary 2, Wash T1 SR8WS13-1 
Tributary 3, Wash TlSR8WS 13-2, Wash T1 SR8WS13-2 Tributary 1, Wash 
TlSR7WS18, Wash TlSR7WS21 Tributary 1, Wash TlSR7WS21 Tributary 2. 

Panel 2450G Flooding Source: Wash T1 SR7WS21, Wash T1 SR7WS21 Tributary 1, 
Wash TlSR7WS21 Tributary 2, Wash TlSR7WS21 Tributary 3, Wash TlSR7WS22-1, 
Wash T1 SR7WS22-2, Wash T1 SR7WS22-2 Tributary 1. 

Panel 1975D Flooding Source: Wash T1 SR7WS21, Wash TlSR7WS21 Tributary 3, 
Wash T1 SR7WS22-2, Wash T1 SR7WS22-2 Tributary 1, Wash T1 SR7WS22-2 Tributary 
2. 



Copies to: Mr. Ray Lenaburg 
Floodplain Mapping Coordinator 
FEMA Region IX 
11 11 Broadway 
Suite 1200 
Oakland, CA 94607-4052 

Mr. Michael Godesky, P.E. 
Project Engineer, Region IX 
Hazards Study Branch, Mitigation Directorate 
Federal Emergency Management Agency 
500 C Street SW 
Washington, D.C. 20472-000 1 

Mr. Brian Cosson 
NFIP Coordinator 
Arizona Department of Water Resources 
3550 North Central Avenue 
2"* Floor 
Phoenix, AZ 85012-2105 

Mr. Nathan Ford, P.E. 
Project Manager 
RBF Consulting, Inc. 
16605 North 28th Avenue 
Suite 100 
Phoenix, AZ 85053-7550 



Lower Centennial Wash Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 

Appendix C Survey Field Notes 

(This report does not include any structures or survey field notes) 



Lower Centennial Wash Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 

Appendix D Hydrologic Analysis Supporting 
Documentation 



Lower Centennial Wash Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 

D.1 Precipitation Data 



Drainage Design Manual for Maricopa County Hydrology: - 



Drainage Design Morlual for Maricopa Cotrt?ty -- ".. I-Jydrology: --- Appendices . 
".-- 

Figure A.13 
100-YR, 24-HR Precipitation 
lsopluvials (in tenth of inch) 

Maricopa County, Arizona 

Source: 
U.S. Dept. Of Commerce 
National Oceanic & Atmospheric Administration 
Hydrology 
NOAA Atlas 2 Volume Vlll 



Lower Centennial Wash Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 

D.2 Physical Parameter Calculations 



1 anduse2OOOtabl e f i  xedl0;. t b l  
- 110, "Rural ~ e s i d e n t i  a1 (<= 1/5 du per acre)", 0.30,5,30, "normal 

120,"Estate ~ e s i d e n t i a l  (1/5 du per acre t o  1 du per acre)",0.30,5,30,"normal" 
130,"Large Lot Residential - Single Famil (1 du per acre t o  2 du per acre)",0.30,15,50,"normal" 
140,"Medi um Lot Residential - Sin l e  Famiyy (2-4 du per acre)",0.25.30.50,"norma~,11 
150,"Small Lot Residential - singye Family (4-6 du per acre)",0.25,30, 50,*1normal 
160, "very small Lot Residential - Sing1 e Family (>6 du per acre-;ilncl udes mobile home:: ,O. 25,40,50, 
l70,"nedium ~ e n s i t y  ~ e s i d e n t i a l  - ~ u l i  Family (5-10 du per acre ,0.25,45,50, "normal 
180,"High ~ e n s i  t y  Residential - Mu1 ti Family (10-15 du per acrej",0.25.45, IO."n~rmal '~  
190,"very ~ i g h  Density Residential - Mu l t i  ~ a m i l y  (> 15 du er,,acre)",O.25,45,50, "~orma l "  
200. "General commercia! (commercial where no detai 1 avai lab?e) .!.lo. 80,60."normal 
210,"specialt commercial (<=50,000 sq. ft.)" ,0.10,80,65, "normal 
220, "Neighbor%ood Commercial (50,000 t o  100.000 sq. ft.)0r,0.10,80. 65, "normal" 
230,"~ommunity Commercial (100,000 t o  500,000 sq. ft.)",O.l0,80,75,"normal" 
240,"Regional Commercial (500,000 t o  1,000,000 sq. ft.)",O.l0,80,65,"norm~l" 
250,"super-~egional commercial (?= 1,000,000 sq. ft.)" ,0.10,80,70, "normal 
300, "General ~ n d u s t r i a l  ( Indust r ia l  where no de ta i l  ava?,lable)" ,0.15,55,60, "normal" 
3 1 0 , " ~ a r e h o u ~ e / ~ i s t r i b u t i o n  centers~~,O.l0,80,75,"normal 
320, "1ndustria1",0.15,55~6O,"normal 
400, " o f f i ce  ~ e n e r a l  ( o f f i ce  where no de ta i l  available):: ,0.10,80,75, "normal" 
410,"Office Low Rjse (1-4 s t o r i  es)",0.10,80,75, "normal 
420,"Office Mid Rise (5-12 stor;.ies)",O.l0,80,75,"normal" 
430,"Office High Rjse (13 s to r ies  or;. more)",0.10,80,75, "normal" 
510, "Tourist  and V i s i t o r  Accommodations (Hotels, motels and resorts)," ,O. 10,80,75, "norma!," 
520,"~ducational (publ ic schools,. pr ivate schools and un ivers i t ies)  ,0.2$,45,80, "normal 
530, " I ns t i t u t i ona l  (rncl  udes hospi ;fa1 s and churches)" ,0.10,80,75, "normal 
540,"~emeteries",0.10,5,90,"normal 
550, "publ ic ~ac i l i t i e s , , ( I nc~udes  communi t y  centers, power sub-stations, l i b r a r i es ,  
ci",O.l0,80,75,"normal 
560, "special Events ( rnc l  udes stadi  ums, sports complexes and f a i r  rounds)", 0.10, !0,75, "normal " 
570, "other ~mployment - low (Proving rounds and land f i  11 s)", 0.18,80,75, "normal 
580, "other ~mployment - medium",0.10,~0,75, "normal" 
590,"other ~mployment - high",0.10,80,75!"normal" 
600, "General Transportation (Transportation where no de ta i l  available)" ,0.10,80,75, "normal" 
610,    ran sport at ion (~nc ludes r a i l  roads, r a i l  yards, t r a n s i t  c e n t y s  and freeways)" ,0.10,80,75, "no 
620,"Airports (Includes publ ic  use airports)",O.l5,55,6O,"normal 
700, "~ene ra l  open space (open space where no detai 1 avai lak le)"  ,O. l0,5,90, "normal" 
710, "Active Open space ( Inc l  udes parks)", 0.10,5,90, "normal 
720, "Golf. courses",0.10,5,90, "normal 
730,"~assive open space (Includes mountain preserves and washes)",0.10,0,20,"normal" 
740,"Water",O.OO,O,O,"wet" 
750,"Agricu~ture",O.50,O,85,"normal" 
8lO! "Business Park (Inclucjes enclosed i ndus t r i a l ,  o f f i c e  o r  r e t a i l  i n  a planned 
envir",O.l0,80,75,"normal 
900,"vacant  xist sting land use database only)",0.35,0,25,"dry" 

"norm 

8 rmal " 

Page 1 



so i  lwmsgreenapmtfixedLO5. t b l  
6451,"Antho sandy loams",0.41,0.00,100 
6452,"Antho g r a v e l l y  sandy loams",0.41,0.00,100 
6453 , "An tho -ca r r i zo -~ar i~o  com~lex".0.58.0.00.100 
6454, " A n t h o - c a r r i z o - ~ a r i  ko comb1 ex, ' low p r e c i p i t a t i o n " ,  0. 58, 0.00, 100 
6455,"Anthony sandy loam ,0.43,0.00,100 
6456,"Anthony-Arizo complex",0.62,0.00,100 
6457,"nnfhony-Arizo complex, low precipitation",0.62,0.00,100 
6458,"Arizo ~ o b b l y ~ s a n d y  1oam",0.96,0.00,100 
6459 , "~ee l i ne -c ip r i ano  complex, 3 t o  45 percent slopes",0.27,0.00,100 
6531 , "~gua l t  and R ip ley  so~ ls" ,0 .00,0 .00,~00 
6532, "ngual t and R i  p l ey  s o i l s ,  sa l ine-sod ic"  ,0.00,0.00,100 
6533,"Ajo-Gunsight-~ompeii complex, 3 t o  25 percent slopes",0.66,0.00,100 
6535,"carrizo-oateland complex, 0 t o  3 percent slopes",0.82,0.00,100 
6536,"Carrizo-Momoli com l e x ,  0 t o  3 percent slopes",0.41,0.00,100 
6537,"Cher~onj ve r  .cobb?y f i n e  sandy loam, 3 t o  10 percent ~ lopes~~,0 .40,3 .30,100 
6538. "Cher!oni - c o o ~ i d g e  complex. 1 t o  15 percent slopes~~.0.00,0.00,100 
6539,"Cipriano-Hyder-~ock outcrop complex, 15 t o  65 percent slopes",0.40,15.00,100 
6581,"srios g r a v e l l y  loamy sand,3 t o  5 percent slopes",0.00,0.00,10O 
6582,"Brios ve ry  f i n e  sandy loam,O t o  2 percent s1opes",O.OO,O.OO,lOO 
6583,"carrizo-Momoli complex, 1 t o  3 percent slopes',0.00,0.00,100 
6584, "Ca r r i zo -~ inamt  com 1 ex, 1 t o  5 percent  slopes" ,0.00,0.00,,,100 
6585 .1 ' ca r r i ~o  ve ry  ravey l  coarse sand. 0 t o  1 percent slopes ,0.00,0.00, 100 
6586,"Casa Grande cqay loam. 0 t o  1 percent slopes".0.00,0.00.100 
6587,"Casa Grande complex, 0 t o  5 percent  slopes",0.00,0.00,100 
6588,"casa Grande f i n e  sand loam, 0 t o  3 percent slopes",0.00,0.00,100 
6589, "Cave1 t - C a r r i  zo-Gunsigxt complex, 1 t o  10 percent slopes" ,O. 00,0.00,100 
7031, "njo-pinamt, deep, complex, 3 t o  1 5  percent slopes" ,0.00,0.00,100 
7032,"Anklam-cellar-rock outcrop complex, 15 t o  55 percent slopes",0.00,0.00,100 
7033,"~nklam very  g r a v e l l y  sandy loam, 3 t o  15 percent slopes",0.00,0.00,10O 
20012,"sandy Loam",0.40,0.00,100 
20073,"Saydy ~oam'.',O.40,0.00,100 
64510,"srios-Carrizo complex, 1 t o  5 percent slopes",0.94,0.00,100 
64511,"srios-Carrizo com l e x ,  low p r e c i p i t a t i o n ,  1 t o  5 percent slopes",0.94,0.00,100 
64512, "Carefree cobbl y c?ay loam, I t o  8 percent slopes", 0.01.0. 00, 100 
64513,"Carefree-seardsley complex",0.01,0.00,100 
64514,"carrjzo ve ry .g rave l l y  sand",1.04,0.00,100 
64515,"Carrizo-Gunsight complex, 1 t o  5 percent slopes",0.54,0.00,100 
64516,"Cel lar-~ock outcrop complex, 10 t o  7Omperce?t slopes",0.44,15.00,100 
64517, "cel lar-Rock outcrop complex, low p r e c i p i t a t i o n ,  10 t o  70 percent  slopes",0.44,15.00,100 
64518,"Cheriono-Rock oufcrop com l e x ,  5 t o  60 percent slopes",0.33,15.00,100 
64519,'~chuckawalla-Guns!ght comp?ex. 1 t o  8 percent slopes".0.19.0.00.100 
64520, "Chuckawalla-Gunsight complex, low p r e c i p i t a t i o n ,  1 t o  8 percent slopes" ,0.19,0.00,100 
64521,"Cipriano very g r a v e l l y  loam",0.38,0.00,100 
64522, "cont ine  c l a y  loam" ,0.04,0.00,100 
64523,"Cont!ne clay",0.01,0.00,100 
64524,"continental c l a y  loam, 0 t o  3 percent  slopes",0.02,0.00,100 
64525,"continental c l a  0 t o  3 percent  slopes",0.02,0.00,100 
64526,"Continental cob%! c l a y  loam, 1 t o  8 percent slopes",0.01,0.00.100 
64527,"Cont!nental-Mohave com l e x ,  1 t o  7 percent slopes",0.01,0.00,100 
64528, "cont inenta l  -?haco Fomp?ex" ,0.02,0.00,100 
64529,"Denure-Momoli-Carrizo complex",0.34,0.00,100 
64530,"Denure-Momoli-Carrizo complex, low precipitat ion",0.34,0.00,100 
64531,"Dixaleta-Rock outcrop complex, 25 t o  65 percent ~l0peS",0.33,35.00,100 
64532, " ~ i x a l e t a - ~ o c k  outcrop complex, low p rec i  i t a t i o n ,  25 t o  65 percent  slopes",0.33,35.00,100 
64533, "Eba very  g r a v e l l y  loam, 1 t o  8 percent s?opes",0.23,0.00,100 
64534,"~ba very  g r a v e l l y  loam, 8 t o  20 percent slopes",0.23,0.00,100 
64535,"Eba v e r y - g r a v e l l y  loam, low p r e c i p i t a t i o n ,  8 t o  20 percent slopes",0.23,0.00,100 
64536,"~ba-cont inental  complex, 1 t o  8 percent slopes",0.07,0.00,100 
64537,"Eba-continental-cave associat ion,  3 t o  20 percent slopes",0.13,0.00,100 
64538,"Eba-continental-cave associat ion,  low p r e c i p i t a t i o n ,  3 t o  20 percent",0.13,0.00,100 
64539,"Eba-Nickel-Cave associat ion,  3 t o  25 percent slopes",0.29,0.00,100 
64540,"Eba-pinaleno complex, 3 t o  20 percent  slopes",0.17,0.00,100 
64541,"Eba-Pinaleno complex, 20 t o  40 percent slopes",0.17,0.00,100 
64542, " E b a - ~ i n a l  eno complex, low p r e c i p i t a t i o n ,  3 t o  20 percent slopes" ,0.17,0.00,100 
64543,"~ba-pinaleno com l e x ,  low p r e c i p i t a t i o n ,  20 t o  40 percent  slopes",0.17,0.00,100 
64544, "Ebon very  gravel ?y loam, 1 t o  8 percent slopes". 0.03,O.OO. 100 
64545,"~bon very.gravel1 loam, 8 t o  20 percent slopes",0.03,0.00,100 
64546,"Ebon-Contine cornpiex, 1 t o  8 percent",0.03,0.00,100 
64547,"Ebon-Gunsight-Ci r i ano  associat ion,  3 t o  25 percent slopes",0.11,0.00,100 
64548, "Ebon-Pi namt compTex, 3 t o  20 percent slopes", 0.06,0.00,100 
64549,"Ebon-Pinamt complex, 20 t o  40 percent slopes",0.06,0.00,100 
64550,"Estre l la loams",0.26,0.00,100 
64551,"Gachado- omita as com l e x ,  8 t o  25 ercent  s1opes",0.24,0.00,100 
64552 , "Gachado-~omi tas- ROC^ oufcrop comp?ex. 7 t o  55 percent slopes", 0.16 , 20.00,100 
64553,"Gadsde? clay",0.02,0.00,100 
64554,"Gila f i n e  sandy loams",0.29,0.00,100 
64555,"Gilman 1oams",0.27,0.00,100 

