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NATIONAL FLOOD INSURANCE PROGRAM 
FEMA NATIONAL SERVICE PROVIDER 

Mr. Frank Brown, P.E., CFM 
David Evans and Associates, Inc. 
2141 East Highland A venue, Suite 200 
Phoenix, AZ 85016 

Dear Mr. Brown: 

February 3, 2009 

IN REPLY REFER TO: 
Case No.: 09-09-027\P 
Communities: Town of Buckeye and 

Ma1icopa County, AZ 
Community Nos .: 040039 and 040037 

316-AD 

This is in regard to your request dated November 13, 2008, that the Department of Homeland Security's 
Federal Emergency Management Agency (FEMA) issue a revision to the Flood Insurance Rate Map 
(FIRM) for Maricopa County, Arizona and Incorporated Areas. Pertinent information about the request is 
listed below. 

Identifier: 

Flooding Source: 

FIRM Panel(s) Affected: 

_White Tank Fan, Site 38, Approximate 
Floodplain Delineation Study 

White Tank Fan, Site 38 

04013Cl545 H, 1540 H, 2005 H, and 2010 H 

The data required to complete our review, which must be submitted within 90 days of the date of this 
letter, are listed on the enclosed summary. 

If we do not receive the required data within 90 days, we will suspend our processing of your request. 
Any data submitted after 90 days will be treated as an original submittal and will be subject to all 
submittal/payment procedures, including the flat review and processing fee for requests of this type 
established by the current fee schedule. A copy of the notice summarizing the current fee schedule, which 
was published in the Federal Register, is enclosed for your information. 

FEMA receives a very large volume of requests and cannot maintain inactive requests for an indefinite 
period of time. Therefore, we are unable to grant extensions for the submission of required data/fee for 
revision requests. ·If a requester is informed by letter that additional data are required to complete our 
review of a request, the data/fee must be submitted within 90 days of the date of the letter. Any fees 
already paid will be forfeited for any request for which the requested data are not received within 90 days. 

If you have general questions about your request, FEMA policy, or the National Flood Insurance Program, 
please call the FEMA Map Assistance Center, toll free, at 1-877-FEMA MAP (1-877-336-2627) . If you 
have specific questions concerning your request, please contact your case reviewer, 

3601 Eisenhower Avenue, Alexandria, VA 22304-6425 PH:1-877-FEMA MAP FX: 703.960.9125 

The Mapping on Demand Team, under contract with the Federal Emergency Management Agency, is the 
National Service Provider for the National Flood Insurance Program 
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NATIONAL FLOOD INSURANCE PROGRAM 

Case No.: 09-09-0271P 

FEMA NATIONAL SERVICE PROVIDER 

Summary of Additional Data Required to Support a 
Letter of Map Revision 

Requester: Mr. Frank Brown, P.E., CFM 

Communities: Town of Buckeye and 
Maricopa County, A2 

Community Nos.: 040039 and 040037 

The issues listed below must be addressed before we can continue the review of your request. 

1. Based on the submitted supporting documents, it is determined that some areas of shaded Zone X, 
located north of West Camelback Road and west of Sun Valley Parkway, and north of West Indian 

School Road, may have a higher flood hazard potential than is reflected by the shaded Zone X 
designation. Please revise the shaded Zone X designation at these locations to Zone A Inactive 
Alluvial Fan. 

2. Please submit an annotated Flood Insurance Rate Map (FIRM), at the scale of the effective FIRM, that 
shows the base (1-percent-annual-chance) floodplain boundary delineations and how they tie into the 
boundary delineations shown on the effective FIRM. 

Effective October 1, 2007, FEMA revised the fee schedule for reviewing and processing requests for 
~ 

conditional and final modifications to published flood information and maps. In accordance with this 
schedule, the fee for your request is $5,600 and must be submitted before we can continue processing your 
request. Payment of this fee must be made in the form of a check or money order, payable in U.S. funds to 
the National Flood Insurance Program, or a credit card payment (Visa or MasterCard only). For 
identification purposes, the case number referenced above must be included on the check or money order. 
We will not perform a detailed technical review of your request until we receive this payment. 

Please send the required data directly to us at the address shown at the bottom of this page. For 
identification purposes, please include the case number referenced above on all correspondence . 

3601 Eisenhower Avenue, Alexandria, VA 22304-6425 PH:1-877-FEMA MAP FX: 703.960.9125 

The Mapping on Demand Team, under contract with the Federal Emergency Management Agency, is the 
National Service Provider for the National Flood Insurance Program 
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Flood Control District 
of Maricopa County 

INTEROFFICE MEMORANDUM 

Date: July 18, 2007 

To: Timothy S. Phillips, P.E., Chief Engineer and General Manager 

From: Kathryn Gross, CFM, Planning and Project Management Division 

Subject: White Tank Alluvial Fan 38 Floodplain Delineation, performed by David Evans and 
Associates 

The floodplain study for the upper portion of White Tank Fan 38 is ready for use as the best 
available technical information. The study will be sent to FEMA shortly once the District and Town 
of Buckeye sign the FEMA forms . 

The background on the study includes the following: 

The study was performed by David Evans and Associates (DEA) and was not under a 
District contract. DEA and the developer they are contracted with are stakeholders in 
the Buckeye/Sun Valley Area Drainage Master Study and Area Drainage Master Plan . 
The developers in the area were required to delineate the alluvial fan flood hazards 
impacting their properties when they chose not to wait for the District to perform the 
delineations as part of the Sun Valley Area Drainage Master Plan. This submittal 
represents the upstream portion of White Tank Fan 38. The study includes 
approximately 3 square miles of Zone A Alluvial Fan Floodplains and Alluvial Fan 
Administrative Floodways. The delineation was performed using geomorphic methods. 
The District contracted with JEFuller Hydrology and Geomorphology to perform the 
reviews through an on-call contract. 

Please concur and authotize below the use of this new study. 

Date: 

Date: 

J'lr. 17,.2 <'~ / 

Date: 

2801 West Durango Street Phoenix, Arizona 85009 Phone: 602-506-1501 Fax: 602-506-4601 



• Assistant Project Manager N/A Date: 
YES , . ') 

\ f\ ?~o (_< '? 

7/l'?j-:;7 r.D41s Postea (Pending Floodplain Only) Date: 
File Copies : 1. N/A 

2. 0 No County Permits in this area Date: 

• 

• 2801 West Durango Street Phoenix, Arizona 85009 Phone : 602-506-1501 Fax: 602-506-4601 
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Section 1: INTRODUCTION 

1.1 Purpose of study 

The purpose of this floodplain delineation study is to identify and delineate the approximate 1 00-
year floodplain for the White Tank alluvial fan whose apex is identified as Site 38 in Hjalmarson 
and Kemna (1992) in Section 10 ofT2N, R4W in Maricopa County, Arizona using approximate 
methods. The name, Site 38 or Fan 38, will be used frequently in this report to refer to the 
alluvial fan which is the subject of this study to distinguish it from other alluvial fans present on 
the western piedmont of the White Tank Mountains located west of the Phoenix metropolitan 
area. This study incorporates the methods of assessing piedmont flood hazards as outlined in 
Piedmont Hazard Assessment lvfanualfor Maricopa County (PFHAM) (Hjalmarson, 2003) and 
Guidelines and Specifications .for Flood Hazard Mapping Partners Appendix G (FEMA 2002). 
A geomorphic approach will be the predominant method of analysis for the approximate flood 
hazards delineation for this study. 

The information presented in this study will be used to update existing Federal Emergency 
Management Agency (FEMA) Flood Insurance Rate Maps (FIRMs). The information will also 
be used by local and regional planners and floodplain administrators to further promote sound 
land use practices and development on the floodplain . 

1.2 Authority for study 

David Evans and Associates, Inc. (DEA) performed this study under contract with a consortium 
of developers to aid the Flood Control District of Maricopa County (FCDMC) in their 
determination of the flood hazards within the watershed. Fans 7, 8, 12, 37, and 39 were also 
studied as part of the overall project and will be submitted separately from this report. Each 
~tudy fo llowed similar methodology as was approved by FEMA in 2002 for Fan 36 (Site 36) 
under the Approximate Floodplain Delineation Study for White Tank Fan (Site 36) prepared by 
Wood Patel & Associates, Inc. in association with JE Fuller Hydrology & Geomorphology. 

1.3 Location of study reach 

The study area is located in west-central Maricopa County, Arizona; just north oflnterstate 10 
and east of the Hassayampa River. Refer to Figures 1 and Figure 2 located on the fo llowing 
pages. The total contributing area down to the hydrographic apex of Fan 38 is 3.5 square miles . 
Downstream from this point, the wash system diverges into numerous branches that form a 
distributary flow system. The approximate floodplain delineation extends upstream 
approximately 1- 112 miles from the hydrographic apex and downstream over the piedmont from 
the hydrographic apex to the northern boundary of the residential construction area named 
Tartesso Unit 2, at the northern boundary of Sections 29 & 30, of Township 2 N01ih, Range 4 
West. The floodplain downstream of the Fan 38 Stage 3 delineation will be prepared as part of 
the LOMR submittal for Tartesso Unit 2. 

White Tank Fan (Site 38) Approximate FDS 1-1 
P\S\STAR0000-0 / 3/ \0600/NFO\EP\WR \Report\Fan 38 TDN.doc 
David Evans & Associates, inc. 



• The climate within the study area is semi-arid desert with an average annual precipitation of less 
than 10 inches. Annual rainfall amounts generally increase with increasing elevation within 
watersheds near the study area. Precipitation is typically divided into two seasons of comparative 
rainfall depths: summer and winter. The summer storms are associated with warm, moist 
tropical air masses that enter the state from the Gulf of Mexico producing moderate to intense 
afternoon and evening thunderstorms. Winter precipitation originates from the Pacific Ocean 
and produces light to moderate precipitation over relatively large areas. 

• 
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FAltJ 38 
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~ 

Location Map 
Figure 1 

White Tank Fan (Site 38) Approximate FDS 1-2 
P\S\STA R0000-0/ 31\0600/NFO\EP\WR\Report\Fan 38 lDN doc 
David Evans & Associates, Inc. 
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• 1.4 Methodology 

• 

• 

This study incorporates the methods for assessment of piedmont flood hazards as outlined in 
PFHAM and the FEMA Guidelines. The FEMA Guidelines are specific to the determination of 
flood hazards on alluvial fan landforms. The PFHAM, which is recommended for use in 
Maricopa County, Arizona, is applicable to the entire piedmont, not just in the vicinity of the fan 
apices. The P FHAM methodology incorporates geomorphic methods into the flood hazard 
assessment of piedmont surfaces. According to the FEMA Guidelines, the geomorphic approach 
is considered an "approximate method" because no base flood elevations are calculated with a 
geomorphic approach which relies heavily on qualitative information and interpretation of 
historical data and other studies. 

In addition, a riverine portion of the system upstream of Fan 38's hydrographic apex was also 

delineated. In this stable reach, approximate normal-depth hydraulic calculations were 
performed to identify the flood hazard limits. The approximate normal-depth delineation of this 
reach was supplemented by interpretation of geomorphic information from maps, aerial 
photographs, and field observations. Again, no base flood elevations were determined in this 
reach. 

1.4.1 Hydrology 

The hydrologic information used in this study, as directed by FCDMC, were the results 
from the recently completed Buckeye/Sun Valley Area Drainage Master Study (ADMS) 
prepared for FCDMC by PBS & 1 Engineering (2005). The study resulted in 1 00-year, 6-
hour and 24-hour HEC-1 models and the highest peak flow rates were used for this TDN. 
This is the best technical information available for the piedmont so it was used for this 
study. 

Copies of the 1 00-year, 6-hour and I 00-year, 24-hour HEC-1 models are included in 
Appendix D for reference. The ADMS computed a 1 00-year peak discharge at the 
hydrographic apex for Fan 38 of 1858 cfs for the 6-hour duration. A peak flow of 1839 
cfs was determined for the 24-hour event. Traditional geomorphic methods were used to 
delineate the floodplains . The only area where hydraulics was used was above the 
hydrographic apex of Fan 3 8, at the beginning of the Zone A. Hydraulics were used in 
this area to show containment of the full fan flow (1858 cfs). 

1.4.2 Hydraulics 

Hydraulic calculations for the riverine reach of this study upstream of the hydrographic 
apex were limited primarily to individual cross sections using a Manning's calculation. 
The hydraulic analyses for the approximate floodplain delineations above the 
hydrographic apex are presented in Section 5 of the TDN. The cross sections and normal­
depth calculations are presented in Appendix E. The flood hazards in the remainder of 
the study area were evaluated using a geomorphic approach as described in Section 6B . 
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1.4.3 Geomorphic Analysis 

The flood hazard assessment for this study was accomplished through geomorphic 
methods used to identify the type and extent of the flood hazard within the study area. 
The procedures applied follow the three stage approach outlined in the P FHAM and the 
FEMA Guidelines. Section 6B discusses the geomorphic approach, a description of the 
methods, and results of the analyses. Section 6B has been added to the standard TDN 
format to accommodate the alternate methodology. The approach relies on previous 
surficial geologic mapping (Field and Pearthree, 1991 ), Geologic Mapping of Flood 
Hazards (Field and Pearthree, 1992), NRCS soil mapping, aerial photograph 
interpretation, field observations, and professional judgment. 

1.5 Study Results 

This study resulted in the new delineation of2.9 square miles of approximate floodplain in the 
study area. The inundation areas for the newly delineated floodplains are shown on the maps in · 
Section 6B and 7 and the Exhibits at the end of this notebook. The floodplain mapping also 
includes administrative flood ways defined by FCDMC for the local management of flood 
hazards on the alluvial fan . 
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Section 2: ADWRJFEMA Forms and Local Government/ADWR Abstracts 

2.1 Study Documentation Abstract for FEMA Submittals 

Study Documentation Abstract 
For FEMA Submittals 

Initial X Restudy 
Study 

CLOMR 

Section 2.1: Study Documentation Abstract for FEMA Submittals 
2.1.1 Date Study Accepted 
2.1 .2 Study Prime Contractor 

Contact(s) 

2.1 .3 

2.1.4 

Address 

Phone 
Internal Reference Number 
FEMA Technical Review 
Contractor 
Contact(s) 
Address 

Phone 
Internal Reference Number 
FEMA Regional Reviewer 
Phone 

David Evans & Associates, Inc. 
Michael Weinberg, P.E. 
2140 E. Highland A venue, Suite 200 
Phoenix, AZ 85016 
(602) 678-5151 
ST AR0000-0 131 

Michael Baker, Jr. 
Mounir Boudjemaa 
3600 Eisenhower Ave. 
Suite 600 
Alexandria, VA 22304 
703-317-6224 

Michae l Baker, Jr. Engineering 
(703) 960-8800 

LOMR 

2.1.5 State Technical Reviewer 
Phone 

Arizona Department of Water Resources 
(602) 417-2400 

X Other 

2.1.6 Local Technical Reviewer 
Phone 

Flood Control District of Maricopa County (FCDMC) 
(602) 506-1501 

2. 1.7 
2.1.8 

2.1 .9 

2.1.1 0 

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

Buckeye, NW 1958, photo revised 1982 
White Tanks Mtn 1957, photo revised 1971 

Alluvia l fan 

Buckeye/Sun Valley Area Master Drainage Study obtained 
from Flood Contro l District of Maricopa County 
July 2006, CP#K2BR, 100-yr 6-hr HEC-1 
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2.2 FEMA Form 

FEDERAL EMERGENCY MANAGEMENT AGENCY 
OVERVIEW & CONCURRENCE FORM 

PAPERWORK BURDEN DISCLOSURE NOTICE 

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 collect[on 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 obta in or retain benefits 
under the National Flood Insurance Program. Please do not send your completed survey to the above address. 

A. REQUESTEDRESPONSEFROMFEMA 

This request is for a (check one): 

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) . 

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

B. OVERVIEW 

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

Community No. Community Name State Map No. Panel No. Effective Date 
040039 - Buckeye Maricopa County, Arizona and Incorporated Areas , 

AZ 04013C 2005 H 9/30/05 
040037 - Maricopa Town of Buckeye, Maricopa County 
040039 - Buckeye Maricopa County, Arizona and Incorporated Areas, 

AZ 04013C 1540 H 9/30/05 
040037 - Maricopa Town of Buckeye, Maricopa County 
040039 - Buckeye Maricopa County, Arizona and Incorporated Areas , AZ 04013C 1545 H 9/30/05 040037 - Maricopa Town of Buckeye , Maricopa County 

2. Flooding Source: White Tank Fan, Site 38 

3. Project Name/Identifier: White Tank Fan, Site 38, Aggroximate Floodglain Delineation Stud:t 

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

5. Basis for Request and Type of Revision : 

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

0 Physical Change 0 Improved Methodology/Data 

0 Regulatory Floodway Revision ~ Other (Attach Description) 

Flood Hazard added where no hazard had greviousl:t been 
magged 

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

b. The area of revis ion encompasses the following types of flood ing and structures (check all that apply) 

Types of Flooding : ~Riverine 
AO and AH) 

r8l Alluvial fan 

White Tank Fan (Site 38) Approximate FDS 2-2 
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Structures: 0 Channelization 0 Levee/Fioodwall 0 Bridge/Culvert 

0Dam 0Fill 0 Other, Attach Description 

C. REVIEW FEE 

Has the review fee for the appropriate request category been included? D Yes Fee amount: $ 
['8J No, Attach Explanation 

Map changes based on flood hazard information meant to improve upon that shown on the flood map or w ithin the 
flood study. 
Please see the FEMA Web site at http://www.fema,g_ov/mit/tsd/frm fees.htm for Fee Amounts and Exemptions. 

D. SIGNATURE 

All documents submitted in support of this request are correct to the best of my knowledge. I understand that any false statement 
may be punishable by fine or imprisonment under Title 18 of the United States Code, Section 1 001. 

- . ~ 

Name: Michael Weinberg, P.E. Company: David Evans & Associates 
. . 

Mail ing Address : 2141 E. Highland Ave , Ste 200 Phoenix Daytime Telephone No.: Fax No.: 
AZ 85016 602-6713-5151 602-678-5155 

E-Mail Address: miw@deainc.com 

s;'"""" of"''"'"" ("q";"']ljJ W-Q 
Date: 

11/9/o; 
As the community official responsible for floodplai~nagement, 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 floodpla in management requi rements, including the 
requirement that no fill be placed in the regulatory floodway, and that all necessary Federal, State , and local permits have been , or 
in the case of a conditional LOMR, will be obtained. In' addition , we have determined that the land and any existing or proposed 
structures to be removed from-the SFHA are or will be reasonably safe from flooding as defined in 44CFR 65.2(c), and that we 
have available upon request by FEMA, all analyses and documentation used to make this determination . 

Community Official's Name and Title: Timothy Phi lips, P.E., Chief Engineer & General Telephone No.: 602.506.1501 
Manager 

Community Name: Maricopa County, Community Official's Signature (required): · Date: 
Arizona 

CERTIFICATION BY REGISTERED PROFESSIONAL ENGINEER AND/OR LAND 
SURVEYOR 

Th is 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 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 "o( the United States 
Code, Section 1001 . 

Certifier's Name: Michael Weinberg , P.E. License No.: 36390 

Company Name: David Evans & Telephone No.: 602-678-515 1 
Associates, Inc. 

Signature: LJJJW x 
\._) 

White Tank Fan (Site 38) Approximate FDS 2-3 
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Structures: 0 Channelization 0 Levee/Fioodwall 0 Bridge/Culvert 

ODam 0Fill 0 Other, Attach Description 

C. REVIEW FEE 

Ha·s the review fee for the appropripte request category been included? 0 Yes Fee amount: $ 
181 No, Attach Explanation 

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 http://www.fema.gov/mit/tsd/frm fees.htrn for Fee Amounts and Exemptions . 

D. SIGNATURE 

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

Name: Michael Weinberg, P.E. Company: David Evans & Associates 

Mailing Address: 2141 E. Highland Ave, Ste 200 Phoenix Daytime Telephone No.: Fax No.: 
AZ. 85016 602-678-5151 602-678-5155 

' 
E-Mail Address: miw@dealnc.com 

Slg, at""' of Req"este< (leq"l""}lJl 
W-Q 

Date: 

l - 11/?/ o) 
As the comm~n ity official responsible for fl~pla in~nagement, 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 ftoodplain management requirements, including the 
requirement that no fill be placed in the regulatory floodway, and that all necessary Federal, State, and local permits have been, or 
in the case of a conditional LOMR. will be obtained. In addition, we have determined that the land and any existing or proposed 
structures to be removed from the SFHA are or will be reasonably safe from flooding as defined in 44CFR 65.2(c), and that we 
have available upon request by FEMA, all analyses and documentation used to make th is determination. 

Community Official's Name and Title: Timothy Philips, P.E. , Chief Engineer & General Telephone No.: 602.506.1501 
Manager 

Community Name: Maricopa County, Community Official'& S~na2e (required): Date: 
Arizona ~ ---'2:::> ~\ '3> \ <:9'£ 

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: Michael Weinberg, P.E. 
1 

License No.: 36390 

Company Name: David Evans & Telephone No.: 602-678-5151 
Associates, Inc. 

Signature: 

/1JJW ~'. 
\...) 
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Ensure tbe forms tbat are appropriate to your revision request are included in your submittal . 

Form Name and (Number) 

l'8l Riverine Hydrology and Hydraulics Form (Form 2) 

0 Riverine Structures Form (Form 3.) 

0 Coastal Analysis Form (Form 4) 

0 Coastal Structures Form (Form 5) 

1:8:1 Alluvial Fan Flooding Form (Form 6) 

Required if .. . 

~11ssiona/ E: 
New or revised discharges or water-surfa77 ~~: "u.-:: 

// ~l:>~\\'-\GAri '?<!> 
Channel is modified, addition/revision verts, 4'0 ~ 
addition/revision of levee/floodwall. ad · · ~ sioa·~Q · ~ 

New or revised coastal elevations "';p_ . ~ ~~~~~ ;~ 
~.tJ!.-I'llo~ .--···.­
~el ... Addition/revision of coastal structure 

Flood conlrol measures on alluvial fans · "'lfizo · NA, 

D. SIGNATURE (continued) 
All documents submitted in support of this request are correct !o the best of my knoWfedg.e. I understand that any false statement 
may be punishable by fine or imprisonment under Title 18 .. of the United States Code. Section 1001 . 

Name: Michael Weinberg. P.E. Company: David Evans & Assaciates 

Mailing Address : 
2141 E. Highland Ave, Ste 200 Phoenix. AZ 85016 

Daytime Telephone No.: 
602~678-5151 

FuNo · 
602-678-5155 

E-Mail Address: miw@deainc.com 

Signature of Requester (required}J.j). LJ ~ 
As the c:Ommunity official r~sponsible for floodplain ~agement, !'hereby ackn~wledge that we have received and re:vie.wed tnis 
letter of Map Revisioh (LOMR) or conditional LOMR request Based upon the community's review, we find tile completed or 
proposed project meets or is designed ·to meet all of the community floodplain ll1ailagement .requirements, inclUding the 
requirement that no fill be placed In the regulatory floodway and that all necessary Federal. State, and local permits have been, or 
in the case of a conditional LOMR. will be obtained. In addition, we have determined that the land and any existing or proposed 
structures to be removed from the SFHA are or will be reasonably safe from flooding as defined in 44CFR 65.2{c). and that we 
liave available upon request by FEMA, all analyses and documentation used to make this determination. 

Community Official's Name and Title · 

Jeanine Guy, 

Community Name· Town of Buckeye 

Town Manaqer 
Telephone No. : 

(623)349-6000 
Date: ·· 

ll/lt./oa 
CERTIFICATION BY REGISTERRD 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 T~te 18 of the United States 
Code, Section 1001 . 

Certifier's Name· Michael Weinberg. P E. 

Company Name. David Evans & 
Associates. Inc 

Signature JJ1} W 
3 

L1cense No.: 36390 30013 

Telephone No. 602-678-5151 
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FEDERAL EMERGENCY MANAGEMENT AGENCY O.M. B No. 3067-0148 

RIVERINE HYDROLOGY & HYDRAULICS FORM Expires September 30, 
2005 

PAPERWORK REDUCTION ACT 
Public reporting burden for thi s form is estimated to average 3 hours per response. The burden estimate includes the time for reviewing 
instructions, searching existing data sources, gathering and maintaining the needed data, and completing, reviewing, and submitting the form . 
You are not required to respond to thi s collection of information unless a valid OMB control number appears in the upper right comer of thi s 
form . Send comments regarding the accuracy of the burden estimate and any suggestions for reducing thi s 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: White Tank Alluvial Fan, Site 38 (Hjalmarson and Kemna, 1992) 
Note: Fill out one form for each flooding source studied 

A. HYDROLOGY 

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

0 No existing analys is ~ Not revised (skip to section 2) 

0 Alternative methodology 
watershed 

0 Proposed Conditions (CLOMR) 

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

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

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

0 Improved data 

0 Changed phys ical condition of 

Revised (cfs) 

0 Statistical Ana lysis of Gage Records 
D Regional Regression Equations 

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

Please enclose all re levant models in digital fom1at, maps, computat ions (including computation of parameters) and documentation to support 
the new analysis. The document, "Numeri cal Models Accepted by FEMA for NFIP Usage" li sts the models accepted by FEMA. This 
document can be found at: http://www. feina.gov/mitltsd/en_ modi. htm. 

4. Review/Approval of Analys is 

If your community requires a regional, state? or fede ral agency to reyiew the hyd rologic analysis, please attach evidence of approval/review. 

5. Impacts of Sediment Transport on Hydrology 

Was sediment transport considered? D Yes I8J. No If yes, then fi ll out Section F (Sediment Transport) of Fonn 3. If No, then attach 
your explanation for why sediment transport was not considered . 

B. HYDRAULICS 

1. Reach to be Revised 

Downstream Limit 

Upstream Limit 

Description 

See attached annotated 
FIRMs 

See a ttached annotated 
FIRMs 

White Tank Fan (Site 38) Approximate FDS 2-5 
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2. Hydraulic Method Used: HEC-RAS 

Hydraulic Analysis: [HEC-2 , HEC-RAS, Other (Attach description)] See explanation 

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 <:~nd 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/mitltsd/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? 

4. Models Submitted 

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

Natural File Name: 
Natural File Name: 
Natural File Name: 
Natural File Name: 
Natural File Name: 

0 Yes t:8l No 

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

*Not required for revi sions to approx imate 1 %-annual -chance floodplains (Zone A) - for detail s, refer to the corresponding sect ion o f the 
instructions. 

The document "Numeri ca l Models Accepted by FEMA for NFlP Usage" lists the models accepted by FEMA This document can be fo und at: 
http://www. fema.gov/m it/tsd/en _modi. htm. 

Explanation 

Items 2, 3 & 4 - No water surface elevations or profiles were computed for this study. Only 
inundation limits i.e. Zone A, are shown. 

C. MAPPING REQUIREMENTS 

A certified topographic map must be submitted showing (he following informati on (where applicable): the boundaries of the effecti ve, ex isting, 
and proposed conditi ons 1 %-annual-chance floodplain (for approximate Zone A revis ions) or the boundaries of the 1%- and 0.2%-annual-chance 
fl oodplains and regulatory fl oodway (for detailed Zone AE, AO, and AH rev is ions); location and alignment of all cross sections wi th stationing 
control indicated; stream, road, and other al ignments (e .g. , dams, levees, etc.) ; current community easements and boundaries ; boundaries of the 
requester's property; certification of a registered profess ional engineer registered in the subject State; location and description of reference marks; 
and the referenced verti cal datum (NG VD, NA YO, etc.) . 

' . 
' 

Note that the boundaries of the existing or proposed conditions floodplains and regul atory floodway to be shown on the rev ised FIRM and/or 
FBFM must tie-in with the effecti ve fl oodpla in and regulatory fl ood way boundaries. 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 fl oodplains and regulatory flood way that tie-in with the boundaries 
o f the effective I%- and 0.2%-annual-chance floodpl ain and regul atory fl ood way at the upstream and downstream limits of the area of revision . 
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D. COMMON REGULATORY REQUIREMENTS 

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

For CLOMR requests, if either of the fo llowing is true, please submit ev idence of compliance with Section 65 .12 of the NFIP regulations: 
The proposed project encroaches upon a regulatory floodway and would result in increases above 0.00 foot. 

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

2. Does the request involve the placement or proposed placement of fill? 
[8] No 

0 Yes 

If Yes, the community must be able to certifY that the area to be removed from the special flood hazard area, to include any structures or 
proposed structures, meets all of the standards of the local floodplain ordinances, and is reas.onably safe from flooding in accordance 
with the NFlP regulations set forth at 44 CFR 60.3(a)(3), 65.5(a)(4), and 65 .6(a)(!4). Please see the MT-2 instructions for more 
information . 

3. For LOMR requests , is the regulatory floodway being revised? DYes 
[8] No 

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

4. For LOMR requests, does thi s request require property owner notification and acceptance of BFE increases? D Yes 
[8] No 

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

White Tank Fan (Site 38) Approximate FDS 2-7 
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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 forni. 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: White Tank Fan 38 
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) [8J alluvial 0 debris flow deposits. 

b. Source of data used to determine composition, morphology, and location of the landform: AZGS surficial 
geology mapping, Soil Survey of Aguila-Carefree 

c. Is there an NRCS soils survey and soil survey map available? l'8l Yes 0 No 
If Yes, please include a copy of the map and any pertinent sections of the soil survey Pertinent excerpts located in 

Section G.6 

2. Stage 2 Analysis 

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

b. Approximate age of inactive fan surfaces (thou.sands of years) : > 10,000 yrs 

c. Is there an opportunity for avulsions that could lead channels or sheet floods across the older fan surfaces? 
0 Yes [8J No 

d. Is there evidence of head cutting that cou ld lead to stream piracy? 0 Yes l'8l No 

e. Is there geomorphic evidence of past avulsions during the Holocene epoch? l'8l Yes . 0 No 

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

[8J Flooding along stable channe ls 
l'8l Sheet fl ow 
0 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) : 

0 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) 

0 Sheet flow Methods 
0 Hydraulic Analytica l Methods 
l'8l Geomorphic Data , Post-Flood Hazard Verification , and Historical Information 
0 Com osite Methods 
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B. STRUCTURAL FLOOD CONTROL MEASURES 

1. The following structural flood control measures are proposed or built (check one): 

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? D 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 hydrologic 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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Section 3: SURVEY AND MAPPING INFORMATION 

3.1 Field Survey Information 

Ground control survey work associated with the topographic mapping was performed by RBF 
Consulting of Phoenix, Arizona under a contract with the FCDMC. The survey data for this 
project is presented in the North American Datum of 1983 (NAD 83), 1992 Central Zone of 
Arizona· State Plane Coordinate System. Elevations are referenced to the North American 
Vertical Datum of 1988 (NAVD88). No additional survey was required for this study. 

3.2 Mapping 

The topographic mapping and aerial photography was provided by Landata Airborne Systems of 
Irvine California, under a contract with the FCDMC in 2000/2001. The flight dates for the 
mapping were 12/16/00, 12117/00, and 12/27/00. The topographic mapping was prepared by 
photogramnietric methods to national map accuracy standards for l-inch equals 500 feet with a 
1 0-foot contour interval. 
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Section 4: HYDROLOGIC ANALYSIS 

4.1 Method Description 

There is no stream flow gage information in the vicinity of Fan 38; therefore, synthetic rainfall­
runoff estimates were used to estimate the 1 00-year discharge. The hydrologic information used 
in this study was derived from the FCDMC's Buckeye/Sun Valley ADMS, as directed by the 
FCDMC, and Fan 38 was found to have a concentrated peak flow of 1858 cfs. Copies of the 
100-year, 6 and 24 hour models for both the Sub-basins E-K and L-R models along with their 
associated sub-basin boundary maps can be found in Appendix D for reference. Previous 
hydrologic studies for the overall watershed resulted in similar peak flow rates . The hydrologic 
data applied in this study was used only in the riverine delineations upstream of the hydrographic 
apex to substantiate that the entire total apex flow could reasonably be conveyed within the flood 
hazard boundary (Zone A) as determined using geomorphic means. 

Figure 10 on the following pages contains the Buckeye/Sun Valley ADMS resulting Q's and sub­
basin boundaries as compared to the discharges used in the Stage 3 analysis. Exhibit 8, located 
in the back pocket, represents a larger scale version of the same drawing . 
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Section 5: HYDRAULIC ANALYSIS 

5.1 Method Description 

This study used approximate hydraulic methods to determine the flood hazard zone delineation 
only in the area directly above the hydrographic apex. Geomorphology was the method that was 
used to determine the flood hazard zones for all areas downstream of the hydrographic apex. 

Flow rates were based on the full fan flow of 1858 cfs . Adjustments were made to the Zone A 
floodplain based on interpretation of aerial photographs, geomorphology, and field interpretation. 
The final floodplain was at least as wide as the computed width using normal depth 
computations. 

5.2 Work Study Maps 

Figure 3, located on the next pages, shows the location of the HEC-RAS cross sections, 
topography obtained from the Buckeye/Sun Valley ADMS, thalwegs associated with the Fan 38 
apex, as well as the resulting approximate floodplain delineation (from geomorphology) . The 
HEC-RAS analysis is located in Appendix E. Exhibit 1, located in the back pocket, is a 1"=600 ' 
scale version of Figure 3. 

5.3 Parameter Estimation 

5.3.1 Roughness coefficients 

Manning's n-values for representative reaches were determined using methods outlined in 
FCDMC and Yen T. Chow's Open Channel Hydraulics , 1959. The basis for evaluation 
of the roughness conditions in each reach included examination of reaches in the field and 
interpretation of aerial photographs. An overall n value of 0.05 was used for this 
approximate study which is generally described as winding, cobbly with low shrubs and 
with over banks generally consisting of high density of medium height shrubs or low 
density of medium high shrubs with some trees. The n values chosen is consistent with 
those used in the Fan 36 Approximate Study which used 0.04 to 0.055 in similar terrain. 

5.3.2 Expansions and contraction coefficients 

No step backwater modeling was performed for this study; therefore, expansions and 
contraction coefficients were not considered . 
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5.4 Cross Section Description 

Representative cross sections were taken from 10' contour mapping provided by the FCDMC. 
The locations are depicted on Figure 3 and Exhibit 1. 

5.5 Modeling Considerations 

Modeling was limited to normal depth computations of flow at individual cross sections. A 
capacity check was performed at each cross to establish a reasonable capacity to compare to the 
geomorphic results. The capacity check was used to validate our determination that there was 
geologic evidence as well as current physical/topographic evidence that the entire fan flow could 
reasonably be contained in the Zone A area. 

The computer program HEC-RAS Version 3.1.3 was used to facilitate the capacity calculations 
using normal depth computations. The resulting output is included in Appendix E. The flow 
rates from the Buckeye/Sun Valley ADMS, as previously discussed in Section 4.1, were used for 
the hydraulic modeling. Similarly, the topography generated as part of the ADMS was used to 
derive the geometry data for each cross section. 

5.6 Floodway Modeling 

No floodway was modeled as part of this approximate study using conventional hydraulic 
flood way analyses. Administrative flood ways were delineated as part of the Stage 3 analysis of 
the 1 00-year floodplain downstream of the hydrographic apex. The identification and 
designation of the various alluvial fan administrative floodways are described in Section 6B. 

5.7 Special Problems Encountered During the Study 

No special problems were encountered in the approximate hydraulic analyses . 

5.8 Calibration 

No hydraulic calibration was performed due to the lack of data from which to calibrate. 

5.9 Final Results 

5. 9.1 Hydraulic analysis results 

The approxi mate method for delineation of the 1 00-year floodplain upstream of the 
hydrographic apex resulted in approximately 1.65 (thalweg) miles of new riverine 
floodplain using traditional hydraulic methods. Geomorphic methods were relied on 
through the active portions downstream of the apex. Section 6B di scusses in more detail 
the approximately six (thalweg) miles of additional floodplain determined downstream of 
the apex. The entire approximate floodplain, both upstream and downstream of the apex, 
is depicted in Figure 3 and Exhibit 1 . 

White Tank Fan (Site 38) Approximate FDS 5-3 
P\S\STAR0000-01 31 \0600/NFO\EP\WR \Report \Fan 38 TDN. doc 
David Evans & Associates, Inc. 



• 

• 

• 

The geomorphic modeling approach selected conservatively assumes minimal impact on 

alluvial fan flooding . 

Floodplain delineations are currently underway for fans 37 and 39 which are adjacent to 
Fan 38. Their associated approximate floodplain boundaries will tie into the Fan 38 
:floodplain boundaries where appropriate. 

5.9.2 Verification of results 

The results of the hydraulic analyses upstream of the fan apex are considered reasonable 
based on engineeringjudgment, field observations, and results of previous modeling on 
similar watercourses. The limits ofthe floodplain downstream of the apex were 
evaluated from a geomorphic perspective and the surfaces shown within the :floodplain lie 
within areas whose geomorphology suggests that they have been and will continue to be 
prone to flooding. This is true of both the approximate hydraulic method used above the 
hydrographic apex, presented in Section 5, as well as the geomorphic assessment used 
below the hydrographic apex described in Section 6B . 
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Section 6: SPECIAL STUDIES 

6A: EROSION/SEDIMENT TRANSPORT 

Neither erosion nor sediment transport analyses were part of this study. However Ayres 
Associates prepare a sediment transport study as part of the Buckeye/Sun Valley Area Drainage 
Master Study. A copy is included in Appendix F. The objective of the stu.dy was to evaluate the 
1 00-year storm event sediment yield for each of the three Buckeye Flood Retarding Structures 
located immediately upstream of Interstate 10 and compare the results with the original sediment 
yield analysis performed for the design of the structures. One of the deliverables for the study 
was sediment load using concentration by volume and depths of deposition by sub-basin (Tables 
2.24, 2.25, 3.1, and 3.2). Sub-basins K1 and K2 contribute the flow to Fan 38; however, these 
sub-basins were not specifically studied as part of the sediment report. Therefore, no sediment 
information is available through that report pertaining to Fan 38. 

6B: GEOMORPHOLOGY 

6B.1 Introduction 

This section of the Technical Data Notebook describes the geomorphic methods used to 
delineate the flood hazards on the Site 38 piedmont. Section 6B is organized to generally 
follow the outline of the Piedmont Flood Hazard Assessment Manual format and the 
FElvJA Guidelines for Determining Flood Hazards on Alluvial Fan. Since parts ofthe 
geomorphic assessment required consideration of the hydrologic and hydraulic 
characteristics of the piedmont, some of the information presented in Sections 4 and 5 
may be reiterated in this section. Both the PFHAM and the FEMA 2002 Guidelines 
describe a three stage delineation process. The FEMA Guidelines are intended only for 
alluvial fans , whereas the PFHAM is applicable to a wider range of piedmont surfaces. 

The three stage delineation approach includes the following steps: 

• Stage 1: Recognize and characterize alluvial fan landforms 
• Stage 2: Define active and inactive areas of erosion and deposition 
• Stage 3: Define the 1 00-year floodplain 

The Stage 1 (Geomorphic Evaluation) and Stage 2 (Landform Stability Assessment) 
delineations were prepared by Ayres Associates under contract with the FCDMC. The 
Final Report is located in Appendix G, specifically G.3, for reference. The detailed 
discussion of the Stage 3 approach is located in Section 6B.7. 

Downstream of the hydrographic apex, geomorphic methods were used to delineate the 
flood hazard zones, whereas upstream of the hydrographic apex , geomorphic methods 
were used to compliment and refine conventional approximate normal-depth hydraulic 
methods, as described in Section 5 of this TDN. 
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6B.2 Previous Reports by Others 

6B.2 .1 Technical Reports 

• Flood Hazards of Distributary-flow Areas in Southwestern Arizona: U.S. 
Geological Survey Water Resources Investigations Report 91 -4171 ( 1991) 
prepared by Hjalmarson and Kemma 

• Surficial Geology around the White Tank Mountains, Central Arizona, 
AZGS Open File Report 91-8 (1991 ), prepared by Field & Pearthree. The 
entire text of the study along with relevant exhibits in the Fan 38 area can 
be found in Appendix G, specifically under G.1. 

• Geologic ~Mapping of Flood Hazards in Arizona: An Example from the 
White Tank Mountain, Maricopa County. AZGS Open File Report 91-10 
(1992), prepared by Field & Pearthree. A copy of the report and the 
applicable exhibits can be found in Appendix G, specifically under G.2. 

• White Tank Fan (Site 36) Approximate Floodplain Delineation Study 
(2001) prepared by Wood Patel in association with JEFuller Hydrology 
and Geomorphology. A copy of the revised floodplain and associated 
flood zones for Site 36 is included in Appendix A for reference. Due to 
the shear size of the report, a copy is not provided as reference. However, 
the Site 36 approximate delineation was submitted to and approved by 
FEMA; therefore, a copy resides with both FEMA and with FCDMC who 
manages the Town of Buckeye's floodplains . 

• White Tanks Wash Flood Insurance Study, FCD No. 90-64 prepared by 
Alpha Engineering Group, Inc. 

