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ALLUVIAL FAN FLOODPLAIN DELINEATION STUDY- FAN 7, 8 & 12 

1. INTRODUCTION 

1.1 Study Purpose 

T he purpose of this fl oodplain delineation study is to de lineate an approx imate method I 00-year 

f loodplain for allu vial fan Sites 7, 8 and 12 on the White Tank Piedmont as identi fied in the Buckeye Sun 

Valley Area Drain age Master Study (PBSJ, 2005). The names, Sites 7, 8 and 12, will be used frequentl y 

in thi s report to refer to the allu vial fans which are the subject of this report, to di st ingui sh them from 

other allu vial fans on the western piedmont of the White Tank Mountains. This study incorporates the 

assessment methods fo r piedmont flood hazard as outlined in Piedmont F lood Hazard Assess ment 

Manual for Maricopa County (PFHAM) (Hj almarson, 2003) and fo r allu vial fans in the Guidelines and 

Specifications for F lood Hazard Mapping Partners, Appendi x G : Guidance for Alluv ia l Fan Flooding 

Analyses and Mapping (FEMA Guide lines) (FEMA, 2002), as we ll as approx imate method ri veri ne 

f loodplain de lineations for reaches upstream of the alluvia l fan apex . 

1.2 Study Authority 

The current study was authorized by the Flood Control District of Maricopa County (District) 

under contract FCD 2005 C024, Task 8. The study was performed by JE Fuller/Hydro logy & 

Geomorphology, Inc . on behalf of the District. 

1.3 Study Location 

Figure 1. 1 shows the location of the White Tank Mountain Piedmont study area. F igure 1.2 shows 

the Sites 7, 8 and 12 allu vial fans and their wate rsheds. The study area is located in western Maricopa 

County, Arizona, within the Town of Buckeye and porti ons of unincorporated Maricopa County. The 

piedmont watershed heads in the White Tank Mountains and generall y drains toward the Hassayampa 

Ri ver, or one of its tributaries. Some piedmont runoff outfall s at the Buckeye Flood Retarding Structures 

(FRS) before being released into the Hassayampa Ri ver. 

The study area has a semj-arid desert c limate with an average annual precipitation of generall y 

less than I 0 inches. Precipitation is typicall y di vided between two seasons with comparable ra infall 

amounts: summer and winter. Summer storms are associated with warm, moist tropical air masses that 

enter the state from the Gulf of Mex ico and Gulf of Californi a, produc ing moderate to intense localized 

thundershowers. Winter prec ipitation usuall y originates f rom the Paci fic Ocean and produces li ght to 

moderate precipitation over re lati ve ly large areas. A third source of precipitation is from di ss ipating 

JE FULLER Fan 7, 8 and 12 FDS Page 1- 1 
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ALLUVIAL FAN FLOODPLAIN DELINEATION STUDY- FAN 7, 8 & 12 

tropical storm and/or hurricane remnants, which typicall y occur in fall , and which generate moderate to 

hi gh rainfall intensities of moderate to long durati on. 

1.4 Methodology 

T hi s study used methods outlined in the Drainage Design Manuals for Maricopa County. In 

addition, the study uses piedmont flood hazard assessment methods outlined in the District's PFHAM and 

in the FEMA Guidelines. These two documents were publi shed in response to the Nati onal Research 

Counc il 's Allu vial Fan Flooding report (NRC, 1996). The FEMA Guide lines are targeted at 

determinati on of fl ood hazards on a llu vial fan landfo rms. The PFHAM, which is recommended for use in 

Maricopa County, Arizona, is intended to be applicable to the entire piedmont, not just a llu vial fans. The 

PFHAM methodology incorporates geomorphic methods into the fl ood hazard assessme nt of pied mont 

surfaces. According to the FEMA Guidelines, the geomorphic approach is considered an "approx imate 

method" (FEMA Guidelines p. G-J 2, Table G-1) because no base flood e levations are calcul ated . 

1.4.1 Hydrology 

The U.S . Army Corps of Engineers HEC-l model (version 4 .1) was used to compute 

runoff hydrographs and peak discharges. Parameters were processed into HEC-1 through the 

DDMSW version 3.2.8 software from the FCDMC. Documentati on of the hydrologic modeling 

fo r thi s study is prov ided in Secti on 4.0 of this Tec hnical Documentation Notebook (TON). 

1.4.2 Hydraulics 

T he U.S Army Corps of Engineers HEC-RAS model (version 3. 1.3) was used to compute 

the water surface profil es used fo r the ri ve rine approx imate fl oodplain de lineati ons upstream of 

the Site 7, 8 and 12 allu via l fan hydrographic apexes. A description of the approx imate method 

ri verine floodplain de lineation is provided in Section 5.0 of thi s TON. 

1.4.3 Geomorphology 

Geomorphic methods that incorporate landfo rm characteri stics, surfic ial geologic 

mapping, so il s mapping, f ield observati ons and aeri al photograph interpretati on as described in 

the PFHAM and FEMA Guide lines were used to de lineate fl oodpla ins on the a lluvial fan 

surface . A descripti on of the geomorphic method fl oodplain de lineati on is provided in Section 

6B of thi s TON . 

IE FULLER Fan 7, 8 and 12 FDS Page 1-4 
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1.5 Acknowledgements 

This study was funded entire ly by the Flood Control District of Maricopa County. Assistance and 

review from their staff was critical to the success of thi s proj ect. In addition, staff at the Town of 

Buckeye supplied valuable information used in the completi on of thi s project. 

1.6 Study results 

The study re ulted in the delineation of 1.7 mil es of approximate riverine 100-year floodplain and 

5.75 square miles of allu vial fan fl oodplain . The inundation areas fo r the newly delineated fl oodplai ns are 

shown on the maps in Section 6B and 7 and the Exhibit Maps at the end of thi s notebook . The fl oodp la in 

mapping also includes admini strative flood hazard zones defined by the Flood Contro l District of 

Maricopa County for the local management of flood hazards on the alluvial fan . 

IE FULLER Fan 7, 8 and 12 FDS Page 1-5 
HYDROlCXiY d G[OI'IORDHOlCXiY. InC 



• 

• 

• 



• 

• 

• 

2. ADWRIFEMA FORMS 

2.1 Study Documentation Abstract for FEMA Submittals 

Study Documentation Abstract 
For FEMA Submittals 

2. 1 . I Date Study Accepted 
2. 1.2 Study Prime Contractor 

Contact(s) 
Address 

Phone 

Initia l 
Study 

Internal Reference Number 
2 . 1.2 Study Sub-Contractor 

Contact(s) 
Address 
Phone 
Internal Reference Number 

2. 1.2 Sub Study Sub-Contractor 
Contact(s) 
Address 
Phone 
Internal Reference Number 

2.1.3 FEMA Technical Review 
Contractor 

2.1.4 

2. 1.5 

2. 1.6 

2 .1.7 
2.1.8 

2. 1.9 

2.1.10 

Contact(s) 
Address 

Phone 
Inte rnal Reference Number 
FEMA Regional Reviewer 
Phone 
State Technical Reviewer 
Phone 
Loca l Technical Reviewer 

Phone 
Reach Description 
USGS Quad Sheet(s) with 
original photo date & latest 
photo revis ion date 
Unique Conditions and 
Problems 
Coordination of Peak 
Discharges (Agency, Date, 
Comments) 

IE FULLER 
NYDROlCXiY d GtOI'ORPNGCXiY. InC 

Restudy CLOMR LOMR X Other 

JE Full er I Hyd rology and Geomorphology, Inc. 
Brian R. Iserman, P.E. & Jonathan E. Fu ller, P.E. , R.G., CFM 
8400 S. Kyrene Rd ., Suite 20 1 
Tempe, AZ 85284 
(480) 752-2124 
2005C024 
None 

Michael Baker, Jr. 
Mounir Boudjemaa 
3600 Eisenhower Ave. 
Suite 600 
Alexandria, VA 22304 
703-960-8800 

Michael Baker, Jr. Engineering 
(703) 960-8800 
None 

Flood Control District of Maricopa County (FCDMC) 
Kathryn Gross, CFM 
(602) 506-150 I 
White Tank Mounta ins Fans 7, 8, 12 
Valencia, Arizona, 1954, Photo revision 1978 
Buckeye NW, Arizona, 1958, Photo revision 1982 

Alluvial Fan Flooding 

FCDMC- Sun Valley ADMS (2005); Sun Valley ADMP (2006) 
Ex isting Conditions HEC- 1 Model Results 

Fan 7 , 8 and J2 FDS Page 2- 1 



• 2.2 FEMAForms 

• 

• 
IE FULLER Fan 7, 8 and 12 FDS Page 2-2 

NYDROLCXiY d GfOI\ORDNaCXil InC 



FEDERAL EMERGENCY MANAGEMENT AGENCY O.M.B No. 3067-0148 
Expires September 30, 2005 
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obtain or retain benefits under the National Flood Insurance Program. Please do not send your completed survey to the above address. 

A. REQUESTED RESPONSE FROM FEMA 
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0 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). 
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Structures: 0 Channelization D Levee/Fioodwall 0 Bridge/Culvert 

0 Dam 0 Fill D Other, Attach Description 



C. REVIEW FEE 

Has the review fee for the appropriate request category been included? Yes Fee amount: $ __ 
~ No, Explanation: New Delineation by Agency 

Map changes based on flood hazard information meant to improve upon that shown on the flood map or within the flood study. 
Please see the FEMA Web site at for Fee Amounts and Exem ons. 

D. SIGNATURE 

my knowledge. I understand that any false statement may be punishable by 

Name: Kathryn Gross, CFM, Project Manager Company: Flood Control District of Maricopa County 

Mailing Address: 
2801 West Durango Street 
Phoenix, AZ 85009 

Daytime Telephone No.: 
(602) 506 1501 

Fax No. : 
602-506-4601 

E-Mail Address: kag @mail.maricopa.gov 

Signature of Requester (required): Date: 

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, wi ll 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 avai lable upon request by FEMA, al l analyses and documentation used to make this determination. 

Community Official 's Name and Title: Telephone No.: 

Community Name: Community Official 's Signature (required): Date: 

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 . 

Certifier's Name: Jonathan Fuller, P.E. 

Company Name: JE Fuller/Hydrology & 
Geomorphology, Inc. 

Signature: 

License No. : 26846 

Telephone No.: 480-752-2124 

Form Name and (Number) Required if ... 

Expiration Date: 
March 31 , 2008 

Fax No.: 
480-839-2193 

Date: 

i:8l Riverine Hydrology and Hydraulics Form (Form 2) New or revised discharges or water-surface elevations 

D Riverine Structures Form (Form 3) Channel is modified, addition/revision of bridge/culverts, 
addition/revision of levee/floodwall , addition/revision of dam 

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

D Coastal Structures Form (Form 5) Addition/revision of coastal structure 

l:8l Alluvial Fan Flooding Form (Form 6) Flood control measures on alluvial fans 



D. SIGNATURE (continued) 
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: Kathryn Gross, CFM, Project Manager Company: Flood Control District of Maricopa County 

Mailing Address: Daytime Telephone No.: Fax No.: 
2801 West Durango Street (602) 506 1501 602-506-4601 
Phoenix, AZ 85009 

E-Mail Address: mwd @ mail.maricopa.gov 

Signature of Requester (required): Date: 

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 fl oodplain 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 wi ll be reasonably safe from flooding as defined in 44CFR 65.2(c) . and that we 
have avai lable upon request by FEMA, all analyses and documentation used to make this determination. 

Community Official 's Name and Title: Telephone No.: 

Community Name: Community Official 's Signature (required): Date: 

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 th is req uest 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. 

Certifi er's Name: Jonathan Fuller, P.E. License No.: 26846 Expiration Date: 
March 31, 2008 

Company Name: JE Ful ler/Hydrology & Telephone No.: 480-752-2124 Fax No.: 
Geomorphology, Inc. 480-839-2 193 

Signature: 

J~ 
Date: 

I 7- · ? ~.:1"'( 
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FEDERALEMERGENCYMANAGEMENTAGENCY O.M.B No. 3067-0148 

RIVERINE HYDROLOGY AND HYDRAULICS FORM Expires September 30, 2005 

PAPERWORK REDUCTION ACT 

Public reporti ng burden for this form is estimated to average 3 hours per response. The burden estimate includes the time for reviewing instructions, searching 
ex isting data sources, gathering and maintaining the needed data, and completing, reviewing, and submitting the form. You are not required to respond to thi s 
collection of information unless a va lid OMB control number appears in the upper ri ght corner of this form . Send comments regarding the accuracy of the burden 
es timate and any suggestions for reducing this burden to: ln fonnati on Collections M anagement, Federal Emergency M anagement Agency, 500 C Street, SW, 
Washington DC 20472, Paperwork Reduction Proj ect (3067-01 48). Submiss ion of the form is required to ob tain or retain benefits under the National Rood 
In urance Program. Please do not send your completed survey to the above address. 

Flooding Source: White Tank Mountains Fans 7 
Note: Fi ll out one form for each flooding source studied 

A. HYDROLOGY 

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

181 No existing analysis 181 Improved data D Not revised (skip to section 2) 

D Alternati ve methodology D Proposed Conditions (CLOMR) 0 Changed phy ical condition of watershed 

2. Compari son of Representati ve I %-Annual-Chance Discharges 

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

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

D Statistical Analysis of Gage Records 
D Regional Regression Equations 

[8:1 Precipitation/Runoff Model HEC-1 [TR-20, HEC-1, HEC-HMS etc.] 
0 Other (please attach description) 

Revised (cfs) 

Please enclose all relevant models in digital format, maps, computations (including computation of parameters) and documentation to support the new analys is. 
The document, "Numerical M odel Accepted by FEMA for FIP U age" li sts the models accepted by FEMA. This document can be found at: 
http://www. fema. gov/mi tltsciJen mocl l.htm. 

4. Review/ Approval of Analys is 

If your communi ty requires a regional, state, or federal agency to review the hydrologi c analysis, please attach evidence of approval/review. 

5. Impacts of Sediment Transport on Hydrology 

Was sediment transport considered? 0 Yes [8:1 o If yes, then fi l l out Section F (Sediment Transport) of Form 3. If No, then attach your explanation 
for why sediment transport was not considered. Explanation: Sediment transport is not an element in the local approved hydrologic modeling procedures, nor 
is it a variable in the local USGS discharge regression equations. Sediment transport is considered explicitly in the alluvial fan floodplain delineation. 

B. HYDRAULICS 

1. Reach to be Revised: No existing del ineations are revised. New approximate ri verine delineations are submitted upstream of fan apexes. 

Description Cross Section Water-Surface Elevations (ft. ) 

Effective Proposed/Revised 

Downstream Limit See attached annotated FIRMs 

Upstream Limit See attached annotated Fl RMs 

• 2. Hydraulic Method Used 

Hydrau lic Analysis HEC-RAS [HEC-2 , HEC-RAS, Other (Attach description)] 



• 

• 

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 NFIP 
requirements, and that the data are comparable with the assumptions and limitations of HEC-2/HEC-RAS. CHECK-2 and CHECK·RAS identify 
areas of potential error or concern . These tools do not replace engineering judgment. CHECK·2 and CHECK-RAS can be downloaded from 
http://www.fema. gov/mit/tsd/frm soft.htm. 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 val id modeling discrepancies will result in reduced review time. 

HEC-2/HEC-RAS models reviewed with CHECK-2/CHECK-RAS? 

4. Models Submitted 

Duplicate Effective Model* 
Corrected Effective Model* 

Natural File Name: 
Natural File Name: 

0 Yes ~ No 

Floodway File Name: 
Floodway File Name: 

Existing or Pre-Project Conditions Model 
Revised or Post-Project Conditions Model 
Other- (attach description) 

Natural File Name: Fan? _8_12 
Natural File Name: 

Floodway File Name: Fan? _8_12 
Floodway File Name: 

Natural File Name: Floodway File Name: 

* Notre 1uired for revisions to approximate I %-an nual-chance fl oodplains (Zone A) - for detai ls, refer to the corresponding section of the instructions. 

The document "Numeri cal Models Accepted by FEMA for NFIP Usage" lists the models accepted by FEMA. This document can be found at : 

http://www. fema.gov/mit/ tsd/cn modl.htm. 

C. MAPPING REQUIREMENTS 

A certified topographic map must be submitted showing the following information (where applicable): the boundaries of the effect ive, ex isting, and proposed 
conditions I %-annual-chance floodplain (for approximate Zone A revisions) or the boundaries of the I %- and 0.2%-annual-chance fl oodplains and regulatory 
fl ood way (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; certifi cation of a registered profess ional 
engineer registered in the subjec t State; location and description of reference marks; and the referenced verti ca l datum (NG VD, NA VD, etc.) . 

Note that the boundruies of the existing or proposed conditions fl oodplains and regulatory fl oodway to be shown on the revised FIRM and/or FBFM must tie-in with 
the effecti ve floodplain and regulatory fl ood way boundaries. Please attach a copy of the effective FIRM and/or FBFM, annotated to show the boundarie of the 
revised I%- and 0.2%-annual-chance floodplains and regulat01y flood way that tie- in with the boundaries of the effective I %- and 0.2%-annual-chance fl oodplain 
and regulatory fl ood way at the upstream and downstream limits of the area of revision. 

D. COMMON REGULATORY REQUIREMENTS 

I . For CLOM R requests, do Base Flood Elevations (BFEs) increase? 0 Yes 0 No 

For CLOM R requests, if either of the following is true, please submit evidence of compliance with Section 65. 12 of the NFIP regulations: 

The proposed proj ect encroaches upon a regulatory fl oodway 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 in volve the placement or proposed placement of fi ll? 0 Yes [8:1 No 

If Yes, the community must be able to certify that the area to be removed from the special fl ood hazard area, to include any structures or proposed structures, 
meets all of the standards of the local fl oodplain ordinances, and is reasonably safe from flooding in accordance with the NFIP 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? 0 Yes [8:1 No 

If Yes, auach evidence of regulatory flood way revision notifi cation. As per Paragraph 65.7(b)( I ) of the NFIP Regulations, notifi cation is required for requests 
involving revisions to the regulatory fl oodway. (Not required for revisions to approximate I %-annual-chance floodplains [studied Zone A designation] unless 
a regulatory floodway is being added. Elements and examples of regulatory flood way revision notifi cation can be found in the MT-2 Form 2 Instructions.) 

4. For LOMR requests, does this reques t req uire property owner notifi cation and acceptance of BFE increase ? D Yes [8:1 No 

• 

If Yes, please attach proof of property owner notifi cation and acceptance (i f available). Elements of and examples of property owner notifi cation can be found 

...... in .. th•e• M .. T···2•F•o•rm .. 2 .. m.st•r•uc• t•io•n•s• . ........................................................................................ .. 
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FEDERALEMERGENCYMANAGEMENTAGENCY O.M.B No. 3067-0148 

RIVERINE HYDROLOGY AND HYDRAULICS FORM Expires September 30, 2005 

PAPERWORK REDUCTION ACT 

Public reporting burden for this form is es timated to average 3 hours per response. The burden es timate 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 
collecti on of information unless a valid OMB conLrol number appears in the upper ri ght corner of this form . Send comments regarding the accuracy of the burden 
estimate and any suggestions for reducing this burden to: Information Collections M anagement, Federal Emergency Management Agency, 500 C Street, SW, 
Washington DC 20472, Paperwork Reduction Project (3067-0 148). Submission of the form is required to obtain or retain benefit under the National Flood 
Insurance Program. Please do not send your completed survey to the above address. 

Flooding Source: White Tank Mountains Fan 8 
Note: Fi ll out one form for each fl ooding source studied 

A. HYDROLOGY 

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

[81 No existing analysis [8:1 Improved data D Not revised (skip to section 2) 

D Alternati ve methodology D Proposed Conditions (CLOMR) D Changed physical condition of watershed 

2. Compari son of Representati ve I %-Annual-Chance Discharges 

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

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

D Statistical Analysis of Gage Records 
D Regional Regression Equations 

[81 Precipitation/Runoff Model HEC-1 [TR-20, HEC-1 , HEC-HMS etc.] 
D Other (please attach description) 

Revised (cfs) 

Please enclose all relevant models in digital format, maps, computati ons (including computation of parameters) and documentation to support the new analys is. 
The document, "Numerical M odels Accepted by FEMA for N FIP Usage" li sts the models accepted by FEMA. This document can be found at: 
http://www. fema. gov/mi lltsd/en modl.htm. 

4. Review/ Approval of Analys is 

If your community require a regional, state, or federal agency to review the hydrologic analys is, please anach evidence of approval/review. 

5. Impact of Sediment Transport on Hydrology 

Was sediment transport considered? D Yes [8:1 No If yes, then fill out Section F (Sediment Tran port) of Form 3. If No, then attach your ex planation 
for why sediment transport was not considered. Explanation: Sediment transport is not an element in the local approved hydrologic modeling procedures, nor 
is it a variable in the local SGS discharge regress ion equations. Sediment transport is considered explicitly in the allu vial fan fl oodplain delineation. 

B. HYDRAULICS 

1. Reach to be Revised: No existing delineations are revised. New approximate riverine delineations are submitted upstream of fan apexes. 

Description Cross Section Water-Surface Elevations (ft.) 

Effective Proposed/Revised 

Downstream Limit See attached annotated Fl RMs 

Upstream Limit See attached annotated FIRMs 

2. Hydraulic Method Used 

Hydrau lic Analys is HEC-RAS [HEC-2 , HEC-RAS , Other (Attach description)] 



~ 

~ 

B. HYDRAULICS (CONTINUED) 

3. Pre-Submittal Review of Hydrau lic Models 

FEMA has developed two review programs, CHECK-2 and CH ECK-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-2/HEC-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/mit!tsd/frm soft.htm. We recommend that you review your HEC-2 and HEC-RAS models with CH ECK-2 and CHECK-RAS. 
If you disagree with a message, please attach an explanation of why the message is not valid in this case . Review of your submittal and 
resolution of valid modeling discrepancies will result in reduced review time. 

HEC-2/HEC-RAS models reviewed with CHECK-2/CHECK-RAS? 

4. Models Submitted 

Duplicate Effective Model * 
Corrected Effective Model* 

Natural File Name: 
Natural File Name: 

0 Yes [8:1 No 

Floodway File Name: 
Floodway File Name: 

Existing or Pre-Project Conditions Model 
Revised or Post-Project Conditions Model 
Other- (attach description) 

Natural File Name: Fan? _8_12 
Natural File Name: 

Floodway File Name: Fan? _8_12 
Floodway File Name: 

Natural File Name: Floodway File Name: 

*Not required for rev isions to approximate I %-annual -chance floodplains (Zone A)- for detai ls, refer to the corresponding section of the instructions. 

The document "Numeti cal Models Accepted by FEMA for NFIP Usage" li sts the models accepted by FEMA. Thi s document can be fo und at: 

http ://www. fcma.gov/mit/ tsd/en modl.h tm . 

C. MAPPING REQUIREMENTS 

A certified topographic map mu t be submitted showing the fo llowing information (where applicab le): the boundaries of the e ffecti ve, ex isting, and proposed 
conditions I %-annual-chance fl oodplain (for approx imate Zone A rev isions) or the boundari es o f the I%- and 0.2%-annual-chance floodplains and regulatory 
floodway (for detailed Zone AE, AO, and AH rev isions); location and a lignment of all cross secti ons with stati oning control indicated ; stream, road, and omer 
ali gnments (e.g., dams, levees, e tc.); current community easements and boundaries; boundaries of the requester's property; certifi cation of a registered profess ional 
engineer registered in the subject State; location and description o f reference marks; and the referenced vertica l datum (NGVD, NA VD, etc.). 

Note that the boundati es of the ex isting or proposed conditions floodplains and regulatory fl oodway to be shown on me rev ised FIRM and/or FBFM must tie-in with 
the effecti ve floodplain and regulatory flood way bou ndmies. Plea e attach a copy of the etl'ective FIRM a nd/or FBFM, annotated to show the boundaries of the 
revised I%- and 0.2%-annual -chance floodplains and regu latory flood way that tie-in with the boundari es of the effecti ve I%- and 0.2%-annual-chance floodplain 
and regulatory fl ood way at the upstream and downstream limi ts of the area o f revision. 

D. COMMON REGULATORY REQUIREMENTS 

I. For CLOMR requests, do Base Flood Elevations (BFEs) increase? 0 Yes 0 o 

For CLOM R reques ts, if either of the following is true, please submit evidence of compliance with Section 65. 12 of the NF IP regulations: 

The proposed project encroaches upon a regulatory fl ood way and would result in increases above 0.00 foot. 
The proposed project encroaches upon a SFHA with BFEs estab li shed and would result in increases above 1.00 foot. 

4. Does the reques t involve the placement or proposed placement of fi ll ? 0 Yes ~ No 

If Yes, the community mu st be ab le to certi fy that the area to be removed from the specia l flood haza rd area, to include any structures or proposed structures, 
meets all of the standards of me local floodplain ordinances , and is reasonably safe from flooding in accordance with me NFIP regulati ons set forth at 44 CFR 
60.3(a)(3), 65.5(a)(4) , and 65.6(a)( J4). Please see the MT-2 instructi ons for more in fo rmation. 

3. For LOMR requests, is the regulatory floodway being revised? 0 Yes~ No 

If Yes, attach evidence o f regulatory fl ood way revision notifi cati on. As per Paragraph 65.7(b)( I) of the NFIP Regulati ons, notifi cati on is required for requests 
in volving rev isions to me regulatory flood way. (Not required fo r revisions to approxi mate I %-annual-chance floodp lains [studied Zone A des ignation]unless 
a regulatory fl ood way is being added. Elements and examples of regulatory fl ood way revision notifi cati on Call be found in the MT-2 Form 2 Instructions.) 

4. For LOMR requests, does thi s req uest req uire property owner notification and acceptance of BFE increases? 0 Yes [8:1 No 

If Ye , please attach proof of property owner notifi cati on and acceptance (if available). Elements o f and examples o f property owner notifi ca ti on can be found 

~ ...... i•n•m• e .. M•T•-•2•F•o•r•n1• 2 .. ln•s•tt•·u·c•ti.on• s·· ........................................................................................ ~ 
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O.M.B No. 3067-0148 

FEDERAL EMERCENCYMA NACEMENT ACENCY Expires September 30, 2005 

RIVERINE HYDROLOGY AND HYDRAULICS FORM 

PAPERWORK REDUCTION ACT 

Public reporting burden for this form is es timated to average 3 hours per response. The burden estimate incl udes 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 ri ght corner of this form. Send comments regarding the accuracy of the burden 
estimate and any suggestions for reducing this burden to: Information Collections M anagement, Federal Emergency M anagement Agency, 500 C Street, SW, 
Washington DC 20472, Paperwork Reduction Proj ect (3067-0148). Submission of the form is required to obtain or retain benefi ts under the ational Flood 
Insurance Program. Please do not send your completed survey to the above address. 

Flooding Source: White Tank Mountains Fan 12 
Note: Fill out one form for each nooding source studied 

A. HYDROLOGY 

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

D Not revised (skip to section 2) 

D Alternati ve methodology 

1:8:1 No existing analysis 

0 Proposed Conditions (CLOMR) 

2. Compruison of Representati ve I %-Annual-Chance Discharges 

Location Drainage Area (Sq . Mi.) 

~ Improved data 

0 Changed phys ica l condition of watershed 

FIS (cfs) Revised (cfs) 

• 3. Methodology for New Hydrologic Analys is (check all that apply) 

0 Statistical Analysis of Gage Records 
0 Regional Regression Equations 

1:8:1 Precipitation/Runoff Model HEC-1 [TR-20, HEC-1 , HEC-HMS etc.] 
D 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, "Numerica l M odels Accepted by FEM A for FIP Usage" lists the models accepted by FEM A. This document can be found at: 
hnp:l/www.fema.gov/mitltscUen modl.htm. 

4. Review/Approval of Analys is 

If your community requ ires a regional, state, or federal agency to rev iew the hydrologic analys is, please auach evidence of approval/ review. 

5. Impacts of Sediment Transport on Hydrology 

Was sediment transport considered? D Yes ~ No If yes, then fi ll out Section F (Sediment Transport) of Form 3. If No, then attach your explanation 
for why sediment tran port was not considered. Explanation: Sediment transport is not an element in the local approved hydrologic modeling procedures, nor 
is it a variab le in the local USGS discharge regression equations. Sediment transport is considered explici tly in the allu vial fan noodplain delineation. 

B. HYDRAULICS 

1. Reach to be Revised: No existing delineations are revi sed. New approximate riverine delineations are submitted upstream of fan apexes. 

Description Cross Section Water-Surface Elevations (ft.) 

Effective Proposed/Revised 

Downstream Limit See attached annotated FIRMs 

Upstream Limit See attached annotated FIRMs 

·~------------------------------~ 
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B. HYDRAULICS (CONTINUED) 

2. Pre-Submitta l Review of Hydrauli c 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 NFIP 
requirements, and that the data are comparable with the assumptions and limitations of HEC-2/HEC-RAS. CHECK-2 and CHECK-RAS identify 
areas of potential error or concern. These tools do not replace engineering judgment. CHECK-2 and CHECK-RAS can be downloaded from 
http://www.fema.gov/mit/tsd/frm soft.htm. We recommend that you review your HEC-2 and HEC-RAS models with CHECK-2 and CHECK-RAS. 
If you disagree with a message, please attach an explanation of why the message is not valid in this case. Review of your submittal and 
resolution of valid modeling discrepancies will result in reduced review time. 

HEC-2/HEC-RAS models reviewed with CHECK-2/CHECK-RAS? 

3. Models Submitted 

Duplicate Effective Model* 
Corrected Effective Model* 

Natural File Name: 
Natural File Name: 

0 Yes [8J No 

Floodway File Name: 
Floodway File Name: 

Existing or Pre-Project Conditions Model 
Revised or Post-Project Conditions Model 
Other- (attach description) 

Natural Fi le Name: Fan? _8_12 
Natural File Name: 

Floodway Fi le Name: Fan7 _8_12 
Floodway File Name: 

Natural File Name: Floodway File Name: 

*Not required for revisions to approximate I %-ann ual-chance floodplains (Zone A) - for detail s, refer to the corre ponding section of the instruct ions. 

The document "Numeri cal Models Accepted by FEMA for NFIP Usage" lists the models accepted by FEMA. This document can be found at: 

htt p://www. fema.gov/mi t/ tsd/en modl.htm . 

C. MAPPING REQUIREMENTS 

A certified topographic map must be submitted showing the fo llowing information (where app licable): the boundari es o f the e ffecti ve, existing, and proposed 
conditions I %-annual-chance fl oodplain (for approximate Zone A revisions) or the boundari es of the I%- and 0.2%-annual-chance floodplains and regulatory 
flood way (for detailed Zone AE, AO, and AH revisions); locati on and alignment of all cross secti ons wiili stati oning control indicated; stream. road , and other 
alignments (e.g. , dams, levees, etc.); current communi ty easements and boundaries; boundaries of the requester's property; certifi cati on of a registered professional 
engineer registered in the subject State; location and description of reference marks; and the referenced verti ca l datum (NGVD, NA VD, etc.) . 

ote that the bounda1ies of the ex isting or proposed conditions floodplains and regulatory fl ood way to be shown on the revised FLRM and/or FBFM must tie-in with 
the effecti ve fl oodplain and regulatory fl ood way boundmi es. Please attach a copy of the effective FIRM and/or FBFM, annotated to show the boundaries of the 
rev ised I%- and 0.2%-annual-chance floodp lai ns and regu latory floodway that tie-in with the boundaries o f ilie effecti ve I%- and 0.2%-annual-chance floodplain 
and regulatory fl ood way at the upstream and downstream limits of the area of revision. 

D. COMMON REGULATORY REQUIREMENTS 

I. For CLOMR reques ts, do Base Flood Elevations (BFEs) increase? 0 Yes 0 o 

For CLOM R requests, if either of the following is true, please submit ev idence of comp liance with Section 65. 12 of the NFIP regula ti ons: 

The proposed project encroaches upon a regulatory flood way 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 invol ve the placement or proposed placement of fill ? 0 Yes 1:8:1 No 

If Yes, the community mu st be able to certify that the area to be removed from the spec ial flood haza rd area, to include any structures or proposed structures, 
meets all of the standards o f the loca l floodpla in ordinances, and is reasonably safe from fl ooding in accordance with the NFIP regulati ons set fo1th at 44 CFR 
60.3(a)(3) , 65.5(a)(4) , and 65.6(a)( 14). Please see the MT-2 instructi ons for more information. 

3. For LOMR requests, is the regulatory floodway being revised? D Yes 1:8:1 No 

If Yes, attach ev idence o f regulatory flood way rev ision notifi cati on. As per Paragraph 65.7(b)( I) of the NFIP Regulations, notification is required for requests 
involving rev isions to ilie regulatory floodway. ( ot required fo r revisions to approx imate !%-annual-chance fl oodplains [studied Zone A des ignation] un less 
a regulatory floodway is being added. Elements and examples of regu lat01y flood way revision notificati on can be fou nd in the MT-2 Form 2 In structions.) 

4. For LOMR requests, does thi s reques t require property owner notifi cation and acceptance of BFE increases? D Yes [8J No 

• 

If Yes, please attach proof o f property owner notifi cati on and acceptance (if ava ilable). Elements of and examples of property owner noti fication can be found 

...... i•n•ili•e• M .. T•-•2•F•o•n•n•2 .. Ln•s•tr•u•co ... o• n•s• ......................................................................................... .l 



FEDERAL EMERGENCY MANAGEMENT AGENCY 

ALLUVIAL FAN FLOODING FORM 

PAPERWORK REDUCTION ACT 

O.M.B. No. 3067-0148 

Expires September 30, 2005 

Public reporting burden for this form is estimated to average 1 hour per response . The burden estimate includes the time for reviewing instructions, 

searching existing data sources, gathering and maintaining the needed data, and completing, reviewing, and submitting the form. You are not required 

to respond to this collection of information unless a valid OMB control number appears in the upper right corner of this form . Send comments regarding 

the accuracy of the burden estimate and any suggestions for reducing this burden to: Information Collections Management, Federal Emergency 

Management Agency, 500 C Street, SW, Washington DC 20472, Paperwork Reduction Project (3067-0148). Submission of the form is required to 

obtain or retain benefits under the National Flood Insurance Program. Please do not send your completed survey to the above address. 

Flooding Source: Fan Site 7 

Note: Fill out one form for each flooding source studied 

A. THREE-STAGE ANAL nes dated February 23, 2000) 

1 . Stage 1 Analysis 

a. The landform is composed of (check one) 181 alluvial 0 debris flow deposits. 

b. Source of data used to determine composition, morphology, and location of the landform: 

NRCS Soils Maps, AZ Geologic Survey Geology Maps, USGS Topographic Maps, Aerial Photos, Field Observation 

c. Is there an NRCS soils survey and soil survey map available? 181 Yes 0 No 

If Yes, please include a copy of the map and any pertinent sections of the soi l survey 

2. Stage 2 Analysis 
a. The alluvial fan exhibits 0 active D inactive 181 a combination of active and inactive alluvial fan flooding . 

b. Approximate age of inactive fan surfaces (thousands of years): yrs. 

c. Is there an opportunity for avulsions that could lead channels or sheetfloods across the older fan surfaces? 
0 Yes 181 No 

d. Is there evidence of headcutting that could lead to stream piracy? 181 Yes D No (Only in active, unstable areas) 

e. Is there geomorphic evidence of past avulsions during the Holocene epoch? 181 Yes 0 No (Only in active, unstable areas) 

f. The fan exhibits the following types of flooding (check one): 

181 Flooding along stable channels 

181 Sheetflow 

D Debris flow 

181 Unstable flow path flooding 

3. Stage 3 Analysis 

The boundaries of the Flo-annual-chance floodplain have been determined using (check one) : 

D Risk-Based Analysis 

D FEMA FAN program (if discharge at the apex is different than that given in the effective FIS, then attach MT-2, Form 2 along with a 
plot of the flood frequency curve on log-normal probability paper and include the drainage area above the hydrographic apex, and the mean, 
standard deviation, and skew coefficient of the curve) 

0 Sheetflow Methods 
0 Hydraulic Analytical Methods 
181 Geomorphic Data, Post-Flood Hazard Verification , and Historical Information 
0 Composite Methods 



• 

B. STRUCTURALFLOODCONTROLMEASURES 

1. The following structural flood control measures are proposed or built (check one): No Structural Measures are Proposed 

0 Channelization 0 Levee/Fioodwall 0 Dam 0 Sedimentation Basin 

2. Do the constructed or proposed structural measures affect flood hazards (including velocity, scour, and sediment deposition) on other areas of the 

fan? 0 Yes 0 No 

3. Attach completed Form 3 (Riverine Structures Form). 

4. Sediment Transport Considerations: 

Was sediment transport considered? D Yes 0 No If Yes , then fill out Form 3, Section F (Sediment Transport). 

If No, then attach your explanation for why sediment transport was not considered. 

5. Please attach a copy of the formal Operations and Maintenance Plan. 

C. MAPPING REQUIREMENTS 

Attach a certified topographic work map showing the following: 

The boundaries of the alluvial fan including: toe, topographic and hydrographic apexes, and lateral boundaries 

The delineation of the active and inactive portions of the fan as determined by the Stage 2 analysis 

The revised F/o-annual·chance floodplain boundaries, as determined by the Stage 3 Analysis, that tie into the effective 

floodplain boundaries 

The correct alignment of all structural features 

The map scale 



FEDERAL EMERGENCY MANAGEMENT AGENCY O.M.B. No. 3067-0148 

Expires September 30, 2005 

ALLUVIAL FAN FLOODING FORM 

PAPERWORK REDUCTION ACT 

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 submit1ing 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. 

Flooding Source: Fan Site 8 

Note: Fill out one form for each flooding source studied 

A. THREE-STAGE ANAL uidehnes dated February 23, 2000) 

1 . Stage 1 Analysis 

a. The landform is composed of (check one) ~alluvial D debris flow deposits. 

b. Source of data used to determine composition, morphology, and location of the landform: 

NRCS Soils Maps, AZ Geologic Survey Geology Maps, USGS Topographic Maps, Aerial Photos, Field Observation 

c. Is there an NRCS soils survey and soil survey map avai lable? [gl Yes 0 No 

If Yes, please include a copy of the map and any pertinent sections of the soil survey 

2. Stage 2 Analysis 
a. The alluvial fan exh ibits 0 active 0 inactive ~ a combination of active and inactive alluvial fan flooding. 

b. Approximate age of inactive fan surfaces (thousands of years) : yrs . 

c. Is there an opportunity for avulsions that could lead channels or sheetfloods across the older fan surfaces? 
0 Yes ~No 

d. Is there evidence of headcutting that could lead to stream piracy? [gl Yes 0 No (Only in active, unstable areas) 

e. Is there geomorphic evidence of past avulsions during the Holocene epoch? ~ Yes 0 No (Only in active, unstable areas) 

f. The fan exhibits the following types of flooding (check one): 

~ Flooding along stable channels 

~ Sheetflow 

0 Debris flow 

~ Unstable fl ow path flooding 

3. Stage 3 Analysis 

The boundaries of the 1%-annual-chance floodplain have been determined using (check one) : 

0 Risk-Based Analysis 

0 FEMA FAN program (if discharge at the apex is different than that given in the effective FIS, then at1ach MT-2, Form 2 along with a 
plot of the flood frequency curve on log-normal probability paper and include the drainage area above the hydrographic apex, and the mean, 
standard deviation, and skew coefficient of the curve) 

D Sheetflow Methods 
0 Hydraulic Analytical Methods 
[gl Geomorphic Data, Post-Flood Hazard Verification , and Historical Information 
D Composite Methods 



• 

B. STRUCTURAL FLOOD CONTROL MEASURES 

1. The following structural flood control measures are proposed or built (check one): No Structural Measures are Proposed 

0 Channelization 0 Levee/Fioodwall 0 Dam 0 Sedimentation Basin 

2. Do the constructed or proposed structural measures affect flood hazards (including velocity, scour, and sediment deposition) on other areas of the 

fan? 0 Yes 0 No 

3. Attach completed Form 3 (Riverine Structures Form). 

4. Sediment Transport Considerations: 

Was sediment transport considered? 0 Yes 0 No If Yes, then fill out Form 3, Section F (Sediment Transport). 

If No, then attach your explanation for why sediment transport was not considered. 

5. Please attach a copy of the formal Operations and Maintenance Plan. 

C. MAPPING REQUIREMENTS 

Attach a certified topographic work map showing the following: 

The boundaries of the alluvial fan including: toe, topographic and hydrographic apexes, and lateral boundaries 

The delineation of the active and inactive portions of the fan as determined by the Stage 2 analysis 

The revised 1%-annual-chance floodplain boundaries , as determined by the Stage 3 Analysis, that tie into the effective 

floodplain boundaries 

The correct alignment of all structural features 

The map scale 



FEDERAL EMERGENCY MANAGEMENT AGENCY O.M.B. No. 3067-0148 

Expires September 30, 2005 

ALLUVIAL FAN FLOODING FORM 

PAPERWORK REDUCTION ACT 

Public reporting burden for this form is estimated to average 1 hour per response. The burden estimate includes the time for reviewing instructions, 

searching existing data sources, gathering and maintaining the needed data, and completing, reviewing, and submitting the form . You are not required 

to respond to this collection of information unless a valid OMB control number appears in the upper right corner of this form . Send comments regarding 

the accuracy of the burden estimate and any suggestions for reducing this burden to: Information Collections Management, Federal Emergency 

Management Agency, 500 C Street, SW, Washington DC 20472, Paperwork Reduction Project (3067-0148). Submission of the form is required to 

obtain or retain benefits under the National Flood Insurance Program. Please do not send you r completed survey to the above address. 