f ' 64556,"GIlman loams, low precipitat ion",0.27,0.00,100 
, 64557,"Gilman c l a y  loam",0.06,0.00,100 
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64558, " G i  lman-Mom01 i -Denure complex" ,0.34,0.08,100 
64559, " G i  1 man-Mom01 i -Denure complex, 1 ow p r e c i p i t a t i o n " ,  0.34,O. 00,100 
64560,"Glenbar 1oams",0.26,0.00,100 
64561,"~ran-wickenburg complex, 1 t o  10 percent slopes",0.15,0.00,100 
64562,"Gran-wickenburg com lex ,  low p r e c i p i t a t i o n ,  1 t o  10 percent slopes",0.15,0.00,100 
64563, '%ran-wickenburg- ROC^ outcrop complex, I t o  7 p ~ r c e n t .  s l o p e s n . ~ . 1 4 , ~ 5  .OO, 100 
64564, "Gran-wickenbur - ~ o c k  outcrop complex, low p r e c i p i t a t i o n ,  10 t o  65 percent 
slopes",0.14,25.00,108 
64565, "Greyeagle-Contjnental-Nickel associat ion,  1 t o  40 percent slopes" ,0.19,0.00,100 
64566,"Greyeagle-suncity v a r i a n t  complex, 1 t o  7 percent slopes",0.23,0.00,100 
64567, "~uest  c l ay~ ,0~01 ,0 .00 ,100  
64568,"Gunsight-C!pr!ano complex, 1 t o  7 percent slopes",0.63,0.00,100 
64569, "~unsjght-C! r! an0 com l e x ,  low p r e c i p i t a t i o n ,  1 t o  7 percent slopes" ,0.63,0.00,100 
64570,"Guns!ght-R!Yl!to comp?ex. 1 t o  25 percent slopes",O. 36.0.00.100 
64571, " ~ u n s l  ght-Ri 111 t o  complex, low p r e c i p i t a t i o n ,  1 t o  40 percent slopes", 0.36,0.00,100 
64572,"Lehmans-Rock outcrop complex, 8 t o  65 percent slopes",0.09,30.00,100 
64573, "Lehmans-Rock outcrop complex, low p r e c i p i t a t i o n ,  8 t o  65 percent slopes",O. 
64574, " ~ u k e - C i  r iano associat ion,  1 t o  15 percent slopes", 0.08,0.00,100 
64575,"Mohall ~oam",0.23,0.00,100 
64576,"Mohall loam, calcareous solum",0.23,0.00,100 
64577,"Mohall c l a y  loam",0.05,0.00,100 
64578, "~oha l l  c l a y  loam, calcareous solum",0.05,0.00,100 
64579,"Mohall clay",0.02,0.00,100 
64580,"~ohall-Tremant complex, 1 t o  8 percent slopes",0.08,0.00,100 
64581,"Mohall-Tremant complex, low p r e c i p i t a t i o n ,  1 t o  8 percent  slopes" ,0.08,0.00,100 
64582,"~ohave sandy loam",0.04,0.00,100 
64583,"Mohave 1oam',0.04,0.00,100 
64584,"Mohave loam, calcareous solum",0.05,0.00,100 
64585,"Mohave c l a y  loam",0.04,0.00,100 
64586,"Mohave c l a y  loam, calcareous solum",0.05,0.00,100 
64587,"Mohave complex",0.04,0.00,100 
64588,"~ohave-cuest complex",0.02,0.00,100 
64589,"Mohave-Tres Hermanos complex, 1 t o  8 percent slopes",0.06,0.00,100 
64590,"~omol i  g r a v e l l y  sandy loam, 1 t o  5 percent slopes",0.39,0.00,100 
64591, "~omol i -car r lzo  complex",0.93,0.00,100 
64592, "M?mol i - c a r r i z o  complex, low p r e c i p i t a t i o n " ,  0.93,0.00,100 
64593,"~!ckel-cave complex, 8 t o  30 percent slopes",0.33,0.00,100 
64594, "NI ckel-Cave com l e x ,  low p r e c i p i t a t i o n ,  8 t o  30 percent slopes" ,O. 33,0.00,100 
64595,"0haco g r a v e l l y  ~oam",0.04.0.00,100 
64596,"Pinaleno-Tres Hermanos complex, 1 t o  10 percent slopes",0.07,0.00,10O 
64597, " p i n a l e n o - ~ r e s  Hermanos complex, low p rec i  i t a t i o n ,  1 t o  10 percent slopes",O. 
64598, tlPi namt-Tremant complex, 1 t o  10 percen; sYopes~~, 0.37 ,O.OO, 100 
64599, "p i  namt-~remant complex, low prec i  p i  t $ t i  on, 1 t o  10 percent slopes", 0.37,0.00,100 
65164,"~akes, ponds, rese rvo i r s  - perennial  ,0.00,0.00,100 
65310,"c ipr iano-~omol i  complex, 1 t o  7 percent  slopes",0.50,0.00,100 
65311,"Coolidge complex, 0 t o  3 percent slopes",0.00,0.00,100 
65312,"cuerda-why-Lagunita complex",0.35,0.00,100 
65313, "~ate land very  f i n e  sandy loam",0.00,0.00,100 
65314,"Dateland-Cuerda complex, 0 t o  3 percent slopes",0.32,0.00,100 
65315, "oateland-oenure f i n e  sandy loams, sal ine-sodic,  0 t o  3 percent slopes",0.28,0.00,1C 
65316,"Denure sandy loam'.',O.O0,0.00,100 
65317,"~enure g r a v e l l y  f i n e  sandy loam, 1 t o  3 percent slopes",0.56,0.00,100 
65318,"~enure-carr izo,  bench, r a v e l l y  f i n e  sandy 1oams",0.00,0.00,100 
65319, *benure-cave! t compl ex, 8 t o  3 percent s l o  es",0.00,0.00,100 
65320, "oenure-c?ol! dge complex. 1 t o  3 percent syopesv', 0.37,0.00,100 
65321,"Denure-Ril l i to-Why complex, 1 t o  5 percent slopes",0.37,0.00,100 
65322,"~enure-wh complex, 1 t o  5 percent slopes",0.00,0.00,100 
65324, "Gadsden cyay loam, - 0  t o  3 percent s l o  es" .0.0~,0.00,100 
65325, "Gadsden and Kofa s ~ l t y  c l a y  loams, sayine-sodic" ,0.00,0.00,100 
65327,"Gilman very  f i n e  sandy loam",0.00,0.00,100 
65328,"Gilman ver  f i n e  sandy loam, saline-sodic",0.00,0.00,100 
65329, "Glenbar s i  y t y  c l a y  loam~l,O.OO,O.OO,+OO 
65330,"Glenbar s i l t  . c l ay  loam, saline-sodic",0.00,0.00,100 
65331, "Growler-MomoYi complex, 1 t o  3 percent slopes~~,0.84,0.00,100 
65332, "~rowler -we l l ton  complex, 1 t o  3 ercent  slopes",0.49,0.00,100 
65333,"Gunsight-n'ol i to extreme1 g rave f l y  sandy loams. 1 t~ 15 percent slopes", 1.20.0.00. 
65334, "Gunsjght-Cbuckawalla compyex, 1 t o  15 percent slopes ,0.21,0.00,100 
65335,"Gunsight-Cipriano complex, 1 t o  15 percent  slopes',0.40,0.00,10O 
65336 , "~uns igh t -~ inamt  complex, 1 t o  15 percent slopes",0.84,0.00,100 
65337,"~unsight-~illito-Carrizo complex, 1 t o  15 percent slopes",0.39,0.00,100 
65338,"Harqua f i n e  sandy loam, 0 t o  3 percent slopes",0.00,0.00,100 
65339,"Harqua-Cavelt complex, 1 t o  10 percent slopes",0.00,0.00,100 
65340,"~yder-Gachado-~unsi h t  extremely g r a v e l l y  sandy loams, 1 t o  25 percent slopes",0.21 
65341," Ind~o s j l t  loam*~,0.8~.0.00,+00 
65342,"Indio s i l t  loam, saline-sodic",0.00,0.00,100 
65343,"La u n i t a - v i n t  complex",0.00,0.00,100 
65344, " ~ o R a l 1  f i n e  sandy loam".O.00,0.00,100 
65345,"Mohall 1oam",0.28,0.00,100 
65346,"Mohall loam, occas iona l ly  flooded",0.00,0.00,100 
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65347,"Mohall c lay 1oam",0.00,0.00,100 
65348,"Mohall complex, 0 t o  3 percent slopes",0.00,0.00,100 
65349,"Momoli-carrizo extremely gravel ly  sandy loams, 1 t o  10 percent s l o  es",0.40,0.00,100 
65350,"~omoli-carrizo! bench, very gravel ly sandy loams, 1 t o  3 percent syopes", 1.20,0.00,100 
65351,"~omoli-comobabi association, 5 t o  1 5  percent slopes",0.48,0.00,100 
65352,"~i~s",0.00,0.00~100 
65353,"~uilotosa-~omoli-carrizo complex, 1 t o  1 5  percent slopes",0.40,0.00,100 
65354,"quilotosa-Rock outcrop complex, 15 t o  55 percent slopes",0.35,25.00,100 
65355,"Riverwash",0.00,0.00,100 
65356,"Rock outcrop-Hyder complex. 25 t o  65 percent slopes",0.35,40.0,100 
65357,"Rositas-~enure loamy f i n e  sands, 1 t o  10 percent slopes",0.00,0.00,100 
65358,"Schenco-Laposa-Rock outcrop complex, 10 t o  55 percent slopes",0.17,20.00,100 
65359,"Tremant gravel ly  f i n e  sandy loam",0.00,0.00,100 
65360,"Tucson loam",O.25,0.00,100 
65361,"vajva-qujlotosa extremely gravel ly  sandy loams, 3 t o  25 percent slopes",0.16,0.00,100 
65362,"vaiva-quilotosa extremely stony sandy loams, 25 t o  55 percent slopes",0.00,0.00,100 
65363, " v i n t  very f i n e  sandy ~oam",O.OO,O~00,,,100 
65364,"Lakes, ponds, reservoirs - perennial ,0.00,0.00,100 
65365,"Wellton complex",0.00,0.00,100 
65366,"Why gravel ly  f i n e  sandy loam",0.34,0.00,100 
65367,"wh car r i zo  complex, 0 t o  3 percent slopes",0.44,0.00,100 
65564,"La~;s, onds. reservoirs - perenniall',O.OO,O.OO, 100 
65810,"ch~ckwa~la-Gunri h t  com l ex ,  1 t o  5 percent slopes~l,O.OO,O.OO,lOO 
65811, " C r i  stobal -Guns~g$t compyex, 3 t o  15 percent slopes". 0.00.0.00,100 
65812,"Dateland-cuerda complex. saline-sodic, 0 t o  3 percent slopes",0.00,0.00,100 
65813,"oenure- aha aka complex, 1 t o  3 percent slopes",0.00,0.00,100 
65814, "~enure- aha aka complex, . 3  t o  5 percent slopes" ,0.00,0.00,100 
65815,"Gadsden, Glenbar and v i n t  soils, saline-sodic, 0 t o  2 percent slopes",0.00,0.00,100 
65816,"Gadsden s!lty c lay loam, saline-sodic, 0 t o  2 percent slopes",0.00,0.00,100 
65817,"Glenbar.silt loam, saline-sodic, 0 t o  2 percent slopes",0.00,0.00,100 
65818,"Indio s i l t  loam, saline-sodic, 0 t o  2 percent slopes",0.00,0.00,100 
65819,"Indio-vint complex, saline-sodic, 0 t o  3 percent slopes",0.00,0.00,100 
65820,"Kamato complex, 0 t o  5 percent slopes",O.OO,O.OO,lOO 
65821,"Kamato loam, 0 t o  2 percent slopes',0.00,0.00,100 
65822,"Lagunita s i l t  loam, 0 t o  2 percent slOpes",0.00,0.00,100 
65823,"Laveen f i n e  sandy loam, saline-sodic, 0 t o  2 percent slopes",0.00,0.00,100 
65824,"Momol!.cobb!y sandy loam, 5 t o  15 percent slopes",0.00,0.00,100 
65825,"pom e i i - ~ o m i t a s ~ ~ o c k  outcro complex, 15 t o  65 percent slopes",0.00,0.00,100 
65826, "Qui&tosa-Momoli-Vaiva co?pyex, 1 t o  15 percent slopes~',0.00,0.00,100 
65827,"Quilotosa-Rock outcrop-Vaiva complex, 20 t o  65 percent slopes",0.00,0.00,100 
65828,"~edu?-shontik complex, 1 t o  3 percent slopes",0.00,0.00,100 
65829 , "~ i l ! i t o -~uns igh t  complex, 3 t o  15 percent slopes",0.00,0.00,100 
65830,"~ositas-casa ~rande-Sl ickspofs complex, 1 t o  15 ercent slopes",0.00,0.00,100 
65831,"Rositas loamy f i n e  sand, sodic, 0 t o  3 ercent syopes" ,0.00,0.00,100 
65832, " ~ h o n t i  k -~edun complex, 0 t o  3 percent sf'opes", 0.00,0.00,100 
65833,"Talai s i l t  loam, 0 t o  2 percent slopes",0.00,0.00,100 
65834,"Trix loam, saline-sodic, 0 t o  1 percent slopes",0.00,0.00,100 
65835,"vint-Yahana complex, saline-sodic, 0 t o  10 percent slopes",0.00,0.00,100 
65836,"wh -8r ios complex, 0 t o  2 percent slopes",0.00,0.00,100 
65837, "~axana-~nd io  complex, saline-sodic, 0 t o  3 percent slopes" ,0.00,0.00,100 
65838,"~ahana s i l t y  c lay loam, 0 t o  2 percent slopes",0.00,0.00,100 
70313,"Chutum loam, 1 t o  3 percent slopes",0.00,0.00,100 
70315,"Dateland-denure association, 1 t o  3 percent slopes",0.00,0.00,100 
70316,"oelnorte-stagecoach complex, 1 t o  20 percent slopes",0.00,0.00,100 
70318,"oelthorny-garzona-rock outcrop complex, 15 t o  60 percent slopes",0.00,0.00,100 
70319,"~enure-momoli complex, 1 t o  5 percent slopes",0.00,0.00,100 
70323,"~achado-lomitas-rock outcrop complex, 15 t o  45 percent slopes",0.00,0.00,100 
70324,"G?dsden s i l t y . c l a y  loam, 0 t o  1 percent slopes",0.00,0.00,100 
70325,"~ilman very f ine sandy loam, 0 t o  1 percent slopes",0.00,0.00,100 
70327,"Glenbar loam, 0 t o  1 percent slopes",0.00,0.00,100 
70328,"Glendale c!ay loam, 0 t o  2 percent slopes, flooded" ,0.00,0.00,100 
70329,"Glendale si ! t  !oam, 1 t o  3 percent slopes",0.00,0.00,100 
70330, "Glendale-pajari t o  complex, 1 t o  3 percent slopes" ,0.00,0.00,100 
70331,"~rabe-vado complex, 1 t o  5 ercent slopes",0.00,0.00,100 
70332, " ~ r a n o l i  te-rock outcrop comp?ex, I 5  t o  65 percent slopes" ,0.00,0.00,100 
70334,"Hantz c lay loam, 0 t o  lapercen t  slopes",0.00,0.00,100 
70336,"Hickiwan-gunsight-momoli complex, 3 t o  15 percent s l o  es",0.00,0.00,100 
70340, "La 'i tas-bosa-rock outcrop complex, 15 t o  SO eercent s~opes",0.00,0.00.100 
70343. "Moia11 -pahaka complex. 1 t o  3 percent slopes ,0.00,0.00.100 
70344,"Mohall-trix com lex ,  0 t o  1 percent slopes",0.00,0.00,100 
70345, 8g~ahdaTstagecoac~ complex, 1 t o  15 percent slopes11. 0 .OO .O .OO, 100 
70347, "~a ja r i to -sahuar i ta  com lex,  1 t o  3 percent slopes" ,0.00,0.00,100 
70348, "pantano-granoli t e  compf'ex. 5 t o  25 percent slopesl'.O. ~ O . O . O O , ~ O O  
70349, "pi namt-mom01 i complex, 1 t o  10 percent slopes", 0.00,0.00,100 
70355,"Sasco loam! 0 t o  1 percent slopes",0.00,0.00,100 
70360,"vado-agustin complex, 1 t o  8 percent slopes",0.00,0.00,100 
70362,"Wintersbur loam, 0 t o  1 percent slopes",0.00,0.00,100 
70363,"~ater",O.08,0.00.100 
100103,"sandy c lay  Loam",0.12,0.00,100 
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100121,"Sandy c l a y  Loam",0.12,0.00,100 
100126,"Sandy ~oam",0.40,15.00,100 
100301,"Sandy ~oam",0.40,0.00,100 
100303,"sandy ~oam",0.40,15.00,100 
200239,"Sandy ~oam",0.40,30.00,100 
200292,"Sandy ~oam",0.40,30.00,100 
200300,"sandy Clay Loam",0.06,0.00,100 
200301,"sandy c l a y  Loam",0.06,0.00,100 
200352,"sandy ~oam",0.40,10.00,100 
200381,"sandy ~oam",0.40,0.00,100 
200382,"Sandy ~oam",0.40,15.00,100 
200390,"sandy Clay Loam",0.06,0.00,100 
200391,"sandy Clay Loam",0.06,0.00,100 
200400,"sandy Clay Loam",0.06,0.00,100 
200401,"sandy Clay Loam",0.06,0.00,100 
200402,"sandy ~oam",0.40,10.00,100 
200415,"Sandy ~oam",0.40,0.00,100 
200416,"sandy c l a y  Loam",0.06,0.00,100 
200417,"Loam',0.25,20.00,100 
200418,"sandy ~oam",0.40,0.00,100 
200451,"Loam',0.25,0.00,100 
200452,"Loam",0.25,20.00,100 
300337, "saucedo volcani  cs - includes r h y o l i t e ,  l a t i  t e ,  and andesi t en  ,O. 00,0.00, 
645100,"Quilotosa-vaiva-Rock outcrop complex, 20 t o  65 percent slopes",0.40,20. 
645101, "Ri l l i to  loam, 0 t o  3 percent slopes",0.28,0.00,100 
645102, "Ri l l i to  g r a v e l l y  loam, 1 t o  8 percent slopes",0.40,0.00,100 
645103, " ~ o c k  outcrop-Gachado complex, 5 t o  55 percent slopes" ,0.10,65.00,100 
645104,"Rock outcrop-Lehmans complex, 15 t o  65.percevt slopes",0.14,60.00,100 
645105,"Rock outcrop-Lehmans complex, low prec i  i t a t i o n ,  15 t o  65 percent 
645106, "sa l -c ip r iano complex, 1 t o  10 percent syopes" ,0.18,0.00,100 
645107, "Sal-Cipriano complex, low p rec ip i t a t i on ,  1 t o  10 percent slopes", 0.18, C 
645108,"Schenco-~ock outcrop complex, 3 t o  25 percent slopes",0.31,30.00,100 
645109,"Schenco-~ock outcrop complex, 25 t o  60 percent slopes",0.35,35.00,100 
645110, "Sunci t y - c i  pr iano complex, 1 t o  7 ercent slopes", 0.13,0.00,100 
645111, "Tor r io r thents ,  15 t o  40 percent syopes" ,0.40,0.00,100 
645112 ,"Tremant g r a v e l l y  sandy loams" ,O. 39,0.00,100 
645113,"Tremant g r a v e l l y  loams",O. 39,0.00,+00 
645114,"Tremant g r a v e l l y  loams, low precipitation",0.39,0.00,100 
645115,"~remant-Antho complex, 1 t o  5 percent slopes",0.39,0.00,100 
645116,"Tremant-Gunsight-~illito complex, 1 t o  5 percent slopes",0.23,0.00,100 
645117, "Tremant -Guns ight -~ i l l i  t o  complex, low p r e c i p i t a t i o n ,  1 t o  5 percent s lc  
645118,"Tremant-Ril l i to complex",0.42,0.00,100 
645119,"~remant-suncity com lex ,  1 t o  8 peccent slopes",0.14,0.00,10O 
645120, "Tres Hermanos graveyl y sandy loams ,0.06,0.0(1,100 
645121,"Tres ~ermanos-Anthon complex, 1 t o  5 percent slopes",0.l2,0.00,100 
645122, "vado g r a v e l l y  sandy yoam. 1 t o  5 percent slopes",0.33,0.00,100 
645123,"vaiva very  g rave l l y  loam, 1 t o  20 percent slopes",0.37,0.00,100 
645124,"Valencia sandy loams",0.39,0.00,100 
645125,"vint loamy f i n e  sand",0.43,0.00,100 
645999, "~lank/~nknown/~ncerta~n",O.OO,O.OO,lOO 
651999,"~lank/~nknown/~ncertain",O.OO,O.OO,lOO 
655999,"~1ank/unknown/uncertain",0.00,0.00,100 
999999,"~lank/Unknown/uncertain",0.00,0.00,100 
6512021, " ~ g u a l  t loam" ,0.26,0.00,100 
6512025,"nntho savdy loam, saline-alkali",0.39,0.00,100 
6512029,"Antho-Br?os.sa?dy 1oams",0.39,0.00,100 
6512042,"Antho association",0~40~0.00,100 
6512044, "Antho-valencia associat ion" ,O. 39,0.00,100 
6512047,"~vonda c l a  loam",0.05,0.00,100 
6512049, "nvondal e cyay loam", 0.04,0.00,100 
6512051, "nvondale c lay  loam, saline-a1 k a l i "  ,0.04,0.00,100 
6512228,"~eardsley 1oam",0.24,0.00,100 
6512255,"Br!os loamy sand",1.05,0.00,100 
6512257,"Brios sandy 1oam",0.39,0.00,100 
6512259,"~rios loam',0.25,0.00,100 
6512423,"Carrizo g r a v e l l y  sand loam",0.40,0.00,100 
6512430, " ca r r i zo  and Br los  so l  ys" ,0.50,0.00,100 
6512433,"casa Grande sandy loam",0.24,0.00,100 
6512435,"casa Grande loam',0.24,0.00,100 
6512441, "Casa Grande complex" ,O. 30,0.00,100,, 
6512445,"Casa.crande-~evee? com lex ,  a l k a l i  ,0.26,0.00,100 
6512447,"Cash~on c lay ,  saline-a~kali",0.01,0.00,100 
6512448,"Cheriono-Rock outcrop complex",0.29,20.00,100 
6512451,"Coolidge sandy loam",0.40,0.00,100 
6512457,"Coolidge-Tremant complex",0.19,0.00,100 
6512462,"Coolidge-~aveen association",0.39,0.00,100 
6512647,"~une 1and",1.20,0.00,100 
6512857,"Estrella 1oam",0.25,0.00,100,, 
6512859,"Estrella loam, s a l i n e - a l k a l i  ,0.25,0.00,100 
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6513220, "Gachado-~ock outcrop complex", 0.10,48.00,100 
6513223,"~adsden clay loam",0.04,0.00,100 
6513225,"Gadsden clay",0.01,0.00,100,, 
6513227,   adsd den $lay, sal1 ne-a1 kali ,0.01,0.00,100 
6513229,"Gjlman f!ne sandy loam",0.26,0.00,100 
6513231,"G!lman fine sandy loam, saline-alkali",0.24,0.00,100 
6513235,"~11man loam, saline-alkali",0.24,0.00,100 
6513242,"~Ilman com lex, saline-alkali",0.25,0.00,100 
6513244, "G!lman-Antlo assoc~~n?n" .0.29.0.00,100 
6513246,"~ilman-~aveen association'~',0.25,0.00,100 
6513251,"~ilman loam, clayey subsoil variant, moderately saline",0.24,0.00,100 
6513255,"Glenbar 1oam",0.23,0.00,100,, 
6513257, "Glenbar loam, saline-a1 kali ,0.23,0.00,100 
6513259,"Glenbar clay loam",0.04,0.00,100 
6513261,"Glenbar clay loam, saline-alkali",0.04,0.00,100 
6513263,"Glenbar clay",0.01,0.00,100 
6513444,"~arqua-~aveen complex",0.15,0.00,100 
6514221,"~a Palma very fine sandy loam",0.26,0.00,100 
6514223,"~aveen sandy loam",0.40,0.00,100 
6514227,"Laveen loam, saline-alkali",0.25,0.00,100 
6514229,"~aveen cla loam",0.04,0.00,100 
6514231, "~av~en-Antxo compl ex, sa1 i ne-a1 kali 'I, 0.33,0.00,100 
6514421,"Marl o sandy loam",0.40,0.00,100 
6514449, "MOhaYl sandy loam",O. 39,0.00,100 
6514451,"Mohal1 loam',O.25,0.00,100 
6514455,"~ohall clay 1oam",0.05,0.00,100 
6514457,"~ohall clay",0.01,0~00~100 
6514462, "Mohall-Laveen assoc1at1on",0.15,0.00,100 
6515021,"~erryville sandy loam",0.40,0.00,100 
6515023,"perr ville loam, saline-alkali",0.38,0.00,100 
6515058,::~1nay gravelly loam1~,0.40,0.00,100 
6515456, Rock outcrop-cherioni complex",0.40,65.00,100 
6515821,"Toltec 1oam",0.25,0.00,100 
6515822, "Torr~f1uvents",0.40,0.00,100 
6515825,"Torr~orthents",0.40,0.00,100 
6515826,"~orr1psamments and ~orrifluvents, frequently flooded",1.20,0.00,100 
6515829,"Tremant 1oam",0.25,0.00,100 
6515833, "Tremant clay loam" ,0.04,0.00,100 
6515835, "~remant gravel1 y clay loam" ,0.04,0.00,100 
6515859,"Tnx clay loam",0.04,0.00,100 