• Buckeye/Sun Valley Area Drainage Master Study Technical Data 
Notebook, Volume VI: Sediment Transport Studies, Final July 2005 
prepared by PBSJ · 

6B.2.2 Buckeye/Sun Valley ADMS 

The FCDMC recently completed an area drainage master study (ADMS) for the 
Buckeye/Sun Valley area. One of the deliverables for the study was the Final 
Report, Geomorphic Evaluation and Landform Stability Assessment Buckeye/Sun 
Valley Areas Drainage Master Study prepared by Ayres Associates (May 2005). 
Included in the report are the results of the Stage 1 analysis and mapping that 
covers the watershed in which Fan 3 8 is included. Pertinent excerpts of this 
report are included for reference in Appendix G, specifically G.3. Also included 
in the report are the results of the Stage 2 analysis and mapping . 
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6B.2.3 Developer Reports 

Several master planned community developments are underway west of the White 
Tank Mountains. To facilitate the delineation of existing flood hazards, Stardust 
Tartesso W12, Pulte Homes, Lennar Homes, Communities Southwest, and 
Scottsdale Development Incorporated hired three engineering firms to perform the 
Stage 3 analysis for fans 37, 38, 39, 7, 8, and 12. Fan 37 is being prepared by Coe 
& VanLoo Consultants, Inc.; Fan 39 by CMX Group, Inc. ; Fan 38, under this 
cover, by David Evans and Associates; and fans 7, 8, and 12 by David Evans and 
Associates under a separate report. 

6B.3 Data Sources 

6B.3 .1 . NRCS Soils Map 

Soils maps developed by the US Department of Agriculture ' s Soil Conservation 
Service provided additional information in the determination of approximate 
floodplain hazards. The soils report utilized for this study was Soil Survey of 
Aguila-Carefree Area, Parts a/Maricopa and Pinal Counties, Arizona (Camp 

1986). 

6B.3 .2 AZGS G~ologi,c Maps 

Surficial geology maps have been prepared in and around the study area. 
Establishing an approximate time period for the cessation of major depositions is 
an indicator of future flooding potential. Pertinent excerpts of the Field and 
Pearthree Open File Report 91-8 are included for .reference in Appendix G_. 

6B.3.3 AZGS Flood Hazard Maps 

As a result of the Field and Pearthree Open File Report 91-8, the Open File Report 
91 -10 was prepared which included flood hazard maps. Pertinent excerpts of the 
Open File Report 91-10 are located in Appendix G, specifically 0 .2. 

6B.3 .4 Aerial Photography 

Color, digital , orthophotography was provided by the FCDMC and used 
extensively in the delineation of the flood hazards. Although topographic maps 
were utilized to fine-tune the floodplain, aerial photography was used in a similar 
fashion as surficial geology and soils maps to determine the flood hazard zones. 
Vegetation, as seen on aerial photography as well as ground photos, is a ·good 
indicator or degree of flooding experienced over the last fifty or so years . 
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6B.3.5 Topographic Mapping 

Topographic mapping was also provided by the FCDMC. The mapping was used 
in the Manning ' s analyses to establish approximate conveyance capacities 
downstream of the fan. Exhibit I located in the back pocket, shows topography 
along with cross section locations as well as the flood hazard boundaries. It 
should be noted that flood hazard boundaries were determined primarily from 
geomorphologic mapping and refined using topographic mapping. 

6B.4 Method Description 

The White Tank Fan, Site 38, Approximate Floodplain Delineation Study area is located 
on the western slope of the White Tank Mountains in western Maricopa County, Arizona. 
The watershed contributing to the hydrographic apex encompasses approximately 3.5 
square miles. The piedmont surface downstream of the hydrographic apex encompasses 
an area of approximately 5.3 square miles. A geomorphic approach was chosen as the 
primary method for evaluating the flood hazards downstream of the apex, while 
traditional methods were employed in the stable areas upstream of the apex. 

This portion of the TDN describes the methods used to identify the type and extent of the 
flood hazard within the study area. This follows the procedures as outlined in the 
PFHAM and the FEMA Guidelines. The PFHAM describes a procedure that follows a 3 
stage process: Stage I identifies and characterizes the piedmonts landforms, Stage 2 
identifies stable (inactive) and unstable (active) .areas on the piedmonts and Stage 3 
defines and characterizes the flood hazards. Stages I and 2 assessments were prepared 
by Ayres Associates as part of the Buckeye/Sun Valley Area Drainage Master Study. The 
results or pertinent excerpts of their studies are included in this report to foliow the 
FEMA Guidelines format. Pertinent excerpts of the Final Report are located in Appendix 
G, specifically under 0.3 relating to Stage I and Stage 2. 

The Ayres Report relied heavily on the PFHAM methodology for the Stage 1 and 2 
assessments. Stage I of the P FHAM alluvial fan methodology is the recognition and 
characterization of piedmont landforms. The intent of the Stage I assessment is to 
distinguish alluvial fan landforms from riverine, sheet flow, ponding, or coastal 
landforms. If the landform being evaluated is determined to be an alluvial fan, then the 
delineation should proceed using the PFHAM/FEMA procedures. If the landform is not 
an alluvial fan , then traditional floodplain delineation procedures should be applied . 
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The Stage 1 delineation relied on the following types of information: 
• Composition: Alluvial fans are landforms constructed from deposits of alluvial 

sediments or debris flow materials. These deposits are an accumulation of loose, 
unconsolidated to weakly consolidated sediments transported by stream flow or 
debris flow processes as exhibited on geologic maps or field reconnaissance. 

• Morphology: Alluvial fans are landforms that have the shape of a partially or 
fully extended fan, exhibiting dendritic, anastomosing, and/or distributary flow 
paths as observed on topographic maps or aerial photographs. 

• Location: Alluvial fans are landforms usually located at topographic breaks 
where stream channels become markedly less confined than upstream of the 
topographic break. 

• Boundaries: The distal terminus of an alluvial fan is defined by a stream that 
intersects the fan and transports deposits away from the fan, a playa lake, an 
alluvial plain, or smoother, gentler slopes on the piedmont plain. The toe can be 
identified on topographic maps, aerial photographs, or field reconnaissance. The 
lateral boundaries of the fan are the edges of deposited and reworked alluvial 
materials. This may be a channel, swale or confining mountainside or another 
alluvial fan lateral boundary as is the case in much of the White Tank piedmont. 

6B.5 Stage 1: Recognizing and Characterizing Piedmont Landforms 

Stage 1 of the PFHAM/FEMA alluvial fan methodology consists of recognizing and 
characterizing piedmont landforms. The primary objective of the Stage 1 analysis is to 
distinguish alluvial fan landforms from riverine, sheet flow, ponding, or coastal 
landforms. If an alluvial fan landform is identified, the location of the topographic and 
hydrographic apices must be determined. Refer to The Final Report Geomorphic 
Evaluation and Landform Stability Assessment prepared by Ayres Associates for an 
elaboration of the four principle landforms. 

6B.5 .1 Composition 

NRCS soils maps and AZGS Surficial Geology and flood hazard mapping were 
utilized by Ayres Associates to identify the four landforms. The resulting Stage 1 
mapping has been included in Appendix G, G.3 as shown on Sheets 2 and 4 of 5 
for Task 2.6.2. The conclusion reached by Ayres Associates was that the entire 
Fan 38 area was determined to be either alluvial fan or re lict fan. 

68 .5.1.1 Soils Data 

Figure 4 on the following pages, depicts the NRCS soils classifications 
overlain on the USGS topographic quadrangles within the Fan 38 
watershed. Also included on the figure are the landform polygons as 
determined by the Ayres Associates report. A full size plot of the soils 
map, Exhibit 2 at 1 "=600', can be found in the back pocket. The three 
main categories of landforms distinguished by the NRCS map unit 
descriptions are: 1) drainage ways, floodplains, and alluvial fans , 2) 
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alluvial fan terraces, and 3) mountains and hill slopes. Within the vicinity 
of Fan 38, Ayres Associates determined that alluvial fan and relict fans 
were the predominate landform feature. Generally, soils 4 was found 
within the drainage ways, soil 91 in the vicinity .of th~ fan apex, and soils 
14, 15, 96, 99, and 102 were found in the fan terraces i.e. relic fan based 
on the Ayres Associates' determination. 

A more detailed description of each soil type present in the shadow of the 
fan is discussed in Table 6-1 located on the following page. Pertinent 
excerpts of the Soil Survey of Aguila-Carefree Area report can be found in 
Appendix G . 
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Soil Units and Characteristics 

• Table 6.1 
SCS Soil Map Unit 1 Soil composition Landform location Relevant characteristics to Piedmont Assessment 

Antho-Carrizo- 35% Antho -Floodplains and -Antho soil formed in alluvium derived 
Maripo complex (4) 30% Carrizo drainage ways dominantly from acid and basic igneous rock, 

20% Maripo -Slope is 0% to 3% surface layer brown sandy loam 3" thick, light 
-Elevation is I, 100 brown, slightly calcareous sandy load to 60" or 
to 2, 100 more, runoff is slow and hazard of water eros ion 

is moderate. 
-Carrizo soil formed in alluvium derived from 
acid and basic igneous rock, surface layer is 
pinkish gray, calcareous vary gravelly sand and 
very gravelly coarse sand to depth of 60" or 
more, runoff is slow, hazard of eros ion is severe. 
-Maripo soil is formed in alluvium derived 
dominantly from acid and basic igneous rock, 
surface layer is light brown sandy loam about 
18" thick, light brown calcareous very gravelly 
loamy sand to 60" or more, runoff is slow and 
hazard of water eros ion is moderate. 

Carrizo (14) -Floodplains and -it formed on alluvium derived dominantly from 
alluvial fans acid and basic igneous rock, surface is pinkish 
-Slope is 0% to 3% gray, calcareous very gravelly sand about I" 
-Elevation is 1,200 thick, underlying material to depth of 60" or 
to 1,400 more is pinkish gray, calcareous very gravelly 

sand and very gravelly course sand, runoff is 
slow and hazard of water erosion is slight. 

• Carrizo-Gunsight 50% Carrizo -Fan terraces -Carrizo soil formed in alluvium derived 
complex (I 5) 30% Gunsight -Slope is I% to 5% dominantly from acid and basic igneous rock, 

-Elevation 1,200 to surface layer is light yellowish brown gravelly 
2,200 sandy loam, subsurface layer is brown gravelly 

sandy loam about 4" thick, underlying material to 
depth of 60" or more is light brown, brown, and 
strong brown very gravelly sand and very 
grave lly coarse sand, runoff is slow and hazard 
of water erosion is slight. 
-Gunsight soil formed in alluvium derived from 
acid and basic igneous rock, upper I" of surface 
layer is light brown, calcareous vary grave lly 
sandy loam and lower 9" is light brown, 
calcareous very gravelly sandy loam, underlying 
material to depth of 45" is pinkish white, weakly 
cemented or strongly cemented calcareous very 
gravelly sandy loam, runoff is slow and hazard of 
water erosion is slight. 

Momoli-Carrizo 45% Momoli -Fan terraces -Momoli soil formed in alluvium derived from 
complex (91) 35% Carri zo -Slope 0% to 3% acid and basic igneous rock, surface layer 

-Elevation I ,400 to pinkish gray I" thick, ca lcareous very grave lly 
2,200 sandy load, brown calcareous very grave lly 

sandy loam to 60" or more, runoff slow and 
hazard of erosion is s light. 
-Carrizo soil formed in alluvium derived from 
ac id and bas ic igneous rock, surface layer is 

• pinkish gray 2" thick, upper 9" of underlying 
material is light brown, next 60" or more brown, 
runoff is slow, hazard of erosion is slight. 
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Pinaleno-Tres 45% Pinaleno -Fan terraces -Pinaleno soil formed in alluvium derived 
Hermanos complex 40% Tres Hermanos - Slope 1% to 10% dominantly from acid and basic igneous rock, 
(96) -Elevation is 2,000 surface layer is yellowish red very gravelly clay 

to 2,500 loam about 1" thick, upper II " is yellowish red, 
calcareous gravelly clay load and very gravelly 
clay loam, lower 12" is light brown, calcareous 
gravelly loam, runoff is slow and hazard of water 
erosion is slight. 
-Tres Hermanos soi l formed in alluvium derived 
dominantly from acid and basic igneous rock, 
surface layer is reddish yellow gravelly loam 
about 2" thick, upper 4" is reddish ye llow, 
calcareous clay loam and lower 16" is yellowish 
red, calcareous gravelly and very gravelly clay 
load, runoff is slow and hazard of water erosion 
is slight. 

Pinamt - Tremant 45% Pinamt - Fan terraces -Pinamt soi l formed in alluvium derived from 
complex (99) 35% Tremant -Slope 1% to 10% acid and basic igneous rock, upper I" surface 

- Elevation is I ,200 layer is brown, calcareous extremely grave lly 
to 2,200 sandy load and lower 2" is light brown, 

calcareous very gravelly loam, cuts and fills 
highly susceptible to erosion. 

Rillito (I 02) - Fan terraces -Upper layer of soi l is pinkish gray, calcareous 
-Slope I% to 8% gravelly loam about 14" thick, runoff is slow and 
- Elevation is I, I 00 hazard of water erosion is slight. 
to I ,800 

1 From Soil Survey, Aguila-Carefree Area, Parts of Maricopa and Pinal Counties, Arizona (Camp, 1986) 

6B.5.1.2 Surficial Geology 

Surficial geology maps have been prepared in and around the study area. 
Establishing an approximate time period for the cessation of major 
depositions is an indicator of future flooding potential. Figure 5, on the 
following pages, depict the geologic classifications overlain on the USGS 
topographic quadrangles within the area of Fan 38. Also included on the 
figure are the landform polygons as determined by the Ayres Associates 
report. It should be noted that when the images containing the surficial 
geology were scanned, the image didn ' t match up exactly with the 
topography and aerial photo. A full size plot of the surficial geology map, 
Exhibit 3 at 1 "=600' , can be found in the back pocket. 

Figure 5 shows the entire piedmont study area is composed of alluvium of 
either Pleistocene or Holocene in age on alluvial fans or terraces. 
Generally Yl , Y2, M1b, and M2 are present downstream ofFan 38. And 
again Ayres Associates determined that alluvial fan and relict fans were 
the predominate landform feature within the vicinity of Fan 38. The 
various map units shown on the map are explained in greater detail on 
Table 6-2 located on the following page. Pertinent excerpts of the Field 
and Pearthree Open File Report 91-8 are included for reference in 
Appendix G. 
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Surficial Geology Map Units 

• Table 6-2 

Map Name Relevant Distinguishing Characteristics SCS Soils present 
Unit 
Y2 Late Age- <3,000 years An tho-Carrizo-

Holocene Soil composition - fme silts and sands on lower piedmont, very Maripo complex 
alluvial fans , gravelly sands and silts on middle piedmont (4), Carrizo (14) , 
low terraces, Surface features - undissected, display distributary drainage patterns, Carrizo-Gunsight 
and active typically smooth but bar and swale topography present on middle complex (15), 
stream piedmont, desert pavement and desert varnish absent, no so il Momoli-Carrizo 
channels development. complex (91 ), 

Soil great groups - Torrifluvents and Torriorthents Pinamt - Tremant 
Flooding ootential- occasional to frequent. com_plex (99) 

Yl Late to early Age- I ,000 to 10,000 years Carrizo (14, 
Holocene Soil composition - coarse poorly sorted, angular to sub angular Momoli-Carrizo 
alluvial fans admixture of silt, sand, and gravel on middle piedmont, fine silts and complex (9 1), 
and terraces sands on lower piedmont, 

Surface features - smooth and flat with an incipient dendritic 
drainage pattern on lower piedmont surfaces, well preserved bar and 
swale topography with very little tributary drainage development on 
middle piedmont, poorly developed desert pavement over 50% to 
85% of surface, surface cobbles are lightly and incompletely 
varnished to brownish black 
Soil great groups - Torrifluvents, Torriorthents, and Camborthids 
Flooding potential- not subject to flooding at present, however, 
because typically there is little topographic relief between active 

• channels and Y I surfaces, they could potentially become subject to 
flooding through minor shifts in depositional patterns. 

Mlb Middle to Age- 150,000 to 300,000 years Carrizo (14) 
late Soil composition - poorly sorted, angular to sub angular admixture Carrizo-Gunsight 
Pleistocene of silt, sand, and gravel complex (15), 
alluvial fans Surface features - moderately dissected on upper piedmont with 1-6 Pinaleno-Tres 

m of relief above active channels, may be less than I m on lower and Hermanos complex 
middle piedmont, interfluve areas are broad and flat with original (96), Rillito (1 02) 
gravel bar and swale topography poorly preserved, moderately to 
well developed cobble to pebble desert pavement found over 50% to 
75% of surface, surface cobbles are incompletely varnished to black 
on top and redd ish brown to dull orange on undersides . 
Soil great groups - Haplarg ids and Calciorthids 
Flooding potential- most areas are iso lated from flooding except in 
entrenched channel, but areas of low relief on the middle and lower 
piedmont could become susceptible to flooding with relatively minor 
shifts in depositional patterns 

M2 Middle or Age - I 0,000 to 300,000 years Carri zo ( 14) 
late Soil composition - moderate ly old relict alluvial fan and terrace 
Pleistocene deposits 
distal Surface features - moderately di ssected by active channels which are 
alluvial fans incised < 1-3 m, broad flat interfluves with moderately to well 

preserved original gravel bar and swale topography, poorly to 
moderately developed desert pavement, incomplete ly varnished to 
very dark brown with reddish brown to more commonly dull orange 
undersides 

• Soil great groups - Haplargids and Calciorthids 
Flooding potential - restricted to entrenched channels except for low 
relief areas on lower piedmont. 

White Tank Fan (Site 38) Approximate FDS 6-15 
P\S\STAR0000-0131 \0600/NFO\EP\WR \Report \Fan 38 TDN.doc 
David Evans & Associates, Inc. 
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As a result of the Field and Pearthree Open File Report 91 -8, the Open 
File Report 91-10 was prepared which included flood hazard maps. Figure 
6, on the following pages, reveals the flood hazard classifications overlaid 
on the USGS topographic quadrangles within the area of Fan 38. Also 
included on the figure are the landform polygons as determined by the 
Ayres Associates report. A full size plot of the geologic mapping flood 
hazards, Exhibit 4 at 1 "=600 ', can be found in the back pocket. Pertinent 
excerpts of the Open File Report 91-10 are located in Appendix G. The 
various map units shown on the map are explained in greater detail on 
Table 6-3 located on the following page. Generally H1 , H2, Ll , L2 and I 
are present downstream of Fan 38. H1 and H2 represent the highest flood 
hazards; L1 and L2 are relatively low while I is described as 
"Intermediate" flood hazard potential. 

White Tank Fan (Site 38) Approximate FDS 6-1 6 
P\S\STAR0000-013 1\0600/NFO\EP\WR\Report\Fan 38 TDNdoc 
David Evans & Associates, Inc. 
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Map 
Unit 
Hl 

H2 

Map 
Unit 

Flood Hazard Zone Map Units 
Table 6-3 

Relevant Distinguishing Characteristics 

-Flood hazard - Highest, extensive young deposits. 
-Distribution- entrenched reaches of major drainages and distributary flow areas 
on middle and upper piedmont 
-Channel pattern - braided (anastomosing) or distributary. Potential for localized, 
high-velocity, relative deep, channelized flows and sheet flooding; some potential 
for drastic shifts in channel position . 
-Soil Group- Torrifluvents 
-Surface relief -less than 2', bar and swale topography. 
-Surface Texture: Silt to very gravelly sand. 
-Surface Color: Dull yellow-orange. 
-Desert varnish - unvarnished gravel. 
-Vegetation - brittle bush, rabbit bush, bunch grass, creosote. 
-Estimated surface age- historical to late Holocene (0 to 2,000 yrs old) 
-Flood hazard - Moderate to High flood potential. Extensive young deposits. 
-Distribution - channels small to nonexistent. Predominantly shallow sheet 
flooding; channelized flow very limited in extent; broad areas probably inundated 
in large floods . 
-Channel pattern -distributary; incipient dendritic drainage in less active areas. 
-Soil Group- Torrifluvents. 
-Surface relief: less than 2' with uncommon 4' arroyo cuts; smooth surface . 
-Surface texture- sandy silt with I 0% scattered gravel; less active areas have 
granule to pebble lag. 
-Surface Co lor: dull yellow-orange. 
-Desert varnish -unvarnished gravel 
-Vegetation - creosote, brittle bush . 
-Estimated surface age - historical to late Holocene (0 to 2,000 yrs old) 

Relevant Distinguishing Characteristics 

-Flood hazard- Intermediate flood potentia l. Areas not flooded (I ,000 yrs) recently. 
-Distribution - adjacent to HI and H2 is distributary flow areas and lower piedmont. 
-Channel pattern: Widely spaced, dendritic tributary drainages, near or within distributary 
drainage systems, and li ttle topographic relief separates these areas from active alluvial fans 
or channel. Could become flood prone with relatively modest changes in channel 
configurations, widely spaced, dendritic tributary drainages. 
-Soil Groups - Torrifluvents and Camborthids. 
-Surface relief- less than 4 ' in distributary flow areas and less than 3 ' on lower piedmont; 
bar and swale topography wil l preserved in distributary flow area. 
-Surface texture - open desert pavement consisting of granules and small cobbles . 
-Surface color- dull yellow-orange. 

Desert varnish - unvarni shed to weakly developed over I 0% of the surface, brownish black 

White Tank Fan (Site 38) Approximate FDS 6-20 
P\S\STAR0000-0 131 \0600/N FO\EP\ WR\Report \Fan 38 TDN. doc 
David Evans & Associates, Inc. 
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L2 

on top and orange on undersides. 
Vegetation - brittle bush, creosote, palo verde. 
Estimated surface age- late Holocene to latest Pleistocene (1 ,000 to 15,000 yr old) 

-Flood hazard -Relatively low flood potential. Areas not flooded for at least 10,000 years 
-Distribution - down slope from and adjacent to distributary flow areas on middle and 
lower piedmont. 
-Channel pattern - moderately spaces, dendritic tributary drainages, near or within 
distributary drainage networks and typically with little topographic relief separating L I 
from I, H 1, or H2 surfaces. Localized sheet flooding possible. 
-Soil Groups - Camborthids and Haplargids. 
~surface relief- I to I 0' , fairly smooth subdued bar and swale topography. 
-Surface Texture - open to closed desert pavement consisting of granules and cobbles. 
-Surface color - bright brown to orange. 
-Desert Varnish - weakly to moderately developed over 50% of surface - brownish black to 
grayish brown on top and dull orange to reddish brown on undersides . 
-Vegetation - brittle bush, creosote, cane cholla. 
-Estimate surface age- late Pleistocene to middle Pleistocene ( 15,000 to 250,000 yrs old) 
-Flood hazard- Very low flood potential, restricted to small channels and localized sheet 
flooding. Areas not flooded for at least 10,000 years or much longer 
-Distribution - upper and middle piedmont and adjacent to Hassayarnpa River 
-Channel pattern - closely to widely spaced, dendritic tributary drainages; rounded . 
interfluves in areas of highest relief, spatially or topographically separated from distributary 
networks. 
-Soil Groups- Haplargids and Durorthids. 
-Surface relief- 5 to 40' fairly smooth surface; uncommon bar and swale topography. 
-Surface Texture - closed desert pavement consisting of cobbles and pebbles; uncoinmon 
salt-shattered cobbles; in place, surface is denuded and covered by petrocalcic fragments . 
-Surface color - dull orange . 
-Desert Varnish- well developed over 50 to 100% on undenuded surfaces - black on top 
and dark red to dull orange on undersides. 
-Vegetation - jumping cholla, brittle bush, creosote 
-Estimated surface age - Late Pleistocene to Pliocene (50,000 to I ,000,000+ yrs old 

6B.5.1.3 Morphology 

According to the National Research Council definition, "alluvial fans are 
landforms that have the shape of a fan, either partly or fully extended". As 
determined from aerial photographs, Site 38 exhibits the characteristics of 
a fan due to the coalescing nature of the downstream washes as canbe 
seen on Exhibit 5 and Figure 7. Topographic contour evidence also 
confirms this conclusion with contour crenulations that range from highly 
crenulated to smooth, radial lines indicating a loss in containment of flow. 

Other morphologic evidence supports delineating Site 38 as an alluvial fan 
landform. The slope downstream of the possible fan apex is 
approximately 1.5% and upstream of the apex 2% to 4% which is much 
steeper than nearly all valley riverine drainage systems in central Arizona, 
which typically have slopes of less than one percent. Steep slopes are 
characteristic of alluvial fan landforms, which provide a transition from 
steep mountain slopes to flatter axial valley streams. In addition, Site 38 
exhibits areas of distributary channels with evidence of avulsion and 

White Tank Fan (Site 38) Approximate FDS 6-21 
P\S\STAR0000-0131 \0600/NFO\EP\WR\Report \Fan 38 TDN. doc 
David Evans & Associates, Inc. 
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stream piracy as can be seen on the aerial photography. Additionally there 
is little topographic relief between separate washes with young soils in 
between indicating alluvial fan landform. Similarly, many of the washes 
decrease in channel widths and capacity in the downstream direction and 
there are examples of perched channels. 

In addition, Ayres Associates found field evidence of the various 
landforms. As explained in Chapter 5 of the Final Report, eight sites 
within the Buckeye/Sun Valley watershed were investigated in detail. 
Sites 1, 5, and 6 are located in the general area of Fan 38 and photos and 
soils conditions are elaborated for these areas in sections 5.1, 5.3, 5.4, and 
5.5 of the report. 

Based on the aerial photography evidence and wash characteristics, it is 
concluded that the shape of Site 38 meets the PFHAMIFEMA Guidelines 
definition of an alluvial fan landform. 

6B.5.1.4 Location 

The NRC definition of an alluvial fan landform states that "alluvial fan 
landforms are located at a topographic break where long-term channel 
migration and sediment accumulation becomes markedly less than 
upstream of the break". Site 38 is in the vicinity of the steep mountain 
front of the White Tank Mountains as indicated by the change in the 
topographic contour density as shown on Figure 3. At the mountain front, 
the fluvial environment transitions from one of net erosion and bedrock 
outcrop to a depositional environment. 

Topographic apices occur at the mountain front or abrupt change in slope 
and represent the extreme upstream extent of the alluvial fan landform. 
Topographic apices are identified by aerial photographic interpretation, 
consideration of surficial and geo logic mapping, and review of 
topographic mapping. Hydrologic apices are located at the highest point 
on an alluVial fan landform where there is physical evidence of flow 
bifurcation and/or significant flow outside the main channel(s). The 
hydrographic apices have been determined by observing the location of 
flow bifurcations using aerial photographs in conjunction with field 
observations and geomorphic mapping. Site 38 's topographic apex is 
located near the mountain front well upstream of the hydrographic apex. 
However it should be noted that FEMA Guidelines states that the 
hydrographic apex " . .. . may be either coincidental with, or at a point 
downstream of, the topographic apex . ... " . The topographic and 
hydrographic apices are shown on Figure 7 and Exhibit 5 . 

White Tank Fan (Site 38) Approximate FDS 6-22 
P\S \STAR0000-01 31\0600/NFO\EP\WR\Report\Fan 38 TDN. doc 
David Evans & Associates, Inc. 
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6B.5 .1.5 Boundaries 

The distal terminus, or toe, of Fan 38 was found to be the White Tanks 
Wash previously delineated by as part of the White Tanks Wash FPS by 
Alpha Engineering in January 1996. White Tanks Wash is a tributary 
wash system that serves as a terminus for several fans, transporting 
deposits downstream ultimately to the Flood Retarding Structure just 
upstream ofinterstate 10. 

The lateral boundaries of Fan 38 fall into two categories: another adjacent 
fan or piedmont plains. The southern significant wash system of Fan 3 8 
coalesces with Fan 37 to the south. The remaining two wash systems form 
boundaries with darker-colored, weathered deposits on piedmont plains. 

The Ayres Associates report determined the boundaries for Fan 38. This 
boundary can also be seen on Sheets 2 of 5 and 4 of 5 on their "Stage 1 
Piedmont Landform Delineation" figures in their report. 

Ayres Associates used All-Terrain-Vehicles (ATV;s) during the fi eld 
reconnaissance to assess and verify the piedmont landforms and 
boundaries. Refer to Section 4.3 within the Ayres Associates ' report for 
the details . 

6B.5 .1.6 Conclusion 

Data derived from the NRCS soils mapping, AZGS surficial geologic 
mapping, and field reconnaissance resulted in Ayres Associates to 
conclude that the watershed downstream of Site 38 exhibits alluvial 
composition. Therefore; it was concluded that Site 38 is composed of 
non-consolidated alluvium deposited by fluvial processes, which meets the 
composition criteria specified in the PFHAM and FEMA Guidelines. 
Figure 9, located on the following pages, depicts the results of Ayres 
Associates Stage 1 Landform delineation. Exhibit 7, located in the back 
pocket, is a 1 "=600 ' exhibit depicting the Stage 1 results as well. 

White Tank Fan (Site 38) Approximate FDS 6-23 
P\S \STAR0000-0131 \0600/NFO\EP\WR\Report\Fan 38 TDNdoc 
David Evans & Associates, Inc. 
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6B.6 Stage 2: Defining Active and Inactive Areas 

6B.6.1 Introduction 

Stage 2 of the P FHAMIFEMA alluvial fan methodology consists of defining 
active and inactive areas within the alluvial fan landforms, as well as 
characterizing the nature and types of flooding that are associated with a specific 
hydrographic apex. Active areas on an alluvial fan consist of those portions of the 
landform where uncertainties about channel geometry and hydraulic conditions of 
water and sediment discharge cannot be realistically set aside in the assessment of 
the flood hazard. Active areas on alluvial fans experience sediment deposition, 
erosion and unstable flow paths in addition to flood inundation. Ayres Associates 
found areas that were determined to be active/unstable included: active alluvial 
fans, some multi-channel areas below the active alluvial fans, alluvial plain with 
active sedimentation to name a few. 

Inactive alluvial fan areas are the portions of the alluvial fan landform where 
active fan processes do not occur. Inactive portions of the alluvial fan are those 
areas where flow path uncertainty can be set aside in realistic assessments of flood 
risk. Ayres Associates determined that areas identified as inactive/stable included 
relict fans, pediment, inactive alluvial fans, though flow channels with movable 
bed, and some sheet flow and split flow areas . 

Stage 2 of the PFHAM alluvial fan methodology defines the nature of the 
piedmont landform environment, identifying unstable and stable components of 
the piedmont. It should be noted that the FEA1A Guidelines uses the terms 
"active" and "inactive" instead of "unstable" and "stable" respectively. The 
unstable areas are those locations where uncertainties about channel geometry and 
hydraulic conditions of water and sediment discharges cannot be set aside in the 
realistic assessment of flood hazard. Stage 2 also identifies portions of the 
piedmont subject to various types of flooding such as stable riverine flooding, 
active alluvial fan flooding, inactive alluvial fan flooding, and sheet flooding. 
The Ayres Associates Stage 2 delineation of stable and unstable areas relied on 
the following types of information: 

• Flow path movement 
• Surface geology 

• Desert pavement and varnish 

• Surface texture 

• Channel capacity 

• Soils (carbonate zones) 

• Soil surveys 

• Surface color 

• Drainage pattern 

• Channel shape 

• Vegetation 

• Bed material size 
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6B.6.2 Identification of Active Areas 

The limits of the active areas of Site 38 were identified through the use ofNRCS 
soils surveys, AZGS surficial geology mapping, historical aerial photographs, 
interpretation of 1 0' contour maps, and field verifications. The Ayres Associates 
study found that Site 38 encompasses 466.2 acres and extends almost two miles 
with the unstable portion of Site 38 covering approximately 348 acres. The 
results of Ayres Associates ' study are depicted on Figure 8 along with Exhibit 6 
found in the back pocket. 

6B.6.2.1 NRCS Soil Surveys 

The physical characteristics of a landform surface provide clues as to its 
depositional history, stability, and its flood potential. If an m:ea of the 
landform ceases to receive new deposits, its surface begins to age. As it 
ages, this process continues and the surface begins to develop physical and 
chemical characteristics indicative of its age. In an arid environment like 
that found around the Fan 38 vicinity, soils begin to develop distinctive 
characteristics. As the soil develops, its structure, color and chemical 
make up changes. Clay and calcium carbonate accumulate in the soil. 
Soils tend to become reddish in color due to the accumulation and 
weathering of clay. Accumulation of carbonate cements the soils together 
eventually develop a highly resistant character referred to locally as 
caliche. 

The NRCS soils survey maps differentiate surfaces based on the types of 
characteristics. Therefore, this data was utilized to establish the age of the 
surface, stability, and potential flood hazard. Antho and Carrizo soils 
series are the major soils within the areas identified as active or unstable. 
These soils are poorly developed and exhibit little sign of age such as clay 
or carbonate accumulation. A copy of pertinent excerpts of the Soil 
Survey of Aguila-Carefree Area can be found in Appendix 0.4. 

The soil type in the vicinity of Fan 38 was found to be a Momoli-Carrizo 
complex. The main difference being that the soil is more developed in the 
Carrizo unit, producing a light brown material under the first inch or two 
of younger, pickish soil. This is consistent with Field and Pearthree 's Y2 
classification with regard to its surficial geology. 

6B.6.2.2 AZGS Surficial Geology & Flood Hazard Mapping 

The surficial geology mapping, developed by Field and Pearthree (1991) 
for the White Tank piedmont, differentiated areas based primarily on their 
relative age. Ayres Associates found that Site 38 was delineated as late 
Holocene with the flood hazard mapping of high and intermediates flood 
hazards. Refer to the Final Report for detailed discussions of how the 
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geologic and flood hazards maps were utilized in determining the active 
areas . 

Fan 38 revealed surficial geology classifications ofYl and Y2. Similarly 
the flood hazards were HI and I in the area ofF an 3 8. 

6B.6.2.3 Interpretation of Topography 

Contours, specifically their degree of crenulation, are an excellent 
indicator of soil stability. Specifically surfaces depicted on a topographic 
map with a high degree of crenulation tend to be stable because it reflects 
a more incised surface. In contrast, smooth contour lines indicate very 
little incision. In addition, when smooth contour lines angle downstream, 
this is another indication of an active area of deposition. Refer to Figure 6 
(or Exhibit 8) which includes I 0' topography which shows a high degree 
of crenulation upstream of Fan 38 apex and smoother contour lines down 
fan. 

Contours west of Sun Valley Parkway exhibit significant washes that 
serve as through-flow channels that are confined or entrenched within 
relict or inactive f~n surfaces. These areas are not in active zones, nor 
associated with the fan apex. Instead they are the result of loss of 
conveyance, channel braiding due to changes in slope or localized 
aggradation, flow deflection around obstructions, a reduction in stream 
gradient associated with extensive shallow or exposed caliche across the 
floodway, or localized backwater sedimentation associated with sharp 
downstream bends, dense vegetation, or severe floodway constrictions. 

· These are most easily seen on Figure 4 or Exhibit 6 which includes the I 0' 
topography. 

6B.6.2.4 Historical & Current Aerial Photograph Interpretation 

Ayres Associates examined aerial photography from I953 versus more 
recent photography and revealed that areas of Fan 38 still exhibits active 
alluvial fan processes. The areas are shown on exhibit 5 and figure 7, 
labeled as either AAFF, AFUFD, or AFHH areas. Field reconnaissance 
also confirmed the active nature in these areas of Fan 38. Refer to section 
6.1.16 of the Final Report for additional detail. 

6B.6.2.5 Drainage Pattern 

Surfaces free from new deposition will erode. As the surface erodes, new 
tributary channel networks develop. These channels will also begin to 
entrench themselves into the surface creating a greater degree of relief 
between the channel bottoms and the ridges that separate them. 
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Flood waters flow across the middle piedmont through a number of stable 
channels across older surfaces before entering an area of younger 
Holocene sediments. Much of the lower piedmont is characterized by 
broad areas of relatively stable shallow sheet flooding. Islands of older 
sediments are also located between these broad sheet flooding area. 
Within these broad areas of relatively shallow sheet flooding are several 
more prominent washes. The more prominent washes connect to the 
through flow channels coming from the upper and middle piedmont in a 
tributary fashion. 

The drainage patterns in the area of Fan 38 are fan-like, not only 
distributary but fan out into other fan piedmonts. 

6B.6.2.6 Surficial Characteristics 

Surfaces may also develop an accumulation of pebbles and cobbles at the 
. surface as they age. These gravel coverings are known as desert pavement 
which is believed to form by the accumulation of windblown silt and clay 
between the larger gravels. Repeated wetting by rainfall events causes the 
fme-grained materials to swell, lifting the larger gravels to the surface. 
Repeated surface drying creates cracks into which more fine windblown 
material may accumulate. Over thousands of years these processes result 
in a mantle of closely packed gravels over a silt- and clay-rich soil layer. 
The surface pebbles and cobbles, if they contain sufficient ferrQmagnesian 
minerals, will develop a dark black patina on the top surface and an orange 
coating underneath known as rock varnish, locally referred to as desert 
varnish. The Ayres study determined that active areas appeared slightly 
lighter on the black and white aerial photography. 

Surficial geology mapping differentiate surfaces based on the types of 
characteristics discussed above. Therefore, this data was utilized to 
establish the age of the surface, stability, and potential flood hazard. 
Young surfaces with little soil development are likely to continue to see 
runoff and variations in sediment discharges. Older surfaces are much less 
likely to experience inundation by runoff and sediment in the future baring 
human influences. Older surfaces with cemented soils and entrenched 
channels also tend to be stable, changing very little their location over 
time. Conversely, areas with loose soil and little lateral relief are more 
susceptible to lateral changes in channel position. 

6B.6.2 .7 Vegetation 

The Ayres study utilized aerial photography to ascertain the vegetation 
patterns within the Fan 38 shadow finding that the active zones were much 
narrower than other USGS sites . The study found that desert trees were 
confined mainly to the margins of the primary channels with desert bushes 
more patchy and scattered in the active areas . The vegetation patterns 
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were identifiably different from the areas delineated at relic fans and as 
inactive areas that surround the active areas . 

While saguaro can be found in portions of the upper unstable area, the area 
exhibits a generally scattered appearance of vegetation downstream of the 
hydrographic apex. This is in contrast to the linearly aligned vegetation 
seen in aerial photographs elsewhere on the piedmont. The riparian 
vegetation helps create as well as indicate the stability of large portions of 
the middle and lower piedmont within the study limits. 

68.6.2.8 Sediment Delivery Potential 

Sediment delivery potential is primarily driven by particle size and stream 
gradient when the available soils are of a gravelly versus clayey nature. As 
was determined in the Ayres Associates Sediment Transport Study, the · 
watershed containing Fan 38 has a lower gradient than the watersheds 
contributing to either the Buckeye Flood Retarding Structure 2 or 3 to the 
east; thereby, reducing the transport capability. Refer to the Ayres 
Associates report in Appendix F for further information. 

6B.6.3 Identification oflnactive Areas 

Figure 8, locating on the following pages; depicts the active areas associated with 
Fan 38 as "Unstable Active Alluvial Fan" and "Conditional Unstable" thereby 
describing the remainder of the piedmont as inactive. The discussions on the 
interpretation of topography, vegetation, and historical aerial photography in the 
_previous sections reveal that large portio~s of the middle and lower piedmont 
have been and are likely to continue to be _stable with respect to flooding in the 
future . In particular, the inactive areas are on Rillito and Gunsight soii series, on 
units identified as Yl or older on the surficial geology, areas containing desert 
pavement, desert varnish, and tributary drainage patterns . 
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6B.6.3 .1 Inactive Areas Still Subject to Flooding 

The soils data, surficial geology, topography, and historical aerial 
photographs indicate that large areas of the piedmont are subject to 
flooding, but that the nature of that flooding is within stable through flow 
channels or broad sheet flooding across wide stable areas. Within some of 
the through flow channel corridors, some channel changes can be observed 
over time. However, these channel changes are confined to the corridors. 
These corridors are bounded by higher, generally older surfaces. Channel 
changes occurring within these corridors may be considered analogous to 
changes in a braided riverine channel. That is, while channel changes do 
occur during flooding events, the limits of flooding for large events remain 
basically the same. The degree of flood hazard varies horizontally within 
these corridors and between floods. 

Within the broad sheet flooding areas, small channels exist. The 
distribution of flow in these smaller channels, usually less than two feet 
deep, varies from flood event to flood event. It should be noted that the 
flood hazard within the channel themselves is great. 

6B.6.3 .2 Summary of Active & Inactive Areas 

It takes thousands of years for these soil and surface characteristics to 
develop. Therefore, surfaces exhibiting well developed soils, red color, 
significant carbonate development, dese11 pavements, desert varnish, and 
tributary drainage networks are surfaces that have been relatively free from 
flooding for thousands of years. As such, these areas can be viewed as 
having a low flood hazard potential. 

Figure 8 shows the limits of the active (Unstable Active Alluvial Fan) and 
inactive acres of Fan 38 which form an important foundation in the 
evaluation of the 1 00-year flood hazard in Stage 3. Exhibit 6, located in 
the back pocket, is a 1 "=600 ' exhibit depicting the Stage 2 results as well. 