Flooding Source: Fan Site 12 

Note: Fill out one form for each flooding source studied 

A. THREE-STAGE ANALYSIS (Based on FEMA Guidelines dated February 23, 2000) 

1 . Stage 1 Analysis 

a. The landform is composed of (check one) 1:8] alluvial 0 debris flow deposits. 

b. Source of data used to determine composition, morphology, and location of the landform. 

NRCS Soils Maps, AZ Geologi c Survey Geology Maps, USGS Topograph ic Maps, Aerial Photos, Field Observation 

c. Is there an NRCS soils survey and soil survey map available? [8J Yes D No 

If Yes , please include a copy of the map and any pertinent sections of the soil survey 

2. Stage 2 Analysis 
a. The alluvial fan exhibits 0 active D inactive [8J a combination of active and inactive alluvial fan flooding. 

b. Approximate age of inactive fan surfaces (thousands of years): yrs. 

c. Is there an opportunity for avulsions that could lead channels or sheetfloods across the older fan surfaces? 
D Yes 1:8] No 

d. Is there evidence of headcutting that could lead to stream piracy? 1:8] Yes D No (Only in active, unstable areas) 

e. Is there geomorphic evidence of past avulsions during the Holocene epoch? [8J Yes 0 No (Only in active, unstable areas) 

f. The fan exhibits the following types of flooding (check one): 

[8J Flooding along stable channels 

[8J Sheetflow 

D Debris flow 

[8J Unstable flow path flooding 

3. Stage 3 Analysis 

The boundaries of the 1%-annual-chance floodplain have been determined using (check one) : 

D Risk-Based Analysis 

0 FEMA FAN program (if discharge at the apex is different than that given in the effective FIS, then attach MT-2, Form 2 along with a 
plot of the flood frequency curve on log-normal probability paper and include the drainage area above the hydrographic apex, and the mean, 
standard deviation, and skew coefficient of the curve) 

D Sheetflow Methods 
0 Hydraulic Analytical Methods 
1:8] Geomorphic Data, Post-Flood Hazard Verification , and Historical Information 
D Composite Methods 



• 

B. STRUCTURALFLOODCONTROLMEASURES 

1. The following structural flood control measures are proposed or built (check one): No Structural Measures are Proposed 

D Channelization D Levee/Fioodwall D Dam · 0 Sedimentation Basin 

2. Do the constructed or proposed structural measures affect flood hazards (including velocity, scour, and sediment deposition) on other areas of the 

fan? 0 Yes D No 

3. Attach completed Form 3 (Riverine Structures Form). 

4. Sediment Transport Considerations: 

Was sediment transport considered? D Yes 0 No If Yes, then fill out Form 3, Section F (Sediment Transport). 

If No, then attach your explanation for why sediment transport was not considered . 

5. Please attach a copy of the formal Operations and Maintenance Plan. 

C. MAPPING REQUIREMENTS 

Attach a certi fi ed topographic work map showing the fo llowing: 

The boundaries of the alluvial fan including: toe, topographic and hydrographic apexes, and lateral boundaries 

The delineation of the active and inactive portions of the fan as determined by the Stage 2 analysis 

The revised 1%-annual-chance floodplain boundaries , as determined by the Stage 3 Analysis, that tie into the effective 

floodplain boundaries 

The correct alignment of all structural features 

The map scale 
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3. MAPPING AND SURVEY INFORMATION 

3.1 Field Survey Information 

Ground control survey work associated with the topographic mapping was perfo rmed by RBF 

Consulting of Phoeni x, Arizona under contract with the FCDMC. The survey data for thi s project is 

presented in the North American Datum of 1983 (NAD 83), 1992 Central Zone of Arizona State Plane 

Coordinate System. E levati ons are referenced to the North American Vertical Datum of 1988 

(NA VD88). All survey was provided under separate contract to the Flood Contro l Di trict of Maricopa 

County in associati on with the topographic mapping described below. 

3.2 Mapping 

The topographic mapping was provided by Landata Airborne Systems of Irvi ne California, under 

contract with the FCDMC in 2000/2001 . The fli ght dates for the mapping were 12- 16-00, I 2- 17-00, and 

12-27-00. The topographic mappi ng was prepared by photogrammetric methods to natio nal map 

accuracy standards for l -inch equals 500 feet with a I 0-foot contour in terva l. Topographic mapping was 

prov ided by the Flood Control District of Maricopa County . 
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ALLUVIAL FAN FLOODPLAIN DELINEATION STUDY- FAN 7, 8 & 12 

4. HYDROLOGY 

4.1 Method Description 

The methods empl oyed in thi s study were those outlined in the cun·ent Drainage Design Manua l 

fo r Maricopa County, Volume I, Hydrology ( 1995) and 2003 draft revised Hydro logy Manual. The 

DDMSW vers ion 3.2.8 was used to assist in the development of the HEC-1 mode ls. Th e U.S. Army 

Corps of Engineers HEC- 1 mode l (version 4. I ) was used to compute runoff hydrographs and peak 

di scharges. 

Rainfall losses were calcul ated by use of the Green and A mpt infiltrati on equati on with an 

a llowance for surface retention loss within HEC- 1. The Phoeni x Mounta in S-Graph was used to generate 

unit hydrographs. Channel routing was performed using the normal de pth Modified Pui s method. 

Peak d ischarges were estimated at vari ous concentration points. Ra infall-runoff mode ls were 

generated for the I 00-year return period fo r the 6- and 24-hour durations. The larger estimate is 

recommended fo r use in the fl oodplain de lineati on. 

4.2 Parameter Estimation 

4. 2.1 Drainage Area Boundaries 

The study area watershed and hydrologic subbas ins are shown on P late I . The total 

watershed area mode led is approx imate ly 3.5 square miles. Three indi vidual subbas ins were 

mode led vary ing in s ize from 0.52 to 1.55 square miles in size. Subbas in boundaries were 

de lineated in ArcGIS 9.2 based on examination of the 2005 0.8 ft pixe l color orthorectified aerial 

photographs and the tO-foot topography (dated 2001 ). Watershed areas were computed using 

XTools within ArcGIS . 

4.2.2 Watershed work maps 

Refer to Pl ate I for the watershed work map used for the HEC-1 mode ling. Plate 2 

shows the Natural Resources Conservation Service (NRCS) so il s data and the distribution of 

saturated conducti vity va lues for the area. Plate 3 shows the ex isting conditions land use 

distributi ons fo r the watersheds . 

JE FULLER Fan 7, 8 and 12 FDS Page 4- 1 
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ALLUVIAL FAN FLOODPLAIN DELINEATION STUDY- FAN 7, 8 & 12 

4.2.3 Gage data 

4.2.4 

No streamflow gage data were avail ab le fo r the washes in the study area. Therefore, the 

results of the rainfa ll -runoff modeling are compared with the U.S. Geological Survey (USGS) 

regional regression equations and previous studies in Section 4 .5. 

Hi storical Floodi ng Information 

F ie ld ( 1994) describes signi ficant channel changes resulting from a large trop ical storm in 

195 1 as reported in Kangieser ( 1969). T he National Weather Service (NWS) Buckeye station 

(#021026) recorded 1.00", 2.60", 0.75", and 0.80" of rainfa ll on August 27, 28, 29, and 30, 195 1, 

respec ti vely for a total of 5. 15". Thi s may be the ra infa ll event(s) responsible for the large 

chan nel changes reported by Fie ld ( 1994) on Site 36. Other s igni f icant channel changes are noted 

throughout the area on the 1953 aerial photographs of the ADMP study area, pa rt icu larl y in the 

White Tank Wash watershed. T he largest dail y total during the period of record fo r the NWS 

station is 4 .90" recorded on September 2, 1894. The 2nd largest ra infa ll recorded s ince March 

1893 occurred on September 8, 19 16 when 3.29" of rainfall was recorded. 

T he SCS ( 1963) indicates that the August 195 1 storm inundated 12,240 acres and was 

s imil ar in magnitude to events in January 19 16 and September 1939. In January 19 16, 2.26" of 

rain was recorded over five consecuti ve days. During September 1939, 4 .5" of prec ipitation was 

recorded between the 4th and 13th of the month . The hi ghest s ingle dail y total during the period 

occurred on the 4th when 2.27" of rain were recorded at the NWS Buckeye station. It is 

unknown if the dail y va lues recorded in August 1951 represent a single storm. If they do, it 

would be o ne of the hi ghest storm totals in thi s long record . 

CH2M Hill ( 1992) performed a paleoflood survey that indicated that a f lood between 

2,000 cfs and 5,000 cfs occurred at some time in the past 100 years. They a lso report a more 

recent event of 500 to I ,000 cfs. They suggest that the large flood attributed to a tropical storm in 

1951 , as reported in Fie ld ( 1994), may be responsible for empl ac ing the slac k water depos its used 

in the 2,000 to 5,000 cfs estimate. T he more recent flood reported by CH2M Hill may have been 

the Augus t 15, 1990 storm recorded by the FCD ALERT gage #5200 which is the largest and 

most intense rainfa ll recorded in the 16 years of operation of thi s station (3. 15" in 24 hours and 

2.20" in 3 hours). 

Statistical parameters 

The onl y stati stical data used directl y in the study were the prec ipitation stati stics 

obtained fro m the NOAA Atlas 2, Ari zona. The stati stics from the NOAA Atlas were ana lyzed to 

develop the rainfall depth-duration-f requency table fo r the watershed . The analys is was 

JE FULLER Fan 7, 8 and 12 FDS Page 4-2 
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ALLUVIAL FAN FLOODPLAIN DELINEATION STUDY- FAN 7, 8 & 12 

4.2.5 

performed using the PREFRE program within DDMSW. The program output i provided in 

Appendix D. 

Precipitation 

The rainfal l depths used for the HEC-1 model were obtained from the NOAA Atl as 2 

maps for Arizona. The NOAA Atlas 2 maps are reproduced in the Hydrology Manual and copies 

of these are inc luded in Appendix D. Figure 4.1 shows the locati on of the Sun Valley ADMP 

study area on the NOAA maps for the data required for input into the PREFRE program. The 

mu ltip le storm option (JD records) was used to determine the critical storm at each concentrati on 

point in the HEC-1 mode l. The depth-area reduction factors were applied as computed by the 

DDMSW computer program for use with HEC-1. Note that the point va lues u ed fo r the 

modeling were taken as the va lue over the mounta inous area. This represents a conservative 

assessment of the rainfa ll potential over the primary runoff generating areas for the study area 

watershed contributing to all uvial fan apexes. 

The storm duration modeled was the 6-hour storm as described in the Drainage Des ign 

Manual for Maricopa County. The temporal distribution s for the 6-hour storms with the JD 

records were implemented via the DDMSW program . 

The 24-hour storm used was the SCS Type II distribution as coded by the DDMSW as 

PC records for HEC-1 . 
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ALLUVIAL FAN FLOODPLAIN DELINEATION STUDY- FAN 7, 8 & 12 

Figure 4 .1 Watershed Location on NOAA Atlas II Maps 

4.2.6 Physical parameters 

Rainfall Losses 

Rainfa ll losses were computed using the Green and Ampt method as outlined in the 

Drainage Des ign Manual fo r Maricopa County, Volume I, Hydro logy. The County's 

preprocessing program for HEC-1 , DDMSW, version 3.2.8 was used to perform the lumped 

parameter calcul ati ons and to develop the draft HEC- 1 mode ls. The developme nt of the soil s, 

land use, and subbas in data for use in the DDMSW is described briefl y below. 

Soils 

The NRCS (formerl y SCS) Soil Survey of Aguila-Carefree Area (Camp, 1986) and Soil 

Survey of Maricopa County, Centra l Part (Hartman , 1977) presents the descriptions of the so il s 

in the study watershed. Appendi x A and B of the Drainage Design Manual provide loss rate 

parameters for the map un its for thi s so il survey. The loss rates from the Appendices of the 

Manual are integrated into the DDMSW. Natural rock outcrop percentages from the Manual 

were assumed to be 50 percent effecti ve for the purposes of computing RTIMP. 
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ALLUVIAL FAN FLOODPLAIN DELINEATION STUDY- FAN 7, 8 & 12 

The spatia l d istri bution of the soil map uni ts fo r the watershed area is shown on Plate 2 . 

Pl ate 2 also shows the saturated conducti vity va lues (XKSAT) fo r the soil units in the watershed. 

Note these values are based on the data in the Appendices of the D ra inage Des ign Manual. 

Areas of each so il unit in each subbas in were computed u ing ArcMap - Arc View 9.2 

software . These data were imported into the DDMS W. Average subbasin XKSAT values were 

then computed using logarithmjc averag ing as implemented in the DDMSW version 3.2.8. 

T he subbas in so il data, so il map unit descripti ons, and subbasin average resu lts are 

provided in Appendi x D. 

Land Use 

Ex isting land use conditions were evaluated based on examjnat ion of the aerial 

photographs and a slope map generated from the I 0-foot contour data. S ince the entire mode ling 

area was essenti all y undeveloped at the time of thi s study, land use categories were ass igned 

based on a range of s lope observed . Guidance from the Drainage Des ign Manual was used to 

differentiate three land use categories based on s lope: l ) Natural Desert Rangeland (s lopes 0-5 %), 

2) Natural Hill slopes, Sonoran Desert (s lopes 5-1 0%), and 3) Natural Mountain Terrain (s lopes> 

I 0% ). F igure 4.2 shows the shaded slope map overla in with the generali zed land use categories 

delineated for the ex isting conditions in this study. Ex isting land uses are also presented on Pl ate 

3. Only the Natural Desert Rangeland and Natural Mountain Terra in categories were selected for 

the Fan 7, 8 and 12 watersheds as shown on Figure 4.2 . 
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Legend 

Existing Land Use 

TYPE 
Slope of 10-ft TIN 

Percent 

Desert Rangeland (NOR)- 0-5% slopes C=:J 0 - 5 

Mountain Terrain (NMT)- >10% slopes C=:J 5-10 

.. > 10 

Fan Apex 

Feet 

Figure 4 .2 Slope and Assignment of Existing (Natural) Land Use Types 
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ALLUVIAL FAN FLOODPLAIN DELINEATION STUDY- FAN 7, 8 & 12 

Tabl e 4 . I summarizes the hydro logic parameters re lated to the land use categories used in 

the analyses fo r estimation of rainfall excess using the Green and Ampt method and Mari copa 

County procedures. These parameters include surface retention loss (IA), effecti ve impervious 

area (RTIMP), bas in roughness (Kn), vegetati on cover (%), and antecedent moisture condition 

(DTHET A Condition). 

The subbas in ex isting land use data are prov ided in Appendix D . 

Tab le 4. I Land Use Types and Hyd rauli c Parameters 

Land Use 
Description 

DTHETA Vegetation RTIMP (%)* lA (in) Kn 
Code Condition Cover(%) 

9 10 
Natural desert range land , 

Dry 30 0 0.35 0.025 
slopes 0 - 5 % 

930 
NaLUral Mountain Terrain , 

Dry 30 0 0.25 0.05 
slopes> 10 % 

* Note: RTIMP for natural land use ty pes taken fi·om so il s data and assumed 50% effec ti ve 

Unit Hydrograph 

The S-Graph unit hydrograph method as outlined in the Drainage Design Manual was 

used in the HEC-1 modeling of the watershed . Watershed drainage areas, lag time flow path 

lengths, Lea lengths, and slopes were de lineated manua ll y based on examination of the 2005 

aerial photographs, and 200 I I 0-foot contour data for the area. Areas, lengths, and subbasin 

centroids were computed using ArcMap- Arc View 9.2 GIS software. 

Dimensionless S-graphs were ass igned based on whether the basin was predominantl y 

mountainous terrain or not from examination of the ex isting land use data. The watersheds for 

Fan 7, 8 and 12 were considered mounta inous and the refore were ass igned the Phoenix Mounta in 

S-graph described in the Drainage Design Manual. 

Surface roughness values were ass igned as shown in Table 4. 1 described above. These 

values come from guidance provided in Table 5.6 and Appendix D.2 of the 2003 Dra inage 

Design Manual, Volume I, Hydrology. Lag times were calculated based on the geometric and 

land use parameters for each subbas in . Tables summari zing the lag time calculations and S-graph 

ass ignment are provided in Appendix D. 

Routing Parameters 

No hydrologic routings were perfo rmed as part of the hydrology for thi s study . 
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4.3 Problems Encountered During the Study 

4.3. 1 Special problems and solutions 

No specia l problems were encountered in the hyd rologic mode li ng for thi study. 

4.3.2 Modeling warning and error messages 

No warnings or error messages occur in the HEC-1 models. 

4.4 Calibration 

No calibration of the models was perfo rmed as part of thi s study . However, the results were 

compared to previous studies and regional regress ion equations and found to be reasonable. In add ition , 

the methods used in thi s study have been des igned for application to the area and have been fo und to 

produce reasonable results in hundreds of studies throughout Maricopa County. 

4.5 

4. 5.1 

Final Results 

Hydrologic analysis results 

Table 4.2 shows the peak d ischarges and tota l runoff volumes results. The 6-hour storm 

produces hi ghe r peak di scharges fo r drainage areas less than about 1.5 square mjles . The 24-hour 

storm produces the higher I 00-year peak di scharges fo r the larger drainage bas ins. 

Table 4.2 I 00-Year Peak Discharge and Total Runoff Vo lu me to Fans 7, 8 and 12 Apices 

Fan AREA 
24-hour 6-hour 

# KKID 
Q100 Time Vol. Vol. Q100 Time Vol. Vol. 

(sq.mi.) (cfs) (hrs) (in) (ac-ft) (cfs) (hrs) (in) (ac-ft) 

7 N l 1.55 1453 12.25 1.095 9 1 1343 4.33 1.1 32 94 

8 P IA 0.52 5 18 12.25 1.202 33 646 4.25 1.438 40 

12 Q lA 1.42 1050 12.42 1. 140 86 1042 4 .50 1.209 92 

4.5.2 Verification of results 

Figure 4.3 shows a plot of the peak di scharge results fo r the I 00-year models with the 

USGS regional regress ion equations fo r Region 12. The model results fa ll be low the I 00-year 

regression curve for the region. 

Given the predominance of sandy loam tex tured soil s in the watersheds, these resul ts are 

considered reasonable. In additi on, it should be noted that the average elevation for the area 
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(about 1300 feet) falls be low the "c loud of common values" for Region 12. That is, the data used 

to develop the Region 12 equations did not include watersheds with average e levati ons be low 

about 2000 feet. Most of the gages inc luded in the Region 12 datasets drain hi gher elevation 

areas from the Bradshaw Mountains and along the Mogollon Rim, including the Salt-Verde Ri ver 

basins. Those watersheds experience higher an nual prec ipitation amounts and have higher I 00-

year point ra infall stati stics than the White Tank Mountai ns. Therefore, results falling below the 

regional curves are not considered surprising or unreasonable. 
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4.5.3 Comparison with Previous Studies 

Table 4.3 shows a co mparison of the results of the ex isting conditi on 6-hour and 24-hour 

models with the prev ious Floodplain Delineation Study mode l results by the Alpha Engineering 

( 1994). The FDS used the Phoenix Mounta inS-Graphs and the Green-Ampt loss method for 

computation of rainfall excess. The rainfall data are similar to the models for the current study. 

The exact drainage bas ins were not modeled . The curTent watersheds S800, S810, and S820 lie 
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within the Alpha Tl basin . A watershed boundary compari son map is provided in Appendix D . 

Compari son of the unit discharge (cfs/ q.mj .) shows comparable results between the two studi es. 

Table 4.3 Compari son of I 00-Year Peak Discharges with Wh ite Tank Wash FDS (Alpha, 1994) 

Alpha 6- Alpha This Study This Study 

Location Area hr 24-hr 6-hr 24-hr Q/ A for Controlling Q 
(sq.mi.) (cfs) (cfs) (cfs) (cfs) (cfs/mi2) 

Nl 1.55 1353 1453 873 

PIA 0.52 646 5 18 1242 

Q IA 1.42 1042 1050 739 

N l 1.46 749 1475 1010 

P2 1.43 58 1 1065 745 

Ql 1.09 524 992 910 
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5 . HYDRAULIC ANALYSIS 

5.1 Method Description 

Approxi mate method hydraulic modeling was used to delineate riverine f loodpla in s on reaches 

upstream of the allu vial fan apexes. Normal depth computati ons for representative cross sections were 

performed usi ng HEC-RAS to esti mate the depth and wid th of inundation from the I 00-year flood. The 

resultant width was applied to the stream reach for each representati ve cross section. In some cases, 

adjustments to the computed f loodplain widths were made based on aerial photograph interpretation and 

application of geomorphic princ iples. 

I 00-year fl oodpla ins were delineated using approximate methods upstream of the hydrographic 

apexes of White Tank Fans 7, 8 and 12. The U.S. Army Corp of Engineers HEC-RAS v. 3. 1.3 was used to 

perform the hydraulic rating calcul ati ons. Cross section locati ons along the study reaches were selected 

depending on the variabili ty of the channel geometry. On average, the cross section spac ing for the channel 

upstream (north) of Site 7 is approx imately 450 fee t, approx imate ly 400 feet for the channel upstream 

(northeast) of Site 8, and approx imate ly 500 feet fo r the channel upstream of Site 12. Cross section data were 

co ll ected from the base map using vari ous software tools avail able in Geo-Ras, an ex tension used in ArcGIS 

9.2. The base map used inc ludes that described in Section 5.2 (below). Appendi x E inc ludes the HEC-RAS 

cross sections and detailed input and output. 

5.2 Study Work Maps 

The Zone A de lineations fo r the Site 7, 8 and 12 a llu via l fa ns are shown on I "= 400', I 0' contour 

interval base mapping with orthographic aerial photography. The work study map and Index Sheet are 

presented with thi s Techni cal Data Notebook (TDN) on 24"x36" sheets. Reduced-scale copies of the work 

map are included on Figure 5. 1. The full-size sheets are contained in Exhibit Map C of the TDN. 

T he work map inc ludes cross-sect ion locations, fl oodpl ain boundaries, zone des ignations, road names, 

state-plane coordinate grid, section lines, corporate boundaries and stream names/numbers. The fl ood zones 

delineated using approx imate method hydraulic modeling of the reaches upstream of the allu vial fan apexes 

are shown as Zone A admin istrati ve fl oodways on the work maps and annotated FIRM panels . 
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5.3 Parameter Estimation 

HEC-RAS v3. 1.3 was used to determine the fl ow width and depth for each cross section. All of the 

reaches were modeled in the sub-critical fl ow regime and the downstream boundary conditi ons were set at 

normal depth . 

5.3. 1 Roughness Coefficients 

Manning's roughness coefficient (n va lue) describes the fri cti on attributable to the chan nel, banks and 

overbank areas. The n value generall y varies with depth of flow, so it is determi ned assuming a flow depth 

assoc iated with the I 00-year di scharge. Manning's "n" values were determined usi ng th e methodology 

outlined in the USGS report titled, "Selecti on of Manning's Roughness Coefficient for Natural and 

Constructed Vegetated and Non-Vegetated Channels, and Vegetation Maintenance Pl an Guide lines for 

Vegetated Channels in Central Arizona" by J .V Phillips and S. Tadoyon (2006) 2. Field reconnaissance was 

undertaken to photograph typical reaches in the study area and to document channe l and overbank conditi ons. 

The f indings of these fie ld in ve ti gations were summari zed in Appendi x E. J. 

5.3.2 Expansion and Contraction Coefficients 

• The expansion and contraction coeffi c ients used throughout the study were 0.3 and 0. 1, respectively. 

No abrupt changes in the fl oodplain width were encountered that would warrant modif icati on of these 

coeffic ients. 

5.4 Cross-section descriptions 

Cross secti on geometry was developed from the elevati on contours and refined based on f ie ld 

reconnaissance and interpretati on of surficial observations from the aeria l base mapping. The most typical 

refinements to the channel geometry occur in the low fl ow channel areas that are not adequately represented 

by the 10' contour interval topograph y. Cross section stationing is from left to right if viewed in the 

downstream directi on. Cross section plots are located in Appendi x E.2 

5.5 Modeling Considerations 

5.5. 1 Hydraulic Jump and drop analysis 

No hydraulic jump or drop analyses were conducted in this study. 

5.5.2 Bridge or Culverts 

• No bridge or cul vert analyses were conducted in thi s study. 
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5.5.3 Levees and Dikes 

There are no levees or dikes within the project area. 

5.5.4 Islands and Flow Splits 

In general, small islands were not de lineated on the work maps. 

5.5.5 Ineffective Flow Areas 

No significant ineffective f low areas ex ist in the natural channe ls in thi s study. 

5.5.6 Supercritical Flow 

Supercritical flow does not occur for significant lengths along any reach in thi s study. 

5.6 Floodway modeling 

Floodway mode ling was not conducted fo r this study . The Flood Contro l District of Maricopa County 

(FCDMC) manages the approximate floodplain de lineations as Admini strative floodways and shows them as 

such on the floodplain workmaps (i.e . floodplain= f loodway). In add ition, the FCDMC admini sters certain 

approxi mate method allu vial fan zone designations as ad mini strati ve floodways. The allu vial fan de lineati on 

• are described in Section 6B. 

• 

5.7 Special problems encountered during the study 

No spec ial problems were encounte red. 

5.8 Calibration 

No hyd raulic calibration was performed during thi s study. 

5.9 Final Results 

T hi s port ion of this study resulted in 100-year Zone A riverine delineations for 0.5 miles of Fan 7, 0.5 

mjles for Fan 8, and 0.7 mi les for Fan 12. A summary of the hydrau lic analysis results are provided in the 

follow ing HEC-RAS Summary below (Table 5. 1). Appendi x E .3 contains the HEC-RAS model detai led input 

and output. 
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S. VALLEY AREA DRAINAGE MASTER PLAN • • 0 
Table 5.1 HEC-RAS Summary 

River Q w.s. Crit Vel Top Max Chi Froude # Sta W.S. Sta W.S. 
River Sta Total Elev w.s. Total Width Dpth xs Lft Rgt 

(cfs) (ft) (ft) (ft/s) (ft) (ft) (ft) (ft) 
FAN 7 2583.162 1453 1412.93 1412.89 7.88 93.85 3.6 0.99 130.65 224.5 

FAN 7 2152.126 1453 1407.52 1407.52 6.9 137.36 2.71 0.98 143.12 280.48 

FAN 7 1719.538 1453 1401.72 1401 .38 5.6 149.82 2.25 0.75 274.68 424.51 

FAN 7 1158.618 1453 1396.15 1396.15 5.72 170.6 3.45 0.83 120.15 354.07 

FAN 7 640.0357 1453 1389.47 1389.47 5.24 211 .01 3.13 0.8 128.06 339.07 

FAN 8 2394.158 646 1358.27 1358.27 9.37 45.59 3.15 0.87 10.97 56.56 

FAN 8 1930.623 646 1346.92 1346.92 8.21 49.54 2.44 0.97 68.87 118.41 

FAN 8 1483.011 646 1336.8 1336.8 7.08 70.15 1.75 0.98 52.86 123.01 

FAN 8 998.943 646 1326.04 1326.04 5.95 117.85 1.6 0.98 15.8 133.65 

FAN 8 539.2312 646 1317.52 1317.52 7.45 99.05 1.98 0.82 25.13 124.18 

FAN 8 43.04325 646 1307.27 1307.27 6.24 197.98 1.88 0.73 263.99 461.97 

FAN 12 3761.932 1050 1243.06 1243.06 9.31 50.89 4.26 0.99 35.75 86.64 

FAN12 3449.982 1050 1236.51 1236.51 7.47 98.06 3.26 0.96 177.87 359.08 

FAN12 2950.532 1050 1229.65 1229.46 5.83 130.88 1.9 0.82 58.25 189.12 

FAN12 2400.759 1050 1223.23 1223.15 8 89.84 2.91 0.88 51.96 141.8 

FAN12 1528.313 1050 1212.48 1212.48 8.05 85.51 2.56 0.97 63.43 148.95 

FAN12 799.0694 1050 1203.05 1203.05 8.3 89.4 2.54 0.92 48.99 138.38 

FAN12 166.1562 1050 1194.04 1194.04 8.25 106.72 2.79 0.89 145.08 251 .8 
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6. SEDIMENT TRANSPORT/EROSION 

SECTION 6A: EROSION AND SEDIMENT TRANSPORT 

No spec ific erosion or sediment transport analyses were conducted as part of this study. 

However, implicit to the geomorphic assessment of the active allu vial fan areas were considerations of 

sedimentary processes on the White Tank Mountain Piedmont. Therefore, areas of ero ion hazards 

assoc iated with the act ive allu vial fan floodin g have been included in the floodpl a in de lineation. 

Sediment yie ld estimates were performed for the Buckeye Sun Valley ADMS (Ayres, 2004) and 

are used without modification for thi s study . 
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SECTION 6B: GEOMORPHOLOGY 

This section of the Technical Data Notebook describes the geomorphic methods used to delineate the 

f lood hazards on the Site 7, 8 and 12 alluvia l fans. Section 6B is organ ized to fo llow the out line of the 

Piedmont Flood Hazard Assessment Manual (PFHAM) (Hjalmarson, 2003) format, as we ll as the FEMA 

Guidelines (FEMA, 2002). Hydrology and hydraulic data used in the delineation are described in Sections 4 

and 5 of this TDN. Both the PFHAM and the FEMA Guidelines describe a three stage delineation process. 

The FEMA Guidelines are intended onl y for alluvial fan s, whereas the PFHAM is app licable to a wider range 

of piedmont surfaces. The three stage delineation process includes the fo llowing steps: 

• Stage I : Recognizing and Characterizing Allu vial Fan Landforms 

• Stage 2: Defining Act ive and Inactive Areas of Erosion and Depositi on 

• Stage3: Defining the 100-YearFioodplain 

Geomorphic methods, hi storical data, and limited post-flood hazard verification data were used 

downstream of the hydrographic apex to delineate the flood hazard zones, as specified in Table G-1 of the 

FEMA Guidelines. Upstream of the hydrographic apex, geomorphic methods were used to complement and 

refine conventiona l approximate normal-depth hydraulic methods, as described in Section 5 of the TDN. 

• 6B.l Previous Studies 

Several previous studies of the geomorphology and relative flood hazards have been conducted in and 

around the study area. These studies include the fo ll owi ng: 

• Hjalmarson and Kemna ( 199 1) Flood Hazards of Distributary-Flow Areas in Southwestern 

Arizona: U.S. Geological Survey Water Resources Investigations Report 91-4171. 

Th is report ide ntified White Tank Piedmont Sites 36-39 and described methods of identifying flood 

hazards assoc iated with d istributa ry flow networks. 

• CH2M Hill (1992) Alluvial Fan Data Collection and Monitoring Study: Tempe, Arizona, CH2M Hill 

and R.H. French, Ph.D., P.E. Consulting Engineer for the Flood Control District of Maricopa County, 

204 p. 

This report identified Site 36 as an act ive a lluvia l fan , included geo morphic mapping and hi storical 

data, and recomme nded a fl ood monitoring and data collectio n program. 

• Field & Pearthree ( 199 1), Surficial Geology around the White Tank Mountains, Central Arizona. 

• AZGS Open File Report 9 1-8. 
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This mapping effort included nine 7.5 ' quadrangles around the White Tank Mountain piedmont. 

Piedmont mapping distingui shed Holocene fans (Y) from Pleistocene fan s (M). 

Field & Pearthree (1992), Geologic Mapping of Flood Hazards in Arizona: An Example from the 

White Tank Mountains, Maricopa County. AZGS Open File Report 91-10. 

This mapping effort re lated surfic ial characteri sti cs to the degree flood hazard on piedmont sur faces 

surrounding the White Tank Mountains. Primary fl ow paths were also identifi ed. 

• Alpha E ngineering G roup, Inc ., 1994, White Tanks Wash Flood Insurance Study, FCD No. 90-64: for 

FCDMC, Phoe nix , Arizona. 

This de ta iled ri verine fl ood pl a in de lineation for White Tank Wash, the ax ia l drainage for White T ank 

Piedmont Sites 6, and 36-39. The delineation ex tended from the Buckeye FRS to Sun Valley Parkway 

and included a tributary that is one of the primary fl ow paths for Fan 39. 

• Field (1994) , Surficial Processes on Two Flu viall y Dominated Alluvial Fans in Arizona, AZGS Ope n 

File Report 94-1 2. Al so : F ie ld ( 1994), Processes of Channel Migration on Flu vially Dominated 

Alluvial Fans in Arizona, AZGS Open File Report OFR-94- 13 . 

These studies document the importance of stream piracy processes in deve lopi ng di stributary fl ow 

networks and causing channel movement on fan s dominated by fluvial processes. Histori ca l ev idence 

fro m White Tank Piedmont Site 36 is used as one of fi ve case hi stori es presented. 

• Hjalmarson ( 1994), Potential Flood Hazards and Hydraulic Characteristics of Distributary-Flow 

Areas in Maricopa County, Arizona: U .S . Geolog ica l Survey Wate r Resources Investigations Report 

93-4 169, 56 p . 

This study defi ned measurable parameters intended to assess the degree of fl ood hazard on di stributary 

fl ow sys tems. Whi te Tank Piedmont Sites 36-39 were used as example sites. 

• JE Fuller/Hydrology & Geomorphology, Inc . ( 1999), Approximate Floodplain Delineation Study for 

• 

White Tank Fan (Site 36). TDN prepared for the F lood Control District of Maricopa County . 

This approximate method fl oodpl ain delineation study used the NRC three-stage process to delineate 

the fl oodplain for Site 36. The study established the TDN format for alluvial fan fl oodplain delineation 

studies in Maricopa County. 

Robinson (2002) , Cosmogenic Nuclides, Remote Sensing, and Field Studies Applied to Desert 

Piedmonts . ASU Geology Department PhD Dissertation . 
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This study used remote sens ing techniques to perform geomorphic mapping of portions of the White 

Tank Piedmont. 

Ferguson and others (2004), Geologic Map of the Wagner Wash Well7.5 ' Quadrangle, Maricopa 

County, Arizona. 

This mapping project is the most recent AZGS geologic and surficial mapping of the White Tank 

Piedmont area. 

• Field and others (2004), Geologic Map of the Buckeye NW 7.5' Quadrangle, Maricopa County, 

Arizona. 

This mapping projec t is the most recent AZGS geologic and sur ficial mapping of the White Tank 

Piedmont area. 

• Ayres Associates (2004), Buckeye Sun Valley ADMP Piedmont Landform Delineations Technical 

Memorandum to the Flood Control Di trict of Maricopa County. 

• 

This report describes the results of Stage I and Stage 2 delineations fro m the NRC three-stage alluvial 

fan delineation process. In general, the Ayres results were not re lied on for the current delineation 

study . 

Ayres Associates (2004), Buckeye Sun Valley ADMP Sediment Yield Analysis. Technical 

Memorandum to the Flood Control District of Maricopa County . 

This report summarizes an anal ysis of potential sediment yield to the Buckeye FRS. 

In addition to th is TDN, other TON's have been or are presently being prepared for all uvial fan s located along 

the White Tank Piedmont. These TON's include the fo ll owing alluvial fan flooding sources: 

• Alluvial Fan Floodp lain Delineations by JE Fuller/Hydrology & Geomorphology, Inc. for the Flood 

Control District of Maricopa County Sun Val ley ADMP: 

o White Tank Piedmont Fan Sites 10-11-20 

o White Tank Piedmont Fan Sites 1-2 

o White Tank Piedmont Fan Sites 4-5 

o White Tank Piedmont Fan Site 6 

o White Tank Piedmont Fan Sites 3-13-16 

o White Tank Piedmont Fan Sites 17-19 

• Alluvial Fan Floodplain Delineations by Others: 
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o W hi te Tank P ied mont Fan S ite 37 and Portions of Fan Site 36. TDN prepared by Coe & Van 

Loo Consulting, Inc. fo r Lennar Properties . 

o White Tank Piedmont Fan S ite 38. TDN prepared by David Evans & Assoc iates fo r Stardust 

Properties . 

o White Tank P iedmont Fan Site 39. TDN prepared by CMX, Inc fo r Pulte Homes. 

An alluvia l fan f loodplain delineati on was also previously prepared by the Flood Control District of 

Maricopa County fo r the Skyline Wash Allu vial Fan, which is located on the southern flank of the W hi te Tank 

Mountain Piedmont, as documented in the PFHAM Section 5.3. Finall y, preliminary a llu vial fan de lineation 

(S tage 1-2) were prepared but not finalized by WEST Consultants, Inc. fo r portions of the northeast fl ank of 

the White Tank Piedmont as part of the Flood Control District of Maricopa Cou nty W ittmann Area Drainage 

Ma ter Study Update. Except where specifica ll y referenced or noted as such, this study does not re ly on any of 

the previous or on-go ing alluvial fan fl oodplain de lineation studies cited above. 

6B.2 Data Sources 

6B.2. 1 NRCS Soils Map Unit Interpretation 

The soil s data used in this study were deri ved from two NRCS soil survey reports entit led Soil Survey 

of Maricopa County, Arizona, Central Part (Hartman, 1977) and Soil Survey of Aguila-Carefree Area, Parts 

of Maricopa and Pinal Counties, Arizona (Camp, 1986). These detailed so il surveys were developed fo r use 

by land planners, farmers, ranchers, agronomi sts, rangeland managers, community offic ia ls, geo logists, 

engineers, developers, builders, home buyers, and wate rshed and wildlife managers. In 1999 the NRCS 

converted the soil survey data from the Hartman ( 1977) report to a di gital database and GIS fo rmat. The 

Camp ( 1986) soil survey data was converted to a digital fo rmat in 200 l. Digital versions of the NRCS soils 

data obtained fro m the NRCS web site were used fo r thi s study. 

6B.2.2 AZGS Map Unit Interpretation 

The Ari zo na Geological Survey (AZGS) publi shed multiple surfic ia l geologic maps at varying scales 

within the SV ADMP study area. Table 6.1 li sts the AZGS maps available fo r the study area . 

JE FULLER Fan 7, 8 and 12 FDS Page 6-5 
HYDIXJlCXiY d GfOI\ORDHaCXil InC 



• 

• 

• 

~ 

ALLUVIAL FAN FLOODPLAIN DELINEATION STUDY- FAN 7, 8 & 12 ~'r ~~ 
--------------------------------------------~-------------~~-~ ~, 

~ 

Table 6.1 Collected AZGS Geology Maps 

Map Name Map Format Scale Year Authors 

Geologic Map of Wagner Was h Well 
Sca nned ras ter I :24,000 2004 

C.A. Ferguson, J.E. Spencer, P.A. 

7.5' Quadrangle, Maricopa County Pearthree, A Youberg, J.J. F ie ld 

Geologic Map of the Buckeye NW 7.5' J.J. F ie ld , P.A. Pearthree, C.A. 
Scanned raster I :24,000 2004 

Quadrangle, Maricopa County, Arizo na Ferguson 

Geolog ic Map of the Vulture Mine 7.5 ' 
Scanned raster I :24,000 2004 M.J. Grubensky, T.C. Shipman 

Quadrangle, Maricopa County, Ari zona 

Geolog ic Map of the Daggs Tank 7.5 ' 
I :24,000 2004 

P.A. Pearthree, A. Youberg, J.J. 
Scanned raster 

Quadrangle, Maricopa County, Arizo na Fie ld , C.A. Ferguson, J .W. Spencer 

Geo logic Map of the White Tank 
Scanned raster I :24,000 2002 

S.J. Reyno lds, S .E. Wood, P.A. 

Mountains, Central Arizona Pearthree, J.J. F ield 

Geologic Map of the Wickenburg SW 
Scanned raster 

7.5' Quadrang le, Maricopa County 
I :24,000 2004 T.C. Shipman, M.J. Grubensky 

Geologic Map for the Buckeye 7.5 ' 
Scanned raster I :24,000 2002 S.J. Sko tnic k.i 

Quadrangle, Mari copa County , Ari zo na 

Geolog ic Map of the Phoeni x North 30' 
Digital GIS I : 100,000 1997 S.J . Reynolds, M .J. Grubensky 

x 60' Quadrangle, Ce ntral Arizona 

Geologic Map of the Phoeni x South 30' 
Digital GIS 

x 60' Quadrangle, Centra l Arizona 
I: 100,000 1997 S.J. Reyno lds, S.J . Skotnicki 

Geo log ic Mapping of Flood Hazards in 

Arizona: An Example from the White Scanned ras ter I :24,000 1992 Fie ld , J.J. , Pearthree, P.A. 

Tank Mountains Area, Maricopa County 

6B.2.3 Aerial Photography 

Modern Orthophotography 

Color, digital, orthophotography covering the entire SV ADMP study area was provided by the 

Flood Control District of Maricopa County. Over 400 image tiles were collected, each covering 

approximate ly 0 .90 square mi les at a resolution of 1-foot/pixel. 