. 6515861,"~ucson loam",0.25,0.00,100 
6515865,"~ucson clay loarn",0.05,0.00,100 
6516221,"valencja sandy loam",0.39,0.00,100 
6516223,"valenc!a sandy loam, sall ne-a1 kali" ,O. 39,0.00,100 
6516225,"valenc1a gravelly sandy 1oam",0.39,0.00,100 
6516229,"vecont 1oam",0.25,0.00,100 
6516231,"vecont clay",0.01,0.00,100 
6516233,"vint loamy fine sand",0.91,0.00,100 
6516235,"vint flne sandy loam",0.27,0.00,100 
6516241,"vjnt 1oam",0.26,0.00,100 
6516247,"v!nt clay~loam",0.04,0.00,100 
6516255,"v!nt-carr~zo corn lex",0.63,0.00,100 
6516433, "wi ntersburg compyex" ,0.03,0.00,100 
6552031,"Agualt fine sandy 1oam",0.25,0.00,100 
6552033,"~ ualf loam",0.25,0.00,100 
6552045,"n~luvial land",1.20,0.00,100 
6552063,"~vondale clay loam",0.04,0.00,100 
6552421,"Carr!zo ravelly loamy sand",1.20,0.00,100 
6552423,"~arr!zo !i ne sandy loam1~.0.25,0.00, 100 
6552425,"cash10n clay",0.01,0.00,100 
6552449,"contine clay loam",0.04,0.00,100 
6552857,"Estrella 1oam",0.25,0.00,100 
6553231,"Gilman fine sandy loam",0.25,0.00,100 
6553245,"Gilman 1oam",0.25,0.00,100 
6553247,"~lenbar cla loam",0.04,0.00,100 
6153255,"Gravelly alyuvial land".1.20.0.00,100 
6554449,"~ohall sandy 1oam",0.40,0.00,100 
6554463,"Mohall 1oam',0.25,0.00,100 
6555045,"pimer clay loam",0.04,0.00,100 
6555049,"~inal loam, moderate1 y deep variant" ,0.25,0.00,100 
6555449,"Rock land",0.25,65.00,100 
6555461,"Roygh broken land",0.40,20.00,100 
6555867,"~rlx clay 1oam",0.04,0.00,100 
6556221, "Valencia sandy 1oam",0.40,0.00,100 
6556229,"vecont clay"~0.01,0.00,100 
6556231,"vint loam .f~ne sand",~.20,0.00,100 
65124202. '*calclort~lds and rorr~orthepts, erodedW,0. 38.0.00.100 

( 65132493,"G1lman,Antho and Glenbar soils, severelx eroded",0.19,0.00,100 
651202320,"~nthosandy loam, 0 to 1 percent slopes ,0.38,0.00,100 
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651202322,"nntho sandy loam, 1 t o  3 percent s?opes" ,0.39,0.00,100 
651202720,"nntho g rave l l y  sandy loam, 0 t o  1 percent slopes",0.40,0.00,100 
651202722,"nntho g rave l l y  sandy loam, 1 t o  3 percent slopes",0.40,0.00,100 
651203120,"nntho-carrlzo complex, 0 t o  1 percent slopes",0.38,0.00,100 
651203122,"nntho-carr?zo complex, 1 t o  3 percent slopes",0.40,0.00,100 
651203222,"nntho-carrizo complex, 0 t o  3 percent slopes",0.40,0.00,100 
651203424,"nntho-Tremant complex, 1 t o  5 percent slopes",0.38,0.00,10O 
651204122,"nntho-Tremant-~oha11 complex, 1 t o  5 percent slopes",0.27,0.00,100 
651225036,"~orrow pit",0.00,0.00,100 
651242926,"carrizo-~bon complex, 3 t o  12 percent slopes",0.19,0.00,100 
651245522,"coolidge g rave l l y  sandy loam, 1 t o  3 percent slopes",0.40,0.00,100 
651282326,"~bon g rave l l y  loam, 0 t o  8 percent s l o  es",~.10,0.00,100 
651285026. "~bon-pinant complex, 0 t o  10 ercent sfopes .0.12,0.00,100 
651323320,"Gf lman loan, 0 t o  1 percent sfopes",0.25,0.00,100 
651323322,"cilman loam, 1 t o  3 percent s1opes",0.26,0.00,100 
651325036."Gravel ~it".0.00.0.00.100 , - - - -  
651326426; " ~ u n s i ~ h i - ~ i n a l  complei,-l t o  10 percent slopesW,0. 35,0.00,100 
651326720,"cunsight-Rillito complex, 0 t o  1 percent slopes",0.23,0.00,100 
651326722,"cunsight-Rillito complex, 1 t o  3 percent slopes",0.24,0.00,100 
651326826,"~unsight-Rillito complex, 0 t o  10 percent slopes",0.26,0.00,100 
651342022 , " ~ a r q u a  complex, 0 t o  3 Dercent slopes",0.07.0.00.100 
651342024, "Harqua complex, 3 t o  8 percent slopes" 10.05 j0.00; 100 
651344224,"~arqua-~unsight  com l e x ,  0 t o  5 percent s1opes",0.14,0.00,100 
651345522, "Harqua-Ril l i  t o  compfex, 1 t o  3 percent slopes" .0.12,0.00,100 
651422520,"Laveen loam. 0 t o  1 oercent slo~es".0.25.0.00.100 - - - - -  - - - , . . - - , - - - - . - - - 
651422522; "Laveen loam; 1 t o  3 bercent slopes" ,0.25,0.00,100 
651422862,  an-made 1 evee" ,0.00,0.00,100 
651441064,"waste s t a b i l i z a t i o n  pond",0.00,0.00,100 
651445822,"MohallTTremant complex, 0 t o  3 percent s l o  es",0.15,0.00,100 
651502920, " ~ e r r y v ? l l e  grave l ly  loam, 0 t o  1 percent s?0pes*~,0.37,0.00,100 
651502922,"~erryv~ l le  grave l ly  loam, 1 t o  3 percent s l o  es",~.38,0.00,100 
651505422, ?err  v i l l  e - R i l ~ i  t o  complex, o t o  3 percent s'i'opes ,o. 28,0.00,100 
651505720,"~fna~ loam. 0 t o  1 percent slopes~~,0.25.0.00.100 
651505722,"~inal loam, 1 t o  3 percent slopes",0.26,0.00,100 
651506322, "pinal  -La Palma loams, 1 t o  3 percent slopes" ,0.25,0.00,100 
651506422,"~inal-suncity complex, 0 t o  3 percent s l o  es",0.38,0.00,100 
651506826, "pinamt-Tremant complex, 1 t o  10 percent sfopes",0.20,0.00,100 
651542120 , "~ f l l i t o  sandy loam, 0 t o  1 percent slopes",0.39,0.00,100 
651542122,"Ri l l~to sandy loam, 1 t o  3 percent slopes",0.39,0.00,100 
651542320,"Rill?to loam, 0 t o  1 percent slopes",0.26,0.00,100 
651542322,"R!llito loam, 1 t o  3 percent slopes",0.25,0.00,100 
651543522,"~?11ito-~arqua.complex, 1 t o  3 percent slopes",0.23,0.00,100 
651545128,"~illito-perryville complex, 5 t o  20 percent slopes",0.29,0.00,100 
651583120,"Tremant g rave l l y  loam, 0 t o  1 percent s~opes",0.37,0.00,100 
651583122,"Tremant g rave l l y  loam 1 t o  3 percent slopes",0.36,0.00,100 
651585022,"~remant com !ex, 0 t o  3 percent slopes",0.12,0.00,100 
651585520, "Tremant-Rilf i  t o  complex, 0 t o  1 percent slopes",0.11,0.00,100 
651585522,"~remant-Rillit0 complex, 1 t o  3 percent slopes",0.13,0.00,100 
651585624 ,"~remant -R i l ' l i to  complex, 0 t o  5 percent slopes",0.14,0.00,100 
653422862,"~an-made 1evee",0.00,0.00,100 
655204720,"nntho sandy loam, 0 t o  1 percent slopes",0.40,0.00,100 
655204722."~ntho sandv loam. 1 t o  3 Dercent slo~es".0.40.0.00.100 
655204922; " ~ n t h o  g rav& l l  sandy-loam', 1 t o  3-pe'rcenf slopes"T6T40,0.00,100 
655242924,"cavel t gravelry loam, 1 t o  5 percent slopes~~,0.40,0.00,100 
655325462,"Gravel it",0.00,0.00,100 
655422120, "Laveen Yoam, 0 t o  1 percent slopes~~.O.25,O.OO. 100 
655422122,"~aveen loam, 1 t o  3 percent slopes",0.25,0.00,100 
655422920,"~aveen c lay loam, 0 t o  1 percent slopes",0.04,0.00,100 
655504720,"~fnal g rave l l y  loam, 0 t o  1 percent slopes",0.40,0.00,100 
655504724,"~inal g rave l l y  loam, 1 t o  3 percent slopes",0.40,0.00,100 
655506320,"~inamt very grave l ly  loam, 0 t o  1 percent slopes",0.40,0.00,10O 
655506324, ::pi namt very g rave l l y  loam, 3 t o  5 percent slopes",0.40,0.00,100 
655543720, R i l l i t 0  g rave l l y  loam, 0 t o  1 percent slopes',0.40,0.00,100 
655543722 , "~ i l l i t o  g rave l l y  loam, 1 t o  3 percent slopes",0.40,0.00,100 
655585522,"Tremant g rave l l y  loam, 1 t o  3 percent slopes",0.10,0.00,100 
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D.3 Hydrograph Routing Data 
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D.4 Reservoir Routing Data 

(This report does not include any reservoir routing data) 
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D.5 Flow Splits and Diversion Data 

(This report does not include any flow splits and diversion data) 
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D.6 Hydrologic Calculations 



PHASE Ill 6-HOUR 

FLOOD HYDROGRAPH PACKAcE (HEC-1) * 
JUN 1998 

VERSION 4.1 

* RUN DATE 15AUG05 TIME 12808r16 * 

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

tt.****t************..t*************.*, 

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

609 SECOND STREET • 
DAVIS, CALIFORNIA 95616 

(916) 756-1104 * 

tt*.**..**...*.****..*****..t**.*.****, 

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OP HEC-1 KNOWN AS HECl (JAN 73). HEClGS, HEClDB, AND HEClKW. 

THE DEFINITIONS OP VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED PROM THOSE USED WITH THE 1973-STYLE INPUT STRUCI1TRE. 
THE DEFINITION OF -AMSKIC- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION 
NEW OPTIONSt DAMBREAK OUTFLOW SUBMERGENCE , SINGLE FVEXT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY, 
DSSrREAD TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATEiGREEN AND AMPT INFILTRATION 
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM 

LINE 

HEC-1 INPUT 

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

ID Lower Centennial Wash Watershed Zone A Delineation Study 
ID RBP Consulting for PCDMC Contract 2003C061 
ID Phase 111 100-m 6-HR ~ u l y  2005 
ID Green & Ampt Rainfall Loss Method, S-Graph Unit Hydrograph, 
ID Normal Depth Channel Routing 
'DIAGRAM 
IT 5 lJAN94 0 2000 
I0 5 
IN 15 01JAN94 0 
JD 3.3 0.01 

€.-hour distribution, pattern 1.0 
PC 0.0 0.008 0.016 0.025 0.033 0.041 0.05 0.058 
PC 0.087 0.099 0.118 0.138 0.216 0.377 0.834 0.911 
PC 0.962 0.972 0.983 0.991 1.0 
IN 15 01JAN94 0 
JD 3.28 0.5 
* 6-hour distribution, pattern 1.0 
PC 0.0 0.008 0.016 0.025 0.033 0.041 0.05 0.058 
PC 0.087 0.099 0.118 0.138 0.216 0.377 0.834 0.911 
PC 0.962 0.972 0.983 0.991 1.0 
IN 15 01JAN94 0 
JD 3.257 1.0 
* 6-hour distribution, pattern 1.4 
PC 0.0 0.0084 0.016 0.025 0.0334 0.0414 0.0504 0.0584 
PC 0.087 0.0994 0.1188 0.148 0.2304 0.4067 0.7778 0.8813 
PC 0.9572 0.9684 0.9798 0.9898 1.0 
IN 15 01JAN94 0 
JD 3.168 5.0 
* 6-hour distribution, pattern 2.3 
PC 0.0 0.011 0.0173 0.0267 0.0387 0.049 0.0593 0.0693 
PC 0.103 0.1173 0.1383 0.1827 0.2693 0.458 0.686 0.8233 
PC 0.9487 0.962 0.9743 0.9877 1.0 
IN 15 01JAN94 0 
JD 3.102 10.0 

6-hour distribution, pattern 2.7 
PC 0.0 0.0134 0.0189 0.0287 0.0443 0.0574 0.0694 0.0818 
PC 0.1223 0.1382 0.1604 0.2063 0.2902 0.4664 0.6764 0.8069 
PC 0.9471 0.9608 0.9735 0.9873 1.0 
IN 15 01JAN94 0 
JD 3.003 20.0 
* 6-hour distribution, pattern 3.1 
PC 0.0 0.0158 0.022 0.0329 0.0511 0.0663 0.0799 0.0948 
PC 0.141 0.1587 0.1828 0.23 0.3122 0.4758 0.6684 0.7929 
PC 0.9434 0.958 0.9718 0.9863 1.0 

KK 8114 
KO 0 0 0.0 1 22 
BA 0.516 
LG 0.35 0.35 4.322 0.373 21.078 

S-Graph 
UI 0.0 80.82 322.58 563.37 830.3 535.58 414.01 324.01 
UI 132.1 96.18 74.07 56.52 39.26 34.75 15.38 15.38 
UI 15.38 

HEC-1 INPUT 

PAGE 1 

....... 9......10 

232.51 182.78 
15.38 15.38 

PAGE 2 

LINE ID.......1.......2.......3.......4.......5.......6.......7.......8.......9......10 



PHASE Ill 6-HOUR 

0 
FLOW 

0.035 

0 
PLOW 
0.035 

530 707 884 1061 1238 
1.6 1.9 2.3 3.3 4.6 

HEC-1 INPUT PAGE 3 

LINE ID. ...... 1.......2.......3.......4.......5.......6.......7.......8.......9... ... 10 

0 0.0 0 22 
FLOW 0.0 0.0 
0.035 0.035 2341 0.0043 0.0 



PHASE Ill 6-HOUR 

KK R122 
KO 0 0 0.0 0 22 
RS 7 FLOW 0.0 0.0 
RC 0.035 0.035 0.035 15839 0.0088 0.0 

122 
RX 0 118 237 355 473 592 710 828 
RY 17.3 7 4.9 5.1 0 7.6 12.4 13.2 

HEC-1 INPUT PAGE 4 

LINE 

KK R120 
KO 0 0 0.0 0 22 
RS 6 FLOW 0.0 0.0 
RC 0.035 0.035 0.035 7305 0.0027 0.0 
* 120 
RX 0 184 369 553 737 922 1106 1291 
RY 9.4 7 7.7 4.8 2.5 0 3.4 8.4 

0 22 

HEC-1 INPUT PAGE 5 

...... 7 ....... 8.......9.. .... 10 LINE ID. ...... 1 ....... 2....... 3. 



PHASE Ill 6-HOUR 

FLOW 0.0 0.0 
0.035 0.035 7368 0.0041 0.0 

0 0.0 0 22 
FLOW 0.0 0.0 
0.035 0.035 3013 0.0033 0.0 

HEC-1 INPUT PAGE 6 

LINE 

0 
n o w  
0.035 

KK R129 
KO 0 0 0.0 0 22 
RS 5 FLOW 0.0 0.0 
RC 0.035 0.035 0.035 6691 0.0082 0.0 
* 129 

KK Bl28 
KO 0 0 0.0 1 22 
BA 0.456 
LG 0.35 0.35 4.781 0.294 1.795 
* S-Graph 
UI 0.0 81.25 316.62 542.29 755.17 462.41 360.2 273.9 192.98 152.1 
UI 104.12 81.25 56.98 40.25 36.37 17.12 14.24 14.24 14.24 14.24 

HEC-1 INPUT PAGE 7 

LINE 



PHASE Ill 6-HOUR 

0 
FLOW 
0.035 

123.48 83.58 83.58 83.58 57.23 32.74 32.74 
32.74 32.74 32.74 0.0 
HEC-1 INPUT I 'AGE 8 

LINE 

KK B96 
KO 0 0 
BA 2.468 
LG 0.35 0.35 
* S-Graph 
UI 0.0194.57 
UI 1164.7 1042.96 
UI 270.2 242.98 
UI 49.57 37.29 
UI 0.0 

KK CP97 
KO 0 0 
HC 2 

KK R97 
KO 0 0 
RS 6 FLOW 
RC 0.035 0.035 

97 
RX 0 130 
RY 7 6.2 



PHASE Ill 6-HOUR 

S-Graph 
UI 0.0 75.49 144.56 340.23 498.15 618.39 845.3 543.3 440.23 379.92 
UI 324.08 270.19 211.51 179.8 159.09 120.09 96.46 83.24 68.33 57.88 
UI 45.18 36.94 36.94 25.33 14.47 14.47 14.47 14.47 14.47 14.47 
UI 14.47 0.0 

KK BlOO 
KO 0 0 0.0 1 22 
BA 1.273 
LG 0.35 0.35 4.348 0.351 2.717 
+ S-Graph 
UI 0.0 100.16 106.07 321.24 496.52 653.11 766.57 966.02 1101.91 710.75 
UI 600.79 538.47 480.19 421.75 369.11 307.26 255.77 235.47 213.67 171.03 

HEC-1 INPUT PAGE 9 

ID. ...... I..... .. 2 ....... 3. ...... 4.......5... .... 6.......7. ...... 8..... .. g...... 10 

UI 140.51 125.85 109.7 99.19 76.79 76.79 55.91 49.01 49.01 49.01 
UI 27.27 19.2 19.2 19.2 19.2 19.2 19.2 19.2 19.2 19.2 
UI 0.0 

LINE 

328 
329 
330 

331 
332 
333 

334 
335 
336 
337 

338 
339 

340 
341 
342 
343 

0 
FLOW 

0.035 

0 
FLOW 

0.035 

60.9 51.42 50.86 32.82 32.82 32.82 31.78 
12.85 12.85 12.85 12.85 12.85 12.85 12.85 
HEC-1 INPUT PAGE 10 

LINE 

KK Bl02 
KO 0 0 0.0 1 22 
BA 0.845 
LG 0.35 0.35 4.574 0.326 0.0 
S-Graph 

UI 0.0 87.14 168.54 396.86 578.47 719.76 969.98 619.83 504.59 434.17 
UI 370.55 306.55 239.66 206.46 178.34 135.43 110.27 95.44 75.5 66.81 
UI 48.98 42.64 42.64 25.3 16.7 16.7 16.7 16.7 16.7 16.7 
UI 16.7 