6B.7 Stage 3: Defining the Approximate 100-year Floodplain 

The assessment of the 1 00-year flood hazard on the White Tank Fan, Site 38 piedmont 
follows the procedures outlined in the P FHAM and FEMA 2002. The 1 00-year flood 
hazard assessment is an outgrowth of the information and results identified and generated 
in the Stage 1 and Stage 2 evaluation levels, as prepared by Ayres Associates. 

The method chosen to identify the areas subject to flooding from the 1 00-year flood 
hazard limits was one utilizing geomorphic data and historical information. A 
geomorphic approach was the method used for the flood hazard delineation downstream 
of the hydrographic apex for Fan 38. The geomorphic evidence from aerial photography, 
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surficial geology maps, and field observations were the primary tools for refining the 
flood hazard boundary within the active portions of the piedmont. 

Island areas smaller than approximately 10 acres were not separated out from the 
surrounding flood hazard zones; instead they were included in the adjacent flood hazard 
zone. 

Upstream of the hydrographic apex, geomorphic methodology was used to delineate the 
flood hazards with conventional normal-depth methods used to refine the delineation. 

6B 7.1 Types of Flooding 

6B.7.1.1 Alluvial Fan 

The P FHAM and FEMA 2002 define alluvial fan flooding as "The 
flooding that occurs on an alluvial fan ... . encompasses both active alluvial 
fan flooding and inactive alluvial fan flooding. Alluvial fan flooding can 
include distributary flow, sheet flow and sheet flooding. " Alluvial fan 
flooding has been identified to occur east of Sun Valley Parkway and 
within Fan 38 west of Sun Valley Parkway. The flood hazard designation 
is either AFHH or AFUFD and has been identified as a Floodway District 
due to the active nature of this part of the piedmont and the extreme need 
for flood mitigation if this area were to be developed. Development 
within this boundary will require appropriate engineering solutions based 
on the active nature of this part of the piedmont. 

6B.7.1.2 Sheet Flow 

The PFHAM and Arizona State Standard 4-95, as it relates to sheet flow 
on alluvial plains of piedmonts, define sheet flow as "any form of 
unconfined runoff that occurs over a broad, expansive area." 

The potential for sheet flow exists in several areas of the Fan 38 piedmont. 
Where the potential is more likely, a flood hazard designation of AFZA 
has been determined, specifically between the AAFF zones west of Sun 
Valley Parkway. This is the case where local drainage and small channels 
periodically connect to larger systems by wide sheet flooding. Site 
specific design in order to mitigate flood hazards will be required as these 
areas develop. Where the likelihood is much lower due to topographic 
conditions and aerial evidence, a Shaded Zone X was determined. 

6B.7.1.3 Stable Distributary 

There are several locations within the Fan 38 piedmont that exhibit a 
distributary flow pattern; however, they are located in older, more stable 
geology. Flow distribution over this stable surface can be set aside in 
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realistic assessments of flood risk. The AAFF zones which include 
floodway districts provide the width to safely convey flood flows in a 
stable reach, although the manner and alignment within the corridor can 
change with each flood event. This is particularly evident in the lower 
portions of the piedmont as the flows join those of the White Tanks Wash. 

6B.7.2 Description of Mapping Issues 

The topographic mapping for this study was based on ten foot contouring. The 
2000 aerial photography and the topographic mapping, which was taken_at 1" 
equals 500' scale, results in limitations when mapping "islands" smaller than 10 
acres. 

6B.7.3 Verification of Results 

It should be noted that all results were verified based on actual field 
reconnaissance and as a secondary check, by reviewing aerial photography. This 
review and refinement led to some very minor areas of discrepancy with what 
either the Ayres Stage 1 & 2, AZGS Surficial Geology & Flood Hazard Mapping, 
NRCS Soils Map, or current Topographical data suggest. These minor nuances 
may be the result of engineering judgment, limits in the precision of the available 
data and combinations of the two. In the end these areas were delineated to match 
the flood hazard zones that were actually present on the site and may be_ in minor 
conflict with some of the previously gathered data. The flood hazard zones are all 
delineated from the best available data and minor differences are within an 
appropriate and acceptable tolerance level. 

Exhibit 3 (Figure 5) shows the relationship of the Field and Pearthree surficial 
geology mapping (1991) to the results of the Stage 3 analysis. The surficial 
geology maps were used to identify which corridors have experienced recent, 
from a geological timeframe, flooding but aerial photography, topography, and_ 
field reconnaissance were the primary tools to delineate the approximate 
floodplain. Zone A - Active Alluvial Fan with Administrative F1oodway (AAFF) 
typically are characterized by surficial geology labels of Y 1 or Y2 and Stage 2 
classification as active or unstable. This is the case within Fan 38 where Y1 and 
Y2 were present and both areas had been determined to be active based on Ayres 
Associates Stage 2 study. There were two "islands" of M 1 b classification east of 
Sun Valley Parkway that showed a likely potential of flow overtopping, becoming 
sheet flow and with time, new avenues for fan flow. Zone A- Inactive All uvial 
Fan with Administrative Floodway (AAFF) typically were characterized by 
surficial geology labels of Y2 and M 1 b and Stage 2 classification of stable. The 
Zone X Shaded typically is characterized by M1 b surficial geology label. 

Exhibit 4 (Figure 6) shows a comparison of the results of the Stage 3 analysis with 
the flood hazard evaluation by Field and Pearthree (1992). In general , everything 
shown by Field and Pearthree as an Hl surface has been mapped as within one of 
the various 1 00-year flood hazard areas. H 1 surfaces are characterized by "very 
high flood potential". H 1 surfaces included areas with the "potential for localized, 
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high-velocity, relative deep, channelized flows and sheet flooding" with "some 
potential for drastic shifts in channel position". Hl surfaces were evaluated as 
having a "high flood potential" characterized by "predominately shallow sheet 
flooding ; channelized flow very limited in extent" with "broad areas probably 
inundated in large flood". The Hl areas largely correspond with the Active 
Alluvial Fan zones. 

The Field and Pearthree flood hazard evaluation differs from the Stage 3 results 
where approximate alluvial fan flood ways cross I, Ll , and L2 surfaces. 
Specifically, just downstream of the apex, the Field and Pearthree evaluation 
classified this as an I surface. The I surface is described as "intermediate flood 
potential; areas not flooded recently; near or within distributary drainage systems, 
and little topographic relief separates these areas from active alluvial fans or 
channels; could become flood prone with relatively modest changes in channel 
configurations". A detailed look at the existing topography reveals a significant 
potential for this area becoming active should changes in the main channel 
continue to occur 

Similarly, downstream of Sun Valley Parkway, an Administrative Flood way 
District was determined along the Field and Pearthree "Channel bottoms of larger 
drainages heading in the White Tank Mountains" contained within a L2 
classification. L2 surfaces are described as "very low flood potential; areas not 
flooded for at least 10,000 years or long; spatially or topographically separate 
from distributary drainage networks". The inactive alluvial fan floodway corridors 
follow stable channels or channels confined between older surfaces from the 
active fan upstream to the broad areas of sheet flooding downstream. Significant 
corridors were classified as "Floodway Districts" to allow continued conveyance 
of flow and sediment down the piedmont. But generally the remaining L2 areas 
were classified as Shaded Zone X or AFZA for the larger "islands". 

Ll surfaces are described as "relatively low flood potential; areas not flooded for 
at least 10,000 years, but near or within distributary drainage networks and 
typically with little topographic relief separating Ll from I, Hl , or H2 surfaces". 

As a result, the 1 00-year flood hazard assessment of the Fan 3 8 piedmont and 
alluvial fan is believed to be reasonable, sound, and defensible based on the data 
presented in thi s Technical Data Notebook. However, revisions to the mapping 
presented here could be justified based on more detailed topographic mapping, 
hydrologic, and hydraulic analyses in the future . 

6B.4 Work Study Maps 

Figure 7, located on the following pages, includes an aerial photograph, contour 
mapping along with the Fan 38 flood hazard boundaries. An estimated floodplain 
delineation was developed in the office using surficial geology and flood hazard 
mapping developed by AZGS, soils mapping, aerial photography, and contour 
mapping. Then a field reconnaissance was performed to verify or refine the 
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floodplain boundary. The photo numbers shown on the exhibit correspond to 
field photos. These ground shots can be found in Appendix H. Generally these 
photo shots were taken at the edge of the floodplain based on field observations 
with reference to the previously determined office delineation. Field verification 
of the "boundary" was aided by GPS technology to display the boundaries. Island 
areas smaller than ten acres in size were not separated out. They were included in 
the surrounding flood hazard zone. In addition, areas adjacent to geologically 
young surfaces where uncertainties associated with alluvial fan flooding were 
included in the fan hazard designation. Similar to the FEMA guideline (Example 
4 ), approximate flood way corridors were identified to allow for conveyance of 
flood waters and sediment down the piedmont. Exhibit 5, located in the ·back 
pocket, is a 1 "=1 000' scale version of Figure 7. 

Table 6-4, on the following page, lists and describes the flood hazard zones 
identified and shown on Figure 7. These zones have been defined for use in the 
delineation of piedmont flood. hazards in Maricopa County, Arizona by the Flood 
Control District of Maricopa County. The map designations are similar to those 
used in Example 4 (Figure G-9) of the FEMA guidelines, Appendix G. 

The unstable areas from the Stage 2 results have been identified as AFHH and 
AFUFD using Local Community terminology. AFHH will be found immediately 
downstream of the Fan 3 8 apex whereas AFUFD is further downstream, where 
flow becomes more distributary, .coalescing flow paths creating an uncertain flow 
distribution area without the characteristic evidence of a fan . 

Downstream of the AFUFD zones are AFZA - Administrative Floodway (Inactive 
Alluvial Fan) or AAFF Local Community Zone corridors which traverse the 
inactive (or stable) portions of the alluvial fan landform. These areas represent 
the primary corridors that convey the flow and sediment that is released from Site 
38 drainage basin. These corridors can be considered similar to riverine 
environments in that they are areas that are required for conveyance of the 100-
year flood. Although these corridors do not necessarily contain the entire limits of 
the 1 00-year flood across the middle and lower piedmont under the existing 
condition due to small breakouts and sheet flow, they are adequate in size and 
continuity to convey floodwaters across the piedmont if flow was restricted to 
them. Reserving these corridors will allow for engineered flood protection and 
mitigation within other flood prone but stable areas of the inactive alluvial fan. 

The method for determining the location of the approximate alluvial fan 
floodways (AAFF) was determined first by identifying the most significant, 
continuous wash systems which connect the active alluvial fan upstream to the 
inactive portion lower on the piedmont. 

Flood prone areas in inactive areas outside the active alluvial fan floodways are 
identified in Figure 7 as AFZA due to these areas being subject to over bank flow 
and local runoff. Engineering would be required to mitigate sheet flooding and 
over bank flow during major events in these areas . Development within these 
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areas would be allowed given an adequately engineered site specific evaluation of 
the flood hazard and flood mitigation measures. AFZA areas are generally 
characterized by sheet flooding and flooding within relatively small stable 
channels. These small channels may either represent small distributary drainages 
connected to the primary floodways, small local drainages, or various paths where 
broad sheet flooding recollects as it flows down the piedmont in an effort to 
reorganize itself. Consequently, the magnitude and frequency of flood hazards 
within AFZA' s should not be considered equal at every location. 

Between the AAFF area at the downstream extent of this study is a large island of 
old, stable geomorphic surfaces. The area has been given a flood hazard · 
designation of Zone X (shaded). This zone includes areas of possible flood 
hazards from local drainage areas smaller than one square mile as well as stable 
areas potentially flooded by event less frequent than the.l 00-year flood (e.g. the 
500-year flood event). 

In certain instances, the Stage 1 & 2 results to not correspond with their 
aforementioned Stage 3 Flood Zone Hazard classifications. This is because 
extensive field research and current aerial interpretation shows that the flood 
hazard classifications needed to deviate from the Stage 1 &2 delineations to 
reflect the best available data. A typical instance of this scenario would include 
the AFZA island that spans the Sun Valley Parkway. The Stage 2 analysis shows 
that the relict alluvial fan stops at the Parkway and -does not extend to the east, as 
our AFZA delineation does. It is clearly shown by field reconnaissance, aerial 
photography, and the AZGS Surficial Geology workmap (area Qi2) that the AFZA 
area should extend to our full delineation boundary. 

The Fan 38 flood hazard boundary has been tied into the flood hazard boundary 
established for Fan 37 which is currently in for review with Maricopa County 
Flood Control District. The two studies, Fan 37 and Fan 38, are proceeding 
concurrently; therefore, if revisions occur to Fan 3 7 boundaries in the location of 
the end of study for Fan 38, minor modifications will be required. However at 
this point the line work ties in well as do the hazard classifications i.e. both are 
AAFF . 
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Piedmont Flood Hazard Zones 
Table 6-4 

FEMA Zone Name Local Description 

Community 

Zone 

Designation 
!Zone A - Active AFHH - Alluvial Fan High Hazard, community to treat as a 
!Alluvial Fan Flooding; Administrative Floodway District. 
~dministrative Floodway 
Flood way 
Zone A - Active AFUFD- Alluvial Fan Uncertain Flow Distribution Area, 
Alluvial Fan Flooding; Administrative transitional area downstream of High Hazard zone 
Administrative Floodway characterized by channelized and sheet flooding 
Flood way generally becoming more stable and less uncertain 

with increasing downstream distance from High 
Hazard zone; community to treat as a Floodway 
District. 

!Zone A - Inactive AAFF- Approximate Alluvial Fan Floodway; corridors 
!Alluvial Fan Flooding, Administrative for conveyance of water and sediment on a stable 
~dministrative Floodway alluvial fan surface downstream ofHigh Hazard 
Floodway or Uncertain Flow Distribution zones; community 

to treat as a Floodway District. 
Zone A - Inactive AFZA Alluvial Fan Zone A; areas within the l 00-year 
Alluvial Fan floodplain on an inactive alluvia l fan 

characterized by shallow channelized flow and 
sheet flooding in stable channels; zone is 
considered approximate because no base flood 
elevation are provided; flood hazards within this 
zone are not necessarily equal throughout, 
frequency and magnitude of flooding with respect 
to depth and velocity of flow may vary within this 
zone; floodplain managers should consult 
avai lab le aerial photographs and topographic 
maps for more detailed evaluation of site specific 
flood hazard within this zone; development wil l 
be a llowed in thi s zone given demonstration of 
adequacy of s ite and/or design which addresses 
safety from inundation and sedimentation hazards. 

!Zone A Zone A Approximate I 00-year floodp lain; riverine 
reaches upstream of hydrologic apex 

IX (shaded) X (shaded) Areas flooded between I 00-year and 500-year 
discharge; or areas of flooding with depth of I 00-
year flood less than l foot; or drainage area less 
than I square mile. 

~ ( unshaded) X ( unshaded) Areas outside the 500-year floodplain . 
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Section 7: DRAFT FIS REPORT DATA 

7.1 Summary of Discharges 

Table 7-1 Floodplain Discharge Rates 

Drainage Peak Discharges (cfs) 
Area 

Flooding Source and Location (Square 10-Year 50-year 100- 500-
Miles) Year Year 

White Tank Fan Site 38 Wash above hydrographic --1 --I 
apex 3.5 1858 cfs --I 

--I Not computed 

The discharge listed above was taken from previous Buckeye/Sun Valley Area Drainage Master 
Study by PBS & J Engineering 

7.2 Floodway Data 

No typical floodway data is provided as this was not a detailed study. However, administrative 
flood ways are presented and are intended to serve as corridors to maintain the continuity of the 
through flow of water and sediment discharges along the alluvial fan landform. Management of 
these floodway corridors will be performed by the local community . 

7.3 Annotated Flood Insurance Rate Maps 

The area of flood hazard delineation includes portions of three FIRM panels in unincorporated 
Maricopa County and Buckeye, Arizona. A map showing the new floodplain limits along with 
the existing floodplain limits and FIRM panel boundaries is included in a pocket following this 
page. 

7.4 Flood Profiles 

There are no flood profiles as part of this non-detailed study . 
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A.l Data collection summary 
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• Piedmont Hazard Assessment Manual for Maricopa County (Hjalmarson, 2003) 
• Guidelines and Specifications for Flood Hazard Mapping partners Appendix G: 

Guidance for Alluvial Fan Flooding Analyses and Mapping February 2002 
• Guidelines for Determining Flood Hazards on Alluvial Fans FEMA 2000 
• Approximate Floodplain Delineation Study for White Tank Fan (Site 36) prepared by 

Wood Patel & Associates, Inc. in association with JE Fuller Hydrology & 
Geomorphology. 

• Buckeye/Sun Valley Area Drainage Master Study prepared for FCDMC by PBS & J 
Engineering (2005). 

• Surficial Geology around the White Tank Mountains, Central Arizona, AZGS Open File 
Report 91-8 (1991), prepared by Field & Pearthree 

• Geologic Mapping of Flood Hazards in Arizona: An Example from the White Tank 
Mountain, Maricopa County. AZGS Open File Report 91-10 (1992), prepared by Field & 
Pearthree 

• Soil Survey of Aguila-Carefree Area, Parts of Maricopa and Pinal Counties, Arizona 
(Camp 1986). 

• Topographic mapping and aerial photography prepared by Landata Airborne Systems of 
Irvine California, 12116/00, 12117/00, and 12/27/00. 

• Survey ground control prepared by RBF Consulting of Phoenix, Arizona, North 
American Datum of 1983 (NAD 83) 

• Flood Hazards of Distributary-flow Areas in Southwestern Arizona: U.S. Geological 
Survey Water Resources Investigations Report 91-4171 (1991) prepared by Hjalmarson 
andKemma 

• White Tanks Wash Flood Insurance Study, FCD No. 90-64 prepared by Alpha 
Engineering Group, Inc. January 1996 

• Buckeye/Sun Valley Area Drainage Master Study Technical Data Notebook, Volume VI: 
Sediment Transport Studies, Final July 2005 prepared by PBSJ 

• Final Report, Geomorphic Evaluation and Landform Stability Assessment Buckeye/Sun 
Valley Areas Drainage Master Study prepared by Ayres Associates (May 2005) . 
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B.l Special Problem Reports 

• There are no additional special problems to report for this study . 
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November 09, 2007 

DAVID EVANS 
ANoASSOC1fTES INC. 

Kathryn Gross, CFM, PPM Division 
Flood Control District of Maricopa County 
2801 W. Durango Street 
Phoenix, Arizona 85009 

Phone: 
Fax: 

Re: 

602-506-1501 
62-506-4601 

F AC06-043 (Technical Data Notebook (TDN) for White Tanks Fan #38) 

Dear Miss Gross , 

This letter accompanies our re-submittal of the Technica l Data Notebook for White Tanks Fan #38. 
Also included are response to comments which briefly notes how David Evans and Associates, Inc. (DEA) 
has responded to the April 19, 2007 version of comments from Mr. Jon Fuller of JE Fuller and the June 29, 
2007 version of comments fro m you. 

Please recall that per discussion in a September, 2007 meeting at Flood Control District of Maricopa 
County (FCDMC) attended by interested private party stake holders and FCDMC staff, DEA was to make 
re-submittal of the FAN 38 TD without taking further action regarding any technical aspects of the TDN. 
FCDMC had noted in that meeting that the TDN was suffici ent from a technical standpoint for them to sign 
the community overview and concurrence forrn. 

Per FCDMC recommendations DEA has polished the report and made minor text and exhibit fo rmat 
revisions outlined in some of the comments made by FDCMC and JE Fuller. DEA 's response to particular 
comments are listed in italics below either the FCDMC or JE Fuller comment. 

Thank you for taking time to meet and review the various comments during the entire submittal process. 

Sincerely, 

214 1 East Highland Avenue Suite 200 Phoenix Arizona 85016 Telephone: 602.678.515 1 Facsimi le: 602.678.5 155 
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DATE OF COMMENTS: June 29, 2007 

TO: Lynn Thomas, P.E. , CFM, Regulatory Division 

FROM: Kathryn Gross, CFM, PPM Division 

SUBJECT: White Tank Fan #38 Technical Data Notebook April 2007 

Response to comments by DEA are Italics beneath original FCD comment. 

General 

1 . The District will accept the delineation as proposed in the latest 
submittal ; however, there are still discrepancies between presented 
data and the final delineation . 

This was discussed again at a meeting September, 2007 held at the FCD and 
reconfirmed that DEA would make clean-up type changes but no further 
technical updates or changes were necessary for FCD approval 

2. The comments provided by JEFuller Hydrology and Geomorphology 
dated April 19, 2007 should be addressed and incorporated into the 
TON. Since the delineation is being accepted by the District, JEF 
comments under 5.c.v do not need to be addressed . 

JE Fuller comments were not addressed as part of this re-submittal only 
clean-up items were updated. 

3. The District still has some reservations on how the Stage 1 and Stage 
2 information is presented . Specifics are discussed below. 

This was discussed again at a meeting September, 2007 held at the FCD and 
reconfirmed that DEA would make clean-up type changes but no further 
technical updates or changes were necessary for FCD approval 

4. The District will require expanded discussions to be added to the text 
(includ ing location figures) to specifically address why, in certain areas, 
the floodplain delineation is in discrepancy with the supporting 
documentation provided. The engineer has provided a general 
explanation in the latest submittal but more detail is necessary. A 
meeting to discuss the specific locations should be set up with District 
staff. 

Per meeting held September, 2007 at FCD no action or update taken by DEA 
on this item. FCD will still sign the community acknowledgement form. 
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5. The engineer needs to add an explanation regarding why delineation 
ends where it does (being submitted as separate LOMR). 

No action taken on this item. Report already notes that FAN 38 delineation 
stops where Tartesso Unit 2 LOMR submittal starts. 

6. Regarding the geologic information presented, over the course of the 
analysis two surficial geology products were used . Please make sure 
that descriptions match the updated geology product relied upon for the 
delineation. The latest geologic study needs to be included in 
Appendix G. 

Latest Study is includedat the end of Appendix G 

7. Figure and Exhibit numbering is not presented in order. If possible, the 
engineer should evaluate if it is possible to re-number/re-order the 
figures and exhibits. 

Figure and Exhibit numbering has evolved and changed as part of the review 
process; however, given amount of time required to re work numbering and 
update to report no changes were made to exhibit numbering. 

8. with the next submittal the engineer should include a cd with all digital 
data in support of the TON (shapes files, tiff files, HEC-RAS models, 
HEC-1 models). 

CD included with current submittal includes all noted above and pdf version of 
completed report. 

Stage 1 Concerns 

1. If possible, a different approach/organization of the Stage 1 information 
may aid in meeting the concerns of the District and JEF. This approach 
would focus more on the Ayres "Stage 1" delineation and then discuss 
the detailed "verification" of the Ayres information as it relates to the 
Stage 1 focusing specifically for Fan 38. 

No changes to report. Item not addressed per September, 2007 meeting at 
FCD. 

2. The figures and exhibits supporting Stage 1 need to be revised to 
remove the internal floodplain designation boundaries and just focus on 
the outer polygon of the delineation . If possible, the figure/exhibit may 
need to be revised to show the true topographic apex of Fan 38 (present 
location identified on the maps is incorrect.) 

Exhibits updated . 
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3. The District would recommend adding specific discussions regarding the 
discrepancies in the Stage 1 delineation and supporting documentation . 
However, whether or not this is a necessary requirement for submittal to 
FEMA can be further discussed with District staff. 

No changes to report. Item not addressed per September, 2007 meeting at 
FCD. 

Stage 2 Concerns 

1. If possible, a different approach/organization of the Stage 2 information 
may aid in meeting the concerns of the District and JEF. This approach 
would focus more on the Ayres "Stage 2" delineation and then discuss 
the detailed "verification" of the Ayres information as it relates to the 
Stage 2 focusing specifically for Fan 38. 

No changes to report. Item not addressed per September, 2007 meeting at 
FCD. 

2. The figures and exhibits supporting Stage 2 need to be revised to 
remove the internal floodplain designation boundaries and just focus on 
the outer polygon of the delineation. 

Exhibits updated . 

3. The figures and exhibits need to be revised to only show the highly 
active stability zone as determined by Ayres. If the other zones remain 
the District will require a detailed discussion to be provided in the TON 
explaining how those zones do not relate to alluvial fan instability. 

Exhibits updated. 

4. The District would recommend adding specific discussions regarding the 
discrepancies in the Stage 2 delineation and supporting documentation. 
However, whether or not this is a necessary requirement for submittal to 
FEMA can be further discussed with District staff. 

No changes to report. Item not addressed per September, 2007 meeting at 
FCD. 

Stage 3 Concerns 

1. The delineation in its current form is accepted . 

2. The District will require the specific locations where the final delineation 
is in discrepancy with the supporting documentation be discussed and 
presented in figures in the text. 

No changes to report. Item not addressed per September, 2007 meeting at 
FCD . 
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TON Concerns 

1. Section 2 FEMA Forms. Overview and Concurrence Form. The primary 
signature page is missing. This page includes the engineer's seal. This 
will need to be included with the next submittal. A signature page with 
Tim Phillip's information needs to be provided as well. Presently, two 
copies for the Town are included in the report. 

Report Updated. Primary signature page included with engineer's seal, and 
separate pages for FCD and Town of Buckeye included in report. 

2. Section 5.9.1, page 5-6. Rephrase the sentence regarding the impacts 
of Sun Valley Parkway. 

Report updated. 

3. Section 68.4 first paragraph , middle of paragraph. Remove the 
reference to performing traditional methods to refine the alluvial fan 
delineation. 

Report updated. 

4. Section 68.5.1.4, page 6-22. The topographic apex location described 
is incorrect. The topographic apex is located near the mountain front. 

Report updated. 

5.-.: Section 685.1 .5. Additional discussion should be added to the text 
·describing where and why the engineer's alluvial fan limits or 
designation differ from the Ayres limits. 

No changes to report. Item not addressed per September, 2007 meeting at 
FCD. 

6. Section 686 . Section title indented too far. 

Report updated. 

7. Section 68.6.3.1, page 6-35, third paragraph. Could this paragraph be 
clarified? The last sentence could be removed. 

Report updated. 

8. Section 68.7.3 provides general discussion of the discrepancies 
between the final delineation and the supporting documentation. 
However, it is easy to get lost in the text regarding how the areas are 
being described. A map of key sites would aid in this discussion. This 
can be discussed further with the District. 

No changes to report . 
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9. Section 68.4, page 6-39, third paragraph . The description of AFUFD 
needs to be revised. The UFO zone is a transitional zone where the 
degree of surface instability decreases in the downstream direction 
where flows are either distributed into stable channels or stable sheet 
flow conditions. 

No changes to report. 

Figures and Exhibits 

1. Figure 10. Is the hydrology exhibit in this format necessary? Consider 
removing the figure or revising it to perhaps provide more 
documentation for the apex flow rather than providing hydrologic 
information down-fan which is unnecessary for the geomorphic method. 
The floodplain zones should be removed and only show the fan limits. 
Remove the topographic apex from the sheet. 

Figure updated. 

2. Figure 3. Sheets 2 and 3 should be removed since they are not 
necessary as part of the geomorphic approach . 

Figure updated. 

3. Figure 4. Only show the outer fan boundary. Remove the floodplain 
zones within the delineation . 

Figure updated. 

4. Figure 5. Only show the outer fan boundary. Remove the floodplain 
zones within the delineation. 

Figure updated. 

5. Figure 6. Only show the outer fan boundary. Remove the floodpla in 
zones within the delineation. 

Figure updated. 

6. Figure 9. Only show the outer fan boundary. Remove the floodplain 
zones within the delineation. 

Figure updated. 

7. Figure 8. Only show the outer fan boundary. Remove the floodplain 
zones within the delineation and add the highly unstable-active alluvial 
fan zone from Ayres on these sheets. Consider adding additional 
figures that compare the active zone with at least the geology data . 

Figure updated. No additional figures added. 

8. Figure 7. Remove the thalwegs from this figure . 

Figure updated. 
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9. Annotated Panels. The Administrative Floodway note text does not 
match the exact language. Consider updating the text of the note. 

Exhibit updated. 

10. Exhibit 1. HEC-RAS Cross-Sections. Needs to be revised. Decrease 
the size of the exhibit and only show the delineation upstream of the 
apex. 

Exhibit updated. 

11 . Exhibit 2. Soils Map. Hard to make out the Ayres landform zones which 
most likely is the purpose. Only show the outer fan boundary. Remove 
the floodplain zones within the delineation. 

Exhibit updated. 

12. Exhibit 3. Surficial Geology Map. Only show the outer fan boundary. 
Remove the floodplain zones within the delineation. 

Exhibit updated. 

13. Exhibit 4. Flood Hazard Map. Only show the outer fan boundary. 
Remove the floodplain zones within the delineation. 

Exhibit updated. 

14. Exhibit 5. Stage 3 with Aerial Photography. Can section lines and 
numbers be made to more easily readable? 

Exhibit not updated. 

15. Exhibit 6. Stage 2 Map. Remove all stability categories except highly 
unstable-active alluvial fan. Only show the outer fan boundary. Remove 
the floodplain zones within the delineation. 

Exhibit updated. 

16. Exhibit 7. Stage 1 Map. Only show the outer fan boundary. Remove 
the floodplain zones within the delineation. 

Exhibit updated. 

17. Exhibit 8. Hydrology Map. Is this exhibit necessary? Consider re­
scaling and only showing hydrology for the above apex. 

Exhibit updated. 

no more comments at this time . 
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DATE OF COMMENTS: April 19, 2007 

TO: Kathryn Gross/FCDMC 

FROM: Jon Fuller, PE, RG, CFM 

SUBJECT: Review Comments, Site 38 Alluvial Fan Floodplain Delineation 
David Evans and Associates, April 2007 
On-Call Contract FCD2005C024 Task 4 

General Comments 

1. JEF Review. My review focused on the content of the report and the 
accuracy of the delineation. I did not scrutinize what I consider to be 
minor details such as exhibit legends, line work labels, map scales, north 
arrows, figure numbering, report citations, etc. 

Per September, 2007 meeting at FCD, JE Fuller comments were not 
addressed as part of this re-submittal . 

Specific Comments 

2. FEMA Forms 

a. Overview & Concurrence Form. There appears to be some kind of 
hiccup concerning Section D of this form on pages 2-3 and 2-4. 

Forms updated. 

3. Section 4: Hydrology- no comments. 

4. Section 5: Hydraulics 

a. P.5-1 . Typo in last line of Section 5.3.1. N=0.04 to 0.055. 

Report updated. 

b. HEC-RAS or Geomorphology? There are a number of places 
where the text or graphics imply that HEC-RAS ratings were used 
downstream of the hydrographic apex that could probably be 
cleaned up. These include the following: 

i. Figure 3. Sheets 2 and 3 are not needed since there are no 
longer any HEC-RAS cross sections shown on them. 

Report updated Sheets 2 and 3 removed . 
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ii. Section 5.5, 151 paragraph. The second and third sentences 
imply that HEC-RAS ratings were used to check capacity in 
areas where floodplains were delineated using geomorphic 
techniques. It is my understanding from reviewing Appendix 
E that HEC-RAS was only used upstream of the 
hydrographic apex, and that HEC-RAS was the sole basis of 
the delineation in that reach. 

Per September, 2007 meeting at FCD, JE Fuller comments were not 

addressed as part of this re-submittal. 

iii. Section 68.4. Geomorphic methodology was the "primary 
method." 

Report updated. 

c. Section 5.9.1. The third sentence described "six miles" of 
floodplain downstream of the apex. Section 1.5 describes 2.9 mi2 

of new floodplain . Section 68.4 mentions 5.3 mi2 of area 
downstream of the apex. Is that six miles of "thalwegs" or 
something else? 

Report updated. Linear references are noted as Thalweg. 

d. P. 5-6. Sun Valley Parkway. You might consider re-wording the 
first paragraph. It appears to imply that Sun Valley Parkway 
impacts the delineation but you have ignored the impact. Perhaps 
a better wording would be that the geomorphic modeling approach 
selected conservatively assumes minimal impact on alluvial fan 
flooding at Sun Valley Parkway. 

Report updated 

e. Section 5.9.2. The second sentence is incomplete. 

Report updated. 

5. Section 68: Geomorphology 

a. Stage 1 Delineation. 

i. The Stage 1 Delineation map (Figure 9 & Exhibit 7) should 
show the landform boundaries. The Stage 3 delineation 
should not be shown on the Stage 1 map. 

Figure 9 and Exhibit 7 updated. 

ii. It would be helpful to remove the Stage 3 zones from 
Figures 4, 5, and 6 as well and show only the landform 
boundaries. Separate figures should be provided to show the 
AZGS and SCS mapping relative to the Stage 1, 2 and 3 
delineations. 

Figures updated . 
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iii. Why are Figures 7 (Stage 2 Map) and 8 (Stage 3 Map) 
numbered that way if they come after Figure 9 (Stage 1 
Map) in the text? 

No action taken. 

iv. Table 6-2. The map units in Table 6-2 do not match those in 
Figures 5 or 6 and are missing some of those shown on 
Figure 5. 

No action taken 

v. P. 6-22. Just to clarify, the hydrographic apex is not 
necessarily the point where there is "physical evidence of 
flow bifurcation." The hydrographic apex is the point where 
flooding become unconfined (See PFHAM Section 2.1.3.3 
for the definition). There may or may not be an actual 
channel bifurcation. The point . is important where no 
physical channel split exists, but the bounding surfaces are 
geologically recent and therefore subject to avulsion. There 
are several such locations near secondary (inset) apexes on 
Fan 38. 

No action taken. 

vi. P. 6-23, 2nd paragraph. The piedmont plain is defined as 
"transition areas between mountains and base-level plains" 
(PFHAM, p. A 1 ). Therefore, the description of the landform 
boundary being an adjacent fan or a piedmont plain is not 
adequate; neither is it consistent with the Ayres Stage 1 
del ineation. 

Per September, 2007 meeting at FCD, JE Fuller comments were 
not addressed as part of this re-submittal. 

vii . Most importantly, if the delineation is based on the Ayres 
Stage 1 landform mapping , then a more detailed explanation 
of why the mapped floodplain extends outside the Ayres 
landform limits is warranted (see Figure A below). In 
addition , an explanation of why the downstream limit of study 
(at Tartesso) was selected and how that boundary related to 
the landform boundary. The landform is a broad geologic 
feature that extends beyond the DEA limit of study. 

Per September, 2007 meeting at FCD, JE Fuller comments were 
not addressed as part of this re-submittal. 

b. Stage 2 Delineation . 

1. The Stage 1 Delineation map (Figure 8 & Exhibit 6) should 
show the stable/unstable zones. The Stage 3 delineation 
should not be shown on the Stage 2 map . 

Figure 8 and Exhibit 6 updated. 
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ii. It would be helpful to provide figures showing the SCS and 
AZGS mapping superimposed on the Stage 2 delineations. 

No action taken. 

iii . Figure 8. When I asked in the last review comment 
memorandum if the other Ayres stability zones (highly 
unstable, moderately unstable) be shown on the maps, I 
should have specified that some explanation be provided as 
well. There are apparent conflicts between areas Ayres 
mapped as "highly" or "moderately" unstable that are 
mapped by DEA as Shaded Zone X or AFZA, which imply 
stability (inactive fans) . Keep in mind that FEMA does not 
recognize the classifications of "highly" or "moderately" 
unstable and is likely to interpret them as simply unstable 
(i.e., active). 

Figure updated. 

iv. Section 68.6.2.4. Discussion of Stage 3 zones should be 
deferred to Section 68.7. 

No action taken. 

v. P. 6-30. The meaning of the sentence in this paragraph is 
unclear. 

No action taken. 

vi. Section 68.6.2 .8. Since there is no specific information or 
results relating to the delineation provided in this section, I 
recommend that it be revised or deleted. If the sediment 
delivery rate is lower than the watersheds draining to the 
Buckeye FRS, what does that imply for the level of stability 
in Fan 38 relative to the fans to the south? Does this mean 
that Fan 38 is not active? 

Per September, 2007 meeting at FCD, JE Fuller comments were 
not addressed as part of this re-submittal. 

VII. Section 68.6.3.1 , 3rd paragraph . I believe the "portion 
between the hydrographic and hydrologic apices" should say 
"between the topographic and hydrographic apexes." 
However, note that he topographic apex shown on the 
Figures is not at the head of the landform as mapped, at the 
mountain front/piedmont intersection, or at the end of the 
HEC-RAS modeling reach. Some clarification is needed. 

Report updated . 
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viii . There is not a 1:1 correspondence between the Ayres Stage 
2 delineation and the DEA Stage 3 delineation , which may 
be problematic for FEMA reviewers. However, like the 
problems with the Stage 1 delineation, the real crux of the 
delineation is the Stage 3 delineation. Therefore, the District 
should consider focusing any remaining review iterations on 
the Stage 3 delineation. 

Per September, 2007 meeting at FCD, JE Fuller comments were 
not addressed as part of this re-submittal. 

c. Stage 3 Delineation. 

i. Section 68.7 .1.1, last sentence. DEA may wish to rethink 
the statement that development in AFHH and AFUFD zones 
requires a regional solution. There may be appropriate 
engineering solutions that are not regional in scope, and the 
statement may come back to haunt them during the CLOMR 
phase. 

Report updated. 

ii. It remains unclear to me how the DEA Stage 3 delineation 
can rely on and contradict the Ayres Stage 2 delineation. 
Areas of discrepancies were noted in the last round of 
review comments as well as in subsequent communications 
between submittals . There should be a 1:1 correspondence 
between Stage 2 unstable area boundaries (whatever type) 
and Stage 3 AFHH/AFUFD zones. 

Per September, 2007 meeting at FCD, JE Fuller comments were 
not addressed as part of this re-submittal. 

iii . P. 6-39, 3rd paragraph. The first sentence states that some 
unstable zones were mapped as AAFF. Zone AAFF is 
reserved for stable flow corridors. 

Per September, 2007 meeting at FCD, JE Fuller comments were 
not addressed as part of this re-submittal. 

iv. P. 6-39. 41
h paragraph. Zone AFZA is described as 

"floodway" and as "throughflow corridors." Neither is correct. 

Per September, 2007 meeting at FCD, JE Fuller comments were 
not addressed as part of this re-submittal. 

v. Specific comments on the Stage 3 delineation were provided 
digitally previously as a shapefile (JEF _line_comments_3-
16-07 & JEF _comments_1 0-06.) The following comments 
have not been adequately addressed and remain points of 
disagreement between DEA and myself . 
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1. JEF comments 10-06 

a. FID 6- the floodplain limit matches neither the 
Ayres or AZGS zones, nor is there any 
apparent surficial or topographic difference 
between the AFUFD and the surface mapped 
as non-floodplain to the southeast. 

Per September, 2007 meeting at FCD, JE Fuller comments were 
not addressed as part of this re-submittal. 

b. FID 13- this area has the same characteristics 
as the AFUFD zone downstream of the primary 
apex and is mapped as Qy1 by the AZGS, but 
is mapped by DEA as AFZA. 

Per September, 2007 meeting at FCD, JE Fuller comments were 
not addressed as part of this re-submittal. 

c. FID 18- the AZGS maps this area as Qy1 and 
H1 , i.e. active floodplain. DEA maps it as 
Shaded Zone X, i.e. not floodplain . 

Per September, 2007 meeting at FCD, JE Fuller comments were 
not addressed as part of this re-submittal. 

2. JEF line comments 3-16-07 

a. FID 3. Same comment as (b) above. 

Per September, 2007 mee~ihg at FCD, JE Fuller comments were 
not addressed as part of this re-submittal. 

b. FID 4. Same comment as (c) above. 

Per September, 2007 meeting at FCD, JE Fuller comments were 
not addressed as part of this re-submittal . 
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Attachment A 

White Tank Mountain Piedmont Stage HI Flood Hazard Assessment 
Scope of Work 

Overview 

The Stage III Flood Hazard Assessment of the White Tank Mountain western piedmont wi11 be completed using the 
methodologies outlined in the District's most recent version (April2003) of the Piedmont Flood Hazard Assessment 
Manual (PFHAM). The PFHAM methodology consists of the fo11owing three stages of flood hazard delineation: 

• Stage I - identification of the landform types (pediment, al1uvial fan, relict fan, alluvial plain) within the piedmont 
area. 

• Stage II- identification of stable and unstable areas on the piedmont 
• Stage III- selection and application of appropriate method(s) for delineating the regulatory floodplains. 

Traditional engineering methods are typica11y applied in stable areas, and geomorphic methods are applied in 
unstable areas. 

Stage I and II delineations are being completed by the District' s Buckeye-Sun Va11ey ADMS consultant team and should 
be finali zed by the end ofNovember 2004. The District has required that an existing conditions (pre-development) Stage 
III delineation be completed by consultants working on development master plans prior to design of structural flood 
measures. The consultants wi11 submit the existing condition s Stage Ill fl ood hazard delineation by fan(s) to FEMA at the 
time they submit their CLOMR package for their developm ent affected by the particul ar fan(s) to FEMA. The District 
will provide the Stage I & II delineati ons in the TDN format acceptable to FEMA. The consultants wi11 format the Stage 
HI delineation for submittal to FEMA in a simil ar TDN format . District revi ew and approval of the exishng conditions 
Stage III delineation and CLOMR are required prior to submittal to FEMA . 