Historical Aerial Photography 

Limited hi storical aerial photography was collected from the Flood Control District of 

Maricopa County. The photos were provided as di gital image files scanned from the origina l photo 

prints. Table 6.2 lists the years of hi storical photos coverage used in thi s study. 
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Table 6.2 Co ll ected hi stori cal aeri al photography 

Photo Year Original Photo Print Scale Format 

1953 I :20,000 B&W scanned 

6B.2.4 Topographic Mapping 

The primary mapping source used in this study was I 0-foot contour interval, di gital topograph y 

provided by the Flood Control District of Maricopa County. The mapping was performed county-wide scale 

in December 2000. Additiona l 2- to 4-foot di gital topography was provided by the F lood Control District of 

Maricopa County fo r limited areas within the SV ADMP study area. Table 6.3 li sts the digita l topographic 

data collected for thi s study. 

Table 6.3 Co ll ected d igital topography 

Contour Interval Mapping Year FCDMC Source Project 

10-foot 2000 County- wide mapping 

2-foot 1990 White Tanks-Agua Fri a ADMS 

4- foot 1990 Wickenburg ADMS 

2-foot 1991 Buckeye Area FDS 

4-foot 1991 White Tanks Wash FDS 

4-foot 199 1 and 1993 Sa lt/G il a Ri ver Master Plan 

2- foot 1992 Daggs Wash FDS 

2-foot 1994 Buckeye FRS 

2-foot 1997 Sky line Wash FDS 

2- foot 2002 Buckeye/Sun Va lley Mapping 

2-foot 2002 Wittmann ADMP M apping 

2- foot 2002 Hassaya mpa North Ex tension Mapping 

6B.3 Method Description 

The PFHAM alluvial fan fl oodplain de lineation meth odology is based on the three stage process 

outlined in the Nati onal Research Council 's (NRC, 1996) report, Alluvial Fan Flooding. Both the PFHAM 

and NRC documents describe a three stage method used to identify alluvial fan flood hazards, which was later 
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adapted for the FEMA Guidelines Appendix G (2002). The PFHAM broadens the three-stage deli neat ion 

approach to cover a variety of pied mont landforms. 

Stage I of the PFHAM/FEMA allu vial fan methodo logy is the recognition and characteri zati on of 

piedmont landforms. The intent of the Stage I ana lys i is to di tinguish allu vial fan landforms fro m riverine, 

sheet fl ow, pondin g, or coastal landfo rms. 1 If the landfo rm in question is identified as an allu vial fan, then the 

delineation may proceed using the PFHAM/FEMA Stage 2 and 3 procedures . If the landfo rm is not an 

allu vial fan, then more traditi onal fl oodplain delineation procedures should be applied. T he Stage I 

de lineation relies o n the foll owing types of information: 

• Compos iti on. Allu via l fans are composed of loose, unconso lidated materia ls transported by fl uvia l or 

debri s flow processes (a.k.a., "a llu viu m"). 

• Morphology. A llu vial fans have the shape of a parti ally or full y ex tended fan as observed on 

topographic maps or aeri al photographs. 

• Location. A llu via l fans are usuall y found at a topographic break where stream c hanne ls become less 

confined than upstream of the break. 

• Boundaries. T he downstream boundary of an alluvial fan is ca lled the "toe," which is located at an 

ax ial stream, lake or landform not dominated by allu via l fan fl ooding processes. The lateral 

boundaries of the fan are defined by a transition from allu vial fan fl ooding processes to ri verine 

processes, although an alluvial fan may a lso coalesce into adj acent a lluvial fans to form a baj ada.Z 

Data sources fo r the Stage I delineation inc luded topographic maps, NRCS so il surveys, geo logic 

mapping, aeri al photographs, and f ield observati ons. These data were used to differen tiate piedmont landforms 

which inc luded mountains, inselbergs3
, allu vial fans, pediments, and ri verine fl oodplain s. The locations of the 

topographic and hydrographic apexes on the a llu vial fan were also identi fied in Stage I. T he topographic apex 

is the extreme upstream extent of the allu vial fan landfo rm, whic h is often located at the mountain front or 

within a mountain front embay ment. The hydrographic apex is the locati on at which fl ow of water and 

sediment becomes unconfined and spreads out rap idl y. Sudden expansion of fl ow at the hydrographic apex 

causes sediment deposition, uncertain fl ood fl ow paths, and uncertain fl ow di tributi on be low the apex. The 

compl ex hydraulics associated with thi s fl ow expansion and sediment depositi on create significant 

1 FEMA Guidel ines, p. G-6, 1st paragraph. 

2 A bajada is "a low- ly ing area of confl uent ped iment slopes and alluvial fans at the base of mountains around a desert" (The New 
Penguin Dictionary of Geo logy, 1996) . 

3 An inselberg is "an isolated residual knob or hill , risi ng abruptly from a lowland erosion surface." (Dictionary of Geologica l Terms, 
Anchor Books, I 984) 
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uncertainties (unpred ictability) that "cannot be set as ide in the realistic assessment of the f lood hazard" 

(FEMA, 2002), which is the defining characteri stic for allu vial fan floodin g. 

The White Tank Piedmont consists of an extensive bajada that rings the White Tank Mountain , rather 

than a series of di stinct, separate allu vial fan s. The active fan areas within the bajada are located well away 

from the mountain front, and are inset within the original allu vial fan s, sometimes wi th two or more 

hydrographic apexes on what was once (in geo logic time) a s ingle allu via l fan landfo rm . Thi s bajada 

landform, in conjunction with the complicated hydrographic apex locations, makes delineating indi vidual 

a llu vial fan landforms somewhat problematic. Therefore, because of the baj ada condition , and because JE 

Fu ller/ Hydrology & Geo morphology, Inc . was under contract to de lineate a llu vial fan fl oodplain over much 

of the White Tank Piedmont, the Stage I de lineation was performed for the entire White Tank Piedmont area, 

rather than just the porti on of the bajada surrounding the Site 7, 8 and 12 a llu vial fans. 

Stage 2 of the PFHAM/FEMA alluvial fan methodology consists of defining acti ve and inact ive 1 areas 

portions of the alluvial fan landform. Active areas are those locations where uncertainti es about channe l 

geo metry and hyd raulic conditions of water and sediment di scharge cannot be set as ide in the realistic 

assessment of flood hazard. Active areas on allu via l fan s experience sediment depositio n, erosion and 

unstable flow path s in addition to flood inundation. Gene ra lly, active alluvial fans have experienced these 

processes within the past I 0,000 years (the Holocene Epoch) . Inacti ve a llu vial fan areas are the portions of the 

alluvia l fan where active fan processes do not occur. Generall y, inactive a llu vial fans have not experienced 

such processes within the pas t 10,000 years, but may have done so during much older geo logic periods (the 

Pl eistocene Epoch or Tertiary Period). Stage 2 a lso identifies portions of the piedmont subject to various types 

of fl ooding such as stable rive rine flooding, act ive allu vial fan floodin g, inactive a llu via l fan floodin g, and 

sheet fl ooding. 

Accordi ng to FEMA Guidelines, a Stage 2 delineation may be completed using a geomorphic-based 

approach, if the a llu vial fan has little or no urbani zation (Table G-1 , FEMA, 2002), as is the case for the Site 7, 

8 and 12 a llu vial fans. In the geomorphic approach, the fo ll owing surfic ial stabi lity characteristics are 

compi led and evaluated: 

• Detailed Soil s Mapping. Detai led soils maps prepared by the USDA Natural Resource Conservation 

Se rvice (NRCS) are avai lable for the entire study area. NRCS soils maps describe soi l composition , 

as well as provide some degree of landform interpretation . 

1 FEMA uses the terms "acti ve" and " inacti ve." The PFHAM uses "stab le" and " unstab le," re pecti vely, for the same concept. 
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• Surficial Geologic Mapping. The Ari zona Geological Survey (AZGS) has prepared several types of 

surficial geology and f lood hazard assessment maps for the entire study area. The AZGS maps 

indicate surface age, degree of fl ood hazard , and landform type. 

• Topographic Mapping. Topographic data to be con idered inc lude the fan profile, degree of contour 

crenulati on index (a measure of incision), fan shape, and slope. I 0-foot contour interval topographic 

data are available for the study area. Topographic data are also u ed to estimate flow containment 

when defining fan boundaries. The topographic data were also used to construc t longitudina l profiles 

of the allu vial fans . 

• Vegetation. Vegetation patterns can be used to identify flow paths or areas of more frequent 

inundati on (dense vegetation), sheet flow (uniform vegetation), the degree so il development (e.g., 

ocotill o are a marker species for carbonate soil horizons), so il material (e.g., saguaro cacti prefer 

rocky, wel l dra ined soils), surface age (e.g., old surfaces have more slow grow ing species, creosote 

c lone rings are wider on older surfaces), and surface boundaries (e.g., vegetation suites change with 

so il types and landform). 

• Surficial Characteri stics. Older, inacti ve surfaces tend to have well developed surficial features such 

as desert varnish, desert pavement, so il reddening, and inci sed, we ll -defined dra inage patterns. 

• Sediment De livery Potential Sediment yield estimates can be used to estimate fan aggradation rates 

and define a zone of aggradation more like ly to experience acti ve fan processes. 

• Drainage Pattern . Inactive fans tend to have tributary drainage patterns with we ll defined divides. 

Active fans tend to have distributary drainage patterns with poorl y defined di vides and/or perched 

fl ow paths. 

• Hi storical Aerial Photographs. Channel pos itions from historical 1953 aeria l photographs were 

digiti zed and compared with channe l positions on 2005 aerial photographs to identify areas of known 

channel movement and changes in channel pattern . 

• Numerical Procedures. Hj almarson's ( 1994) procedures for assessment the degree of flood hazard 

were applied to the allu via l fan data. 

Stage 3 of the PFHAM/FEMA allu vial fan methodology in volves identifying the areas subj ect to 

floodin g in a I 00-year flood event. Stage 3 methodologies range from conventional deta iled or approx imate 

hydraulic methods using fixed-bed hydraulic mode ls, such as Manning's equation , to geomorphic 

interpretation based fi eld observations and aeri al photographs. For this stud y, geomorphic methods were used 

for all of the allu vial fan areas downstream of the hydrographic apex . 
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6B.4 Stage 1: Recognizing and Characterizing Piedmont Landforms 

Stage I of the PFHAM/FEMA al lu via l fan methodology consist of recognizing and characterizing 

piedmont landforms. The primary objective of the Stage 1 analys is is to di stinguish allu via l fan landforms 

from ri verine, sheet flow, ponding, or coastal landforms. If an a llu via l fan landform is identified, the location 

of the topographic and hydrographic apexes also must be determined. The Stage I assessment uses 

geo morphic characteristics obtai ned from so il s maps, surfic ial geology maps, topographic maps, and aeria l 

photographs, as we ll as field observations. As described above, a Stage I delineati on was performed fo r the 

entire White Tank Piedmont, which includes the Site 7, 8 and 12 allu vial fans . 

The White Tank Mountain Piedmont consists of an allu vial fan bajada that rings the entire White Tank 

Mountains. Although minor portions of the upper White Tank Mountain Piedmont have been mapped as a 

pediment, and a large number of inselbergs crop out within the bajada, the vast majo rity of the pi edmont is 

composed of allu vium deposited be low the mountain front in a radiating (albeit coalesced) pattern. The White 

Tank Piedmont is bounded by the Wagner Wash floodplain to the north and northwest and the Hassayampa 

River and White Tank Wash floodplains to the west. Hi storically, along the southern boundary, the piedmont 

trans itioned gradua ll y into the geol ogic fl oodplain of the Gila River. Today, a series of flood control dams 

(FRS - Flood Retard ing Structures) truncate the piedmont upstream of the Interstate I 0 a lignment (Figure 

1.1 ). The FRS were origi nall y constructed by the USDA Soil Conservation Service (SCS) in the 1970's and 

are currentl y operated and maintained by the Flood Control District of Maricopa County. The FRS fully 

contains (at least) the I 00-year flood , with adequate capacity for antecedent and flood sedimentation. 

6B.4.1 Composition 

NRCS soi Is mapping (Figure 6.1; adapted from Camp, 1986; and Hartman, 1977) and AZGS surficial 

geologic mapping (Figure 6.2 ; adapted from Reynolds and Grubensky ( 1997); and Reynolds and Skotnicki 

( 1997)) show that the entire White Tank Mounta in Piedmont is composed of a llu vial sediments, with the 

exception of a few inselbergs . 

6B.4.l . l Soil s Data 

Figure 6. 1 shows the NRCS soil map units overla in on the USGS topographic quadrangles . The soil 

unit polygons were obtai ned from the Soil Survey of Agui la-Carefree Area (Camp, 1986) and the Soil 

Survey of Maricopa County, Central Part (Hartman, 1977). Table 6B.4 gives ali t and description of 

the NRCS soil units within the study area. In addition to showing the map unit boundaries and 

designations, F igure 6.1 shows by co lor the setting or type of landforms genera ll y assoc iated with 
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each of the vari ous map units as distingu ished by the NRCS. The three main categories of landforms 

di stingu ished by the NRCS map unit descriptions are : I) drainageways, fl oodpl a ins, and a llu via l fa ns, 

2) alluvia l fan terraces, and 3) mounta ins and hills lopes . Complete soil unit descriptions fo r the study 

area are provided in Camp ( 1986) and Hartman ( 1977). 

The NRCS so il s map un its are grouped into broad soil assoc iations as shown on the Ge neral 

Soils Maps prov ided in the NRCS so il s reports. On the Genera l So il s Maps, the bedrock areas of the 

White Tank M ountains are mapped as the Gachado-Rock Outcrop-Quilotosa Associati on (Camp, 

1986), or as the Cheri oni-Rock Outcrop Associati on (Hartman, 1977), both of whi ch consist of very 

sha llow and shallow gravel ly soils and rock outcrop on hill slopes and mountain s lopes. T he maj ority 

of the piedmont bounding the mountain bedrock core is mapped as Gunsight-Rillito-Chuckawalla 

Associatio n (Camp, 1986), which is found on gentl y to moderate ly steep slopes and consists of 

gravell y and very gravell y loamy so il s on fa n terraces, or the Gunsight-Rillito-Perryvill e Assoc iati on 

(Hartman, 1977), whi ch is found on nearly level to moderate ly steep surfaces and consists of gravelly 

loams and loams on o ld alluvial fans and va lley plain s. The northe rn portion of the piedmont is 

mapped (Camp, 1986) as the M ohall-Contine Assoc iation, which consists of loamy and c layey soils 

on fan terraces. Hartman ( 1977) mapped portions of the southern piedmont near the Buckeye FRS as 

the Antho-Va lencia Assoc iation, a sandy loam soil on recent alluvia l fans and va lley pl ains . 

Table 6B.4 also shows the re lationship between the detailed NRCS soil map units and the 

White Tank Piedmont landforms. As can be seen from the table, each soil map unit is actuall y 

compri sed of several so il series. Each series has its own associated position or landform which is 

identified in the table . C haracteri sti cs important to the soil series age, stability, and flood hi story are 

a lso presented in Table 6B.4 . These characteri sti cs he lp ide ntify the landform type, as we ll as the 

stability and the fl ood hi story and fl ood potentia l of the unit, as described in the Stage 2 ana lys is. 

The key fac ts deri ved from the NRCS soil mapping with respect to the Stage 1 de lineation 

are that the pi edmont area is underla in by allu vium and that so il s are associ ated with allu vial fans, 

a llu via l fan te tTaces (inacti ve a llu vial fans), and a llu vial pla ins. The NRCS so il descriptions provided 

in Table 6B.4 are consistent with the common so il types for allu vial fans shown in Table 2. 1 of the 

PFHAM. 

B.4 .1.2 Smfic ial Geology 

Figure 6.2 shows the I : 100,000 scale surfic ia l geologic mapping of the White Tank Piedmont 

adapted from Reynolds and Grubensky ( 1997) and Reynolds and Skotnicki ( 1997) of the Arizona 

Geological Survey (AZGS). Figure 6.2 shows the entire piedmont study area is composed of alluvium 

of either Pleistocene or Holocene in age. More deta iled AZGS surfic ial mapping at a scale 1 :24,000 

indicates pediment surfaces near the deepl y embayed mountain front and around many of the bedrock 
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inselbergs. Phil Pearthree (personal communication , 1999) indicated that the pediment designation 

was identified solely on the basi s of the inselbergs and that no subsurface data were used in the 

delineation of the pediment boundary shown on the AZGS maps. The I :24,000 scale surficial 

mapping is difficult to interpret when illustrating the entire study area (as in Figure 6.2), thus the 

1:100,000 scale mapping was used. The more detail ed I :24,000 scale mapping is shown later in thi s 

report in Figure 6.2 I . 

Complete descriptions of the surfic ia l geologic units are provided in Fie ld and Pearthree 

( 1991 ). The following units were mapped by the AZGS : 

• Holocene Allu via l Fans & Drainageways (Y I and Y2). These surfaces have experienced 

active depositi on and erosion during the last 10,000 years. The Y2 unit is the youngest 

unit. It is found on allu vial fan s, low terraces, and acti ve channels 

• P leistocene Alluvial Fans (M I and M2) . The M units are of Pleistocene age, that is, 

greater than I 0,000 years old, and have been subject to erosion and transport in recent 

geo logic time. 

• Older Alluvial Fans (0). The 0 units represent very old Pleistocene to P liocene aged 

surfaces of relict a lluvial fans greater than 1 mi ll ion years old. 

• Bedrock Unit (X and T). Bedrock units occur within the White Tank Mountains, on 

pediments, and as inselbergs that crop out on the piedmont. 

The surfic ial geology as mapped by the AZGS shows a general pattern of decreas ing a llu via l 

surface age moving downslope from the White Tank Mountains, and generally broader extent of 

younger urfaces with distance from the mountain front. Field and Pearthree (199 I ) hypothes ized that 

the location of active alluvial fan and di stributary flow areas on the piedmont has not shifted 

significantl y since the Ple istocene, and that the younger M2, Y I , and Y2 surfaces in the midd le and 

lower piedmont were deri ved primarily by erosion of theM I and 0 surfaces on the upper piedmont. 

That is, most of the sediment deposited on the lower piedmont is be ing eroded from older upstream 

piedmont surfaces, rather than from the upper mountainous watersheds . The differing sed iment source 

areas may be responsibl e for the contrast in sediment size and surface texture between the grave ll y 

acti ve allu vial fan areas on the piedmont immedi ate ly be low the hydrographic apexes and the silty­

sand younger surfaces near the toe of portions of the piedmont. 

In additi on to the surficial geology, the AZGS generated a series of flood hazard maps for the 

White Tank Mountains (Fie ld and Pearthree, I 992). These maps identify areas of hi gh, intermediate, 

and low flood hazard . Figure 6.3 is an exampl e map for a portion of the White Tank Piedmont. 

Figure 6.22 shows the site-specific fl ood hazard mapping for thi anal ys is . 

r···~=· J IEFULLER 
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6B.4.l.3 F ie ld Observati ons 

Extensive fie ld work was completed as part of the alluvial fan floodp lain deli neations studies 

perfo rmed by JE Fuller/Hydrology & Geomorphology, Inc. In addi tion, aeri al photography was 

inspected to identify features consistent with allu via l deposits. F ie ld observati ons made throughout 

the W hi te Tank Piedmont and aeria l photographic interpretation confirm that the piedmont is 

composed of allu vial materials, except whe re inselbergs crop out. 

6B.4 .1.4 Summary 

The NRCS so il s mapping, AZGS surfic ial geologic mapp ing, and fie ld observations a ll yield 

s imil ar find ings regard ing the allu vial compos iti on of the White Tank Piedmont. Therefore, it is 

conc luded that the White Tank Piedmont is composed of non-consolidated al lu vium depos ited by 

fl uvial processes, which meets the compositi on cri teria specified in the PFHAM and FEMA 

Guide li nes. 

6B.4.2 Morphology 

According to the Nati ona l Research Council definition ( 1996), "allu vial fans are landforms that have 

the shape of a fan, e ither partl y or full y ex tended." The White Tank Piedmont study area consists of a series 

of coalescing landforms each with the shape of a partiall y ex tended allu vial fan. These coalescing a llu vial fans 

compri se a baj ada (Figure 6.5) which also shows a somewhat di storted, parti all y extended fa n shape wrapped 

around the Whi te Tank Mountains. The coalesced fan shape is readily visible on aeria l photographs of the 

study area (Figure 6.4). 

Topographic contour data also support the morphological definiti on of an allu vial fan. The USGS 

1: I 00,000 scale quadrangle topographic maps, as well as the District's I 0-foot contour interval mapping 

(Figure 6.5), show radial patterns across the piedmont surface. The contour crenulations, which range from 

hi ghl y c renul ated to smooth rad ial lines, indicate the degree of fa n inc ision and channe l confinement, but 

uni fo rml y depict an extended fa n shape. The centra l west portion of the fan is the most highl y crenul ated, 

whereas the northe rn and southern portions of the piedmont have the smoothest contours. 

Other morphologic features which support defining the White Tank Piedmont as an allu via l fa n 

landfo rm include the s lope, drainage pattern , and surfic ial characteri stic . T he pied mont s lope ranges fro m 

less than one percent to a lmost four percent ( 1-4%), which i much steeper than nearl y a ll va lley ri verine 

drainage systems in central Ari zona, which typ ica ll y have lopes of less than one percent. Steep slopes are 

characteristic of a llu vial fan landforms, which provide a transiti on from steep mounta in slopes to fl atter ax ial 

va lley streams. T he drainage pattern on the W hite Tank Piedmont inc ludes vast areas of distributary channe ls 

as illustrated by the plot of flow bifu rcations in F igure 6.6 and the stream channe l network plot shown in 
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Figure 6.7. Smf icial characteristics indicati ve of an a llu via l fan landform observed in the study area on aerial 

photographs and in the fie ld included non-linear (i.e., ri verine) and radi al surface distributions, low divide 

between adj acent f low paths, sma ll poorl y integrated channels, perched f low paths, decreas ing channe l wid ths 

and depths in the down tream directi on transitioning to sheet fl ow, and a rap id decrease in bed sediment sizes. 

Based on the ana lys is of the topographic and morphologic data, it is conc luded that the shape of the 

W hite Tank Pied mont meets the PFHAM/FEM A Gui de lines defin ition of an all uvia l fan landform. 

6B.4.3 Location 

The NRC (1996) definition of an allu vial fa n landform states that "alluvia l fan landfo rms are located 

at a topographic break where long-term channel mi gration and sediment accu mulation becomes markedl y less 

confined than upstream of the break." The Whi te Tank Piedmont abuts the steep mounta in front of the W hite 

Tank Mounta ins as indicated by the change in the topographic contour density shown on F igure 6.5. The 

mountain front is deepl y embayed, which refl ects the age and long eros ional history of the mounta ins and 

creates a sinuous upstream boundary at the topographic break. At the mountain front, the fl uvial environment 

transitions from one of net erosion and bedrock outcrop to a depositional environment and allu vium, at least 

within geologic time. A second topographic break occurs at the toe of the piedmont where allu vial fan 

landform is truncated by Wagner Wash and the Hassayampa Ri ver, the (riverine) axial va lley streams. 

6B.4.4 Hydrographic and Topographic Apex Location 

Topographic apexes occur at the mountain front, and represent the extreme upstream extent of the 

allu via l fan landform. For the White Tank Piedmont, the topographic apexes refl ect locati ons where 

depositi on of allu vium began in the geologic past. In all cases, the topographic apexes are located on relict or 

inacti ve allu vial fans, and are well upstream of the hydrographic apexes. Topographic apexes were identif ied 

by aeri al photograph interpretation , consideration of AZGS surf icial and geologic mapping, f ie ld observations, 

and review of topographic and morphologic featu res in the study area. The topographic apex locations 

identi fied for the W hite Tank Pied mont are shown in Figure 6.8. 

Hydrographic apexes are located at the hi ghest point on an allu vial fan landfo rm whe re there is 

phys ical evidence of fl ow bifurcati on and/or signif icant fl ow outside the defined channe l. The hydrographic 

apexes were defined by plotting the location of fl ow bifurcations observed on aerial photographs (Figure 6.6), 

in conjuncti on with fie ld observations and geomorphic mapping. In some cases, the point of fl ow bifurcati on 

is indicated a split stream symbol or a stippled pattern (depo ition) on the USGS topographic maps. 

Interestingly, the longitudinal profi les often have a slight hump at the hydrographic apex, which probabl y 

refl ects recent local aggradation. Experience indi cates that the hydrographic apexes should be located where 

the Holocene surfaces that bound the main channels are pinched out by o lder, stable surfaces , points which are 

often upstream of the ex isting fl ow bifurcati ons (JEF, 2000). These Holocene surfaces represent areas that are 

still receiving allu vial depos its and are subject to overbank fl ows, and thus are vu lnerable to fl ow path 
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move ment, e ither by avul sion or piracy. In so me cases, the upstream limits of the Holocene surfaces were 

coincident with the fl ow bifurcation points. The hydrographic apex locations identified for the White Tank 

Piedmont are shown in Figure 6.8, and use the alluvial fan naming conventions establi shed by Hj almarson and 

Kemna (1994) and continued by Ayres (2004) for the Sun Valley Buckeye ADMS. 

6B.4.5 Boundaries 

The lateral and di stal limits of the White Tank Piedmont allu vial fan landfo rm were determined from 

examination of the NRCS soi I and AZGS surfic ial geologic mapping, field observat ions, interpretat ion of 

recent and historica l aeria l photographs, and experience. The ex treme northeast and southeast lateral limits of 

the landform shown in F igure 6.9 were dictated by the scope of services, but were ex tended to logical limits 

with defined physical characteri sti cs. That is, the White Tank Piedmont also extends a long the east flank of 

the White Tank Mountains, but that area is outside the limits of the currently authorized stud y. The southeast 

tudy limit was extended to a bedrock ridge that ex tends from the mountain area to the FRS just west of 

Skyline Wash (Figure 6.1 0). The northeast study limit was extended to the margin of the active a llu vial fan 

surfaces that topographica ll y and geologically abuts acti ve flow paths that originate at Fan Site #2 (Figure 

6.11). 

The upper limit of the White Tank Piedmont alluvial fan landform is defined by the mounta in front, as 

indicated by the topographic break described above. The toe or distal te rminus of the White Tank P iedmont 

a lluvial fan landform is defined by the intersection of the long sloping piedmont pl ain with the flatter slopes of 

the Hassayampa Ri ver and White Tank Wash floodpl ains on the west, the Wagner Wash floodpl a in to the west 

and north, and the Gil a Ri ver geologic floodplain on the south. In the ex isting condition, the Buckeye FRS 

truncates the southern margin of the White Tank Piedmont, and now forms the effec tive toe of the alluvial fan 

landform, at least with re pect to al luvial fan floodin g. The Buckeye FRS impounds, stores and di verts the 

entire I 00-year hydrograph and sediment load .1 Furthermore, the Flood Control Di strict of Maricopa County 

establi shed the FRS as the downstream limit of study for the Sun Valley ADMP floodp lai n mapping tasks. 

6B.4.6 Conclusion 

The NRCS so il mapping, AZGS surficial geo logic mapping data, and field observations c learly show 

that the White Tank Piedmont is composed of sedimentary deposits (allu vium). The topographic mapping 

shows that the White Tank Piedmont landform is located at the base of a mountain fro nt and has the shape of a 

partially extended fan, has steep slopes, and radiating contours. Morphologic data, such as the drainage 

1 Studies are currently underway by the Flood Contro l Distri ct of M aricopa County to evaluate the Probable Maximum Flood (PMF) 

capacity of the Buckeye FRS and to upgrade, repair, or replace the FRS. Regardless of the outcome of the PMF and FRS evaluation, 
the FRS is known to control at least the I 00-year event and remove any allu vial fan flooding from downstream reaches. 
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pattern, surface distribution, re lief, and channel geometry, are also characteristic of an a lluvial fan landform . 

Therefore, it can be concluded that, with the exception of a few bedrock islands, the White Tank Piedmont in 

the study area is an a llu vial fan landform. 

6B.S Stage 2: Defining Active and Inactive Areas 

Stage 2 of the PFHAM/FEMA alluvial fan methodology consists of defining act ive and inactive areas 

within specific portion of the White Tank Piedmont allu vial fan landform, as well a characterizing the nature 

and types of floodin g that are assoc iated with a spec ific hydrographic apex . The hydrographic apex for the 

S ite 7, 8 and 12 alluvi a l fans were identified in the Stage 1 anal ys is and are located as shown in Figure 6.8. 

Active areas on an allu via l fan consist of those portions of the landform where uncertainties about channel 

geometry and hydraulic conditions of water and sed iment di scharge cannot be reali stically set as ide in the 

assess ment of the flood hazard. Acti ve areas on allu via l fans experience sed iment deposition, erosion and 

unstable flow paths in additi on to flood inundat ion. Inactive alluvial fan areas are the portions of the a llu vial 

fan landform where active fan processes do not occur. Inact ive portions of the a llu via l fan are those areas 

where flow path uncerta inty can "be set aside in reali sti c assessments of flood risk." 

6B.5.1 Overview of Stage 2 Methodology Concepts 

The physica l characteri stics of a landform provide clues as to its depositional history, existing level of 

stability, and future fl ood potential. If a portion of the landform becomes isolated from its original watershed 

and watercourse, it ceases to receive new deposits and its surface will begin to age and develop spec if ic 

physical characteristics indicative of its age. These phys ical characteristics include soil profile development , 

an integrated tributary drainage network, desert varni sh, desert pavement, topographic re lief, color, and 

dist inctive vegetative suites. 

In a semi-a rid environment like that of the White Tank Piedmont, the degree of so il development is 

directly proportional to surface age. As the surface ages, a soil profile develops, and its stmcture, color and 

content changes. Clay and calcium carbonate accumul ate in the so il from aeolian ources and chemical 

weathering of the parent material, fo rming di stinct so il horizons (Figure 6.12). The degree of soil profile 

deve lopment, particularl y in the c lay and carbonate hori zons, can be used as a proxy for surface age. The soil 

surface also tends to become reddi sh in color with time due to oxidation of iron (rubification) as well as 

accumulation and weathering of c lay. Young, active surfaces lack soil profile development, and on active 

a lluvial fan s consist of stream bed allu vium (Figure 6.13). 

Geomorphic surfaces may also develop an accumul ation of pebbles and cobbles at the surface as they 

age. These grave l coverings are known as desert pavement, which form as a byproduct of windblown silt and 

clay accumulation in the so il co lumn. Repeated wetting by precipitation cau es the fine-grained materia ls to 
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swell , li ft ing the larger gravels to the surface. Repeated su rface drying creates cracks into which more fine 

windblown materi al may accumul ate. Over thousands of years these processes form a mant le of c losely 

packed gravels that resembles asphalt pavement (Dohrenwend, 1987; Vanden Dolder, 1992). T he pebbles and 

cobbles that fo rm the pavement surface, if they contain suffic ient ferromagnesian minerals, will deve lop a dark 

bl ack patina (manganese-ox ide) on their tops and an orange (iron-ox ide) coating underneath that is known as 

desert varni sh (Figure 6. 14). 

Landform surfaces free fro m new depos iti on will also begi n to erode due to direct ra infall and the 

ensuing runoff on the surface. As the smface erodes, new tributary channel networks develop which become 

more inc ised and integrated with time. The channels graduall y deepen and widen, creating a greater degree of 

re lief between the channel bottoms and the ridges which separate them. The degree of re lief can be direct ly 

observed in the f ie ld or on aeria l photographs (Figure 6. 15), but can also be detected by the examjn ing the 

crenulation (curviness) of topographic map contour (Figure 6. 16). 

T he degree of re lief of an apparently inacti ve landform relati ve to adj acent acti ve, young surfaces is 

also an important characteri stic. Because acti ve allu vial fans are aggrading landforms, it fo ll ows that some 

older surfaces may gradually become buried by sediment deposition deri ved fro m the adj acent you nger active 

a llu via l fan (Figure 6.17). Therefore, where there is li ttl e topographic di fference between younger and older 

surfaces, the in vestigator must take care to evaluate the rate of, and potential for, long-te rm aggradation of the 

fan (Figure 6 .1 8). Typically, the rate offan aggradation is greatest near the hydrographic apex, with lower 

accumulati on rates as the distance from the apex increases and/or the acti ve fan widens. 

In a semi -arid environment, it takes thousands of years fo r many of these geomo rphic characteristics 

to develop. Therefore, surfaces that exhi bit we ll developed so il s, red color, significant carbonate 

deve lopment, desert pavement composed of strongly varnished gravels, and tributary drainage networks have 

been re lati vely free from flooding fo r thousands of years. These features provide a record of non-inundati on 

that ex tends back thousands of years. The non-inundation reco rd can be interpreted and used as a hi storical 

record of fan behavior in the same way as hi stori ca l records of f lood peaks are used to pred ict future f lood 

peaks . As such, without externa l disturbance, it can be reasonabl y assumed that the fl ood hazard potenti al on 

geomorphicall y old (stable) surfaces will be low in the future. 

The NRCS soil survey data and AZGS surficia l geo logy mapping di fferentiate surfaces based on the 

types of geomorphic characteri stics di scussed above. Therefore, the map data also provide info rmation about 

surface age, stability, and fl ood potenti al. Young surfaces with little so il development are li kely to continue to 

experience fl ood inundation, sedi ment depos iti on, and channe l movement. O lder surfaces are unlike ly to 

experience such processes. Olde r surfaces with cemented so il s and entrenched channels also tend to be more 

stable because the ir so il s are more resistant due to the cohesion provided by clay, carbonate, and pavement, as 

well as due to containment of fl ow within defined, vegetati on-lined channels. That is, the like lihood of the 
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channe l changing its location over time is greatl y dimini shed . Conversely, areas wi th non-cohes ive, coarse 

so il materials and li tt le lateral re lief are more susceptible to lateral change in channe l pos ition. 

Acti ve a ll uvial fans are those where the uncerta inty assoc iated with fl ow path location is so great that 

it cannot be set as ide in reali sti c assess ments of the f lood ri sk. Where risk of fl ow path c hange is not so great, 

that portion of the allu vial fa n landfo rm is cons idered inacti ve. The Stage 2 geomorphic analyses are intended 

to di stinguish acti ve, unstable, young landforms from inacti ve, stabl e, or o ld landfo rms . 
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Figure 6. I 4 Varnished Desert Pavement Suiface on Inactive 
Portion of an Alluvial Fan Landform. Note the reddened clay­
rich soil excavated from the soil pit. 

Figure 6. I 5 Aerial Photograph Sho wing Tributary 
Drainage Network on Old, Inactive Su1jace Adjacent to 
Disrr· & Sheet Flo w Pattern in Active Area . 
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6B.5.2 Overview of Flooding on Site 7, 8 and 12 Piedmont 

Fan Sites 7 , 8 and 12 are located within the southernmost porti on of White Tank Mountain piedmont, 

in Township I North , Range 3, Township I North , Range 4 West, and Township 2 North , Range 4 West. The 

topographic apexes are located at the mountain front-piedmont boundary (Figu re 6.8). Fan 7 hydrographic 

apex is located in the northwes t portion of Township 2 North , Range 4 West, sections 25 . Fan 8 hydrographic 

apex is located in the central portion of Township 2 North , Range 4 West, secti ons 36. Fan 12 hydrographic 

apex is located in the central porti on Township I North , Range 4 West, secti ons I . 
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Between the topographic apex at the moun ta in front and the hydrograph ic apex, fl ood flow is 

conveyed in a well -defi ned tribu tary drainage system. The di stance between the topographic apex and the 

hyd rographic apex is 11 ,000 feet, 6000 feet, and 11 ,500 feet fo r Fans 7, 8 and 12, respec ti ve ly. C hanne l 

depths range from approx imate ly I 5 feet near the topographic apex to less than 3 feet immediately upstream of 

the hydrographic apex. Channe l s lopes in the well -defined channels above the hydrographic apexes range 

fro m about 0.090 to 0.0 12 fee t/feet, decreas ing in the downstream direction. 

At the hydrographic apexes, the drainage networks change from we ll-defined tributary pattern to 

unconfined distribu tary patterns on acti ve allu via l fans. T he dra inage areas above the Fan 7, 8 and 12 

hydrographic apexes are approx imate ly 1.55, 0.52, and 1.42 square miles, respective ly. The allu vial fan areas 

below the hydrograph ic apexes fo r Fan 7, 8 and 12 total 12.05 square mil es. The act ive allu vial fan areas 

downstream of the hydrographic apexes are bounded latera ll y on the east by o lder, stable surface with 

tributary drainage patterns, and on the west by allu vial fan #36. Fan 7, 8 and 12 coalesce upstream of the 

Buckeye FRS #3. The toes of Fans 7, 8 and 12 are now defined by the Buckeye FRS dam embankment. The 

acti ve portions of the fans were truncated by the Buckeye FRS, eliminating the other natural portions of the 

a llu via l fan drainage system. 

6B.5.3 Identification of Active Areas 

Fie ld and Pearthree ( 199 1) suggest that the younger sediments (active areas) on the lower porti ons of 

the White Tank Piedmont are eroded primaril y from olde r surfaces in the middle and upper piedmont at or 

below the hydrographic apex, rather than from the upper mountain watershed . During the more frequent 

runoff events, fl ood water and sediment orig inate from both the middle and lower piedmont. Onl y the largest, 

most rare runoff events translate significant fl ood water and sediment across the entire piedmont downstream 

of the hydrographic apex to the toe of the pi edmont. High inf iltration rates in the broad areas of sand and 

grave l within the acti ve areas transmit the most frequent runoff events into the subsurface before runoff can 

pass to the lower piedmont. Channel sediment size decreases down piedmont, yielding lower inf il tration rates. 

Therefore, while it is conc luded that the pied monts surrounding Fans 7, 8 and 12 are mo tl y eroding 

landfo rms, 1 some level of aggradation and acti ve allu via l fan fl ooding occurs in the areas immedi ate ly 

downstream of the hydrographic apexes, covering a limited area of the total S ite 7, 8 and 12 landform (Figure 

6. 19). 

The limits of the acti ve areas within the S ite 7, 8 and 12 a llu via l fan landforms are shown in Figure 

6. 19. These areas were identi fied through the use of NRCS o il s surveys, AZGS surf ic ial geology mapping, 

historical aeri al photographs, interpretation of USGS 7.5 mjnute contour maps and FCDMC 10-ft contour 

11 ote that th is statement applies to the who le of the piedmont landform (Stage I), rather than the active al luvia l fan area (Stage2). 
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interval topographic mapping, fie ld observations, surfic ial characteri stics, and other geomorphic features . The 

relationship of each of these types of evidence to the limjts of acti ve and inacti ve areas is di cussed below. 

6B .5.3.1 NRCS So il s Data 

The study area containing fan s ites 7, 8 and 12 is sp lit horizontall y by two different NRCS soil 

surveys. The northern ha lf of the study area, containing both fan 7 and 8 hydrographic apices was 

mapped by the NRCS Soil Survey of Maricopa County, Arizona, Central Part (Hartman, G. W., I 977). 

Soil units in the Hartman soil survey are identified with a number and described in Table 6.4. The 

southern ha lf of the study area, containing the lower coalesced halves of fans 7, 8 and the whole of fan 

12 was mapped by the Soi l Survey of Agui la-Carefree Area, Parts of Maricopa and Pinal Counties , 

Arizona (Camp. P.O., I 986). Soils units in the Camp survey are identified with the initial and are a lso 

described in Table 6.4 . 

The active areas on Fan Sites 7, 8 and 12 are mapped on the NRCS soil s maps (Figure 6.20) 

as the: 

• Antho grave ll y sandy loams (2) 

• Antho-Carrizo-Maripo complex (3) 

• Antho-Carrizo complex (AGB), 

• Antho-association (AL) 

• Antho-Valencia assoc iati on (AM ) 

• Gunsight-ril lito compl ex (GYD, 70) 

Units 2, 3, AGB , AL, AM are described as young so il s located on drainageways and active alluvial 

fans subject to frequent flooding and erosion. The Antho-Carri zo and Antho so il units have minimal 

soil profile development (Torrifluvents) and minimal c lay or carbonate accumulation . Soil units GYD 

and 70, two different names fo r the Gunsight-Rillito complex , are described by the NRCS as be ing 

7000-10,000 years o ld and occurring on o ld alluvi al fans, and fan terraces. The Gunsight-Rillito 

(GYD, 70) so il unit while described as an o ld so il forming on geomorphica ll y stable landforms has 

been mapped parti a ll y as active due to ex tensive fie ld investigati on. Parts of this unit are 

topographicall y lower than acti ve units upstream of them and are in the process of aggradation. 

Hi storicall y o ld sediments in the lower half of fan 7 are being buried younger sediments orig inating 

upstream. 

Gunsight-Ri llito (70) is also mapped directl y be low the hyd rographic apex of fan 8. The 

inclusion of unit (70) on fa n 8 may be due to error associated with the scale of the NRCS mapping 

rather than as in the case above where an old ex isting o il is being buried with new sediment. 
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The whole of Fan 12 is contained in the Antho-Carrizo complex (AGB) described as a young 

soil located on drainageways and ac tive alluvial fans and subject to frequent fl ooding and e rosion. 