KK RlO2 
KO 0 0 0.0 0 2 2 
RS 7 FLOW 0.0 0.0 
RC 0.035 0.035 0.035 8250 0.0061 0.0 

102 
RX 0 117 235 352 470 587 705 822 
RY 4.8 2.2 0 0.3 3 3.4 4.7 4.5 



PHASE Ill 6-HOUR 

LINE 

LINE 

KK BlOl 
KO 0 0 0.0 1 2 2 
BA 1.159 
LG 0.35 0.35 4.76 0.234 0.0 

S-Graph 
UI 0.0 97.03 124.33 327.86 524.55 
UI 546.36 482.44 422.76 368.8 307.21 
UI 117.35 106.27 84.42 74.39 67.06 
UI 18.6 18.6 18.6 18.6 18.6 

KK CPlOl 
KO 0 0 0.0 0 2 2 
HC 2 

KK B105 
KO ' 0 0 0.0 1 22 
BA 0.635 
LG 0.35 0.35 4.382 0.358 4.078 
* S-Graph 
UI 0.0 77.02 202.02 427.77 581.06 
UI 229.76 185.22 155.67 113.8 92.04 
UI 14.76 14.76 14.76 14.76 14.76 

KK B106 
KO 0 0 0.0 1 22 
BA 1.596 
LG 0.35 0.35 4.287 0.364 19.098 

S-Graph 
UI 0.0 116.28 116.28 321.88 513.24 
UI 774.85 682.34 612.03 553.66 488.57 
UI 222.0 186.3 148.58 139.07 127.35 
UI 56.9 56.9 43.41 . 22.29 22.29 

HEC-1 INPUT 

ID.. ..... 1 ....... 2.......3.... ... 4 ....... 5. 
UI 22.29 22.29 22.29 0.0 

KK CP106 
KO 0 0 0.0 0 22 
HC 2 

KK R106 
KO 0 0 0.0 0 22 
RS 3 FLOW 0.0 0.0 
RC 0.035 0.035 0.035 2932 0.0051 
* 106 
RX 0 161 322 483 644 
RY 10.6 8.9 6.7 6.6 7.1 

KK 8104 
KO 0 0 0.0 1 22 
BA 0.283 
LG 0.35 0.35 4.585 0.323 9.13 
S-Graph 

UI 0.0 100.84 374.12 599.07 365.88 
UI 30.59 19.9 11.98 11.98 11.98 

KK CPl04 
KO 0 0 0.0 0 22 
HC 2 

KK BllO 
KO 0 0 0.0 1 2 2 
BA 0.697 
LG 0.35 0.35 4.421 0.336 0.0 

S-Graph 
UI 0.0 67.49 118.16 276.84 425.27 
UI 316.09 270.72 222.12 174.26 157.73 
UI 51.74 42.68 33.03 33.03 28.7 
UI 12.94 12.94 12.94 

976.65 1309.92 1068.76 
302.48 278.6 257.18 
89.15 65.48 56.9 
22.29 22.29 22.29 

PAGE 11 

HEC-1 INPUT PAGE 12 

ID... .... 1 ....... 2... .... 3. ...... 4 ....... 5....... 6 ....... 7 ....... 8.......9...... 10 

KK RllO 
KO 0 0 0.0 0 22 
RS 6 FLOW 0.0 0.0 
RC 0.035 0.035 0.035 9171 0.0065 0.0 



PHASE I l l  6-HOUR 

LINE 

492 
493 

494 
495 
496 

497 
498 
499 
500 

501 
502 
503 

504 
505 
506 

507 
508 
509 
510 

511 
512 
513 

514 
515 
516 

517 
518 
519 
520 

ID.......l. 

UI 167.9 
UI 25.19 

KK CP103 
KO 0 
HC 2 

KK 8131 
KO 0 
BA 1.582 
LG 0.35 

S-Graph 
UI 0.0 
UI 392.61 
UI 0.0 

KK CP131 
KO 0 
RN 

KK B130 
KO 0 
BA 1.029 
LO 0.357 
* S-Graph 
UI 0.0 
UI 433.39 
UI 54.91 

KK CP130 
KO 0 
RN 

KK Blll 
KO 0 
BA 1.183 
LG 0.35 

S-Graph 
UI 0.0 
UI 482.62 
UI 65.23 

0 0.0 0 22 
PLOW 0.0 0.0 
0.035 0.035 12663 0.0043 0.0 

131.4 159.22 435.27 693.54 887.48 1043.34 1392.71 1262.78 864.99 
668.13 593.13 519.96 434.63 356.13 315.16 288.25 239.06 193.93 

HEC-1 INPUT PAGE 13 



PHASE Ill 6-HOUR 

INPUT 
LINE 

NO. 

SCHEMATIC DIAGRAM OF STREAM NETWORK 

(V) ROUTING ( - - -  >) DIVERSION OR PUMP FLOW 

( .  CONNECTOR ( < - - - I  RETURN OF DIVERTED OR PUMPED FLOW 



BlOO 



PHASE I l l  6-HOUR 

OPERATION STATION 

BllO 

B109 

CPllO............ 
v 
v 

RllO 

8130 
v 
v 

CP130 

Blll 
v 
v 

CPlll 

RUNOFF SUMMARY 
PLOW IN CUBIC FEET PER SECOND 

TIME IN HOURS, AREA IN SQUARE MILES 

PEAK TIME OP AVERAGE PLOW FOR MAXIMUM PERIOD BASIN MAXIMUM TIME OF 
PLOW PEAK AREA STAGE MAX STAGE 



PHASE I l l  6-HOUR 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

2 COMBINED AT 

ROUTED TO 



PHASE Ill 6-HOUR 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

2 COMBINED AT 

ROUTED TO 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

ROUTED TO 



PHASE Ill 6-HOUR 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

2 COMBINED AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

BlOl 

CPlOl 

B105 

8106 

CP106 

R106 

B104 

CP104 

BllO 

8109 

CPllO 

RllO 

BlO8 

CP108A 

B107 

CPlO8B 

CPl08 

Rl08 

B103 

CP103 

HYDROGRAPH AT 
B131 

ROUTED TO 
CP131 

HYDROGRAPH AT 
B130 

ROUTED TO 
CP130 

HYDROGRAPH AT 
Blll 

ROUTED TO 
CPlll 

NORMAL END OF HEC-1 *" 



PHASE Ill 24-HOUR 

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

FLOOD HYDROGRAPH PACKAGE (HEC-1) 
JUN 1998 

VERSION 4.1 
t 

* RUN DATE 15AUG05 TIME 12111r19 + 

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

t*t*t*.**t****tt*.******************t,* 

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

609 SECOND STREET 
DAVIS, CALIFORNIA 95616 

t (916) 756-1104 

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

X  X  XXXXXXX XXXXX X  
X X X  X  X  XX 
X  X X  X  X  
XXXXXXX XMX X  XXXM X  
X  X X  X X  
X X X  X  X X  
X  X  XXXXXXX XXXXX XM 

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HECl (JAN 73). HEClGS, HEClDB, AND HEClKW. 

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCIWRE. 
THE DEFINITION OF -AMSICK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION 
NEW OPTIONSr DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSSrWRITE STAGE PREQUENCY, 
DSSrREAD TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATEiGREEN AND AMPT INFILTRATION 
KINEMATIC WAVE, NEW FINITE DIFFERENCE ALGORITHM 

LINE 

HEC-1 INPUT 

ID.......l.......2.......3.......4.......5.......6.......7.......8. 

ID Lower Centennial Wash Watershed Zone A Delineation Study 
ID RBF Consulting for FCDMC Contract 2003C061 
ID Phase I11 100-YR 24-HR July 2005 
ID Green r Ampt Rainfall Loss Method, S-Graph Unit Hydrograph, 
ID Normal Depth Channel Routing 
'DIAGRAM 
IT 5 1JAN94 0 2000 
I0 5 
IN 15 01JAN94 0 
JD 4.1 0.01 

24-hour distribution 
PC 0.0 0.002 0.005 0.008 0.011 0.014 0.017 0.02 
PC 0.029 0.032 0.035 0.038 0.041 0.044 0.048 0.052 
PC 0.064 0.068 0.072 0.076 0.08 0.085 0.09 0.095 
PC 0.11 0.115 0.12 0.126 0.133 0.14 0.147 0.155 
PC 0.181 0.191 0.203 0.218 0.236 0.257 0.283 0.387 
PC 0.735 0.758 0.776 0.791 0.804 0.815 0.825 0.834 
PC 0.856 0.863 0.869 0.875 0.881 0.887 0.893 0.898 
PC 0.913 0.918 0.922 0.926 0.93 0.934 0.938 0.942 
PC 0.953 0.956 0.959 0.962 0.965 0.968 0.971 0.974 
PC 0.983 0.986 0.989 0.992 0.995 0.998 1.0 
IN 15 01JAN94 0 
JD 3.895 10.0 

24-hour distribution 
PC 0.0 0.002 0.005 0.008 0.011 0.014 0.017 0.02 
PC 0.029 0.032 0.035 0.038 0.041 0.044 0.048 0.052 
PC 0.064 0.068 0.072 0.076 0.08 0.085 0.09 0.095 
PC 0.11 0.115 0.12 0.126 0.133 0.14 0.147 0.155 
PC 0.181 0.191 0.203 0.218 0.236 0.257 0.283 0.387 
PC 0.735 0.758 0.776 0.791 0.804 0.815 0.825 0.834 
PC 0.856 0.863 0.869 0.875 0.881 0.887 0.893 0.898 
PC 0.913 0.918 0.922 0.926 0.93 0.934 0.938 0.942 
PC 0.353 0.956 0.959 0.962 0.965 0.968 0.971 0.974 
PC 0.983 0.986 0.989 0.992 0.995 0.998 1.0 
IN 15 01JAN94 0 
JD 3.764 20.0 

24-hour distribution 
PC 0.0 0.002 0.005 0.008 0.011 0.014 0.017 0.02 
PC 0.029 0.032 0.035 0.038 0.041 0.044 0.048 0.052 
PC 0.064 0.068 0.072 0.076 0.08 0.085 0.09 0.095 
PC 0.11 0.115 0.12 0.126 0.133 0.14 0.147 0.155 
PC 0.181 0.191 0.203 0.218 0.236 0.257 0.283 0.387 
PC 0.735 0.758 0.776 0.791 0.804 0.815 0.825 0.834 
PC 0.856 0.863 0.869 0.875 0.881 0.887 0.893 0.898 
PC 0.913 0.918 0.922 0.926 0.33 0.334 0.938 0.942 
PC 0.953 0.956 0.959 0.962 0.965 0.968 0.971 0.974 
PC 0.983 0.986 0.989 0.992 0.995 0.998 1.0 
IN 15 01JAN94 0 
JD 3.637 40.0 
* 24-hour distribution 
PC 0.0 0.002 0.005 0.008 0.011 0.014 0.017 0.02 
PC 0.029 0.032 0.035 0.038 0.041 0.044 0.048 0.052 
PC 0.064 0.068 0.072 0.076 0.08 0.085 0.09 0.095 
PC 0.11 0.115 0.12 0.126 0.133 0.14 0.147 0.155 
PC 0.181 0.191 0.203 0.218 0.236 0.257 0.283 0.387 

HEC-1 INPUT 

PAGE 1 

....... 9.... ..lo 

0.023 0.026 
0.056 0.06 
0.1 0.105 

0.163 0.172 
0.663 0.707 

PAGE 2 



PHASE Ill 24-HOUR 

LINE ID ....... I....... 2. 

0 0.0 
FLOW 0.0 

0.035 0.035 

90.0 142.32 340.46 538.39 664.12 845.28 952.08 609.08 518.27 
392.83 337.14 272.03 226.29 203.09 171.11 134.89 113.81 98.57 
69.0 60.89 44.04 44.04 44.04 20.69 17.25 17.25 17.25 

17.25 17.25 17.25 0.0 
HEC-1 INPUT PAGE 3 

LINE 

R116 
0 0 0.0 0 22 
6 PLOW 0.0 0.0 

0.035 0.035 0.035 5815 0.0052 0.0 
116 

0 177 354 530 707 884 1061 1238 
6.5 0.6 0 1.6 1.9 2.3 3.3 4.6 

0 
FLOW 

0.035 



PHASE Ill 24-HOUR 

KK B l 2 l  
KO 0 0 0.0 1 22 
BA 0.341 
LG 0.35 0.35 4.318 0.36 3.922 

S-Graph 
UI 0.0 73.56 279.77 476 .23  560.75 338.9 260.58 183.42 136.86 93.78 
UI 69.4 48.72 34.11 29.38 12.98 11 .51  11 .51  1 1 . 5 1  0.0 

KK Bl22 
KO 0 0 0 .0  1 22 
BA 1 . 2 3 1  
LG 0.35 0.35 4 . 2 0 1  0.381 30.662 

S-Graph 
UI 0.0 174.06 588.39 1137.54 1611.17 1530.03 1002.88 815.45 640.01 467.05 
UI 387.23 278.41 210.34 168.93 133.44 87.55 85.18 48.26 33.36 33.36 
UI 33.36 33.36 33.36 

HEC-1 INPW PAGE 4 

LINE 

Rl2O 
0 0 0.0 0 22 
6 FLOW 0.0 0.0 

0.035 0 .035  0.035 7305 0.0027 0 .0  
120  

0 184 369 553 737 922 1106 1 2 9 1  
9 .4  7 7 .7  4 .8  2 .5  0 3.4 8 .4  

* S-Graph 
UI 0.0 32.18 78.22 169.19 233.66 326.63 276.46 192.22 162.57 135 .8  

HEC-1 INPUT PAGE 5 

LINE 



PHASE I l l  24-HOUR 

KK CP123A 
KO 0 0 0.0 0 22 
HC 2 

HEC-1 INPUT PAGE 6 

LINE 

R123 
0 0 0.0 0 22 
2 FLOW 0.0 0.0 

0.035 0.035 0.035 3013 0.0031 0.0 

KK R127 
KO 0 0 0.0 0 22 
RS 8 FLOW 0.0 0.0 
RC 0.035 0.035 0.035 11776 0.0089 0.0 
+ 127 

S-Graph 
UI 0.0 99.78 281.22 581.48 787.73 1065.86 664.61 539.67 444.69 356.4 
UI 266.08 225.31 176.17 127.73 109.29 79.53 67.86 48.83 48.83 24.69 
UI 19.12 19.12 19.12 19.12 19.12 0.0 

HEC-1 INPUT PAGE 7 

LINE 



PHASE Ill 24-HOUR 

KO 0 0 0.0 0 22 
RS 5 FLOW 0.0 0.0 
RC 0.035 0.035 0.035 6691 0.0082 0.0 

129 
RX 0 115 231 346 462 577 693 808 
RY 5.5 4.9 3.9 3.3 0 0.3 1.9 5.9 

0 0.0 
PLOW 0.0 
0.035 0.035 

0 0.0 
n o w  o .o 

0.035 0.035 

UI 210.25 164.88 144.36 106.84 83.08 72.5 52.27 46.64 32.39 32.39 
UI 21.53 12.69 12.69 12.69 12.69 12.69 12.69 0.0 

HEC-1 INPUT PAGE 8 

LINE 

KK R97 
KO 0 0 0.0 0 22 
RS 6 FLOW 0.0 0.0 
RC 0.035 0.035 0.035 12968 0.0085 0.0 

97 
RX 0 130 260 389 519 649 779 909 
RY 7 6.2 3.9 0 1.7 7 9.6 9.7 



PHASE Ill 24-HOUR 

KO 0 0 0.0 0 22 
HC 2 

HEC-1 INPUT PAGE 9 

LINE ID.... ... 1 ....... 2. ...... 3.......4.......5.......6.......7.......8.......9...... 10 

KK RlOO 
KO 0 0 0.0 0 2 2 
RS 9 n o w  0.0 0.0 
RC 0.035 0.035 0.035 13109 0.0053 0.0 
* 100 
RX 0 291 583 874 1165 1456 1748 2039 
RY 20.7 19.9 17.1 12.7 6.2 0 14.5 24.8 

0 0.0 0 22 

HEC-1 INPUT 

...... 2 ....... 3.......4.......5.......6......7.......8... .... 9 ...... 10 
PAGE 10 

LINE 

0 
PLOW 

0.035 



PHASE I l l  24-HOUR 

0 

0.35 

87.14 
306.55 
42.64 

0 
FLOW 

0.035 

117 
2.2 

0 

0.35 

97.03 
482.44 
106.27 
18.6 

327.86 524.55 667.06 786.93 
368.8 307.21 249.01 228.34 
74.39 67.06 47.48 47.48 
18.6 18.6 18.6 18.6 
HEC-1 INPUT 

1082.9 846.77 619.08 
206.27 161.66 130.28 
47.48 33.27 18.6 
18.6 

PAGE 11 

LINE ID ....... I....... 2 ....... 3.. ..... 4... .... 5 ....... 6.......7....... 8 ....... 9. ..... 10 

0 0.0 
FLOW 0.0 
0.035 0.035 

67.49 118.16 276.84 425.27 519.54 718.31 593.89 420.03 364.43 
HEC-1 INPUT PAGE 12 

LINE 



0 
FLOW 

0.035 

0 22 

HEC-1 INPUT PAGE 13 

..... 4.......5.......6.......7.......8.......9. ..... 10 LINE 



PHASE Ill 24-HOUR 

532 KK CP130 
533 KO 0 0 0.0 0 22 
534 RN 

HEC-1 INPUT PAGE 14 

LINE ID ....... 1 ....... 2.......3.......4.......5.......6.... ... 7.......8.......9...... 10 

KK Blll 
KO 0 0 0.0 1 22 
BA 1.183 
LG 0.35 0.35 4.397 0.357 24.58 
* S-Graph 
UI 0.0 133.29 308.39 677.78 948.25 1274.55 1259.35 822.8 696.52 587.13 

KK CPlll 
KO 0 0 0.0 0 22 
RN 
zz 

SCHEMATIC DIAGRAM OF STREAM NETWORK 
INPUT 
LINE (v) ROUTING ( - - - > )  DIVERSION OR PUMP n o w  

NO. ( . ) CONNECTOR ( < - - - )  RE- OF DIVERTED OR PUMPED FLOW 



PHASE I l l  24-HOUR 
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............ CP100 
v 
v 

RlOO 

B98 

CP98A ............ 

CPllO...... 
v 
v 

RllO 



PHASE Ill 24-HOUR 

OPERATION 

HYDROGRAPH AT 

R0UTF.D TO 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED M 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED M 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

HYDROGRAPH AT 

STATION 

RUNOFF SUMMARY 
FLOW IN CUBIC FEET PER SECOND 

TIME IN HOURS, AREA IN SQUARE MILES 

PEAK TIME OF 
FLOW PEAK 

Blll 
v 
v 

CPlll 

AVERAGE FLOW FOR MAXIMUM PERIOD 

6-HOUR 24-HOUR 72-HOUR 

79. 23. 8. 

79. 23. 8. 

96. 24. 8. 

173. 47. 16. 

61. 16. 5. 

114. 29. 10. 

173. 45. 15. 

173. 45. 15. 

343. 90. 30. 

343. 90. 30. 

76. 21. 7. 

414. 111. 37. 

42. 11. 4. 

209. 64. 21. 

249. 74. 25. 

248. 74. 25. 

89. 23. 8. 

335. 96. 32. 

122. 30. 10. 

453. 126. 42. 

453. 126. 42. 

31. 8. 3. 

481. 133. 44. 

100. 25. 8. 