Atudy area consists of the watercourses located downstream of the western slopes of the White Tank Mountains 
o~e the White Tank Mountains Regional Park, and whi ch intersect the foll owing master planned communities: 

• Elianto (Lennar, Coe & Van Loo) 
• T artesso (Stardu st, D avid Evans & Assoc .) 
• Sun Va11ey South (Communities Southwest, WRG) 
• Sun VaHey South (Pulte, CM.X)) 

____::J:h€:-lk>Odplains of those watercourses that a-re-part-of the alluvial fan sys tem and tha t in tersect the communities listed 
above will be delineated from the hydrographic apex to their confl uence with another piedmont watercourse, mapped 
floodplain , the Hassayampa River, or the Buckeye Flood R etard ing Structure (FRS). (Reference to 0.25 sq. mile 
watersheds deleted p er December 14, 2004 meeting minutes.) 

The District will provide the foJJowing base engineering informa tion at no cost to the consultant team: 
1. HEC-1 model and hydrologic modeling report from the Buckeye-Sun Va11 ey ADM S. All hydrologic information 

used in the Stage Ill delineation wil1 be obtained or derived from the Distri ct' s HEC-1 model. Status: The 
ADMS HEC-1 model is in draft form pending fi nal review by Distric t, with only minor ch anges exp ected. 

2. Stage I & li piedmont fl ood hazard assessment and al1 relevant documentati on in a FEMA approved format 
prep ared by AyTes & Associates for the Buckeye-Sun Vall ey ADMS. Status: Draft, pending review by District, 
w ith possible minor revisions and addih onal review possible. Stage Ill work will begin utilizing the Stage I & II 
data available to the consultants as ofJ anuary 3 . If significan t changes are made to the da ta by the District 
subsequent to the start of the work, costs to modify or extend the analysis will be additional to this scope of work. 

3. 2004 color digital orthophotography of the study area in workable fi le(s) size and quality. 
4. Section com ers in GIS format. 
5 . 

• 10-foot contour interval di gital topographic m apping of the study area. 
Technical Documentation Notebook (TDN) and HlS layers for the Fan 36 Approximate M ethod A11uvial Fan 
Floodplain Delineation. 
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~ 'le of Work 

• Prepare Map ofWatercourses to be Delineated. The consultant shall prepare a map of the watercourses to be 
delineated using the Stage III piedmont flood hazard assessment techniques. The map will show the thalweg of 
each watercourse, a designated name for each watercourse and watercourse segment (using District-approved 
naming conventions), and the boundaries ofthe development affected by each proposed delineation. The 
watercourse map will be submitted for District approvaL A two--(2) week District review period will be provided 
prior to commencement of Stage ill analysis. A GIS coverage of watercourses will be developed and marked 
final upon District approval. 

2. Selection of Regulatory Discharges to be used for Floodplain Delineation. In general, the full apex discharge 
should be used for delineation of flood hazards within the limits of unstable portions of the piedmont. The 
method of joins arid sphts outlined in the PFHAM should be used to estimate peak discharges in stable 
distributary flow areas, not necessarily full fan discharges (for existing conditions). In. areas downstream of 
unstable, active alluvial fans where the magnitude of the regulatory discharge is uncertain because of the 
uncertainty in flow distribution, the consultant will develop a method to estimate conservative peak discharges. 
The method may include probability-based teclmiques advanced by French (2001), simple double counting, or 
application of geomorphic mapping techniques that circumvent the need for determining a precise estimate of the 
regulatory discharge. In all cases, regulatory discharges should default to, or be consistent with, the values 
determined in the Buckeye Sun Valley ADMS, except within the unstable piedmont areas. 

3. Assignment of Mapping Responsibility. The consultant team will meet to determine which watercourses will be 
delineated by each team member. Contiguous watercourses should be mapped by a single team member wherever 
possible. 

4. The _existing conditions floodplain delineation will consider the impacts of the existing culverts along Sun Valley 
Parkway. 

5. 

• 
Selec6on of Delineation Methodology for Stable Areas of the Piedmont. Approximate methods will be used to 
delineate the existing condition piedmont flood hazard zones in stable areas, as determined in the Stage I and II 
analyses. Approximate method delineations consist ofusing geomorphic verification of flood limits determined 
using single-section Manning's ratings (spaced at 1-3 sections per mile). Delineation of floodplains using 
detailed methods is not part of this scope. No hydraulically-defined floodways will be modeled as part of the 
existing conditions delineation due to the broad, shallow nature of the floodplains and likely modification of the 
floodplain by structural measures associated with future development. Administrative floodways will be defined 
as dictated by the PFHAM methodology. 

6. Selection of Delineation Methodology for Unstable Areas of the Piedmont. Approximate methods will be used to 
delmeate the ex1shng cond1hon p1edmont flood hazard zones m unstable areas, as determined in the Stage I, II, 
and III analyses. Approximate method delineations consist of using geomorphic methods for unstable portions of 
the piedmont. Unstable areas, as defined in the PFHAM, are considered floodway areas. 

7. Submittal of Draft Mapping Plan . A map showing the proposed discharges, recommended methodology, firm 
name, development boundaries (subdivision name), and schedule wi ll be prepared for submittal to the District 
Acceptance of the peak flow s will be required prior to delineation . The District will commit to two (2) week 
review period if the consultant schedule is met, and if no more than two submittal s are made within a two week 
period . 

8. Floodplain Delineation. Floodplains will be delineated for the watercourses defined in Task 1 using the 
methodologies outlined in Tasks 5 and 6. The District's alluvial fan flood zones described in the PFHAM will be 
assigned to the floodplains delineated in Tasks 5 and 6, and will include designation offloodway. 

9. Technical Documentation Notebook (TDN). The consultant will prepare a FEMA-submittal-ready TDN using the 
guidelines provided in State Standard 1-97 and FEMA guidelines, and the TDN modifications noted in the April 
2003 version of the PFHAM . 

10. District Review. The consultants will respond to District review comments and make revisions as needed . 
11 ~· ?~-'ddtesS''~dtre set ofc6'mmenrs from both the District and' FEMA 0n.th-e, Stag~ lll. 'i!D.a. ly.,sis-<H>d.re;;ultC1}?.t Z9!_l.ft.;/ \ 

flOCtdp }-a'HI'S' . 

• . Modifications to the District's HEC-1 model are not included in this scope as the extent and scope of 
modifications cannot be determined until the model is delivered by the District. 
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13. Some reassignment of fans occurred with WRG analyzing Fan 6; CMX analyzing Fan 39; DEA analyzing Fans 7, 
' . 8, 12 and 38; and CVL analyzing Fan 37 as we]] as the remaining portion of Fan 36. The fan assignments were 

rearranged subsequent to the December 14th discussions to insure those firms with the most pressing schedules 
would be working on the fans that impacted their developments~ 

The outcome of discussions at the December 14,2004 meeting with the Consultants and the District are also incorporated 
as a part of this scope to ·assist in the clarification of tasks and responsibilities. 

··----- --··-· ··-·· . .. ------·---------
I--. 

• _./' .. · 

/ 
/ 

·' 

/ 

/ 

--
. - .. --------- -----

• 
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• Attachment C 

Memorandum 

DATE: January 18,2005 

TO: Kathryn Gross; MS, CFMIFCDMC 

FROM: Jon Fuller, PE 

RE: FCD2004 C025 Task 5- White Tank Piedmont Stage III Analysis 
12/14/04 Coordination Meeting Notes 

CC: Valerie Swick, PE/FCDMC 
Developer Consultant Team 

The following summarizes key issues and action items1 discussed at the White Tank Piedmont Stage III 
Analysis coordination meeting held today at the Dis-trict: 

1. Sun Valley Parkway culvert analyses. Approximate method floodplain delinea6ons will-be completed 
considering the potential impacts of the existing culverts. A worst-case analysis may be required if the 
culverts divert flow from the natural flow path. Entellus, Inc. is completing a preliminary culvert analysis as 

Aart of the Sun Valley Buckeye ADMS. MCDOT had indicated in earlier meetings that Entellus was 
~edifying their scope and budget ($8,000) to look at culvert flows along the entire length of the Sun Valley 

Parkway. This level of effort will likely not identify flow through these culverts that would provide 
guidance to a design appwach to capacity or identify overtopping at individual locations. Jon Fuller 
indicated that approximate methods could be used as long as the assumptions are documented and are 
reasonable. Ka.tl:lfyn Gross and Jon Fuller both indicated that awell-docurnented conservative approach to 
identify the limits of the Zone A delineation would be the most successful path through FEMA. 

2. Stage I II Pl.eclmont analys1S. 
a. Ayres & Associates has not submitted the revised Stage I-ll delineation. Kathryu Gross will check 

with Ayres to determine their estimated submittal date. Kathryn indicated tbat the draft Ayres 
del~neation information could be Hsed and she would provide the most recent shape files for the 
consuUant team to work from so that they can begin the Stage 3 as soon as possible. 

b. The format of the Ayre s report may or may not be directly compatible with the FEMA TDN format. 
JQ:n Fullet wiU review the draft Ayres Report to determine how and if it can be incorporated by 
simpie reference in the consultant CLOMR TDNs. Katbryu GrQss will provide a copy of the draft 
Ayres report to Jon Fulle.r. If simple reference is not feasible, Valerie Swi~k.. will obtain an cost 
estimate & schedule from Ayres to revise their report into the required formaL 

c. The engineer of record for each CLOMR submittal will either accept the sealed Ayres delineation 
and report as. submitted, or will be responsible for sealing any revisions. 

d. Additional guidance is available in FEMA guidehnes, Appendix E & G, available at 
htlp:/:/\\"\\'w.fema.gov/fhm!dl cgs:shtm. (. . . · . 

1 A~;tioli it-ems are denoted by bold, underlined text. 
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~ FEMA TDN. 
' • a. K~thryn Gross will provide the most recent revision of the PFHAM to the Developer Consultant 

Team (DCT) and Jon Fuller. The most recent revision is dated April;2003. 
b. Jon Fu;JJer wiU provide a PDF or MSWord version of the Fan 36 TDN for use a template for 

CLOMR submittals. Note that the Fan 36 TDN was an existing conditions analysis and did not 
include structural or CLOMR elements. 

c. Administrative floQdways (existing conditions) will be delineated for the alluvial fan areas per the 
PFHAM guidelines. 

4. Hydrology. Valerie Swick will determine when the revised HEC-1 model will be av;;tilable from PBSJ. 
Valerie estimated that the HEC-1 ~odel should be available by December 31, 2004. Valerie will distribute 
the HEC-1 file and associated GIS to the Developer Consultant Team (DCT) and Jon Fuller. 

a. Existing condition hydrologic modeling provided by the District from the Sun Valley Buckeye 
ADMS must be submitted with the CLOMR packages, per FEMA rules, though later submittals may 
be able to reference earlier submittals. The C(,)Dsu·Uants should immediately review the hydrologic 
modeling when it is provided by the District. Errors found by the consultants will be corrected by 
the District. If no errors are identified by the consultants, but are later caught by FEMA reviewers 
after the CLOMR is· submitted, errors will be corrected at the consultantfdeveloper expense. 

b. The District HEC-1 model will contain peak discharge estimates at apexes of Fans 6, 7, 8 & 12. 
c. Discharge values other than those at the fan apexes and at junction points within the existing 

condition Sun Valley Buckeye ADMS HEC-1 model will be the responsibility of the consultants. 
5. Additional Subdivisions. No new subdivisions/engineers need to be added to the group. Specifically, the 

Trillium or Sun Valley Projects will not be added to the study area. 
6. Scope of Work. Each consultant should fine tune the generic scope of work to suit their individual site(s) 

, .n? _n_~eds. Ofpa~ic':la: concern is identifying the assumptions of what work products will be directly 
sable from the D1stnct s Sun Va11ey Buckeye ADMS consultant team (e.g., Ayres Stage I-ll report, PBSJ 

BEC-1 model), and what level of modification of those products will be required. The 0.25 square mile 
drainage criteria referenced on page one of the generic scope may be deleted from individual scopes. 

7 . Next Steps. The Developer Consultant Team (DCT) will prepare the following: 
a. Map showing which fans are being delineated by which consultant. As it stands today, CMX wi11 

.\ perform delineation on Fan 39, CVL will perform delineation for Fan 38? and DEA will perform Fan 
37. Kathryn had identified additional fans (6, 7, 8, & 12) she would like to see addressed. These 
additional fans have not been assigned. 

• 

b. 
c. Map showing discharges at concentration points obtained from the PBSJ HEC-1 model, and 

concentration points along subdivision boundaries where design discharges are needed. 
d. Kathan Gress Will email the powerpoint presentation used at today's meeting to the DCT. 
e. J'on F:tdt~r wHJ add Gary Freeman/CVL and Tami Norton!DEA to the distribution list. 
f. J-en Fu.Uer wi11 keep the DCT updated on bibliographic findings relating to structural measures on 

alluvial fans . 

\IJ>H01\VOL1\SHARE\ADM\MKTG\Proposals\Pro2005\045-05-LD (\Vhite Tank Mtn)\045-05 Stage 3 proJ?QsaLdoc 
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B.6 Public Notification 
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Flood Control District 
of Maricopa County 

Board of Direct:Drs 

Fultnn Brock, Distrid: 1 
Da1 staple)", District 2 

Andrew Kunasek, District 3 
Max WilsJn, District 4 

Mary Rose Wilcox, District 5 

2801 We:J:. r::trcY1go Street 

Phoenix, Arizona 85009 
Phone: 602-506-1501 

Fax: 602-5())-4601 

TT: 602-505-5897 

• 

WHITE TANK MOUNTAIN ALLUVIAL FAN No. 38 
FLOODPLAIN DELINEATION STUDY 

Based on property ownership records, your property is near or within a recently 
completed floodplain delineation study for White Tank Mountain Alluvial Fan No. 38. 
The delineation study area is generally bounded by Bethany Home Road on the north and 
Indian School Road on the south, Johnson Road on the west, and Turner Road on the 
east. 

The delineation resulted in 2.9 square miles of Approximate Zone A Alluvial Fan 
floodplains (shown in light blue on attached exhibit) and Approximate Zone A Alluvial 
Fan Administrative floodways (shown in dark blue on attached exhibit). Alluvial fans are 
fan-shaped deposits of sediment and debris formed by the flow of water and sediment 
over time. Alluvial fan flooding is a special flood hazard area that occurs on alluvial fans 
and is characterized by unstable channels and changeable flow patterns. A Zone A 
floodplain is subject to inundation by a 100-year event (an event with a one-percent 
chance of occurring in a given year) and mandatory flood insurance requirements may 
apply for structures located within the floodplain . 

The delineation study will be submitted to the Federal Emergency Management Agency 
(FEMA) for adoption. The approval process may take one year or longer. Affected 
homeowners will not be required to pay flood insurance until after the floodplain is 
adopted by FEMA and the Flood Insurance Rate Maps are updated. The new floodplain 
delineation will also be used to regulate future development in the area. 

Specific information about the White Tank Mountain Alluvial Fan No. 38 floodplain 
delineation study can be obtained by contacting Ms. Lynn Thomas of the Floodplain 
Management and Services Division at (602) 506-4 779 or by email at 
lmt@mail.maricopa .gov; or Ms. Kathryn Gross of the Planning and Project Management 
Division at (602) 506-4837 or by email at kag@mail.maricopa.gov . 



White Tank lVIountain Alluvial Fan No. 38 
Approximate Zone A Alluvial Fan Floodplains and Administrative Floodways 

s 

Zone A- Alluvial Fan Floodplains are shown in light blue [I] 
Leg~~d Zone A- Alluvial Fan Admin istrative Floodways are shown in dark blue ~-~ 

N 

w~' 



,/. e • 
APN OWN_ADDR1 OWN_ADDR2 OWN_CITY OWN_ STATE OWN_ZIP PROP _ADDR1 PROP _SUITE PROP _CITY PROP _ZIP 
50404005F 2525 E BROADWAY BLVD STE 111 TUCSON AZ 85716 31906 W CAMELBACK RD 85396 
50404006E 4963 E ROCKRIDGE RD PHOENIX AZ 85018 31906 W CAMELBACK RD 85396 
50406019A 21050 N PIMA RD STE 100 SCOTTSDALE AZ 85255 31906 W CAMELBACK RD 85396 
504040020 5275 S DURANGO DR LAS VEGAS NV 89113 
50404002C 5275 S DURANGO DR LAS VEGAS NV 89113 
50404006C 21944 N 69TH DR GLENDALE AZ 85310 31906 W CAMELBACK RD 85396 
50406020C 1 0025 E DYNAMITE BLVD STE 140 SCOTTSDALE AZ 85252 31906 W CAMELBACK RD 85396 
504.040070 6730 N SCOTTSDALE RD STE 230 SCOTTSDALE AZ 85253 
50404007F 6730 N SCOTTSDALE RD STE 230 SCOTTSDALE AZ 85253 
504040078 2865 S JONES BLVD LAS VEGAS NV 89146 31906 W CAMELBACK RD 85396 
504040148 1855 W BASELINE RD 101 MESA AZ 85202 31906 W CAMELBACK RD 85396 
50404003A 1855 W BASELINE RD 101 MESA AZ 85202 31906 W CAMELBACK RD 85396 
504040038 1855 W BASELINE RD 101 MESA AZ 85202 31906 W CAMELBACK RD 85396 
50406020E 1150 W GROVE PARKWAY NO 105 TEMPE AZ 85283 31906 W CAMELBACK RD 85396 
504060198 1150 W GROVE PARKWAY NO 105 TEMPE AZ 85283 31906 W CAMELBACK RD 85396 
50473012C 4801 E WASHINGTON 100 PHOENIX AZ 85034 31524 W YUMA RD 85326 
50473012F 4801 E WASHINGTON 100 PHOENIX AZ 85034 31524 W YUMA RD 85326 
50473009C 4801 E WASHINGTON 100 PHOENIX AZ 85034 31524 W YUMA RD 85326 
50476022 4250 N DRINKWATER BLVD STE 360 SCOTTSDALE AZ 85251 31524 W YUMA RD 85326 
50476025 4250 N DRINKWATER BLVD STE 360 SCOTTSDALE AZ 85251 31524 W YUMA RD 85326 
50476024 4250 N DRINKWATER BLVD STE 360 SCOTTSDALE AZ 85251 31524 W YUMA RD 85326 
50476028 4250 N DRINKWATER BLVD STE 360 SCOTTSDALE AZ 85251 31524 W YUMA RD 85326 
50476029 4250 N DRINKWATER BLVD STE 360 SCOTTSDALE AZ 85251 31524 W YUMA RD 85326 
50476027 4250 N DRINKWATER BLVD STE 360 SCOTTSDALE AZ 85251 31524 W YUMA RD 85326 
50476021 4250 N DRINKWATER BLVD STE 360 SCOTTSDALE AZ 85251 31524 W YUMA RD 85326 
50476023 4250 N DRINKWATER BLVD STE 360 SCOTTSDALE AZ 85251 31524 W YUMA RD 85326 
50476026 4250 N DRINKWATER BLVD STE 360 SCOTTSDALE AZ 85251 31524 W YUMA RD 85326 
504040050 4334 E BOULDER RIDGE PHOENIX AZ 85044 31906 W CAMELBACK RD 85396 
50404007E 4334 E BOULDER RIDGE PHOENIX AZ 85044 
50404005J 4334 E BOULDER RIDGE PHOENIX AZ 85044 31906 W CAMELBACK RD 85396 
50476470 830 W ELLIOT RD GILBERT AZ 85233 31524 W YUMA RD 85326 
50476471 830 W ELLIOT RD GILBERT AZ 85233 31524 W YUMA RD 85326 
50476469 830 W ELLIOT RD GILBERT AZ 85233 .31524 W YUMA RD 85326 
504050090 15111 N PIMA RD STE 100 SCOTTSDALE AZ 85260 31906 W CAMELBACK RD 85396 
50473011A 15111 N PIMA RD STE 100 SCOTTSDALE AZ 85260 31524 W YUMA RD 85326 
504060200 15111 N PIMA RD STE 100 SCOTTSDALE AZ 85260 31906 W CAMELBACK RD 85396 
50404005E 5275 S DURANGO RD LAS VEGAS NV 89113 31906 W CAMELBACK RD 85396 
50404017E 6730 N SCOTTSDALE RD STE 230 SCOTTSDALE AZ 85253 31906 W CAMELBACK RD 85396 
504040198 6730 N SCOTTSDALE RD STE 230 SCOTTSDALE AZ 85253 31906 W CAMELBACK RD 85396 
504070058 6730 N SCOTTSDALE RD STE 230 SCOTTSDALE AZ 85253 31906 W CAMELBACK RD 85396 
50404004A 6730 N SCOTTSDALE RD STE 230 SCOTTSDALE AZ 85253 31906 W CAMELBACK RD 85396 
50407003R 6730 N SCOTTSDALE RD STE 230 SCOTTSDALE AZ 85253 31906 W CAMELBACK RD 85396 
50477466 6303 S RURAL RD STE 3 TEMPE AZ 85283 31524 W YUMA RD 85326 
50477475 6303 S RURAL RD STE 3 TEMPE AZ 85283 31524 W YUMA RD 85326 
50477465 6303 S RURAL RD STE 3 TEMPE AZ 85283 31524 W YUMA RD 85326 
50477476 6303 S RURAL RD STE 3 TEMPE AZ 85283 31524 W YUMA RD 85326 
50404016A 16611 N 91ST ST STE 105 SCOTTSDALE AZ 85260 31906 W CAMELBACK RD 85396 
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APPENDIXC 
SURVEY FIELD NOTES 



C.l Survey field notes for aerial mapping control 

• No aerial mapping for topography was required as part of this study . 

C.2 Survey field notes for hydrologic modeling 

No additional field survey was required for the hydrologic modeling 

C.3 Survey field notes for hydraulic modeling 

No additional field survey was required for the hydraulic modeling . 
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APPENDIXD 
HYDROLOGIC ANALYSES SUPPORTING DOCUMENTATION 

FOR REFERENCE ONLY 
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Buckeye/Sun Valley Area Drainage Master Study 
Sub-basins E-K 
HEC-1 Model 

100 year, 6 hour 
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!*****~*********************************** 

* * 
FLOOD HYDROGRAPH PACKAGE (HEC-1) 

MAY 1991 
VERSION 4.0.1E 

RUN DATE TIME 

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

X X 
X X 
X X 
xxxxxxx 
X X 
X X 
X X 

A3-EK-100Y6H-AF _UPDATES. out 

)()()()()()()( )()()()()( X 
X X X XX 
X X X 
xxxx X )()()()()( X 
X X X 
X X X X 
)()()()()()()( )()()()()( XXX 

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

* 
* 
* 

U.S. ARMY CORPS OF ENGINEERS 
HYDROLOGIC ENGINEERING CENTER 

609 SECOND STREET 
DAVIS, CALIFORNIA 95616 

(916) 551-1748 

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

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEel (JAN 73), HEC1GS, HEC1DB, AND HEC1KW. 

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE. 
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION 
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY, 
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION 
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM 

LINE 

1 
2 
3 
4 
5 
6 
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 

47 

LINE 

48 
49 
so 
51 

52 
53 
54 

HEC-1 INPUT 

ID •..•••• 1., ..... 2 ••.•••. 3 ••••••• 4 .•.••.. 5 •••...• 6 ..•.... 7 •••.••• 8 .•.•... 9 ••••.. 10 

ID - May 2005 
ID - Moileler: Jacob lesue 
ID. Fan updates 
ID 
ID 

Fan updates) ID Area 3 - sub-basins E:~i( Aluvial 
ID Rainfall oss Met o - Green & Ampt 
ID Unit H1drograph Method - FCDMC S-Gra~h 
ID channe Routing Method - Normal Dept 
ID Land use - FCDMC GIS Data: mag_laniluse (2000) 
ID Soil Data - USDA scs Soil survey (1972 & 1981) 
ID Units - L(mi) Lca(mi) s(ft/mi) LAG(min) 
''DIAGRAM 
IT 5 01JAN94 0 2000 
IO 3 
IN 15 01JAN94 0 
JD 3.23 0.01 
~ 6-hour distribution, pattern 1.0 
PC 0.0 0.008 0.016 0.025 0.033 0.041 0.05 0.058 0.066 0.074 PC 0.087 0.099 0.118 0.138 0.216 0.377 0.834 0.911 0.931 0. 95 PC 0.962 0.972 0.983 0.991 1.0 
IN 15 01JAN94 0 
JD 3.211 0.5 
* 6-hour distribution, pattern 1.0 
PC 0.0 0.008 0.016 0.025 0.033 0.041 0.05 0.058 0.066 0.074 PC 0.087 0.099 0.118 0.138 0.216 0.37'7 0.834 0.911 0.931 0.95 PC 0.962 0.972 0.983 0.991 1.0 
IN 15 01JAN94 0 
JD 3.188 1.0 
* 6-hour distribution, pattern 1.4 
PC 0.0 0.0084 0.016 0.025 0. 0334 0. 0414 0.0504 0.0584 0.0664 0.0748 PC 0.087 0.0994 0.1188 0.148 0.2304 0.4067 0. 7778 0.8813 0.9186 0. 9452 PC 0. 9572 0. 9684 0.9798 0. 9898 1.0 
IN 15 01JAN94 0 
JD 3.101 5.0 
~ 6-hour distribution, pattern 2. 3 
PC 0.0 0.011 0.0173 0. 0267 0.0387 0.049 0. 0593 0.0693 0.0797 0.0903 PC 0.103 0.1173 0.1383 0.1827 0. 2693 0.458 0.686 0. 8233 0. 8893 0. 9293 PC 0.9487 0.962 0.9743 0. 9877 1.0 
IN 15 0lJAN94 0 
JD 3.036 10.0 
* 6-hour distribution, pattern 2. 7 
PC 0.0 0.0134 0.0189 0.0287 0. 0443 0. 0574 0.0694 0.0818 0. 0949 0.1076 PC 0.1223 0.1382 0.1604 0. 2063 0. 2902 0. 4664 0. 6764 0. 8069 0. 8765 0. 9189 PC 0. 9471 0.9608 0.9735 0. 9873 1.0 
IN 15 01JAN94 0 
JD 2. 939 20.0 
~~ 6-hour distribution, pattern 3.1 
PC 0.0 0. 0158 0.022 0.0329 0.0511 0.0663 0.0799 0.0948 0.1102 0.1246 PC 0.141 0.1587 0.1828 0.23 0. 3122 0.4758 0. 6684 0. 7929 0. 8643 0. 9087 PC 0.9434 0.958 0. 9718 0.9863 1.0 
IN 15 01JAN94 0 
JD 2.875 30.0 ., 

6-hour distribution, pattern 3.4 
PC 0.0 0.0172 0. 0256 0. 0378 0. 0565 0.0719 0. 0868 0.103 0.1191 0.1342 

HEC-1 INPUT 

ID ....... 1. ...... 2 ....... 3 ....... 4 ....... 5 ....... 6 ....... 7 ....... 8 ....... 9 ...... 10 

PC 0.1513 0.1702 0.1961 0.2439 
PC 0.939 0.9544 0.9697 0.9851 
IN 15 01JAN94 0 
JD 2.81 40.0 
~ 6-hour distribution, pattern 3.5 
PC 0.0 0.0182 0.0281 0.0413 
PC 0.1586 0.1783 0.2056 0.2537 
PC 0. 9358 0. 9519 0. 9682 0. 9843 

0.3263 0.4824 0.6655 0.7875 0.858 0.9031 
1.0 

0.0604 0.0759 0.0916 0.1088 0.1254 0.141 
0.3362 0.487 0.6636 0.7836 0.8535 0.8991 

1.0 
Page 1 

PAGE 1 

PAGE 



A3-EK-100Y6H-AF _UPDATES. out 
55 IN 15 01JAN94 0 
56 JD 2.584 100.0 

* 6-hour distribution, pattern 4.1 
57 PC 0.0 0.0212 0.0355 0.0515 0.0715 0.0877 0.106 0.1261 0.1443 0.1618 
58 PC 0.1812 0.2036 0.2347 0.2837 0.367 0.501 0.6559 0.7704 0.8392 0.8864 I. 59 PC 0.9256 0.944 0.9633 0.9817 1.0 

60 KK Gl 
61 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
62 KM L=2.38 Lca=1.08 S=33.76 Kn=0.045 LAG=47 .1 
63 KM S-GRAPH TYPE=DES RNGLND 
64 KO 0 0 0.0 1 22 
65 BA 1.119 
66 LG 0.35 0.35 4.68 0.299 0.0 

* G1 
67 UI 0.0 80.16 80.16 213.17 354.95 484.3 602.66 698.84 750.22 768.22 
68 UI 735.63 666.98 553.71 458.04 381.89 318.75 263.34 222.2 176.93 151.12 
69 UI 124.96 103.28 84.96 70.59 54.87 54.87 43.58 19.51 19.51 19.51 
70 UI 19.51 19.51 19.51 19.51 19.51 0.0 

71 KK 1R CNAME G 
0 72 KO 0 0 0.0 22 

73 RN 1R 

74 KK K1 
75 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
76 KM L=3.23 Lca=1.84 5=681.00 Kn=0.050 LAG=40.4 
77 KM S-GRAPH TYPE=PHX MNT 
78 KO 0 0 0.0 1 22 
79 BA 1.543 
80 LG 0.112 0.255 4.365 0.366 21.277 

* K1 
81 UI 0.0 129.88 168.84 442.11 706.31 896.38 1061.91 1457.77 1111.25 821.11 
82 UI 726.82 641.11 561.31 488.34 403.67 331.29 304.06 271.41 213.37 169.75 
83 UI 154.58 142.25 108.11 99.57 85.17 63.56 63.56 63.56 38.81 24.89 
84 UI 24.89 24.89 24.89 24.89 24.89 24.89 24.89 0.0 

85 KK K1-K2A CNAME K2AR 
86 KO 0 0 0.0 0 22 
87 RS 9 FLOW 0.0 0.0 
88 RC 0.05 0.048 0.0519434.11 0.017 0.0 

* K1-K2A 
89 RX 0.0 20.0 55.0 85.0 235.0 259.0 289.0 309.0 
90 RY 22.0 21.0 20.0 10.0 10.0 20.0 21.0 22.0 

0 
HEC-1 INPUT PAGE 3 

LINE ID •...•.• 1. ....•. 2 ....... 3 .•••.•• 4 •..•••• 5 .••.••. 6 ••••••. 7 •••••.• 8 •.••••• 9 •.•••• 10 

91 KK K2A 
92 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
93 KM L=5. 29 LCa=2. 72 S=126.78 Kn=O. 055 LAG=87 .2 
94 KM S-GRAPH TYPE=DES RNGLND 
95 KO 0 0 0.0 1 22 • 96 BA 1.949 
97 LG 0.341 0.347 4.907 0.278 1.288 

* K2A 
98 UI o.o 75.43 75.43 75.43 75.43 216.57 263.63 333.08 400.43 470.31 
99 UI 527.14 583.18 638.37 674.27 692.72 722.84 722.84 721.83 689.53 671.99 

100 UI 627.55 556.08 517.43 456.81 416.13 375.78 341.84 309.53 280.25 253.48 
101 UI 229.53 206.53 183.27 168.43 146.97 142.2 123.74 115.66 112.61 79.95 
102 UI 79.95 79.95 71.18 51.63 51.63 51.63 51.63 51.63 36.22 18.36 
103 UI 18.36 18.36 18.36 18.36 18.36 18.36 18.36 18.36 18.36 18.36 
104 UI 18.36 18.36 18.36 18.36 0.0 

105 KK K2BR CNAME K2A-2B .(: Fo._N 3 ~ 106 KO 0 0 0.0 0 22 
107 HC 2 

108 KK K2A-2B CNAME K2BR 
109 KO 0 0 0.0 0 22 
110 RS 6 FLOW o.o 0.0 
111 RC 0.05 0.048 0.0510602.71 0.0115 0.0 

* K2A-K2B 
112 RX 0.0 20.0 55.0 85.0 235.0 259.0 289.0 309.0 
113 RY 22.0 21.0 20.0 10.0 10.0 20.0 21.0 22.0 

114 KK K2B 
115 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
116 KM L=2.01 Lca=0.83 S=60. 78 Kn=O. 055 LAG=43.5 
117 KM 5-GRAPH TYPE=DES RNGLND 
118 KO 0 0 0.0 1 22 
119 BA 0.416 
120 LG 0. 35 0.35 2.708 0.961 0.0 

* K2B 
121 UI 0.0 32.57 33.92 104.78 161.25 216.88 267. 55 297.02 312.16 302.35 
122 UI 276.72 225.58 183.68 151.33 123.31 99.92 81.2 65.94 55.1 45.93 
123 UI 34.52 29.7 22.3 22.3 15.04 7.93 7. 93 7.93 7. 93 7.93 
124 Ul 7. 93 7.93 0.0 

125 KK K3RA CNAME K2B-K3 
126 KO 0 0 0.0 0 22 
127 HC 2. 

128 KK K2B-K3 CNAME K3RA 
129 KO 0 0 0.0 0 22 
130 RS 19 FLOW 0.0 0.0 
131 RC 0.05 0.048 0.0525950.11 0.0084 0.0 

* K2B-K3 
132 RX 0.0 390.0 490.0 502.0 520.0 532.0 632.0 1022.0 
133 RY 20.0 14.5 11.5 10.0 10.0 11.5 14.5 20.0 

HEC-1 INPUT PAGE 4 

LINE ID ....... 1. ...... 2 ....... 3 ...... .4 ....... 5 ...•... 6 ....... 7 ....... 8 ....... 9 ...... 10 l. Page 2 



A3- EK-100Y6H-AF _UPDATES. OU"t 
,../ 

.:f r. 134 KK E2A 
135 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
136 KM L=2.90 Lca=1.20 5=100.83 Kn=O.OSS LAG=52.4 
137 KM S-GRAPH TYPE=DES RNGLND 
138 KO 0 0 0.0 1 22 
139 BA 0.797 
140 LG 0.35 

* E2A 
0.38 5.6 0.21 0.0 

141 UI 0.0 51.6 51.6 110.43 196.83 277.44 347.94 413.76 460.03 489.1 142 UI 494.55 472.6 438.77 369.81 310.92 263.99 224.69 190.62 158.99 135.09 143 UI 112.23 97.29 80.97 70.86 54.7 53.12 35.32 35.32 35.32 21.96 144 UI 12.56 12.56 12.56 12.56 12.56 12.56 12.56 12.56 12.56 0.0 
145 KK E2A-E3 CNAME E3RA 
146 KO 0 0 0.0 0 22 
147 RS 13 FLOW 0.0 0.0 
148 RC 0.052 0.046 0.05219626.03 0.0093 0.0 * E2A-E3 
149 RX 0.0 133.0 173.0 213.0 223.0 263.0 303.0 403.0 
150 RY 22.0 17.0 14.0 10.0 10.0 15.0 18.0 22.0 

151 KK E2C 
152 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
153 KM L=2.38 Lca=l.01 S=92.90 Kn=0.055 LAG=46.0 
154 KM S-GRAPH TYPE=DES RNGLND 
155 KO 0 0 0.0 1 22 
156 BA 0.716 
157 LG 0.35 

* E2C 
0.35 4.343 0.357 0.0 

158 UI 0.0 55.12 55.12 154.82 250.83 342.33 421.22 487.29 519.92 527.55 159 UI 498.61 439.15 363.83 300.5 250.15 205.65 169.32 139.69 114.34 97.44 160 UI 84.51 59.64 58.42 38.62 37.73 37.73 16.68 13.41 13.41 13.41 161 UI 13.41 13.41 13.41 13.41 0.0 

162 KK E2C-E3 CNAME E3RC 
163 KO 0 0 0.0 0 22 
164 RS 12 FLOW 0.0 0.0 
165 RC 0.052 0.046 0.052 17293.5 0.0082 0.0 * E2C-E3 
166 RX 0.0 133.0 173.0 213.0 223.0 263.0 303.0 403.0 167 RY 22.0 17.0 14.0 10.0 10.0 15.0 18.0 22.0 

168 KK El 
169 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
170 KM L=2.51 Lca=1.13 S=178.34 Kn=0.055 LAG=43.3 171 KM 5-GRAPH TYPE=PHX MNT 
172 KO 0 0 0.0 1 22 
173 BA 0.956 
174 LG 0. 35 0.378 5.377 0.222 0. 69 

*El 
/ 175 UI 0.0 74.86 77.94 239.17 368.29 486.24 570.86 714.2 832.85 536.73 ~ 176 UI 451.19 405.28 360.54 317.72 278.78 233.78 192.26 176.85 160.99 130.76 • 177 UI 107.56 95.43 81.98 76.82 57.39 57.39 44.31 36.63 36.63 36.63 178 UI 23.53 14.35 14.35 14.35 14.35 14.35 14.35 14.35 14.35 14.35 
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179 UI 0.0 

180 KK El-E2B CNAME E2R 
181 KO 0 0 0.0 0 22 
182 RS 5 FLOW 0.0 0.0 
183 RC 0.05 0.047 0.04610992.72 0.016 0.0 

* El-E2B 
184 RX 0.0 65.0 140.0 170.0 185.0 200.0 270.0 340.0 
185 RY 24.0 21.0 17.0 10.0 10.0 14.0 18.0 22.0 

186 KK E2B 
187 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
188 KM L=2.08 Lca=l.07 S=87.98 Kn=0.055 LAG=45.2 
189 KM S-GRAPH TYPE=DES RNGLND 
190 KO 0 0 0.0 1 22 
191 BA 0.466 
192 LG 0. 35 0.38 5.6 0.21 0.0 

* E2B 
193 UI 0.0 32.1 32.1 94.97 150.03 204.82 250.49 285.24 306.5 304.84 194 UI 285.73 244.25 203.0 165.28 137.3 113.17 92.95 75.5 62.33 52.17 195 UI 43.31 34.02 28.77 21.97 21.97 16.14 7. 81 7. 81 7.81 7.81 196 UI 7.81 7.81 7.81 7.81 

197 KK E3RB CNAME E2B-E3 
198 KO 0 0 0.0 0 22 
199 HC 2 

200 KK E2B-E3 CNA~IE E3RB 
201 KO 0 0 0.0 0 22 
202 RS 11 FLOW 0.0 0.0 
203 RC 0.052 0.046 0.05219617.83 0. 0088 0.0 

* E2B-E3 
204 RX 0.0 133.0 173.0 213.0 223.0 263.0 303.0 403.0 
205 RY 22.0 17.0 14.0 10.0 10.0 15.0 18.0 22.0 

206 KK E3 
207 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
208 KM L=3. 87 Lca=l. 99 5=49.65 Kn=0.050 LAG=74.5 
209 KM $-GRAPH TYPE=DES RNGLND 
210 KO 0 0 0.0 1 22 
211 BA 2. 488 
212 LG 0. 35 

* E3 
0. 35 4. 362 0.346 0.0 

213 UI 0.0 111.69 111.69 111.69 226.88 361.12 481.81 599.56 708.99 795.91 • 214 UI 924.44 981.52 1023.08 1070.39 1070.39 1054.33 1012.16 958.83 843.16 765.0 
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215 UI 671.82 595.75 537.55 476.38 423.35 378.09 335.18 305.82 252.8 234.07 216 UI 210.57 188.36 171.26 154.61 118.38 118.38 115.87 76.46 76.46 76.46 217 UI 76.46 75.47 27.18 27.18 27.18 27.18 27.18 27.18 27.18 27.18 :. 218 UI 27.18 27.18 27.18 27.18 27.18 27.18 

0 
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219 KK E4RA CNAME E3-E4 
220 KO 0 0 0.0 0 22 
221 HC 4 

222 KK E3-E4 CNAME E4RA 
223 KO 0 0 0.0 0 22 
224 RS 14 FLOW 0.0 0.0 
225 RC 0.056 0.049 0.05613854.98 0.0048 0.0 * E3-E4 
226 RX 0.0 570.0 650.0 690.0 705.0 735.0 810.0 1200.0 227 RY 21.0 14.0 13.0 10.0 10.0 12.5 14.5 21.0 
228 KK F1 
229 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
230 KM L=5.07 Lca=2.57 5=369.39 Kn=0.050 LAG=61.9 231 KM S-GRAPH TYPE=PHX MNT 
232 KO 0 0 0.0 1 22 
233 BA 3.103 
234 LG 0.297 