The inactive areas on Fan Sites 7, 8 and 12 bound the acti ve areas latera ll y and in the 

upstream direction. The upper piedmont above the Fan 7, 8 and 12 hydrographic apexes is underl ain 

by the Gunsight-Rillito (70), Pinampt-Tremant (98), Tremant-Rillito (TSC) Complexes, all of which 

are described by the NRCS as o ld (inacti ve) allu viaJ fan s and fan terraces. Rock outcrop areas (CO, 

RS and I 00) are also mapped by the NRCS as outcrops in or near Fans 7, 8 and 12 . 
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SVADMP 
Study Area Legend 

Figure 6. 19 Fans 7, 8 and 12 active areas 
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SVADMP 
Study Area 

AL 

cv 

GYD 

I 

/ 

NRCS Soil Unit Landform Interpretation 
r-----..1 and Soil Unit 101 

c=J Active Alluvial Fan c=J Mountain Slope 

c=J Floodplain c=J Terrace 

c=J Inactive Alluvial Fan i--=:J Valley Pla in 

Fan 7, 8 and 12 Active Areas 

2,000 

Sources: 
Hartman. G.W .. 1977. Soil Survey of 

Maricopa County. Arizona, Centra l 
Part. Soil Conservation Service. 
U.S. Department of Agricuhure. 

Camp. P.O .. 1986, Soil Survey of 
Aguila-Carefree Area. Parts of 
Maricopa and Pinal Counties. Arizona . 
Soi l Conservation Service. U.S . 

Figure 6.20 NRCS soils mapping fo r Fans 7, 8 and 12 
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• T a ble 6.4 NRCS So il U nit Descriptions for Fan s ites 7 , 8 a nd 12 

Map Soil Unit Geomorphic 
Soil 

Geologic PFHAM 
Characteristics Subgroup 

Symbol Name Position 
& Order 

Age Landform 

Subject to occas ional fl ooding; 
An tho- Floodpla ins, hazard due to water eros ion is 

Typic 
Few 

Active 
AGB 

Carri zo alluvial fans, severe; channe ling, depos ition , 
Torriflu vents 

hundred 
Alluvial 

complex, 0- and and streambank eros ion occur 
E nti so ls 

to I ,000 
Fan 

3% slopes drainageways during fl ooding; subject to rare years 
peri ods of fl ooding 

Allu vial fa ns Sl opes< I%; slow runoff; s light 
Typic 

Few 
Active 

An tho that radi ate eros ion hazard ; de ntritic hundred 
AL 

assoc iation out from drainage pattern ; I 00-900 
Torrifluve nts 

to 800 
Alluvial 

mounta ins acres in s ize 
Enti sols 

years 
Fan 

Long, smooth 
0- 1% slopes; s low runoff; Few 

An tho- valley plains 
s li ght erosion hazard ; dentriti c 

Typic 
hundred Valley 

AM Valenc ia 1-3 miles Torriflu ve nts 
assoc iati on from base of 

drainage; 200-2 ,000 acres in 
Enti sol s 

to 800 P lain 

mountains 
size years 

Dissected by low stream 

Cheri ono- Low hill s and 
channe ls 3-20 feet in depth and 

Typic 
50-200 feet apart; 50-90% of Mountain co Rock outcrop lower s lopes 
the surface is grave l, cobbles, 

Durothids 
Slope 

complex of mounta ins 
and stones; slopes are complex 

Aridsols 

• and range from 3-25 % 
Coolidge-

Inactive 
Typic Inactive 

cv Laveen 
Al luvial Fan 

Coolidge-40%, Laveen-40% Calc iorthids Alluvial 
association Aridsols Fan 

Gunsight-
Dissected by drainageways 2-

Pinal O ld alluv ia l 
15 fee t deep at 50-300 foot Typic 7 ,000 to Inactive 

GWD 
complex, 1- fa ns 

interva ls; 30-70% of surface is Calciorthids 10,000 Alluvia l 

10% slopes 
covered with angular cobbles Arid so ls years Fan 
and grave l 
Di ssected by s tream channel at 

Gunsight- I 00-500 foot interva ls up to 30 
Typic 7 ,000 to I nactive 

GYD 
Rillito Old alluvial feet in depth ; s lopes< I%; 500-

Ca lciorth ids 10,000 Alluvia l 
complex, 0- fa ns I ,000 ac res in area; Gunsight 

Aridsols Fan 
10% slopes so il s s lightl y saline be low 30 

years 

inches in depth 

Harqua-
Sl opes< I% on fan tops, 5% 

Gunsight Old a lluvial 
slopes near drainage ways ; 20- Typic Inactive 

HLC 
complex, 0 to fans I Terrace 

500 acres in area; Harqua so il Haplargids Alluvial 
surface is covered with Aridso ls Fan 

5 % slopes 
varni shed desert pavement. 

Old alluvial 
Sl opes on tops of fans < I%, 

fans around 
fa n side s lopes 3%; I 00-500 

Typic Inactive 
Pinal ac res in area; 30-40% of 900,000 

PT 
gravell y loam 

margins o f 
surface is covered with gravel 

Durothids Alluvial 
low hill s and Arid so ls 

years 
Fan 

mounta ins 
and cobbles ; 60% o f grave l is 
pan fragme nts; s ides o f fans 

• 
~IE FULLER Fan 7, 8 and 12 FDS Page 6-38 

HYDI/OlCXJY d GEOMORDHOlCXil InC 



ALLUVIAL FAN FLOODPLAIN DELINEATION STUDY- FAN 7, 8 & 12 

• Table 6.4 NRCS Soi l Unit Descriptions fo r Fan s ites 7 , 8 and 12 (continued) 

Map Soil Unit Geomorphic 
Soil 

Geologic PFHAM 
Characteristics Subgroup 

Symbol Name Position 
& Order 

Age Landform 

Soil most ex te nsive about 4 

Pinai-Suncity 
mil es morth o f Sun City o n 

Typic Inactive 
PWB complex, 0 to 

On old both s ides of the Agua Fria 
Durorthids Alluvial 

al lu vial fans River. Surface is a lmost 
-

3 % slopes 
gravel free is most areas, while 

Aridsols Fan 

in other areas grave l covers 
Disseted by sha llow stream 

Pinamt- channe ls and about 50- to I 00-
Typic Inactive 

Tremant O ld alluvial foot interva ls. About 40 to 80 
PYD 

commplex, 1- fans percent of surface is covered 
Haplargids - Alluvial 

10% slopes with angluar cobbles, gravel , 
Aridso ls Fan 

and a few stones. 
Rock S lopes 5-90%; areas are large 

RS 
outcrop- Mountainsides and irregular in shape; Mountain 
Cherioni and low hill s Cherioni so il very cobbly or 

- -
Slope 

complex sto ny in areas 
Dissected by intermittent 

• 
Tremant- strea m channels at I 00- to 

Typic Inactive 
Rillito Old alluvia l 300-foot interval s. Channels 

TSC 
complex, 0- fa ns have c ut I foot to 15 feet 

Haplargids - Alluvial 

5% slopes below the surface. Erosion 
Aridsols Fan 

hazard is moderate. 

On 
55 % with non-calcareous 

An tho floodplains, 
surface layer & ca lcareous 

Typic 
Few 

Active 
be low, 25 % ca lcareous hundred 

2 gravell y a lluvia l fans , 
th rougho ut; ma in limitation to 

Torriflu vents 
to 800 

Alluvial 
sand y loams and Entiso ls Fan 

drainage ways 
development is hazard of years 
flooding 

On 
Subj ect to occassio nal 

An tho-
fl oodpla ins, 

fl ooding; hazard due to water 
Typ ic 

Few 
Active 

3 
Carrizo-

allu vial fans , 
eros io n is severe; channe ling, 

Torrifluvents 
hundred 

Alluvial 
Maripo 

and 
deposition,and streamba nk 

Entisol s 
to I ,000 

Fan 
complex 

drainageways 
eros ion occur durin g fl oodin g; years 
subj ect to rare periods of tl 
Chuc kwall s is on tops of fan 

Typic 
Ch uckawall a- terraces, Guns ight is on s ides 

Haplargids, Inactive 
19 

Gunsight On fan of fan terraces. Surface is 
Typic Alluvial 

complex, I to covered with varn ished desert 
-

terraces 
Calc iort Fan 

8 % slopes pave me nt. Rapid run off, s li ght 
Arid so ls 

erosio n hazard . 
Ca lcareous below about 8 

Denure-
inches; B horizon 

Momoli -
On stream development ; buried ca lcic or Typic 

29 
Carrizo 

terraces and argillic hori zon present in Camborthids - Terrace 

complex 
fan terraces so me pedons; B hori zon Aridsols 

development; strongly 

• effervesce nt at depth 

IE FULLER Fan 7, 8 and 12 FDS Page 6-39 
NYDROlO<iY d GtO/'\ORDHaO<iY. InC 



• 

• 

• 

ALLUVIAL FAN FLOODPLAIN DELINEATION STUDY- FAN 7, 8 & 12 

Table 6.4 N RCS Soil U nit Desc ripti ons fo r Fan sites 7, 8 and 12 (continued) 

Map Soil Unit Geomorphic 
Soil 

Geologic PFHAM 
Cha racteristics Subgroup 

Symbol Name Position 
& Order 

Age Landform 

70 

98 

100 

Gunsight- Runoff is slow to med iu m, 
Typic 7,000 to Inactive 

Rilli to On fa n slight erosion hazard. Weakly 
Camborthids 10,000 Alluvial 

complex, I to terraces cemented ca lcic hori zon at 4 to 
Ari dso ls Fan 

25 % slopes 36 inches 
years 

Ye llowish red B horizons 

Pinamt-
wh ich are strongly to violently 

Tremant On fa n 
effervescent; light redd ish Typic 

900,000 
Inactive 

brown B hori zons, cacl ic Hapl argids Alluvial 
complex, I to terraces 

horizon at 5 to 24 inches, Ari disols 
years 

Fan 10 % slopes 
strongly to vio lently 
effervescent 

Quil otosa-
Vaiva-Rock 

On hill slopes Mapped on surfaces with 20 to Lithic 
outcrop 

and mo un tain 65 % slopes; bas icall y thin Torriorthents 
Mountain 

complex , 20 
-

Slope 
to 65 % 

slopes hill slope so il s in the mountains Ent iso ls 

slopes 

6B .5.3 .2 AZGS Surfic ia l Geology 

T he study area conta ining fa n s ites 7, 8 and 12 is split vert ica ll y by two di fferent AZGS 

surfi c ial geo logy maps. As a result of the study area being di ssected by two diffe rent maps the west 

portion of fa n 7 is mapped at a more deta iled scale than the rest of the study area. (Figure 6.2 1) 

T he AZGS surf ic ial geo logy mapping (Figure 6.21) shows two units o n the Fan 7, 8, 12 

piedmont. M ost of the up pe r pi ed mont is mapped as unit Qm I and Q i2 . Qm I is a middle to late 

quate rnary a llu vial deposit in te rraces and surfaces well above act ive channe ls, and well developed 

desert varni sh and pavemen ts . Qi2 is described by the AZGS as a middle Ple istocene re lict a llu vial 

fan deposit composed of poorl y sorted sand, pebbl es and cobbl es, and a few sma ll boulders. Qi2 

surfaces are moderate ly to deepl y di sected with ex te ns ive tributary dra inage ne tworks. Soil has 

visible carbonate and c lay accumul atio n. 

T he AZGS mapped the acti ve areas of Fan 7, 8 and 12 as late to early H o locene a llu via l fan 

(Qy2), late H o locene a llu via l fans (Qy I ). The geo logic map of the White T anks does not di fferentiate 

between Qy l and Q y2 bu t li sts the acti ve a reas as late Quaternary young a llu vium (Qy). 

T he AZGS desc ri bes Q y2 as acti ve stream channe ls, low ten·aces and a llu via l fans. Qy l is 

described as overbank channe ls, terraces, and a llu via l fa ns compose of poorl y sorted sand , silt, pebbles 

and cobbles. 
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The AZGS also prepared fl ood hazard mapping (Figure 6.22) for the White Tank Piedmont, 

including the areas near Fans 7, 8 and 12. The AZGS maps the hi ghest flood hazards HI and H2 near 

the apexes . Portions of the active areas are also mapped as Inte rmed iate flood hazard (I) and (Ll) 

Low Flood hazard . 
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Figu re 6.2 1 AZGS surficial geology fo r Fans 7, 8, and 12 
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SVADMP 
Study Area 

Intermediate 
LQI/o.'est: restricted to small Latest Pleistocene to middle 
channels and localized Pleistocene (15,000 to 
sheetfloodin . 250,000 ears 
LOINest: restricted to small Late Pleistocene to 
channels and localized Pliocene (50.000 to 
sheetfloodin . 1 ,000.000+ ears 
Unknown 

1 Sources: 
Geologic Mapping of Flood Hazards 
in Arizona : flood hazard maps from 
AZGS Open File Report 91-10 

Figure 6.22 AZGS flood hazard mapping for Fans 7, 8, and 12 
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The NRCS and AZGS mapping, and the stabl e/un stable area delineations perfo rmed fo r thi s 

study are compared in Figure 6.23. The NRCS, AZGS, and TDN mapping are broadl y s imil ar. T he 

minor differences are attributed to the lower resolution, large scale mapping performed by the NRCS 

and AZGS, as we ll as recti fication issues assoc iated with converting paper maps to di gital coverage . 

The NRCS , AZGS , and TDN mapping all identify unstable, active alluvial fa n areas downstream of 

the hydrographic apexes of Fans 7, 8 and 12 and inac ti ve, stable pi edmont surface fo r the remainder 

of the piedmon t. 

6B .5 .3 .3 Interpretation of Topograph y 

Topographic data were ava ilable from USGS 7.5-minute quadrangle maps and from FCDMC 

I 0-foot contour interva l mapping (Figure 6.24) . Topographic data can be used in the fo llowing ways 

to identi fy stable and unstable (active/inacti ve) portions of allu via l fan landforms: 

• Contour crenulati on. Contour crenul ations are "wiggles" in topograph ic contour lines. 

Since o lder, stable surfaces tend to have greater interna l relief, bette r developed drainage 

networks, and are largely erosive landforms, the contours over such surfaces are more 

crenul ated. Contours over younger, acti ve, unstable surfaces tend to be smoother, 

refl ecting the more uni fo rm, less inc ised topography . 

• Contour shape. Contours on acti ve, unstable alluvi al fan surfaces tend to bend 

downstream in a smooth radi al pattern. Contours on inacti ve or re lict fans tend to be more 

parallel to the mountain front. 

• Contour direction. A marked change in the contour orientation occurs at the toe of the 

allu via l fan, where it enters the f loodpla in of the ax ial stream, which is frequentl y 

o rthogonal to the fan contour orientation. 

• Re lief. The boundaries of acti ve fan areas are typica ll y confined by o lder, higher inacti ve 

surfaces which constrain allu vial fan fl ooding to topographicall y lower unstable surfaces. 

Topographic re lief is addressed more directl y in the Stage 3 analys is. 

• Longitud inal prof ile . A longitudina l profile is a plot of elevation versus di stance. A 

profile of an acti ve ly aggrading allu vial fan usuall y in convex (steepens downstream), 

whereas inacti ve allu vial fans typica ll y have concave profil es (f lattens downstream). 

• Map symbols. Symbols on the USGS topographic maps useful for fan identification 

inc lude stream channe l bifurcati on, stipp ling of depos itional areas, terminati on of stream 

symbols in the downstream direction, 

The topographic data with in the acti ve, unstable area of Fan 7 , 8 and 12 are less crenulated than the 

adjacent, stable portions of the piedmont, indicating that the acti ve surface is not inc ised and that the 
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flow paths are shall ow. The topographic data indicate that the inactive portions of the piedmont are 

incised by up to 15 feet in place . 
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SVADMP 
Study Area 

Overlay of NRCS Soils, AZGS 
Geology, and TON Landform 
Interpretation near Fan 7, 8, 12 

.. Active Areas 

NRCS Soils 

~~ ~~~j~::~. ~"~:~::~rm• • . 
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[::: ::: :J Valley Plain 

~Terrace 

~ Mountain Slope 

~ Levee 

AZGS Surficial Geology 
[:=J Quaternary Alluvium 

Late-Middle Pleistocene Alluvium 

c=J Bedrock 

Figure 6.23 NRCS, AZGS, and unstable area mapping ove rl ay 
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Figu re 6.24 I 0-foot contour interval mapping 
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Fan 7 Longitudinal Profile 
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Fan 12 Longitudinal Profi le 
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1--+- USGS 7.5' Quad Map Along Primary Flow Path -- FCDMC 10ft Topo down fan center I 

Figure 6.25 Longitudinal Profiles fo r Fans 7, 8 & 12 (continued fi·om previous page) 

6B.5.3.4 Hi storical Aeria l Photograph y 

H istorical aeri a l photographic coverage fro m 1953 and 2005 were avail able fo r the S ite 7, 8 

and 12 a llu via l fa ns (Figure 6.26). T he 1953 digita l aeria l photographs were obta ined fro m the D istri ct 

GIS (Table 6.5) . C hanne l tha lweg locati ons were plotted on the 1953 and 2005 aeri als to ide ntify 

channel move ment , c hanne l avu lsions, or other changes in channe l c haracteri st ics (Figure 6.27). 

Table 6.5 L ist of H istorical Aeri a l Photographs of White Tank Fan Study A rea 

Source Photo Date Scale Type Digital 

FCDMC Archi ves 1953 digita l Black & wh ite prin ts Scanned 

FCDMC 2005 I :32,000 Color orthophotos Yes 

Comparison of tha lweg locati ons shown in F igure 6.27 ind icates that the re has been definite 

channe l movement on fans 7, 8 and 12 during the 52 years of record . M any new channe ls have 

fo rmed in the study area, concentrated in the west and centra l porti on of fan 7. A lthough there were 
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no 1953 thalwegs delineated on Fan 12, examination of the historical aeria l photograph compari on 

indicates there has been little channe l movement on Fan 12 within the period of record . 

T here were no changes in vegetative cover, di stributi on or density that could be di scerned at 

the scale of the aerial photographs. The primary human impact on Fans 7 , 8 and 12 was con truction 

of the Buckeye FRS and assoc iated maintenance activ ities in the FRS impoundment area. 

6B.5.3.5 Drainage Pattern 

Drainage pattern is indicative of allu via l fan stability . Inactive, stable a llu via l fans typicall y 

have a tributary, well -defined drainage pattern , with channe ls that generall y increase in s ize with 

di stance downstream. Active, unstable allu vial fan s typically have poorl y defined di stributary or sheet 

flow drain age patterns, which have chan ne ls that often decrease (or disappear) in the downstream 

directi on. The drainage pattern can be readily identi fied from aeri al photographs (Figure 6.19) by the 

light-toned sandy channel bed mate ria ls and/or the bank vegetation which is usually denser and with 

diffe rent species than floodplain and terrace areas . 

The drainage pattern in the unstabl e portions of Fan 7, 8 and 12 is di stributary with strong 

components of unconfined and sheet f low. Field observations suggest that large percentages of the 

acti ve areas are inundated during significant floods. The stable portions of the piedmont have a well­

defined tributary drainage pattern . The drainage pattern changes fro m tributary to di stributary at the 

hydrographic apex. The distributary pattern pers ists from the hydrographic apex to the Buckeye FRS 

impoundment limits where maintenance acti vities obscure the natural drainage pattern . 
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Figure 6.26 Historical aerial photo compari son 
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Figure 6.27 Historical thalweg locati ons 

IE FULLER Fan 7, 8 and 12 FDS Page 6-52 
HYDROI.CXiY d GtOI'IORDHQCXil IMC. 



• 

• 

• 

ALLUVIAL FAN FLOODPLAIN DELINEATION STUDY- FAN 7, 8 & 12 

6B.5.3.6 Surficial Characteristics 

Surficial landform character ist ics can be used to identi fy stable and unstab le a llu vial fan 

surfaces, as described in Section 6B .5.1 and the PFHAM. Landfo rm characteristics were identified 

during field visits, by interpretation of aeria l photographs, and from NRCS o il s and AZGS geo logic 

maps. Key surficial characteri stics considered for the Site 7, 8 and 12 delineation inc luded the 

fo ll owing: 

• Surface Texture 

• Surface Color 

• Desert Varni sh 

• Desert Pavement 

The acti ve, unstab le fan areas shown in Figure 6.19 generall y lacked surface reddening, desert 

varni sh and desert pavement, and had re latively uniform surface texture. L imited areas with moderate 

desert pavements were observed on the southwest portion of the Fan 7 acti ve unstable area. However, 

fie ld evidence including flotsam and silt deposits indicated that pavements had recentl y been 

inundated. There is little or no relief between these pavement surfaces in the ac ti ve area and the active 

flow paths. Inactive, stabl e surfaces had di stinct surface texture, so il reddening, and desert varnish 

and pavement areas. 

6B .5.3.7 Vegetation 

Vegetation was used in the fo ll owing ways to di stinguish stable and unstable alluvial fan 

surfaces on the Site 7, 8 and 12 Fans: 

• Vegetative Suites. The types of vegetation on any geomorphic surface are a function of 

the mjcro-c limate (aspect, elevation, etc.), so il substrate, frequency and concentration of 

runoff, so il permeability, and so il che mi stry. Because adj acent geomorphic surfaces on 

a llu via l fan landforms differ in degree of clay and carbonate accumul ation (substrate, 

chemistry, permeability), inci sion (runoff characteri stics), and frequency of inundation, 

the vegetati on suites on each surface are like ly to vary s lightl y, e ithe r by species type 

and/or by spec ies density or robustness. 

• Marker Spec ies. Certain species are almost always found in specific geomorphic and 

fluv ial environ ments. For example: ( I ) ocotillo thri ve in carbonate rich soils, and usually 

indicate that a caliche layer unde rlies the surface, (2) saguaro, barre l, and cho ll a cacti 

grow wel l in rocky, well-drained soil s are usuall y found outside the acti ve floodpl ain, (3) 

iron wood, palo verde, and mesquite trees typicall y are found on cha nnel banks or where 

runoff concentrates frequentl y. 
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• Species Age. The apparent age of vegetati on is used to di stingui sh geomorphic surface 

age. T he age of vegetati on is direc tly proportional to overall plant s ize, as we ll as trunk 

d iameter (woody trees), presence or number of branches (saguaro cacti branch after about 

70 to I 00 years), or other factors (c reosote clone ring diameter) . Old vegetation is 

indicati ve of stability or at least non-erosion. 

• Burial or Exposure. Burial of the plant base by sediment depositi on may indicate 

aggradat ion or acti ve a llu vial fan fl ood ing. Exposure of a plant 's roots by erosion 

indicates scour or latera l erosion which may be associated with either stable or unstable 

surfaces, depending on other geomorphic characteristi cs. 

Vegetation characteri stics for the Site 7, 8 and 12 Fans were identified in the field and on 

aeria l photographs (Figure 6.28). Differences in vegetation between stable and unstable portions of 

the piedmont near Fan 7, 8 and 12 include vegetati ve density, di stribution, size, and type. Acti ve fa n 

areas had denser vegetati ve cover, with larger pl ant sizes, especiall y on the interflu ve areas than the 

inactive surfaces. Channel bank vegetation in the active fans areas tended to be small er than along 

channel s on inactive surfaces. Inactive surfaces tended to have more cholla and saguaro cacti than 

active surfaces . 

6B.5 .3.8 Sediment De livery Potential 

Sediment yield estimates were not performed as part of thi s TON . 
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Figure 6.28 Acti ve/Inact ive vegetation characteristics 
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6B.5.3.9 Summary 

Active and inacti ve portions of the Site 7, 8 and 12 a llu via l fan landforms were identified 

using the geomorphic characteri stics described above. The characteristics are best used in conjuncti on 

with each other, since no si ngle characteristic is uni versa ll y diagnostic of the level of stability. The 

stabl e/unstable landform de lineation for the Site 7, Sand 12 Fans are shown in F igure 6 .1 9. 

68 .5.4 Alluvial Fan Floodplains Downstream of Active Unstable Areas 

The active unstable a lluvial fan areas on the White Tank Piedmont that experience allu vial fan 

flooding with fl ow path uncertainty, are located immedi ate ly downstream of a hydrographic apex , eithe r the 

primary hydrographic apex, o r a secondary inset hydrographic apex located further downstream. Runoff that 

passes through the entire acti ve unstable porti on of the a ll uvia l fan before reaching the toe of the allu via l fan 

landform is conveyed down stream through one o r more of the following types of drainage networks: 

• Stable Di stributary Systems 

• Stable Tributary Systems 

• Sheet Flow Areas 

In the case of the Fan 7, 8 and 12 a llu vial fan s, the Buckeye FRS truncates the alluvial fan about three mi les 

down fan from the hydrographic apex. Large portions of fan 7 are defined as acti ve. It is like ly that large 

floods on the fans inc lude some component of sheet flow within the acti ve areas. 

68 .5.5 Identification of Inactive Areas 

Along with the acti ve a llu via l fan areas at S ite 7, 8 and 12, Figure 6. 19 also shows the inactive alluvia l 

fa n areas. Bas ically, the inactive areas are those porti ons of the alluvial fan landform th at are not active, as 

described in the Section 6B.5.3. As shown in Figure 6. 19, a large portion of the Site 7, 8 and 12 p iedmont 

landfo rm consists of act ive, unstable surfaces. 

68.5.6 Types of Flooding on the Piedmont 

Based on the evaluation of active and inacti ve areas on the Site 7, 8 and 12, the foll owing locations 

and types of flood hazards were defined . 

6B.5.6.1 F loodin g Along Stable Channels: Upstream of the Hydrographic Apex 

Ri verine flooding upstream of the hydrographic apex was delineated using approx imate 

method ri verine delineation techniques, as described in Section 5. The riverine reach upstream of the 

hydrographic apex is conside red stable surface flooding. 
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6B.5.6.2 Unstable Flow Path F looding 

Active alluvial fan flooding on the Site 7, 8 and 12 piedmont are very extensive when 

compared to other fans in the area. These unstable areas represent sign ifi cant flood and sedi ment 

hazards. On Fan 7 there are areas mapped within the unstable areas where incipient tributary drainage 

networks have formed . While tributary drainage networks are often an indicator of stability, in the 

cases of Fans 7, the degree of relief between the unstable di stributary areas and the areas with 

incipient tributary systems is too small to warrant considering them as stable. On Fan 8 unstable fl ow 

paths are mapped over the entire fan area until fan coalesces with fan 7. Fan 12 has two active, 

unstable portions. The first occurs direc tl y below the hydrographic apex . The second unstable flow 

path flooding area on fan 12 is at the southeastern-most portion of the study area. Historical grading 

associated with constructi on and maintenance of the Buckeye FRS creates an addi tional source of 

instability at the southern limit of the study area. 

6B.5 .6.3 Sheetflow Areas 

Sheetfl ow probabl y occurs over much of the active area on fan 7, 8 and 12 in conjuncti on with 

unstable flow path floodin g. During large events sheetflow flooding is expected to be one of the 

primary methods of flooding on the active unstable areas of fans 7, 8 and 12 . 

6B .5.6.4 Debri s Flow Areas 

No evidence of debri s fl ows was observed in the field, on topographic maps, or on aerial 

photographs. The NRCS soil s mapping and AZGS geologic mapping do not mention debri s flow 

hazards or deposits within the study area. The hydrographic apexes are located too far from the 

mountain front for debri s flows to be of concern for the flood hazard inundation areas mapped in thi s 

study . 

6B.5. 7 Summary of Stage 2 Delineation 

Figure 6.19 shows the limi ts of the ac ti ve and inactive areas of the Site 7, 8 and 12 piedmont. The 

Stage 2 active/inactive area de lineation is the foundation for the Stage 3 floodpl ain de lineation . The most 

active areas of the Fan 7, 8 and 12 piedmont landform are very extensive, covering more than 75 % of the area 

downstream of the hydrographic apexes . 

6B.6 Stage 3: Defining the Approximate 100-Year Floodplain 

The 100-year flood hazard assessment is an outgrowth of the information and results identified and 

generated in Stages 1 and 2. In Stage 1, Sites 7, 8 and 12 were identified as part of an alluvial fan landform. 
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In Stage 2, the unstable (active) and stable (inacti ve) porti ons of the allu vial fan landform were identified . 

According to the FEMA Guide lines, "the de lineated fl oodprone areas of Stage 2 hould approx imate the 

largest possible ex tent of the I 00-year fl ood ." In Stage 3, fl oodplain limits fo r the I 00-year ( 1 %) flood are 

delineated for each of the types of the fo ll owing types of fl ooding identi fied in Section 6B.5: 

6.29 . 

• F looding A long Stable Channe ls: Upstream of the Hydrographic Apex. The floodplain along the 

main channel upstream of the hydrograp hic apex was de lineated using riverine approximate 

method techniques, as described in Section 5.0. 

• Unstable F low Path F loodi ng. T he floodplain in the areas with unstab le f low path flooding (active 

allu via l fan flooding) downstream of the hydrographic apex were deli neated using geo morphic 

data. In general, the 1 00-year fl oodp lain de lineated in the acti ve a llu via l fan areas is coinc ident 

with the Stage 2 u nstable area de lineation. 

• F looding Along Stable Channe ls: Downstream of the Hydrographic Apex . T he floodplain a long 

stable di stri butary and tributary channe ls located downstream of the act ive a llu vial fan areas were 

de lineated using geo morphic data. 

• Sheetf low. Areas of sheet fl ooding were delineated using geomorphic data . In the case of Site 7, 

8 and 12, the sheet f low areas could not be re liabl y di stingui shed from the areas of unstable fl ow 

path flooding and were therefore inc luded in the latter category . 

The Stage 3 100-year fl oodpl ain de lineati ons fo r the Site 7, 8 and 12 all uvial fans are shown in F igure 
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6B.6.1 Flood Hazard Zones 

Table 6.6 li sts and describes the flood hazard zones identified and shown in Figure 6.29 and the Stage 

3- I 00-year F loodpl ain Map in the Floodplain De lineation Ex hibits inc luded in the TDN Appendix. These 

zones are defin ed fo r use in piedmont fl ood hazard delineati on in Maricopa County by the F lood Contro l 

District of Maricopa County, and were approved the Mari copa County Board of Supervi orson November I, 

2000. The fl ood hazard zones shown on Figure 6B.29 are g iven in Table 6B.7. The resu lting fl ood hazard 

map is simil ar in nature to the one shown in Example 4 (Figu re G-9) in FEM A Guide lines. 

T he unstable areas de lineated in the Stage 2 ana lys is were used to identify the locati on of the Zone A­

Admini strati ve F loodway Acti ve Allu vial Fan (Zone AFHH). The AFHH (acti ve a llu via l fan) zone li es within 

the unstable area. The AFUFD (uncerta in f low di stribution) zone encompasses the rema inder of the un table 

area as well as an additional buffe r area along the downstream edge of the un stable area identif ied in Stage 2. 

Thi s buffer area was determined by use of the so il s, surfi c ia l geology data, interpretati on of recent and 

historica l aeri al photographs, and engineering judgment. 

Zone A- Admini strati ve Floodway Inacti ve Alluvia l Fan (Local Community Zone AAFF) were used 

a long stable throughflow channe l corridors which traverse the inacti ve portions of the allu vial fan landfo rm . 
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Table 6.6 Flood Hazard Zones Mapped in White Tank Fan 7, 8 and 12 Approximate FDS 

Local 
Zone Name Community Zone Description 

Desi~nation 

Zone A Zone A 
Approximate I 00-year fl oodplain ; riverine reaches upstream of hydrographic 
apex, and previously mapped ponding area behind Buckeye FRS# I 

Zone A-
Administrative 

Zone A 
Approximate 100-year fl oodplain , ri verine reache upstream of hydrographic 

Flood way apex, managed as a fl ood way district. 
Ri verine 
Zone A -
Administrative AFHH-
Flood way Admin istrative Alluvia l Fan High Hazard , community to treat as a fl ood way di stri ct 
Active Alluvial Flood way 
Fan 
Zone A-

Alluvial Fan Uncerta in Flow Distribution Area; transitional area downstream 
Adm inistrative AFUFD -
Flood way Administrative 

of AFHH zone characteri zed by channe li zed and sheet flooding generall y 
becoming more stable and less uncertain with increas ing downstrea m distance 

Active Alluvia l Flood way 
from the AFHH zone; community to treat as a fl ood way di strict 

Fan 
Zone A -
Administrative AAFF- Approx imate Alluvial Fan Flood way; corridors for conveyance of water and 
Flood way Administrative sediment on a stab le alluvial fan surface downstream of the AFHH and 
Inactive Alluvial Flood way AFUFD; community to treat as a flood way di strict 
Fan 

Allu vial Fan Zone A; areas within the 100-year fl oodplain on an inactive 
alluvial fa n characterized by shallow channeli zed flow and sheet fl ooding in 
stable channels; zone is considered approximate because no base fl ood 
elevations are provided ; flood hazards within this zone are not necessaril y 

Zone A - equal throughout, that is, the frequency and magnitude of flooding with 
Inacti ve Alluvial AFZA respect to depth and ve loc ity of fl ow may vary withi n the AFZA zone; 
Fan fl oodplain managers should consult ava il able aerial photographs and 

topographic maps for more detailed eva luation of site specific fl ood hazard 
with in this zone; development wi ll be allowed in thi s zone given 
demonstrati on of adequacy of site and/or design which addresses sa fety from 
inundat ion and sedimentation hazards 

Zone A -
Areas of riverine fl ood way upstream of the hydrographic apex are shown as 

Administrative A 
Flood way 

adm inistrative fl oodways. Flooding on inac tive alluvial fans. 

X ( haded)- Areas fl ooded between I 00-yr and 500-yr di scharge; or areas of flooding with 
Inacti ve Alluvial X (shaded) depth of I 00-year fl ood less than I foot ; or drainage area less than I square 
Fan mile 
X (unshaded) X (unshaded) Areas outside the 500-year fl oodplain ; shown only on rocky hill s 
D D Area not studied 

The Zone A- Inactive Alluvial Fan (AFZA) designation was to be used for sheet flooding areas within 

the alluvial fan landform. The AFZA zone is genera lly characte rized by sheet flooding and flooding within 

relatively small stable channel s. These sma ll channels may e ither represent small distributary drainages 

connected to the primary floodways, small local drainages, or various path where broad sheet flooding 
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recollects as it flows down the pi edmont in an effort to reorganize itself. On fans 7 , 8 and 12 field evidence 

indicated that some AFZA were more active than other AFZA zones. The more active portions of AFZA 

exhibited strong characteristics of sheet floodin g whi le other areas of AFZA ex hibited more tributary drainage 

network deve lopment and slightl y weaker sheet flooding characteristics. 

6B.6.2 Verification of Results 

Verification of the Stage 3 floodpl ain de lineation was accompli shed by compari son with an AZGS 

flood hazard zone evaluation (AZGS Open File Report 9 1- 1 0). 

The AZGS flood hazard evaluation is shown in Figure 6.22 (S ites 7, 8 and 12), overlain on the Stage 

3 floodp lain delineation. The entire active a llu vial fan areas for both Sites 7, 8 and 12 were mapped as H I , H2 

and I surfaces by the AZGS, the areas of hi ghest flood hazard . For this study, Stage III AFHH zones genera ll y 

corre lated with HI zones on the AZGS maps. Fan 12 zone AFHH, just below the hyd rologic apex, was 

mapped as L2 on the Flood hazard map. This di screpancy is most likely due to the large scale the AZGS flood 

hazards were mapped at. 

Overall , the I 00-year flood hazard assessment of the Site 7, 8 and 12 piedmont and allu via l fan is 

be lieved to be reasonable, sound , and defensibl e based on the data presented in thi s Techn ical Data Notebook . 

However, revisions to the mapping presented here could be justified based on more detailed topographi c 

mapping, detailed hydraulic analyses, or structural flood control measures . 

6B. 6.3 Limitations 

Every mode ling and mapping methodology has limitations. The limitations of the approximate 

geomorphic floodplain de lineati on method used for the Site 7, 8 and 12 a llu via l fan are summarized be low. 

6B.6.3.l Scale of mappin g 

The mapp ing for this study was compiled onto I : 12000 scale maps. The 2004 aerial 

photographs used are of exce ll ent resoluti on that did not limit interpretation at the map scale. 

Nevertheless, the ize of the alluvial fan landforms considered prec ludes the level of detail possible 

when mapping at an indi vidual lot bas is. 

6B.6.3.2 Accuracy of mapping 

Map accuracy is also a limitation for some of the data sources used such as NRCS and AZGS 

soil s and flood hazard mapping. These maps were scanned and semi-rect ified, but some hori zontal 

di splaceme nt remained . Additi onall y, in the process of transferring field and photo interpretations to 

the DOQs, the accuracy is limited to one's ability to identify precisely identical locations on each 
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photograph. Through the use of landmark , di stinct ive channel features and patte rn s, large trees, etc . 

it is be lieved that these errors have been minimi zed . 

6B.6.3.3 Time period of historica l photo record 

Period of record for historical aeri a l photos spans 50 years. While this is a reasonably long 

period, it does not ensure that a 100-year event occurred during thi s time period , or that the fu ll range 

of expected allu vial fan processes has been observed. However, u e of geomorphic data extends the 

period of record significantly. 

6B.7 Work Study Maps 

This study inc ludes geomorphic mapp ing and f loodp lain de lineat ion of parts of the Site 7-8-12 a llu vial 

fans. The figures for Section 6B, including a cover sheet hawing the project location and 11" x 17" versions 

of the Stage I Landform map, Stage 2 Stability map, and Stage 3 Floodp lai n map, are located at the end of 

Secti on 6B of the Technical Data Notebook. 
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7 . DRAFTFIS 

7.1 Summary of Discharges 

See Section 4 and Table 4.2 for detail regarding the origin of the discharges presented below. 

Drainage Area 

Flooding Source and Location (Square Miles) 10-Year 

White Tank Fan 7 - Section 2583 (N I) 1. 35 1 

White Tank Fan 8 -Section 2394 (PI A) 0.521 

White Tank Fan 12 - Section 376 1 (Q I A) 1.42 

7.2 Floodway Data 

Floodway data tables are not presented in thi s TDN. 