BASIN MAXIMUM TIME OF 
AREA STAGE MAX STAGE 



2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGWLPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

2 COMBINED AT 

ROUTED TO 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTrn TO 

HYDROGRAPH AT 



PHASE Ill 24-HOUR 

2 COMBINED AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

2 COMBINED AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

CP98A 

CP98 

R98 

894 

CP94 

BlO2 

R102 

BlOl 

CPlOl 

8105 

B106 

CP106 

R106 

B104 

CP104 

BllO 

El09 

CPllO 

RllO 

B108 

CPlO8A 

B107 

CPlO8B 

CP108 

R108 

B103 

CP103 

B131 

CP131 

B130 

CP130 

Blll 



PHASE Ill 24-HOUR 

ROUTED TO 
+ CPlll 1276. 12.33 188. 56. 19. 1.18 

"* NORMAL END OF HEC-1 ***  



Lower Centennial HEC-1 Single Basin Comparison 
24-hr Storm 

1 .o 
Basin Area (sq mi) 

-REGIONAL REGRESSION - MALVIC U S G S  



Lower Centennial HEC-1 Single Basin Comparison 
6-hr Storm 

Basin Area (sq mi) 

-REGIONAL REGRESSION - MALVIC U S G S  



Lower Centennial HEC-1 Single Basin Flow Equations 
24-hr Storm 

Basin Area (sq mi) Note: This equation was developed from basins 
with areas ranging from 0.28-2.74 square miles 



Lower Centennial HEC-1 Single Basin Flow Equations 
6-hr Storm 

1 .o 10.0 

Basin Area (sq mi) Note: This equation was developed from basins 
with areas ranging from 0.28-2.74 square miles 



Lower Centennial HEC-1 Concentration Point Comparison 
24-hr Storm 

10.0 

Basin Area (sq mi) 

I R E G I O N A L  REGRESSION - MALVIC - USGS 



Lower Centennial HEC-I Concentration Point Comparison 
6-hr Storm 

Basin Area (sq mi) 

-REGIONAL REGRESSION - MALVIC - USGS 



Lower Centennial Wash Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 

Appendix E Hydraulic Analysis Supporting 
Documentation 



Lower Centennial Wash Watershed 
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Phase Ill 

E.1 Roughness Coefficient Estimation 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 

Field Reconnaissance 

The project team visited Lower Centennial Phase Ill on October 17, 2005. The 
purpose of this site visit was to view the watershed and floodplain conditions, 
obtain photographs, and estimate Manning's roughness coefficients, n. The 
aerial photographs and the USGS maps show that there is little development in 
Phase Ill that will affect the hydrologic and floodplain conditions. This was 
verified by the site visit. The Table below shows the Latitude and Longitude 
Coordinates for the photo locations. The following exhibit shows the locations of 
the photographs with their corresponding numbers. 
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Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 

Photograph 1 - Channel Bottom 
Wash:T1 SR7WS21 R3 

Photograph 2 - Looking Upstream at Channel 
Wash:TI SR7WS21 R3 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 

Photograph 3 - Looking Upstream at Right Bank 

Photograph 4 - Looking Upstream at Left Bank 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 

Photograph 6 - Looking Upstream at Channel 
Wash:T1 SR7WS21 T2 R2 



Photograph 8 - Looking Upstream at Left Bank 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 

. 
Photograph 9 - Channel L om 

Wash:T1 SR7WS21 T I  R1 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 

Photograph 15 - Lc ,.... ., ,,,.. ,,. . . ,. . . -a ' -  --.-- 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 

Photograph 18 - Looking Upstream at Channel 
Wash:T1 SR8WS13-2 R2 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 

Photograph 20 - Looking Upstream at Left Bank 
Wash:T1 SR8WS13-2 R2 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 

. ,.,.,,.,,,, , . Channel Bottom 
Wash:TI SR8WS13-1 R5 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 

,.,,. . ,, -,,....., ,,,.,,,, n at Right Bank 
Wash:T1 SR8WS13-1 R5 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

Photograph 25 - Channel - _ :tom 
Wash:T1 SR8WS13-1 T I  R4 

Photograph 26 - Looking Downstream at Channel 
Wash:T1 SR8WS13-1 T I  R4 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 

I-,-- Photograph 27 - Looking  owns stream at Left Bank 

Photograph 28 - Looking Downstream at Right Bank 
Wash:TI SR8WS13-1 T1 R4 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

I 
Photograph 29 - Channel Bottom 

Wash:T1 SR8WS13-1 T I  R2 

Photograph 30 - Looking Upstream at Channel 
Wash:T1 SR8WS13-1 T I  R2 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 

Photograph 31 - Looking Upstream at Right Bank 
Wash:T1 SR8WS13-1 T I  R2 

Photograph 32 - Looking Upstream at Left Bank 
Wash:T1 SR8WS13-1 T I  R2 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 

I 
Photograph 34 - Looking Upstream at Channel 

Wash:T1 SR8WS13-1 T2 R1 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 

Photograph 36 - Looking Upstream at Left Bank 
Wash:T1 SR8WS13-1 T2 R1 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 

;"s, 
I*... *<. h.2 

Photograph 38 - Looking Upstream at Channc 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 

Photograph 40 - Looking upstream at Lett BanK 
Wash:TI SR8WS13-1 R4 



Lower Centennial Watershed 
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Phase Ill 

Photograph 41 - Channel Bottom 

Photograph 42 - Looking Downstream at Channel 
Wash:T1 SR8WS5 R1 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 

Photograph 44 - Looking Downstream at Right Bank 
Wash:T1 SR8WS5 R1 
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Lower Centennial Watershed 
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Photograph 47 - Lc-.:ing Upstream at Right Bank 
Wash:T1 NR8WS5 R1 

I 
Photograph 48 - Looking Upstream at Left Bank 

Wash:T1 NR8WS5 R1 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 

I 

Photograph 49 - Channel Bottom 
Wash:T1 SR8WS13-1 R4 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 

I- 
Photograph 51 - Looking Upstream at Right Bank 

Wash:T1 SR8WS13-1 R4 

PhotoFaph 52 - L!king Upstream at Left Bank 
Wash:T1 SR8WS13-1 R4 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 

Photograph 53 - Channel Bottom 
Wash:TI SR8WS13-1 T I  R2 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 

Photograph 55 - Looking Upstream at Right Bank 
Wash:T1 SR8WS13-1 T I  R2 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

- - 

Photoqraph 59- ~ooking   own stream at Left Bank 





Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 

Photograph 65 - Channel Bottom 

Photograph 66 - Looking Downstream at Channel 
Wash:T1 SR8WS13-2 T I  R2 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 

Photograph 67 - Looking Downstream at Left Bank 
Wash:T1 SR8WS13-2 T I  R2 

photograph 68 - Looking Downstream at Right Bank 
Wash:T1 SR8WS13-2 T I  R2 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

Photograph 70 - Looking Upstream at Channel 
Wash: T I  SR8WS13-1 T I  R1 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 

Photograph 72 - Looking Upstream at Left Bank - .  
Wash: TISR~WS~~-1 T I  R1 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 

Photograph 73 - Channel Bottom 
Wash:TI SR8WS13-1 R2 

I 
Photograph 74 - Looking Upstream at Channel 

Wash:TI SR8WS13-1 R2 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 

Photograph 75 - Looking Upstream at Right Bank 
Wash:T1 SR8WS13-1 R2 

Photograph 76 - Looking Upstream at Left Bank 
Wash:TI SR8WS13-1 R2 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 

Photograph 77 - -. .. - _.tom 
Wash:TI SR8WS13-1 R1 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 

- 
.'9 - Looking L - .. . -am at Lefi! -. 
Wash:TI SR8WS13-1 R1 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

Photograph 81 - Channel 
Wash:T1 SR8WS13-2 R1 

& 
LI- 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

I 
Photograph 83 - Looking Upstream at Right Bank 

Wash:TI SR8WS13-2 R1 

Photograph 84 - Looking Upstream at Left Bank 
Wash:TI SR8WS13-2 R1 



Photograph 86 - Looking Downstream at Channel 
Wash:TI SR7WS18 R1 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 
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Phase Ill 

F. .-.-, raph 89 - -. .annel - . 

Wash:T1 SR7WS21 R1 

I 

Photograph 90 - Looking Upstream at Channel 
Wash:T1 SR7WS21 R1 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

- 

Photograph 91 - Looking Upstream at Right Bank 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

Photograph 94 - Looking Downstream at Channel 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 

Photograph 95 - Looking Downs.. -am at Left Bank 
Wash:T1 SR7WS22-1 R1 

I 
Photograph 96 - Looking Downstream at Right Bank 

Wash:T1 SR7WS22-1 R1 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

iottom 

Photograph 98 - Looking Upstream at Channel 



Lower Centennial Watershed 
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Phase Ill 

Photograph 99 - Looking Upstream at Right Bank 
Wash:T1 SR7WS22-2 R1 

Photograph 100 - Looking Upstream at Left Bank 
Wash:T1 SR7WS22-2 R1 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

Photograph 102 - Looking Downstream at Channel 
Wash:TI SR7WS22-2 T I  R1 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 

Photograph 103 - Looking Downstream at Left Bank 
Wash:T1 SR7WS22-2 T1 R1 

Photograph 104 - Looking Downstream at Right Bank 
Wash:T1 SR7WS22-2 T I  R1 
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Photograph 105 - Channel Bottom 
Wash:TI SR7WS22-2 T1 R3 

Photograph 106 - Looking Upstream at Channel 
Wash:T1 SR7WS22-2 T I  R3 
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Phase Ill 

Photograph 107 - Looking Upstream at Right Bank 
Wash:T1 SR7WS22-2 T I  R3 

Photograph 108 - Looking Upstream at Left Bank 
Wash:T1 SR7WS22-2 T I  R3 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

Phase Ill - 

Photograph 109 - Channel Bottom 
Wash:T1 SR7WS22-2 T2 R1 

I 
Photograph 11 0 - Looking Upstream at Channel 

Wash:T1 SR7WS22-2 T2 R1 



Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

Phase Ill 

Photograph 11 1 - Looking Upstream at Right Bank 
Wash:T1 SR7WS22-2 T2 R1 

Photograph 112 - Looking Upstream at Left Bank 
Wash:T1 SR7WS22-2 T2 R1 





Lower Centennial Watershed 
Zone A Floodplain Delineation Study 

Photograph 11 6 - Looking Downstream at Right Bank 
Wash:T1 SR7WS22-2 R2 
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Zone A Floodplain Delineation Study 

Phase Ill 
Manning's "n" Value Determination 

The procedure used to determine Manning's roughness coefficient, "n", is outlined in the 
USGS publication "Estimated Manning's Roughness Coefficients for Stream Channels 
and Flood Plains in Maricopa County, Arizona" (April 1991). The following equation was 
used: 

Where n = estimated Manning's roughness coefficient 
nb= base value of n for a straight, uniform channel, 
nl= value for surface irregularities, 
n2= value for obstruction, 
n3= value for vegetation, 
n,= value for variation in channel cross section, and 
m = degree of meandering. 

"Guidelines and Specifications for Flood Hazard Mapping Partners" (February 2002) 
recommends that the number of cross sections be minimized to one or two sections that 
are representative of the entire flooding source. In addition, Manning roughness 
coefficients should be estimated from field inspection and should be minimized by 
choosing values that are representative of the entire flooding source. 

Based on the site visit the washes within Lower Centennial Phase Ill are very similar. 
The base n, nb, is established by the size of the bed material of the channel. Material 
ranging from 0.08-2.5 inches is classified as gravel and the base n value ranges from 
0.028-0.035. The value 0.030 was chosen for Lower Centennial Phase Ill washes with 
the exception of two washes which contained mainly cobbles, giving them an nb value of 
0.040. The degree of irregularity was smooth for the channel and minor (slightly eroded 
or scoured side slopes) for the overbanks. The nl value for the channel was 0.000 and 
for the overbanks was 0.003. The effect of obstruction in the channel is negligible (few 
scattered obstructions, less than 5% of the cross-sectional area) and minor (obstructions 
occupy 5%-15% of the cross sectional area) for the overbanks. The values of n2 chosen 
were 0.002 for the channel and 0.01 0 for the overbanks. The channels were free of 
vegetation and the overbanks had medium (moderately dense stemmy grass, weeds, or 
tree seedlings, moderately dense brush) vegetation. The value of n3 for the channel was 
0.000 and 0.01 5 for the overbanks. The variation in channel cross section size and 
shape changes gradually so n4 is 0.000. The degree of meandering is minor so a value 
of 1 was used for m. The Table below summarizes the Manning's roughness 
coefficients. 
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E.2 Cross Section Plots 

(See E.5 Hydraulic Calculations) 
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Phase Ill 

E.3 Expansion and Contraction Coefficients 

(This report does not include expansion and contraction coefficients) 
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Phase Ill 

E.4 Analysis of Structures 
(No Structures were analyzed in Phase Ill) 
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E.5 Hydraulic Calculations 



Calculated Values 
Longitudinal Slope: 0.0058 ftlft 
Flow: 1 1 10.000 cfs 
Depth: 2.744 ft 
Area of Flow: 437.580 sq ft 
wetted Perimeter: 320.586 ft 
Average Velocity: 2.537 fps 
Top Width (T): 320.478 ft 
Froude Number: 0.383 
Critical Depth: 1.890 ft 
Critical Velocity: 5.420 fps 
Critical Slope: 0.04327 
Critical Top Width: 224.472 ft 



Calculated Values 
Longitudinal Slope: 0.0091 ftlft 
Flow: 1 1 10.000 cfs 
Depth: 3.191 ft 
Area of Flow: 321.51 1 sq ft 
Wetted Perimeter: 210.265 ft 
Average Velocity: 3.452 fps 
Top Width (T): 210.144 ft 
Froude Number: 0.492 
Critical Depth: 2.426 ft 
Critical Velocity: 6.1 91 fps 
Critical Slope: 0.03893 
Critical Top Width: 150.591 ft 



Calculated Values 
Longitudinal Slope: 0.0021 ftlft 
Flow: 3873.000 cfs 
Depth: 4.530 ft 
Area of Flow: 1781.455 sq ft 
Wetted Perimeter: 771.389 ft 
Average Velocity: 2.174 fps 
Top Width (T): 771.301 ft 
Froude Number: 0.252 
Critical Depth: 2.673 ft 
Critical Velocity: 6.800 fps 
Critical Slope: 0.03466 
Critical Top Width: 396.670 ft 



Calculated Values 
Longitudinal Slope: 0.0033 ftlft 
Flow: 261 0.000 cfs 
Depth: 3.836 ft 
Area of Flow: 11 64.639 sq ft 
Wetted Perimeter: 687.706 ft 
Average Velocity: 2.241 fps 
Top Width (T): 687.644 ft 
Froude Number: 0.303 
Critical Depth: 2.752 ft 
Critical Velocity: 5.419 fps 
Critical Slope: 0.04223 
Critical Top Width: 528.017 ft 



Calculated Values 
Longitudinal Slope: 0.0034 ftlft 
Flow: 1988.000 cfs 
Depth: 3.426 ft 
Area of Flow: 833.510 sq ft 
Wetted Perimeter: 468.939 ft 
Average Velocity: 2.385 fps 
Top Width (T): 468.836 ft 
Froude Number: 0.315 
Critical Depth: 2.282 ft 
Critical Velocity: 5.701 fps 
Critical Slope: 0.03885 
Critical Top Width: 345.547 ft 



Calculated Values 
Longitudinal Slope: 0.0035 ftlft 
Flow: 2083.000 cfs 
Depth: 2.61 5 ft 
Area of Flow: 937.422 sq ft 
Wetted Perimeter: 599.848 ft 
Average Velocity: 2.222 fps 
Top Width (T): 599.809 ft 
Froude Number: 0.313 
Critical Depth: 1.591 ft 
Critical Velocity: 5.261 fps 
Critical Slope: 0.041 31 
Critical Top Width: 460.528 ft 



Calculated Values 
Longitudinal Slope: 0.0033 ftlft 
Flow: 21 34.000 cfs 
Depth: 2.699 ft 
Area of Flow: 904.692 sq ft 
Wetted Perimeter: 496.690 ft 
Average Velocity: 2.359 fps 
Top Width (T): 496.61 6 ft 
Froude Number: 0.308 
Critical Depth: 1.602 ft 
Critical Velocity: 5.433 fps 
Critical Slope: 0.04274 
Critical Top Width: 428.498 ft 



Calculated Values 
Longitudinal Slope: 0.0050 ftlft 
Flow: 1749.000 cfs 
Depth: 2.81 1 ft 
Area of Flow: 802.815 sq ft 
Wetted Perimeter: 668.530 ft 
Average Velocity: 2.179 fps 
Top Width (T): 668.492 ft 
Froude Number: 0.350 
Critical Depth: 1.803 ft 
Critical Velocity: 5.495 fps 
Critical Slope: 0.03912 
Critical Top Width: 339.503 ft 



Calculated Values 
Longitudinal Slope: 0.0061 ftlft 
Flow: 1785.000 cfs 
Depth: 4.042 ft 
Area of Flow: 656.757 sq ft 
Wetted Perimeter: 480.51 6 ft 
Average Velocity: 2.71 8 fps 
Top Width (T): 480.402 ft 
Froude Number: 0.410 
Critical Depth: 2.920 ft 
Critical Velocity: 6.857 fps 
Critical Slope: 0.02549 
Critical Top Width: 178.31 3 ft 



Calculated Values 
Longitudinal Slope: 0.0101 ftlft 
Flow: 1844.000 cfs 
Depth: 2.258 ft 
Area of Flow: 558.756 sq ft 
Wetted Perimeter: 426.1 14 ft 
Average Velocity: 3.300 fps 
Top Width (T): 426.079 ft 
Froude Number: 0.508 
Critical Depth: 1.673 ft 
Critical Velocity: 5.614 fps 
Critical Slope: 0.041 62 
Critical Top Width: 335.562 ft 



Calculated Values 
Longitudinal Slope: 0.0095 ftlft 
Flow: 1904.000 cfs 
Depth: 5.1 98 ft 
Area of Flow: 352.355 sq ft 
Wetted Perimeter: 125.821 ft 
Average Velocity: 5.404 fps 
Top Width (T): 125.353 ft 
Froude Number: 0.568 
Critical Depth: 4.086 ft 
Critical Velocity: 8.432 fps 
Critical Slope: 0.0351 3 
Critical Top Width: 102.253 ft 



Calculated Values 
Longitudinal Slope: 0.0087 ftlft 
Flow: 1956.000 cfs 
Depth: 4.079 ft 
Area of Flow: 500.902 sq ft 
Wetted Perimeter: 266.524 ft 
Average Velocity: 3.905 fps 
Top Width (T): 266.021 fi 
Froude Number: 0.501 
Critical Depth: 3.343 ft 
Critical Velocity: 6.302 fps 
Critical Slope: 0.03950 
Critical Top Width: 251.694 ft 



Calculated Values 
Longitudinal Slope: 0.0102 ftlft 
Flow: 2002.000 cfs 
Depth: 4.435 ft 
Area of Flow: 426.509 sq ft 
Wetted Perimeter: 204.647 ft 
Average Velocity: 4.694 fps 
Top Width (T): 204.41 5 ft 
Froude Number: 0.573 
Critical Depth: 3.554 ft 
Critical Velocity: 7.448 fps 
Critical Slope: 0.03096 
Critical Top Width: 156.029 ft 



Calculated Values 
Longitudinal Slope: 0.01 11 ftlft 
Flow: 1202.000 cfs 
Depth: 4.549 ft 
Area of Flow: 244.105 sq ft 
Wetted Perimeter: 1 15.870 ft 
Average Velocity: 4.924 fps 
Top Width (T): 11 5.353 ft 
Froude Number: 0.597 
Critical Depth: 3.595 ft 
Critical Velocity: 7.882 fps 
Critical Slope: 0.0291 1 
Critical Top Width: 79.049 ft 



Calculated Values 
Longitudinal Slope: 0.01 30 ftlft 
Flow: 835.000 cfs 
Depth: 3.205 ft 
Area of Flow: 150.105 sq ft 
Wetted Perimeter: 73.505 ft 
Average Velocity: 5.563 fps 
Top Width (T): 73.090 ft 
Froude Number: 0.684 
Critical Depth: 2.644 ft 
Critical Velocity: 7.481 fps 
Critical Slope: 0.02791 
Critical Top Width: 64.230 ft 



Calculated Values 
Longitudinal Slope: 0.0139 ftlft 
Flow: 468.000 cfs 
Depth: 4.066 ft 
Area of Flow: 72.067 sq ft 
Wetted Perimeter: 36.401 ft 
Average Velocity: 6.494 fps 
Top Width (T): 35.448 ft 
Froude Number: 0.803 
Critical Depth: 3.724 ft 
Critical Velocity: 7.743 fps 
Critical Slope: 0.02222 
Critical Top Width: 32.463 ft 



Calculated Values 
Longitudinal Slope: 0.0060 ftlft 
Flow: 1663.000 cfs 
Depth: 1.631 ft 
Area of Flow: 724.440 sq ft 
Wetted Perimeter: 672.447 ft 
Average Velocity: 2.296 fps 
Top Width (T): 672.435 ft 
Froude Number: 0.390 
Critical Depth: 1.035 ft 
Critical Velocity: 4.609 fps 
Critical Slope: 0.04445 
Critical Top Width: 546.802 ft 