* F1 
0.329 4.244 0.378 12.997 

235 UI 0.0 168.51 168.51 215.27 509.66 699.18 943.72 1090.63 1237.28 1359.21 236 UI 1651.0 2027.63 1459.34 1157.38.1028.29 961.49 882.67 818.34 750.5 687.24 237 UI 625.11 552.31 479.8!1 429.51 404.49 384.89 352.34 298.58 276.84 216.79 238 UI 215.32 192.43 184.56 176.81 129.19 129.19 129.19 109.56 82.46 82.46 239 UI 82.46 82.46 82.46 52.76 32.3 32.3 32.3 32.3 32.3 32.3 240 UI 32.3 32.3 32.3 32.3 32.3 32.3 32.3 32.3 0.0 
241 KK F1-F2 CNAME F2R 
242 KO 0 0 0.0 0 22 
243 RS 1 FLOW 0.0 0.0 
244 RC 0.053 0.045 0.055 3313.03 0.0106 o.o * Fl-F2 
245 RX 0.0 60.0 120.0 146.0 178.0 208.0 268.0 328.0 246 RY 27.0 26.0 25.0 10.0 10.0 24.0 26.0 28.0 
247 KK F2 
248 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
249 KM L=3.88 Lca=l.BO 5=161.60 Kn=O.OSO LAG=57 .0 250 KM S-GRAPH TYPE=PHX MNT 
251 KO 0 0 0.0 1 22 
252 BA 2.209 
253 LG 0.35 

* F2 
0.35 4.375 0.362 3.346 

254 UI 0.0 130.48 130.48 222.96 433.41 610.23 794.3 912.18 1015.11 1202.18 • 255 UI 1548.4 1176.04 896.54 790.99 735.01 667.95 615.82 555.86 511.22 447.69 256 UI 388.02 337.31 314.94 297.77 272.83 224.19 203.12 166.73 162.35 142.91 257 UI 142.91 109.04 100.04 100.04 86.65 63.85 63.85 63.85 63.85 63.39 258 UI 25.01 25.01 25.01 25.01 25.01 25.01 25.01 25.01 25.01 25.01 259 UI 25.01 25.01 25.01 0.0 
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260 KK F3R CNAME F2-F3 
261 KO 0 0 0.0 0 22 
262 HC 2 

263 KK F2-F3 CNAME F3R 
264 KO 0 0 0.0 0 22 
265 RS 4 FLOW 0.0 0.0 
266 RC 0.05 0.047 0.048 7056.98 0.01 0.0 * F2-F3 
267 RX 0.0 350.0 425.0 455.0 472.0 499.0 569.0 900.0 268 RY 20.0 15.0 13.0 10.0 10.0 12.0 14.0 20.0 
269 KK F3 
270 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
271 KM L=2. 71 Lca=1.26 S=81. 34 Kn=0.055 LAG=54.2 272 KM S-GRAPH TYPE=DES RNGLND 
273 KO 0 0 0.0 1 22 
274 BA 0.736 
275 LG 0.35 0.35 3.284 0.64 0.0 

* F3 
276 UI 0.0 45.89 45.89 90.29 163.16 236.62 300.0 352.3 401.58 427.19 277 UI 439.78 431.51 40).77 355.07 304.27 256.06 219.26 187.54 158.37 134.34 278 UI 113.67 96.02 85.11 70.36 60.22 48.64 46.52 31.41 31.41 31.41 279 UI 21.4 11.17 11.17 11.17 11.17 11.17 11.17 11.17 11.17 11.17 280 UI 0.0 

281 KK E4RB CNAME F3-E4 
282 KO 0 0 0.0 0 22 
283 HC 2 

284 KK F3-E4 CNAME E4RB 
285 KO 0 0 0.0 0 22 
286 RS 20 FLOW 0.0 0.0 
287 RC 0.05 0.044 0. 0527650. 48 0.0072 0.0 

* F3-E4 
288 RX 0.0 570.0 650.0 690.0 705.0 735.0 810.0 1200.0 289 RY 20.0 14.0 13.0 10.0 10.0· 12.5 14.5 20.0 

290 KK H1 ,. 291 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
292 KM L=2.41 LCa=1.09 5=64.59 Kn=0.055 LAG=51.2 
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293 KM S-GRAPH TYPE=DES RNGLND 
A3- EK -100Y6H-AF _UPDATES. out 

294 KO 0 0 0.0 1 22 
295 BA 1.066 

• 296 LG 0.35 0.35 2.733 0.945 0.0 
* H1 

297 UI 0.0 70.38 70.38 156.67 277.53 386.09 481.01 579.0 629.6 674.43 298 UI 672.95 639.66 573.48 484.85 407.01 343.97 290.32 244.62 205.27 171.4 299 UI 143.72 125.14 107.91 82.11 74.59 59.78 48.17 48.17 44.03 17.13 300 UI 17.13 17.13 17.13 17.13 17.13 17.13 17.13 17.13 0.0 0 

HEC-1 INPUT PAGE 8 
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301 KK H1-H2 CNAME H2R 
302 KO 0 0 0.0 0 22 
303 RS 19 FLOW 0.0 0.0 
304 RC 0.053 0.05 0. 05321739.03 0.0082 0.0 

* H1-H2 
305 RX o.o 330.0 430.0 465.0 495.0 530.0 630.0 960.0 306 RY 17.0 14.0 12.0 10.0 10.0 12.0 14.0 17.0 

307 KK H2 
308 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
309 KM L=4.41 LCa=2.60 S=44.71 Kn=0.050 LAG=88.9 
310 KM S-GRAPH TYPE=DES RNGLND 
311 KO 0 0 0.0 1 22 
312 BA 1.4 
313 LG 0.35 

* H2 
0.35 3.222 0.664 0.0 

314 UI 0.0 52.96 52.96 52.96 52.96 142.93 178.39 226.9 274.71 319.58 315 UI 365.35 394.2 441.12 466.71 479.3 507.56 507.56 507.56 494.47 478.59 316 UI 4S6.68 413.58 373.47 343.47 306.13 279.54 254.31 232.29 208.19 189.77 317 UI 169.44 155.74 145.02. 121.24 117.25 99.85 99.85 83.38 81.21 75.85 318 UI 56.14 56.14 56.14 49.15 36.25 36.25 36.25 36.25 36.25 27.6 319 UI 12.89 12.89 12.89 12.89 12.89 12.89 12.89 12.89 12.89 12.89 320 UI 12.89 12.89 12.89 12.89 12.89 12.89 0.0 

321 KK E4 
322 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 323 KM L=5.36 Lca=2.81 S=38.26 Kn=0.050 LAG=101. 9 324 KM S-GRAPH TYPE=DES RNGLND 
325 KO 0 0 0.0 1 22 
326 BA 3.042 
327 LG 0.35 

* E4 
0.35 3.816 0.439 0.0 

328 UI 0.0 100.41 100.41 100.41 100.41 158.4 288.69 358.15 433.82 515.05 329 UI 586.72 661.74 710.91 802.48 849.78 890.67 905.99 962.3 962.3 962.3 330 UI 958.07 920.61 904.77 855.38 781.14 712.32 671.29 604.26 557.2 512.12 331 UI 469.45 435.76 392.7 363.69 334.37 307.94 277.85 264.88 224.23 220.83 332 UI 189.31 189.31 167.81 153.97 153.97 127.9 106.43 106.43 106.43 101.85 333 UI 68.74 68.74 68.74 68.74 68.74 68.74 56.9 24.44 24.44 24.44 334 UI 24.44 24.44 24.44 24.44 24.44 24.44 24.44 24.44 24.44 24.44 • 335 UI 24.44 24.44 24.44 24.44 24.44 24.44 

336 KK E5R CNAME E4-E5 
337 KO 0 0 0.0 0 22 
338 HC 5 

339 KK E4-E5 CNAME E5R 
340 KO 0 0 0.0 0 22 
341 RS 16 FLOW 0.0 0.0 
342 RC 0.06 0.05 0. 0615206.17 0.0051 0.0 * E4-E5 
343 RX 0.0 1010.0 1080.0 1090.0 1110.0 1120.0 1190.0 2200.0 344 RY 27.0 16.0 15.0 10.0 10.0 14.0 16.0 27.0 

HEC-1 INPUT PAGE 9 
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345 KK Jl 
346 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
347 KM L=4.09 Lca=1.78 5=70. 82 Kn=0.055 LAG=74.8 348 KM S-GRAPH TYPE=DES RNGLND 
349 KO 0 0 0.0 1 22 
350 BA 1. 734 
351 LG 0.35 

•n 
0.35 3. 25 0.652 0.0 

352 UI 0.0 77.84 77.84 77.84 158.12 251.68 335.8 417.86 494.13 554.71 353 UI 644.28 684.07 713.03 746.0 746.0 734.81 705.42 668.25 587.63 533.16 354 UI 468.22 415.2 374.64 332.01 295.05 263.51 233.61 213.14 176.18 163.13 355 UI 146.75 131.28 119.36 107.75 82.51 82.51 80.75 53.29 53.29 53.29 356 UI 53.29 52.6 18.95 18.95 18.95 18.95 18.95 18.95 18.95 18.95 357 UI 18.95 18.95 18.95 18.95 18.95 18.95 

358 KK Jl-J2 CNAME J2R 
359 KO 0 0 0.0 0 22 
360 RS 28 FLOW 0.0 0.0 
361 RC 0.055 0.04 0.055 24097.0 0.0086 0.0 , Jl-)2 
362 RX 0.0 161.0 247.0 254.0 271.0 279.0 393.0 660.0 363 RY 17.0 12.5 12.2 10.8 10.0 12.1 12.9 17.0 

364 KK J2 
365 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 366 KM L=5.18 Lca=2.51 5=45.01 Kn=0.050 LAG=93 .2 367 KM S-GRAPH TYPE=DES RNGLND 
368 KO 0 0 0.0 1 22 
369 BA 3.638 
370 LG 0.349 0.348 3.621 0.496 0.281 

• J2 
131. 7i 371 UI 0.0 131.71 131.71 131.71 310.01 410.2 529.51 653.09 756.38 • 372 UI 857.33 932.04 1064.81 1131. 31 1183.05 1211.21 1262.21 1262.21 1262.21 1218.54 
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373 UI 1189.1 1123.19 1016.15 925.91 854.62 766.36 699.93 639.84 585.79 530.33 
374 UI 484.44 441.0 403.56 360.63 330.99 294.11 269.84 248.3 236.22 201.95 
375 UI 201.95 172.61 139.6 139.6 139.6 118.12 90.16 90.16 90.16 90.16 
376 UI 90.16 79.42 32.06 32.06 32.06 32.06 32.06 32.06 32.06 32.06 • 377 UI 32.06 32.06 32.06 32.06 32.06 32.06 32.06 32.06 32.06 o.o 

378 KK K3RB CNAME J2-K3 
379 KO 0 0 0.0 0 22 
380 HC 2 

381 KK J2-K3 CNAME K3RB 
382 KO 0 0 0.0 0 22 
383 RS 4 FLOW 0.0 cr.o 
384 RC 0.05 0.048 0.05 4071.93 0.0059 0.0 

* J2-K3 
385 RX 0.0 390.0 490.0 502.0 520.0 532.0 632.0 1022.0 
386 RY 20.0 14.5 11.5 10.0 10.0 u.s 14.5 20.0 

HEC-1 INPUT PAGE 10 
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387 KK K3 
388 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
389 KM L=4.92 Lca=2.65 S=44.16 Kn=0.050 LAG=93.6 
390 KM S-GRAPH TYPE=DES RNGLND 
391 KO 0 0 0.0 1 22 
392 BA 1.636 
393 LG 0.35 0.35 3.421 0.582 0.0 

* K3 
394 UI 0.0 58.6 58.6 58.6 58.6 132.87 178.79 231.72 287.22 333.42 
395 UI 374.63 416.06 465.04 498.4 523.32 535.26 561.57 561.57 561.57 546.52 
396 UI 528.98 508.31 466.83 418.22 391.32 351.35 318.32 291.61 266.72 243.82 
397 UI 222.2 205.3 179.7 166.92 157.94 130.85 127.83 110.47 110.47 92.85 
398 UI 89.85 88.89 62.11 62.11 62.11 62.11 41.1 40.11 40~11 40.11 
399 UI 40.11 40.11 23.61 14.26 14.26 14.26 14.26 14.26 14.26 14.26 
400 UI 14.26 14.26 14.26 14.26 14.26 14.26 14.26 14.26 14.26 14.26 

401 KK E5 
402 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
403 KM L=3.01 Lca=1.41 S=28.56 Kn=0.050 LAG=65. 8 
404 KM S-GRAPH TYPE=DES RNGLND 
405 KO 0 0 0.0 1 22 
406 BA 1.308 
407 LG 0.347 0.344 3.94 0.429 0.968 

* E5 
408 UI 0.0 66.73 66.73 66.73 187.33 261.54 342.37 416.83 480.54 556.36 
409 UI 598.07 622.96 639.46 636.14 605.78 574.36 496.51 443.91 383.22 336.88 
410 Ul 298.49 258.94 227.11 198.14 176.39 149.0 129.8 120.7 102.31 94.82 
411 UI 70.72 70.72 61.39 45.68 45.68 45.68 45.68 18.08 16.24 16.24 
412 UI 16.24 16.24 16.24 16.24 16.24 16.24 16.24 16.24 16.24 0.0 

413 KK E6R CNAME E5-E6 • 414 KO 0 0 0.0 0 22 
415 HC 5 

416 KK E5-E6 CNAME E6R 
417 KO 0 0 0.0 0 22 
418 RS 7 FLOW 0.0 0.0 
419 RC 0.063 0.051 0.063 5105.8 0.0037 0.0 

* E5-E6 
420 RX 0.0 850.0 980.0 990.0 1030.0 1040.0 1230.0 2020.0 
421 RY 25.0 13.0 13.0 10.0 10.0 12.0 12.0 25.0 

422 KK E6 
423 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
424 KM L=3.04 Lca=1.06 S=34.17 Kn=O.OSO LAG=57 .1 
425 KM S-GRAPH TYPE=DES RNGLND 
426 KO 0 0 0.0 1 22 
427 BA 2.038 
428 LG 0.343 0.336 4.356 0.367 0.711 

* E6 
429 UI 0.0 120.38 120.38 205.7 403.51 574.9 733.36 874.59 1019.0 1083.61 
430 UI 1153.6 1153.67 1100.2 1038.99 882.77 767.24 653.83 562.64 487.32 412.46 
431 Ul 353.67 303.21 257.92 226.95 190.12 175.5 127.59 127.59 96.61 82.4 
432 Ul 82.4 82.4 36.99 29.3 29.3 29.3 29.3 29.3 29.3 29.3 

HEC-1 INPUT PAGE 11 
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433 UI 29.3 29.3 0.0 

434 KK E CNAME 2R 
435 KO 0 0 0.0 0 22 
436 HC 2 

437 KK 2R CNAME E 
438 KO 0 0 0.0 0 22 
439 RN 2R 
440 zz 

SCHEMATIC DIAGRAM OF STREAM NETWORK 
INPUT 

LINE (V) ROUTING ( --->) DIVERSION OR PUMP FLOW 

NO. (.) CONNECTOR ( <---) RETURN OF DIVERTED OR PUMPED FLOW 

60 Gl 
v 
v 

71 lR 

74 K1 • Page 6 



85 

• 91 

105 

108 

114 

125 

128 

134 

145 

151 

162 

168 

180 

186 

197 

200 

206 

219 

• 222 

228 

241 

247 

260 

263 

269 

281 

284 

290 

301 

307 

321 

336 

339 

345 

353 

• 

v 
v 

Kl-K2A 

K2A 

. . 
K2BR •••••••••••• 

v 
v 

K2A-2B 

K2,B 

. . 
K3RA ........... . 

v 
v 

K2B-K3 

E2A 
v 
v 

E2A-E3 

E2C 
v 
v 

E2C-E3 

A3-EK-100Y6H-AF _UPDATES .out 

E1 
v 
v 

E1-E2B 

E2B 

. . 
E3RB ........... . 

v 
v 

E2B-E3 

E3 

. . . . 
E4RA •••••••••••••••••••••••••••••••••••• 

v 
v 

E3-E4 

F1 
v 
v 

F1-F2 

F2 

. . 
F3R •••••••••••• 

v 
v 

F2-F3 

F3 

. . 
E4RB .••••..••..• 

v 
v 

F3-E4 

H1 
v 
v 

H1-H2 

H2 

E4 

. . . . . 
E5R .•••••.••••.•••••..••••••••.•...•••...•••.•••.•• 

v 
v 

E4-E5 

Jl 
v 
v 

Jl-J2 
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364 

378 

381 

387 

401 

413 

416 

422 

434 

437 

A3-EK-100Y6H-AF _UPDATES. out 

J2 

. . 
K3RB •••••••••••• 

v 
v 

JZ-K3 

K3 

ES 

~ . . . . 
E6R •••••••••••••• • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • v 

v 
E5-E6 

E6 

E •••••••••••• 
v 
v 

2R 

(***) RUNOFF ALSO COMPUTED AT THIS LOCATION 
1***************************************** 

* 
* FLOOD HYOROGRAPH PACKAGE (HEC-1) * 

MAY 1991 * 
VERSION 4.0.1E * 

* 
* RUN DATE TIME * 
* * ***************************************** 

Buckeye/Sun valley ADMS - May 2005 

~!~~~~lE~~k~tt~rAiu~~~i - Modeler: Jacob Lesue 

100-year 6-hour 
Fan updates 

Existing conditions 
Area 3 - sub-basins E-K (Aluvial Fan updates) 
Rainfall Loss Method - Green & Ampt 
unit "1drograph Method - FCDMC s-Grahh 
channe Routing Method - Normal Dept 
Land use - FCDMC GIS Data: mag_l anduse (2000) 
soil Data - USDA scs soil survey (1972 & 1981) 
units - L(mi) Lca(mi) S(ft/mi) LAG(min) 

14 IO OUTPUT CONTROL VARIABLES 
IPRNT 3 PRINT CONTROL 
!PLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

15 IN TIME DATA FOR INPUT TIME SERIES 
JXMIN 15 TIME INTERVAL IN MINUTES 

JXDATE 1JAN94 STARTING DATE 
JXTIME 0 STARTING TIME 

20 IN TIME DATA FOR INPUT TIME SERIES 
JXMIN 15 TIME INTERVAL IN MINUTES 

JXDATE 1JAN94 STARTING DATE 
JXTIME 0 STARTING TIME 

25 IN TIME DATA FOR INPUT TIME SERIES 
JXMIN 15 TIME INTERVAL IN MINUTES 

JXDATE 1JAN94 STARTING DATE 
JXTIME 0 STARTING TIME 

30 IN TIME DATA FOR INPUT TIME SERIES 
JXMIN 15 TIME INTERVAL IN MINUTES 

JXDATE 1JAN94 STARTING DATE 
JXTIME 0 STARTING TIME 

35 IN TIME DATA FOR INPUT TIME SERIES 
JXMIN 15 TIME INTERVAL IN MINUTES 

JXDATE 1JAN94 STARTING DATE 
JXTIME 0 STARTING TIME 

40 IN TIME DATA FOR INPUT TIME SERIES 
JXMIN 15 TIME INTERVAL IN MINUTES 

JXDATE 1JAN94 STARTING DATE 
JXTIME 0 STARTING TIME 

45 IN TIME DATA FOR INPUT TIME SERIES 
JXMIN 15 TIME INTERVAL IN MINUTES 

JXDATE 1JAN94 STARTING DATE 
JXTIME 0 STARTING TIME 

50 IN TIME DATA FOR INPUT TIME SERIES 
JXMIN 15 TIME INTERVAL IN MINUTES 

JXDATE 1JAN94 STARTING DATE 
JXTIME 0 STARTING TIME 

55 IN TIME DATA FOR INPUT TIME SERIES 
JXMIN 15 TIME INTERVAL IN MINUTES 

JXDATE 1JAN94 STARTING DATE 
Page 

*****************~********************* 

* 
* 
* 
* 

U.S. ARMY CORPS OF ENGINEERS 
HYDROLOGIC ENGINEERING CENTER 

609 SECOND STREET 
DAVIS, CALIFORNIA 95616 
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A3-EK-100Y6H-AF _UPDATES. out 
JXTIME 0 STARTING TIME 

I~· 

J IT HYDROGRAPH TIME DATA 

• NMIN 5 MINUTES IN COMPUTATION INTERVAL 
IDATE 1JAN94 STARTING DATE 
I TIME 0000 STARTING TIME 

NQ, 2000 NUMBER OF HYDROGRAPH ORDINATES 
NDDATE 7JAN94 ENDING DATE 
NDTIME 2235 ENDING TIME 
I CENT 19 CENTURY MARK 

COMPUTATION INTERVAL 0.08 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 

16 JD INDEX STORM NO. 1 
STRM 3.23 PRECIPITATION DEPTH 
TRDA 0.01 TRANSPOSITION DRAINAGE AREA 

17 PI PRECIPITATION PATTERN 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.03 0.03 0.03 0.05 0.05 0.05 0.15 0.15 0.15 0.03 0.03 0.03 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 o.oo 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

21 JD INDEX STORM NO. 2 
STRM 3.21 PRECIPITATION DEPTH 
TRDA 0.50 TRANSPOSITION DRAINAGE AREA 

. 22 PI PRECIPITATION PATTERN 
o.oo 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.03 0.03 0.03 0.05 0.05 0.05 0.15 0.15 0.15 0.03 0.03 0.03 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

26 JD INDEX STORM NO. 
( STRM 3.19 PRECIPITATION DEPTH 

TRDA 1.00 TRANSPOSITION DRAINAGE AREA • 27 PI PRECIPITATION PATTERN 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00. 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.03 0.03 0.03 0.06 0.06 0,06 0.12 0.12 0.12 0.03 0.03 0.03 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

31 )D INDEX STORM NO. 4 
STRM 3.10 PRECIPITATION DEPTH 
TRDA 5.00 TRANSPOSITION DRAINAGE AREA 

32 PI PRECIPITATION PATTERN 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o.oo 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.03 0.03 0.03 0.06 0.06 0.06 0.08 0.08 0.08 0.05 0.05 0.05 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

36 JD INDEX STORM NO. 
STRM 3.04 PRECIPITATION DEPTH 
TRDA 10.00 TRANSPOSITION DRAINAGE AREA 

37 PI PRECIPITATION PATTERN 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.03 0.03 0.03 0.06 0.06 0.06 0.07 0.07 0.07 0.04 0.04 0.04 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

41 JD INDEX STORM NO. 6 
STRM 2.94 PRECIPITATION DEPTH 
TRDA 20.00 TRANSPOSITION DRAINAGE AREA 

42 PI PRECIPITATION PATTERN 
0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.03 0.03 0.03 0.05 0.05 0.05 0.06 0.06 0.06 0.04 0.04 0.04 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 • 0.00 0.00 
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A3-EK-100Y6H-AF _UPDATES. out 

46 JD INDEX STORM NO. 7 
STRM 2.88 PRECIPITATION DEPTH 
TRDA 30.00 TRANSPOSITION DRAINAGE AREA 

47 PI PRECIPITATION PATTERN 
0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 
0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.01 0.01 
0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 
0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.03 
0.03 0.03 0.05 0.05 0.05 0.06 0.06 0.06 0.04 0.04 
0.04 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.01 
0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 
0.00 0.00 

51 JD INDEX STORM NO. 8 
STRM 2.81 PRECIPITATION DEPTH 
TRDA 40.00 TRANSPOSITION DRAINAGE AREA 

52 PI PRECIPITATION PATTERN 
0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 
0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 
0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 
0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.03 
0.03 0.03 0.05 0.05 0.05 0.06 0.06 0.06 0.04 0.04 
0.04 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.01 
0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 
0.01 0.01 

56 JD INDEX STORM NO. 9 
STRM 2.58 PRECIPITATION DEPTH 
TRDA 100.00 TRANSPOSITION DRAINAGE AREA 

57 PI PRECIPITATION PATTERN 
0.01 0.01 0.01 0.00 0.00 0.00 0.01 0.01 0.01 0.01 
0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 
0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 
0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.03 
0.03 0.03 0.04 0.04 0.04 0.05 0.05 0.05 0.04 0.04 
0.04 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.01 
0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 
0.01 0.01 

*-A-* *** *** ~** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** *** 

60 KK 

64 KO 

65 BA 

66 lG 

65 UI 

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

Gl * 

THE FOlLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
l=2. 38 lca=l. 08 S=33. 76 Kn=O. 045 LAG=47 .1 
S-GRAPH TYPE=DES RNGLND 

OUTPUT CONTROL VARIABLES 
IPRNT 3 PRINT CONTROL 
!PLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 
IPNCH 1 PUNCH COMPUTED HYDROGRAPH 

lOUT 22 
ISAV1 1 
ISAV2 2000 

TIMINT 0.083 

SAVE HYDROGRAPH ON THIS UNIT 
FIRST ORDINATE PUNCHED OR SAVED 
LAST ORDINATE PUNCHED OR SAVED 
TIME INTERVAL IN HOURS 

SUBBASIN RUNOFF DATA 

SUBBASIN CHARACTERISTICS 
TAREA, 1.12 SUBBASIN AREA 

GREEN AND AMPT LOSS RATE 
STRTL 0. 35 STARTING LOSS 

DTH 0. 35 MOISTURE DEFICIT 
PSIF 4.68 WETTING FRONT SUCTION 

XKSAT 0. 30 HYDRAULIC CONDUCTIVITY 
RTIMP 0. 00 PERCENT IMPERVIOUS AREA 

INPUT UNITGRAPH, 35 
0.0 80.2 

735.6 667.0 
125.0 103.3 
19.5 19.5 

ORDINATES, 
80.2 

553.7 
85.0 
19.5 

VOlUME 
213.2 
458.0 

70.6 
19.5 

HYDROGRAPH AT STATION G1 
TRANSPOSITION AREA 0.0 SQ MI 

1.00 
355.0 
381.9 
54.9 
19.5 

484.3 
318.8 
54.9 

602.7 
263.3 

43.6 

TOTAL RAINFALL = 3.23, TOTAL LOSS = 1. 7 3, TOTAL EXCESS = 

MAXIMUM AVERAGE FlOW 

1.50 

PEAK FLOW 

(CFS) 

1081. 

TIME 

(HR) 

4.67 
(CFS) 

(INCHES) 
(AC-FT) 

6-HR 

180. 
1. 495 

89. 

CUMULATIVE AREA = 

24-HR 72-HR 

45. 
1.495 

89. 

1.12 SQ MI 

15. 
1.495 

89. 

166. 58-HR 

Page 10 

6. 
1.495 

89. 

698.8 
222.2 
19.5 

750.2 
176.9 
19.5 

768.2 
151.1 
19.5 

i. 

• 



TRANSPOSITION AREA 
A3-EK-100Y6H-AF _UPDATES. out 

0.5SQMI 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 166.58-HR • + (CFS) (HR) 

(CFS) 
+ 9020. 7.75 4381. 1176. 392. 169. (INCHES) 1.304 1.400 1.400 1.400 (AC-FT) 2172. 2333. 2333. 2333. 

CUMULATIVE AREA = 31.24 SQ MI 

*** *** *** *** *** 
HYOROGRAPH AT STATION 2R 

TRANSPOSITION AREA 1.0 SQ MI 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 166. 58-HR + (CFS) (HR) 

(CFS) 
+ 7871. 7.83 3891. 1051. 350. 151. (INCHES) 1.158 1.251 1.251 1.251 (AC-FT) 1929. 2085. 2085. 2085. 

CUMULATIVE AREA = 31.24 SQ MI 

*** *** 
HYDROGRAPH AT STATION 2R 

TRANSPOSITION AREA 5.0 SQ MI 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 166.58-HR + (CFS) (HR) 

(CFS) 
5817. 8.00 2929. 805. 268. 116. (INCHES) 0.872 0.958 0.958 0.958 (AC-FT) 1453. 1597. 1597. 1597. 

CUMULATIVE AREA = 31.24 SQ MI 

*** *** *** 
HYDROGRAPH AT STATION 2R 

TRANSPOSITION AREA 10.0 SQ MI 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 166.58-HR + (CFS) (HR) 

(CFS) 
+ 4963. 8.08 2531. 702. 234. 101. • (INCHES) 0.753 0.836 0.836 0.836 (AC-FT) 1255. 1392. 1392. 1392. 

CUMULATIVE AREA = 31.24 SQ MI 

*** *** *** **-!r 

HYDROGRAPH AT STATION 2R 
TRANSPOSITION AREA 20.0 SQ MI 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 166. 58-HR + (CFS) (HR) 

(CFS) 
+ 4023. 8.08 2084. 586. 195. 84. (INCHES) 0.620 0.697 0.697 0.697 (AC-FT) 1034. 1162. 1162. 1162. 

CUMULATIVE AREA = 31.24 SQ MI 

*** 

HYDROGRAPH AT STATION 2R 
TRANSPOSITION AREA 30.0 SQ MI 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 166. 58-HR + (CFS) (HR) 

(CFS) 
+ 3503. 8. 25 1827. 519. 173. 75. (INCHES) 0. 544 0.617 0.617 0.617 (AC-FT) 906. 1029. 1029. 1029. 

CUMULATIVE AREA = 31.24 SQ MI 

HYOROGRAPH AT STATION 2R 
TRANSPOSITION AREA 40.0 SQ MI 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 166. 58-HR + (CFS) (HR) 

(CFS) 
+ 3114. 8.33 1612. 462. 154. 67. (INCHES) 0.480 0.550 0. 550 0.550 (AC-FT) 799. 917. 917. 917. 
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CUMULATIVE AREA = 31. 2 4 SQ MI 

*** *** 
HYDROGRAPH AT STATION 2R 

TRANSPOSITION AREA 100. 0 SQ MI 

PEAK FLOW TIME 

+ (CFS) 

+ 1962. 

*** 

(HR) 

8.50 

PEAK FLOW TIME 

+ (CFS) 

+ 3448. 

0 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

(HR) 

8.25 

OPERATION 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

4 COMBINED AT 

(CFS) 

(INCHES) 
(AC-FT) 

6-HR 

961. 
0.286 

476. 

MAXIMUM AVERAGE FLOW 
24-HR 72-HR 

288. 
0.343 

571. 

96. 
0.343 

571. 

166.58-HR 

42. 
0.343 

571. 

CUMULATIVE AREA = 31.24 SQ MI 

*** *** 

INTERPOLATED HYDROGRAPH AT 2R 

(CFS) 

'(INCHES) 
(AC-FT) 

6-HR 

1797. 
0.535 

891. 

MAXIMUM AVERAGE FLOW 
24-HR 72-HR 

511. 
0.608 
1013. 

170. 
0.608 
1013. 

166.58-HR 

74. 
0.608 
1013. 

CUMULATIVE AREA = 31.24 SQ MI 

RUNOFF SUMMARY 
FLOW IN CUBIC FEET PER SECOND 

TIME IN HOURS, AREA IN SQUARE MILES 

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD 
STATION FLOW PEAK 

6-HOUR 72-HOUR 24-HOUR 

G1 927. 4.67 160. 40. 13. 

1R 927. 4.67 160. 40. 13. 

K1 1564. 4.50 291. 73. 24. 

K1-K2A 1208. 5.25 289. 73. 24. 

K2A 894. 5.25 269. 68. 23. 

K2BR 1858. 5.25 517. 131. 44. 

K2A-2B 1750. 5.67 515. 131. 44. 

K2B 309. 4.58 45. 11. 4. 

K3RA 1744. 5.67 529. 135. 45. 

K2B-K3 1420. 7.17 517. 134. 45. 

E2A 680. 4.67 127. 32. 11. 

E2A-E3 561. 5.67 126. 32. 11. 

E2C 658. 4.58 108. 27. 9. 

E2C-E3 523. 5.50 108. 27. 9. 

E1 894. 4.50 148. 37. 12. 

El-E2B 794. 4.83 148. 37. 12. 

E2B 450. 4.58 72. 18. 6. 

E3RB 1053. 4.83 205. 51. 17. 

E2B-E3 833. 5.67 203. 51. 17. 

E3 1149. 5.08 301. 75. .25. 

E4RA 1978. 5.67 608. 154. 51. 
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BASIN 
AREA 

1.12 

1.12 

1.54 

1.54 

1.95 

MAXIMUM 
STAGE 

TIME OF 
MAX STAGE 

3.49 'Fo.N 3 <a-
3.49 

0.42 

3.91 

3.91 

0.80 

0.80 

0.72 

0. 72 

0.96 

0.96 

0.47 

1.42 

1.42 

2.49 

5. 42 

• 

• 
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ROUTED TO 
A3- EK- 100Y6H-AF _ UPDATE S. out 

E3 - E4 1 737 . 6. 67 601. 154. 51. 5. 42 
HYD ROGRAPH AT • + Fl 1 773. 4. 83 444 . 113 . 38. 3 . 10 
ROUTED TO 

+ Fl-F2 1739. 4.83 443. 113. 38. 3.10 
HYDROGRAPH AT 

+ F2 1306 . 4. 75 280. 70. 23 . 2.21 
2 COMBINED AT 

F3R 2573. 4. 83 655 . 166. 55. 5 .31 
ROUTED TO 

+ F2 - F3 2432. 5.08 654. 166. 55 . 5 . 31 
HYDROGRAPH AT 

+ F3 454. 4 .75 84 . 21. 7. 0. 74 
2 COMBINED AT 

E4RB 2569. 5. 08 692. 176. 59. 6.05 
ROUTED TO 

+ F3-E4 2151. 6 . 67 685. 176. 59. 6.05 
HYDROGRAPH AT 

+ H1 497. 4. 75 86. 22. 7. 1.07 
ROUTED TO 

+ H1- H2 323. 6. 33 85. 22. 7 . 1.07 
HYDROGRAPH AT 

+ H2 446. 5. 25 134. 33. 11. 1.40 
HYDROGRAPH AT 

+ E4 923 . 5. 42 319. 80 . 27. 3.04 
5 COMBINED AT 

+ E5 R 3330 . 6. 67 1300. 341. 114. 16. 98 
ROUTED TO 

+ E4-E5 3088. 7. 92 1294. 341. 114. 16.98 
HYDROGRAPH AT 

+ Jl 626. 5. 08 160. 40. 13. 1. 73 
RO UTED TO 

+ Jl-J2 488. 7 . 33 158. 40. 13. 1. 73 
HYD ROGRAPH AT 

+ J2 1093. 5 . 33 349 . 87. 29. 3. 64 
2 COMBINED AT • + K3RB 998 . 5.33 434. 110. 37. 5 . 37 
ROUTED TO 

+ J2-K3 979. 5 . 58 433. 110 . 37. 5.37 
HYDROGRAPH AT 

+ K3 520 . 5. 33 165. 41. 14 . 1. 64 
HYDROGRAPH AT 

+ E5 713 . 4. 92 165. 41. 14. 1.31 
5 COr<BINE D AT 

E6R 3596. 7 . 83 1780. 487 . 162. 29.20 
RO UTED TO 

+ E5-E6 3534. 8. 25 1773. 487. 162. 29.20 
HYDROGRAPH AT 

+ E6 1228. 4. 75 253. 63 . 21. 2. 04 
2 CC»1BINE D AT 

+ 3535 . 8. 2 5 1845. 523. 174. 31.24 
ROUTED TO 

+ 2R 3448 . 25 1797 . 511. 170. 31.24 

NORMAL END OF HEC -1 
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HEC-1 Model 

100 year, 24 hour 



• • 

A3 
A2B 

,~ ~J:'no,t~."-J\i. ~'YY?r J . 

COJYn llbW'-\( 



• 

• 

• 

!**************************************** 
~~ 

FLOOD HYDROGRAPH PACKAGE (HEC-1) 
MAY 1991 

* VERSION 4.0.1E 

RUN DATE TIME 

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

X X 
X X 
X X 
xxxxxxx 
X X 
X X 
X X 

A3-EK-100Y24H-AF _UPDATES. OUt 

xxxxxxx xxxxx X 
X X X XX 
X X X 
xxxx X xxxxx X 
X 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) 551-1748 

**********'*** ** ******* * * * * ** * * * * * * * ** * 

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1DB, AND HEC1KW. 