7.3 Annotated Flood Insurance Rate Maps 

See C. Maps of thi s TDN 

7.4 Flood Pr·ofiles 

Flood profiles are not presented in thi s TDN . 
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Survey Field Notes 

Additional survey field notes were not gathered for this study . 
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D.l Precipitation Data 

D.2 Physical Parameter Calculations 

D.3 Hydrologic Calculations 
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FLOOD HYDROGRAPH PACKAGE (HEC·ll 
JUN 1998 

VERSION 4 .1 

RUN DATE 010CT07 TIME 09:09: 12 

X XXXXXXX XXXXX 
X X XX 
X X 

xxxxxxx xxxx XXX XX 
X X 
X X X 
X XXXXXXX XXXXX XXX 

U.S. ARMY CORPS OF ENGINEERS 
HYDROLOGIC ENGINEERING CENTER 

609 SECOND STREET 
DAVIS, CALIFORNIA 95616 

(916) 756·1104 

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HECl (JAN 73), HECIGS, HEClOB, AND HEClKW 

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE. 
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN?? VERSION 
NEW OPTIONS: OAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS :WRITE STAGE FREQUENCY, 
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION 
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM 

LINE 

7 

8 
9 

10 
11 
12 
13 
14 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

43 
44 

45 
46 

LINE 

47 
48 
49 
50 
51 
52 
53 
54 

55 
56 
57 
58 
59 
60 
61 
62 

63 
64 
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HEC-1 INPUT 

ID ....... 1 ....... 2. . .. 3 ....... 4 ...... 5 ....... 6 ....... 7. .s ....... 9 .. . ... 10 

ID HYDROLOGY FOR FAN SYSTEM 7, S, 12 
1D 
ID FCD 2005C024 
lD APPROXIMATE METHOD ALLUVIAL FAN FLOODPLAIN DELINEATION STUDY 
ID 
ID JE FULLER / HYDROLOGY & GEOMORPHOLOGY, INC. 
ID MODELER: DAVID MEYER 
ID FILENAME: F78126 .OAT 
ID 
lD 100-YEAR 6-HOUR MODEL 
ID EXISTING CONDITIONS 
ID MODELED AREA .. 3.492 SQ. MILES 
ID 
ID GREEN-AMPT LOSS METHOD 
ID 
ID S·GRAPH UNIT HYDROGRAPHS 
ID - MOUNTAIN 
ID • DESERT/RANGELAND 
1D 
10 NORMAL-DEPTH CHANNEL ROUTING 
ID 
ID LAND USE DATA FROM EXAMINATION OF SLOPE FROM 10-FT DTM TO DISTINGUISH 
lD UNDEVELOPED DESERT :lANGELAND (NOR) - SLOPES < 5 \ 
ID - HILLSLOPES, SONORAN DESERT (NHS) • SLOPES 5 10 \ 
ID • MOUNTAIN TERRAIN (NMT) - SLOPES > 10 \ 
ID 
ID SOILS DATA FROM FCDMC GIS DATABASE (RECEIVED FROM FCDMC JULY 2005) 
IT 5 1JAN99 1200 2000 
IN 15 
10 3 
• DIAGRAM 

JD 
PC 
PC 
PC 
JD 
PC 
PC 
PC 
JD 
PC 
PC 
PC 
JD 
PC 
PC 
PC 

3.196 
0 000 
0 087 
0 962 
3.181 
0.000 
0.087 
0. 962 
3.120 
0.000 
0.088 
0.950 
2. 950 

000 
135 
946 

0.1000 
0. 008 
0. 099 
0. 972 

0. 5000 
0. 008 
0. 099 
0. 972 

2. 8 
o. 009 
0.101 
0. 963 

16 .o 
0.015 
0.152 
o. 960 

0 016 
0.118 
0 983 

0 016 
0.118 
0 983 

0 016 
0.121 
0 975 

0.020 
0.175 
0. 973 

025 
138 
991 

0 025 
0.138 
0 991 

0. 025 
0.164 
0. 988 

0.030 
0.222 
0.987 

033 
216 

1. 000 

033 
216 

1. 000 

0. 034 
0.253 
1. 000 

048 
304 

1. 000 

HEC-1 INPUT 

0.041 
0.377 

0.041 
0.377 

0.042 
0.451 

0.063 
0.472 

0. 050 
0. 834 

0.050 
0. 834 

0.051 
0.694 

0.076 
0.670 

058 
911 

058 
911 

059 
836 

09C 
796 

066 
931 

0.066 
0. 931 

0. 068 
0. 900 

0.105 
o. 868 

074 
950 

074 
950 

0.077 
0. 938 

0 . 119 
0. 912 

ID ....... 1 ....... 2. . 3 ....... 4. . .. 5 ...... 6 .. • ... 7. . .13 .....•. 9 ••..•• 10 

KK N1 BASIN 
KM Compute runoff from subbasin N1 
BA 1. 551 
LG 0.29 0.35 4.10 0.46 4 
UI 167 360 818 1147 1504 
UI 524 414 367 295 215 
UI 82 46 33 32 32 
zw 

KK 
KM 
BA 
LG 
UI 
UI 
UI 
zw 

KK 
KM 

P1A BASIN 
Compute runoff from subbas1n P1A 

0.521 
0.25 0.35 4.10 0.46 8 

57 126 281 397 526 
172 

28 
140 

11 

Q1A BASIN 

121 
11 

C·FLOW 

94 
11 

73 
11 

Compute runoff from subbasin QlA 

1739 
188 

32 

574 
62 
11 

1094 
157 

32 

363 
49 
11 

928 
128 

32 

312 
43 
11 

788 
98 

0 

260 
30 

0 

652 
83 

0 

218 
28 

0 
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INPUT 
LINE 

65 BA 1.420 
66 LG 0.25 0.35 4.15 0.44 

67 UI 108 109 333 512 
68 U! 609 536 480 430 
69 UI 138 129 119 96 
70 UI 26 21 21 21 
71 UI 0 0 0 0 
72 zw C•FLOW 
73 zz 

SCHEMATIC DIAGRAM OF STREAM NETWORK 

(V) ROUTING (-·->) DIVERSION OR PUMP FLOW 

5 
697 
356 

83 
21 

0 

NO. ( . l CONNECTOR (<---) RETURN OF DIVERTED OR PUMPED FLOW 

47 Nl 

55 PlA 

63 QlA 

( ·• • ~ ) RUNOFF ALSO COMPUTED AT THIS LOCATION 

1··· · · ·· ··· ... ··· · · ·· · .. ···· ···· · ··· · ······ ·· · 
FLOOD HYDROGRAPH PACKAGE (HEC-1) 

JUN 1998 
VERSION 4 .1 

RUN DATE OlOCT07 TIME 09:09:12 

HYDROLOGY FOR FAN SYSTEM 7, B, 12 

FCD 2005C024 

807 981 
297 266 

84 53 
20 21 

0 0 

APPROXIMATE METHOD ALLUVIAL FAN FLOODPLAIN DELINEATION STUDY 

JE FULLSR / HYDROLOGY & GEOMORPHOLOGY, INC. 
MODELER: DAVID MEYER 
FILENAME: F78126.DAT 

lOO·YEAR: 6-HOUR MODEL 
EXISTING CONDITIONS 

MODELED AREA"' 3.492 SQ. MILES 

GREEN-AMPT LOSS METHOD 

S·GRAPH UNIT HYDROGRAPHS 
- MOUNTAIN 
• DESERT /RANGELAND 

NORMAL· DEPTH CHANNEL ROUTING 

1264 
243 

52 
21 

0 

LAND USE DATA FROM EXAMINATION OF SLOPE FROM 10-FT DTM TO DISTINGUISH 
UNDEVELOPED DESERT RANGELAND (NOR) - SLOPES 5 \ 

- HILLSLOPES, SONORAN DESERT (NHS) - SLOPES 5 - 10 \ 
- MOUNTAIN TERRAIN (NMT) • SLOPES > 10 \ 

SOILS DATA FROM FCDMC GIS DATABASE (RECEIVED FROM FCDMC JULY 2005) 

30 IO OtrrPtrr CONTROL VARIABLES 
IPRNT 3 PRINT CONTROL 
I PLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

29 IN TIME DATA FOR INP'JT TIME SERIES 
JXMIN 

JXDATE 
JXTIME 

15 TIME INTERVAL IN MINUTES 
1JAN99 STARTING DATE 

1200 STARTING TIME 

IT HYDROGRAPH TIME DATA 
NMIN 5 MINUTES IN COMPtrrATION INTERVAL 

!DATE 1JAN99 STARTING DATE 
!TIME 1200 STARTING TIME 

NO 2000 NUMBER OF HYDROGRAPH ORDINATES 
NDDATE 8JAN99 ENDING DATE 
NDTIME 1035 ENDING TIME 
!CENT 19 CENTURY MARK 

COMPtrrATION INTERVAL . 08 HOURS 
TOTAL TIME BASE 166.58 HOURS 

ENGLISH UNITS 
DRAINAGE AREA SQUARE MILES 
PRECIPITATION DEPTH INCHES 
LENGTH, ELEVATION FEET 
FLOW CUBIC FEET PER SECOND 
STORAGE VOLUME ACRE· FEET 
SURFACE AREA ACRES 
TEMPERATURE DEGREES FAHRENHEIT 

31 JO INDEX STORM NO. 1 
STRM 3.20 PRECIPITATION DEPTH 
TRDA .10 TRANSPOSITION DRAINAGE AREA 

32 PI PRECIPITATION PATI'ERN 
. 00 .00 .00 . 00 .00 
. 00 .00 .00 . 00 .00 
. 00 .00 00 . 00 .00 
. 00 .00 .00 .01 .01 
. 03 .03 .05 .05 .05 
. 03 .01 .01 .01 . 01 
. 00 .00 .00 .00 . 00 
. 00 .00 

35 JD INDEX STORM NO. 2 
STRM 3.18 PRECIPITATION DEPTH 
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.00 .00 

.00 .oo 

.00 .00 

.01 .01 

.15 .15 

.01 .01 

.00 .00 

.00 

.00 

.00 

.01 

. 15 

.00 

. 00 

819 672 
211 177 

54 52 
21 20 

0 0 
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.oo .00 
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TRDA .50 TRANSPOSITION DRAINAGE AREA 

36 PI PRECIPITATION PATTERN 
. 00 . 00 .00 . 00 .00 
.00 . 00 .00 . 00 .00 
. 00 . 00 .00 . 00 . 00 
. 00 . 00 .00 .01 . 01 
. 03 . 03 .05 .05 . 05 
. 03 . 01 .01 . 01 . 01 
. 00 . 00 .00 . 00 . 00 
. 00 . 00 

39 JD INDEX STORM NO . 3 
STRM .12 PRECIPITATION DEPTH 
TRDA . 80 TRANSPOSITION DRAINAGE AREA 

40 PI PRECIPITATION PATTERN 
.00 .00 . 00 .00 . 00 
. 00 .00 . 00 .00 . 00 
. 00 .00 . 00 .00 00 
. 00 .00 . 00 .01 .01 
. 03 .03 .07 . 07 . 07 
. 05 .02 .02 . 02 . 01 
. 00 .00 .00 . 00 . 00 
. 00 .00 

43 JO INDEX STORM NO. 4 
STRM 2.95 PRECIPITATION DEPTH 
TRDA 16 00 TRANSPOSITION DRAINAGE AREA 

44 PI PRECIPITATION PATTERN 
. 01 .01 .00 . 00 . 00 
. 01 .01 .00 . 01 . 00 
.00 .oo .01 . 00 . 00 
.01 .01 .01 .01 . 01 
.03 .03 . 06 . 06 . 06 
.04 .02 . 02 .02 .01 
. 00 .00 .00 .00 .00 
. 00 .00 

47 KK N1 • 3ASIN 

Compute runoff from subbasin Nl 

SUBBASIN RUNOFF DATA 

49 BA SUBBASIN CHARACTER-ISTICS 
TAREA 1. 55 SUBBASIN AREA 

50 LG GREEN AND AMPT LOSS RATE 
STRTL .29 STARTING LOSS 

DTH .35 MOISTURE DEFICIT 
PSIF 4.10 WETTING FRONT SUCTION 

XKSAT .46 HYDRAULIC CONDUCTIVITY 
RTIMP 4.00 PERCENT IMPERVIOUS AREA 

48 UI INPUT UNITGRAPH, 28 ORDINATES, VOLUME • 1. 00 

TOTAL RAINFALL • 

PEAK F'LOW TIME 

(CF'S) (HR) 

1870. 4.25 

TOTAL RAINF'ALL • 

PEAK F'LOW TIME 

167 0 360.0 818.0 1147 0 1504.0 
524.0 414.0 367.0 295.0 215 0 
82.0 46.0 33.0 32.0 32 0 

HYDROGRAPH AT STATION N1 
TRANSPOSITION AREA .1 SQ MI 

3. 20, TOTAL LOSS • 

6-HR 

ICCSI 
227. 

{INCHES) 1.363 
(AC-FT) 113. 

CUMULATIVE AREA • 

1 . 83, TOTAL EXCESS • 

MAXIMUM AVERAGE F'LOW 
24-HR 72-HR 

57 
1. 364 

113. 

1. 55 SO MI 

19. 
1.364 

113. 

HYDROGRAPH AT STATION N1 
TRANSPOSITI:JN AREA . 5 SC MI 

3.18, TOTAL LOSS • 1. 83, TOTAL EXCESS • 

MAXIMUM AVERAGE FLOW 

.00 

.00 

.00 

.01 

.15 

.01 

.00 

. 00 

. 00 

. 00 

. 01 

. 08 

.01 

.00 

.00 

.00 

. 00 

.01 

.07 

.01 

.00 

17)9.0 
188.0 
32.0 

1.)7 

8. 
1 364 

113. 

1. 36 

6-HR 24 -HR 72-HR 166 58-HR 
(CFS) (HR) 

(CF'S) 
1856. <L25 226. 56. 19. 8. 

(INCHES) 1. 352 1.353 1. 353 1.353 
{AC-FT) 112. 112. 112. 112. 

CUMULATIVE AREA • 1. 55 SO MI 

HYDROGRAPH AT STATION N1 
TRANSPOSITION AREA 2. 8 S M! 

TOTAL RAINF'ALL • 3.12, TOTAL LOSS • 2.10, TOTAL EXCESS 1.02 
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.00 

.00 

.oo 

.01 

.15 

.01 

.00 

. 00 

. 00 

. 00 

. 01 

. 08 

.01 

.00 

.oo 

.00 

.00 

.02 

. 07 

. 01 

. 00 

1094.0 
157 0 

32 0 

.00 

.00 

. 00 

.01 

.15 

.00 

.00 

.00 

. 00 

. 00 

. 01 

. 08 

. 00 

. 00 

.00 

.00 

.01 

.02 

.07 

. 01 

. 00 

928 
128 

32 

.00 

.00 

.00 

.01 

.03 

.00 

.00 

. 00 

. 00 

. 00 

. 01 

.05 

. 00 

. 00 

.00 

.00 
01 

.02 

.04 

. 01 

. 00 

788 .o 
98.0 

. 00 

. 00 

. 00 

. 03 

. 03 

. 00 

. 00 

.00 

.00 

.00 

.03 

.05 

.00 

.00 

. 01 

. 00 

.01 

.03 

.04 

.01 

.00 
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--------------------------------------------~---------~-~ ~· 

~ 
PEAK FLOW TIME 

ICFSI (HR) 

1093. 4.33 

TOTAL RAINFALL • 

PE:AK FLOW TIME 

(CFS) (HR) 

731. 4.33 

MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 

(CFS) 

170. 42. 14. 
(INCHES) 1.017 1. 018 1 .018 

(AC-FT) 84. 84 84. 

CUMULATIVE AREA • 1. 55 SQ MI 

HYDROGRAPH AT STATION Nl 
TRANSPOSITION AREA 16 0 SO MI 

2. 95, TOTAL LOSS • 

6-HR 

(CFS) 
117. 

(INCHES) . 703 
(AC-FT) 58. 

CUMULATIVE AREA 

2. 24, TOTAL EXCESS • 

MAXIMUM AVERAGE FLOW 
24-HR 72-HR 

29. 
. 705 
58. 

1. 55 SO MI 

10. 
. 705 
58. 

-----055---ZOPEN: Existing File Opened, File: F78126 DSS 
Unit: 71; DSS Version: 6-JG 

-----055---ZWR ITE Unit 71; Vers. 3: //Nl/F'LOW/01JAN1999/5MIN// 
-----D$8---ZWR ITE Unit 71; Vers. 3: //Nl/FLOW/02JAN1999/SMIN// 
-----055---ZWRITE Unit 71; Vers. 3: //Nl/FLOW/03JAN1999/5MIN// 
---- -oss-- -ZWRITE Unit 71; Vers. 3: 1 /N1/FLOW/04JAN1999ISMINI 1 
--- -DSS-- -ZWRITE Unit 71; vers. 3: 1 /N1IFLOWIOSJAN1999I5MIN/ I 
-----OSS---ZWRITE Unit 71; Vers. 3: //Nl/FLOW/06JAN1999/5MIN// 
-----DSS---ZWRITE Unit 71; Vers. 3: IIN11FLOW/07JAN1999I5MINII 
-----OSS--- ZWRITE Unit 71; Vers. 3: //N1IFLOW/08Ji\Nl999/5MIN// 

INTERPOLATED HYDROGRAPH AT N1 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 

(CFSJ !HRJ 
ICFSI 

1343. 4.33 189. 47. 16. 
(INCHES) 1.132 1.133 1.133 

{AC-FT) 94. 94. 94. 

CUMULATIVE AREA • 1. 55 SO MI 

55 KK P1 A ... BASIN 

Compute runoff from subbasin P1A 

SUBBASIN RUNOFF' DATA 

57 BA SUBBASIN CHARACTERISTICS 
TAREA . 52 SUBBASIN AREA 

58 LG GREEN AND AMPT LOSS RATE 
STRTL . 25 STARTING LOSS 

DTH . 35 MOISTURE DEFICIT 
PSIF 4.10 WETTING FRONT SUCTION 

XKSAT .46 HYDRAULIC CONDUCTIVITY 
RTIMP 8. 00 PERCENT IMPERVIOUS AREA 

56 Ul INPUT UNITGRAPH, 28 ORDINATES, VOLUME • 1 . 00 
57 0 126.0 281.0 397 0 526 

172 0 140.0 121.0 94.0 73 
28.0 11.0 11.0 11.0 11 

HYDROGRAPH AT STATION PlA 
TRANSPOSITION AREA .1 S MI 

TOTAL RAINFALL • 3.20, TOTAL LOSS • 1. 73, TOTAL EXCESS • 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 

(CFS) {HR) 
ICFS) 

657 4.25 82. 20. 7. 
(INCHES) 1.458 1.460 1.460 

(AC-FT) 41. 41 41. 

CUMULATIVE AREA • .52 SQ MI 

HYDROGRAPH AT STATION PlA 
TRANSPOSITION AREA . 5 SQ MI 

166 58-HR 

6. 
1. 018 

84. 

. 71 

4. 

. 705 
58. 

166.58-HR 

7. 
1 133 

94. 

574.0 
62 0 
11 0 

1.46 

166 58-HR 

3. 
1.460 

41. 

TOTAL RAINFALL • 3 .18, TOTAL LOSS • 1. 73, TOTAL EXCESS • 1.45 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 166.58-HR 

Fan 7. 8 & 12 1·l)S 
Appendix D. 100 Yc:ar 6- Hour HEC- 1 Output 

363 0 
49 0 
11.0 

312 
43 
11.0 

260.0 
30.0 

218 
28 
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ALLUVIAL FAN FLOODPLAIN DELINEATION STUDY- FAN 7, 8 & 12 ~"r ~~ 
--------------------------------------------~---------,~ ~· 

(CFSJ (HRl 

652. 4.25 

TOTAL RAINFALL • 

PEAK FLOW TIME 

(CFS) (HR) 

389. 4. 33 

TOTAL RAINFALL • 

PEAK FLOW TIME 

(CFS) {HR) 

265. 4.33 

-----DSS---ZWRITE Unit 
---- -DSS-- -ZWRITE Unit 
-----DSS---ZWRITE Unit 
-----DSS---ZWRITE Unit 
---- -DSS-- -ZWRITE Unit 
---- -DSS-- -ZWRITE Unit 
--- - DSS---ZWRITE un~t 
---- -DSS-- -ZWRITE Unit 

PEAK FLOW TIME 

(CFS) (HR) 

646. 4.25 

(CFS} 

81. 20. 7. 
(INCHES) l. 446 1.449 l. 449 

(AC·F'T) 40 40. 40. 

CUMULATIVE AREA • .52 so t>1I 

HYOROGRAPH AT STATION PlA 
TRANSPOSITION AREA 2. 8 SO MI 

3.12, TOTAL LOSS"' 2. 00, TOTAL EXCESS • 

6-HR 

(CFS) 
63. 

(INCHES) 1.120 
(AC-FT) 31. 

MAXIMUM AVERAGE FLOW 
24-HR 72-HR 

16 
1.124 

31. 

5. 
1.124 

31. 

CUMULATIVE AREA • . 52 SO MI 

HYOROGRAPH AT STATION PlA 
TRANSPOSITION AREA 16.0 SQ MI 

2 .95, TOTAL LOSS • 2.14' TOTAL EXCESS 

MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 

(CFSl 
45. 11. 4. 

(INCHES) .809 . 813 . 813 
(AC-FT) 22. 23. 23 . 

CUMULATIVE AREA • . 52 so 14! 

71; vers. 3' I /PlA/FLOW/OlJAN1999/5MIN/ I 
71; Vers. 3, //P1A/FLOW/02JAN1999/SMIN// 
71; Vers. 3' //P1A/FLOW/03JAN1999/5MIN// 
71; vers. 3' //P1A/FLOW/04JAN1999/SMIN// 
71; Vers. 3' //P1AIFL0WI05JAN1999/SMIN// 
71; Vers. 3' //P1A/FLOW/06JAN1999/5MIN// 
71; vers. 3' //P1A/FLOW/07JAN1999I5MIN/ I 
71; Vers. 3' I /P1A/FLOW/08JAN1999/5MIN// 

INTERPOLATED HYDROGRAPH AT P1A 

MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 

(CFS) 
81. 20. 7. 

(INCHES) 1.438 1.441 1.441 
(AC-FT) 40. 40. 40. 

CUMULATIVE AREA • .52 SO MI 

63 KK 01A .. BASIN 

Compute runoff from subbasln OlA 

SUBBASIN RUNOFF DATA 

65 BA SUBBASIN CHARACTERISTICS 
TAREA 1.42 SUBBASIN AREA 

66 LG GREEN AND AMPT LOSS RATE 
STRTL . 25 STARTING LOSS 

DTH . 35 MOISTURE DEFICIT 
PSIF 4.15 WETIING FRONT SUCTION 

XKSAT . 44 HYDRAULIC CONDUCTIVITY 
RTIMP 5. 00 PERCENT IMPERVIOUS AREA 

64 UI INPUT UNITGRAPH, 40 ORDINATES, VOLUME . 1 . 00 

TOTAL RAINFALL • 

PEAK FLOW TIME 

(CFS) (HR) 

1349. 4.42 

Fan 7. 8&12FDS 

108.0 109.0 333 .o 512.0 697.0 
609 .o 536.0 480.0 430.0 356.0 
138.0 129 0 119 0 96.0 83.0 
26.0 21.0 21.0 21.0 21.0 

HYDROGRAPH AT STATION Q1A 
TRANSPOSITION AREA .1 SQ MI 

3. 20, TOTAL LOSS • 1 . 77, TOTAL EXCESS • 

(CFS) 

(INCHES) 

6-HR 

217. 
1.421 

MAXIMUM AVERAGE FLOW 
24-HR 

54. 
1.424 

72-HR 

18. 
1. 424 

Appendix D. I 00 Year 6-Hour HEC- 1 Output 

3. 
1.449 

40. 

1 12 

2. 
1.124 

31. 

.81 

166.58-HR 

2. 
.813 
23. 

166 58-HR 

3. 
1.441 

40. 

807.0 
297.0 
84.0 
20 .o 

1.43 

166 59-HR 

8. 
1.424 

~ 

981.0 1264 . 0 819.0 672.0 
266.0 243 . 0 211 0 177.0 

53.0 52 . 0 54 . 0 52.0 
21.0 21 . 0 21.0 20.0 

5 
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ALLUVIAL FAN FLOODPLAIN DELINEATION STUDY- FAN 7, 8 & 12 ~V ""~. 
--------------------------------------------~---------~~ ~r 

TOTAL RAINFALL • 

PEAK FLOW TIME 

(CFS) (HR) 

1339. 4.42 

TOTAL RAINFALL • 

PEAK FLOW TIME 

(CFS) (HRl 

853. 4. 50 

TOTAL RAINFALL • 

PEAK FLOW TIME 

(CFS) (HR) 

583. 4.50 

-----OSS---ZWRITE Unlt 
-----OSS---ZWRITE Unit 
-----055---ZWRITE Unit 
-----055---ZWRITE Unit 
-----055---ZWRITE Unit 
-----DSS---ZWRITE Unit 
·----DSS---ZWRITE Unit 

-DSS- -ZWRITE Unlt 

PEAK FLOW TIME 

(CFS) (HR) 

1042. 4. 50 

108. 108. 108. 

CUMULATIVE: AREA "' 1.42 SQ MI 

HYDROGRAPH AT STATION QlA 
TRANSPOSITION AREA . 5 SQ MI 

3 .18, TOTAL LOSS • 1 . 77, TOTAL EXCESS • 

MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 

{CFS) 
215. 54. 18. 

(INCHES) 1.409 1.413 1.413 
(AC-FT) 107. 107. 107. 

CUMULATIVE AREA • 1.42 SQ MI 

HYDROGRAPH AT STATION ClA 
TRANSPOSITION AREA 2 . 8 SC MI 

3.12, TOTAL LOSS • 2. 04, TOTAL EXCESS • 

MAXIMUM AVERAGE FLOW 

(CFS) 

I INCHES) 
tAC-PT) 

6-HR 

165. 
1.078 

82. 

CUMULATIVE AREA • 

41. 
1. 082 

82. 

1.42 SQ MI 

HYDROGRAPH AT STATION CIA 
TRANSPOSITION AREA 16 0 SC MI 

72-HR 

14. 
1. 082 

82. 

2. 95, TOTAL LOSS • 2 .18, TOTAL EXCESS • 

MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 

(CFS) 
117. 29 10. 

(INCHES) . 764 . 768 . 768 
(AC-FT) 58. 58 58. 

CUMULATIVE AREA . 1.42 SQ MI 

71; vers. 3, //QlA/FLOW/01JAN1999/5MIN// 
71; Vers. 3' //01A/FLOW/02JAN1999/5MIN// 
71; vers. 3, //01A/FL0W/03JAN1999/5MIN// 
71; vers. 3' //01A/FLOW/04JAN1999/5MIN// 
71; Vers. 3' //01A/FLOW/OSJAN1999/5MIN// 
71; Vers. 3' //01A/FLOW/06JAN1999/5MIN// 
71; Vers. 3' //Q1A/FLOW/07JAN1999/5MIN// 
71; vers 3' //01A/FLOW/08JAN1999/5MIN// 

INTERPOLATED HYDROGRAPH AT Q1A 

MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 

(CFS) 
185. 46 15. 

(INCHES) 1.209 1.212 1 . 212 
!AC·FT) 92. 92. 92. 

CUMULATIVE AREA • 1.42 SO MI 

108 . 

1.41 

8. 
1.413 

107. 

1.08 

166. 58-HR 

6. 
1.082 

82. 

. 77 

166. 58-HR 

166 

.. 
. 768 
58. 

. 58-HR 

7. 

1. 212 
92. 

RUNOFF SUMMARY 
FLCW IN CUBIC FEET PER SECOND 

TIME IN HOURS, AREA IN SQUARE MILES 

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD 
OPERATION STATION FLOW PEAK 

6 -HOUR 24 -HOUR 72-HOUR 

HYOROGRAPH AT 
N1 1343. 4.33 189. 47. 16 

HYDROGRAPH AT 
PlA 646. 4. 25 81. 20. 7. 

HYDROGRAPH AT 
Q1A 1042 . 4. 50 185. 46. 15. 

... .... NORMAL END OF HEC-1 • .. • 

--DSS---ZCLOSE Umt: 71, Flle: F78126 OSS 
Pointer Utllizatlon: .31 
Number of Records: 136 
Flle S1Ze: 241.5 Kbytes 
Percent. Inactive: .0 

Fan 7.8& 12FDS 
Appendix D. 100 Year 6- Hour HEC- 1 Output 

~ 

BASIN MAXIMUM TIME OF 
AREA STAGE MAX STAGE 

1. 55 

. 52 

1. 42 
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_AL_L_UVI __ AL_F_AN __ F_L_O_O_D_P_LAI __ N_D_E_L_IN_E_A_T_IO_N_S_T_U_D_Y_-_F_AN_7....:..,_8_&_12 _ _ t7 ~~ 
~~ ...J, 

1·· · · ·· · · · ........ ... ........ . ..... ....... .. ....... . 

FLOOD HYDROGRAPH PACKAGE (HEC·l) 
JUN 1998 

VERSION 4 .1 

RUN DATE 010CT07 TIME 09:40:25 

xxxxxxx xxxxx 
X XX 

X X 
xxxxxxx xxxx xxxxx 

X XXXXXXX XXXXX XXX 

U.S. ARMY CORPS OF ENGINEERS 
HYDROLOGIC ENGINEERING CENTER 

609 SECOND STREET 
DAVIS, CALIFORNIA 95616 

(916) 756 · 1104 

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 STRUCTIJRE. 
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION 
NEW OPTIONS : DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS: WRITE STAGE FREQUENCY, 
DSS :READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION 
KINEMATIC WAVE : NEW FINITE DIFFERENCE ALGORITHM 

HEC-1 INPUT 

LINE ID ...... 1. .. 2. .3. .4 .. 5 ....... 6. .. 7 ....... 8. . 9. . .. 10 

7 
B 
9 

10 
11 
12 
13 
14 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

43 
44 

45 
46 
47 
48 
49 
50 

LINE 

51 
52 
53 
54 
55 
56 
57 
58 

59 
60 
61 
62 
63 
64 

Fan 7.8& 12FDS 

ID HYDROLOGY FOR FAN SYSTEM 7, 8, 12 
IO 
ID FCD 2005C024 
ID APPROXIMATE METHOD ALLUVIAL FAN FLOODPLAIN DELINEATION STIJDY 
IO 
ID JE F:.JLLER I HYDROLOGY & GEOMORPHOLOGY, INC. 
ID MODELER; DAVID MEYER 
ID FILE~AME: F78126. OAT 
IO 
ID 100-YEAR 24-HOUR MODEL 
ID EXISTING CONDITIONS 
10 MODELED AREA • 3 492 SQ. MILES 
10 
ID GREEN-AMPT LOSS METHOD 
IO 
ID S-GRAPH UNIT HYDROGRAPHS 
ID - MOUNTAIN 
10 DESERT/RANGELAND 
IO 
10 NORMAL-DEPTH CHANN EL ROUTING 
!0 
ID LAND USE DATA FROM EXAMINATION OF SLOPE FROM 10-FT DTM TO DISTINGUISH 
ID UNDEVELOPED DESERT RANGELAND {NOR) - SLOPES < 5 \ 
ID HILLSLOPES, SONORAN DESERT (NHS) - SLOPES 5 - 10 \ 
ID - :-!OUNTAIN TERRAIN (NMT) - SLOPES ,. 10 \ 
IO 
10 SOILS DATA FROM FCDMC GIS DATABASE (RECEIVED FROM FCDMC JULY 2005) 
IT 5 1JAN99 1200 2000 
IN 15 
10 3 
• DIAGRAM 

.198 0.1000 
000 0 002 0.005 0.008 
029 0.032 0.035 0.038 
064 0.068 0. 072 0. 076 
110 0.115 0.120 0.126 
181 0.191 0 203 0.218 
735 0 758 0 776 0. 791 
856 0 863 0 869 0.875 
913 918 0 922 0.926 
953 956 0 959 0.962 

0. 011 
0. 041 
0.080 
0.133 
0.236 
o. 804 
0. 881 
0. 930 
0. 965 

0.014 
0.044 
0.085 
0.140 
0.257 
0.815 
0.887 
0.934 
0.968 

0. 017 
0. 048 
0. 090 
0.147 
0.283 
0. 825 
0. 893 
0 938 
0 971 

JO 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
JO 

983 0.986 0.989 0.992 0.995 0.998 1.000 
990 10.0 

KK N1 BASIN 
KM Compute runoff frcm subbasin N1 
BA 1. 551 
LG 0.29 0.35 4.10 0.46 
UI 167 360 818 1147 1504 
UI 524 414 367 295 215 
UI 82 4 6 33 32 32 
zw C·FLOW 

HEC-1 INPUT 

1739 
188 

32 

1094 
!57 

32 

0. 020 
o. 052 
o. 095 
0.155 
0.387 
0. 834 
o. 898 
0. 942 
0. 974 

928 
128 

32 

0.023 
056 
100 
!63 
663 
842 
903 
946 
977 

788 
98 

0 

026 
060 
105 
172 
707 
849 
908 
950 
980 

652 
83 

ID ....... 1 ...... 2 ...... 3. . ... 4 ....... 5 ....... 6 ....... 7. . .. . 8 . . 9 ...... 10 

KK P1 A BASIN 
KM Compute runoff from subbas1n P1A 
BA 0.521 
LG 
U1 
U1 
UI 
zw 

KK 
KM 

BA 

LG 
U1 
UI 

0. 25 0. 35 4.10 
57 126 281 

172 140 121 
28 11 11 

C·FLOW 

01A BASIN 

0.46 
397 

94 
11 

526 
73 
11 

Compute runoff frcm subbas1.n QlA 
1.420 

0.25 0.35 4.15 0.44 
108 
609 

109 
536 

333 
480 

512 
430 

697 
356 

574 
62 
11 

807 
297 

363 
49 
11 

981 
266 

312 
43 
11 

1264. 
243 

260 
30 

0 

819 
211 

218 
28 

0 

672 
177 

Append ix D. 100 Year 24-Hour 1-1 1£ - 1 Outplll 
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_AL_ L_UV_ I_AL_ F_AN _ _ F_L_O_O_D_P_LAI __ N_D_ E_L_IN_ E_A_T_I O_N_ S_T_U_D_Y_ -_F_AN_7....:..,_8_&_ 12 __ -IIr ~. 
~ ..J,, 

INPUT 
LINE 

65 UI 138 129 119 96 
66 UI 26 21 21 21 
67 UI 0 0 0 0 
68 zw C ... FLOW 

69 zz 

SCHEMATIC DIAGRAM OF STREAM NETWORK 

(V) ROUTING ( • ·- >) DIVERSION OR PUMP FLOW 

83 
21 

0 

NO. ( . ) CONNECTOR ( <---) RETURN OF DIVERTED OR PUMPED FLOW 

43 1\l 

51 PlA 

59 QlA 

( • • * ) RUNOFF ALSO COMPUTED AT THIS LOCATION !·· ·····-··· ······ ···· .............. .. ... ... . . 
FLOOD HYDROGRAPH PACKAGE (HEC·l) 

JUN 1999 
VERSION 4 .1 

RUN DATE 010CT07 TIME 09:40:25 

HYDROLOGY FOR FAN SYSTEM 7 I 8 I 12 

FCC 200SC024 

84 53 
20 21 

0 0 

APPROXIMATE METHOD ALLUVIAL FAN FLOODPLAIN DELINEATION STUDY 

JE FULLER / HYDROLOGY & GEOMORPHOLOGY, INC. 
MODELER: DAVID MEYER 
FILENAME: F78126 .OAT 

100-YEAR 24-HOUR MODEL 
EXISTING CONDITIONS 

MODELED AREA .. 3. 4 92 SQ. MILES 

GREEN-AMPT LOSS METHOD 

$-GRAPH UNIT HYDROGRAPHS 
- MOUNTAIN 
- DESERT/RANGELAND 

NORMAL -DEPTH CHANNEL ROUTI~G 

52 
21 

0 

LAND USE DATA FROM EXAMINATION OF' SLOPE FROM 10-FT DTM TO DISTINGUISH 
UNDEVELOPED DESERT RANGELAND (NOR) - SLOPES < 5 \ 
HILLSLOPES, SONORAN DESERT (NHS) - SLOPES 5 - 10 \ 

- MOUNTAIN TERRAIN (NMT) - SLOPES :.. 10 \ 

SOILS DATA FROM FCDMC GIS DATABASE (RECEIVED FROM FCDMC JULY 2005) 

30 IO OUTPUT CONTROL VARIABLES 
IPRNT 3 PRINT CONTROL 
I PLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

29 IN TIME DATA FOR INPUT TIME SERIES 
JXMIN 

JXDATE 
JXTIME 

15 TIME INTERVAL IN MINUTES 
1JAN99 STARTING DATE 

1200 STARTING TI~E 

IT HYDROGRAPH TIME DATA 
NMIN 5 MINUTES IN COMPUTATION INTERVAL 

!DATE 1JAN99 STARTING DATE 
!TIME 1200 STARTING TI~E 

NQ 2000 NUMBER OF HYDROGRAPH ORDINATES 
NDDATE BJAN99 ENDING DATE 
NDTIME 1035 ENDING TIME 
!CENT 19 CENTURY MARK 

COMPliTATION INTERVAL . 08 HOURS 
TOTAL TIME BASE 166.58 HOURS 

ENGLISH UNITS 
DRAINAGE AREA SQUARE MILES 
PRECIPITATION DEPTH INCHES 
LENGTH, ELEVATION FEET 
FLOW CUBIC FEET PER SECOND 
STORAGE VOLUME ACRE - FEET 
SURFACE AREA ACRES 
TEMPERATURE DEGREES FAHRENHEIT 

31 JD INDEX STORM NO. 1 
STRM 4.20 PRECIPITATION DEPTH 
TRDA . 10 TRANSPOSITION DRAINAGE AREA 

)2 PI PRECIPITATION PA'ITERN 
.00 . 00 . 00 . 00 . 00 
.00 . 00 . 00 . 00 . 00 
.00 .00 . 00 .00 . 00 
.00 .00 . 00 .00 . 00 
.00 . 00 . 00 .00 . 00 
.00 .00 . 00 . 00 . 00 
.00 . 00 . 00 .00 . 00 
.oo . 00 .00 .00 . 00 
.00 .00 .00 .00 . 00 
.00 . 00 . 00 .00 . 00 
.00 . 00 . 00 .00 . 00 
. 00 .00 . 00 .00 . 00 
.00 .00 .00 .00 .00 
.01 .01 .01 .01 .01 
.03 .09 .09 . 09 .01 

Fan 7.8& 12FDS 

Appendix D. 100 Year 24- l-lour HEC- I Output 

.00 .00 

.00 .oo 

.00 .00 

.00 . 00 

.00 .00 

.00 .00 

.00 .00 

. 00 . 00 

.00 . 00 

.00 . 00 

.00 . 00 

. 00 . 00 

.00 .00 

.01 .01 

. 01 .01 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

. 00 

. 00 

.00 

.00 

. 00 

.01 

.01 

.01 

54 52 
21 20 

0 0 

U.S. ARMY CORPS OF ENGINEERS 
HYDROLOGIC ENGINEERING CENTER 

609 SECOND STREET 
DAVIS, CALIFORNIA 95616 

(916) 756-1104 

.00 .00 

.oo . 00 

.00 .00 

.oo .00 

.00 .00 

.00 . 00 

.00 .00 

.00 .00 

.00 . 00 

.oo .00 

.00 .oo 

. 00 .00 

.00 .01 

. 03 . 03 

.01 . 01 

~ 
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_AL_L_UV_I_AL_F_AN __ F_L_O_O_D_P_LAI __ N_D_E_L_IN_E_A_T_IO_N_S_T_U_D_Y_-_F_AN_7....:.,_8_&_12 __ .~Y -~· 
~-~ ~r 

42 JO 

.01 

.00 

.00 

.00 

.00 

.00 

. 00 

. 00 

. 00 

. 00 

. 00 

. 00 

. 00 

.00 

.01 

.00 

.00 

.00 

. 00 

. 00 

. 00 

. 00 

. 00 

. 00 

. 00 

. 00 

. 00 

.00 

INDEX STORM NO. 2 

. OJ 

.00 

.00 

.oo 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

. 00 

. 01 

.00 

.00 

. 00 

. 00 

. 00 

. 00 

. 00 

. 00 

. 00 

. 00 

. 00 

. 00 

.00 

STRM 3. 99 PRECIPITATION DEPTH 

.01 

.00 

.00 

.00 
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TRDA 10 00 TRANSPOSITION DRAINAGE AREA 

0 PI PRECIPITATION PA'ITERN 

43 KK 
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.00 .00 .oo 
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.00 .00 .00 

. 00 .oo . 00 

.00 .00 .00 

.00 .00 .00 

.01 
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.oo 

. 00 

. 00 
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.00 
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NJ • 
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.00 

. 00 
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.00 
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.00 

. 00 

. 00 

. 00 

. 00 

. 00 
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Compute runoff from subbas1n Nl 
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.00 

.00 

. 00 
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. 00 

. 00 
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. 01 
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.01 

.00 

.00 

.oo 

.00 

.00 

.00 

.00 

. 00 

. 00 

. 00 

.00 

.00 

.00 

SUBBAS I N RUNOFF DATA 

4 5 BA SUBBASI N CHARACTER I STICS 
TAREA 1. 55 SUBBASIN AREA 

46 LG GREEN AND AMPT LOSS RATE 
STRTL . 29 STARTING LOSS 

DTH . 35 MOISTURE DEFICIT 
PSIF 4.10 WETTING FRONT SUCTION 

XKSAT . 46 HYDRAULIC CONDUCTIVITY 
RTI MP 4. 00 PERCENT IMPERVIOUS ARE'.A 

44 UI INPUT UN!TGRAPH, 28 ORDINATES , VOLUME 
1147 0 
295.0 

1.00 
1504.0 
215.0 

32.0 

TOTAL RAINFALL • 

PEAK FLOW TIME 

(CFS) ( HR ) 

1524. 12.25 

TOTAL RAINFA LL • 

PEAK FLOW TIME 

(CFS) (HR) 

1404. 12.25 

Fan 7.8& 12 FDS 

167 0 360.0 818 .0 
524.0 414.0 367.0 

82.0 46.0 33.0 32.0 

HYOROGRAPH AT STATION Nl 
TRANSPOSITION AREA . 1 SQ MI 

4 . 20, TOTAL LOSS • 3.00, TOTAL EXCESS • 

(CFS) 

{INCHES) 
(AC-FT) 

6-HR 

192. 
1.151 

95. 

CUMULATI VE AREA • 

MAXIMUM AVERAGE FLOW 
24 -HR 

50. 
1.200 

99. 

1.55 SQ MI 

72-HR 

17. 
1.200 

99. 

HYDROGRAPH AT STATION N1 
TRANSPOSITION AREA 10 0 SC MI 

3. 99, TOTAL LOSS • 

(CFS) 

(INCHES) 
(AC-Fl) 

176. 
1. 056 

87. 

2.88, TOTAL EXCESS • 

MAXIMUM AVERAGE FLOW 
24 -HR 

46. 
1 102 

91. 

72- HR 

15. 
1.103 

91. 