Calculated Values 
Longitudinal Slope: 0.0056 ft/ft 
Flow: 1663.000 cfs 
Depth: 2.643 ft 
Area of Flow: 982.523 sq ft 
Wetted Perimeter: 131 3.397 ft 
Average Velocity: 1.693 fps 
Top Width (T): 1313.342 ft 
Froude Number: 0.345 
Critical Depth: 2.220 ft 
Critical Velocity: 3.641 fps 
Critical Slope: 0.05728 
Critical Top Width: 1 109.091 ft 



Calculated Values 
Longitudinal Slope: 0.0057 ftlft 
Flow: 1663.000 cfs 
Depth: 4.229 ft 
Area of Flow: 572.347 sq f t  
Wetted Perimeter: 348.71 9 ft 
Average Velocity: 2.906 fps 
Top Width (T): 348.586 f t  
Froude Number: 0.400 
Critical Depth: 3.194 ft 
Critical Velocity: 6.1 16 fps 
Critical Slope: 0.0371 1 
Critical Top Width: 234.01 5 ft 



Calculated Values 
Longitudinal Slope: 0.0084 ftlft 
Flow: 860.000 cfs 
Depth: 3.209 ft 
Area of Flow: 218.639 sq ft 
Wetted Perimeter: 1 19.440 ft 
Average Velocity: 3.933 fps 
Top Width (T): 11 9.235 ft 
Froude Number: 0.512 
Critical Depth: 2.349 ft 
Critical Velocity: 6.716 fps 
Critical Slope: 0.03262 
Critical Top Width: 91.406 ft 



Calculated Values 
Longitudinal Slope: 0.0082 ftlft 
Flow: 899.000 cfs 
Depth: 3.602 ft 
Area of Flow: 227.523 sq ft 
Wetted Perimeter: 122.765 ft 
Average Velocity: 3.951 fps 
Top Width (T): 122.550 ft 
Froude Number: 0.51 1 
Critical Depth: 2.737 ft 
Critical Velocity: 6.737 fps 
Critical Slope: 0.031 91 
Critical Top Width: 94.655 ft 



Calculated Values 
Longitudinal Slope: 0.0091 ftlft 
Flow: 938.000 cfs 
Depth: 3.264 ft 
Area of Flow: 240.876 sq ft 
Wetted Perimeter: 134.91 7 ft 
Average Velocity: 3.894 fps 
Top Width (T): 134.721 ft 
Froude Number: 0.513 
Critical Depth: 2.394 ft 
Critical Velocity: 6.725 fps 
Critical Slope: 0.03535 
Critical Top Width: 99.31 5 ft 



Calculated Values 
Longitudinal Slope: 0.0090 ftlft 
Flow: 977.000 cfs 
Depth: 3.01 3 ft 
Area of Flow: 252.074 sq ft 
Wetted Perimeter: 140.392 ft 
Average Velocity: 3.876 fps 
Top Width (T): 140.1 54 ft 
Froude Number: 0.509 
Critical Depth: 2.261 ft 
Critical Velocity: 6.363 fps 
Critical Slope: 0.03820 
Critical Top Width: 122.1 14 ft 



Calculated Values 
Longitudinal Slope: 0.0076 ftlft 
Flow: 918.000 cfs 
Depth: 2.207 ft 
Area of Flow: 331.339 sq ft 
Wetted Perimeter: 268.474 ft 
Average Velocity: 2.771 fps 
Top Width (T): 268.41 5 ft 
Froude Number: 0.439 
Critical Depth: 1.582 ft 
Critical Velocity: 5.163 fps 
Critical Slope: 0.04329 
Critical Top Width: 214.81 9 ft 



Calculated Values 
Longitudinal Slope: 0.0088 ftlft 
Flow: 209.000 cfs 
Depth: 1.284 ft 
Area of Flow: I 15.725 sq ft 
Wetted Perimeter: 198.209 ft 
Average Velocity: 1.806 fps 
Top Width (T): 198.167 ft 
Froude Number: 0.416 
Critical Depth: 1.001 ft 
Critical Velocity: 3.357 fps 
Critical Slope: 0.05917 
Critical Top Width: 177.832 ft 



Calculated Values 
Longitudinal Slope: 0.0091 ftlft 
Flow: 935.000 cfs 
Depth: 2.81 6 ft 
Area of Flow: 259.063 sq ft 
Wetted Perimeter: 163.989 ft 
Average Velocity: 3.609 fps 
Top Width (T): 163.873 ft 
Froude Number: 0.506 
Critical Depth: 2.1 04 ft 
Critical Velocity: 6.097 fps 
Critical Slope: 0.03792 
Critical Top Width: 132.845 ft 



Calculated Values 
Longitudinal Slope: 0.0077 ftlft 
Flow: 941 .OOO cfs 
Depth: 2.374 ft 
Area of Flow: 279.928 sq ft 
Wetted Perimeter: 171.481 ft 
Average Velocity: 3.362 fps 
Top Width (T): 171.365 ft 
Froude Number: 0.464 
Critical Depth: 1.575 ft 
Critical Velocity: 6.030 fps 
Critical Slope: 0.03907 
Critical Top Width: 138.204 ft 



Calculated Values 
Longitudinal Slope: 0.01 59 ftlft 
Flow: 155.000 cfs 
Depth: 1.696 ft 
Area of Flow: 44.159 sq ft 
Wetted Perimeter: 47.860 ft 
Average Velocity: 3.51 0 fps 
Top Width (T): 47.696 ft 
Froude Number: 0.643 
Critical Depth: 1.414 ft 
Critical Velocity: 4.914 fps 
Critical Slope: 0.03969 
Critical Top Width: 42.066 ft 



Calculated Values 
Longitudinal Slope: 0.0159 ftlft 
Flow: 943.000 cfs 
Depth: 3.840 ft 
Area of Flow: 179.254 sq ft 
Wetted Perimeter: 77.235 ft 
Average Velocity: 5.261 fps 
Top Width (T): 76.730 ft 
Froude Number: 0.607 
Critical Depth: 3.012 ft 
Critical Velocity: 7.797 fps 
Critical Slope: 0.02793 
Critical Top Width: 64.070 ft 



Calculated Values 
Longitudinal Slope: 0.0153 ftlft 
Flow: 943.000 cfs 
Depth: 2.525 ft 
Area of Flow: 221.381 sq ft 
Wetted Perimeter: 169.1 10 ft 
Average Velocity: 4.260 fps 
Top Width (T): 169.01 9 ft 
Froude Number: 0.656 
Critical Depth: 2.1 25 ft 
Critical Velocity: 5.941 fps 
Critical Slope: 0.03623 
Critical Top Width: 144.779 ft 



Calculated Values 
Longitudinal Slope: 0.0122 ftlft 
Flow: 943.000 cfs 
Depth: 3.1 14 ft 
Area of Flow: 232.1 13 sq ft 
Wetted Perimeter: 149.634 ft 
Average Velocity: 4.063 fps 
Top Width (T): 148.838 ft 
Froude Number: 0.573 
Critical Depth: 2.61 1 ft 
Critical Velocity: 5.952 fps 
Critical Slope: 0.04147 
Critical Top Width: 144.017 ft 



Calculated Values 
Longitudinal Slope: 0.01 29 ftlft 
Flow: 943.000 cfs 
Depth: 3.898 ft 
Area of Flow: 160.229 sq ft 
Wetted Perimeter: 72.021 ft 
Average Velocity: 5.885 fps 
Top Width (T): 71.441 ft 
Froude Number: 0.693 
Critical Depth: 3.297 ft 
Critical Velocity: 7.860 fps 
Critical Slope: 0.02685 
Critical Top Width: 62.529 ft 



Calculated Values 
Longitudinal Slope: 0.0038 ftlft 
Flow: 1417.000 cfs 
Depth: 3.207 ft 
Area of Flow: 619.932 sq ft 
Wetted Perimeter: 395.064 ft 
Average Velocity: 2.286 fps 
Top Width (T): 394.978 ft 
Froude Number: 0.322 
Critical Depth: 2.21 1 ft 
Critical Velocity: 5.280 fps 
Critical Slope: 0.04314 
Critical Top Width: 310.007 ft 



Calculated Values 
Longitudinal Slope: 0.0043 ftlft 
Flow: 1456.000 cfs 
Depth: 4.091 ft 
Area of Flow: 451.529 sq ft 
Wetted Perimeter: 206.921 ft 
Average Velocity: 3.225 fps 
Top Width (T): 206.699 ft 
Froude Number: 0.384 
Critical Depth: 2.724 ft 
Critical Velocity: 6.878 fps 
Critical Slope: 0.02934 
Critical Top Width: 144.1 15 ft 



Calculated Values 
Longitudinal Slope: 0.0059 ftlft 
Flow: 1487.000 cfs 
Depth: 6.357 ft 
Area of Flow: 486.724 sq ft 
Wetted Perimeter: 279.502 ft 
Average Velocity: 3.055 fps 
Top Width (T): 278.977 ft 
Froude Number: 0.408 
Critical Depth: 4.294 ft 
Critical Velocity: 8.1 25 fps 
Critical Slope: 0.02456 
Critical Top Width: 89.273 ft 



Calculated Values 
Longitudinal Slope: 0.0084 ftlft 
Flow: 868.000 cfs 
Depth: 2.1 06 ft 
Area of Flow: 358.280 sq ft 
Wetted Perimeter: 376.960 ft 
Average Velocity: 2.423 fps 
Top Width (T): 376.890 f? 
Froude Number: 0.438 
Critical Depth: 1.594 ft 
Critical Velocity: 4.629 fps 
Critical Slope: 0.04722 
Critical Top Width: 281.837 ft 



Calculated Values 
Longitudinal Slope: 0.01 09 ftlft 
Flow: 868.000 cfs 
Depth: 2.241 ft 
Area of Flow: 245.202 sq ft 
Wetted Perimeter: 179.701 ft 
Average Velocity: 3.540 fps 
Top Width (T): 179.559 ft 
Froude Number: 0.534 
Critical Depth: 1.729 ft 
Critical Velocity: 5.531 fps 
Critical Slope: 0.04261 
Critical Top Width: 165.161 ft 



Calculated Values 
Longitudinal Slope: 0.0145 ftlft 
Flow: 868.000 cfs 
Depth: 2.762 ft 
Area of Flow: 175.709 sq ft 
Wetted Perimeter: 1 13.574 ft 
Average Velocity: 4.940 fps 
Top Width (T): I 1 3.422 ft 
Froude Number: 0.699 
Critical Depth: 2.355 ft 
Critical Velocity: 6.557 fps 
Critical Slope: 0.02943 
Critical Top Width: 99.165 ft 



Calculated Values 
Longitudinal Slope: 0.0031 ftlft 
Flow: 819.000 cfs 
Depth: 2.139 ft 
Area of Flow: 462.809 sq ft 
Wetted Perimeter: 371.660 ft 
Average Velocity: 1.770 fps 
Top Width (T): 371.571 ft 
Froude Number: 0.279 
Critical Depth: 1.288 ft 
Critical Velocity: 4.51 5 fps 
Critical Slope: 0.04773 
Critical Top Width: 286.524 ft 



Calculated Values 
Longitudinal Slope: 0.0037 fffft 
Flow: 81 9.000 cfs 
Depth: 1.668 ft 
Area of Flow: 437.236 sq ft 
Wetted Perimeter: 368.144 ft 
Average Velocity: 1.873 fps 
Top Width (T): 368.094 ft 
Froude Number: 0.303 
Critical Depth: 0.953 ft 
Critical Velocity: 4.342 fps 
Critical Slope: 0.05006 
Critical Top Width: 322.084 ft 



Calculated Values 
Longitudinal Slope: 0.0034 ftlft 
Flow: 819.000 cfs 
Depth: 1.809 ft 
Area of Flow: 434.065 sq ft 
Wetted Perimeter: 335.325 ft 
Average Velocity: 1.887 fps 
Top Width (T): 335.272 ft 
Froude Number: 0.292 
Critical Depth: 0.981 ft 
Critical Velocity: 4.555 fps 
Critical Slope: 0.04901 
Critical Top Width: 278.970 ft 



Calculated Values 
Longitudinal Slope: 0.0165 ftlft 
Flow: 450.000 cfs 
Depth: 2.478 ft 
Area of Flow: 99.826 sq ft 
Wetted Perimeter: 77.004 ft 
Average Velocity: 4.508 fps 
Top Width (T): 76.833 ft 
Froude Number: 0.697 
Critical Depth: 2.139 ft 
Critical Velocity: 5.974 fps 
Critical Slope: 0.03443 
Critical Top Width: 67.961 ft 



Calculated Values 
Longitudinal Slope: 0.0036 ftlft 
Flow: 1654.000 cfs 
Depth: 2.569 ft 
Area of Flow: 1 1 50.1 34 sq ft 
Wetted Perimeter: 1386.277 ft 
Average Velocity: 1.438 fps 
Top Width (T): 1386.192 ft 
Froude Number: 0.278 
Critical Depth: 1.623 ft 
Critical Velocity: 5.078 fps 
Critical Slope: 0.04070 
Critical Top Width: 406.813 ft 



Calculated Values 
Longitudinal Slope: 0.0023 ftlft 
Flow: 1654.000 cfs 
Depth: 2.223 ft 
Area of Flow: 1009.097 sq ft 
Wetted Perimeter: 722.1 60 ft 
Average Velocity: 1.639 fps 
Top Width (T): 722.097 ft 
Froude Number: 0.244 
Critical Depth: 1.302 ft 
Critical Velocity: 4.355 fps 
Critical Slope: 0.05059 
Critical Top Width: 644.939 ft 



Calculated Values 
Longitudinal Slope: 0.0044 ftlft 
Flow: 939.000 cfs 
Depth: 1.71 6 ft 
Area of Flow: 555.456 sq ft 
Wetted Perimeter: 625.099 ft 
Average Velocity: 1.691 fps 
Top Width (T): 625.088 ft 
Froude Number: 0.316 
Critical Depth: 1.026 ft 
Critical Velocity: 4.359 fps 
Critical Slope: 0.04536 
Critical Top Width: 365.1 13 ft 



Calculated Values 
Longitudinal Slope: 0.0091 ftlft 
Flow: 939.000 cfs 
Depth: 1.030 ft 
Area of Flow: 436.379 sq ft 
Wetted Perimeter: 589.1 19 ft 
Average Velocity: 2.152 fps 
Top Width (T): 589.1 13 ft 
Froude Number: 0.441 
Critical Depth: 0.668 ft 
Critical Velocity: 3.923 fps 
Critical Slope: 0.05287 
Critical Top Width: 500.868 ft 



Calculated Values 
Longitudinal Slope: 0.0080 ftlft 
Flow: 939.000 cfs 
Depth: 1.734 ft 
Area of Flow: 409.872 sq ft 
Wetted Perimeter: 454.550 ft 
Average Velocity: 2.291 fps 
Top Width (T): 454.513 ft 
Froude Number: 0.425 
Critical Depth: 1.267 ft 
Critical Velocity: 4.425 fps 
Critical Slope: 0.04840 
Critical Top Width: 348.862 ft 



Calculated Values 
Longitudinal Slope: 0.0069 ftlft 
Flow: 939.000 cfs 
Depth: 2.31 1 ft 
Area of Flow: 362.767 sq ft 
Wetted Perimeter: 302.687 ft 
Average Velocity: 2.588 fps 
Top Width (T): 302.632 ft 
Froude Number: 0.417 
Critical Depth: 1.545 ft 
Critical Velocity: 5.363 fps 
Critical Slope: 0.04034 
Critical Top Width: 195.999 ft 



Calculated Values 
Longitudinal Slope: 0.0084 ftlft 
Flow: 925.000 cfs 
Depth: 2.429 ft 
Area of Flow: 334.652 sq ft 
Wetted Perimeter: 286.531 ft 
Average Velocity: 2.764 fps 
Top Width (T): 286.466 ft 
Froude Number: 0.451 
Critical Depth: 1.880 ft 
Critical Velocity: 4.961 fps 
Critical Slope: 0.04667 
Critical Top Width: 243.963 ft 



Calculated Values 
Longitudinal Slope: 0.0105 ftlft 
Flow: 925.000 cfs 
Depth: 3.255 ft 
Area of Flow: 239.91 7 sq ft 
Wetted Perimeter: 152.287 ft 
Average Velocity: 3.855 fps 
Top Width (T): 152.123 ft 
Froude Number: 0.541 
Critical Depth: 2.524 ft 
Critical Velocity: 6.438 fps 
Critical Slope: 0.0361 5 
Critical Top Width: 11 1.606 ft 



Calculated Values 
Longitudinal Slope: 0.0079 ftlft 
Flow: 925.000 cfs 
Depth: 4.521 ft 
Area of Flow: 205.091 sq ft 
Wetted Perimeter: 99.684 ft 
Average Velocity: 4.51 0 fps 
Top Width (T): 99.218 ft 
Froude Number: 0.553 
Critical Depth: 3.655 ft 
Critical Velocity: 7.227 fps 
Critical Slope: 0.02493 
Critical Top Width: 78.893 ft 



Calculated Values 
Longitudinal Slope: 0.0046 ftlft 
Flow: 1391 .OOO cfs 
Depth: 1.645 ft 
Area of Flow: 768.767 sq ft 
Wetted Perimeter: 815.31 5 ft 
Average Velocity: 1.809 fps 
Top Width (T): 815.302 ft 
Froude Number: 0.328 
Critical Depth: 1.022 ft 
Critical Velocity: 4.226 fps 
Critical Slope: 0.04792 
Critical Top Width: 593.461 ft 



Calculated Values 
Longitudinal Slope: 0.0042 ftlft 
Flow: 1391 .OOO cfs 
Depth: I .614 ft 
Area of Flow: 794.547 sq ft 
Wetted Perimeter: 805.41 6 ft 
Average Velocity: 1.751 fps 
Top Width (T): 805.393 ft 
Froude Number: 0.31 1 
Critical Depth: 0.928 ft 
Critical Velocity: 4.333 fps 
Critical Slope: 0.04898 
Critical Top Width: 550.745 ft 



Calculated Values 
Longitudinal Slope: 0.0082 ftlft 
Flow: 927.000 cfs 
Depth: 2.231 ft 
Area of Flow: 332.832 sq ft 
Wetted Perimeter: 292.397 ft 
Average Velocity: 2.785 fps 
Top Width (T): 292.359 ft 
Froude Number: 0.460 
Critical Depth: 1.599 ft 
Critical Velocity: 5.267 fps 
Critical Slope: 0.03899 
Critical Top Width: 204.256 ft 



Calculated Values 
Longitudinal Slope: 0.0078 ftlft 
Flow: 841 .OOO cfs 
Depth: 2.277 ft 
Area of Flow: 265.549 sq ft 
Wetted Perimeter: 180.090 ft 
Average Velocity: 3.167 fps 
Top Width (T): 180.009 fi 
Froude Number: 0.460 
Critical Depth: 1.546 ft 
Critical Velocity: 5.729 fps 
Critical Slope: 0.04017 
Critical Top Width: 143.990 ft 



Calculated Values 
Longitudinal Slope: 0.0069 ftlft 
Flow: 722.000 cfs 
Depth: 1.931 ft 
Area of Flow: 283.61 2 sq ft 
Wetted Perimeter: 246.216 ft 
Average Velocity: 2.546 fps 
Top Width (T): 246.1 70 ft 
Froude Number: 0.418 
Critical Depth: 1.21 3 ft 
Critical Velocity: 5.209 fps 
Critical Slope: 0.04019 
Critical Top Width: 164.524 ft 



Calculated Values 
Longitudinal Slope: 0.0067 ft/ft 
Flow: 622.000 cfs 
Depth: 2.726 ft 
Area of Flow: 171.326 sq ft 
Wetted Perimeter: 95.661 ft 
Average Velocity: 3.631 fps 
Top Width (T): 95.41 3 ft 
Froude Number: 0.477 
Critical Depth: 1.846 ft 
Critical Velocity: 6.455 fps 
Critical Slope: 0.02969 
Critical Top Width: 74.473 ft 