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE. 
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION 
NEW OPTIONS: DAM BREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS :WRITE STAGE FREQUENCY, 
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION 
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM 

HEC-1 INPUT PAGE 1 
LINE ID ....... 1. ...... 2 ....... 3 ....... 4 ....... 5 ....... 6 ....... 7 ....... 8 ....... 9 ...... 10 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

ID Buckeye/Sun Va 11 ey ADMS - May 2005 
ID Michael Baker Jr., Inc. - Modeler: Jacob Lesue ID basins E-K with Aluvial Fan updates 
ID 100-year 2<!-hour 
ID Existing conditions 
ID Area 3 - sub-basins E-K (Aluvial Fan updates) 
ID Rainfall Loss Method - Green & Ampt 
ID Unit Hldrograph Method - FCDMC S-Gra~h 
ID Channe Routing Method - Normal Dept 
ID Land Use - FCDMC GIS Data: mag_l anduse (2000) 
ID Soil Data - USDA scs soil survey (1972 & 1981) 
ID Units - L(mi) Lca(mi) S(ft/mi) LAG(min) 
*DIAGRAM 

13 
14 

IT 5 01JAN94 0 2000 
IO 3 

15 
16 

IN 15 01JAN94 0 
JD 4.16 0.01 

17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

* 24-hour distribution 
PC 0.0 0.002 0.005 0.008 0.011 0.014 0.017 0.02 0.023 0.026 PC 0.029 0.(}32 0.035 0.038 0.041 0.044 0.048 0.052 0.056 0.06 PC 0.064 0.068 0.072 0.076 0.08 0.085 0.09 0.095 0.1 0.105 PC 0.11 0.115 0.12 0.126 0.133 0.14 0.147 0.155 0.163 0.172 PC 0.181 0.191 0.203 0.218 0.236 0.257 0.283 0.387 0.663 0.707 PC 0. 735 0. 758 0. 776 0. 791 0.804 0.815 0.825 0.834 0.842 0.849 PC 0.856 0.863 0.869 0. 875 0.881 0.887 0.893 0.898 0.903 0.908 PC 0.913 0. 918 0. 922 0. 926 0.93 0.934 0.938 0.942 0.946 0. 95 PC 0.953 0. 956 0.959 0. 962 0. 965 0.968 0.971 0.974 0.977 0. 98 PC 0. 983 0.986 0.989 0. 992 0.995 0.998 1.0 IN 15 01JAN94 0 
JD 3.952 10.0 

29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

* 24-hour distribution 
PC 0.0 0.002 0.005 0.008 0.011 0.014 0.017 0.02 0.023 0.026 PC 0.029 0.032 0.035 0.038 0.041 0.044 0.048 0.052 0.056 0.06 PC 0.064 0.068 0.072 0.076 0.08 0.085 0.09 0.095 0.1 0.105 PC 0.11 0.115 0.12 0.126 0.133 0.14 0.147 0.155 0.163 0.172 PC 0.181 0.191 0. 203 0.218 0.236 0. 257 0.283 0.387 0.663 0.707 PC 0. 735 0.758 0. 776 0.791 0.804 0.815 0.825 0.834 0.842 0.849 PC 0. 856 0. 863 0.869 0. 875 0. 881 0. 887 0.893 0.898 0.903 0.908 PC 0.913 0.918 0. 922 0. 926 0.93 0.934 0.938 0.942 0.946 0.95 PC 0.953 0.956 0. 959 0. 962 0. 965 0. 968 0.971 0.974 0.977 0.98 PC 0.983 0.986 0.989 0. 992 0. 995 0. 998 1.0 IN 15 01JAN94 0 
JD 3.819 20.0 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 

• 24-hour distribution 
PC 0.0 0.002 0.005 0.008 0.011 0.014 0.017 0.02 0.023 0.026 PC 0.029 0. 032 0.035 0.038 0.041 0.044 0.048 0.052 0.056 0.06 PC 0.064 0.068 0.072 0.076 0.08 0.085 0.09 0.095 0.1 0.105 PC 0.11 0.115 0.12 0.126 0.133 0.14 0.147 0.155 0.163 0.172 PC 0.181 0.191 0.203 0. 218 0.236 0. 257 0.283 0.387 0. 663 0. 707 PC 0. 735 0. 758 0. 776 0. 791 0.804 0. 815 0.825 0.834 0.842 0. 849 PC 0.856 0.863 0. 869 0. 875 0.881 0. 887 0.893 0.898 0. 903 0.908 PC 0.913 0.918 0.922 0. 926 0. 93 0. 934 0.938 0.942 0.946 0.95 PC 0. 953 0. 956 0.959 0. 962 0.965 0. 968 0. 971 0.974 0.977 0.98 PC 0. 983 0. 986 0. 989 0. 992 0.995 0. 998 1.0 IN 15 01JAN94 0 

HEC-1 INPUT PAGE 
LINE ID ....... 1. ...... 2 ..... .. 3 ....... 4 ....... 5 ..... .. 6 ....... 7 ....... 8 ....... 9 ...... 10 

52 JD 3. 69 40.0 

53 
54 
55 
56 
57 
58 

* 24-hour distribution 
PC 0.0 0.002 0. 005 0.008 0.011 0.014 0.017 0.02 0.023 0.026 PC 0.029 0. 032 0.035 0.038 0. 041 0.044 0.048 0.052 0.056 0.06 PC 0.064 0. 068 0.072 0.076 0.08 0.085 0.09 0.095 0.1 0.105 PC 0.11 0.115 0.12 0.126 0.133 0.14 0.147 0.155 0.163 0.172 PC 0.181 0.191 0.203 0. 218 0.236 0. 257 0.283 0.387 0. 663 0. 707 PC 0, 735 0. 758 0.776 0. 791 0.804 0. 815 0. 825 0.834 0. 842 0. 849 

Page 1 



A3-EK-100Y24H-AF _UPDATES. out 
59 PC 0.856 0.863 0.869 0.875 0.881 0.887 0.893 0.898 0.903 0.908 
60 PC 0.913 0.918 0.922 0.926 0.93 0.934 0.938 0.942 0.946 0.95 
61 PC 0.953 0.956 0.959 0.962 0.965 0.968 0.971 0.974 0.977 0.98 
62 PC 0.983 0.986 0.989 0.992 0.995 0.998 1.0 
63 IN 15 01JAN94 0 
64 JD 3.565 80.0 

* 24-hour distribution • 65 PC o.o 0.002 0.005 0.008 0.011 0.014 0.017 0.02 0.023 0.026 
66 PC 0.029 0.032 0.035 0.038 0.041 0.044 0.048 0.052 0.056 0.06 
67 PC 0.064 0.068 0.072 0.076 0.08 0.085 0.09 0.095 0.1 0.105 
68 PC 0.11 0.115 0.12 0.126 0.133 0.14 0.147 0.155 0.163 0.172 
69 PC 0.181 0.191 0.203 0.218 0.236 0.257 0.283 0.387 0.663 0.707 
70 PC 0.735 0.758 0.776 0.791 0.804 0.815 0.825 0.834 0.842 0.849 
71 PC 0.856 0.863 0.869 0.875 0.881 0.887 0.893 0.898 0.903 0.908 
72 PC 0.913 0.918 0.922 0.926 0.93 0.934 0.938 0.942 0.946 0.95 
73 PC 0.953 0.956 0.959 0.962 0.965 0.968 0.971 0.974 0.977 0.98 
74 PC 0.983 0.986 0.989 0.992 0.995 0.998 1.0 

75 KK K1 
76 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
77 KM L=3.23 Lca=1.84 5=681.00 Kn=0.050 LAG=40.4 
78 KM S-GRAPH TYPE=PHX MNT 
79 KO 0 0 0.0 1 22 
80 BA 1.543 
81 LG 0.112 0.255 4.365 0.366 21.277 

* K1 
82 UI · 0.0 129.88 168.84 442.11 706.31 896.38 1061.91 1457.77 1111.25 821.11 
83 UI 726.82 641.11 561.31 488.34 403.67 331.29 304.06 271.41 213.37 169.75 
84 UI 154.58 142.25 108.11 99.57 85.17 63.56 63.56 63.56 38.81 24.89 
85 UI 24.89 24.89 24.89 24.89 24.89 24.89 24.89 0.0 

86 KK K1-K2A CNAME K2AR 
87 KO 0 0 0.0 0 22 
88 RS 10 FLOW 0.0 o.o 
89 RC 0.05 0.048 0.0519434.11 0.017 0.0 

* K1-K2A 
90 RX 0.0 20.0 55.0 85.0 235.0 259.0 289.0 309.0 
91 RY 22.0 21.0 20.0 10.0 10.0 20.0 21.0 22.0 

92 KK K2A 
93 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
94 KM L=5.29 Lca=2. 72 S=126. 78 Kn=0.055 lAG=87.2 
95 KM S-GRAPH TYPE=DES RNGLND 
96 KO 0 0 0.0 1 22 
97 BA 1.949 
98 LG 0.341 0.347 4.907 0.278 1.288 

* K2A 

HEC-1 INPUT PAGE 3 

LINE ID ....... 1. •...•• 2 •..•••. 3 ••••••• 4 ..••••. 5 •.••••. 6 .•..••• 7 ..•••.• 8 ••••••. 9 •••••. 10 

99 UI 0.0 75.43 75.43 75.43 75.43 216.57 263.63 333.08 400.43 470.31 
100 UI 527.14 583.18 638.37 674.27 692.72 722.84 722.84 721.83 689.53 671.99 
101 UI 627.55 556.08 517.43 456.81 416.13 375.78 341.84 309.53 280.25 253.48 
102 UI 229.53 206.53 183.27 168.43 146.97 142.2 123.74 115.66 112.61 79.95 
103 UI 79.95 79.95 71.18 51.63 51.63 51.63 51.63 51.63 36.22 18.36 
104 UI 18.36 18.36 18.36 18.36 18.36 18.36 18.36 18.36 18.36 18.36 • 105 UI 18.36 18.36 18.36 18.36 0.0 

106 KK K2BR CNAME K2A-2B 
107 KO 0 0 0.0 0 22 
108 HC 2 

109 KK K2A-2B CNAME K2BR 
110 KO 0 0 0.0 0 22 
111 RS 6 FLOW 0.0 0.0 
112 RC 0.05 0.048 0. 0510602. 71 0.0115 0.0 

* K2A-K2B 
113 RX 0.0 20.0 55.0 85.0 235.0 259.0 289.0 309.0 
114 RY 22.0 21.0 20.0 10.0 10.0 20.0 21.0 22.0 

115 KK K2B 
116 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
117 KM l=2.01 LCa=0.83 5=60.78 Kn=O. 055 LAG=43.5 
118 KM 5-GRAPH TYPE=DES RNGLNO 
119 KO 0 0 . 0.0 1 22 
120 BA 0.416 
121 LG 0. 35 0.35 2.708 0.961 0.0 

* K2B 
122 Ul 0.0 32.57 33.92 104.78 161.25 216.88 267.55 297.02 312.16 302. 35 
123 UI 276.72 225.58 183.68 151.33 123.31 99.92 81.2 65.94 55.1 45.93 
124 UI 34.52 29.7 22.3 22.3 15.04 7.93 7.93 7.93 7.93 7. 93 
125 UI 7.93 7. 93 0.0 

126 KK K3RA CNAME K2B-K3 
127 KO 0 0 0.0 0 22 
128 HC 2 

129 KK K2B-K3 CNAME K3RA 
130 KO 0 0 0.0 0 22 I'~ . 

131 RS 19 FLOW 0.0 0.0 
132 RC 0.05 0.048 0.0525950.11 0.0084 0.0 

* K2B-K3 
133 RX 0.0 390.0 490.0 502.0 520.0 532.0 632.0 1022.0 
134 RY 20.0 14.5 11.5 10.0 10.0 11.5 14.5 20.0 

135 KK E2A 
136 KM THE FOlLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
137 KM L=2.90 lca=l.20 5=100.83 Kn=0.055 LAG=52.4 
138 KM S-GRAPH TYPE=DES RNGLND 
139 KO 0 0 0.0 1 22 
140 BA 0.797 
141 LG 0.35 0.38 5.6 0.21 0.0 

* E2A 
142 UI 0.0 51.6 51.6 110.43 196.83 277.44 347.94 413.76 460.03 489.1 
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143 UI 494.55 472.6 438.77 
A3-EK -100Y24H-AF _UPDATES. out 

369.81 310.92 263.99 224.69 190.62 158.99 135.09 

HEC-1 INPUT PAGE 4 
LINE ID .•.••.. 1. ••...• 2 ....... 3 ..••••. 4 ..•...• 5 ••..... 6 ••••••• 7 .•..•.• 8 •....•. 9 ..•... 10 

• 144 UI 112.23 97.29 80.97 70.86 54.7 53.12 35.32 35.32 35.32 21.96 145 UI 12.56 12.56 12.56 12.56 12.56 12.56 12.56 12.56 12.56 0.0 
146 KK E2A-E3 CNAME E3RA 
147 KO 0 0 0.0 0 22 
148 RS 13 FLOW 0.0 0.0 
149 RC 0.052 0.046 0. 05219626. 03 0.0093 0.0 * E2A-E3 
150 RX 0.0 133.0 173.0 213.0 223.0 263.0 303.0 403.0 151 RY 22.0 17.0 14.0 10.0 10.0 15.0 18.0 22.0 

152 · KK E2C 
153 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
154 KM L=2.38 Lca=l.01 S=92.90 Kn=0.055 LAG=46.0 155 KM S-GRAPH TYPE=DES RNGLND 
156 KO 0 0 0.0 1 22 
157 BA 0.716 
158 LG 0.35 

* E2C 
0.35 4.343 0.357 0.0 

159 UI 0.0 55.12 55.12 154.82 250.83 342.33 421.22 487.29 519.92 527.55 160 UI 498.61 439.15 363.83 300.5 250.15 205.65 169.32 139.69 114.34 97.44 161 UI 84.51 59.64 58.42 38.62 37.73 37.73 16.68 13.41 13.41 13.41 162 UI 13.41 13.41 13.41 13.41 0.0 

163 KK E2C-E3 CNAME E3RC 
164 KO 0 0 0.0 0 22 
165 RS 13 FLOW 0.0 0.0 
166 RC 0.052 0.046 0.052 17293.5 0.0082 0.0 * E2C-E3 
167 RX 0.0 133.0 173.0 213.0 223.0 263.0 303.0 403.0 168 RY 22.0 17.0 14.0 10.0 10.0 15.0 18.0 22.0 
169 KK E1 
170 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
171 KM L=2.51 Lca=l.l3 S=178.34 Kn=0.055 LAG=43. 3 172 KM S-GRAPH TYPE=PHX MNT 
173 KO 0 0 0.0 1 22 174 BA 0.956 
175 LG 0.35 

* E1 
0.378 5.377 0.222 0.69 

176 UI 0.0 74.86 77.94 239.17 368.29 486.24 570.86 714.2 832.85 536.73 177 UI 451.19 405.28 360.54 317.72 278.78 233.78 192.26 176.85 160.99 130.76 178 UI 107.56 95.43 81.98 76.82 57.39 57.39 44.31 36.63 36.63 36.63 179 UI 23.53 14.35 14.35 14.35 14.35 14.35 14.35 14.35 14.35 14.35 180 UI 0.0 

181 KK El-E2B CNAME E2R 
182 KO 0 0 0.0 0 22 183 RS 5 FLOW 0.0 0.0 
184 RC 0.05 0.047 0. 04610992. 72 0.016 0.0 * E1-E2B .0 185 RX 0.0 65.0 140.0 170.0 185.0 200.0 270.0 340.0 186 RY 24.0 21.0 17.0 10.0 10.0 14.0 18.0 22.0 

HEC-1 INPUT PAGE 5 
LINE ID .•..... 1. •..••. 2 ....... 3 ....... 4 ...•... 5 ....... 6 •.•.••. 7 .•..... 8 ....... 9 ...... 10 

187 KK E2B 
188 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
189 KM L=2.08 Lca=1.07 S=87 .98 Kn=0.055 LAG=45. 2 190 KM S-GRAPH TYPE=DES RNGLND 
191 KO 0 0 0.0 1 22 192 BA 0.466 
193 LG 0.35 

* E2B 
0. 38 5.6 0.21 0.0 

194 UI 0.0 32.1 32.1 94.97 150.03 204.82 250.49 285.24 306.5 304.84 195 UI 285.73 244.25 203.0 165.28 137.3 113.17 92.95 75.5 62.33 52.17 196 UI 43.31 34.02 28.77 21.97 21.97 16.14 7.81 7. 81 7.81 7.81 197 UI 7.81 7.81 7.81 7.81 

198 KK E3RB CNAME E2B-E3 
199 KO 0 0 0.0 0 22 200 HC 2 

201 KK E2B-E3 CNAME E3RB 
202 KO 0 0 0.0 0 22 203 RS 12 FLOW 0.0 0.0 
204 RC 0.052 0.046 0. 05219617.83 0.0088 0.0 * E2B-E3 
205 RX 0.0 133.0 173.0 213.0 223.0 263.0 303.0 403.0 206 RY 22.0 17.0 14.0 10.0 10.0 15.0 18.0 22.0 
207 KK E3 
208 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
209 KM L=3.87 Lca=L 99 5=49. 65 Kn=0.050 LAG=74. 5 210 KM S-GRAPH TYPE=DES RNGLND 
211 KO 0 0 0.0 1 22 212 BA 2.488 
213 LG 0.35 

* E3 
0. 35 4. 362 0.346 0.0 

214 UI 0.0 111.69 111.69 111.69 226.88 361.12 481.81 599.56 708.99 795.91 215 UI 924.44 981.52 1023.08 1070.39 1070.39 1054.33 1012.16 958.83 843.16 765.0 216 UI 671.82 595.75 537. 55 476.38 423.35 378.09 335.18 305.82 252.8 234.07 217 UI 210.57 188.36 171.26 154.61 118.38 118.38 115.87 76.46 76.46 76.46 218 UI 76.46 75.47 27.18 27.18 27.18 27.18 27.18 27.18 27.18 27.18 219 UI 27.18 27.18 27.18 27.18 27.18 27.18 

220 KK E4RA (NAME E3-E4 
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A3-EK-100Y24H-AF _UPDATES. out 
221 KO 0 0 0.0 0 22 
222 HC 4 

223 KK E3-E4 CNAME E4RA 
224 KO 0 0 0.0 0 22 

i 225 RS 14 FLOW 0.0 0.0 
226 RC 0.056 0.049 0. 05613854. 98 0.0048 0.0 • * E3-E4 
227 RX 0.0 570.0 650.0 690.0 705.0 735.0 810.0 1200.0 228 RY 21.0 14.0 13.0 10.0 10.0 12.5 14.5 21.0 

HEC-1 INPUT PAGE 6 
LINE ID ••...•. 1. •••••• 2 ••..••• 3 ••..••. 4 ••..•.• 5 ••••••• 6 ...•••• 7 .••...• 8 .•••••• 9· •••••• 10 

229 KK F1 
230 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
231 KM L=5.07 Lca=2.57 S=369.39 Kn=0.050 LAG=61.9 
232 KM S-GRAPH TYPE=PHX MNT 
233 KO 0 0 0.0 1 22 
234 BA 3.103 
235 LG 0.297 0.329 4.244 0.378 12.997 

* F1 
236 UI 0.0 168.51 168.51 215.27 509.66 699.18 943.72 1090.63 1237.28 1359.21 237 UI 1651.0 2027.63 1459.34 1157.38 1028.29 961.49 882.67 818.34 750.5 687.24 238 UI 625.11 552.31 479.89 429.51 404.49 384.89 352.34 298.58 276.84 216.79 239 UI 215.32 192.43 184.56 176.81 129.19 129.19 129.19 109.56 82.46 82.46 240 UI 82.46 82.46 82.46 52.76 32.3 32.3 32.3 32.3 32.3 32.3 241 UI 32.3 32.3 32.3 32.3 32.3 32.3 32.3 32.3 0.0 

242 KK Fl-F2 CNAME F2R 
243 KO 0 0 0.0 0 22 
244 RS 1 FLOW 0.0 o.o 
245 RC 0.053 0.045 0.055 3313.03 0.0106 0.0 * Fl-F2 
246 RX 0.0 60.0 120.0 146.0 178.0 208.0 268.0 328.0 247 RY 27.0 26.0 25.0 10.0 10.0 24.0 26.0 28.0 

248 KK F2 
249 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
250 KM L=3.88 Lca=1.80 5=161.60 Kn=0.050 LAG=57 .0 251 KM S-GRAPH TYPE=PHX MNT 
252 KO 0 0 0.0 1 22 
253 BA 2.209 
254 LG 0.35 

* F2 
0.35 4.375 0.362 3.346 

255 UI 0.0 130.48 130.48 222.96 433.41 610.23 794.3 912 .18 1015 .11 1202 .18 256 UI 1548.4 1176.04 896.54 790.99 735.01 667.95 615.82 555.86 511.22 447.69 257 UI 388.02 337.31 314.94 297.77 272.83 224.19 203.12 166.73 162.35 142.91 258 UI 142.91 109.04 100.04 100.04 86.65 63.85 63.85 63.85 63.85 63.39 259 UI 25.01 25.01 25.01 25.01 25.01 25.01 25.01 25.01 25.01 25.01 260 UI 25.01 25.01 25.01 0.0 

261 KK F3R CNAME F2-F3 
262 KO 0 0 0.0 0 22 i. 263 HC 2 

264 KK F2-F3 CNAME F3R 
265 KO 0 0 0.0 0 22 
266 RS 4 FLOW 0.0 0.0 
267 RC 0.05 0.047 0.048 7056.98 0.01 0.0 * F2-F3 
268 RX 0.0 350.0 425.0 455.0 472.0 499.0 569.0 900.0 269 RY 20.0 15.0 13.0 10.0 10.0 12.0 14.0 20.0 

HEC-1 INPUT PAGE 7 
LINE ID ..•.•.• 1 ....... 2 ....... 3 ..•..•. 4 ..•.... 5 ....... 6 ....... 7 ....••. 8 •••.••• 9 ..•••• 10 

270 KK F3 
271 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
272 KM L=2.71 Lca=l.26 S=81.34 Kn=0.055 LAG=54.2 273 KM S-GRAPH TYPE=DES RNGLND 
274 KO 0 0 0.0 1 22 
275 BA 0.736 
276 LG 0.35 

* F3 
0.35 3.284 0.64 0.0 

277 Ul 0.0 45.89 45.89 90.29 163.16 236.62 300.0 352.3 401.58 427.19 278 UI 439.78 431.51 405.77 355.07 304.27 256.06 219.26 187.54 158.37 134.34 279 UI 113.67 96.02 85.11 70.36 60.22 48.64 46.52 31.41 31.41 31.41 280 UI 21.4 11.17 11.17 11.17 11.17 11.17 11.17 11.17 11.17 11.17 281 Ul 0.0 

282 KK E4RB CNAME F3-E4 
283 KO 0 0 0.0 0 22 
284 HC 2 

285 KK F3-E4 CNAME E4RB 
286 KO 0 0 0.0 0 22 
287 RS 19 FLOW 0.0 0.0 
288 RC 0.05 0.044 0. 0527650.48 0.0072 0.0 

* F3-E4 
289 RX 0.0 570.0 650.0 690.0 705.0 735.0 810.0 1200.0 290 RY 20.0 14.0 13.0 10.0 10.0 12.5 14.5 20.0 

291 KK H1 
292 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
293 KM L=2.41 Lca=l.09 S=64.59 Kn=O. 055 LAG=51.2 
294 KM S-GRAPH TYPE=DES RNGLND 
295 KO 0 0 0.0 1 22 
296 BA 1.066 
297 LG 0.35 0. 35 2.733 0.945 0.0 

* H1 
298 UI 0.0 70.38 70.38 156.67 277.53 386.09 481.01 
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A3-EK-100Y24H-AF _UPDATES.out 
299 UI 672.95 639.66 573.48 484.85 407.01 343.97 290.32 244.62 205.27 171.4 300 UI 143.72 125.14 107.91 82.11 74.59 59.78 48.17 48.17 44.03 17.13 301 UI 17.13 17.13 17.13 17.13 17.13 17.13 17.13 17.13 0.0 
302 KK Hl-H2 CNAME H2R 
303 KO 0 0 0.0 0 22 • 304 RS 21 FLOW 0.0 0.0 
305 RC 0.053 0.05 0.05321739.03 0.0082 0.0 H1-H2 
306 R 0.0 330.0 430.0 465.0 495.0 530.0 630.0 960.0 307 RY 17.0 14.0 12.0 10.0 10.0 12.0 14.0 17.0 
308 KK H2 
309 KM THE FOLLOWIN PARAMETERS WERE PRO IDEO FOR THIS ASIN 310 KM L 4.41 L 2.60 s 44.71 K 0.050 LA 88.9 311 KM 5- RAPH TYPE DES RN LND 
312 KO 0 0 0.0 1 22 
313 A 1.4 
314 L 0.35 

H2 
0.35 3.222 0.664 0.0 

HEC-1 INPUT PA E a 
LINE ID •..•... 1. ...... 2 ••••.•. 3 ••••••• 4 ••..•.. 5 ••..... 6 •..•... 7 ..•..•• 8 •..•••. 9 •.•.•• 10 

315 UI 0.0 52.96 52.96 52.96 52.96 142.93 178.39 226.9 274.71 319.58 316 UI 365.35 394.2 441.12 466.71 479.3 507.56 507.56 507.56 494.47 478.59 317 UI 456.68 413.58 373.47 343.47 306.13 279.54 254.31 232.29 208.19 189.77 318 UI 169.44 155.74 145.02 121.24 117.25 99.85 99.85 83.38 81.21 75.85 319 UI 56.14 56.14 56.14 49.15 36.25 36.25 36.25 36.25 36.25 27.6 320 UI 12.89 12.89 12.89 12.89 12.89 12.89 12.89 12.89 12.89 12.89 321 UI 12.89 12.89 12.89 12.89 12.89 12.89 0.0 
322 KK E4 
323 KM THE FOLLOWIN PARAMETERS WERE PRO IDEO FOR THIS ASIN 324 KM L 5.36 L 2.81 s 38.26 K 0.050 LA 101.9 325 KM S- RAPH TYPE DES RN LND 
326 KO 0 0 0.0 1 22 
327 A 3.042 
328 L 0.35 0. 35 3.816 0.439 0.0 

E4 
329 UI 0.0 100.41 100.41 100.41 100.41 158.4 288.69 358.15 433.82 515.05 330 UI 586.72 661.74 710.91 802.48 849.78 890.67 905.99 962.3 962.3 962.3 331 UI 958.07 920.61 904.77 855.38 781.14 712.32 671.29 604.26 557.2 512.12 332 UI 469.45 435.76 392.7 363.69 334.37 307.94 277.85 264.88 224.23 220.83 333 UI 189.31 189.31 167.81 153.97 153.97 127.9 106.43 106.43 106.43 101.85 334 UI 68.74 68.74 68.74 68.74 68.74 68.74 56.9 24.44 24.44 24.44 335 UI 24.44 24.44 24.44 24.44 24.44 24.44 24.44 24.44 24.44 24.44 336 UI 24.44 24.44 24.44 24.44 24.44 24.44 

337 KK ESR CNAME E4-E5 
338 KO 0 0 0.0 0 22 339 HC 5 

340 KK E4-E5 CNAME ESR 
341 KO 0 0 0.0 0 22 342 RS 14 FLOW 0.0 0.0 • 343 RC 0.06 0.05 0.0615206.17 0.0051 0.0 

E4-E5 
344 R 0.0 1010.0 1080.0 1090.0 1110.0 1120.0 1190.0 2200.0 345 RY 27.0 16.0 15.0 10.0. 10.0 14.0 16.0 27.0 
346 KK 1 
347 KM THE FOLLOWIN PARAMETERS WERE PRO IDEO FOR THIS ASIN 348 KM L 4.09 L 1. 78 s 70.82 K 0.055 LA 74.8 349 KM S- RAPH TYPE DES RN LND 
350 KO 0 0 0.0 1 22 351 A 1.734 
352 L 0.35 

1 
0.35 3.25 0.652 0.0 

353 UI 0.0 77.84 77.84 77.84 158.12 251.68 335.8 417.86 494.13 554.71 354 UI 644.28 684.07 713.03 746.0 746.0 734.81 705.42 668.25 587.63 533.16 355 UI 468.22 415.2 374.64 332.01 295.05 263.51 233.61 213.14 176.18 163.13 356 UI 146.75 131.28 119.36 107.75 82.51 82.51 80.75 53.29 53.29 53.29 357 UI 53.29 52.6 18.95 18.95 18.95 18.95 18.95 18.95 18.95 18.95 358 UI 18.95 18.95 18.95 18.95 18.95 18.95 

HEC-1 INPUT PA E 9 
LINE ID ....... 1. ...... 2. c ..... 3 ....... 4 ....... 5 ....... 6 ....... 7 ....... 8 ....•.. 9 •..... 10 

359 KK 1- 2 CNAME 2R 
360 KO 0 0 0.0 0 22 361 RS 28 FLOW 0.0 0.0 362 RC 0.055 0.04 0.055 24097.0 0.0086 0.0 

1- 2 
363 R 0.0 161.0 247.0 254.0 271.0 279.0 393.0 660.0 364 RY 17.0 12.5 12.2 10.8 10.0 12.1 12.9 17.0 
365 KK 
366 KM THE FOLLOWIN PARAMETERS WERE PRO IDEO FOR THIS ASIN 367 KM L 5.18 L 2.51 s 45.01 K 0.050 LA 93.2 368 KM S- RAPH TYPE DES RN LND 
369 KO 0 0 0.0 1 22 370 A 3. 638 
371 L 0. 349 0.348 . 3.621 0.496 0.281 

372 UI 0.0 131.71 131.71 131.71 131.71 310.01 410.2 529.51 653.09 756.38 373 UI 857.33 932.04 1064.81 1131.31 1183.05 1211.21 1262.21 1262.21 1262.21 1218.54 374 UI 1189.1 1123.19 1016.15 925.91 854.62 766.36 699.93 639.84 585.79 530.33 375 UI 484.44 441.0 403.56 360.63 330.99 294.11 269.84 248.3 236.22 201.95 376 UI 201.95 172.61 139.6 139.6 139.6 118.12 90.16 90.16 90.16 90.16 377 UI 90.16 79.42 32.06 32.06 32.06 32.06 32.06 32.06 32.06 32.06 378 UI 32.06 32.06 32.06 32.06 32.06 32.06 32.06 32.06 32.06 0.0 
p 

• 



A3-EK -100Y24H-AF _UPDATES o out 
379 KK K3RB CNAME J2-K3 
380 KO 0 0 OoO 0 22 
381 HC 2 

382 KK J2-K3 CNAME K3RB (. 383 KO 0 0 OoO 0 22 
384 RS 4 FLOW OoO OoO 
385 RC Oo05 Oo048 Oo05 4071.93 Oo0059 OoO 

* J2-K3 
386 RX OoO 3!10o0 4!10o0 502o0 520o0 532o0 63200 1022o0 
387 RY 20o0 l4o5 1105 lOoO 10o0 11o5 14o5 20o0 

388 KK K3 
389 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
390 KM L=4o92 Lca=2o65 S=44o16 Kn=Oo050 LAG=93o6 
391 KM S-GRAPH TYPE=DES RNGLND 
392 KO 0 0 OoO 1 22 
393 BA 1.636 
394 LG Oo35 Oo35 3o421 Oo582 OoO 

* K3 
395 UI OoO 58o6 58o6 58o6 58o6 132 0 87 178o 79 231.72 287 o22 333o42 
396 UI 374o63 416o06 465o04 498o4 523o32 53 5o 26 561.57 561.57 561.57 546o52 
397 UI 528o98 508031 466o83 418o22 391.32 351.35 318o 32 291o61 266o 72 243o82 
398 UI 222o2 205o3 .179.7 166o92 157 o94 130o85 127 o83 110o47 110o47 92o85 
399 UI 89o85 88o89 62o11 62o11 62o11 62o11 41.1 40o11 40o11 40o11 
400 UI 40o11 40o11 23o61 14o26 14o26 14o26 14o26 14o26 14o26 14o26 
401 UI 14o26 14o26 14o26 14o26 14o26 14o26 14o26 14o26 14o26 14o26 

D 
HEC-1 INPUT PAGE 10 

LINE IDo o o o o o ol. o o o o o o2o o o o o o o3o o o o o o o4o o o o o o o5o o o o o o o 6o o o o o o o 7 o o o o o o o8o o o o o o o 9o o o o o o10 

402 KK E5 
403 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
404 KM L=3o01 Lca=1o41 S=28o56 Kn=Oo050 LAG=65o 8 
405 KM 5-GRAPH TYPE=DES RNGLND 
406 KO 0 0 OoO 1 22 
407 BA 1.308 
408 LG Oo347 Oo344 3o94 Oo429 Oo968 

* E5 
409 UI OoO 66o73 66o73 66o73 187 o33 261.54 342o37 416o83 480o54 556o36 
410 UI 598o07 622o96 639o46 636o14 605o78 574o36 496o51 443o9l 383o22 336o88 
411 UI 298o49 258o 94 227o11 198ol4 176o39 149o0 129o8 12007 102o31 94o82 
412 UI 70o72 70o72 61.39 45o68 45o68 45o68 45o68 l8o08 16o24 16o24 
413 UI 16o24 16o24 16o24 16o24 16024 16o24 16o24 l6o24 16o24 OoO 

414 KK E6R CNAME E5-E6 
415 KO 0 0 OoO 0 22 
416 HC 5 

~. 
-·- .... 7 

417 KK E5-E6 CNAME E6R 
418 KO 0 0 OoO 0 22 
419 RS 6 FLOW OoO OoO 
420 RC Oo063 Oo051 Oo063 5105 0 8 Oo0037 OoO 

* E5-E6 
421 RX OoO 850o0 980o0 990o0 1030o0 1040o0 1230o 0 2020o0 • 422 RY 2500 13o0 13o0 10o0 lOoO 1200 12o0 25o0 

423 KK E6 
424 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
425 KM L=3o04 Lca=1.06 S=34o17 Kn=Oo050 LAG=57 o1 
426 KM S-GRAPH TYPE=DES RNGLND 
427 KO 0 0 OoO 1 22 
428 BA 2o038 
429 LG Oo343 Oo336 4o356 Oo367 Oo711 

* E6 
430 UI OoO 1200 38 120o 38 205.7 403o51 574o9 733o36 8740 59 1019 0 0 1083 0 61 
431 UI 1153o6 1153o67 1100o2 1038o99 882077 767 o24 653o83 562 0 64 487 0 32 412o46 
432 UI 353o67 303o21 257o92 226o95 190012 175o5 127 0 59 127 0 59 96o61 82o4 
433 UI 82o4 82o4 36o99 2903 2903 29o3 29o3 29o3 29o3 29o3 
434 UI 29o3 29o3 OoO 

435 KK E CNAME 2R 
436 KO 0 0 OoO 0 22 
437 HC 2 

438 KK 2R CNAME E 
439 KO 0 0 OoO 0 22 
440 RN 2R 

441 KK Gl 
442 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
443 KM L=2o38 Lca=1.08 S=33o76 Kn=Oo 045 LAG=47 ol 
444 KM S-GRAPH TYPE=DES RNGLND 
445 KO 0 0 OoO 1 22 
446 BA 1.119 

HEC-1 INPUT PAGE 11 

LINE I Do 0 0 0 0 0 ol. o o o o o o 2 o o o o o o o 3o o o o o o o4o o o o o o o 5o o o o o o o 6o o o 0 o o o 7 o o o o o o o 8o o o o o o o 9o o o o o olO 

447 LG Oo35 Oo 35 4o68 Oo299 OoO 
~ Gl 

448 UI OoO 80ol6 80o16 213ol7 354 0 95 484o3 602o66 6980 84 7500 22 7680 22 
449 UI 735 0 6~ 6660 98 553 0 71 458o04 381.89 3180 75 263o 34 222o2 176o 93 151.12 
450 UI 124o96 1030 28 84o96 70o59 54o87 54o87 43 0 58 l9o5l 190 51 l9o51 
451 UI l9o51 19051 19o51 19051 19051 OoO 

452 KK lR CNAME G 
453 KO 0 0 OoO 0 22 
454 RN lR 
455 zz 

SCHEMATIC DIAGRAM OF STREAM NETWORK 
INPUT 

Page 6 • 



LINE 

NO • 
.. 

.. ~ 
75 

• 86 

92 

106 

109 

115 

126 

129 

135 

146 

152 

163 

169 

181 

187 

198 

201 

207 

• 220 

223 

229 

242 

248 

261 

264 

270 

282 

285 

291 

302 

308 

322 

337 

340 

• 

(V) ROUTING 

(.) CONNECTOR 

K1 
y 
y 

K1-K2A 

K2A 

K2BR ••••••••••• : 
y 
y 

K2A-2B 

K2B 

. . 
K3RA •••••••••••• 

y 
y 

K2B-K3 

E2A 
v 
y 

E2A-E3 

A3-EK-100Y24H-AF _UPDATES. out 
(--->) DIVERSION OR PUMP FlOW 

( <---) RETURN OF DIVERTED OR PUMPED FLOW 

E2C 
v 
y 

E2C-E3 

E1 
y 
v 

El-E2B 

E2B 

. . 
E3RB ••••••••.••• 

v 
v 

E2B-E3 

E3 

. . . . 
E4RA ••.•••••••••••••••••••••••.••••.•••• 

v 
y 

E3-E4 

F1 
y 
v 

Fl-F2 

F2 

F3li ........... : 
y 
y 

F2-F3 

F3 

. . 
E4RB •••..•..•.•. 

y 
y 

F3-E4 

Hl 
v 
v 

H1-H2 

H2 

E4 

. . . . 
E5R .•••.••••...••.•....•••.•.....•••..••.•••.•.••.• 

y 
y 

E4-E5 

Page 7 



A3-EK-100Y24H-AF _UPDATES. out 

346 

359 

365 

J1 
v 
v 

Jl-J2 

J2 

379 K3RB ••••••••••• : 
v 
v 

382 J2-K3 

388 K3 

402 E5 

. . .. . . 
414 E6R •••••••••••••••••••••••••••••••••••••••••••••••• 

v 
v 

417 E5-E6 

423 E6 

435 E •••••••••••• 
v 
v 

438 2R 

441 Gl 
v 
v 

452 lR 

(***) RUNOFF ALSO COMPUTED AT THIS LOCATION 
1***************************************** 
" * 

FLOOD HYDROGRAPH PACKAGE (HEC-1) 
MAY 1991 

VERSION 4.0.1E 

RUN DATE TIME 

Buckeye/Sun va 11 ey ADMS - May 2005 
Michael Baker Jr., Inc. - Mo~eler: Jacob Lesue 
basins E-K with Aluvial Fan updates 

14 IO 

15 IN 

27 IN 

39 IN 

51 IN 

63 IN 

IT 

100-year 24-hour 
Existing conditions 
Area 3 - sub-basins E-K (Aluvial Fan updates) 
Rai nfa 11 Loss Method - Green & Ampt 
unit Hydrograph Method - FCDMC S-Graph 
Channel Routing Method - Normal Depth 
Land use - FCDMC GIS Data: mag_landuse (2000) 
soil Data - USDA scs soi 1 survey (1972 & 1981) 
units - L(mi) Lca(mi) S(ft/mi) lAG(min) 

OUTPUT CONTROl VARIABlES 
IPRNT 3 PRINT CONTROl 
I PlOT 0 PLOT CONTROl 
QSCAL 0. HYDROGRAPH PLOT SCALE 

TIME DATA FOR INPUT TIME SERIES 
JXMIN 15 TIME INTERVAL IN MINUTES 

JXDATE 1JAN94 STARTING DATE 
JXTIME 0 STARTING TIME 

TIME DATA FOR INPUT TIME SERIES 
JXMIN 15 TIME INTERVAL IN MINUTES 

JXDATE 1JAN94 STARTING DATE 
JXTIME 0 STARTING TIME 

TIME DATA FOR INPUT TIME SERIES 
JXMIN 15 TIME INTERVAl IN MINUTES 

JXDATE 1JAN94 STARTING DATE 
JXTIME 0 STARTING TIME 

TIME DATA FOR INPUT TIME SERIES 
JXMIN 15 TIME INTERVAL IN MINUTES 

JXDATE 1JAN94 STARTING DATE 
JXTIME 0 STARTING TIME 

TIME DATA FOR INPUT TIME SERIES 
JXMIN 

JXDATE 
JXTIME 

HYDROGRAPH TIME 
NMIN 

I DATE 
!TIME 

NQ, 
NDDATE 
NDTIME 

15 
1JAN94 

0 

DATA 
5 

1JAN94 
0000 
2000 

7JAN94 
2235 

TIME INTERVAl IN MINUTES 
STARTING DATE 
STARTING TIME 

MINUTES IN COMPUTATION INTERVAl 
STARTING DATE 
STARTING TIME 
NUMBER OF HYDROGRAPH ORDINATES 
ENDING DATE 
ENDING TIME 

Page 8 

*************************************** 
* 
* U.S. ARMY CORPS OF ENGINEERS 

HYDROLOGIC ENGINEERING CENTER 
609 SECOND STREET 

DAVIS, CALIFORNIA 95616 
(916) 551-1748 

* 

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

• 

• 



I CENT 19 CENTURY MARK 
A3-EK-100Y24H-AF _UPDATES. out 

COMPUTATION INTERVAL 0.08 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 

16 )0 INDEX STORM NO. 1 
STRM 4.16 PRECIPITATION DEPTH 
TRDA 0.01 TRANSPOSITION DRAINAGE AREA 

17 PI PRECIPITATION PATTERN 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o.oo 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o.oo o.oo 0.00 o.oo 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o.oo 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o.oo 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o.oo 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o.oo 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.03 0.03 0.03 0.09 0.09 0.09 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 o.oo o.oo 0.00 0.00 o.oo 0.00 o.oo 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o.oo 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o.oo 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o.oo 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

28 JD INDEX STORM NO. 
STRM 3.95 PRECIPITATION DEPTH 
TROA 10.00 TRANSPOSITION DRAINAGE AREA 

29 PI PRECIPITATION PATTERN 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 • 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o.oo 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o.oo 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.03 0.03 0.03 0.09 0.09 0.09 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

40 JD INDEX STORM NO. 
STRM 3. 82 PRECIPITATION DEPTH 
TRDA 20.00 TRANSPOSITION DRAINAGE AREA 

41 PI PRECIPITATION PA-TTERN 
•• Q..OO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 ' .. ~ iJ. 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0. 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Q.OO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.03 0.03 0.03 0.09 0.09 0.09 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Page 9 • 



A3-EK-100Y24H-AF _UPDATES. out 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 o.oo 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 • 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o.oo 
0.00 0.00 0.00 0.00 o.oo 0.00 o.oo 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 o .. oo 0.00 0.00 0.00 

52 JD INDEX STORM NO. 4 
STRM 3.69 PRECIPITATION DEPTH 
TRDA 40.00 TRANSPOSITION DRAINAGE AREA 

53 PI PRECIPITATION PATTERN 
0.00 o.oo 0.00 0.00 0.00 0.00 o.oo 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 o.oo o.oo 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 o.oo 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o.oo 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 o.oo o.oo 0.00 0.00 0.00 o.oo 
0.00 0.00 0.00 0.00 o.oo 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 o.oo 0.00 0.00 0.00 o.oo o.oo 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o.oo 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 o.oo 0.01 0.00 0.01 
0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.03 0.03 
0.03 0.09 0.09 0.09 0.01 0.01 0.01 0.01 o:o1 0.01 
0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 o.oo 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o.oo 
0.00 0.00 0.00 0.00 o.oo 0.00 o.oo o.oo 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 o.oo 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 o.oo o.oo 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 o.oo 0.00 o.oo 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 o.oo 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 o.oo o.oo o.oo 0.00 
0.00 0.00 0.00 0.00 0.00 o.oo 0.00 o.oo o.oo o.oo 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

64 JD INDEX STORM NO. 
STRM 3.57 PRECIPITATION DEPTH 
TRDA 80.00 TRANSPOSITION DRAINAGE AREA 

65 PI PRECIPITATION PATTERN 
0.00 0.00 0.00 o.oo o.oo 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 o.oo 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o.oo 0.00 • 0.00 0.00 0.00 o.oo 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o.oo 
0.00 0.00 0.00 o.oo 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 o.oo 0.00 o.oo 0.00 0.00 0.00 
0.00 0.00 0.00 o.oo o.oo 0.00 o.oo o.oo 0.00 0.00 
0.00 o.oo 0.00 0.00 0.00 0.00 0.00 o.oo 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 o.oo 0.00 o.oo 0.00 0.00 
0.00 0.00 0.00 0.00 o.oo o.oo 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 o.oo 0.01 0.00 0.01 
0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.03 0.03 
0.03 0.09 0.09 0.09 0.01 0.01 0.01 0.01 0.01 0.01 
0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 o.oo 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o.oo 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o.oo 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

*** '*** *** *** *** *'** *~l-* *'It* *** *** *** *** *-.1:* ~** *** *** *** *** *** *** *** *** *:::!-* *** *** *** 

************* 
75 KK Kl * 

~ 

***2********* 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L=3. 23 Lca=1.84 S=681.00 Kn=0.050 LAG=40.4 
S-GRAPH TYPE=PHX MNT 

79 KO OUTPUT CONTROL VARIABLES 
IPRNT 3 PRINT CONTROL 
I PLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 
IPNCH 1 PUNCH COMPUTED HYDROGRAPH 

lOUT 22 SAVE HYQROGRAPH ON THIS UNIT 
ISAVl 1 FIRST ORDINATE PUNCHED OR SAVED 
ISAV2 2000 LAST ORDINATE PUNCHED OR SAVED 

TIMINT 0.083 TIME INTERVAL IN HOURS 
Page 10 • 



• 
4 2 KK 

4 3 K 

4 4 N 

PEAK F 

(CFS) 

86 • 

PEAK F 

• (CFS) 

6. 

PEAK F 

(CFS) 

3. 

PEAK F 

(CFS) 

12. 

PEAK F 

(CFS) 

• 

1 

(INCHES) 
(AC-FT) 

1.133 
68. 

CU U AT! E A EA 

CNA E 

A IA ES 
3 
0 

0. 

A3-EK-100Y24H-AF _UPDATES. out 
1.133 1.133 1.133 

68. 68. 68. 