Appendix D. 100 Year 24- l-lour I-IEC-1 Output 
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ALLUVIAL FAN FLOODPLAIN DELINEATION STUDY- FAN 7, 8 & 12 jY ""C. 
------------------------------------------~--------1~ ~' 

CUMULATIVE AREA • 1. 55 SO MI 

·--- -DSS-- -ZOPEN: Existlng Pile Opened, File: F7Bl224. DSS 
Unit: 71; OSS Version: 6-JG 

-----088---ZWRITE Unit 71; Vers. 4: //Nl/FLOW/01JAN1999/SMIN// 
-----DSS---ZWRITE Unit 71; Vers. 4: //Nl/FLOW/02JAN1999/5MIN// 
-----DSS---ZWRITE Un:i.t 71; Vers. 4: //Nl/FLOW/03JAN1999/5MIN// 
-----DSS---ZWRITE Unit 71; Vers. 4: //Nl/FLOW/04JAN1999/5MIN// 
-----088---ZWRITE Unit 71; Vera. 4: //Nl/FLOW/05JAN1999/5MI N// 
-----088---ZWRITE Unit 71; Vers. 4: //Nl/ FLOW/06JAN1999/5MlN// 
-----DSS---ZWR ITE Unit 71; Vers. 4: //Nl/FLOW/07JAN1999/5MIN// 
-----OSS---ZWRITE Unit 71; Vers. 4: //Nl/F'LOW/08JAN1999I5MINII 

PEAK FLOW TIME 

(CFS) (HR) 

1453. 12.25 

INTERPOLATED HYDROGRAPH AT N1 

(CFS) 

(INCHES) 
(AC-FTl 

6·HR 

183. 
1. 095 

91. 

CUMULATIVE AREA • 

MAXIMUM AVERAGE FLOW 
24·HR 72·HR 

48. 
1.142 

94. 

1.55 SO MI 

16. 
1 142 

94. 

51 KK P1A • BASIN 

Compute runoff from subbasin P1A 

SUBBASIN RUNOFF' DATA 

53 BA SUBBASIN CHARACTERISTICS 
TAREA . 52 SUBBASIN AREA 

54 LG GREEN AND AMPT LOSS RATE 
STRTL . 25 STARTING LOSS 

DTH . 35 MOISTURE DEFICIT 
PSIF 4 .10 WETTING FRONT SUCTION 

XKSAT .46 HYDRAULIC CONDUCTIVITY 
RTIMP 8. 00 PERCENT IMPERVIOUS AREA 

52 UI INPUT UNITGRAPH, 28 ORDINATES, VOLUME • 1 00 
57.0 126 0 281.0 397 0 526 0 

172.0 HO.O 121.0 94 .0 73 0 
28.0 11.0 11.0 11.0 11 .0 

HYDROGRAPH AT STATION PIA 
TRANSPOSITION AREA .I SO MI 

TOTAL RAINFALL • 4. 20, TOTAL LOSS • 2. 86, TOTAL EXCESS • 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 

(CFS) (HR) 
tCFS) 

532 12.25 69. 19. 6. 
(INCHES) 1. 236 1. 333 1. 334 

(AC-FT) 34. 37. 37. 

CUMULATIVE AREA • .52 SO MI 

HYDROGRAPH AT STATION PIA 
TRANSPOSITION AREA 10 0 SO Ml 

TOTAL RAINFALL • 3. 99, TOTAL LOSS • 2. 76, TOTAL EXCESS • 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 

(CFS) (HR) 
(CFS) 

492. I2.25 64. 17. 6. 
(INCHES) 1 .140 1. 232 1.233 

(AC-FT) 32. 34. 34. 

CUMULATIVE AREA - .52 so .'-11 

---- -DSS-- -ZWRITE Unit 71; vers. 4' IIP1AIFLOWI01JAN1999I5MINII 
---- -DSS-- -ZWRITE Unit 71 ; Vers. ,, IIP1 AIFLOWI02JAN1999I5MINII 
-----DS5- --ZWRITE Unit 71; vers. ,, II PI Al FLOWI03JAN1999I5MINII 
-----DS5---ZWRITE Unit 71 ; vers. ,, IIP1AIFLOWI04JAN1999I5MINII 
-----DSS---ZWRITE Unlt 71; Vers. ,, IIP1 AIFLOWI05JAN1999ISMINII 
-·---055---ZWR ITE Unit 71; vers. ,, IIP1AIFLOWI06JAN1999ISMINII 
-----DSS---ZWR ITE Unlt 71; vers. 4' IIP1AIFLOWI07JAN1999I5MINII 
-----055---ZWRITE Umt 71; vers. 4' IIP1AIFLOWIOSJAN199915MINII 

INTERPOLATED HYDROGRAPH AT P1A 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 

tCFS) (HR) 
tCFSI 

518. 12 25 67. 18. 6. 

Fan 7. 8 & 12 FDS 
Appendix D. 100 Year 24-Hour HEC- 1 Output 

166. 58·HR 

7. 

1.142 
94. 

574. 0 
62 
11 

1.34 

166 58-HR 

3. 
1. 334 

37. 

1.23 

166. 58-HR 

2. 
1.233 

34. 

166.58-HR 

3. 

~ 

363 . 0 312 0 260.0 218 .o 
49 43 .0 30.0 28.0 
11 11 .0 

4 
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~ ~· 

(INCHES) 
(AC-FT) 

1.202 
33. 

CUMULATIVE AREA • 

1. 297 
36 . 

. 52 SQ !<II 

1.298 
36. 

59 KK QlA • BASIN 

Compute runoff from subbas1n OlA 

SUBBASIN RUNOFF DATA 

61 BA SUBBASIN CHARACTERISTICS 
TAREA 1.42 SUBBASIN AREA 

62 LG GREEN AND AMPT LOSS RATE 
STRTL . 25 STARTING LOSS 

OTH . 35 MOISTURE DEFICIT 
PSIF 4.15 WETTING FRONT SUCTION 

XKSAT . 44 HYDRAULIC CONDUCTIVITY 
RTIMP 5. 00 PERCENT IMPERVIOUS AREA 

60 UI INPUT UNITGRAPH, 4 0 ORDINATES, VOLUME 1. 00 
108 109.0 333.0 512.0 697 0 
609 536.0 480.0 430.0 356 . 0 
138 0 129.0 119.0 96 83 0 

TOTAL RAINFALL • 

PEAK FLOW ':'!ME 

(CF'S) (HR) 

1098. 12.42 

TOTAL RAINFALL • 

PEAK FLOW TIME 

(C~Sl (HRJ 

1014. 12.42 

-----DSS---ZWRITE Unit 
----DSS---ZWRITE Unu: 

-- --DSS---ZWRITE Un1t 
-----DSS---ZWRITE Unit 
-----DSS---ZWRITE Unlt. 
-----DSS---ZWRITE Unit 
-----DSS---ZWRITE Unit 
-----DSS---ZWRITE Unit 

PEAK FLOW TIME 

(CFS) (HR) 

1050. 12.42 

26 .0 21.0 21.0 21 21 . 0 

HYDROGRAPH AT STATION QlA 
TRANSPOSITION AREA .1 SQ MI 

4. 20, TOTAL LOSS • 2. 94, TOTAL EXCESS • 

MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 

(C~S) 

182. 48. 16. 
(INCHES) 1.195 1. 256 1.256 

(AC-F'T) 90. 95. 95. 

CUMULATIVE AREA • 1.42 SO Ml 

HYDROGRAPH AT STATION 01A 
TRANSPOSITION AREA 10 0 SQ MI 

3 . 99, TOTAL LOSS • 2. 83, TOTAL EXCESS 

(CFS) 

(INCHES) 
(AC-FT) 

6-HR 

168. 
1.100 

83. 

CUMULATIVE AREA -
71; Vers. 4' 
71; vers. 4' 
71; Vers. 4' 
71; Vers. ,, 
71; Vers. 4' 
71; Vers. 4' 
71; Vers. 4' 
71; Vers. 4' 

MAXIMUM AVERAGE FLOW 
24 -HR 72-HR 

44. 
1.158 

88. 

1.42 SO MI 

15. 
1.159 

88. 

//01 A/FLOW/01JAN1999/5MIN// 
//01A/PLOW/02JAN1999/5MIN// 
//01A/FLOW/03JAN1999/5MIN// 
//01 A/FLOW/04JAN1999/5MIN// 
//01A/FLOW/OSJAN1999/SMIN// 
//01 A/FLOW/06JAN1999/SMIN// 
//Q1 A/FLOW/07JAN1999/5MIN// 
//01A/~LOW/08JAN1999/5MIN// 

INTERPOLATED HYDROGRAPH AT Q1A 

MAXIMUM AVERAGE FLOW 
6-HR 24 -HR 72-HR 

(C~S) 

174. 46. 15. 
(INCHES) 1.140 1.199 1.200 

(AC-PT) 86. 91. 91. 

CUMULATIVE AREA • 1.42 SQ MI 

1.298 
36. 

807 
297 

.o 
20 0 

1.26 

166 58-HR 

7. 
1.256 

95. 

1.16 

166 58-HR 

166 

6. 
1 .159 

88. 

58-HR 

7. 
1. 200 

91. 

RUNOFF SUMMARY 
FLCW IN CUBIC FEET PER SECOND 

981 .0 
266 . 0 

53 . 0 

21 0 

TIME IN HOURS, AREA IN SQUARE MILES 

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD 

OPERATION STATION FLOW PEAK 
6-HOUR 24 -HOUR 72-HOUR 

HYDROGRAPH AT 
N1 1453. 12 25 183. 48. 16. 

HYDROGRAPH AT 
PIA 518. 12 25 67. 18. 6. 

HYDROGRAPH AT 
QlA 1050. 12 42 174. 46. 15. 

Fan 7. ~ & 12 FDS 
Appendix D. 100 Year 24-Hour HEC- 1 Output 

1264 .0 
243 .0 

52 0 

21 .0 

BASIN 
AREA 

1.55 

. 52 

1.42 

819 0 
211 .0 

5< .o 
21 .0 

MAXIMUM 
STAGE 

672.0 
177.0 
52.0 
20.0 

TIME OF 
MAX STAGE 

~ 
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• • • NORMAL END OF HEC-1 • • • 

·- ---DSS---ZCLOSE Unit: 71, File: F781224.DSS 
Pointer UtillZation: .31 
Number of Records: 136 
F1le Size: 241 . 5 Kbytes 
Percent Inactive: .0 

Fan 7.8& 12FDS 6 
Appendix D. 100 Year 24-Hour HEC- 1 Output 



• 

• 

• 



ALLUVIAL FAN FLOODPLAIN DELINEATION STUDY- FAN 7, 8 & 12 

• 

• Appendix E 

Hydraulic Analysis Supporting Documentation 

• JE FULLER Fan 7 , 8 and 12 FDS 
NYDROlCXiY d GtOI\ORDNOlCXiY. InC 
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ALLUVIAL FAN FLOODPLAIN DELINEATION STUDY- FAN 7, 8 & 12 

E.l Roughness Coefficient Estimation 

E.2 Cross Section Plots 

E.3 Detailed HEC-RAS Output 

IE FULLER 
tliDROlO<H <'I GtO/'\ORDNOlO<iY. InC 

Fan 7, 8 and 12 FDS 
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ALLUVIAL FAN FLOODPLAIN DELINEATION STUDY- FAN 7, 8 & 12 

E.l Roughness Coefficient Estimation 

Preface 

The following describes the evaluation of Manning's roughness coefficients for this 

floodplain delineation study. 

1. Introduction 

JE Fulle r/Hydro logy & Geomorphology, Inc. , (JEF), performed f ield reconnaissance along 3 selected 

water courses studies during Jul y 2007. The reconnaissance was performed to document channel and 

overbank conditions fo r the purpose of determining Manning's Roughness Coeffic ient for the 

selected 3 water courses th roughout the study area. 

2. Manning's "n" Values 

Manning's " n" va lues were determjned using the methodology outlined in the USGS rep01t titled, 

"Selection of Manning's Roughness Coefficient for Natural and Constructed Vegetated and Non­

Vegetated Channels, and Vegetat ion Ma intenance Pl an Guidel ines fo r Vegetated Channels in Central 

Arizona" by J. V Phillips and S. Tadoyon (2006). Reach designat ions were ass igned based on 

di stincti ons in general channel morphology, vegetati on, and channel and overbank soil characteri stics. 

O n the fo llow ing pages, photographs showing typical reach conditions are preceded by the worksheet 

used to determine the reach-average Manning's "n" va lues for the reach depicted in the photographs. 

F igures E. I , E.2 and E.3 illustrate fie ld reconnaissance photo locations as well as the study reaches. 

References to left bank and right bank assoc iated with a downstream viewing orientation . 

IE FULLER Fan 7, 8 and 12 FDS 
NYDI<OlO<iY d GtO/'\ORDNaO<il InC 



• • DETERMINATION OF MANNING'S ROUGHNESS COEFFICIENTS BY FCDMC METHOD 

Project: All uvia l Fan Floodp lain Deli neation Study- Fan 7, 8 & 12 
Location: Fan 7 

Channel Conditions 

Channel Bed Material Concrete 
Rock Cut 
Firm Soil 

Fine Sand 
Coarse Sand 

Gravel 
Cobble 
Boulder 

Degree of Irregularity Smooth 
Minor 

Moderate 
Severe 

Effects of Obstructions NeQ iiQible 
Minor 

Appreciab le 
Severe 

Vegetation Small 
Medium 
Large 

Very Large 

Variations in the Channel Cross Section Gradual 
Alternating (occasionally) 
Alternating (frequently) 

Degree of Meandering Minor 
Appreciable 

Severe 

n=(n0+n1 +n2+n3+n4)m 

Manning's n Adjustment 

0.012-0.018 
0.025 

nO 0.025-0.032 
0.023-0.036 
0.026-0.035 
0.028-0.035 
0.030-0.050 
0.040-0.070 

0 
n1 0.001-0.005 

0.006-0.010 
0.011-0.020 

0.000-0.004 
n2 0.005-0.015 

0.020-0.030 
0.040-0.060 

0.002-0 .01 0 
0.01 0-0.025 

n3 0.025-0.050 
0.050-0 .1 00 

0 
n4 0.001-0.005 

0. 01 0-0.015 

1 
m 1.15 

1.3 

I Use I 

IE FULLER Fan 7, 8 and 12 FDS 
tl iDROlCXJ'i' d GfOI'\ORDt10lCXJ'i'. InC 

Left Overbank 

0.028 

0.002 

0.020 

0.010 

0 

1 

0.06 

0.06 

• 
--- · - ·-- -- --

Main Channel Right Overbank 

0.026 
0.028 

0.002 0.002 

' 

0.005 
0.020 

0.002 
0.010 

0 0 

1 1 

0.035 0.06 

I 0.035 I 0.06 



ALLUVIAL FAN FLOODPLAIN DELINEATION STUDY-FAN 7, 8 & 12 

• Fan 7 

e Photo Locations 

150 300 600 
Feet 

• 

• Fan 7 Photo Location Map 

JE FULLER Fan 7, 8 and 12 FDS 
NYDIX)LCXiY d GfO/'\ORDNOLOGl InC. 



• • • ALLUVIAL FAN FLOODPLAIN DELINEATION STUDY-FAN 7, 8 & 12 

Photo 1: Looking Upstream Photo 2: Looking Upstream 

Photo 3: Looking Upstream Photo 4: Left Overbank 

JE FULLER Fan 7, 8 and 12 FDS 
HYDROLOGY d GEOI\ORD110l0Gl InC 



• • • ALLUVIAL FAN FL90DPLAIN DELINEATION STUDY-FAN 7, 8 & 12 

Photo 5: Looking Downstream Photo 6: Looking at Right Bank 

Photo 7: Looking at Left Bank Photo 8: At Apex Looking Downstream 

JE FULLER Fan 7, 8 and 12 FDS 
NIDROLO<H d GtOI\ORDt100<il InC 



• • • ALLUVIAL FAN FLOODPLAIN DELINEATION STUDY-FAN 7, 8 & 12 

Photo 9: At Apex Looking Downstream at Right Bank Photo 10: Looking Downstream at Floodplain 

Photo 11: Looking East at Floodplain Photo 12: Looking West at Floodplain 

IE FULLER Fan 7, 8 and 12 FDS 
HlDROLOGl <'I GtOI\ORDHOLOGl . InC 
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• • DETERMINATION OF MANNING'S ROUGHNESS COEFFICIENTS BY FCDMC METHOD 

Project: Alluvial Fan Floodplain Delineati on Study - Fan 7, 8 & 12 
Location: Fan 8 

Channel Conditions 

Channel Bed Material Concrete 
Rock Cut 
Firm Soil 

Fine Sand 
Coarse Sand 

Gravel 
Cobble 
Boulder 

Degree of Irregularity Smooth 
Minor 

Moderate 
Severe 

Effects of Obstructions Negligible 
Minor 

Appreciable 
Severe 

Vegetation Small 
Medium 
Large 

Very Large 

Variations in the Channel Cross Section Gradual 
Alternating (occasionally) 

Alternating (frequently) 

Degree of Meandering Minor 
Appreciable 

Severe 

n=(n0+n1+n2+n3+n4)m 

~IE FULLER ~ HYDROLOGY d GtO/'\ORPIIOlO<JY. InC 

Manning's n Adjustment Left Overbank 

0.012-0.018 
0.025 

nO 0.025-0.032 
0.023-0.036 
0.026-0.035 
0.028-0.035 
0.030-0.050 0.040 
0.040-0.070 

0 
n1 0.001-0.005 0.002 

0.006-0.010 
0.011-0.020 

0.000-0.004 
n2 0.005-0.015 

0.020-0.030 0.025 
0.040-0.060 

0.002-0.010 
0.01 0-0.025 0.015 

n3 0.025-0.050 
0.050-0.100 

0 0 
n4 0.001-0.005 

0.010-0.015 

1 1 

m 1.15 
1.3 

0.082 

I Use I 0.082 

• 
--

Main Channel Right Overbank 

0.028 0.028 

0.002 0.002 

0.010 
0.020 

0.002 0.010 

0 0 

1 1 

0.042 0.060 

I 0.042 I 0.060 
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ALLUVIAL FAN FLOODPLAIN DELINEATION STUDY-FAN 7, 8 & 12 

JE FULLER 
HYDROLOGY d GfOI\ORDtiO.OGY. InC Fan 7, 8 and 12 FDS 

Fan 8 

e Photo Locations 

400 
Feet 

600 800 



• • • ALLUVIAL FAN FLOODPLAIN DELINEATION STUDY-FAN 7, 8 & 12 

Photo 13: Looking Downstream Photo 14: Looking Downstream at Left Bank 

Photo 15: Looking Downstream Photo 16:Looking south-east 

JE FULLER Fan 7, 8 and 12 FDS 
HIDROLCXil <t GtOI\ORDtOCXil. InC 



• • • ALLUVIAL FAN FLOODPLAIN DELINEATION STUDY-FAN 7, 8 & 12 

Photo 17: Looking south-west Photo 18: Looking Downstream 

Photo 19: Looking north-west Photo 20:Looking north 

JE FULLER Fan 7, 8 and 12 FDS 
HYDROI.O:n <'! GtOI'IORDIIQCXH Inc 



• • • ALLUVIAL FAN FLOODPLAIN DELINEATION STUDY-FAN 7, 8 & 12 

Photo 21: Looking at Left Bank Photo 22: Looking at Right Bank 

JE FULLER Fan 7, 8 and 12 FDS 
tliDROlCXiY d GtOI\ORPIIQCXiY. InC 
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• • DETERMINATION OF MANNING'S ROUGHNESS COEFFICIENTS BY FCDMC METHOD 

Project: Alluvial Fan Floodplai n Delineati on Stud y - Fan 7, 8 & 12 
Location: Fan 12 

Channel Conditions 

Channel Bed Material Concrete 
Rock Cut 
Firm Soil 

Fine Sand 
Coarse Sand 

Gravel 
Cobble 
Boulder 

Degree of Irregu larity Smooth 
Minor 

Moderate 
Severe 

Effects of Obstructions Negligible 
Minor 

Appreciable 
Severe 

Vegetation Small 
Medium 
Large 

Very Large 

Variations in the Channel Cross Section Gradual 
Alternating (occasionally) 
Alternating (frequently) 

Degree of Meandering Minor 
Appreciable 

Severe 

n=(n0+n 1+n2+n3+n4)m 

-

Manning's n Adjustment 

0.012-0.018 
0.025 

nO 0.025-0.032 
0.023-0.036 
0.026-0.035 
0.028-0.035 
0.030-0.050 
0.040-0.070 

0 
n1 0.001-0.005 

0.006-0.01 0 
0.011-0.020 

0.000-0.004 
n2 0.005-0.015 

0.020-0.030 
0.040-0.060 

0.002-0.010 
0.010-0.025 

n3 0.025-0.050 
0.050-0. 100 

0 
n4 0.001 -0.005 

0.010-0.015 

1 
m 1.15 

1.3 

I Use I 

~IE FULLER ~ NYDROL()(jY d GtOI'IORDIIOL()(jl InC 
Fan 7, 8 and 12 FDS 

Left Overbank 

0.028 

0.002 

0.020 

0.010 

0 

1 

0.060 

0.060 

• 
Main Channel Right Overbank 

0.026 
0.028 

0.002 0.002 

0.010 
0.020 

0.005 
0.010 

0 0 

1 1 

0.043 0.060 

I 0.043 I 0.060 



ALLUVIAL FAN FLOODPLAIN DELINEATION STUDY-FAN 7, 8 & 12 

• Fan 12 

e Photo Locations 

0 250 500 750 1,000 
Feet 

• 

Fan 12 Photo Location Map 

• IE FULLER Fan 7, 8 and 12 FDS 
NYDROLCXJY a GtOI\ORDNaO<il InC 



• • • ALLUVIAL FAN FLOODPLAIN DELINEATION STUDY-FAN 7, 8 & 12 

Photo 23: Looking Downstream Photo 24: Looking Downstream 

Photo 25: Looking Downstream Photo 26: Looking Downstream at Right Bank 

JE FULLER Fan 7, 8 and 12 FDS 
HIDROLCXH d GtO/'\ORDtiOLO<Tl. IOC 



• • • ALLUVIAL FAN FLOODPLAIN DELINEATION STUDY-FAN 7, 8 & 12 

Photo 27: Looking north-west Photo 28: Looking south-east 

Photo 29: Looking Downstream Photo 30: Looking Upstream 

JE FULLER Fan 7, 8 and 12 FDS 
HYDROLCXiY <l GEOI\ORDtiOlCXiY. InC 



• • • ALLUVIAL FAN FLOODPLAIN DELINEATION STUDY-FAN 7, 8 & 12 

\. 

OS", 

Photo 31: Looking Downstream Photo 32: Looking at Left Bank 

Photo 33. Look at Left Bank Bedrock 

IE FULLER Fan 7, 8 and 12 FDS 
NYDROLO<il d GtOIIORDNOLO<iT. InC 



ALLUVIAL FAN FLOODPLAIN DELINEATION STUDY-FAN 7, 8 & 12 

• E.2 Cross Section Plots 

• 

• IE FULLER Fan 7, 8 and 12 FDS 
NYDROlCXiY d Gf0 1'10RDI10lCXiY. InC 



"UVIAL FAN FLOODPLAIN DELINEATION STUDY' AN 7, 8 & 12 • 0 

c 
.2 

Ii 
~ 
w 

1412 

1410 

1408 

'=- 1406 
c 
2 
~ 
.., 1 
w 

Rive r = Fan? Reach = 1 

1<-----.06 t- 035---+ 

50 100 150 200 

Station (II) 
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--. o6---~ 

250 300 350 

River = Fan? Reach = 1 RS = 17 19.538 
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5 
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• 
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600 

~IE FULLER Fan 7, 8 and 12 FDS 
NYDROlOGY d GtOI'IORDtiOLOGl InC 
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.UVIAL FAN FLOODPLAIN DELINEATION STUDY, AN 7, 8 & 12 • 0 
River = Fan7 R each = 1 RS = 640.0357 River = Fan7 R each = 1 RS = 53.64828 

.06 .035 
I 

o6 ---1 
I - .06 .035 .06 

1396-1 1390 Legend 
--

/ 
--

EG 0 100 EG 0100 
--- ---

1394 -1 "" IWS 0100 1388 WS0100 
- -+-- - --+-- -
Gri t 0100 Grit 0100 

-------- --------Ground Ground 

"" 1392 • g 1386 • 
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c c 
0 2 
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~ Q) 

w 1390 w 1384 
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.UVIAL FAN FLOODPLAIN DELINEATION STUDY.AN 7, 8 & 12 • 
River = Fan8 Rea ch = 1 RS = 148 3.0 11 Rive r = Fan8 R each = 1 RS = 998 .9430 

·---.o6------J.---.o35 I 
.06 .06 .035 

I 
.06 I I 1346i I 1330 Legend 

EG0100 
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- -~- --+--
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IE FULLER Fan 7, 8 and 12 FDS 
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. UVIAL FAN FLOODPLAIN DE LINEATION STUDY,AN7, 8 & 12 • 
Rive r = Fan1 2 Reach = 1 RS = 3761.932 

j 06 
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035----+ .06 
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"UVIAL FAN FLOODPLAIN DELINEATION STUDY tAN 7, 8 & 12 
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ALLUVIAL FAN FLOODPLAIN DELINEATION STUDY-FAN 7, 8 & 12 

• E.3 Detailed HEC-RAS Output 

• 

• JE FULLER Fan 7, 8 and 12 FDS 
HYDROLOGY (! GfOIIORDHaOGl InC 



• 

• 

• 

Fa n7 . t xt 

X X 
X X 
X X 

HEC-RAS ve rsion 3. 1. 3 May 2005 
u.s. Army corp of Enginee r s 

Hydro 1 68~ c S~~~~de~~~~~t center 

Davi s , Califo r ni a 

)()()()()()( xxxx xxxx XX 
X X X X X X 
X X X X X 

X 
X 

xxxxxxx xxxx X XXX xxxx xxxxxx 
X X X X X X X X 
X X X X X X X X 
X )()()()()()( xxxx X X X X 

PROJ ECT DATA 
Pro~ec t Tit l e: Fan7-8 -12 

=~~)~~~/!~~ ~;~:~ 7lg7i~i8~~ 9:48:31 ~ 

xxxx 
X 
X 

xxxx 
X 
X 

xxxxx 

Project in Eng 1 ish units 

Project oescri pti on : 
App roxi mate zone A Floodpl ain De li nea tion Study fo r select was hes on the White 
Tank Mou ntai ns ups tream of the alluvial fan apecies. Thi s study was performed 
under contrac t t o the Fl ood con t r ol oi sct ri ct of Mar i copa county (2005C02 4), by 

~~v:l~~~ d ~~d~~~~~s & v~~~~r(~~~o2b6s5~' B~s!d ~~Pl·\. ~gg? : 16~ ; ~o~~~~~ i~~erva 1 
topo~ raphi c mapping provi ded by FCOMC, Fl own by Landata Ai r borne Sys tems , 

~!~iJ~ 0~~~cha~~~~m~~~ ~~~~· H~~~ ii~~~e~f~~m p~o~~~~~B f r~~r~hi~t~!m~r~~~~~!~~ by 
JEF, I nc. Start i ng water surface elevat i on determi ned us i ng no r ma l depth 
pr oceedures. Thi s r un a ssumes sub-c rit i ca l flow condi t ions. 

PLAN DATA 

Plan Tit l e: Fan7 
Plan Fil e x: \ p ro j ect s \ Agency\ FCDMC\ 200SC02 4\ Assignmen t8WTFans \ hec- ras\ Fan7 _8_12 pOl 

Geomet r y Tit l e: Fan7 
Geome try Fi 1 e x: \ pro j ects\ Agency\FCOMC\ 200SC024\ Assi gnme nt8WTFans \ hec - ras\Fan 7 _8_12 . gO l 

Fan7 Fl ow Tit l e 
Fl ow File x : \ projects \ Agency\FCOMC\ 200SC0 2 4\Assi gnment8WTFans\hec-ras \ Fan7 _8_12. fO l 

Pl an summa ry I nfo r mat ion : 
Numbe r of: cross sect i ons = 

c ul vert s 
Bri dges 

Mul t iple openi ngs = 
I nl i ne Structures '"' 
Late r a 1 St ructures = 

computationa l I nfo rmat i on 
wate r s urface ca l c ul a ti on to l erance .. 0 .01 

~~!~~~~ln~~C~~ ~fl i ~ ~~~~i~n~o l erance : ~001 
Maximum di f fe r e nce to l e r anc e • 0 . 3 
Flow t o l e r a nce factor • 0.001 

Computa ti on Opt i ons 
Cr i t i cal de p t h computed only where necessary 
conveyance calculation Method: At breaks in n va l ues on l y 

~~~~C~~~i ~~~~e F~~;h~~~i me: ~~g~~~~i ~~1v:1~:c e 

FLOW DATA 

Flow Tit l e: Fan7 
Flow Fi 1 e x: \ pro j ects \ Agency\ FCDMC\200SC02 4\ AS S i gnment8WTFans\hec- r as\Fan7 _8_12. fOl 

Flow Data (cfs) 

Ri ver 
Fan7 

Reach 
1 

Boundary condi t i ens 

River Reach 

Fan7 

RS 
258 3. 162 

Profi l e 

QlOO 

Q100 
1453 

Ups tream Downstre am 

Norma l s ., 0 . 012 

GEOMETRY DATA 

Geometry Title: Fan7 
Geometry Fi 1 e · x: \ projec t s\Agency\ FCDMC\200SC024\Assi g nment8WTFa ns\hec- ras\ Fan 7 _8_12 . gOl 

CROSS SECTION 

RIVER: Fan7 
REACH: 1 RS' 2583. 162 

INPUT 
Des cription : 
S t at ion El eva t ion Da t a num .. 

Sta El ev Sta Elev 
0 1422 4 .87 1421. 6 5 

110.71 1414.49 121.83 1413.68 
188.52 1410 . 08 200.12 1410 .6 
312.37 1415.71 341.9 1415. 71 

Manning ' s n values 
s ta n val Sta 

0 .06 13 5. 61 

Bank Sta: Left 

num:z 
n va l 

.035 

Leng t hs: 

18 
Sta El ev 

18.01 1420 . 48 
12 5.87 1413.34 

209 .1 1411.57 
370 .72 1415.87 

Sta 
209.1 

n val 
.06 

Le ft Channel 

sta Elev Sta El ev 
57 .79 1415.42 98.98 1414.7 

135. 61 1412.5 172. 22 1409 . JJ 
269. 46 14 16.89 285.54 1416.52 

Righ t coeff contr. Ex pan . 
135.61 ~~~~~ 452.23 431. 04 433. 85 .1 .3 

CROSS SECTION OUTPUT Profi 1 e #Q l OO 

~~r · H;!dv c~~)) 1413.98 El emen t Left OB cha nne l 
1.05 Wt . n-val. 0.060 0 .035 

w. s . El ev (ft) 1412 . 93 Reach Len . {f t ) 452 . 23 431.0 4 
c r i t w.s. (ft) 1412.89 Fl ow Area (sq f t ) 1.06 172 . 77 
E.G . s l ope (ft / ft) 0. 012207 :1~! ~~M' ) 1. 06 172 .77 
Q Tot a 1 (cfs) 14 5 3 . 00 1. 0 3 1429.93 
Top width (ft) 93.85 Top width (ft ) 4 .96 73 .49 

Rig~~6gs 
433.85 

10. 45 
10.4 5 
22 . 04 
1 5. 40 

Page 1 



• 

• 

• 

vel Total ( ft /s) 
Max Ch l Opt h (ft) 
conv. To t al (cfs) 
Length Wtd. (ft) 
Minch El (ft) 
Alpha 
Frctn Loss (ft) 
c & E Loss ( f t) 

7.88 
3.60 

13151.3 
431.12 

1409. JJ 
1.09 
5.55 
0.06 

Avg. vel. (ft / s) 
Hydr. Depth (ft) 
conv . (cfs) 
wetted Per . (ft:) 
Shear (lb / sq ft) 
Stream Power (1 b/ ft s) 
cum volume (acre-ft) 
Cum SA ( acres) 

0. 98 
0.21 

9. 4 
4. 98 
0.16 
0.16 
2. 33 
2.15 

Fan7. txt 
8.28 2.11 
2.35 0.68 

12942 . 5 199.5 
73.71 15.46 

1.79 0.52 
14.78 1.09 
9.84 2.14 
4. 74 2. 91 

warning: The e nergy loss was greater than 1.0 ft (0. 3 m). between the current and previous cross 
sect10n. Thi s may indicate the need for additional cross sect i ons. 

CROSS SECTION 

RIVER: Fan7 
REACH: 1 RS' 2152 . 126 

INPUT 
oescri pt i on: 
Sta t ion Elevation Data 

St a El ev Sta Elev 
0 1412 . 86 12. 55 1412.78 

69.21 1411.37 88.83 1410.82 
126.09 1410.05 126.64 1409.97 
208.8 1 1405.64 228.84 1406.12 
295.86 1408.06 310.58 1408.18 
364.38 1408.94 

Manning's n va lues num• 

26 
Sta Elev 

14.91 1412.74 
125.63 1410.09 
161.ll 1404.81 
241.56 1406.36 

JJ8.2 1408.52 

Sta n va l Sta n val sta n val 
.06 0 .06 126.64 .035 241.56 

Sta 
19.35 

125.79 
178.13 
250.22 
347.54 

Elev 
1412.64 
1410.09 
1405 . 02 
1406. 54 
1408.63 

Sta Elev 
55.84 1409.81 

126 1410.07 
203.19 1405.47 
219.52 1406.78 
352.52 1408.7 

Bank Sta: Left Rig ht Lengt hs: Left c hanne l Right coeff Contr. Expan. 
126.64 241.56 432.08 432.59 454.66 

CROSS SECTION OUTPUT Profile ltQlOO 

eer· H! ! dv (~~)) 
w.s. El ev (ft) 
crit w.s. (ft) 
E . G. slope (ft/ft) 
Q Tota l (cfs) 
Top wi dc h (f t ) 
vel Total (ft/s) 
Max c h 1 Dpth ( ft ) 
conv. Tot a 1 (c f s) 
Length Wtd. (ft) 
Min Ch El (ft) 
Al pha 
Frctn Loss (ft) 
c & E Loss (f t ) 

1408.37 
0 . 85 

1407.52 
1407.52 

0.013612 
1453.00 

137 . 36 
6. 90 
2. 71 

12454.0 
433 . OS 

1404.81 
1.11 
4.62 
0.11 

Element 
Wt. n-val. 
Reach Len. (ft) 
Flow Area (sq ft) 

~1~: ~~~srt) 
Top width ( ft) 
Avg. vel. (ft/s) 
Hydr. Depth (ft) 
conv. (cfs) 
wetted Per. (ft) 
shear ( lb/sq ft) 
Stream Power (lb/ft s) 
Cum volume (acre-ft) 
cum SA (acres) 

.1 . 3 

Left as channe l 
0.035 

432.08 432.59 
185.47 
181.47 

1399.35 
98.44 

7. 54 
1.88 

11994.2 
98.65 
1.60 

12.05 
2. 32 8.06 
2.12 3.89 

Ri8~0&08 
454.66 
24.97 
24.97 
53.65 
38.92 
2.15 
0. 64 

459.9 
38.94 
0. 54 
1. 17 
1. 96 
2.68 

wa rni ng: 

wa rn i ng: 

wa rni ng: 

The e ne rg y equat i on cau l d not be ba 1 anced wi thin the specif i ed number of i te rations. The 
prog ram used c ri t i ca l depth for the wate r s urface and conti nued on with t he ca l cu l at i ons. 
The e ne rg y l oss was greate r than 1.0 ft (0. 3 m). between the c urrent and previous cross 
s e ct i on . This may i ndi cate the need for addi tional c ross sections. 
During the standard step i terat i ons, whe n t he assumed wate r surface was set equa l to c ri t i ca l 
de pt h , t he ca l cu l ated wate r surface came back below cri tica l dep th . This indicates t hat there 
is no t a va l id subcritica l answer. The program defau l ted to c ritica l depth . 

CROSS SECTION 

RIVER: Fan7 
REACH: 1 RS: 1719.138 

INPUT 
oescri pti on : 
Station El evat i on Data num"' 30 

Sta Elev Sta Elev Sta elev Sta Elev Sta elev 
0 1410.11 7.62 1409.83 19.96 1409.42 63.82 1409. 11 70.24 1409.11 

83.84 1407.51 84.77 1407.4 85.86 1407.27 87.14 1407. 12 93.39 1406.38 
107.49 1404.68 124.92 1402.56 140.64 1403.92 112.23 1404.94 157 .OS 1405.37 
159.77 1405.6 170.79 1406.42 176.22 1406.09 205.04 1406.06 221.79 1406.51 
224.39 1406 .56 232.34 1405.9 244.29 1404.63 298.14 1399.47 409.02 1400.02 
415.79 1400.62 462.73 1406.53 484.47 1406. Sl 50 2 .46 1407. 18 524.82 1407.75 

Manning's n val ues num= 
Sta n va l Sta n val Sta n val Sta n va l Sta n val 

0 .06 107.49 .035 140.64 .06 298.14 .035 409.02 .06 

Bank Sta: Left Right Lengths: Left channel Right Coeff Contr. Expan. 
244.29 415.79 543.61 560.92 579.21 .1 .3 

CROSS SECTION OUTPUT Profile #Ql00 

~~r· H~!~v c}g) 
w.s. Elev (ft) 
Crit W.S. (ft) 
E.G. slope ( f t/ft) 
Q Tota 1 (cfs) 

~~~ ~~~~~ H~~s) 
Max chl Dpth (ft) 
conv. Tota l (cfs) 
Length Wtd. (ft) 
Min ch El (ft) 
Alpha 
Frctn LOSS (ft) 
c & E Loss (ft) 

1402.22 
0. so 

1401.72 
1401.38 

0.008586 
1453.00 

149.82 
I . 60 
2. 25 

15680.7 
557.56 

1399.47 
1.02 
5. 34 
0.02 

Element 
Wt. n- val. 
Reach Len. (ft) 
Flow Area (sq ft) 

:1~! g~sjt) 
Top width (ft) 
Avg. vel. ( ft /s ) 
Hydr. Depth (ft) 
Conv. ( c fs) 
wetted Per. (ft) 
Shear (lb / sq ft) 
Stream Powe r (lb/ ft s) 
cum volume (acre-ft) 
Cum SA (ac res) 

Left oa channel 
0 .037 

543.61 560.92 
254.51 
254.55 

1445.68 
141. 11 

s. 68 
1.80 

15601.6 
141.24 

0.97 
5.49 

2. 32 5.88 
2.12 2. 70 

Ri8~&6gs 
579.21 

4. 78 
4. 78 
7.32 
8. 72 
1. 53 
0.55 
79.0 
8. 79 
0.29 
0.45 
1.81 
2.43 

wa rni ng: The e nergy l oss was greater than 1.0 ft (0. 3 m). between the current and previous cross 
section. This may indicate the need for addi ti ana 1 cross sections. 