Calculated Values 
Longitudinal Slope: 0.0060 ftlft 
Flow: 1460.000 cfs 
Depth: 2.164 ft 
Area of Flow: 449.677 sq ft 
Wetted Perimeter: 320.503 ft 
Average Velocity: 3.247 fps 
Top Width (T): 320.448 ft 
Froude Number: 0.483 
Critical Depth: 1.543 ft 
Critical Velocity: 5.534 fps 
Critical Slope: 0.04250 
Critical Top Width: 277.323 ft 



Calculated Values 
Longitudinal Slope: 0.0080 ftlft 
Flow: 1460.000 cfs 
Depth: 3.266 ft 
Area of Flow: 416.577 sq ft 
Wetted Perimeter: 244.51 0 ft 
Average Velocity: 3.505 fps 
Top Width (T): 244.392 ft 
Froude Number: 0.473 
Critical Depth: 2.376 ft 
Critical Velocity: 6.392 fps 
Critical Slope: 0.03751 
Critical Top Width: 180.025 ft 



Calculated Values 
Longitudinal Slope: 0.0072 ftlft 
Flow:146O.OO0cfs ' 

Depth: 2.81 0 ft 
Area of Flow: 436.680 sq ft 
Wetted Perimeter: 254.863 ft 
Average Velocity: 3.343 fps 
Top Width (T): 254.789 ft 
Froude Number: 0.450 
Critical Depth: 1.920 ft 
Critical Velocity: 6.203 fps 
Critical Slope: 0.03843 
Critical Top Width: 196.996 ft 



Calculated Values 
Longitudinal Slope: 0.0089 ftlft 
Flow: 1460.000 cfs 
Depth: 2.696 ft 
~ r e a ' o f  Flow: 455.287 sq ft 
Wetted Perimeter: 328.708 ft 
Average Velocity: 3.207 fps 
Top Width (T): 328.660 ft 
Froude Number: 0.480 
Critical Depth: 2.036 ft 
Critical Velocity: 5.639 fps 
Critical Slope: 0.04180 
Critical Top Width: 262.1 36 ft 



Calculated Values 
Longitudinal Slope: 0.001 7 ftlft 
Flow: 3634.000 cfs 
Depth: 2.927 ft 
Area of Flow: 1804.91 7 sq ft 
Wetted Perimeter: 764.977 ft 
Average Velocity: 2.01 3 fps 
Top Width (T): 764.919 ft 
Froude Number: 0.231 
Critical Depth: 1.247 ft 
Critical Velocity: 5.71 8 fps 
Critical Slope: 0.04085 
Critical Top Width: 625.779 ft 



Calculated Values 
Longitudinal Slope: 0.0038 ftlft 
Flow: 3634.000 cfs 
Depth: 4.245 ft 
Area of Flow: 1208.31 9 sq ft 
Wetted Perimeter: 504.41 7 ft 
Average Velocity: 3.007 fps 
Top Width (T): 504.252 ft 
Froude Number: 0.342 
Critical Depth: 2.871 ft 
Critical Velocity: 6.452 fps 
Critical Slope: 0.03906 
Critical Top Width: 435.751 ft 



Calculated Values 
Longitudinal Slope: 0.0040 ftlft 
Flow: 3634.000 cfs 
Depth: 5.358 ft 
Area of Flow: 982.367 sq ft 
Wetted Perimeter: 317.386 ft 
Average Velocity: 3.699 fps 
Top Width (T): 317.123 ft 
Froude Number: 0.370 
Critical Depth: 3.567 ft 
Critical Velocity: 7.721 fps 
Critical Slope: 0.03338 
Critical Top Width: 254.1 77 ft 



Calculated Values 
Longitudinal Slope: 0.0033 ftlft 
Flow: 3634.000 cfs 
Depth: 6.782 ft 
Area of Flow: 1 186.700 sq ft 
Wetted Perimeter: 444.021 ft 
Average Velocity: 3.062 fps 
Top Width (T): 443.444 ft 
Froude Number: 0.330 
Critical Depth: 4.909 ft 
Critical Velocity: 7.595 fps 
Critical Slope: 0.031 22 
Critical Top Width: 267.051 ft 



Calculated Values 
Longitudinal Slope: 0.0053 ftlft 
Flow: 3634.000 cfs 
Depth: 6.316 ft 
Area of Flow: 845.024 sq ft 
Wetted Perimeter: 273.363 ft 
Average Velocity: 4.300 fps 
Top Width (T): 272.948 ft 
Froude Number: 0.431 
Critical Depth: 4.313 ft 
Critical Velocity: 8.929 fps 
Critical Slope: 0.02748 
Critical Top Width: 164.397 ft 



Calculated Values 
Longitudinal Slope: 0.0039 ftlft 
Flow: 3634.000 cfs 
Depth: 5.374 ft 
Area of Flow: 952.142 sq ft 
Wetted Perimeter: 282.764 ft 
Average Velocity: 3.81 7 fps 
Top Width (T): 282.268 ft 
Froude Number: 0.366 
Critical Depth: 3.31 5 ft 
Critical Velocity: 8.217 fps 
Critical Slope: 0.03271 
Critical Top Width: 210.946 ft 



Calculated Values 
Longitudinal Slope: 0.0074 ftlft 
Flow: 201 1 .OOO cfs 
Depth: 4.378 ft 
Area of Flow: 458.208 sq ft 
Wetted Perimeter: 184.958 ft 
Average Velocity: 4.389 fps 
Top Width (T): 184.708 ft 
Froude Number: 0.491 
Critical Depth: 3.158 ft 
Critical Velocity: 7.731 fps 
Critical Slope: 0.03200 
Critical Top Width: 140.129 ft 



Calculated Values 
Longitudinal Slope: 0.0085 ftlft 
Flow: 1655.000 cfs 
Depth: 5.139 ft 
Area of Flow: 321.275 sq ft 
Wetted Perimeter: 121.928 ft 
Average Velocity: 5.151 fps 
Top Width (T): 121.485 ft 
Froude Number: 0.558 
Critical Depth: 4.037 ft 
Critical Velocity: 8.21 5 fps 
Critical Slope: 0.02734 
Critical Top Width: 96.136 ft 



Calculated Values 
Longitudinal Slope: 0.0056 ftlft 
Flow: 1707.000 cfs 
Depth: 3.879 ft 
Area of Flow: 459.201 sq ft 
Wetted Perimeter: 188.206 ft 
Average Velocity: 3.717 fps 
Top Width (T): 187.988 ft 
Froude Number: 0.419 
Critical Depth: 2.563 ft 
Critical Velocity: 7.1 81 fps 
Critical Slope: 0.03538 
Critical Top Width: 148.461 ft 



Calculated Values 
Longitudinal Slope: 0.0066 ftlft 
Flow: 1759.000 cfs 
Depth: 2.357 ft 
Area of Flow: 617.077 sq ft 
Wetted Perimeter: 433.872 ft 
Average Velocity: 2.851 fps 
Top Width (T): 433.822 ft 
Froude Number: 0.421 
Critical Depth: 1.605 ft 
Critical Velocity: 5.431 fps 
Critical Slope: 0.041 53 
Critical Top Width: 353.568 ft 



Calculated Values 
Longitudinal Slope: 0.0030 ftlft 
Flow: 1779.000 cfs 
Depth: 3.767 ft 
Area of Flow: 731.688 sq ft 
Wetted Perimeter: 351.956 ft 
Average Velocity: 2.431 fps 
Top Width (T): 351.836 ft 
Froude Number: 0.297 
Critical Depth: 2.431 ft 
Critical Velocity: 5.878 fps 
Critical Slope: 0.041 09 
Critical Top Width: 281.999 ft 



Calculated Values 
Longitudinal Slope: 0.0073 ftlft 
Flow: 1062.000 cfs 
Depth: 3.897 ft 
Area of Flow: 254.498 sq ft 
Wetted Perimeter: 106.302 ft 
Average Velocity: 4.173 fps 
Top Width (T): 105.725 ft 
Froude Number: 0.474 
Critical Depth: 2.790 ft 
Critical Velocity: 7.253 fps 
Critical Slope: 0.03607 
Critical Top Width: 89.620 ft 



Calculated Values 
Longitudinal Slope: 0.01 05 ftlft 
Flow: 869.000 cfs 
Depth: 2.61 3 ft 
Area of Flow: 233.027 sq ft 
Wetted Perimeter: 157.728 ft 
Average Velocity: 3.729 fps 
Top Width (T): 157.61 3 ft 
Froude Number: 0.540 
Critical Depth: 2.026 ft 
Critical Velocity: 5.91 2 fps 
Critical Slope: 0.03864 
Critical Top Width: 135.431 ft 



Calculated Values 
Longitudinal Slope: 0.0102 ftlft 
Flow: 675.000 cfs 
Depth: 2.61 8 ft 
Area of Flow: 139.961 sq ft 
Wetted Perimeter: 78.276 ft 
Average Velocity: 4.823 fps 
Top Width (T): 77.964 ft 
Froude Number: 0.634 
Critical Depth: 2.070 ft 
Critical Velocity: 6.785 fps 
Critical Slope: 0.02562 
Critical Top Width: 69.588 ft 



Calculated Values 
Longitudinal Slope: 0.0121 Wft 
Flow: 481 .OOO cfs 
Depth: 3.202 ft 
Area of Flow: 75.708 sq ft 
Wetted Perimeter: 40.922 ft 
Average Velocity: 6.353 fps 
Top Width (T): 40.305 ft 
Froude Number: 0.817 
Critical Depth: 2.91 1 ft 
Critical Velocity: 7.467 fps 
Critical Slope: 0.01 713 
Critical Top Width: 37.205 ft 



Calculated Values 
Longitudinal Slope: 0.0101 ftlft 
Flow: 326.000 cfs 
Depth: 3.866 ft 
Area of Flow: 60.1 89 sq ft 
Wetted Perimeter: 31.974 ft 
Average Velocity: 5.416 fps 
Top Width (T): 30.1 38 ft 
Froude Number: 0.675 
Critical Depth: 3.297 ft 
Critical Velocity: 7.380 fps 
Critical Slope: 0.02071 
Critical Top Width: 26.1 11 ft 



Calculated Values 
Longitudinal Slope: 0.0073 ftlft 
Flow: 1677.000 cfs 
Depth: 3.778 ft 
Area of Flow: 414.029 sq ft 
Wetted Perimeter: 188.700 ft 
Average Velocity: 4.050 fps 
Top Width (T): 188.51 9 ft 
Froude Number: 0.482 
Critical Depth: 2.690 ft 
Critical Velocity: 7.202 fps 
Critical Slope: 0.03295 
Critical Top Width: 144.571 ft 



Calculated Values 
Longitudinal Slope: 0.0074 ftlft 
Flow: 1 1 13.000 cfs 
Depth: 2.342 ft 
Area of Flow: 329.574 sq ft 
Wetted Perimeter: 198.888 ft 
Average Velocity: 3.377 fps 
Top Width (T): 198.698 ft 
Froude Number: 0.462 
Critical Depth: 1.579 ft 
Critical Velocity: 5.923 fps 
Critical Slope: 0.03875 
Critical Top Width: 172.446 ft 



Calculated Values 
Longitudinal Slope: 0.0076 ftlft 
Flow: 992.000 cfs 
Depth: 2.396 ft 
Area of Flow: 278.067 sq ft 
Wetted Perimeter: 157.330 ft 
Average Velocity: 3.567 fps 
Top Width (T): 157.195 ft 
Froude Number: 0.473 
Critical Depth: 1.584 ft 
Critical Velocity: 6.205 fps 
Critical Slope: 0.03753 
Critical Top Width: 133.706 ft 



Calculated Values 
Longitudinal Slope: 0.0092 ftlft 
Flow: 851 .OOO cfs 
Depth: 3.41 7 ft 
Area of Flow: 188.233 sq ft 
Wetted Perimeter: 88.060 ft 
Average Velocity: 4.521 fps 
Top Width (T): 87.677 ft 
Froude Number: 0.544 
Critical Depth: 2.525 ft 
Critical Velocity: 7.259 fps 
Critical Slope: 0.03245 
Critical Top Width: 71.648 ft 



Calculated Values 
Longitudinal Slope: 0.0124 ftlft 
Flow: 749.000 cfs 
Depth: 2.563 ft 
Area of Flow: 153.240 sq ft 
Wetted Perimeter: 90.487 ft 
Average Velocity: 4.888 fps 
Top Width (T): 90.280 ft 
Froude Number: 0.661 
Critical Depth: 2.079 ft 
Critical Velocity: 6.694 fps 
Critical Slope: 0.02880 
Critical Top Width: 80.399 ft 



Calculated Values 
Longitudinal Slope: 0.01 04 ftlft 
Flow: 627.000 cfs 
Depth: 3.457 ft 
Area of Flow: 129.643 sq ft 
Wetted Perimeter: 71.353 ft 
Average Velocity: 4.836 fps 
Top Width (T): 70.992 ft 
Froude Number: 0.631 
Critical Depth: 2.848 ft 
Critical Velocity: 6.977 fps 
Critical Slope: 0.02531 
Critical Top Width: 59.458 ft 



Calculated Values 
Longitudinal Slope: 0.0095 ftlft 
Flow: 506.000 cfs 
Depth: 1.994 ft 
Area of Flow: 149.578 sq ft 
Wetted Perimeter: 1 10.636 ft 
Average Velocity: 3.383 fps 
Top Width (T): 1 10.434 ft 
Froude Number: 0.512 
Critical Depth: 1.432 ft 
Critical Velocity: 5.531 fps 
Critical Slope: 0.03946 
Critical Top Width: 96.280 ft 



Calculated Values 
Longitudinal Slope: 0.0072 ftlft 
Flow: 685.000 cfs 
Depth: 2.039 ft 
Area of Flow: 254.703 sq ft 
Wetted Perimeter: 204.333 ft 
Average Velocity: 2.689 fps 
Top Width (T): 204.191 ft 
Froude Number: 0.424 
Critical Depth: 1.443 ft 
Critical Velocity: 4.929 fps 
Critical Slope: 0.04660 
Critical Top Width: 184.21 8 ft 



Calculated Values 
Longitudinal Slope: 0.0073 ftlft 
Flow: 591 .OOO cfs 
Depth: 2.371 ft 
Area of Flow: 166.422 sq ft 
Wetted Perimeter: 106.878 ft 
Average Velocity: 3.551 fps 
Top Width (T): 106.732 ft 
Froude Number: 0.501 
Critical Depth: 1.665 ft 
Critical Velocity: 6.024 fps 
Critical Slope: 0.02945 
Critical Top Width: 87.060 ft 



Calculated Values 
Longitudinal Slope: 0.0068 ftlft 
Flow: 461 .OOO cfs 
Depth: 2.023 ft 
Area of Flow: 162.176 sq ft 
Wetted Perimeter: 129.765 ft 
Average Velocity: 2.843 fps 
Top Width (T): 129.61 9 ft 
Froude Number: 0.448 
Critical Depth: 1.452 ft 
Critical Velocity: 5.025 fps 
Critical Slope: 0.03826 
Critical Top Width: 116.982 ft 



Calculated Values 
Longitudinal Slope: 0.0075 ftlft 
Flow: 294.000 cfs 
Depth: 1.879 ft 
Area of Flow: 1 16.964 sq ft 
Wetted Perimeter: 1 10.282 ft 
Average Velocity: 2.514 fps 
Top Width (T): 1 10.201 ft 
Froude Number: 0.430 
Critical Depth: 1.257 ft 
Critical Velocity: 4.969 fps 
Critical Slope: 0.041 93 
Critical Top Width: 77.157 ft 



Calculated Values 
Longitudinal Slope: 0.0084 ftlft 
Flow: 247.000 cfs 
Depth: 1.934 ft 
Area of Flow: 83.152 sq ft 
Wetted Perimeter: 75.61 2 ft 
Average Velocity: 2.970 fps 
Top Width (T): 75.481 ft 
Froude Number: 0.499 
Critical Depth: 1.442 ft 
Critical Velocity: 5.048 fps 
Critical Slope: 0.03469 
Critical Top Width: 61.847 ft 



Calculated Values 
Longitudinal Slope: 0.0093 ftlft . 

Flow: 614.000 cfs 
Depth: 1.747 ft 
Area of Flow: 21 5.622 sq ft 
Wetted Perimeter: 191.398 ft 
Average Velocity: 2.848 fps 
Top Width (T): 191.319 ft 
Froude Number: 0.473 
Critical Depth: 1.247 ft 
Critical Velocity: 4.893 fps 
Critical Slope: 0.04702 
Critical Top Width: 168.732 ft 



Calculated Values 
Longitudinal Slope: 0.0062 ftlft 
Flow: 1 149.000 cfs 
Depth: 2.164 ft 
Area of Flow: 451.715 sq ft 
Wetted Perimeter: 353.785 ft 
Average Velocity: 2.544 fps 
Top Width (T): 353.750 ft 
Froude Number: 0.397 
Critical Depth: 1.361 ft 
Critical Velocity: 5.389 fps 
Critical Slope: 0.041 29 
Critical Top Width: 236.451 ft 



Calculated Values 
Longitudinal Slope: 0.0056 ftlft 
Flow: 1 149.000 cfs 
Depth: 1.850 ft 
Area of Flow: 61 9.665 sq ft 
Wetted Perimeter: 731.305 ft 
Average Velocity: 1.854 fps 
Top Width (T): 731.285 ft 
Froude Number: 0.355 
Critical Depth: 1.067 ft 
Critical Velocity: 4.690 fps 
Critical Slope: 0.04040 
Critical Top Width: 358.634 ft 



Calculated Values 
Longitudinal Slope: 0.0066 ftlft 
Flow: 1 149.000 cfs 
Depth: 0.805 ft 
Area of Flow: 763.445 sq ft 
Wetted Perimeter: 1403.560 ft 
Average Velocity: 1.505 fps 
Top Width (T): 1403.556 ft 
Froude Number: 0.360 
Critical Depth: 0.51 8 ft 
Critical Velocity: 3.056 fps 
Critical Slope: 0.06209 
Critical Top Width: 1296.597 ft 



Calculated Values 
Longitudinal Slope: 0.0063 ftlft 
Flow: 1 149.000 cfs 
Depth: 1.107 ft 
Area of Flow: 594.821 sq ft 
Wetted Perimeter: 781.827 ft 
Average Velocity: 1.932 fps 
Top Width (T): 781.821 ft 
Froude Number: 0.390 
Critical Depth: 0.678 ft 
Critical Velocity: 3.921 fps 
Critical Slope: 0.04477 
Critical Top Width: 613.883 ft 



Calculated Values 
Longitudinal Slope: 0.0048 ftlft 
Flow: 4452.000 cfs 
Depth: 3.231 ft 
Area of Flow: 1535.856 sq ft 
Wetted Perimeter: 844.853 ft 
Average Velocity: 2.899 fps 
Top Width (T): 844.820 ft 
Froude Number: 0.379 
Critical Depth: 2.01 8 ft 
Critical Velocity: 6.376 fps 
Critical Slope: 0.0341 3 
Critical Top Width: 552.951 ft 



Calculated Values 
Longitudinal Slope: 0.0059 ftlft 
Flow: 4587.000 cfs 
Depth: 2.628 ft 
Area of Flow: 1788.652 sq ft 
Wetted Perimeter: 1391.720 ft 
Average Velocity: 2.565 fps 
Top Width (T): 1391.684 ft 
Froude Number: 0.399 
Critical Depth: 1.678 ft 
Critical Velocity: 5.762 fps 
Critical Slope: 0.03383 
Critical Top Width: 772.007 ft 



Calculated Values 
Longitudinal Slope: 0.0049 ftlft 
Flow: 4696.000 cfs 
Depth: 2.463 ft 
Area of Flow: 1879.148 sq ft 
Wetted Perimeter: 1264.937 ft 
Average Velocity: 2.499 fps 
Top Width (T): 1264.925 ft 
Froude Number: 0.361 
Critical Depth: 1.531 ft 
Critical Velocity: 5.446 fps 
Critical Slope: 0.041 96 
Critical Top Width: 936.270 ft 