1.12 s 

P INT C NT 
P T C NT 
HYD APH P T SCA E 
PUNCH C PUTED HYD APH 
SA E HYD APH N THIS UNIT 
FI ST DINATE PUNCHED SA ED 

UTPUT C NT 
IP NT 
IP T 

SCA 
IPNCH 
I UT 

ISA 1 
ISA 2 

TIINT 

0 
22 
1 

2000 
0.083 

AST DINATE PUNCHED SA ED 
TI E INTE A IN H U S 

HYD APH UTIN DATA 

N UTIN 

HYD APH AT STAT! N 1 
T ANSP SITI N A EA 0.0 s 

TI E 
A I U A E A E F 

6-H 24-H 2-H 166. 8-H (H ) 
(CFS) 

12. 8 14 • 36. 12. (INCHES) 1.203 1.203 1.203 1.203 (AC-FT) 2. 2. 2. 2. 
CU U ATI E A EA 1.12 s 

HYD APH AT STAT! N 1 
T ANSP SITI N A EA 10.0 s I 

TI A I U A E A E F 
6-H 24-H 2-H 166. 8-H (H ) 

(CFS) 
12. 8 132. 33. 11. (INCHES) 1.100 1.100 1.100 1.100 (AC-FT) 66. 66. 66. 66. 

CU U AT! E A EA 1.12 s 

HYD APH AT STAT! N 1 T ANSP SITI N A EA 20.0 s 
TIE A I U A E A E F 

6-H 24-H 2-H 166. 8-H (H 
(CFS) 

12. 8 12 . 31. 10. 4. (INCHES) 1.03 1.03 1.03 1.03 (AC-FT) 62. 62. 62. 62. 
CU U AT! E A EA 1.12 s 

HYD APH AT STAT! N 1 
T ANSP SITI N A EA 40.0 s 

TI E 
A I U A E A F 

6-H 24-H 2-H 166. 8-H (H 
(CFS) 

12. 8 118. 2 . 10. 4. (INCHES) 0. 0. 0. 0. (AC-FT) 8. 8. 8. 8. 
CU U ATI E A EA 1.12 s 

HYD APH AT STAT! N 1 
T ANSP SITI N A EA 80.0 s 

TI E 
A I U A E A E F 

6-H 24-H 2-H 166. 8-H (H ) 

83 



+ 671. 12.58 
(CF5) 

(INCHES) 
(AC-FT) 

111. 
0.922 

55. 

CUMULATIVE AREA ~ 

28. 
0. 922 

55. 

1.12 SQ MI 

A3-EK-100Y24H-AF _UPDATES. out 

9. 
0.922 

55. 

4. 
0.922 

55. 

INTERPOLATED HYDROGRAPH AT 1R 

PEAK FLOW 
6-HR 

MAXIMUM AVERAGE FLOW 
24-HR 72-HR 166. 58-HR 

TIME 

+ (CFS) 

+ 819. 

0 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

(HR) 

12.58 
(CFS) 

(INCHES) 
(AC-FT) 

136. 
1.133 

68. 

34. 
1.133 

68. 

11. 
1.133 

68. 

5. 
1.133 

68. 

CUMULATIVE AREA ~ 1.12 SQ MI 

OPERATION STATION 

HYDROGRAPH AT 
K1 

ROUTED TO 
K1-K2A 

HYDROGRAPH AT 
K2A 

2 COMBINED AT 
K2BR 

ROUTED TO 
K2A-2B 

HYDROGRAPH AT 
K2B 

2 COMBINED AT 
K3RA 

ROUTED TO 
K2B-K3 

HYDROGRAPH AT 
E2A 

ROUTED TO 
E2A-E3 

HYDROGRAPH AT 
E2C 

ROUTED TO 
E2C-E3 

HYDROGRAPH AT 
E1 

ROUTED TO 
El-E2B 

HYDROGRAPH AT 
E2B 

2 COMBINED AT 
E3RB 

ROUTED TO 
E2B-E3 

HYDROGRAPH AT 
E3 

4 COMBINED AT 
E4RA 

ROUTED TO 
E3-E4 

HYDROGRAPH AT 
F1 

ROUTED TO 
F1-F2 

HYDROGRAPH AT 
F2 

2 COMBINED AT 
F3R 

ROUTED TO 
F2-F3 

RUNOFF SUMMARY 
FLOW IN CUBIC FEET PER SECOND 

TIME IN HOURS, AREA IN SQUARE MILES 

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD 
FLOW PEAK 

6-HOUR 24-HOUR 72-HOUR 

1433. 12.50 254. 74. 25. 

1031. 13.25 254. 74. 25. 

827. 13.25 245. 62. 21. 

1839. 13.25 495. 135. 45. 

1701. 13.67 493. 135. 45. 

217. 12.58 32. 8. 3. 

1718. 13.67 520. 142. 48. 

1392. 15.17 514. 142. 48. 

572. 12.67 105. 26. 9. 

461. 13.67 105. 26. 9. 

541. 12.58 88. 22. 7. 

424. 13.58 88. 22. 7. 

790. 12.50 125. 32. ll. 

687. 12.83 125. 32. 11. 

352. 12.58 57. 14. 5. 

958. 12.83 181. 45. 15. 

751. 13.75 179. 45. 15. 

ll30. 13.00 289. 72. 24. 

2205. 13.58 645. 163. 54. 

1911. 14.67 637. 163. 54. 

1868. 12.83 433. 121. 40. 

1823. 12.83 432. 121. 40. 

1333. 12. 75 266. 69. 23. 

3030. 12.83 693. 188. 63. 

2783. 13.08 692. 188. 63. 
Page 84 

BASIN 
AREA 

1.54 

1.54 

1.95 

3.49 

3.49 

0.42 

3.91 

3.91 

0.80 

0.80 

0.72 

0.72 

0.96 

0.96 

0.47 

1.42 

1.42 

2.49 

5. 42 

5.42 

3.10 

3.10 

2.21 

5.31 

5. 31 

MAXIMUM 
STAGE 

TIME OF 
MAX STAGE 

• 

• 

• 



A3- EK-100Y24H- AF _UPDATES. out 
HYDROGRAPH AT 

+ F3 375. 12.75 69. 17. 6. 0. 74 .. 2 COMBINED AT ;;_ 
+ E4RB 3032. 13 . 08 758 . 205 . 68. 6.05 • ROUTED TO 
+ F3-E4 2414 . 14.58 752. 204. 68. 6.05 

HYDROGRAPH AT 
+ H1 472 . 12.75 82. 20. 7 . 1 . 07 

ROUTED TO 
+ H1-H2 314. 14.33 80. 20. 7. 1.07 

HYOROGRAPH AT 
+ H2 432. 13 . 25 128. 32. 11. 1.40 

HYDROGRAPH AT 
+ E4 966. 13.42 328. 83. 28. 3.04 

5 COMBINED AT 
+ E5R 4827 . 14.58 1788. 475 . 159. 16.98 

ROUTED TO 
+ E4-E5 4422 . 15.67 1782. 475 . 159 . 16.98 

HYDROGRAPH AT 
+ Jl 633. 13.08 160. 40. 13. 1. 73 

ROUTED TO 
+ Jl- J2 494. 15.33 158. 40. 13. 1. 73 

HYDROGRAPH AT 
+ J2 1212. 13.33 379. 95. 32. 3. 64 

2 COMBINED AT 
+ K3RB 1206. 13.33 529 . 134. 45. 5 . 37 

ROUTED TO 
+ J2 - K3 1184. 13 . 58 527. 134. 45. 5. 37 

HYDROGRAPH AT 
+ K3 507. 13 . 33 160. 40. 13. 1. 64 

HYOROGRAPH AT 
+ E5 645 . 12.92 147. 37 . 12 . 1. 31 

5 COMBINED AT 
E6R 5888. 15.58 2826. 770. 257 . 29.20 

ROUTED TO 
+ E5 - E6 5765. 16 00 2814 . 770. 257. 29. 20 

HYDROGRAPH AT 
+ E6 1194. 12 75 237. 60 . 20. 04 • 2 COMBINED AT 

5760 . 16 . 00 29 4 7. 822. 275 . 31.24 
ROUTED TO 

+ 2R 5727. 16 . 00 2931. 818. 273. 31.24 
HYDROGRAPH AT 

+ G1 819 . 12.58 136. 34 . 11. 1 . 12 
ROUTED TO 

+ 1R 819. 12.58 136. 34. 11. 1.12 

~,. NORMAL END OF HEC-1 
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Buckeye/Sun Valley Area Drainage Master Study 
Sub-basins L-R 
HEC-1 Model 

100 year, 6 hour 
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Buckeye/Sun Valley Area Drainage Master Study 
Sub-basins L-R 
HEC-1 Model 

100 year, 24 hour 
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1*•••···································· 
FLOOD HYDROGRAPH PACKAGE (HEC-1) 

MAY 1991 
VERSION 4.0.1E 

RUN DATE TIME 

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

X ~ 
X X 
X X 
xxxxxxx 
X X 
X X 
X X 

A3-LR-100Y6H-AF _UPDATES. out 

xxxxxxx xxxxx X 
X X X XX 
X X X xxxx X xxxxx X 
X 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) 551-1748 

* * *"* ** * * * * ** * ** * ** * * * * * * * * * * * * * * * ** * * * * 

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HECl (JAN 73), HEClGS, HEC1DB, AND HEC1KW. 

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE. 
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION 
NEW OPTIONS: DAMBREAK OUTFLOW SUBI~ERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY, 
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION 
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM 

HEC-1 INPUT 
PAGE 1 LINE 

!D ....... 1. ...... 2 ....... 3 •...... 4 .•..... 5 ......• 6 .....•• 7 •..•••. 8., •..•. 9 .... , .10 
1 ID Buckeye/sun va 11 ey ADMS - May 2005 2 ID Michael Baker Jr., Inc. - Modeler: Jacob Lesue 3 ID 100-year 6-hour 
4 ID Existing conditions 
5 ID Area 3 - Sub-basins L-R (Aluvial Fan updates) 6 ID Rainfall Loss Method - Green & Ampt 7 ID unit Hjdrograph Method - FCDMC S-Grahh 8 ID channe Routing Method - Norma 1 Dept 9 ID Land use - FCDMC GIS Data: mag_landuse (2000) 10 ID Soil Data - USDA scs soil survey (1972 & 1981) 11 ID units - L(mi) Lca(mi) s(ft/mi) LAG(min) 

*DIAGRAM 
12 IT 5 01JAN94 0 2000 13 IO 3 
14 IN 15 01JAN94 0 15 JD 3.23 0.01 

* 6-hour distribution, pattern 1.0 16 PC 0.0 0.008 0.016 0.025 0.033 0.041 0.05 0.058 0.066 0.074 17 PC 0.087 0.099 0.118 0.138 0. 216 0.377 0.834 0.911 0.931 0. 95 18 PC 0.962 0.972 0. 983 0.991 1.0 19 IN 15 01JAN94 0 20 JD 3.211 0.5 . 6-hour distribution, patter'n 1.0 21 PC 0.0 0.008 0.016 0.025 0.033 0.041 0.05 0.058 0.066 0.074 22 PC 0.087 0.099 0.118 0.138 0.216 0. 377 0.834 0.911 0.931 0.95 23 PC 0. 962 0. 972 0. 983 0. 991 1.0 24 IN 15 01JAN94 0 25 JD 3.188 1.0 
., 6-hour distribution, pattern 1. 4 26 PC 0.0 0.0084 0.016 0.025 0. 0334 0. 0414 0.0504 0.0584 0.0664 0.0748 27 PC 0.087 0.0994 0.1188 0.148 0. 2304 0.4067 0. 7778 0.8813 0.9186 0.9452 28 PC 0. 9572 0. 9684 0. 9798 0.9898 1.0 29 IN 15 01JAN94 0 30 JD 3.101 5.0 
'~ 6-hour distribution, pattern 2. 3 31 PC 0.0 0.011 0. 0173 0.0267 0. 0387 0.049 0. 0593 0.0693 0. 0797 0.0903 32 PC 0.103 0.1173 0.1383 0.1827 0. 2693 0.458 0.686 0.8233 0. 8893 0.9293 33 PC 0.9487 0. 962 0.9743 0.9877 1.0 34 IN 15 0lJAN94 0 35 JD 3.036 10.0 
'~ 6-hour distribution, pattern 2. 7 36 PC 0.0 0.0134 0. 0189 0. 0287 0. 0443 0.0574 0.0694 0.0818 0. 0949 0.1076 37 PC 0.1223 0.1382 0.1604 0. 2063 0. 2902 0. 4664 0. 6764 0. 8069 0. 8765 0. 9189 38 PC 0. 9471 0. 9608 0. 9735 0.9873 1.0 39 IN 15 01JAN94 0 40 JD 2.939 20.0 
'' 6-hour distribution, pattern 3.1 41 PC 0.0 0. 0158 0.022 0. 0329 0. 0511 0.0663 0. 0799 0. 0948 0.1102 0.1246 42 PC 0.141 0.1587 0; 1828 0. 23 0. 3122 0.4758 0.6684 0. 7929 0.8643 0. 9087 43 PC 0.9434 0. 958 0. 9718 0. 9863 1.0 44 IN 15 0lJANS4 0 45 JD 2. 875 30.0 
'~ 6-hour distribution, pattern 3. 4 46 PC 0.0 0. 0172 0.0256 0.0378 0.0565 0.0719 0.0868 0.103 0.1191 0.1342 47 PC 0.1513 0.1702 0.1961 0. 2439 0. 3263 0.4824 0. 6655 0. 7875 0.858 0. 9031 

HEC-1 INPUT 
PAGE LINE ID ....... 1. .. .... 2 ....... 3 ....... 4. ...... 5 ....... 6 ....... 7 ....... 8 ....... 9 ...... 10 

48 PC 0. 93S 0. 9544 0.9697 0. 9851 1.0 49 IN 15 01JAN94 0 50 JD 2.81 40.0 
" 6-hour distribution, pattern 3. 5 51 PC 0.0 0.0182 0. 0281 0. 0413 0.0604 0.0759 0. 0916 0.1088 0.1254 0.141 52 PC 0.1586 0.1783 0. 2056 0. 25 37 0.3362 0.487 0. 6636 0. 7836 0.8535 0. ~99.1 53 PC 0. 9358 0. 9519 0. 9682 0. 9843 1.0 
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54 
55 
56 
57 
58 
59 
60 

61 
62 

63 
64 
65 

66 
67 
68 
69 
70 
71 
72 

73 
74 
75 
76 
77 
78 
79 

80 
81 
82 
83 

84 
85 

86 
87 
88 
89 
90 
91 
92 

LINE 

93 
94 
95 
96 
97 
98 
99 

100 

101 
102 
103 

104 
105 
106 

107 
108 
109 
110 
111 
112 
113 

114 
115 
116 
117 

118 
119 
120 
121 

122 
123 

124 
125 
126 
127 
128 
129 
130 

131 
132 
133 
134 
135 
136 
137 
138 

KK 
KM 
KM 
KM 
KO 
BA 
LG 

A3-LR-100Y6H-AF _UPDATES. out 
R1 

THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS 
L=1.01 Lca=0".46 S=213.31 Kn=0.050 
S-GRAPH TYPE=PHX MNT 

0 0 0.0 1 22 
0.284 
0.35 0.35 4.358 0.374 8.387 

BASIN 
LAG=18.8 

* Rl 
UI 
UI 

0.0 62.14 236.01 401.85 464.97 281.72 216.1 150.63 113.71 76.28 
57.55 39.69 27.53 24.54 9.63 9.63 9.63 9.63 0.0 

KK 
KD 
RN 

KK 
KM 
KM 
KM 
KO 
BA 
LG 
* M1 

13R CNAME 
0 0 

13R 

M1 

R 
0.0 0 22 

THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS 
L=5.19 Lca=2.41 5=230.06 Kn=0.050 
S-GRAPH TYPE=PHX MNT 

0 0 0.0 
5.686 
0.35 0.35 4.297 

1 22 

0.35 16.637 

BASIN 
LAG=66.8 

UI 0.0 285.74 285.74 285.74 777.57 1062.36 1436.64 1746.69 
UI 2402.0 2950.38 3432.01 2399.97 1965.75 1755.17 1651.21 1526.96 
UI 1198.5 1122.73 1012.84 904.53 777.77 717.96 682.12 653.26 
UI 469.43 394.74 365.11 349.25 312.95 312.95 266.95 219.07 
UI 181.82 139.83 139.83 139.83 139.83 139.83 125.2 54.77 
UI 54.77 54.77 54.77 54.77 54.77 54.77 54.77 54.77 
UI 54.77 54.77 0.0 

KK M1-M2 CNAME M2R 
KO 0 0 0.0 0 22 
RS 24 FLOW 0.0 0.0 
RC 0.04 0.04 0.04534769.89 0.0133 0.0 
* M1-M2 
RX 
RY 

KK 
KM 
KM 
KM 
KO 
BA 
LG 
* M2 

0.0 961.0 1028.0 1051.0 1136.0 1153.0 
15.5 12.0 11.8 10.3 10.0 11.0 

M2 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS 
L=6.59 Lca=3.00 S=71.62 Kn=O.OSO 
S-GRAPH TYPE=DES RNGLND 

0 0 0.0 1 22 
7.436 
0.35 0.35 3.959 0.445 0.291 

HEC-1 INPUT 

1193.0 1900.0 
11.2 15.5 

BASIN 
LAG=100.2 

1963.2 2166.6 
1413.1 1330.61 
597.45 521.66 
219.07 219.07 
54.77 54.77 
54.77 54.77 

ID •.••••• 1. ••.••• 2 ••••••• 3 ••••••• 4 •...... 5 ..••..• 6 •.•.•.. 7 ••••••• 8 .•....• 9 ..•••• 10 

UI 0.0 250.38 250.38 250.38 250.38 438.17 719.85 924.82 1114.75 1312.86 
UI 1497.2 1700.9 1779.05 2056.71 2161.12 2246.81 2290.07 2399.49 2399.49 2399.49 
UI 2351.5 2259.21 2219.84 2074.04 1858.211745.08 1567.89 1438.64 1323.611214.96 
UI 1118.4 1022.47 940.03 874.15 767.84 718.48 685.57 569.22 559.1 484.22 
UI 472.03 435.02 383.92 383.92 334.13 265.38 265.38 265.38 257.86 171.39 
UI 171.39 171.39 171.39 171.39 171.39 131.63 60.94 60.94 60.94 60.94 
UI 60.94 60.94 60.94 60.94 60.94 60.94 60.94 60.94 60.94 60.94 
UI 60.94 60.94 60.94 60.94 0.0 

KK 
KO 
HC 

KK 
KO 
RN 

KK 
KM 
KM 
KM 
KO 
BA 
LG 

M CNAME 5R 
0 0 0.0 0 22 
2 

5R CNAME M 
0 0 0.0 0 22 

5R 

Nl 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L=2.79 Lca=1.44 5=340.38 Kn=0.050 LAG=39.7 
S-GRAPH TYPE=PHX MNT 

0 0 0.0 1 22 
1.524 

0.35 0.35 4.075 0.419 8.38 
* Nl 
UI 
UI 
UI 
UI 

0.0 128.28 166.77 436.68 697.63 885.37 1048.86 1439.85 1097.59 811.01 
717.89 633.24 554.41 482.34 398.71 327.22 300.33 268.08 210.75 167.66 
152.68 140.5 106.78 98.35 84.12 62.78 62.78 62.78 38.34 24.59 

24.59 24.59 24.59 24.59 24.59 24.59 24.59 0.0 

KK N1-N2 CNAME N2R 
KO 0 0 0.0 0 22 
RS 21 FLOW 0.0 0.0 
RC 0.05 0.047 0.0525647.52 0.0115 0.0 
* Nl-N2 
RX 
RY 

KK 
KM 
KM 
KM 
KO 
BA 
LG 
* N2 
UI 
UI 
UI 
UI 
UI 
UI 
UI 
UI 

0.0 280.0 350.0 358.0 367.0 381.0 451.0 730.0 
17.0 13.0 11.5 10.0 10.0 11.5 13.0 17.0 

N2 
THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L=5.64 Lca=3.27 5=170.14 Kn=0.055 LAG=90.7 
S-GRAPH TYPE=PHX MNT 

o ·o o.o 1 22 
3. 325 
0.35 0.35 4.117 0.405 2.67 

0.0 
796.45 
764.31 
422.37 
202.13" 

94.33 
60.21 
23.58 

123.04 
869.05 
726.51 
387.25 
202.13 

94.33 
60.21 
23.58 

123.04 
928.56 
694.11 

352.0 
163.14 

94.33 
60.21 
23.58 

123.04 123.04 310.82 395.95 496.74 
990.24 1125.95 1316.06 1517.94 1186.36 
654.42 619.9 586.86 557.14 517.77 
325.27 302.29 296.75 282.99 272.23 
157.22 157.22 143.92 134.76 134.76 

94.33 83.75 60.21 60.21 60.21 
32.52 23.58 23.58 23.58 23.58 
23.58 23.58 23.58 23.58 23.58 

Page 2 

616.35 
925.57 
491.74 
257.26 
134.76 

60.21 
23.58 
23.58 

730.85 
834.34 
466.8 

234.33 
103.63 

60.21 
23.58 
23.58 

• 
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139 UI 23.58 23.58 23.58 
A3-LR-100Y6H-AF _UPDATES. out 

23.58 23.58 

HEC-1 INPUT 
PAGE 4 

LINE 
ID •...... 1. ..•.•. 2 •.•.... 3 •...... 4 ...•... 5 ..•...• 6 ..••••• 7 ..••••• 8 ••.•... 9 •..•.. 10 • 140 KK N (NAME 8R 141 KO 0 0 0.0 0 22 142 HC 2 

143 KK 8R CNAME N 144 KO 0 0 0.0 0 22 145 RN 8R 

146 KK PlA 
147 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 148 KM L=2.28 Lca=l.41 S=461.40 Kn=O.OSS LAG=37 .8 149 KM S-GRAPH TYPE=PHX MNT 
150 KO 0 0 0.0 1 22 151 BA 0.5 
152 LG 0.35 0.35 3.987 0.405 16.364 * P1A 
153 UI 0.0 44.27 65.19 161.0 254.76 318.08 389.84 500.04 319.07 264.12 154 UI 232.17 203.71 176.98 147.14 118.21 105.19 95.13 74.96 59.42 52.89 155 UI 48.49 35.98 33.94 26.82 21.67 21.67 21.56 8.49 8.49 8.49 156 UI 8.49 8.49 8.49 8.49 8.49 8.49 
157 KK PlA-1B CNAME P1BR 158 KO 0 0 0.0 0 22 159 RS 18 FLOW 0.0 0.0 160 RC 0.05 0.047 0. 0520102.87 0.0111 0.0 * PlA-P1B 
161 RX 0.0 280.0 350.0 358.0 367.0 381.0 451.0 730.0 162 RY 17.0 13.0 11.5 10.0 10.0 11.5 13.0 17.0 
163 KK P1B 
164 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 165 KM L=4.39 Lca=2. 32 5=70. 84 Kn=O.OSS LAG=85.3 166 KM S-GRAPH TYPE=PHX MNT 
167 KO 0 0 0.0 1 22 168 BA 1.937 
169 LG 0. 35 0.35 4.23 0.393 4.667 * P1B 
170 UI 0.0 76.72 76.72 76.72 89.67 220.58 274.25 335.86 432.98 478.15 171 UI 527.91 570.85 609.55 688.62 814.07 942.3 716.43 568.2 506.83 467.32 172 UI 446.8 421.86 394.79 374.39 356.44 329.11 309.33 293.98 263.37 241.82 173 UI 216.83 200.89 187.72 181.75 176.46 163.15 160.42 127.42 126.04 109.8 174 UI 98.03 98.03 90.75 84.03 84.03 84.03 60.08 58.82 58.82 58.82 175 UI 58.82 40.74 37.54 37.54 37.54 37.54 37.54 37.54 37.54 17.9 176 UI 14.71 14.71 14.71 14.71 14.71 14.71 14.71 14.71 14.71 14.71 177 UI 14.71 14.71 14.71 14.71 14.71 14.71 14.71 14.71 14.71 0.0 
178 KK p CNAME 12R 179 KO 0 0 0.0 0 22 180 HC 2 

• HEC-1 INPUT 
PAGE 5 

liNE 
ID ....••. 1. ...... 2 •...... 3 .••.... 4 ..••... 5 ....... 6 •...•.. 7 •..•••. 8 .••.•••. 9 .....• 10 

181 KK 12R CNAME p 
182 KO 0 0 0.0 0 22 183 RN 12R 

184 KK 01 
185 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 186 KM L=5.20 Lca=2. 79 S=64.07 Kn=O. 055 LAG=99. 9 187 KM S-GRAPH TYPE=PHX MNT 
188 KO 0 0 0.0 1 22 189 BA 3.088 
190 LG 0.35 0.35 4.191 0. 393 2.105 * 01 
191 UI 0.0 103.98 103.98 103.98 103.98 181.97 298.95 378.66 446.43 550.06 192 UI 624.46 676.83 731.54 781.25 824.52 905. 38 1042.04 1204. 77 1242.7 887 .OS 193 UI 765.3 690.9 643.35 614.88 590.49 558.55 530.78 506.48 485.09 454.93 194 UI 429.36 410.34 388.6 356.95 326.56 302.9 274.89 260.97 254.42 242.21 195 UI 239.16 221.76 217.42 189.46 170.83 170.83 140.46 132.86 132.86 129.07 196 UI 113.88 113.88 113.88 113.88 79.72 79.72 79.72 79.72 79.72 79.72 197 ui 50.88 50.88 50.88 50.88 50.88 50.88 50.88 50.88 50.88 32.31 198 UI 19.93 19.93 19.93 19.93 19.93 19.93 19.93 19.93 19.93 19.93 199 UI 19.93 19.93 19.93 19.93 19.93 19.93 19.93 19.93 19.93 19.93 200 UI 19.93 19.93 19.93 0.0 
201 KK 7R (NAME 0 202 KO 0 0 0.0 0 22 203 RN 7R 

204 KK QlA 
205 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 206 KM L=3.13 Lca=l. 52 S=256.86 Kn=O.OSS LAG=49.3 207 KM S-GRAPH TYPE=PHX MNT 
208 KO 0 0 0.0 1 22 209 BA 1.297 
210 LG 0.35 0.35 4.127 0.4 11.2 * QlA 
211 UI 0.0 89.12 89.12 213.78 363.94 517.41 613.88 697.52 873.62 1020. 97 212 UI 663.18 556.48 506.64 454.84 413.29 367.46 326.01 281.03 232.04 214.37 213 UI 199.35 177.4 146.41 118.69 112.45 97.61 96.73 68.33 68.33 66.1 214 UI 43.61 43.61 43.61 43.61 30.77 17.08 17.08 17.08 17.08 17.08 215 UI 17.08 17.08 17.08 17.08 17.08 17.08 0.0 
216 KK Q1A-1B CNAME Q1BR 217 KO 0 0 0.0 0 22 218 RS 8 FLOW 0.0 0.0 

• Page 



219 

220 
221 

LINE 

222 
223 
224 
225 
226 
227 
228 

229 
230 
231 
232 
233 

234 
235 
236 

237 
238 
239 

240 
241" 
242 
243 
244 
245 
246 

247 
248 
249 
250 
251 
252 

253 
254 
255 
256 

257 
258 

259 
260 
261 
262 
263 
264 
265 

266 

LINE 

267 
268 
269 

270 
271 
272 

273 
274 
275 
276 

277 
278 

279 
280 
281 
282 
283 
284 
285 

286 
287 
288 
289 
290 
291 

292 
293 
294 

295 
296 

A3-LR-100Y6H-AF _UPDATES. out 
RC 0.05 0.047 0.05 9170.53 0.0117 0.0 
* Q1A-Q1B 
RX 0.0 280.0 350.0 358.0 367.0 381.0 451.0 730.0 
RY 17.0 13.0 11.5 10.0 10.0 11.5 13.0 17.0 

HEC-1 INPUT PAGE 6 

ID ....•.. 1 ......• 2 ....... 3 ....... 4 ....... 5 ....••. 6 •...... 7 ....... 8 ....•.. 9 •.•.•. 10 

KK Q1B 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS 
KM L=2 .35 Lca=1.14 
KM 5-GRAPH TYPE=PHX MNT 
KO 0 
BA 0.937 
LG 0.35 
* Q1B 
UI 
UI 
UI 
UI 
UI 

KK 
KO 
HC 

KK 
KO 
RN 

0.0 
443.72 
114.82 

35.07 
13.74 

Q 
0 
2 

14R 
0 

14R 

KK L1 

0 0.0 

0.35 4.32 

71.67 71.67 
398.92 355.79 
91.58 84.67 
15.79 13.74 

0.0 

CNAME 14R 
0 0.0 

CNAME Q 
0 0.0 

5=141.40 Kn=O.OSS 

1 22 

0.373 14.815 

221.51 340.68 455.79 
316.26 280.46 235.89 

78.5 62.48 54.95 
13.74 13.74 13.74 

0 22 

0 22 

BASIN 
LAG=44.3 

538.5 651.95 
196.37 173.35 

54.15 35.07 
13.74 13.74 

KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L=4.93 Lca=2.29 5=308.27 Kn=0.050 LAG=60.6 
KM S-GRAPH TYPE=PHX MNT 
KO 0 0 0.0 1 22 
BA 3.546 
LG 0.271 0.318 4.363 0.351 16.279 
*Ll 

833.61 538.15 
160.17 138.81 

35.07 35.07 
13.74 13.74 

UI 0.0 195.74 195.74 266.93 603.63 823.25 1120.55 1287.08 1452.32 1611.07 
UI 1991.3 2326.76 1575.06 1312.311173.43 1097.39 1002.28 929.54 850.5 775.66 
UI 701.22 620.51 525.99 484.91 458.87 430.63 397.34 321.57 290.98 250.11 
UI 241.82 214.38 214.38 171.29 150.06 150.06 149.52 95.79 95.79 95.79 
UI 95.79 95.79 79.7 37.52 37.52 37.52 37.52 37.52 37.52 37.52 
UI 37.52 37.52 37.52 37.52 37.52 37.52 37.52 0.0 

KK L1-L2A CNAME L2AR 
KO 0 0 0.0 0 22 
RS 3 FLOW 0.0 0.0 
RC 0.046 0.045 0.046 7078.75 0.0174 0.0 
* L1-L2A 
RX 0.0 80.0 165.0 200.0 215.0 255.0 340.0 420.0 
RY 19.0 17.0 14.0 10.0 10.0 14.0 18.0 22.0 

KK L2A 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L=2.46 LCa=1.12 5=136.18 Kn=0.055 LAG=45.0 
KM 5-GRAPH TYPE=DES RNGLND 
KO 0 0 0.0 1 22 
BA 0. 693 
LG 0.35 0.384 5.641 0.202 0.0 
* L2A 
UI 0.0 51.83 51.83 153.34 242.24 330.72 404.46 460.56 494.88 492.21 

HEC-1 INPUT 

!D •••• •.• .1. ...... 2 ••••••• 3 ••••••• 4 ••••••• 5 ••••••• 6 ••••••• 7 •.••••• 8 ••••••• 9 •••••• 10 

UI 461.36 394.37 327.78 266.87 221.69 182.72 
UI 69.92 54.93 46.45 35.48 35.48 26.06 
UI 12.61 12.61 12.61 12.61 

KK L2BR CNAME L2A-2B 
KO 0 0 0.0 0 22 
HC 2 

KK L2A-2B CNAME L2BR 
KO 0 0 0.0 0 22 
RS 7 FLOW 0.0 0.0 
RC 0.046 0.045 0.04620743.37 0.0147 0.0 
* L2A-L2B 
RX 0.0 80.0 165.0 200.0 215.0 255.0 
RY 19.0 17.0 14.0 10.0 10.0 14.0 

KK L2B 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS 
KM L=5.13 Lca=1.82 5=93.37 Kn=O.OSS 
KM $-GRAPH TYPE=DES RNGLND 
KO 0 0 0.0 1 22 
BA 4.077 
LG 0.35 0. 35 4.179 0.399 0.0 

150.08 121.91 
12.61 12.61 

340.0 420.0 
18.0 22.0 

BASIN 
LAG=78.1 

100.64 84.23 
12.61 12.61 

* L2B 
UI 0.0 175.97 175.97 175.97 311.91 535.45 724.28 902.8 1071.35 1224.63 
UI 
UI 
UI 
UI 
UI 

KK 
KO 
HC 

KK 
KO 

1376.8 1511.61 1580.95 1658.53 1686.39·1686.39 1632.48 1568.59 1460.56 1278.33 
1172.5 1030.99 927.32 829.82 742.49 663.7 594.61 529.93 481.83 405.6 

377.6 331.75 310.22 269.82 269.19 186.51 186.51 186.51 145.4 120.46 
120.46 120.46 120.46 90.9 42.83 42.83 42.83 42.83 42.83 42.83 

42.83 42.83 42.83 42.83 42.83 42.83 42.83 42.83 0.0 

L3R CNAME L2B-L3 
0 0 0.0 0 22 
2 

L2B-L3 CNAME L3R 
0 0 0.0 0 22 
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• 

• 

297 
298 

299 
300 

301 
302 
303 
304 
305 
306 
307 

308 
309 
310 
311 

liNE 

312 

313 
314 
315 
316 

317 
318 

319 
320 
321 
322 
323 
324 
325 

326 
327 
328 
329 
330 

331 
332 
333 

334 
335 
336 
337 

338 
339 

340 
341 
342 
343 
344 
345 
346 

347 
348 
349 
350 
351 
352 
353 

liNE 

354 
355 
356 

357 
358 
359 

360 
361 
362 
363 
364 
365 
366 

367 
368 
369 

370 
371 
372 
373 

A3-LR-100Y6H-AF _UPDATES. out RS 19 FLOW 0.0 0.0 
RC 0.05 0.04 
* L2B-L3 

0. 0619942. 62 0. 0089 0.0 
RX 0.0 1093.0 1210.0 1215.0 1225.0 1232.0 1372.0 2000.0 RY 18.0 11.8 11.7 10.0 10.0 11.7 11.8 18.0 
KK L2C 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN KM L=3.20 LCa=l. 55 S=91. 31 Kn=0.055 LAG=61.2 KM S-GRAPH TYPE=DES RNGLND 
KO 0 0 0.0 1 22 BA 1.328 
LG 0. 35 0. 35 
* L2C 

4.189 0.422 0.0 

UI 0.0 73.31 73.31 99.98 227.13 318.43 414.0 500.47 577.1 643.23 UI 678.82 702.58 699.63 666.25 621.66 533.29 468.31 402.86 351.31 303.79 UI 266.7 226.83 200.74 164.03 144.98 131.86 112.41 97.97 77.7 77.7 UI 56.55 50.18 50.18 50.18 28.53 17.84 17.84 17.84 17.84 17.84 
HEC-1 INPUT 

ID ••..... 1. •.••.. 2 •.••••• 3 •..•••• 4 .•.•••. 5 •••.•.• 6 •.••••• 7 ••••••• 8 •.••••• 9 •.•••• 10 

UI 17.84 17.84 17.84 17.84 17.84 0.0 
KK L2C-2D CNAME L2DR 
KO 0 0 0.0 0 22 RS 6 FLOW 0.0 0.0 
RC 0.046 0.045 0.046 9752.35 0.0122 0.0 * L2C-L2D 
RX 0.0 80.0 165.0 200.0 215.0 255.0 340.0 420.0 RY 19.0 17.0 14.0 10.0 10.0 14.0 18.0 22.0 
KK L2D 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN KM L=2. 77 Lca=1.24 5=74.13 Kn=0.055 LAG=55.4 KM S-GRAPH TYPE=DES RNGLND 
KO 0 0 0.0 1 22 BA 1.232 
LG 0.35 0.35 3.578 0.544 0.0 
~ L2D 
UI 0.0 75.42 75.42 141.88 262.35 378.71 482.07 569.62 651.08 696.0 UI 722.74 714.79 677.77 607.49 518.22 439.07 376.3 322.28 277.17 232.67 UI 200.55 167.8 142.18 124.1 114.53 79.93 79.93 61.7 51.62 51.62 UI 51.62 20.09 18.36 18.36 18.36 18.36 18.36 18.36 18.36 18.36 UI 18.36 0.0 

KK L3RB CNAME L2D-L3 
KO 0 0 0.0 0 22 HC 2 

KK L2D-L3 CNAME L3RB 
KO 0 0 0.0 0 22 RS 40 FLOW 0.0 0.0 RC 0.05 0.04 0.06 27374.0 0.0077 0.0 * L2D-L3 
RX 0.0 1093.0 1210.0 1215.0 1225.0 1232.0 1372.0 2000.0 RY 18.0 11.8 11.7 10.0 10.0 11.7 11.8 18.0 

L3 KK 
KM 
KM 
KM 
KO 
BA 
LG 

THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
L=4.75 Lca=2.00 S=44.27 Kn=0.055 LAG=91.0 
5-GRAPH TYPE=DES RNGLND 

'' L3 
UI 
UI 
Ul 
Ul 

0 0 0.0 1 22 
5.852 
0.341 0.328 3.98 0.419 1.05 

0. 0 216.51 216.51 216.51 216.51 546.97 701.8 

Ul 
UI 
UI 

1460.0 1557.8 1786.111888.64 1950.18 2034.93 2074.93 
1920.6 1789.17 1583.49 1486.07 1313. 64 1207.78 1091.43 

759.9 663.98 614.46 574.55 483.48 461.45 408.18 
296.91 229.48 229.48 229.48 197.56 148.21 148.21 
121.69 52.7 52.7 52.7 52.7 52.7 52.7 

52.7 52.7 52.7 52.7 52.7 52.7 52.7 

HEC-1 INPUT 

899.01 1098.32 1266.32 
2074.93 2053.76 1965.5 

994.63 909.22 825.03 
402.68 331.99 331.99 
148.21 148.21 148.21 

52.7 52.7 52.7 
0.0 

ID ....... 1. ...... 2 ....... 3 ....... 4 ....... 5 ....... 6 ....... 7 ....... 8 ....... 9 ...... 10 

KK L CNAME 1R 
KO 0 0 0.0 0 22 HC 3 

KK 1R CNAME L 
KO 0 0 0.0 0 22 RN 1R 

KK Zl 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN KM L=l. 70 Lca=O. 66 5=47 .00 Kn=0.055 LAG=39 .1 KM 5-GRAPH TYPE=DES RNGLND 
KO 0 0 0.0 1 22 BA 0.664 
LG 0. 321 0.292 4.004 0.43 2.909 * Z1 
UI 0.0 57.36 79.52 205.33 321.78 424.03 504.07 545.2 540.96 493. 73 UI 399.49 319.19 256.28 205.1 164.91 127.66 104.64 87.86 60.8 54.1 UI 39.27 39.27 21.8 13.96 13.96 13.96 13.96 13.96 13.96 0.0 
KK 4R CNAME z 
KO 0 0 0.0 0 22 RN 4R 
zz 

SCHEMATIC DIAGRAM OF STREAM NETWORK 
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INPUT 
LINE 

NO. 

54 

63 

66 

80 

86 

101 

104 

107 

118 

124 

140 

143 

146 

157 

163 

178 

181 

184 

201 

204 

216 

222 

234 

237 

240 

253 

259 

270 

273 

279 

292 

295 

301 

313 

(V) ROUTING 

(.) CONNECTOR 

R1 
v 
v 

13R 

M1 
v 
v 

M1-M2 

A3-LR-100Y6H-AF _UPDATES. OU"t 

(--->) DIVERSION OR PUMP FLOW 

( <---) RETURN OF DIVERTED OR PUMPED FLOW 

M2 

M •••••••••••• 
v 
v 

5R 

N1 
v 
v 

N1-N2 

N2 

N •••••••••••• 
v 
v 

8R 

PlA 
v 
v 

PlA-18 

PlB 

P •••••••••••• 
v 
v 

12R 

Ol 
v 
v 

7R 

QlA 
v 
v 

QlA-18 

QlB 

Q •••••••••••• 

Page 6 

v 
v 

14R 

Ll 
v 
v 

L1-L2A 

L2A 

. . 
L2BR •••..•••••.• 

v 
v 

L2A-2B 

L2B 

. . 
L3R ••.•••••••.• 

v 
v 

L2B-L3 

L2C 
v 
v 

L2C-2D 

• 

• 

• 



• 

• 

• 

A3-LR-100Y6H-AF _UPDATES. out 
319 

331 

334 

340 

354 

357 

360 

370 

(***) RUNOFF ALSO COMPUTED AT THIS LOCATION 
1***************************************** . 