CROSS SECTION 

RIVER: Fan7 
REACH: 1 

INPUT 
Oescri pti on: 
Station El evation Data 

sta E1 ev Sta 
0 1401. 32 13.26 

126.64 1395.37 133.26 
158.83 1394.56 164.33 
201.02 1397.91 203.87 
287.09 1394.72 309.86 
341.57 1392.7 341.74 

f.1anni ng' s n va 1 ues 
Sta n val Sta 

RS' 1158.618 

num'"' 
Elev 

1400.93 
1395.08 
1394.48 
1398.18 
1394. 16 
1392.77 

num= 
n val 

30 
Sta 

59.59 
141.32 
182.53 
223.71 
314.44 
382.35 

Sta 

El ev 
1399.8 

1394.99 
1396 . 6 

1398 . 92 
1394.03 

1403.9 

n va 1 

Sta 
8 3 .41 

151. I 3 
190.59 
248.38 
JJ8.64 
418.81 

Sta 

Elev 
1399.61 
1394.66 
1397.17 
1395. 18 
1392.83 
1404.34 

n val 

Sta Elev 
120.89 1396.08 
153.42 1394.54 
196.7 1397.6 

275.56 1395.1 
341.471392.704 
431.11 1404.52 

Sta n val 
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Fan7 txt 
.06 133.26 .035 201.02 .06 287.09 .035 341.74 .06 

Bank Sta: Left Right Lengths: Left Channe l Right coeff Contr. Ex pan. 
309.86 341.74 521.63 518.58 523.55 .1 .3 

CROSS SECTION OUTPUT Profile #QlOO 

~er· H;!~v cj~)> 1396.86 Element Left OB channel R i 8~66gs 0. 71 Wt. n-val . 0.040 0.035 
w.s . El ev (ft) 1396.15 Reach Len. (ft) 52 1. 63 518.58 523. IS 
Crit W.S. (ft) 1396.11 Flow Area (sq ft) 147.39 81.73 20. 84 
E.G. slope (ft/ft) 0.010733 ~1~! ~~~sjt) 147.39 85.73 20.84 
Q Tota l (cfs) 1413.00 610.13 728.42 74.05 

~~~ ~~~~~ H~~s) 170.60 !~g. w~~r~ H~~s> 126.39 31.88 12.33 
S. 72 4. 41 8. so 3. 51 

Max ch 1 Opth ( ft) 3. 45 Hydr. Depth (ft) 1.17 2.69 l. 69 
Conv. Tota l (cfs) 14024.8 conv. (cfs) 6279.1 7031.0 714 . 7 
Length Wtd. ( ft) 120.03 Wetted Per. (ft) 126.64 31.93 12 . 79 
Min ch El (ft) 1392. 70 Shear (lb/sq ft) 0. 78 1.80 1.09 
Alpha 1. 39 Stream Power (lb/ft s) 3. 44 11.29 3. 88 
Frctn LOSS (f t ) 4. 79 Cum volume (acre-ft) 1. 40 3.69 1. 64 
C & E LOSS (ft) 0.02 cum SA (acres) 1.33 1.19 2. 29 

warning: 

warning: 
warning: 

The energy equation could not be balanced within t he specified number of iterations. The 
program used critica l depth for the water surface and continued on with the calculations. 
oiv1ded flow computed fo r this cross-section. 
The energy loss was greater than 1. 0 ft (0. 3 m). between the c urren t and previous cross 
section. This may indicate the need for additiona l cross sections. 

warning: During the standard step iterati ons , when the assumed water surface was set equal to critical 
depth , the calculated water surface came back below critical depth. Thi s indicates that there 
is not a valid subc r itical answer. The program defaulted to crit ical depth. 

CROSS SECTION 

RIVER: Fan? 
1 

INPUT 
oescri ption : 
Station Elevation Data 

RS: 640.0357 

Sta Elev Sta Elev 
18 
sta 

67 . 32 
153.32 
289.74 
419. 46 

Elev 
1393.7 
1386.6 
1388 . 1 

Sta El ev sta Elev 
0 1395.12 60.76 1393.86 99.28 1392.84 1511386.778 

151.07 1386.77 152.4 1386.61 
240.85 1388.94 263.91 1389 .2 
402.11 1391.11 418.17 1391.21 

172.91 1386. 34 206.01 1387.78 
331.63 1388.74 348.82 1390. 42 

Manning's n values 
Sta n val Sta 

0 . 06 111.07 

num= 
n val 

.035 
Sta 

348.82 

1391. 22 

n val 
.06 

Bank Sta: Left Right Lengths: Left Channe l Right 
111. 07 206.01 196.47 186.39 582.13 

CROSS SECTION OUTPUT Profi l e #Ql00 

E.G. El ev (ft) 
vel Head (ft) 
w.s. El ev (ft) 
Crit W. S. ( ft ) 
E.G. s l o pe (ft/ft) 
Q rota 1 (cfs) 

~~~ ~~~!~ H~~s) 
Max ch 1 opth ( ft) 
conv. Tota l (cfs) 
Leng t h Wtd . (ft) 
Min Ch El (ft) 
Alpha 
Freen LOSS Cft) 
C & E Loss (ft) 

1390.09 
0. 63 

1389.47 
1389.47 

0. 007981 
1413.00 

211. 01 
1.24 
3.13 

16260.2 
586.28 

1386.34 
1.47 
I. 30 
0.00 

E1 ement 
Wt . n-val . 
Reach Len. (ft ) 
Flow Ar ea (sq ft ) 

~1~~ ~~~sjt) 
Top width (ft) 
Avg. vel. (ft/s) 
Hyd r . Depth (ft) 
Conv. (cfs) 
Wetted Per. (ft) 
Shear ( lb /sq ft ) 
Stream Power (lb / ft s) 
c um Volume (acre-ft) 
c um SA (acres ) 

coeff contr. Ex pan. 
.1 .3 

Left OB Cha nnel 
0.060 0.031 

196. 47 586.39 
31. 03 144.72 
31.03 144.72 
83.43 1046.19 
23.01 54.94 

2. 69 7.23 
1. 31 2.63 

933.6 11712.1 
23.17 54.98 
0.67 l. 31 
1.80 9. 49 
0.33 2 . 32 
0.44 1. 0 7 

Right OB 
0.031 

182. 53 
101.80 
101.80 
322.98 
133.06 

3. 17 
0. 77 

3614.4 
133.12 

0. 38 
l. 21 
0. 90 
1. 42 

warning: 

warning: 

The energy equation could not be balanced within the specif i ed number of ite ra t i o ns. The 
program used c r itical depth fo r the water surface a nd continued on with t he calculations. 
The energy loss was greater than 1. 0 ft (0.3 m). between the current and previous cross 
section. This may indicate the need for additional c ross sections. 
During the standard step iterations, when the assumed water surface was set equal to crit ical 
depth, the ca 1 cu 1 a ted water surface came back be low cri ti ca 1 depth. This i nd icates that there 

warning: 

is not a valid subc riti cal answer. The program defaulted to critic;:al depth. 

CROSS SECTION 

RIVER: Fan7 
REACH: 1 RS' 13.64828 

INPUT 
oescri ption: 
Station Elevation Data numoo 

Sta Elev sta Elev 
0 1384.26 28.86 1384.76 

l27. 8 1383.19 138.73 1382.91 
199.69 1380.87 199.79 1380.87 
317.18 1383.26 336.14 1383.42 
483.89 1389.41 

num:. 

21 
Sta Elev 

34.17 1384.61 
14 3.07 1382.71 
242.03 1381. 61 
374.81 1384.21 

Manning· s n va 1 ues 
sta n val Sta n val Sta n val 

.06 0 .06 84.16 .035 317.18 

Sta 
70.96 

153.62 
217.83 
386. 9 4 

Elev 
1384.08 
1382 . 38 
1382.22 
1384.47 

Sta Elev 
84.16 1383.87 

199.67 1380.87 
286.11 1383.04 
474.97 1388.33 

Bank Sta: Left Right Lengths: Left channel Righ t Coeff contr. Ex pan. 
153.62 217.83 

CROSS SECTION OUTPUT Profi 1 e #Q100 

E.G. Elev (ft) 
ve 1 Head ( ft) 
w.s. Elev (ft) 
crit w.s. (ft) 
E.G. slope (ft/ft) 
Q To ta l (cfs) 

0~~ ~~~!~ H~~s) 
Max Chl Opth (ft) 
conv. Total (cfs) 
Length Wtd. (ft) 
Min ch El (ft) 
Alpha 
Frctn LOSS {ft) 
C & E LOSS (ft) 

1384.06 
0.63 

1383.42 
1383.42 

0. 010303 
145 3.00 

223.81 
5. 83 
2. 51 

14314. S 

1380.87 
1.20 

31.8 13.61 19.97 

Element 
Wt. n -val. 
Reach Len. (ft) 
Flow Area (sq ft ) 

~1~! ~~~s~t) 
Top width (ft) 
Avg. vel . (ft/s ) 
Hydr . Depth (ft) 
conv. (cfs) 
wetted Per. (ft ) 
shear (lb/sq ft) 
Stream Power (lb/ ft s) 
cum volume (acre- ft ) 
Cum SA (acres) 

.1 . 3 

Left OB channe 1 
0.031 0.031 

1 7.48 199.28 
17.48 199.28 
42.8 7 1322.69 
40.72 104.21 

2.45 6.64 
0. 43 1.91 

422.3 13030.7 
40. 74 104.21 
0. 28 1.23 
0.68 8.16 

Ri8~63~8 

32 64 
32 .64 
87 44 
78 92 
2. 68 
0. 41 

861. I 
78.93 
0.27 
0. 71 

warning: ~!og:,~~oc~f~i~afode~~h)~ ~~~:rt~u~~~~;r~:td~~i~~; ~~~~,c~!~i~~l flow calculations (no r mal depth 
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SUMMARY OF MANNING'S N VALUES 

River: Fan7 

Reach River Sta. n1 n2 

2183.162 .06 .031 
2152.126 .06 .031 
1719.138 .06 .035 
1118.618 .06 .035 
640 .0317 .06 .0 31 
53.64828 .06 .031 

SUMMARY OF REACH LEN GTHS 

River : Fan7 

Reach River sta. Left channel 

2583.162 412.23 431.04 
2112.126 432.08 432 . 59 
1719.538 543.61 160.92 
1118.618 121.63 118.18 
640.0317 196.47 186.39 
53.64828 31.8 13.61 

SUMMARY OF CONTRACTION AND EXPANSION COEFFICIENTS 
River: Fan7 

Reach River Sta . Cont r. Expan. 

2183.162 .1 . 3 
2152 . 126 .1 .3 
1719. 538 .1 . 3 
1158.6 18 .1 .3 
640.0317 .1 .3 
53.64828 .1 .3 

Profile Output Table - Standard Tabl e 1 

n3 n4 

.06 

.06 

.06 .0 31 

.06 .035 

.06 

.06 

Righ t 

4ll .81 
454.66 
579.21 
123.11 
582.53 

19.97 

Reach River sta Profil e Q Total Min ch El w. s. El ev 
(cfs) (ft) (ft) 

2183 .162 Q100 145 3 .00 1409.33 1412 .9 3 
2152. 126 QlOO 1413.00 1404. 81 1407.52 
1719.138 Q100 145 3.00 1399.47 1401.72 
1158.618 Q100 1453.00 1392.70 1396.11 
640.0357 Q100 1453.00 1386.34 1389.47 
53.64828 QlOO 1453.00 1380 . 87 1383 .42 

Fan7 . txt 

nl 

.06 

.06 

cri t w.s. E.G . Elev E.G. slope ve l chnl Flow Area Top width Froude II Chl 
(ft) (ft) (ft/ft) (ft/s ) (sq ft) (ft) 

1412 .89 1413.98 0.012207 8. 28 184.28 93.85 0. 95 
1407.52 1408.37 0. 013612 7. 54 210.44 137.36 0.97 
1401. 38 1402.22 0.008586 s .68 259.3 4 149.82 0. 75 
1396.11 ll96. 86 0.010733 8. so 213.96 170.60 0. 91 
1389.47 1390.09 0.007985 7. 23 277.55 211.01 0. 79 
1383.42 1384 . 06 0.010303 6. 64 249. 40 223 . 85 0. 85 
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FanS. r ep 

X 
X X 
X X 

HEC-RAS version 3.1.3 May 2005 
u. s. Army corp of Engineers 

Hydrologic Engineering Cente r 
609 Second Street 
oavi s, ca 1 i forni a 

xxxxxx xxxx xxxx XX 
X X X X X X X 
X X X X X X 

xxxxxxx xxxx X XXX xxxx xxxxxx 
X X X X X X X X 
X X X X X X X X X 

X xxxxxx xxxx X X X 

PROJECT DATA 
Project Title: Fan7-8- 12 

:~~J~~~/!~d +i~:779~2k7z80~ 3:32:28 PM 

xxxx 
X 
X 
xxxx 

X 
X 

xxxxx 

Project in English units 

Project Description: 
Approximate Zone A Floodplain Delineation Study for select washes on the white 
rank Mountains upstream of the alluvial fan apecies. This study was performed 
under contract to the Flood control oisctrict of Ma ri copa County (2005C024), by 

~~v:'l~~~d ~~d~~~~~~s & v~~~~r(~~~o~bOs)~c B~s!d ~~Pi :· =;gg? : 16 ~; ~o~~~~~ ~~~erva 1 
~l~o~~ag~~~ :ag~~~~b~~oz~~o~ e~r~~~:~ 'd~~~~n = b~A~~a~~tho~~~~~~~i ~~~j~~~i on = 
NA0~3. Discharges are from HEC-1 modeling produced from this same contract by 
JEF, I nc. Starting water surface elevation determined using normal depth 
proceedures. Thi s run assumes sub-critical flow conditions. 

PLAN DATA 

Plan Title: FanS 
Plan File x: \p rojects\Agency\ FCDMC\200SC024\Ass ignme ntSWTFans\hec-ras\Fan7 ~8_12 . p02 

Geometry Title: FanS 
Geometry File x :\projects\Agency\FCDMC\200SC024\AssignmentSWTFans\hec- ras\Fan7 ~8~12. g02 

FanS Flow Title 
Flow Fi l e x: \pro j ects\Agency\FCDMC\2005c02 4\Assi gnment8WTFans\hec-ras\Fan7 _8_12. f02 

Plan summary Information: 
Number of : cross sections = 

Culverts 
sri dges 

Multiple openings = 
Inline Structu re s = 
Lateral st ructures "' 

Computational Information 
water surface calculation t:olerance = 0.01 

0.01 
20 ~~~f~~~\~~g~~ ~f1~~~~~~~~0 ~olerance : 

Max"imurn difference tolerance 
Flow tolerance factor 

computation Options 

0. J 
0.001 

cri t ical depth computed on ly where necessa r y 
conveyance calculation Method: At breaks in n values only 

~~~~~~~~; ~~~~e F~~~h~~~; me: ~~~~~r~; ~~lv~1~~ce 

FLOW DATA 

Flow Ti t 1 e: FanS 
Flow File x: \p rojects\Agency\ FCDMC\2005C024\ Assig nment8WTFans\hec - ras\Fan7 _8_ 12. f02 

Flow Data (cfs) 

River 
FanS 

Reach 
1 

Boundary conditions 

River Reach 

FanS 

GEOMETRY DATA 

RS 
2394.158 

Profile 

Q100 

Q100 
646 

upstream Downstream 

Normal S = 0.02 

Geometry Title: FanS 
Geometry Fi 1 e · x: \projects\Agency\ FCDMC\200SC024 \ Assignment8WTFans \ hec - ras\Fan7 _8_12 g02 

CROSS SECTION 

RIVER: FanS 
REACH: 1 RS: 2394.158 

INPUT 
oescri pt i on: 
Station Elevation Data num= 38 

Sta Elev Sta Elev Sta Elev 
0 1361.37 2.66 1360.61 5. JJ 13 59. 8 5 

13.32 1357.66 15.98 1357.01 18.65 1356 .4 7 
16.64 1355 . 99 29.3 1355 . 84 31.9 7 ll 55 . 7 
37.64 1355.38 39.96 1355.25 42 .62 135 5.12 
50.62 1356.72 53.28 1357.41 55.94 13 58. 11 
61.27 1359.53 63.94 1360.32 66.6 1361. 19 
74.59 1363.79 77.26 1364.66 79.92 13 65 . 53 
87.911368.13 90.58 1369 93.86 1370.07 

Manning ' s n va lues num= 
Sta n val Sta n val Sta n val 

0 . 06 37.64 .035 60.14 .06 

sank Sta: Left Right Lengths: Left Channe l 
37.64 60.14 476.27 46 3 . 54 

CROSS SECTION OUTPUT Profi 1 e #QlOO 

E.G. Elev (ft) 1359.24 E 1 emen t 
vel Head (ft) 0. 97 Wt. n-val . 
w.s. Elev (ft) 1358. 27 Reach Len . 

Sta Elev Sta Elev 
7.99 13 59.09 10.66 1358.35 

21.31 1356.27 23.98 13 56 .13 
34.6 3 1355.55 37.3 13 55 .4 
45.29 1355.3 3 47.95 13 56. 02 
58.61 1358.8 60 . 14 1359 . 22 
69.2 6 1362.06 71.93 1362 .93 
82. 59 1366 .4 85. 25 136 7 . 27 

Right coeff contr. Ex pan. 
477.74 .1 .3 

Left OB channe 1 Right OB 
0.060 0 .031 

(ft) 476. 27 46 3 .54 477 74 
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crit w. s. (ft) 1318.27 
0.018174 

Flow Area (sq ft) 12 . 11 
12.11 

273.16 
26.67 
I. 21 
l. 96 

FanS. rep 
39.77 

E.G. slope (ft/ft) 
Q Total (cfs) 

~~' ~~~~~ H~}s) 
646 . 00 

41 . 19 
7 . OJ 
3.11 

4740.1 
466. 16 

1315. 12 

~1~! g~s~t) 
Top width ( ft) 
Avg. vel. (ft/s) 
Hydr . Depth (ft) 
Conv. (cfs) 
wetted Per. (ft) 

39.77 
372.44 
18.92 
9.37 
2.10 

2732.8 
19.31 

2. 39 
22.37 

Max Chl Opth (ft) 
conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (f t ) 
Alpha 
Frctn LOSS (ft) 
C & E Loss (ft) 

l. 26 
7.01 
0. 00 

shear (lb/sq ft) 
St ream Power ( lb/f t s) 
cum volume (acre- ft) 
Cum SA (ac res) 

2007.3 
26. 91 

2. 21 
11 .79 

1. 06 
1.07 

4. 20 0.82 
2.72 1.21 

Warn i ng : 

warning: 

warning: 

The energy equation could not be balanced within the specified numbe r of iterations. The 
program used criti c al de pt h for the water surface and continued on with the ca lculations. 
The energy loss was grea te r than 1 . 0 ft (0.3 m). between the cur rent and previous cross 
section. This may indicate the need for additional cross sections. 
During the standard step iterations, wh en the assumed water surface was set equal to critical 
depth, the calculated water surface came back below critical depth. This indicates that there 
is not a valid subcritical answer. The program defaulted t o critical depth. 

CROSS SECTION 

RIVER: FanS 
REACH: 1 RS: 1930.623 

INPUT 
Descript ion: 
Stati on Elevation oata 

Sta El ev sta Elev 
0 1355.07 2.48 1314.18 

12.42 1313.1 14.91 1313 .2 4 
24.84 1312.08 27.Jl 1311.78 
37.26 1350.71 39.71 1310.46 
49.69 1349 . 41 52.17 13 49.2 
62. 11 1348 .01 64.59 1347.61 
74.53 1346 77.01 1341.59 
84 . 47 1344.62 86.95 1344.58 
96.89 1344.5 99.37 1344.49 

109.31 1344.88 111.02 1345.26 
119.21 1347.11 121.73 1347.68 
131.67 1350 134.15 1350 .37 
144.09 1351.12 146.17 1311.81 
116 . 11 1312.91 119 1313.24 
168.93 1354.38 171. 42 1314.68 
181.31 1316.23 183.84 1316 . 66 
193.781318.38 196.261318.53 

206.2 1318.19 208.68 1318.61 
218 . 62 1318.7 220.24 1318.71 

num:z 

92 
Sta El ev 

4.97 1314.21 
17.39 1352.97 
29.81 1351.49 
42. 23 1310.21 
14.61 1348.94 
67.08 1347.21 
78.16 1341.4 
89 . 43 1344.54 

101.86 1344.48 
111.79 1341.43 
124. 2l 1348 . 24 
136.64 1310 . 66 
149 .06 1312.09 
161.48 1353.12 
173.9 1311.03 

186 . 32 1317.1 
198.74 1318 . 11 
211.17 1318.63 

Manning's n va lues 
Sta n val Sta n val Sta n va l 

.06 0 .06 78.16 .031 111.02 

Sta Elev 
7.41 1313.99 

19 . 87 1352.68 
32 .3 1311.22 

44. 72 1349.91 
17.14 1348.69 
69.56 1346.81 

79.1 1341.18 
91.92 1344. 52 

104.34 1344.48 
114.28 1345 . 99 

126 .7 1348 . 8 3 
139.12 1350.95 
111. 14 1312.38 
163.96 1313.81 
176. 39 1355 . 41 
188.81 1317.13 
201.23 1318.16 
213.61 1318.66 

Sta El ev 
9.94 1313.74 

22.36 1312 . 38 
34.78 1310 . 96 

47.2 1349 . 7 
59.62 1348.39 
72.04 1346.41 
81.98 1344.78 

94.4 1344.5 
106.82 1344.13 
116.76 1346.11 
129. 18 1349. 42 
141.61 1351.23 
114. OJ 1312.66 
166.41 1314.09 
178.87 1355 . 82 
191.29 1317.97 
203.71 1318 . 18 
216.13 1318.68 

Bank s ta : Left Ri ght Leng t hs: Left Channel Right Coeff Contr. Expan. 
78. 16 111. 02 438. 49 447.61 461.29 

CROSS SECTION OUTPUT Profi 1 e #Ql 00 

E.G. El ev (ft) 
vel Head (ft) 
w.s. El ev (ft) 
Crit W. S. (ft) 
E . G. s l ope (ft / ft) 
Q Tota l (cfs) 

0~~ ~~~;~ H~~s) 
Max Ch 1 Opth ( ft) 
conv . Total (cfs) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn LOSS (ft) 
C & E LOSS (ft) 

1347.92 
1.00 

1346.92 
1346 . 92 

0.012132 
646.00 

49.14 
7. JJ 
2.44 

5770.1 
447.77 

1344.48 
1. 20 
6.08 
0.07 

El ement 
Wt . n-val . 
Reach Len. ( ft ) 
Flow Area ( sq ft) 

~1~! ~~fsjt) 
Top width (ft) 
Avg. ve l. (ft/s) 
Hydr. Depth (ft) 
conv. (cfs) 
wetted Per . (ft) 
Shea r (lb/sq ft) 
Stream Power (lb/ ft s) 
cum vo 1 ume (acre- ft ) 
cum SA (acres) 

.1 . 3 

Left OB 
0.060 

438.49 
7.02 
7.02 

16.02 
9 . 29 
2. 28 
0. 76 

143.1 
9. 41 
0.18 
l.Jl 
0. 74 
0.87 

Channel 
0.031 

447.61 
74.91 
74.91 

611.14 
32.86 
8.21 
2.28 

1494.9 
32 . 98 
1. 78 

14.19 
3.19 
2.41 

R i 8~~6gs 
461.29 

6. 11 
6.11 

14.83 
7 . 39 
2 . 41 
0.83 

132 .I 
7.17 
0.64 
l. 53 
0. 79 
1.21 

warning: 

warning: 

The e nergy equat ion could not be balanced within the specified number of iterations. The 
program used critical depth for the water surface and continued on with the ca l c ulations . 
The ene rgy loss was greater t han 1.0 ft (0.3 m). between the cur rent and previous cross 
section. This may indicate t he need f o r addi ti ana 1 cross sections. 
During the standard step ite rations, when the assumed wa te r s ur face was se t egual to critical 
depth, the calculated water su r face came back be low c ritical dep th. This ind1 ca tes t hat the re 

wa r ning: 

i s not a valid subc ritical answer. The prog ram defaulted t o critical depth. 

CROSS SECT ION 

RIVER: FanS 
REACH: 1 RS: 1483.011 

I NPUT 
oescri ption : 
Station Elevation oata num= 

Sta Elev s ta El ev 
0 1343.11 2.22 1343.11 

11.09 1343.11 13.31 1343.11 
22.18 1343.14 24.4 1343.11 
JJ.27 1341.81 31.49 1341.36 
44. 36 13 39. 26 46. 18 ll 38 . 62 
11.41 1]]6 .06 17 .41 1331.6 
64.32 13 31 .37 66.14 1]]1.34 
71.41 lll l.23 77.63 1lll.2 
86.1 1lli .09 88.72 1]]1 . 07 

97.19 13 31 . 07 99.81 llli.07 
108. 68 13 31 .1] 110 .9 llll. JJ 
117.11 1 JJ6.14 119.77 1336.41 
128.64 1337.48 130.86 1Jl7.76 
139.73 1338.86 141.91 1339. 11 
150.82 1]40. 29 113.04 1340.18 
161. 91 ll41. 72 164 .ll 1342.01 

173 1343.11 171.2 2 1343.44 
1811.09 1344.37 186.31 1344.44 

Manning's n values 
Sta n val Sta 

0 .06 17 .41 

num= 
n val 

.OJ I 

88 
Sta £lev 

4.44 1343.11 
11.13 ll4l.l4 
26.62 13 43 . 3 
37.71 13 40.88 
48 . 8 ll37 . 97 

17.67 1331.11 
68.76 1331.31 
79.81 1335. 17 
90.94 1335.06 

102.03 1331.08 
112.32 1]]1.11 
121.99 1336.68 
1Jl.08 1338.02 
144.17 1339 .4 3 
111.26 1340.86 
166.31 1342.3 
177.44 1343.73 
188.87 13 44 .13 

J 
Sta 

112.32 
n va l 

.06 

Sta Elev 
6.61 1343.11 

17.74 1343.54 
28.83 1342.81 
39.92 1340.39 
11.01 1337.33 
19.89 1335.43 
70.98 1331.28 
82.07 1]31.14 
93.16 1331.01 

104.21 1lll. 09 
113.12 1lll.6 
124.21 1336.91 

131.3 1338.3 
146.39 1339.72 
117.48 1341.11 
168.17 134 2.18 
179.66 1344. 01 

Sta Elev 
8 . 87 1343 . 11 

19.96 1343.14 
31.01 1342.33 
42.14 1339.89 
13.23 1336.7 

62.1 1331.4 
73.19 1331 . 26 
84.28 1331.11 
91.37 1331.06 

106.46 1331.09 
111.34 1331.87 
126.43 1337 . 21 
137.12 1338.18 
14 8.61 1340.01 

119.7 1341.44 
170.79 1342.87 
181.88 1344.26 

Bank Sta: Left Right Lengths: Left Channel Right Coeff contr. Ex pan. 
57.45 112.32 141.18 484.07 484.31 

CROSS SECT ION OUTPUT Profi 1 e ltQ100 

~~~ - H!~dv (~i)) 
w.s. Elev (ft) 
Crit W.S. (ft) 
E.G. Slope (ft/ft) 

1337.16 
0.71 

1ll6. 80 
1Jl6 . 80 

0 . 014760 

Elemen t 
Wt. n-val. 
Reach Len. (ft) 
Flow Area (sq ft) 
Area (sq ft) 

.1 .J 

Left OB 
0.060 

141.18 
2. 91 
2. 91 

channe 1 
0.031 

484 .07 
88.20 
88.20 

Ri8~~6ga 
484.31 

6. 95 
6.91 
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FanS. rep 
Q To tal (cfs) 646.00 Flow (cfs) 6.32 624.06 15.63 

0~~ ~~~~~ H~}s) 70.15 Top width (ft) 4. 59 14.87 10.69 
6. 59 Avg. vel . (ft/s) 2 . 17 7 .08 2. 25 

Max chl Dpth (ft) 1. 75 Hydr . Depth (ft) 0.63 1.61 0. 65 
conv. Tota l (cfs) 5317 . 3 conv. (cfs) 12.0 1136.7 128.6 
Length Wtd. (ft) 486.15 wetted Per. (ft ) 4. 74 14.90 10 . 77 
Min Ch El (ft ) 1335.01 s hear (lb/sq ft) 0. 57 1.48 0.19 
Alpha 1.12 Stream Power ( lb/ ft s) 1.23 10. 47 1. 34 
Frctn LOSS (f t) 8.02 c um Volume (ac re - ft) 0. 69 2 . 75 0. 72 
C & E LOSS (f t ) 0.07 cum SA (acres) 0 . 80 2 .00 1.12 

war ni ng: 

warning: 

warning: 

The energy equation cou ld not be balanced within the specified number of ite rat ions. The 
program used cri tical depth for the water surface and continued on with the ca l culations. 
The energy loss was greater than 1. 0 ft (0 .3 m). between the c urre nt and previous cross 
secti on. This may indi cate the need f or addi t i ana 1 cross sections. 
ouring the s tandard step iterations, when the assumed water surface was se t equal to c ri tical 
depth , the calculated water s urface came bac k below critica l de pth . This indicates that t here 
is not a valid subc ritica l answer. The program defaulted to c ritical depth. 

CROSS SECTION 

RIVER: FanS 
REACH: 1 RS : 998.9430 

INPUT 
Description: 
Station El evat ion Data 

Sta El ev Sta El ev 
0 1327 .33 2 .17 1327.08 

12.84 13 26 .26 11.41 1326 .07 
15.69 1325.32 28 .26 1325.14 
38.53 1324.44 41.1 132 4.47 
<8 .81 1324.56 11.38 1324.59 
61.65 1324.71 64.22 1324 .74 
74.5 1324.86 77.07 1324.9 

87.]4 1J25.02 89.91 1325.05 
100 . 19 1325. 17 102.76 1325.2 
113.03 1325.32 115.6 1325.3 5 
115 .88 132 5.48 128.45 1325.51 
1 38.72 1326 .82 141.29 1327 .22 

149 1328.39 111.17 1328.61 
161.84 1329. 18 164.41 1329.21 
1 74.69 1329 .33 177.26 1329.36 
187. 13 1329. 47 190.1 1329.48 
200.38 1329. 44 202 . 94 1329.44 

84 
Sta Elev 

1.14 1326.83 
17.98 1321.88 
30.83 1324.95 
42.21 1324.48 
53.95 1324 . 62 
66.79 132<.77 
79.64 132<.93 
92.48 132S .08 

105.33 1325.23 
118.17 13 25.39 
131.01 1325.63 
143 .86 1327.62 
114.14 1328.83 
166.98 1329.24 
179.82 1329.39 
192.67 1329.47 
201.1 1 1329.43 

Manning's n va 1 ues num: 3 
Sta n val Sta 

0 .06 31.96 
n val Sta 

.035 l ll.58 
n val 

.06 

Sta El ev 
7.71 1326.63 

20 . 55 1321.7 
33.4 1324.76 

43.67 1324.1 
16.52 132<. 65 
69.36 1324.8 
82. 21 1324.96 
95.05 1325.11 

107. 89 1325.26 
120.74 1325.42 
133 . 58 1326 .0 3 
146.43 1328.02 

116.7 1329.02 
169. 55 1329.27 
182.39 1329.41 
191. 24 1329.46 
208.56 1329.41 

Sta Elev 
10.28 1326.44 
23.12 1321.11 
31.96 132<.58 
46.24 1324.53 
59.09 1324.68 
71.93 1324.83 
84.77 1324.99 
97.62 1325.14 

110.46 1321.29 
123.31 1325 . 45 
136. 15 1326.43 
146.71 1328 . 07 
119.27 1329.11 
172 . 12 1329.3 
184.96 1329.45 
197.81 1329.41 

Bank Sta: Left Right Le ngths Left Channel Right Coeff contr. Ex pan . 
35.96 133.18 49183 419.71 462.63 

CROSS SECTION OUTPUT Profile #QlOO 

E.G. Elev (ft) 
v el Head (ft) 
w. s. Elev ( ft) 
Crit W.S . (ft) 
E.G. s l o pe (ft/ft) 
Q Tot a 1 (c f s) 

0~~ ~~~~~ ~ ~~~s) 
Max ch 1 Dpth ( f t) 
Conv. Total ( c f s) 
Length Wtd. (ft) 
Min Ch El ( ft ) 
Alpha 
FrCtn LOSS (ft) 
C & E LOSS (ft) 

1326 . 16 
0.12 

1326.04 
1326.04 

0 . 018580 
646. DO 
117.81 

I. 54 
1.60 

4739.2 
462.96 

1324-44 
1.10 
7.16 
0.02 

El e ment 
Wt. n-val. 
Reach Len . (ft) 
Fl ow Area (sq ft ) 

~1~! ~~';sjt) 
Top Wid t h (ft) 
Avg. ve 1. (ft/s) 
Hydr . Depth (ft) 
Conv . (cfs) 
Wetted Per. (ft) 
shear ( lb/sq ft) 
st ream Power (lb/ ft s) 
cum vo I ume (acre-ft) 
Cum SA (acres) 

.1 . 3 

Left OB channe 1 
0.060 0. 031 

491.83 419.71 
14.75 101.80 
14.75 101.80 
40 . 37 601.63 
20. 16 97.62 

2. 74 I. 91 
0 . 73 1. 04 

296 . 2 4443.1 
20 . 21 97 .66 
0.85 1.2 1 
2. 32 7 .19 
0 .1 8 1. 70 
0.61 1.11 

Rig~a0gs 
462 . 63 

0.00 
0.00 
0.00 
0.07 
0.10 
0.01 
0.0 

0.07 

0 . 68 
1.06 

warning: 

warning: 

wa r ning: 

The ene rgy equation could not be ba l anced withi n t he specified number of i tera t ions. The 
program used cr i tica l depth f or the water surface and continued on with the calculations. 
The ene rgy l oss was greater than 1.0 ft (0. 3 m) . between t he current and previous cross 
section. This may indicate th e need f or addi tio na l cross sections. 
During the standard step itera tions, when t he assumed water su rface was set equa l to critical 
depth, the calc ulated water s urface came back be l ow critical depth. This ind1c ates t hat there 
is not: a va l id subcrit:ical answer. The program defaulted to critical depth . 

CROSS SECTION 

RIVER: FanS 
REACH: 1 RS: 539 . 2312 

INPUT 
oescri pt:i on: 
Station Elevation Data num= 

Sta Elev Sta El ev 
0 1318.9 2.66 1318.82 

!3.29 1318.28 15.95 1318.11 
16.19 1317.43 29.21 1317 . 21 
39.88 1316.11 42.1 4 1316.38 
13 .18 1315.68 55.32 1315.57 
63 .82 1311.15 66 . 47 1311.16 
77. 11 1311.19 79 .77 1315 59 
90 .06 1311.91 90.41 1311 96 

101.04 1316.43 103.7 13 16.11 
114.34 !317.02 117 1317.14 
117.63 !317.78 130.29 1317.98 
140.93 1318.76 143.19 1318.78 
114.22 1318 . 81 116 .88 1318.87 
167 . 12 1318.97 170.18 1319 
180.81 1319.1 183.<7 1319.13 

Manning' s n va 1 ues 
Sta n val Sta 

0 .06 55.32 

num= 
n va l 

.0 35 

73 
Sta Elev 

I. 32 1318 . 78 
18.611317.94 
31.91 1317.08 

45 . 2 1316 . 2 
51 .84 1311.54 
69.13 1311.57 
82.43 1311.67 
93.06 1316.08 

106 . 36 1316.67 
119.61 1317. 26 
132.95 1318.19 
146 . 2< 1318.8 
119.14 1318.89 
172 . 83 1319 .OJ 
186 .69 1319.15 

Sta 
90.06 

n va l 
.06 

Sta Elev 
7.98 1318.73 

21.27 1317.77 
34.17 1316.9 
47.86 1316.03 
18.1 1311.14 

71.79 1315.57 
81.09 1315.76 
91.72 1316.19 

109.02 1316. 78 
122.31 1317.39 
131 . 61 1318.39 

148 .9 1318.82 
162.2 1318.92 

17 5.49 1319.01 

sea 
10.64 
23.93 
37 . 23 
50.12 
61.16 
74 .4 5 
87.75 
98.38 

111.68 
124 .9 7 
138.27 
111.56 
164.86 
178.11 

Bank Sta: Left Right Lengths : Left Channel Right Coe f f Contr. 
15.32 90.06 109 .5 496. 19 491.1 .1 

CROSS SECTION OUTPUT Profi l e #Q100 

E.G. Elev (ft) 1318.21 El ement Left OB 
vel Head (ft) 0. 68 Wt. n-val. 0.060 
w.s . Elev (ft) 1317.52 Reach Len. (ft) 109.10 
c rit w.s. (ft) !317 .52 Flow Area (sq ft ) 29.91 
E.G. s l ope (ft/ft) 0.013067 ~1~! i~~sjt) 29.95 
Q Total (cfs) 646 . 00 8<. 22 

~~~ ~~~!~ H~~s) 99.01 Top width (ft) 30 . 19 
1.2 1 Avg. Vel. (ft/s) 2. 81 

Max chl Opth (ft) 1. 98 Hydr . Depth (ft:) o. 99 
conv. Total (cfs) 5651.2 conv. (cfs) 736.8 
Length wed. (ft) 496 . 99 wetted Per. (ft) 30 . 26 
Min Ch El (ft) 1315.54 shear (lb/sq ft) 0 . 81 

Elev 
1318-45 

1317.6 
1316 . 73 
1315.81 
1315.54 
1315.58 
1315.86 
1316 .ll 

1316.9 
1317.58 
1318.59 
1318.83 
1318 .91 
1319.08 

Ex pan. 
.J 

channe 1 
0.031 

496.19 
66.09 
66.09 

492.37 
34 . 74 

7. 45 
1. 90 

4307.3 
34.75 

LSS 

Right: OB 
0.060 

491.10 
27.99 
27 . 99 
69 .40 
34 .12 

2. <8 
0. 82 

607.1 
34.16 
o. 67 
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Alpha 
Frctn LOSS (ft) 
C & E LOSS (ft) 

1.62 
~ .82 
0.07 

St ream Power (lb/ft s) 
cum vollMile (acre-ft) 
Cum SA (ac res) 

2. 27 
0. JJ 
0.37 

FanS. rep 
11.~6 1.66 
0.81 0. ~J 
0.41 0.87 

warning: 

Warning: 

warning : 

The energy equation could not be balanced within the specified number of iterations. The 
program used critical depth for the water surface and continued on with the calculations. 
The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross 
section. This may indicate the need for additional cross sections. 
During the standard step iterations, when the assumed water surface was set equal to critica l 
depth, the calculated water surface came back below critical depth. This indi cates that there 
is not a valid subcritical answer. The program defaulted to critical depth. 

CROSS SECTION 

RIVER: Fa nS 
REACH: 1 RS: 43 .04325 

INPUT 
Description: 
Station Elevation Data num"' 

sta Elev Sta Elev 
0 1308.21 2.2J 1308.22 

11.1~ 1308.27 13.38 1308.28 
22.3 1308 . 34 24.~3 1308.3~ 

Jl . 44 1308.34 3~ . 67 1308.JJ 
44 . ~9 1J08.J2 46.82 1308.32 
55.74 1308.32 ~7 . 97 1308.J2 
66 . 89 1308.32 69.12 1308.J2 
78.04 1308.J2 80.27 1308.32 
89.19 1308.31 91.42 1308.31 

100. JJ 1308.28 102. ~6 1308.27 
111.48 1308.22 11J.71 1308.21 
122.6J 1308. 16 124.86 1308.1~ 
133.78 1308.11 136.01 1308.1 
144.93 1308.01 147.16 1308.03 
156.08 1307.99 158.31 1307.97 
167.22 1307.93 169.41 1307.92 
178.37 1307.87 180.6 1307.85 
189.12 1307.78 191.71 1307 . 76 
200.67 1307.69 202.9 1307.67 
211.82 1307.62 214.01 1307.61 
222.97 1307.~7 22~.2 1307.~6 
234.111307.52 236.34 1307.51 
245.26 1307.47 247.49 1307 . 4~ 
2~6.41 1307.4 2~8.64 1307.39 
267.~6 1307.09 269.79 1306 . 98 
278.711306.~4 280.94 1306.43 
289.86 130~.98 292.09 130~.87 
298.77 130~-~8 301 130~-~9 
309.92 130~.68 312.1~ 130~.6~ 
321.07 1301. ~1 323. J 130~. 48 
JJ2 . 22 130~.44 334.4~ 130~.49 
l4J . 37 130~.76 34~.6 130~.83 
314.52 1306.11 316. 7~ 1306.21 
365 . 67 1306.6 367.89 1306.67 
374.18 1306.84 376.81 1306.8J 
J85.7J 1306.82 387.96 1306.82 
396.88 1306.81 399.11 1306.8 
408.03 1306.77 410.26 1306.7~ 
418.91 1306 . 74 421.08 1306.76 
429 . 741306.84 431.911306.86 
440.~7 1306.97 442.74 1307 

411.4 1307.12 4~J-~7 1307.1~ 
462.241307.27 464.4 1307.3 
47J . 07 1307.42 47~ . 2J 1307.4~ 

483.9 1307.~3 486.06 1307.~~ 
494 . 73 1307.64 496.9 1307.67 
SOl. ~6 1307.76 ~07. 7l 1307.79 
~16.J9 1307.88 ~18.~6 1307.9 
~27 . 22 1307.97 ~29.39 1307.99 
~J8.0~ 1308.07 ~40.22 1308.09 
~48 . 88 1308.16 ~51.0~ 1308.18 
~59. 72 1308.2J 561.88 1308.24 
~70. ~~ 1308.28 ~72. 71 1308.29 
~81.38 1308.Jl ~8J.~4 1308.3~ 
~92.21 1308.39 ~94.J7 1308.4 
603.04 1308.41 601.21 1308.47 
613.87 1308.~3 616 . 04 1308.54 

624.7 1308 . 6 626.87 1308.62 
635-~J 1308.69 637.7 1308.71 
646.36 1308.79 648 . ~J 1308.81 
657.19 1308.88 6~9.J6 1308.9 
668.03 1308.97 670.19 1308.99 
678.86 1309.06 681.02 1309.07 
689. 69 1309. 14 691. 8~ 1309. 16 
700.~2 1309.22 702.68 1309.24 
711. J~ 1309. Jl 713. ~2 1309.33 
722.18 1309.4 724.J~ 1309.42 

Manni ng's n values num: 
sea n val sea n val 

0 .06 296.41 .031 

JJJ 
Sta Elev 

4.46 1308.2J 
1 ~. 61 1308. J 
26.76 1308.36 

J7 . 9 1308.JJ 
49 . 0~ 1308.J2 
60.2 1308.32 
7l.J~ 1308.J2 
82.~ 1308.31 

93.6~ 1308.31 
104.79 1308 . 26 
11~. 94 1308.19 
127.09 1308 . 14 
138.24 1308.09 
149 . 39 1308 .02 
160.54 1307 .96 
171.68 1307.91 
182.83 1307.83 
193.98 1307.74 
20~ .13 1307. 6~ 
216.28 1307 . 6 
227.4J 1307.~5 
2J8.~7 1307.~ 
249.72 1307.44 
260 . 87 1307. J7 
272.02 1306.87 
283.17 1306.32 
294.32 130~.76 
JOJ.2J 130~.61 
314.38 130~.62 
32~-~J 1305.44 
Jl6 . 68 1305.~~ 
347.83 130~.9 
318.98 1306.31 
370.12 1306.74 
379.04 1306.83 
J90.19 1306.82 
401.34 1306.8 
412.49 1306.74 
423. 24 1306.78 
4J4 .07 1306.89 
444 . 91 1l07.0J 
4~~. 74 1307 . 18 
466.~7 1307.JJ 

477.4 1307.47 
488.23 1307.~7 
499.06 1307 . 69 
~09.89 1307.81 
~20.72 1307 .92 
~31.~~ 1308.01 
~42. 39 1308 . 11 
~~3.22 1308.2 
~64.0~ 1308.21 
~74.88 1308. J 
~8~. 71 1308. J6 
~96. ~4 1308 . 41 
607. J7 1308.48 

618. 2 1308 . ~6 
629.03 1308 . 64 
6J9. 86 1308.73 

610.7 1308.83 
661.~3 1J08 . 92 
672.361309.01 
683.19 1309.09 
694.02 1309. 17 
704. 8~ 1309.26 
71~. 68 1309. J~ 
726.66 1309.44 

sea n val 
341.14 .06 

Sta El ev 
6.69 1308.2~ 

17.84 1308 . 31 
28.99 1308. J6 
40 . 13 1308.32 
~1.28 1308. J2 
62.43 1308.32 
7J.~8 1308.32 
84.73 1308.31 
9~.88 1308.3 

107.02 1308.24 
118.17 1308. 18 
129 . 32 1308 . 13 
140.47 1308.07 
111.62 1308.01 
162.77 1307.95 
173 .91 1307.9 
18~.06 1307.82 
196.21 1307.72 
207.36 1307.64 
218.111307.59 
229 . 66 1307. ~4 
240.8 1307.49 
211.9~ 1307.43 

263 . 11307.J1 
274.2~ 1306.76 
28~.4 1306.21 

296.41 130~.66 
30~. 46 llO~. 64 
316.61 130~-~8 
327.76 llO~. 4 
Jl8 . 91 130~. 62 
3~0.06 130~.97 
361.21 1306.46 
370.74 ll06.76 
381. 27 ll06. 83 
J92. 42 ll06. 81 
403.~7 ll06.79 
414.72 ll06. 73 
42~.41 1306.8 
436.24 1306.91 
447.07 1307.06 
4~7.9 1307.21 

468. 7J 1307.36 
479.~7 1307.49 
490.4 1307. ~9 
~01.23 1307 . 71 
~12.06 1307.84 
~22.89 1307.94 
~33.72 1308.0J 
~44.~~ 1308.12 
~~~-J8 ll08.21 
~66.21 1308.26 
~77.0~ 1308.31 
~87.88 1308.37 
~98.71 ll08.42 
609.~4 1308.~ 
620 . J7 ll08.~7 
631.2 1308.6~ 