Calculated Values 
Longitudinal Slope: 0.0049 ftlft 
Flow: 4769.000 cfs 
Depth: 3.661 ft 
Area of Flow: 1384.425 sq ft 
Wetted Perimeter: 570.261 ft 
Average Velocity: 3.445 fps 
Top Width (T): 570.167 ft 
Froude Number: 0.390 
Critical Depth: 2.333 ft 
Critical Velocity: 6.943 fps 
Critical Slope: 0.03683 
Critical Top Width: 458.915 ft 



Calculated Values 
Longitudinal Slope: 0.0052 ftlft 
Flow: 4829.000 cfs 
Depth: 3.775 ft 
Area of Flow: 1560.179 sq ft 
Wetted Perimeter: 807.214 ft 
Average Velocity: 3.095 fps 
Top Width (T): 807.1 77 ft 
Froude Number: 0.392 
Critical Depth: 2.61 1 ft 
Critical Velocity: 6.439 fps 
Critical Slope: 0.03642 
Critical Top Width: 582.321 ft 



Calculated Values 
Longitudinal Slope: 0.0087 ftlft 
Flow: 3514.000 cfs 
Depth: 2.739 ft 
Area of Flow: 859.895 sq ft 
Wetted Perimeter: 421.293 ft 
Average Velocity: 4.087 fps 
Top Width (T): 421 .I67 ft 
Froude Number: 0.504 
Critical Depth: 1.91 8 ft 
Critical Velocity: 6.649 fps 
Critical Slope: 0.03865 
Critical Top Width: 384.972 ft 



Calculated Values 
Longitudinal Slope: 0.0085 ftlft 
Flow: 3591 .OOO cfs 
Depth: 2.325 ft 
Area of Flow: 1 144.261 sq ft 
Wetted Perimeter: 824.940 ft 
Average Velocity: 3.138 fps 
Top Width (T): 824.890 ft 
Froude Number: 0.470 
Critical Depth: 1.748 ft 
Critical Velocity: 5.284 fps . 
Critical Slope: 0.04477 
Critical Top Width: 783.591 ft 



Calculated Values 
Longitudinal Slope: 0.0079 ftlft 
Flow: 3690.000 cfs 
Depth: 3.668 ft 
Area of Flow: 829.256 sq ft 
Wetted Perimeter: 340.402 ft 
Average Velocity: 4.450 fps 
Top Width (T): 340.265 ft 
Froude Number: 0.502 
Critical Depth: 2.61 6 ft 
Critical Velocity: 7.432 fps 
Critical Slope: 0.03426 
Critical Top Width: 289.470 ft 



Calculated Values 
Longitudinal Slope: 0.0080 ftlft 
Flow: 3820.000 cfs 
Depth: 3.351 ft 
Area of Flow: 1001.126 sq ft 
Wetted Perimeter: 51 3.950 ft 
Average Velocity: 3.81 6 fps 
Top Width (T): 513.866 ft 
Froude Number: 0.482 
Critical Depth: 2.514 ft 
Critical Velocity: 6.438 fps 
Critical Slope: 0.03899 
Critical Top Width: 461.012 ft 



Calculated Values 
Longitudinal Slope: 0.0095 ftlft 
Flow: 3885.000 cfs 
Depth: 4.883 ft 
Area of Flow: 752.646 sq ft 
Wetted Perimeter: 286.823 ft 
Average Velocity: 5.162 fps 
Top Width (T): 286.633 ft 
Froude Number: 0.561 
Critical Depth: 3.854 ft 
Critical Velocity: 8.050 fps 
Critical Slope: 0.031 87 
Critical Top Width: 239.788 ft 



Calculated Values 
Longitudinal Slope: 0.0085 ftlft 
Flow: 3915.000 cfs 
Depth: 2.604 ft 
Area of Flow: 121 3.628 sq ft 
Wetted Perimeter: 838.275 ft 
Average Velocity: 3.226 fps 
Top Width (T): 838.250 ft 
Froude Number: 0.472 
Critical Depth: 1.959 ft 
Critical Velocity: 5.588 fps 
Critical Slope: 0.04263 
Critical Top Width: 722.601 ft 



Calculated Values 
Longitudinal Slope: 0.0079 ftlft 
Flow: 1471 .OOO cfs 
Depth: 2.1 88 ft 
Area of Flow: 492.1 77 sq ft 
Wetted Perimeter: 360.374 ft 
Average Velocity: 2.989 fps 
Top Width (T): 360.330 ft 
Froude Number: 0.451 
Critical Depth: 1.557 ft 
Critical Velocity: 5.292 fps 
Critical Slope: 0.04448 
Critical Top Width: 319.528 ft 



Calculated Values 
Longitudinal Slope: 0.0097 ftlft 
Flow: 1329.000 cfs 
Depth: 4.626 ft 
Area of Flow: 231.306 sq ft 
Wetted Perimeter: 84.463 ft 
Average Velocity: 5.746 fps 
Top Width (T): 83.783 ft 
Froude Number: 0.609 
Critical Depth: 3.633 ft 
Critical Velocity: 8.541 fps 
Critical Slope: 0.02597 
Critical Top Width: 68.692 ft 



Calculated Values 
Longitudinal Slope: 0.0076 ftlft 
Flow: 1 169.000 cfs 
Depth: 6.81 2 ft 
Area of Flow: 296.555 sq ft 
Wetted Perimeter: 145.850 ft 
Average Velocity: 3.942 fps 
Top Width (T): 144.366 ft 
Froude Number: 0.485 
Critical Depth: 5.365 ft 
Critical Velocity: 7.880 fps 
Critical Slope: 0.02795 
Critical Top Width: 76.933 ft 



Calculated Values 
Longitudinal Slope: 0.0122 ftlft 
Flow: 1009.000 cfs 
Depth: 3.254 ft 
Area of Flow: 212.064 sq ft 
Wetted Perimeter: 1 12.342 ft 
Average Velocity: 4.758 fps 
Top Width (T): 112.076 ft 
Froude Number: 0.610 
Critical Depth: 2.605 ft 
Critical Velocity: 6.976 fps 
Critical Slope: 0.03421 
Critical Top Width: 95.719 ft 



Calculated Values 
Longitudinal Slope: 0.0159 ftlft 
Flow: 850.000 cfs 
Depth: 4.509 ft 
Area of Flow: 140.906 sq ft 
Wetted Perimeter: 75.531 ft 
Average Velocity: 6.032 fps 
Top Width (T): 74.824 ft 
Froude Number: 0.775 
Critical Depth: 4.1 11 ft 
Critical Velocity: 7.509 fps 
Critical Slope: 0.02526 
Critical Top Width: 64.640 ft 



Calculated Values 
Longitudinal Slope: 0.0225 ftlft 
Flow: 690.000 cfs 
Depth: 2.843 ft 
Area of Flow: 120.486 sq ft 
Wetted Perimeter: 77.515 ft 
Average Velocity: 5.727 fps 
Top Width (T): 77.241 ft 
Froude Number: 0.808 
Critical Depth: 2.603 ft 
Critical Velocity: 6.731 fps 
Critical Slope: 0.03519 
Critical Top Width: 72.846 ft 



Calculated Values 
Longitudinal Slope: 0.0240 ftlft 
Flow: 461 .OOO cfs 
Depth: 2.707 ft 
Area of Flow: 64.749 sq ft 
Wetted Perimeter: 41.247 ft 
Average Velocity: 7.1 20 fps 
Top Width (T): 40.781 ft 
Froude Number: 0.996 
Critical Depth: 2.701 ft 
Critical Velocity: 7.145 fps 
Critical Slope: 0.02419 
Critical Top Width: 40.703 ft 



Calculated Values 
Longitudinal Slope: 0.0046 ftlft 
Flow: 1687.000 cfs 
Depth: 3.323 ft 
Area of Flow: 696.142 sq ft 
Wetted Perimeter: 454.724 ft 
Average Velocity: 2.423 fps 
Top Width (T): 454.646 ft 
Froude Number: 0.345 
Critical Depth: 2.166 ft 
Critical Velocity: 5.921 fps 
Critical Slope: 0.04032 
Critical Top Width: 261.750 ft 



Calculated Values 
Longitudinal Slope: 0.0052 ftlft 
Flow: 1687.000 cfs 
Depth: 4.576 ft 
Area of Flow: 527.476 sq ft 
Wetted Perimeter: 250.1 13 ft 
Average Velocity: 3.1 98 fps 
Top Width (T): 249.901 ft 
Froude Number: 0.388 
Critical Depth: 3.141 ft 
Critical Velocity: 7.1 04 fps 
Critical Slope: 0.03574 
Critical Top Width: 151.498 ft 



Calculated Values 
Longitudinal Slope: 0.0047 ftlft 
Flow: 1687.000 cfs 
Depth: 2.962 ft 
Area of Flow: 697.625 sq ft 
Wetted Perimeter: 462.809 ft 
Average Velocity: 2.41 8 fps 
Top Width (T): 462.759 ft 
Froude Number: 0.347 
Critical Depth: 1.930 ft 
Critical Velocity: 5.662 fps 
Critical Slope: 0.04265 
Critical Top Width: 299.212 ft 



Calculated Values 
Longitudinal Slope: 0.0052 ftlft 
Flow: 1687.000 cfs 
Depth: 2.965 ft 
Area of Flow: 593.810 sq ft 
Wetted Perimeter: 328.993 ft 
Average Velocity: 2.841 fps 
Top Width (T): 328.717 fl 
Froude Number: 0.373 
Critical Depth: 2.049 ft 
Critical Velocity: 5.596 fps 
Critical Slope: 0.04586 
Critical Top Width: 309.940 ft 



Calculated Values 
Longitudinal Slope: 0.0069 ftlft 
Flow: 956.000 cfs 
Depth: 2.163 ft 
Area of Flow: 376.236 sq ft 
Wetted Perimeter: 306.142 ft 
Average Velocity: 2.541 fps 
Top Width (T): 305.966 ft 
Froude Number: 0.404 
Critical Depth: 1.552 ft 
Critical Velocity: 4.874 fps 
Critical Slope: 0.04959 
Critical Top Width: 265.877 ft 





Calculated Values 
Longitudinal Slope: 0.0099 ftlft 
Flow: 807.000 cfs 
Depth: 3.998 ft 
Area of Flow: 226.352 sq ft 
Wetted Perimeter: 145.343 ft 
Average Velocity: 3.565 fps 
Top Width (T): 144.864 ft 
Froude Number: 0.503 
Critical Depth: 2.975 ft 
Critical Velocity: 7.021 fps 
Critical Slope: 0.03676 
Critical Top Width: 75.092 ft 



Calculated Values 
Longitudinal Slope: 0.0138 ftlft 
Flow: 732.000 cfs 
Depth: 3.294 ft 
Area of Flow: 131.296 sq ft 
Wetted Perimeter: 60.461 ft 
Average Velocity: 5.575 fps 
Top Width (T): 59.91 9 ft 
Froude Number: 0.664 
Critical Depth: 2.662 ft 
Critical Velocity: 7.648 fps 
Critical Slope: 0.03237 
Critical Top Width: 52.685 ft 



Calculated Values 
Longitudinal Slope: 0.0086 ftlft 
Flow: 161 2.000 cfs 
Depth: 5.425 ft 
Area of Flow: 416.056 sq ft 
Wetted Perimeter: 232.880 ft 
~verage Velocity: 3.874 fps 
Top Width (T): 232.381 ft 
Froude Number: 0.510 
Critical Depth: 4.565 ft 
Critical Velocity: 6.699 fps 
Critical Slope: 0.03338 
Critical Top Width: 172.687 ft 



Calculated Values 
Longitudinal Slope: 0.0087 ftlft 
Flow: 1447.000 cfs 
Depth: 4.291 ft 
Area of Flow: 278.017 sq ft 
Wetted Perimeter: 1 15.967 ft 
Average Velocity: 5.205 fps 
Top Width (T): 115.589 ft 
Froude Number: 0.591 
Critical Depth: 3.424 ft 
Critical Velocity: 7.803 fps 
Critical Slope: 0.02493 
Critical Top Width: 98.064 ft 



Calculated Values 
Longitudinal Slope: 0.0143 ftlft 
Flow: 1218.000 cfs 
Depth: 3.854 ft 
Area of Flow: 198.972 sq ft 
Wetted Perimeter: 86.296 ft 
Average Velocity: 6.121 fps 
Top Width (T): 85.837 ft 
Froude Number: 0.709 
Critical Depth: 3.272 ft 
Critical Velocity: 8.022 fps 
Critical Slope: 0.02882 
Critical Top Width: 75.985 ft 



Calculated Values 
Longitudinal Slope: 0.0108 ftlft 
Flow: 988.000 cfs 
Depth: 3.841 ft 
Area of Flow: 201.003 sq ft 
Wetted Perimeter: 96.150 ft 
Average Velocity: 4.91 5 fps 
Top Width (T): 95.808 ft 
Froude Number: 0.598 
Critical Depth: 3.066 ft 
Critical Velocity: 7.403 fps 
Critical Slope: 0.03058 
Critical Top Width: 78.406 ft 



Calculated Values 
Longitudinal Slope: 0.0122 ftlft 
Flow: 759.000 cfs 
Depth: 3.393 ft 
Area of Flow: 133.244 sq ft 
Wetted Perimeter: 71.393 ft 
Average Velocity: 5.696 fps 
Top Width (T): 71 .019 ft 
Froude Number: 0.733 
Critical Depth: 2.966 ft 
Critical Velocity: 7.266 fps 
Critical Slope: 0.02201 
Critical Top Width: 63.698 ft 



Calculated Values 
Longitudinal Slope: 0.0198 ftlft 
Flow: 492.000 cfs 
Depth: 2.067 ft 
Area of Flow: 137.791 sq ft 
Wetted Perimeter: 156.148 ft 
Average Velocity: 3.571 fps 
Top Width (T): 155.982 ft 
Froude Number: 0.669 
Critical Depth: 1.826 ft 
Critical Velocity: 4.864 fps 
Critical Slope: 0.04605 
Critical Top Width: 137.678 ft 
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AERIAL PHOTOGRAPHY 
STEWART GEO TECHNOLOGIES. INC. 
DECEMBER 2 0 0 0  
CONTOUR INTERVAL: 1 0  FEET 

DATUM 
HORIZONTAL: NORTH AMERICAN DATUM 1983 
VERTICAL: NORTH AMERICAN VERTICAL DATUM 1 9 8 8  

STUDY AREA MAP 
AND SHEET INDEX 

SHEET INDEX 
SHEET 2-14  FLOOD DELINEATION STUDY 

THIS W WAS PREPARED FROM MARICOPA COUNTY DIGITAL TERRAN 
MODELS (Dm) PREPARED FROM AERIAL PHOTOGRAPHS FLOWN 
ON DECEMBER 17. 2000 BY STEWART CEO TECHNOLOGIES, INC:. 
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MATCH UNE ---------- 
SECTION NUMBER 

ZONE DESIGNATION 

32 
ZONE A 

STATION RIVER MILE 

CROSS SECTION 
REGULATORY DISCHARGE (cfs) 

NOTES 
M I S  MAP WAS PREPARED FROM LWllCOPA COUMY MGlTAL TERR4N 
MODELS (Dm) PREPARED FROM AERUL PHOTOGRAPHS FLOWN 
ON DECEMBER 17. 2000 BY STEWART GEO TECHNOLOGIES. INC. 
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SCALE: 1 INCH = 1000 FEET 
FLIGHT DATE: 
DECEMBER 17. 2000 
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MALWEG - - - -  
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SECTION UNE 

SECTION NUMBER 32 
ZONE DESIGNATION ZONE A 

STATION RIVER MILE 

CROSS SECTlON 
REGULATORY DISCHARGE (cfs) 





100-YA FLOODPWN BOUNDARY 

SECTION LINE 

MATCH UNE ---------- 
SECTION NUMBER 32 
ZONE DESIGNATION ZONE A 

STATION RIVER MILE 

CROSS SECTION 
REGULATORY DISCHARGE (cis) 

EL PAS0 NATURAL GAS UNE - G - G - G - 

NOTES 
MIS MAP WAS 
MODELS (Dm) 
ON DECEMBER 

PREPARED FROM WICOPA COUNTY DIGITAL TERWN 
PREPARED FROM AERlAL PHOTOGWHS FLOWN 
17. 2 0 W  BY STEWART CEO TECHNOLOGIES. INC. 

0' 

SCALE: 1 INCH = 1 0 0 0  FEET 

I FLIGHT DATE: 
DECEMBER 17.  2 0 0 0  



LEGEND 
W E G  - - - 
1W-YR FLOOOPWN BOUNDARY 

SECTION UNE 

MATCH UNE ---------- 
SECTION NUMBER 32 
ZONE DESIGNATION ZONE A 

STATION RIVER MILE 

CROSS SECTION 

REGULATORY DISCHARGE (cfs) 

NOTES 
THIS W WAS PREPARED FROM MARICOPA COUNTY DIGITAL TERWN 
MODELS (OW) PREPARED FROM AERW PHOTOGRAPHS FLOWN 
ON DECEMBER 17, 2 0 W  BY SlEWbRT GEO TECHNOLOWES, INC. 

500' 0' 500' 1000' 
I H H I 

SCALE 1 INCH = 1000 FEET 

I FLIGHT DATE: 
DECEMBER 17. 2000 I 









LEGEND 
THALWEG - - - -  
100-YF FLOOOPWN BOUNDARY 

SECTION UNE 

MATCH UNE - - - - - - - - - - 
SECTION NUMBER 32 
ZONE DESlGNAnON ZONE A 

STATION RIVER MILE 

CROSS SECTION 
REGULATORY DISCHARGE (cis) 

EL PMO NATURAL GAS UNE - j- j-s- 

I NOTES 
THIS MAP WAS PREPARED FROM MARICOPA COUMY DIGITAL TERWN 
MODELS (OM) PREPARED FROM AERW PHOTOGRAPHS FLOWN 
ON DECEMBER 17. 2000 BY STEWART GEO TECHNOLOWES. INC. 
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SCALE: 1 INCH = 1000 FEET 
FLIGHT DATE: 
DECEMBER 17. 2000 





LEGEND 
THALWEG - .- 

100-YR FLOODPWN BOUNDARY 

SECTION UNE 

MATCH LINE - - - - - - - - - - 

SECTION NUMBER 32 
ZONE DESIGNATION ZONE A 

STATION RIVER MILE 

CROSS SECTION 
REGULATORY DISCHARGE (cfs) 

EXISTING C M N N W  WASH FLOODWAY 

EXISTING CENTENNW WASH 
ZONE AE FLWDPWN 

NOTES 
THIS W WAS PREPARED FROM MARICOPA COUNlY DIGITAL TERWN 
MODUS (Dm) PREPARED FROM AERM PHOTOGRAPHS FLOWN 
ON DECEMBER 17. 2000 BY STEWART GED TECHNOLOGIES. INC. 
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I H H  I 
SCALE: 1 INCH = 1000 FEET 
FLIGHT DATE: 
DECEMBER 17, 2000 



LEGEND 
MALWEG - - - -  
100-YR FLOODPWN BOUNDARY 

SECTION UNE 

SECTION NUMBER 32 
ZONE DESIGNATION ZONE A 

STATION RIVER MILE 

CROSS SECTION 

REGULATORY DISCHARGE (cfs) 

EXISTING CENTENNU WASH ROODWAY 

EXISTING CENTENNU WASH 
ZONE AE FLOODPWN 

n p ~ o  N A ~ M  UNE ......... T, G ............... G ........ 

NOTFS 

THIS MAP WAS PREPARED FROM LVWlCOPA COUNM DIGITAL TERWN 
MODELS (DM) PREPARED FROM K R U  PHOTOGRAPHS FLOWN 
ON DECEMBER 17, 2 0 W  BY STEWART GEO TECHNOLOGIES. INC. 

500 '  0' 
~ H H  

SCALE: 1 INCH = 1 0 0 0  FEET 
FLIGHT DATE: 
DECEMBER 17. 2 0 0 0  

I 

'40. I BY 1 I  I  
DESCRIPTION I APP'D I DATE 

R E V I S I O N S  

LOWER CENTENNIAL WATERSHED 
PHASE III - ZONE A 

FLOODPLAIN DELINEATION~STUDY 
F.C.D. CONTRACT NO. 2 0 0 3 C 0 6 1  - PLANNINO . D E S I Q N  . CONSTRUCTION 

W24672MO FAX W24672201 . w F B F c o m  
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