642.03 ll08.7~ 
652.86 ll08. 8~ 
663.69 ll08. 94 
674.12 ll09.02 
681. J6 ll09 .11 
696. 19 ll09. 19 
707.02 1309. 27 
717. 8~ ll09. 37 

Sta Elev 
8.92 1308.26 

20.07 1308.32 
31.22 1308. J~ 
42.36 ll08. 32 
~3-~1 1308.32 
64.66 1308.32 
7~.81 1308.J2 
86.96 1308.31 
98.11 1308.29 
109.2~ 1308.2J 
120.4 1308.17 
lll.~~ 1308.12 
142.7 1308.06 

153.81 1308 
164. 99 1307. 94 
176.14 1307. 89 
187.29 1307.8 
198.44 1307. 7l 
209. ~9 ll07. 63 
220.74 1307.18 
2Jl.88 ll07.~J 
243. OJ 1307.48 
2~4.18 1307 . 42 
26~.JJ 1307.2 
276.48 ll06 . 6~ 
287 . 63 1306.1 
296. ~~ 130~.6~ 
J07.69 1J0~.67 
318.84 llO~. ~~ 
329. 99 llO ~. 39 
341.14 ll0~.69 
J~2. 29 ll06. 04 
363.44 1306 . 14 
J72.J~ 1306.8 
383.~ ll06.82 

J94.6~ ll06.81 
40~.8 ll06.78 

416. 7~ 1306. 7l 
427. ~8 1306. 82 
438.41 1306.94 
449.24 1307.09 
460.07 1307.24 
470.9 ll07.39 

481. 73 1307 . ~ 1 
492. ~6 1307.62 
SOl. 39 1307.74 
~14.23 1307.86 
12~.06 1307.9~ 
~J~.89 ll08.01 
~46.72 1308.14 
~~7-~~ 1308.22 
~68.38 1308.27 
~79.21 ll08. 32 
~90.04 1308. J8 
600. 87 1308. 44 

611.7 1308.51 
622. ~4 1308. ~9 
GJJ. J7 1308.67 

644. 2 1308. 77 
6~~-03 1308.87 
66~. 86 1J08. 96 
676.69 ll09.04 
687. 52 1309 . 12 
698. J~ 1309.21 
709. 18 1309. 29 
720.01 1309. J8 

Bank Sta: Left Right Lengths· Left Channel Right Coeff contr. Ex pan. 
296.41 341. 14 71.84 43 .04 24. ~6 .1 .J 

CROSS SECTION OUTPUT Profile #Q100 

E.G. Elev (ft) 1307.73 Element Left OS channe 1 
vel Head (ft) 0. 46 Wt. n-val. 0.060 0.031 
w.s. Elev (ft) 1307 . 27 Reach Len . (ft) 
crit w.s. (ft) 1307.27 Flow Area (sq ft) 26.00 76.40 
E.G . s lope (ft/ft) 0.010~70 ~1~! ~~~s~t) 26.00 76.40 
Q Total (cfs) 646.00 ~7 .10 476.40 

~~~ ~~~~~ H~~s) 197.98 Top Width (ft) 32.42 44.73 
3.83 Avg. vel. (ft/s) 2.20 6.24 

Max chl opth (ft) 1.88 Hydr. Depth (ft) 0.80 l. 71 
conv. Total (cfs) 6283. J conv. (cfs) ~ ~~. 4 4633.7 
Length wed. (ft) wetted Per. (ft) 32 .46 44 . 74 
Min ch El (ft) llO~. 39 shear (lb/ sq ft) 0. ~J 1.1J 
Alpha 2.01 Stream Power (lb/ft s) 1.16 7 .OJ 
Frctn LOSS (ft) Cum volume (acre-ft) 
C & E LOSS (ft) Cum SA (acres) 

SUMMARY OF MANNING'S N VALUES 

River: FanS 

Reach River Sta. nl n2 nl 

2394.158 .06 .OJ~ .06 

Rig~a6gs 
66.08 
66.08 

112. ~0 
120.8J 

l. 70 
0. ~~ 

1094.3 
120. 8~ 

0. 36 
0 .61 
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1930.623 
1483.011 
998 . 9430 
539.2312 
43.04325 

SUMMARY OF REACH LENGTH S 

River: FanS 

Reach Ri ver Sta. 

2394.158 
1930.623 
148 3.011 
998.9430 
539.2312 
43.04325 

Left 

.06 

.06 

.06 

.06 

.06 

476.27 
438.49 
141. 58 
491.83 

509.5 
71.84 

.035 

.035 

.035 

.035 

.035 

channel 

463 54 
447 61 
484 07 
459 71 
496.19 

43.04 

SUMMARY OF CONTRACTION AND EXPANSION COEFFICIENTS 
River: FanS 

Reach River Sta. Contr. Ex pan. 

2394 . 158 .1 .3 
1930.623 .1 .3 
1483.011 .1 .3 
998.9430 .1 .3 
539.2312 .1 .3 
43.04325 .1 .3 

Profile o utput Tab l e - Standard Tab 1 e 1 

.06 

.06 

.06 

.06 

.06 

Right 

477. 74 
461.29 
484.31 
462.63 

491.5 
24.56 

Reac h River sta Profile Q Total Min ch El w.s. Elev 
(cfs) (ft) (ft) 

2394.158 Q100 646.00 1355.12 1358.27 
1930 . 623 Q100 646.00 1344 .48 1346.92 
1483.011 Q100 646.00 1335.05 1336.80 
998.9430 Q100 646.00 1324.44 1326 .04 
539.2312 Q100 646.00 1315.54 1317.52 
43.04325 Q100 646.00 1305.39 1307.27 

FanS. rep 

crit w.s. E.G. El ev E.G. slope vel Chnl FlOW Area Top width Froude # ch 1 
(ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) 

1358.27 1359.24 0.018574 9. 37 91.91 45.59 1.14 
1346.92 1347.92 0.012532 8.21 88.08 49.54 0. 96 
1336.80 1337.56 0 .014760 7. 08 98.07 70.15 0.98 
1326.04 1326.56 0.018580 5 . 95 116.55 117.85 1.03 
1317.52 1318. 21 0.013067 7.45 124.04 99.05 0. 95 
1307.2 7 1307 . 73 0.010570 6.24 168. 48 197.98 0.84 
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Fanl2. rep 

X 
X 

X X 

HEC-RAS version 3 . 1.3 May 2005 
u.s. Army corp of Engineers 

Hydro 168~ c S~~g~de~~~~~t center 

oavi s, ca 1 iforni a 

)()()()()()( xxxx xxxx XX 
X X X X X X 
X X X X X 

X 
X 

XX!OOCQ( xxxx X XXX xxxx )()()()()()( 

X X X X X X X X 
X X X X X X X X X 
X X )()()()()()( xxxx X X X X 

PROJECT DATA 
Project Title: t=an7-8-12 

:~~J~~~/!~d ~i~:~ 79~2~7ig03 3:39:16 PM 

xxxx 
X 
X 
xxxx 

X 
X 

xxxxx 

Project in English units 

Project Description: 
Approximate Zone A Floodplain Delineation Study for select washes on the white 
Tank Mountains upstream of the alluvial fan apecies. This study was performed 
under contract to the Flood control Disctrict of Maricopa county (2005C024), by 

~~v:l~~~d i~d~~~~~~s & v~~~~r(~~~o~~6s~~c Bas!d ~~Pi ,.· ~jgg? : ~~~; ~0~~~~~ r~~erva 1 
~~~O~~ag~~; :ag~~~~b~~o26g~~ e~r~~~~f· d=~~;n .. b~A~~8~~t~o~1 ~~~~~i ~~~j=~~ion .. 
NAD~3. Discharges are from HEC - 1 modeling produced from this same contract by 
JEF, Inc. starti ng water surface elevation determined using normal depth 
proceedures. This run assumes sub-c ri ti ca 1 flow condi ti ens. 

PLAN DATA 

Plan Title: Fanl2 
Plan Fi 1 e x: \proj ects \Age ncy\ FCDMC\200SC024\Ass i gnment8WTFans\hec- ras\Fan7 _8_12 p03 

Geometry Ti t 1 e: Fanl2 
Geometry Fi 1 e x: \proj ects\Agency\FCOMC\2005C024\Assi gnment8WTFans\hec-ras\Fan7 _8_12. g03 

Flow Title 
Flow File 

Fanl2 
x: \ pro j ects\Agency\FCOMC\200 5C02 4 \Ass i gnmen t8WTFans \ hec - r as \Fan 7 _8_12 fO 3 

Plan Summary Information: 
Number of: cross secti ens "' 

culverts 
sri dges 

Mu l tiple Openings = 
Inline structures = 
Lateral Structures = 

computational Information 
Water surface calculation tolerance • 0.01 

~~!~~~~1 n~~C~~ ~~ , i~!~~~~gn~ol e r ance : g0ot 
Maximum difference to l erance "' 0. 3 
Fl ow tolerance facto r • 0.001 

computat ion Options 
critical depth computed on l y where necessary 
conveyance calculation Method: At breaks in n values only 

~~~~~~~~;~~~~e F~~~h~~~ime: ~~~~~~~i ~~!r:r~~ce 

FLOW DATA 

Flow Title: Fan12 
Flow Fi 1 e x: \p rojects\Agency\FCOMC\2005C024\Ass ignment8WTFans \hec-ras\Fan7 _8_12 . f03 

Flow Data (cfs) 

River 
Fanl2 

Reach 
1 

Boundary Conditions 

River Reach 

Fanl2 

GEOMETRY DATA 

RS 
3761.932 

Profile 

Q100 

Q100 
1050 

upstream Downst ream 

Normal S ... 0.02 

Geometry Title: Fanl2 
Geometry File · x : \proj ects\Agency\ FCOMC\2005C024\Assignment8WTFans\ hec -ras\Fa n7 _8_12. g03 

CROSS SECT I ON 

RIVER: Fanl2 
REACH: 1 

INPUT 
Description: 
Station Elevation Data 

sta Elev sta 
0 1262.59 10.23 

46.76 1239.15 51.17 
81.88 1242.45 92.11 

1JJ.05 1248.27 143.29 

Mannlng's n values 
Sta n va l sta 

0 .06 40.94 

Bank Sta: Left Right 
40.94 81.2 

RSo 3761.932 

num= 
Elev 

1260.24 
1239.43 
1243.75 
1248.63 

num= 
n val 

.035 

Lengths: 

20 
sta Elev 

20.47 1257.32 
61.41 1240. 33 

102.35 1245.05 
153.52 1248.99 

Sta 
81.2 

n val 
.06 

Left Channel 
304- 36 311.95 

Sta 
30.7 

71.64 
112-58 
163.76 

Right 
367-52 

CROSS SECTION OUTPUT Profi 1 e #QlOO 

E.G. Elev (ft) 1244.35 Element 
vel Head (ft) 1. JO Wt . n-val. 
w.s. Elev (ft) 1243.06 Reach Len. ( ft) 
Crit W.S . (ft) 124 3-06 Flow Area (sq ft) 
E.G . slope (ft/ft) 0.012988 ~1~! i~f!sjt) Q Tot a 1 (cfs) 1050.00 
Top width (ft) 50.89 Top width (ft) 

Elev sta Elev 
1247.21 40.94 1238.79 
1241.26 81.2 1242.37 
1246.35 122.82 1247-61 
1249.35 169.07 1249.54 

Coeff contr. Ex pan. 
.1 .3 

Left OB Channel Ri8~66gs 0.060 0.035 
304.36 311.95 367.52 
11.06 107.86 1. 88 
11.06 107.86 1.88 
43.54 1003.87 2. 59 

5.19 40 .26 5. 44 
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Fanl2. rep 
vel Tota l Cft/s) B .69 Avg. ve l. (ft/s) J . 94 9. Jl 1. JB 
MaK Chl Opth (ft) 4. 26 Hydr. Depth (ft) 2.13 2 .6B 0. 31 
conv. Tot a 1 (cfs) 9213.2 conv. (cfs) J B2 .0 BBOB. 4 22.B 
Length Wtd. (ft) 311.48 wetted Per. (ft) 6. 71 40.43 5. 48 
Min Ch El (ft) 12JB. 79 shear (lb/sq ft) 1. 34 2.16 0. 28 
Alpha 1.10 St ream Power (1 b/ft s) 5.26 20.14 Q_ JB 

2r~t~ t~~~ Hg 4.45 cum volume (acre-ft) 1. 9B 10 .35 0. 71 
0 . 15 c um SA (acres) 1. 75 1.14 1.0 1 

warni ng: 

warning: 

warni ng : 

The e ne rgy equation could not be ba l anced with i n the specif i ed numbe r of ite rat ions . The 
program used c riti c al depth for t he water surface and continued on with the calcu lations. 
The energy los s was greate r t han 1.0 ft (0. 3 m). be tween the c urrent and previous c ross 
section. This may indicate the need for additional c ross sections. 
ou ring the standard step iterat ions, when the assumed water s urface was set equal to c riti ca l 
depth , t he calculated water s urface came back below critical depth. Thi s indicates that there 
i s not a vali d s ubc ritical answer. The program defaulted to criti ca l depth. 

CROSS SECTION 

RIVER : Fanl2 
REACH: 1 RS: 3449.9B2 

INPUT 
Description : 
Station Elevation Data 

Sta Elev sta Elev 
0 1219.94 10. 7B 121B . 74 

13.91 125J.BB 64 . 69 1212.13 
107 . B1 1247.14 11B.6 1246 .15 
161.72 1239 172.1 1237 .34 
204 .B5 1233.56 211.63 1233.21 
21B. 71 1236 . 97 269.14 1237 .B9 
312.66 12JB.46 323.44 1237.67 
316. 74 1236.27 366.17 1237 .27 

409 . 7 1242.03 420.4B 1243.35 
467.92 1245. sa 

Manning's n values num"' 
Sta n va l sta n val 

0 .06 197 .6 .OJ I 

46 
Sta Elev 

21.16 1257 .47 
71.47 1211 

129.JB 1244.25 
1BJ.2B 1235.67 
226.41 1234.1 
2BO. 32 12JB.2B 
Jl4.2l 1236 .75 
377.31 12JB. 37 
431. 26 1244.23 

3 
sea n val 

316.74 .06 

s t a El ev 
32.34 1216.19 
B6. 21 1249.7 

140.16 1242 - 34 
194.07 1234.23 
237.19 1231.03 

291.1 12JB.44 
341.01 1231.74 
JBB.13 1239.6 
442.04 1244 . 64 

Sta 
43 .13 
97 .OJ 

110.94 
197.6 

247.97 
301. BB 
311.79 
J9B. 91 
452 .B2 

Bank sta: Left Right Lengths: Left Channel Right coeff contr. 
197.6 316.74 499 .01 499 . 41 19B .24 . 1 

CROSS SECTION OUTPUT Profi 1 e #QlOO 

E.G . El ev (ft) 1237.31 Element Left OB 
vel He ad (ft) O. BO Wt . n- val. 0.060 
w.s. El ev (ft) 1236 .51 Reach Len. (ft) 499.01 
Crit W.S . (ft) 1236. 51 Flow Area (sq ft) 27. 11 
E.G. s lope (ft / ft) 0.015792 ~1~! g?sjt) 

27.11 
Q Tota 1 (cfs) 1050 . 00 106.23 

~~1 ~~~~~ g~~s) 9B.06 Top width ~ ft) 19 . 73 
6.B1 Avg. vel. ft /s) J . B6 

Max c hl Dpth (ft) 3.26 Hydr. Depth (ft) 1. 39 
conv. Tota l (cfs) BJII .6 conv. (cfs) B45. J 
Length Wtd . (ft) 499.16 wetted Per . (ft) 19.90 
Min Ch El (ft) 1233. 21 s hear ( l b/sq ft) 1. 36 
Alpha 1.11 st ream Powe r ( l b/f t s) I. 26 
Frctn Loss (ft ) 6. 27 c um vo l ume (acre-ft) l.BI 
C & E LO SS (ft) 0.09 c um SA (ac res ) 1.66 

Elev 
1214.96 
124B.62 
1240.67 
1234 . 01 
1235 . 99 
12JB. 59 
1236. 17 

1240. B 
1245.01 

Expan. 
. 3 

channe l 
0.035 

499.45 
126.29 
126.29 
943.56 

71.99 
7 . 47 
1.66 

710B .6 
76.20 
1.63 

12.21 
9.12 
4. 73 

Right 08 
0.060 

19B.24 
0 .2 B 
0.2B 
0. 21 
2. 34 
0. 71 
0 . 12 

1. 7 
2. 31 
0.12 
0.09 
0. 70 
o. 9B 

wa rning: 

warning: 
warni ng: 

The energy equation could not be balanced within the specified number of ite rations. The 
program used critical depth for the water s urface and continued o n with the calculations. 
oiv1ded flow computed for this cross-section. 
The e nergy l oss was greater than 1.0 ft (0.3 m). between the cur rent and previous cross 
sec tion. Thi s may indicate the need for additional cross sections. 

warning: During the s tandard step iterations , when the assumed water surface was set equal to c rit ical 
depth , the calculated water surface came back below critical depth. This indi c ates tha t there 
i s not a va 1 i d subcri ti ca 1 answer. The program defau 1 ted to cri t i ca 1 depth. 

CROSS SECTI ON 

RIVER: Fanl2 
REACH: 1 RS: 2910.532 

INPUT 
oescri pti on : 
St ation El evation Data num= 

Sta Elev Sta Elev 
0 1237.12 12.92 1236.3 

64.6 122B.7 71.39 122B.22 
ll6.29 1227.91 129. 21 122B 
180.B9 122B.B7 1B 2.11 122B .99 
232.17 1233.64 241.49 1234.62 

Manning's n values 
Sta n val Sta 

0 .06 71.39 

num= 
n val 

.031 

24 
Sta El ev 

25.B4 1234. 47 
77.12 1227.7B 

14 2.13 122B.11 
19 J.B1 1230.09 
21B.41 1231.23 

3 
Sta 

1B2 . 11 
n val 

. 06 

Sta Elev 
lB. 76 1232 .II 
90 .44 1227 . 75 

111.01 122B.22 
206.73 1231.3 
272.79 1231. B9 

Sta Elev 
51. 68 1230.63 

103.36 1227.B2 
167 -97 122B. JJ 
219.65 1232.47 

Bank Sta: Left Right Lengths: Left Channe l Right coeff contr. Ex pan. 
71.39 1B2- 11 119.31 149.77 567.B7 

CROSS SECTION OUTPUT Profile #Q100 

E.G . Elev (ft) 
ve 1 Head ( ft) 
W.S. Elev (ft) 
crl t w.s. (ft) 
E.G. sl ope (ft/ft) 
Q Tota 1 (cfs) 

~~~ ~~~~~ H~~s) 
Max Chl Dpth (ft) 
conv. Total (cfs) 
Length Wtd. (ft) 
Mi n c h El (ft) 
Alpha 
Frc tn LOSS (ft) 
c & E Loss (ft) 

1230.17 
0.12 

1229.61 
1229.46 

0.010201 
1010.00 

130- BB 
s. 56 
1. 90 

10394.2 
I4B .OB 

1227.71 
1.07 
6.01 
0.04 

Element 
wt. n-val. 
Reach Len. (ft) 
Flow Area (sq ft) 

~1~! ~~~srt) 
Top Width (ft) 
Avg. vel. (ft /s) 
Hydr. Depth (ft) 
conv. (cfs) 
wetted Per. (ft) 
shear ( lb /sq ft) 
St ream Power (lb/ft s) 
cum volume (acre-ft) 
Cum SA (ac res) 

.1 .J 

Left 08 Channe l 
0.060 0.031 

519.31 149.77 
11. 09 171.46 
11.09 171.46 
24 .6 7 1022.58 
13.14 110.72 

2. 22 I.BJ 
0. B4 LIB 

244 . 2 10122. B 
13.23 110 . 76 
0.13 1.01 
1.19 I. BB 
1.63 7 . 79 
1. 48 3.66 

Right OB 
0.060 

167- B7 
2 . 31 
2.31 
2. 75 
7.01 
1. 19 
0. JJ 
27.2 
7.04 
o. 21 
0. 21 
Q_ 6B 
0. 92 

Warning: The energy loss was g r eater than 1.0 ft (0. 3 m). between the current and previous cross 
sec tion. This may indicate the need for additional cross sections. 

CROSS SECTION 

RIVER: Fanl2 
REACH: 1 RS: 2400.759 

INPUT 
oescri pti on: 
Station Elevation Data num"' 

Sta Elev Sta Elev 
24 
Sta Elev Sta El ev Sta Elev 
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0 1227.77 
50.29 1223 . 44 
90.53 1220.61 

130.761222.26 
181.06 1226.72 

10.06 1227.71 
60 . 35 1222.16 

100 . 59 1220.91 
140.82 1223.14 
191.12 1227.6 1 

num::: Manning's n values 
Sta n val sta n val 

.0 35 0 .06 74.95 

20.12 1227.28 
70.41 1220.95 

110.65 1221.2 
150.88 1224.03 
201.17 1228.51 

3 
Sta 

125 .08 
n val 

.06 

30.18 1226 
74.95 1220.67 
120.7 1221.58 

160.94 1224 . 92 
214 .99 1229.7 

Fanl2 
40.23 1224 72 
80 . 47 1220.32 

125 .08 1221.88 
171 1225.82 

Bank sta: Left Right Lengths : Left Channel Right coeff Contr . Expan. 
74.95 125.08 874 71 872.45 881.43 

CROSS SECTION OUTPUT Profi 1 e ltQ100 

E.G. Elev (ft) 
vel Head (ft) 
w.s. Elev (ft) 
c rit w.s. (ft) 
E. G. slope (ft/ft) 
Q Tot a 1 (cfs) 

~~~ ~~~~~ H~~s) 
Max Ch l Dpth (ft) 
conv . Tota l (cfs) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn LOSS (ft) 
C & E Loss (ft) 

1224.11 
0. 89 

1223.23 
1223.15 

0.011801 
1050.00 

89.84 
6.61 
2.91 

9665.7 
872.83 

1220.32 
1. 30 

10.67 
0.01 

El ement 
wt. n-va 1. 
Reach Len. (ft) 
Flow Area (sq ft) 

~1~! ~~~sjt) 
Top width (ft) 
Avg. ve l . (ft/s) 
Hydr. Depth (ft) 
conv . (cfs) 
Wetted Per. (ft) 
shear (lb/sq ft) 
Stream Powe r (lb/ft s) 
cum vo l ume (acre-ft) 
Cum SA (acres) 

.1 . 3 

Left OS 
0.060 

874.71 
32.27 
32 .27 

108.37 
22.99 

3. 36 
1.40 

997.6 
23.14 
1.03 
3. 45 
1. 37 
1. 26 

channel 
0.035 

872.45 
114.56 
114.56 
916.11 

50.13 
8.00 
2. 29 

8433.2 
50.17 
1.68 

13.45 
s. 96 
2.64 

rep 

Ri8~6668 
881.43 

11.92 
11.92 
25.52 
16.72 

2 .14 
0. 71 

234.9 
16.78 
0. 52 
1.12 
0. 59 
o. 76 

wa rning: The ene rg y loss was greater than 1.0 ft (0.3 m). be t ween the current and previous cross 
sect i on . Thi s may indi cate the need for additional cross sect i ons . 

CROSS SECTION 

RI VER: Fanl2 
REACH: 1 RS ' 1528 . 313 

IN PUT 
Description: 
Stati on Elevation Data 

Sta Elev Sta Elev 
0 1214.61 10.31 1214.46 

51.5 7 1213.39 61.89 1212.63 
92.83 1210.25 103.14 1209.92 

135.02 1210.78 144 .4 1211.91 
185.66 1216. 29 195 . 97 1216.28 

23 
Sta 

20.63 
72.2 

113.46 
154.72 
202.67 

Man ni ng 's n values num= 3 
sta n val Sta n va l Sta 

0 .06 78 .31 .035 135 . 02 

Elev 
1214 .28 
1211.65 
1210 .04 
1213.21 
1216.25 

n va l 
.06 

Sta 
30 .94 
78.31 

12 3.77 
16 5 .OJ 

Elev 
1213.99 
1211. 21 
1210 .12 
1214. 56 

Sta 
41.26 
82.52 

134 . 09 
175.35 

Elev 
1213.69 
1210.92 
1210.67 
1215.97 

Bank Sta: Left Right Lengths: Left channel Right Coeff Contr. Expan . 
78.31 135.02 734 .69 729.24 752.68 

CROSS SECTION OUTPUT Profi1 e #Ql00 

E.G. Elev (ft) 
vel He ad (ft) 
w.s. Elev (ft) 
crit w.s. ( ft ) 
E.G. Slope ( ft / ft ) 
Q Tota l ( c f s) 

~~) ~~~~~ H~~s) 
Max Ch 1 Dpth ( ft) 
conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (ft) 
c & E Loss (ft) 

1213.44 
0. 96 

1212.48 
1212.48 

0. 012669 
1050.00 

85.51 
7. 19 
2. 56 

9328.7 
730 . 01 

1209.92 
1. 20 
9. 32 
0.00 

Element 
Wt. n-val. 
Reach Len. (ft) 
Flow Area (sq ft) 

~1~~ ~~~s~t) 
Top wi dth (ft) 

~~a ~ . v~!Pt~t(~~S 
conv. (cfs) 
Wetted Per. ( ft ) 
shear ( lb /sq ft) 
Stream Power (lb/ft s) 
Cum volume (acre - ft) 
cum SA (acres) 

.1 . 3 

Left os 
0.060 

734.69 
10.09 
10 . 09 
21.65 
14.88 
2.15 
0. 68 

192.3 
14.93 
0. 53 
1.15 
0. 94 
0.88 

c hanne 1 
0.035 

729.24 
124 .06 
124.06 
998.31 

56.71 
8.05 
2.19 

8869 . 4 
56.77 
1.73 

13.91 
3.57 
1. s 7 

Right OB 
0.060 

752.68 
11.98 
11.98 
30 .05 
13.93 

2. 51 
0.86 

267.0 
14. 03 
0. 68 
1.69 
0. 35 
0.45 

Warning: The energy equation cou l d not be balanced within the specified number of iterations. The 
program selected the water surface t hat had the l east amount of error between computed and 
assumed values. 
The e ne rg y loss was greater t han 1.0 ft (0 . 3 m). between the current and previous cross 
section. This may indicate the need for addit i ona l cross sections. 

warrd ng : 

warning: During the standard step iterations, when the assumed water s urface was se t equal to critical 
depth, the calculated water surface came back below critical depth. This i ndicates that there 
is not a va l id subcritical answer. Th e program defaulted to critical depth. 

CROSS SECTION 

RIVER : Fanl2 
REACH : 1 RS: 799.0694 

INPUT 
oescript"ion: 
Station El evation Data num= 

sta Elev Sta Elev 
0 1204 . 61 10.04 1204.66 

50 . 19 1202.97 60.23 1202.3 
90 . 34 1200.7 100.38 1200.63 

132.93 1202.07 140.53 1203.44 
1so.68 12o9.ss t 9o. n 1210.• 

Manning's n va lues 
Sta n val Sta 

0 .06 83.97 

num= 
n val 

.035 

24 
Sta Elev 

20.08 1204.81 
70.27 1201.64 

110.42 1200.58 
150.57 1205.34 
200 .76 1210 . 88 

3 
Sta 

132.93 
n val 

.06 

Sta El ev 
30. 11 1204. 37 
80.3 1200.98 

120.46 1200.51 
160.61 1207.21 
209 . 56 1211 . 3 

Sta 
40.15 
83 . 97 

130.49 
170.65 

Elev 
1203.66 
1200.88 
1201.63 
1208.92 

Bank Sta: Left Right Lengths: Left channel Righ t Coeff Cont: r. Expan. 
83.97 132.93 645 99 632.91 625.33 

CROSS SECTI ON OUTPUT Profi 1 e #Q100 

E.G. Elev ( ft ) 
ve l Head (ft) 
w.s. Elev (ft) 
Crit W.S. (ft) 
E.G. s l ope (ft/ft) 
Q Tota l (cfs) 

0~~ ~~~~~ ~;~~s) 
Max ch 1 opth ( ft) 
conv. Total (cfs) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn LOSS (ft) 
c & E Loss (ft) 

1204.01 
0. 96 

1203. OS 
1203.05 

0.012867 
1050.00 

89.40 
6.82 
2. 54 

9256. s 
633.95 

1200.51 
1. 32 
7. 80 
0.01 

Element 
Wt. n-val. 
Reach Len. (ft) 
Flow Area (sq ft ) 

~1~! ~~~sjt) 
Top Width (ft) 
Avg. vel. (ft/s) 
Hydr. Depth (ft) 
conv. (cfs) 
Wetted Per. (ft) 
shear ( lb /sq It) 
Stream Power (lb/ ft s) 
Cum volume (acre - ft) 
cum SA (acres) 

.1 . 3 

Left OB 
0.060 

645.99 
40.38 
40 . 38 

124 .68 
34 . 98 
3.09 
1. 15 

1099 .1 
35 .05 
0. 93 
2. 86 
0. 52 
0. 46 

channel 
0.035 

632.9 1 
110.96 
110.96 
920.69 

48.96 
B. 30 
2.27 

8116. s 
49.06 

1.82 
15.07 
1.60 
0.69 

Right DB 
0 . 060 

625.33 
2 . 68 
2. 68 
4.64 
s. 45 
1. 73 
0. 49 
40.9 
5. 54 
0. 39 
0. 67 
0.22 
0. 28 

Warning: The energy equation could not be bal anced within the specif ied number of iterations. 
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Fanl2. rep 

warning: 

Warning: 

program used critical depth for the water surface and continued on with the calculations. 
The energy loss was greater than 1.0 ft (0. 3 m). between the c urrent and previous c ross 
section. This may i ndicate the need for additional cross sections. 
During the standard step ite rations, when the as s umed water surfac e was set equal to critical 
depth, the calculated water surface came back below critical depth. This indicates that there 
is not a va 1 i d subcri ti ca 1 answer. The program de fau 1ted to cri ti ca 1 depth . 

CROSS SECTION 

RIVER: Fanl2 
REACH: 1 RSo 166.156 2 

INPUT 
Descri ption: 
Station El evation Data num= 

Sta El ev Sta El ev 
0 1195.11 10.36 1195.15 

51. 8 1195.08 62.16 1195.08 
103.6 1195.08 113.96 1195.06 

155.41 1193.2 165.77 1192.37 
196.85 1191.52 207.21 1191.82 
238.29 1193.43 248.65 1193.91 
290.09 1194.86 300.45 1194.91 
341.89 1195.02 352.26 1195.02 

Manning· s n va 1 ues num .. 

40 
Sta Elev 

20.72 1195.14 
72 .52 1195.09 

124 .ll 1195.05 
172.04 1191.87 
217 . 56 1192.32 
259.01 1194.33 
310.81 1194.96 
362 .62 1195.02 

Sta n val Sta n va l Sta n val 
.06 0 .06 172.04 .035 217.56 

Sta Elev 
31.08 1195.12 
82.88 1195.09 

134.69 1194. 77 
176.13 1191.55 
217.57 1192.32 
269.37 1194.72 
321.17 1195 
372.98 1195.01 

sta 
4 1. 44 
93.24 

145.05 
186.49 
227.93 
279.73 
lll. 53 
383.77 

Bank Sta: Left Right Lengths: Left c hannel Right coeff contr. 
172.04 217.56 189 . 56 166.16 130.21 

CROSS SECTI ON OUTPUT Profi 1 e #Ql00 

E.G. Elev (ft) 
vel Head (ft) 
w.s. Elev (ft) 
cr1t w.s . (ft) 
E.G. slope (ft/ft) 
Q Total (cfs) 

~~~ ~~~~~ H~~s) 
Max Ch 1 Opth ( ft) 
Conv. Tota 1 (c f s) 
Length Wtd. (ft) 
Min Ch El (ft) 
Alpha 
Frctn Loss (ft) 
C & E LOSS (ft) 

1194.96 
0. 92 

1194.04 
1194.04 

0. 011773 
1050 . 00 
106.72 

6.31 
2. 79 

9677.0 

1191.25 
1.49 

SUMAARY OF MANNING'S N VALUES 

River: Fanl2 

Reach Ri ver Sta. 

3761.932 
3449.982 
2950.532 
2400.759 
1528.313 
799.0694 
166.1562 

SUMMARY OF REACH LENGTHS 

Ri ver: Fanl2 

Reach River Sta. 

3761.932 
3449.982 
2950.532 
2400.759 
1528.313 
799.0694 
166.1562 

Element 
Wt. n- val. 
Reach Len . (ft) 
Flow Area ( s q ft) 

~1~~ ~~~sjt) 
Top Width (ft) 
Avg. Vel. (ft / s) 
Hydr. Depth (ft) 
conv. (cfs) 
wetted Per. (ft) 
s hear (lb/sq ft) 
St ream Power (lb/ft s) 
cum vo 1 ume (ac r e- ft) 
c um SA (ac res) 

n1 n2 n3 

.06 . 035 .06 

.06 . 035 . 06 

.06 .035 .06 

.06 . 035 .06 

.06 .035 .06 

.06 . 035 .06 

.06 .035 . 06 

Left channe 1 Right 

304 . 36 311.95 367.52 
499.05 499.45 598.24 
519.31 549.77 567.87 
874.71 872.45 881.43 
734.69 729.24 752.68 
645.99 632 . 91 625.33 
189.56 166.16 130.21 

SUMMARY OF CONTRACTION AND EXPANSION COEFFICIENTS 
River: Fan12 

Reach River Sta. Contr. Ex pan. 

3761.932 .1 . 3 
3449.982 .1 . 3 
2950.532 .1 . l 
2400 . 759 .1 . 3 
1528.313 .1 . l 
799.0694 . l .3 
166. 1562 .1 l 

Profi l e output Table - Standard Table 1 

.1 

Left OB 
0.060 

29.33 
29.33 
83.17 
26.96 
2.84 
1.09 

766.6 
27.05 
0. 80 
2.26 

Reach River St a Profile Q Total Mi n Ch El w. s. Elev 
(cfs) ( f t) (ft) 

3761.932 Q100 1050.00 1238 . 79 1243.06 
3449.982 Q100 1050. 00 1233. 25 1236.51 
2950.532 Q100 1050.00 122 7 . 75 1229.65 
2400.759 Q100 1050.00 1220. 32 1223.23 
1528.313 Q100 1050.00 1209. 92 1212.48 
799.0694 Q100 1050.00 1200 . 51 1203.05 
166. 1562 Q100 1050.00 1191. 25 1194.04 

Elev 
1195.09 
1195.09 
1194.04 
1191.25 
1192.89 
1194.82 
1195.02 

1195 

Expan . 
. 3 

channel 
0.035 

109.22 
109.22 
901.24 

45.52 
8. 25 
2.40 

8306.0 
45.56 

1. 76 
14 .54 

Crit W.S. 
(ft ) 

1243.06 
1236 . 51 
1229.46 
1223 .15 
1212.48 
1203 .05 
1194.04 

Rig~~6gs 
27.96 
27.96 
65 . 58 
34.24 

2. 35 
0.82 

604 . 4 
34.28 
0.60 
1. 41 

E.G. Elev 
(ft) 

1244. 35 
1237.31 
1230.17 
1224. 11 
1213.44 
1204.01 
1194.96 

Page 4 

E.G. slope 
(ft/ ft) 

0.012988 
0.015792 
0.010205 
0.011801 
0.012669 
0.012867 
0.011773 

vel chnl Flow Area Top wi dth Froude # Chl 
Cft /s) ( s q ft) (ft) 

9.31 120. 79 50.89 1.00 
7. 47 154. 07 98.06 1.02 
5.8 3 188'. 86 130.88 0.82 
8. 00 158 .74 89 .84 0. 93 
8. 05 146 .12 85.51 0.96 
8. 30 154. 0 2 89 .40 0. 97 
8. 25 166.51 106. 72 0.94 
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• 

Appendix F 

• Erosion/Sediment Transport 
No erosion or sediment transport analyses were conducted for this study . 

• IE FULLER Fan 7, 8 and 12 FDS 
NYDROlCXir d GEOI'IORDNaCXir. InC 
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ALLUVIAL FAN FLOODPLAIN DELINEATION STUDY-FAN 7, 8 & 12 

Appendix G 

Geomorphology Analyses Supporting Documentation 

Appendi x G is a separate vo lume previously submitted as part of the Sun Va lley Area Drainage 
M aster Pl an . 

IE FULLER Fan 7, 8 and 12 FDS 
NYDKXCXiY <'I GtOI'IORDNaCXil InC 
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ALLUVIAL FAN FLOODPLAIN DELINEATION STUDY-FAN 7, 8 & 12 

EXHIBIT A 

HYDROLOGY EXHIBIT MAPS 

IE FULLER Fan 7, 8 and 12 FDS 
NYDROlCXiY d GEOI\ORDNaCXiY. InC 
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ALLUVIAL FAN FLOODPLAIN DELINEATION STUDY-FAN 7, 8 & 12 

EXHIBITB 

GEOMORPHOLOGY EXHIBIT MAPS 

JE FULLER Fan 7, 8 and 12 FDS 
HYDROlOGY (! GEOI\ORDHOlOGl InC. 
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ALLUVIAL FAN FLOODPLAIN DELINEATION STUDY-FAN 7, 8 & 12 

Geomorphology Exibit Map 
Stage I - Landform Map 

D Fan 7,8, 12 

- Alluvial Fan 

Bedrock 

~FRS 

~ Pediment 

--0 1,000 

~IE FULLER 
NIDRQL()(ji <l GEOIIORDNQ()(jl IOC. 

u. 

Z* ' 
~ 

Feet 

2,000 3,000 4,000 

Fan 7 , 8 and 12 FDS 
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ALLUVIAL FAN FLOODPLAIN DELINEATION STUDY-FAN 7, 8 & 12 

Geomorphology Exibit Map 
Stage II -Stability Map 

"' 

- Stable '* " Unstable 
::: 

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

JE FULLER 
HYDROlOGY ~ Gf0 1\0RP!10l0Gl IMC. 

Fan 7, 8 and 12 FDS 
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ALLUVIAL FAN FLOODPLAIN DELINEATION STUDY-FAN 7, 8 & 12 

Geomorphology Exibit Map 
Stage Ill - Floodplain Map 

~ 

- AAFF - AFZA * 
AFHH .=__j X (shaded) :z "" 

- AFUFD - X (unshaded) 

;:;: 
Feet 

0 1 ,000 2,000 3,000 4,000 

~ NIDROLCXiY <t GtOIIORDNaCXiY. InC. 
~IE FULLER Fan 7, 8 and 12 FDS 
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ALLUVIAL FAN FLOODPLAIN DELINEATION STUDY-FAN 7, 8 & 12 

EXHIBIT C 

HYDRAULICS STUDY WORK MAPS 

JE FULLER Fan 7, 8 and 12 FDS 
NYDROlCXH d Gt0/\0RDI10.CXiY. Inc 
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