FLOOD HYDROGRAPH PACKAGE 
MAY 1991 

(HEC-1) 

VERSION 4.0.1E 

RUN DATE TIME 

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

Buckeye/sun valley ADMS - May 2005 
Michael Baker Jr., Inc. - Modeler: Jacob Lesue 100-year 6-hour 
Existing conditions 
Area 3 - sub-basins L-R (Aluvial Fan updates) 
Rainfall Loss Method - Green & Ampt 
unit H¥drograph Method - FCDMC s-Grahh 
Channe Routing Method - Normal Dept 
Land use - FCDMC GIS Data: mag_l and use (2000) 
Soil Data - USDA scs Soil survey (1972 & 1981) 
units - L(mi) Lca(mi) s(ft/mi) LAG(min) 

13 IO OUTPUT CONTROL VARIABLES 
IPRNT 3 PRINT CONTROL 
I PLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

14 IN TIME DATA FOR INPUT TIME SERIES 
JXMIN 15 TIME INTERVAL IN MINUTES JXDATE 1JAN94 STARTING DATE 

JXTIME 0 STARTING TIME 

19 IN TIME DATA FOR INPUT TIME SERIES 
JXMIN 15 TIME INTERVAL IN MINUTES JXDATE lJAN94 STARTING DATE 

JXTIME 0 STARTING TIME 

24 IN TIME DATA FOR INPUT TIME SERIES 
JXMIN 15 TIME INTERVAL IN MINUTES JXDATE 1JAN94 STARTING DATE 

JXTIME 0 STARTING TIME 

29 IN TIME DATA FOR INPUT TIME SERIES 
JXMIN 15 TIME INTERVAL IN MINUTES JXDATE 1JAN94 START! NG DATE 

JXTIME 0 STARTING TIME 

34 IN TIME DATA FOR INPUT TIME SERIES 
JXMIN 15 TIME INTERVAL IN MINUTES JXDATE 1JAN94 STARTING DATE 

JXTIME 0 STARTING TIME 

39 IN TIME DATA FOR INPUT TIME SERIES 
JXMIN 15 TIME INTERVAL IN MINUTES JXDATE 1JAN94 STARTING DATE 

JXTIME 0 STARTING TIME 

44 IN TIME DATA FOR INPUT TIME SERIES 
JXMIN 15 TIME INTERVAL IN MINUTES JXDATE 1JAN94 STARTING DATE 

JXTIME 0 STARTING TIME 

49 IN TIME DATA FOR INPUT TIME SERIES 
JXMIN 15 TIME INTERVAL IN MINUTES JXDATE 1JAN94 STARTING DATE 

JXTIME 0 STARTING TIME 

IT HYDROGRAPH TIME DATA 
NMIN 5 MINUTES IN COMPUTATION INTERVAL !DATE 1JAN94 STARTING DATE 

I TIME 0000 STARTING TIME 
NQ, 2000 NUMBER OF HYDROGRAPH ORDINATES NDDATE 7JAN94 ENDING DATE 

NDTIME 2235 ENDING TIME 
I CENT 19 CENTURY MARK 

COMPUTATION INTERVAL 0.08 HOURS 

Page 7 

L2D 

. . 
L3RB •••••••••••• 

v 
v 

L2D-l3 

L3 

L ••••••••••••••••.••••••• 
v 
v 

lR 

Z1 
v 
v 

4R 

*************************************** . 
* 
• 

U.S. ARMY CORPS OF ENGINEERS 
HYDROLOGIC ENGINEERING CENTER 

609 SECOND STREET 
DAVIS, CALIFORNIA 95616 

(916) 551-1748 

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



A3-LR-100Y6H-AF _UPDATES. out 
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 

.1"\ 

1 15 JD INDEX STORM NO. 
3.23 STRM PRECIPITATION DEPTH 

TRDA 0.01 TRANSPOSITION DRAINAGE AREA 

16 PI PRECIPITATION PATTERN 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.03 
0.03 0.03 0.05 0.05 0.05 0.15 0.15 0.15 0.03 0.03 
0.03 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 

20 JD INDEX STORM NO. 2 
STRM 3.21 PRECIPITATION DEPTH 
TRDA 0.50 TRANSPOSITION DRAINAGE AREA 

21 PI PRECIPITATION PATTERN 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.03 
0.03 0.03 0.05 0.05 0.05 0.15 0.15 0.15 0.03 0.03 
0.03 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 o.oo 0.00 0.00 0.00 
0.00 0.00 

25 JD INDEX STORM NO. 
STRM 3.19 PRECIPITATION DEPTH 
TRDA 1.00 TRANSPOSITION DRAINAGE AREA 

26 PI PRECIPITATION PATTERN 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.03 
0.03 0.03 0.06 0.06 0.06 0.12 0.12 0.12 0.03 0.03 
0.03 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 

30 JD INDEX STORM NO. 4 
STRM 3.10 PRECIPITATION DEPTH 
TRDA 5.00 TRANSPOSITION DRAINAGE AREA • 31 PI PRECIPITATION PATTERN 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.03 
0.03 0.03 0.06 0.06 0.06 0.08 0.08 0.08 0.05 0.05 
0.05 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 

35 JD INDEX STORM NO. 
STRM 3.04 PRECIPITATION DEPTH 
TRDA 10.00 TRANSPOSITION DRAINAGE AREA 

36 PI PRECIPITATION PATTERN 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 
0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.03 
0.03 0.03 0.06 0.06 0.06 0.07 0.07 0.07 0.04 0.04 
0.04 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 

40 JD INDEX STORM NO. 6 
STRM 2.94 PRECIPITATION DEPTH 
TRDA 20.00 TRANSPOSITION DRAINAGE AREA 

41 PI PRECIPITATION PATTERN 
0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 
0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 
0.00 0.01 0.01 0.01 0.00 0.00 0.00 0.01 0.01 0.01 
0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.03 
0.03 0.03 0.05 0.05 0.05 0.06 0.06 0.06 0.04 0.04 
0.04 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 

45 JD INDEX STORM NO. 
STRM 2.88 PRECIPITATION DEPTH 
TRDA 30.00 TRANSPOSITION DRAINAGE AREA 

46 PI PRECIPITATION PATTERN 
0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 
0.01 0.01 0.01 0.01 0.01 0.00 . 0'.00 0.00 0.01 0.01 
0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 
0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.03 
0.03 0.03 0.05 0.05 0.05 0.06 0.06 0.06 0.04 0.04 
0.04 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.01 • Page 8 
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*** *** *** *** 

INTERPOLATED HYDROGRAPH AT 4R 

PEAK FLOW TIME 
6-HR 

MAXIMUM AVERAGE FLOW 
24-HR 72-HR 166.58-HR 

+ (CFS) 

+ 694. 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

(HR) 

4.50 
(CFS) 

(INCHES) 
(AC-FT) 

100. 
1.405 

50. 

25. 
1.406 

50. 

8. 
1.406 

50. 

4. 
1.406 

50. 

CUMULATIVE AREA ~ 0.66 SQ MI 

OPERATION STATION 

HYDROGRAPH AT 
R1 

ROUTED TO 
13R 

HYDROGRAPH AT 
M1 

ROUTED TO 
M1-M2 

HYDROGRAPH AT 
M2 

2 COMBINED AT 
M 

ROUTED TO 
5R 

HYDROGRAPH AT 
N1 

ROUTED TO 
N1-N2 

HYDROGRAPH AT 
N2 

2 COMBINED AT 
N 

ROUTED TO 
8R 

HYDROGRAPH AT 
PlA 

ROUTED TO 
PlA-1B 

HYDROGRAPH AT 
P1B 

2 COMBINED AT 
p 

ROUTED TO 
12R 

HYDROGRAPH AT 
01 

ROUTED TO 
7R 

HYDROGRAPH AT 
Q1A 

ROUTED TO 
QlA-1B 

HYDROGRAPH AT 
Q1B 

2 COMBINED AT 
Q 

ROUTED TO 
14R 

HYDROGRAPH AT 
L1 

ROUTED TO 
L1-L2A 

HYDROGRAPH AT 
L2A 

RUNOFF SUMMARY 
FLOW IN CUBIC FEET PER SECOND 

TIME IN HOURS, AREA IN SQUARE MILES 

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD 
FLOW PEAK 

6-HOUR 24-HOUR 72-HOUR 

506. 4.25 47. 12. 4. 

506. 4.25 47. 12. 4. 

2809. 4.83 790. 203. 68. 

2265. 6. 75 784. 203. 68. 

1849. 5.42 633. 159. 53. 

2555. 6.58 1219. 318. 106. 

2555. 6.58 1219. 318. 106. 

1253. 4.50 210. 53. 18. 

840. 6.17 209. 53. 18. 

1193. 5.17 366. 93. 31. 

1201. 6.00 515. 131. 44. 

1201. 6.00 515. 131. 44. 

575. 4.42 89. 22. 7. 

379. 5.83 88. 22. 7. 

852. 5.08 244. 62. 21. 

874. 5.17 309. 79. 26. 

874. 5.17 309. 79. 26. 

1057. 5.33 343. 88. 29. 

1057. 5.33 343. 88. 29. 

990. 4.58 193. 49. 16. 

843. 5.17 193. 49. 16. 

851. 4.50 155. 39. 13. 

1105. 5. 08 318. 81. 27. 

1105. 5.08 318. 81. 27. 

2128. 4.75 543. 139. 46. 

2066. 4.92 543. 139. 46. 

692. 4.58 113. 28. 9. 

Page 92 

BASIN 
AREA 

0.28 

0.28 

5.69 

5.69 

7.44 

13.12 

13.12 

1.52 

1.52 

3. 33 

4.85 

4.85 

0.50 

0. 50 

1.94 

2.44 

2.44 

3.09 

3.09 

1.30 

1. 30 

0.94 

2. 23 

2. 23 

3. 55 

3. 55 

0. 69 

MAXIMUM 
STAGE 

TIME OF 
MAX STAGE 

• 

• 

• 



2 COMBINED AT A3-LR-100Y6H-AF _UPDATES. out 
+ L2BR 2391. 4.92 623. 159. 53. 4.24 

ROUTED TO 
+ L2A-2B 2167. 5.50 621. 159. 53. 4.24 • HYDROGRAPH AT 
+ L2B 1532. 5.08 418. 104. 35. 4.08 

2 COMBINED AT 
+ L3R 3064. 5.42 929. 236. 79. 8.32 

ROUTED TO 
+ L2B-L3 2551. 6.92 918. 236. 79. 8.32 

HYDROGRAPH AT 
+ L2C 754. 4.83 161. 40. 13. 1.33 

ROUTED TO 
+ L2C-2D 712. 5.25 161. 40. 13. 1.33 

HYDROGRAPH AT 
+ L2D 706. 4. 75 136. 34. 11. 1.23 

2 COMBINED AT 
+ L3RB 1043. 5.00 260. 65. 22. 2. 56 

ROUTED TO 
+ L2D-L3 653. 8.25 258. 65. 22. 2.56 

HYDROGRAPH AT 
+ L3 1832. 5.25 581. 146. 49. 5.85 

3 COMBINED AT 
+ L 2552. 6.92 1340. 361. 120. 16.73 

ROUTED TO 
+ lR 2552. 6.92 1340. 361. 120. 16.73 

HYDROGRAPH AT 
+ Z1 694. 4.50 100. 25. 8. 0.66 

ROUTED TO 
+ 4R 694. 4.50 100. 25. 8. 0.66 

*** NORMAL END OF HEC-1 

• 

• Page 93 
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1***************************************** 
* FLOOD HYDROGRAPH PACKAGE (HEC-1) 

MAY 1991 
VERSION 4.0.1E 

RUN DATE TIME 

X X 
X X 
X X 
xxxxxxx 
X X 
X X 
X X 

A3-LR-100Y24H-AF _UPDATES. out 

xxxxxxx xxxxx X 
X X X XX 
X X X xxxx X xxxxx X 
X X X 
X X X X xxxxxxx xxxxx XXX 

** * ·~ * * * * ** * ***-.l"** * *** * * * * * .,}. •': ** * * * •h~ * 
U.S. ARMY CORPS OF ENGINEERS 
HYDROLOGIC ENGINEERING CENTER 

609 SECOND STREET 
DAVIS, CALIFORNIA 95616 

(916) 551-1748 

** * * •.), *** * ******* ****** * * * ** •h':* ** * * * ** * 

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HECl (JAN 73), HEClGS, HEC1DB, AND HEC1KW. 

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIDR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE. 
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION 
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY, 
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION 
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM 

LINE 

1 
2 
3 
4 
5 
6 
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 

HEC-1 INPUT 
PAGE 1 

ID ....... 1. ...... 2 ....... 3 ....... 4 ....... 5 .•••••• 6 •.•.•.. 7 ....... 8 •..•... 9 •..•.• 10 

ID Buckeye/Sun Valley ADMS - May 2005 
IDj ;i~;h~ __ Bak~r_}r., Inc. - Modeler: Jacob Lesue 
ID 100- ar ~9JJV 
m Xlstlng,con.diti.oJJS_, ... . . . .. ] 
ID Area 3 - i5ufi:£asins LcR (Aluvia Fan updates) 
ID Rainfall "ttsSJ<fittlfod- Green & Ampt 
ID Unit: H:rdrograph Method - FCDMC S-Gra~h 
ID channe Routing Method - Norma 1 Dept 
ID Land Use - FCDMC GIS Data: mag_landuse (2000) 
ID Soil Data - USDA scs soil survey (1972 & 1981) 
ID Units - L(mi) Lca(mi) S(ft/mi) LAG(min) 
*DIAGRAM 
IT 5 01JAN94 0 2000 IO 3 
IN 15 01JAN94 0 
JD 4.16 0.01 
* 24-hour distribution 
PC 0.0 0.002 0.005 0.008 0.011 0.014 0.017 0.02 0. 023 0.026 PC 0.029 0.032 0.035 0.038 0.041 0.044 0.048 0.052 0.056 0.06 PC 0.064 0.068 0.072 0.076 0.08 0.085 0.09 0. 095 0.1 0.105 PC 0.11 0.115 0.12 0.126 0.133 0.14 0.147 0.155 0.163 0.172 PC 0.181 0.191 0.203 0.218 0.236 0.257 0.283 0. 387 0. 663 0.707 PC 0. 735 0.758 0.776 0. 791 0.804 0.815 0.825 0. 834 0. 842 0.849 PC 0.856 0.863 0.869 0.875 0. 881 0.887 0.893 0. 898 0.903 0. 908 PC 0.913 0.918 0. 922 0. 926 0.93 0.934 0.938 0. 942 0. 946 0.95 PC 0.953 0.956 0.959 0. 962 0.965 0.968 0.971 0.974 0.977 0.98 PC 0.983 0.986 0. 989 0. 992 0. 995 0.998 1.0 IN 15 01JAN94 0 
JD 3.952 10.0 
* 24-hour distribution 
PC 0.0 0.002 0.005 0.008 0.011 0.014 0.017 0.02 0.023 0.026 PC 0.029 0.032 0.035 0.038 0.041 0.044 0.048 0.052 0.056 0.06 PC 0.064 0.068 0.072 0.076 0.08 0.085 0.09 0.095 0.1 0.105 PC 0.11 0.115 0.12 0.126 0.133 0.14 0.147 0.155 0.163 0.172 PC 0.181 0.191 0.203 0.218 0.236 0.257 0.283 0. 387 0.663 0.707 PC 0.735 0. 758 0.776 0.791 0.804 0.815 0. 825 0.834 0.842 0.849 PC 0.856 0. 863 0. 869 0.875 0.881 0.887 0.893 0.898 0. 903 0. 908 PC 0.913 0. 918 0.922 0. 926 0. 93 0.934 0.938 0.942 0.946 0.95 PC 0. 953 0. 956 0. 959 0. 962 0. 965 0.968 0.971 0. 974 0. 977 0.98 PC 0.983 0.986 0.989 0. 992 0. 995 0.998 1.0 IN 15 01JAN94 0 
JD 3. 819 20.0 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 

* 24-hour distribucion 
PC 0.0 0.002 0.005 0.008 0.011 0.014 0.017 0.02 0.023 0.026 PC 0.029 0.032 0.035 0.038 0.041 0.044 0.048 0. 052 0.056 0.06 PC 0.064 0.068 0.072 0.076 0.08 0.085 0.09 0.095 0.1 0.105 PC 0.11 0.115 0.12 0.126 0.133 0.14 0.147 0.155 0.163 0.172 PC 0.181 0.191 0.203 0.218 0. 236 0.257 0.283 0. 387 0. 663 0. 707 PC 0. 735 0. 758 0.776 0.791 0.804 0.815 0. 825 0. 834 0. 842 0.849 PC 0.856 0. 863 0.869 0.875 0. 881 0.887 0.893 0. 898 0. 903 0.908 PC 0.913 0. 918 0.922 0. 926 0.93 0.934 0. 938 0. 942 0.946 0. 95 PC 0.953 0. 956 0. 959 0. 962 0. 965 0. 968 0.971 0. 974 0.977 0.98 PC 0.983 0. 986 0.989 0. 992 0. 995 0. 998 1.0 IN 15 01JAN94 0 
JD 3. 69 40.0 
'' 24-hour discribution 

LINE 

52 
53 
54 
55 
56 
57 
58 

HEC-1 INPUT. 
PAGE 

ID ....... 1 ....... 2 ....... 3. ...... 4 ....... 5 ....... 6 ...... . 7 ....... 8 ....... 9 ...... 10 
PC 0.0 0.002 0.005 0.008 0.011 0.014 0.017 0.02 0.023 0.026 PC 0.029 0.032 0.035 0.038 0.041 0.044 0.048 0. 052 0.056 0.06 PC 0.064 0. 068 0.072 0.076 0. 08 0.085 0.09 0. 095 0.1 0.105 PC 0.11 0.115 0.12 0.126 0.133 0.14 0.147 0.155 0.163 0.172 PC 0.181 0.191 0.203 0.218 0. 236 0. 257 0. 283 0. 387 0. 663 0. 707 PC 0.735 0. 758 0. 776 0. 791 0.804 0. 815 0. 825 0.834 0. 842 0.849 PC 0. 856 0.863 0. 869 0. 875 0. 881 0. 887 0. 893 0. 898 0. 903 0.908 Page 1 



A3-LR-100Y24H-AF _UPDATES. out 
59 PC 0.913 0.918 0.922 0.926 0.93 0.934 0.938 0.942 0.946 0.95 
60 PC 0.953 0.956 0.959 0.962 0.965 0.968 0.971 0.974 0.977 0.98 
61 PC 0.983 0.986 0.989 0.992 0.995 0.998 1.0 
62 IN 15 01JAN94 0 
63 JD 3.565 80.0 ,. * 24-hour distribution 
64 PC 0.0 0.002 0.005 0.008 0.011 0.014 0.017 0.02 0.023 0.026 
65 PC 0.029 0.032 0.035 0.038 0.041 0.044 0.048 0.052 0.056 0.06 
66 PC 0.064 0.068 0.072 0.076 0.08 0.085 0.09 0.095 0.1 0.105 
67 PC 0.11 0.115 0.12 0.126 0.133 0.14 0.147 0.155 0.163 0.172 
68 PC 0.181 0.191 0.203 0.218 0.236 0.257 0.283 0.387 0.663 0.707 
69 PC 0.735 0.758 0.776 0.791 0.804 0.815 0.825 0.834 0.842 0.849 
70 PC 0.856 0.863 0.869 0.875 0.881 0.887 0.893 0.898 0.903 0.908 
71 PC 0.913 0.918 0.922 0.926 0.93 0.934 0.938 0.942 0.946 0.95 
72 PC 0.953 0.956 0.959 0.962 0.965 0.968 0.971 0.974 0.977 0.98 
73 PC 0.983 0.986 0.989 0.992 0.995 0.998 1.0 
74 IN 15 01JAN94 0 
75 JD 3.499 120.0 

* 24-hour distribution 
76 PC 0.0 0.002 0.005 0.008 0.011 0.014 0.017 0.02 0.023 0.026 
77 PC 0.029 0.032 0.035 0.038 0.041 0.044 0.048 0.052 0.056 0.06 
78 PC 0.064 0.068 0.072 0.076 0.08 0.085 0.09 0.095 0.1 0.105 
79 PC 0.11 0.115 0.12 0.126 0.133 0.14 0.147 0.155 0.163 0.172 
80 PC 0.181 0.191 0.203 0.218 0.236 . 0.257 0.283 0.387 0.663 0.707 
81 PC 0.735 0.758 0.776 0.791 0.804 0.815 0.825 0.834 0.842 0.849 
82 PC 0.856 0.863 0.869 0.875 0.881 0.887 0.893 0.898 0.903 0.908 
83 PC 0.913 0.918 0.922 0.926 0.93 0.934 0.938 0.942 0.946 0.95 
84 PC 0.953 0.956 0.959 0.962 0.965 0.968 0.971 0.974 0.977 0.98 
85 PC 0.983 0.986 0.989 0.992 0.995 0.998 1.0 

86 KK R1 
87 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
88 KM L=1.01 Lca=0.46 S=213.31 Kn=0.050 LAG=18.8 
89 KM S-GRAPH TYPE=PHX MNT 
90 KO 0 0 0.0 1 22 
91 BA 0.284 
92 LG 0.35 0.35 4.358 0.374 8.387 

* R1 
93 UI 0.0 62.14 236.01 401.85 464.97 281.72 216.1 150.63 113.71 76.28 
94 UI 57.55 39.69 27.53 24.54 9.63 9.63 9.63 9.63 0.0 

95 KK 13R CNAME R 
96 KO 0 0 0.0 0 22 
97 RN 13R 

HEC-1 INPUT PAGE 3 

LINE ID .••...• 1. .••... 2 ..•.... 3 ••....• 4 .•.•••• 5 •.••..• 6 •••••.. 7 ••••••. 8 .....•• 9 •••••• 10 

98 KK M1 
99 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 

100 KM L=5.19 Lca=2.41 S=230.06 Kn=O.OSO LAG=66.8 
101 KM S-GRAPH TYPE=PHX MNT 
102 KO 0 0 0.0 1 22 
103 BA 5.686 • 104 LG 0.35 0.35 4.297 0.35 16.637 

* M1 
105 UI 0.0 285.74 285.74 285.74 777.57 1062.36 1436.64 1746.69 1963.2 2166.6 
106 UI 2402.0 2950.38 3432.01 2399.97 1965.75 1755.17 1651.21 1526.96 1413.1 1330.61 
107 UI 1198. 5 1122.73 1012. 84 904.53 777.77 717.96 682.12 653.26 597.45 521.66 
108 UI 469.43 394.74 365.11 349.25 312.95 312.95 266.95 219.07 219.07 219.07 
109 UI 181.82 139.83 139.83 139.83 139.83 139.83 125.2 54.77 54.77 54.77 
110 UI 54.77 54.77 54.77 54.77 54.77 54.77 54.77 54.77 54.77 54.77 
111 UI 54.77 54.77 0.0 

112 KK M1-M2 CNAME M2R 
113 KO 0 0 0.0 0 22 
114 RS 23 FLOW 0.0 0.0 
115 RC 0.04 0.04 0.04534769.89 0.0133 0.0 

* M1-M2 
116 RX 0.0 961.0 1028.0 1051.0 1136.0 1153.0 1193.0 1900.0 
117 RY 15.5 12.0 11.8 10.3 10.0 11.0 11.2 15.5 

118 KK M2 
119 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
120 KM L=6. 59 Lca=3.00 S=71.62 Kn=0.050 LAG=100.2 
121 KM S-GRAPH TYPE=DES RNGLND 
122 KO 0 0 0.0 1 22 
123 BA 7.436 
124 LG 0.35 0.35 3.959 0.445 0.291 

* M2 
125 UI o.o 250.38 250.38 250.38 250.38 438.17 719.85 924.82 1114.75 1312.86 
126 UI 1497.2 1700.9 1779.05 2056.71 2161.12 2246.81 2290.07 2399.49 2399.49 2399.49 
127 UI 2351.5 2259.21 2219.84 2074.04 1858.211745.08 1567.89 1438.64 1323.61 1214.96 
128 UI 1118.4 1022.47 940.03 874.15 767.84 718.48 685.57 569.22 559.1 484.22 
129 UI 472.03 435.02 383.92 383.92 334.13 265.38 265.38 265.38 257.86 171.39 
130 UI 171.39 171.39 171.39 171.39 171.39 131.63 60.94 60.94 60.94 60.94 
131 UI 60.94 60.94 60.94 60.94 60.94 60.94 60.94 60.94 60.94 60.94 
132 UI 60.94 60.94 60.94 60.94 0.0 

133 KK M CNAME 5R 
134 KO 0 0 0.0 0 22 
135 HC 2 

136 KK 5R CNAME M 
137 KO 0 0 0.0 0 22 
138 RN 5R 

HEC-1 INPUT PAGE 4 

LINE ID ....... 1. ...... 2 ..••.•. 3 ..••.•• 4 ....... 5 ......• 6 ....... 7 ....... 8 ....••. 9 ...... 10 

139 KK N1 
140 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN • Page 2 



A3-LR-100Y2 4 H-AF _UPDATES . out 141 KM L=2.79 Lca=l.44 S=340.38 Kn=0.050 LAG=39.7 142 KM S-GRAPH TYPE=PHX MNT 
143 KO 0 0 0.0 1 22 144 BA 1.524 
145 LG 0.35 0.35 4.075 0.419 8. 38 • " N1 
146 UI 0.0 128.28 166.77 436.68 697.63 885.37 1048.86 1439.85 1097.59 811.01 147 UI 717.89 633.24 554.41 482.34 398.71 327.22 300.33 268.08 210.75 167.66 148 UI 152.68 140.5 106.78 98.35 84.12 62.78 62.78 62.78 38.34 24.59 149 UI 24.59 24.59 24.59 24.59 24.59 24.59 24.59 0.0 
150 KK N1-N2 CNAME N2R 151 KO 0 0 0.0 0 22 152 RS 20 FLOW 0.0 0.0 153 RC 0.05 0.047 0.0525647.52 0.0115 0.0 * N1-N2 
154 RX 0.0 280.0 350.0 358.0 367.0 381.0 451.0 730.0 155 RY 17.0 13.0 11.5 10.0 10.0 11.5 13.0 17.0 
156 KK N2 
157 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 158 KM L=5.64 Lca=3.27 S=170.14 Kn=O.OSS LAG=90. 7 159 KM 5-GRAPH TYPE=PHX MNT 
160 KO 0 0 0.0 1 22 .161 BA 3. 325 
162 LG 0.35 0.35 4.117 0.405 2.67 

" N2 
163 UI 0.0 123.04 123.04 123.04 123.04 310.82 395.95 496.74 616.35 730.85 164 UI 796.45 869.05 928.56 990.24 1125.95 1316.06 1517.94 1186.36 925.57 834.34 165 UI 764.31 726.51 694.11 654.42 619.9 586.86 557.14 517.77 491.74 466.8 166 UI 422.37 387.25 352.0 325.27 302.29 296.75 282.99 272.23 257.26 234.33 167 UI 202.13 202.13 163.14 157.22 157.22 143.92 134.76 134.76 134.76 103.63 168 UI 94.33 94.33 94.33 94.33 83.75 60.21 60.21 60.21 60.21 60.21 169 UI 60.21 60.21 60.21 32.52 23.58 23.58 23.58 23.58 23.58 23.58 170 UI 23.58 23.58 23.58 23.58 23.58 23.58 23.58 23.58 23.58 23.58 171 UI 23.58 23.58 23.58 23.58 23.58 
172 KK N CNAME BR 173 KO 0 0 0.0 0 22 174 HC 2 

175 KK 8R CNAME N 176 KO 0 0 0.0 0 22 177 RN 8R 

178 KK PlA 
179 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 180 KM L=2.28 Lca=l.41 5=461.40 Kn=0.055 LAG=37. 8 181 KM 5-GRAPH TYPE=PHX MNT 
182 KO 0 0 0.0 1 22 183 BA 0.5 
184 LG 0.35 0.35 3.987 0.405 16.364 * PlA 

HEC-1 INPUT 
PAGE 5 • LINE 

ID ....... 1. ...... 2 ....... 3 ....... 4 ....... 5 ....... 6 ....... 7 ...•.•. 8 ....•.. 9 ...... 10 
185 UI 0.0 44.27 65.19 161.0 254.76 318.08 389.84 500.04 319.07 264.12 186 UI 232.17 203.71 176.98 147.14 118.21 105.19 95.13 74.96 59.42 52.89 187 UI 48.49 35.98 33.94 26.82 21.67 21.67 21.56 8.49 8.49 8.49 188 UI 8.49 8.49 8.49 8.49 8.49 8.49 
189 KK PlA-18 CNAME P1BR 190 KO 0 0 0.0 0 22 191 RS 19 FLOW 0.0 0.0 192 RC 0.05 0.047 0. 0520102.87 0.0111 0.0 * P1A-P1B 
193 RX 0.0 280.0 350.0 358.0 367.0 381.0 451.0 730.0 194 RY 17.0 13.0 11.5 10.0 10.0 11.5 13.0 17.0 
195 KK P18 
196 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 197 KM L=4.39 Lca=2. 32 5=70. 84 Kn=0.055 LAG=85.3 198 KM $-GRAPH TYPE=PHX MNT 199 KO 0 0 0.0 1 22 200 BA 1. 937 
201 LG 0. 35 0. 35 4.23 0. 393 4.667 * P18 
202 UI 0.0 76.72 76.72 76.72 89.67 220.58 274.25 335.86 432.98 478.15 203 UI 527.91 570.85 609.55 688.62 814.07 942.3 716.43 568.2 506.83 467.32 204 UI 446.8 421.86 394.79 374.39 356.44 329.11 309.33 293.98 263.37 241.82 205 UI 216.83 200.89 187.72 181.75 176.46 163.15 160.42 127.42 126.04 109.8 206 UI 98.03 98.03 90.75 84.03 84.03 84.03 60.08 58.82 58.82 58.82 207 UI 58.82 40.74 37.54 37.54 37.54 37.54 37.54 37.54 37.54 17.9 208 UI 14.71 14.71 14.71 14.71 14.71 14.71 14.71 14.71 14.71 14.71 209 UI 14.71 14.71 14.71 14.71 14.71 14.71 14.71 14.71 14.71 0.0 210 KK p CNAME 12R 211 KO 0 0 0.0 0 22 212 HC 2 

213 KK 12R CNAME p 214 KO 0 0 0.0 0 22 215 RN 12R 

216 KK 01 
217 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 218 KM L=5.20 LCa=2. 79 5=64.07 Kn=0.055 LAG=99.9 219 KM $-GRAPH TYPE=PHX MNT 220 KO 0 0 0.0 1 22 221 BA 3.088 
222 LG 0. 35 0.35 4.191 0.393 2.105 * 01 
223 UI 0.0 103.98 103.98 103.98 103.98 181.97 298.95 378.66 446.43 550.06 224 UI 624.46 676.83 731.54 781.25 .824. 52 905. 38 1042.04 1204.77 1242.7 887.05 Page 3 • 



A3-LR-100Y24H-AF _UPDATES. out 
225 UI 765.3 690.9 643.35 614.88 590.49 558.55 530.78 506.48 485.09 454.93 
226 UI 429.36 410.34 388.6 356.95 326.56 302.9 274.89 260.97 254.42 242.21 
227 UI 239.16 221.76 217.42 189.46 170.83 170.83 140.46 132.86 132.86 129.07 
228 UI 113.88 113.88 113.88 113.88 79.72 79.72 79.72 79.72 79.72 79.72 
229 UI 50.88 50.88 50.88 50.88 50.88 50.88 50.88 50.88 50.88 32.31 • 230 UI 19.93 19.93 19.93 19.93 19.93 19.93 19.93 19.93 19.93 19.93 
231 UI 19.93 19.93 19.93 19.93 19.93 19.93 19.93 19.93 19.93 19.93 

HEC-1 INPUT PAGE 6 

LINE ID ••••••• 1. •.•.•• 2 •••..•. 3 .•.•••. 4 •.•.••• 5 •.••.•• 6 .•••••. 7 ••.•••. 8 ••••••• 9 •••••• 10 

232 UI 19.93 19.93 19.93 0.0 

233 KK 7R CNAME 0 
234 KO 0 0 0.0 0 22 
235 RN 7R 

236 KK QlA 
237 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIH 
238 KM L=3.13 Lca=1.52 5=256.86 Kn=0.055 LAG=49.3 
239 KM S-GRAPH TYPE=PHX MNT 
240 KO 0 0 0.0 1 22 
241 BA 1.297 
242 LG 0.35 0.35 4.127 0.4 11.2 

* QlA 
243 UI 0.0 89.12 89.12 213.78 363.94 517.41 613.88 697.52 873.62 1020.97 
244 UI 663.18 556.48 506.64 454.84 413.29 367.46 326.01 281.03 232.04 214.37 
245 UI 199.35 177.4 146.41 118.69 112.45 97.61 96.73 68.33 68.33 66.1 
246 UI 43.61 43.61 43.61 43.61 30.77 17.08 17.08 17.08 17.08 17.08 
247 UI 17.08 17.08 17.08 17.08 17.08 17.08 0.0 

248 KK Q1A-1B CNAME Q1BR 
249 KO 0 0 0.0 0 22 
250 RS 8 FLOW 0.0 0.0 
251 RC 0.05 0.047 0.05 9170.53 0.0117 0.0 

* QlA-Q1B 
252 RX 0.0 280.0 350.0 358.0 367.0 381.0 451.0 730.0 
253 RY 17.0 13.0 11.5 10.0 10.0 11.5 13.0 17.0 

254 KK Q1B 
255 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
256 KM L=2. 35 Lca=l.14 S=141.40 Kn=0.055 LAG=44. 3 
257 KM S-GRAPH TYPE=PHX MNT 
258 KO 0 0 0.0 1 22 
259 BA 0.937 
260 LG 0.35 0. 35 4. 32 0.373 14.815 

• Q1B 
261 UI 0.0 71.67 71.67 221.51 340.68 455.79 538.5 651.95 833.61 538.15 
262 UI 443.72 398.92 355.79 316.26 280.46 235.89 196.37 173.35 160.17 138.81 
263 UI 114.82 91.58 84.67 78.5 62.48 54.95 54.15 35.07 35.07 35.07 
264 UI 35.07 15.79 13.74 13.74 13.74 13.74 13.74 13.74 13.74 13.74 
265 UI 13.74 0.0 

266 KK Q CNAME 14R 
267 KO 0 0 0.0 0 22 • 268 HC 2 

269 KK 14R CNAME Q 
270 KO 0 0 0.0 0 22 
271 RN 14R 

0 
HEC-1 INPUT PAGE 7 

LINE ID ••••.•. 1. •..... 2 ....... 3 ....... 4 .•..•.. 5 ....... 6 ....... 7 ..•.... 8 .•.•••. 9 ..•..• 10 

272 KK L1 
273 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
274 KM L=4.93 Lca=2.29 S=308. 27 Kn=0.050 LAG=60.6 
275 KM S-GRAPH TYPE=PHX MNT 
276 KO 0 0 0.0 1 22 
277 BA 3.546 
278 LG 0.271 0.318 4.363 0.351 16.279 

* L1 
279 UI 0.0 195.74 195.74 266.93 603.63 823.25 1120.55 1287.08 1452.32 1611.07 
280 UI 1991.3 2326.76 1575.06 1312.31 1173.43 1097.39 1002.28 929.54 850.5 775.66 
281 UI 701.22 620.51 525.99 484.91 458.87 430.63 397.34 321.57 290.98 250.11 
282 UI 241.82 214.38 214.38 171.29 150.06 150.06 149.52 95.79 95.79 95.79 
283 UI 95.79 95.79 79.7 37.52 37.52 37.52 37.52 37.52 37.52 37.52 
284 UI 37.52 37.52 37.52 37.52 37.52 37.52 37.52 0.0 

285 KK L1-L2A CNAME L2AR 
286 KO 0 0 0.0 0 22 
287 RS 3 FLOW 0.0 0.0 
288 RC 0.046 0.045 0.046 7078.75 0.0174 0.0 

• L1-L2A 
289 RX 0.0 80.0 165.0 200.0 215.0 255.0 340.0 420.0 
290 RY 19.0 17.0 14.0 10.0 10.0 14.0 18.0 22.0 

291 KK L2A 
292 KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
293 KM L=2.46 Lca=1.12 S=136.18 Kn=0.055 LAG=45. 0 
294 KM 5-GRAPH TYPE=DES RNGLND 
295 KO 0 0 0.0 1 22 
296 BA 0.693 
297 LG 0. 35 0.384 5.641 0.202 0.0 

* L2A 
298 UI 0.0 51.83 51.83 153.34 242.24 330.72 404.46 460.56 494.88 492.21 
299 UI 461.36 394.37 327.78 266.87 221.69 182.72 150.08 121.91 100.64 84.23 
300 UI 69.92 54.93 46.45 35.48 35.48 26.06 12.61 12.61 12.61 12.61 
301 UI. .12.61 12.61 12.61 12.61 

302 KK L2BR CNAME L2A-2B 
303 KO 0 0 0.0 0 22 
304 HC 2 • Page 



305 
306 
307 
308 

• 309 
310 

311 
312 
313 
314 
315 
316 

LINE 

317 

318 
319 
320 
321 
322 
323 

324 
325 
326 

327 
328 
329 
330 

331 
332 

333 
334 
335 
336 
337 
338 
339 

340 
341 
342 
343 
344 

345 • 346 
347 
348 

349 
350 

351 
352 
353 
354 
355 
356 
357 

358 
359 
360 
361 

0 

LINE 

362 

363 
364 
365 

366 
367 
368 
369 

370 
371 

372 
373 
374 
375 
376 
377 
378 

379 
380 
381 
382 

• 

KK L2A-2B CNAME 
KO 0 0 
RS 7 FLOW 
RC 0.046 0.045 * L2A-L2B 
RX 0.0 80.0 
RY 19.0 17.0 

KK L2B 

A3-LR-100Y24H-AF _UPDATES. OUt 

L2BR 
0.0 0 22 
0.0 0.0 

0.04620743.37 0.0147 0.0 

165.0 200.0 215.0 255.0 340.0 14.0 10.0 10.0 14.0 18.0 
420.0 
22.0 

KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L=5.13 Lca=l.82 S=93.37 Kn=0.055 LAG=78.1 
KM S-GRAPH TYPE=DES RNGLND 
KO 0 0 0.0 1 22 
BA 4.077 

HEC-1 INPUT 

ID •...•.• 1. .•.... 2 •..•.•. 3 ......• 4 •...••• 5 •.•••.• 6 ..•••.• 7 ••.•••• 8 •.•••.• 9 ••..•. 10 
LG 0.35 0.35 4.179 0.399 0.0 * L2B 
UI 

0.0 ·175.97 175.97 175.97 311.91 535.45 724.28 902.8 1071.35 1224.63 UI 
. UI 

UI 
UI 
UI 

1376.8 1511.611580.95 1658.53 1686.39 1686.39 1632.48 1568.59 1460.56 1278.33 
1172.5 1030.99 927.32 829.82 742.49 663.7 594.61 529.93 481.83 405.6 

377.6 331.75 310.22 269.82 269.19 186.51 186.51 186.51 145.4 120.46 
120.46 120.46 120.46 90.9 42.83 42.83 42.83 42.83 42.83 42.83 
42.83 42.83 42.83 42.83 42.83 42.83 42.83 42.83 0.0 

KK L3R CNAME L2B-L3 
KO 0 0 0.0 0 22 HC 2 

KK L2B-L3 CNAME L3R KO 0 0 0.0 0 22 RS 18 FLOW o.o 0.0 RC 0.05 0.04 0.0619942.62 0. 0089 0.0 * L2B-L3 
RX 0.0 1093.0 1210.0 1215.0 1225.0 1232.0 1372.0 2000.0 RY 18.0 11.8 11.7 10.0 10.0 11.7 11.8 18.0 
KK L2C 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN KM L=3.20 LCa=l. 55 5=91. 31 Kn=O.OSS LAG=61.2 KM S-GRAPH TYPE=DES RNGLND 
KO 0 0 0.0 1 22 BA 1. 328 
LG 0.35 0. 35 4.189 0.422 0.0 * L2C 
UI 0.0 73.31 73.31 99.98 227.13 318.43 414.0 500.47 577.1 643.23 UI 678.82 702.58 699.63 666.25 621.66 533.29 468.31 402.86 351.31 303.79 UI 266.7 226.83 200.74 164.03 144.98 131.86 112.41 97.97 77.7 77.7 UI 56.55 50.18 50.18 50.18 28.53 17.84 17.84 17.84 17.84 17.84 UI 17.84 17.84 17.84 17.84 17.84 0.0 
KK L2C-2D CNAME L2DR KO 0 0 0.0 0 22 RS 6 FLOW 0.0 0.0 RC 0.046 0.045 0.046 9752.35 0. 0122 0.0 * L2C-L2D 
RX 0.0 80.0 165.0 200.0 215.0 255.0 340.0 420.0 RY 19.0 17.0 14.0 10.0 10.0 14.0 18.0 22.0 
KK L2D 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L=2. 77 Lca=l.24 S=74.13 Kn=0.055 LAG=55.4 
KM S-GRAPH TYPE=DES RNGLND 
KO 0 0 0.0 
BA 1. 232 1 22 
LG 0.35 0. 35 3. 578 0.544 0.0 * L2D 
UI 
UI 
UI 

0.0 75.42 75.42 141.88 262.35 378.71 482.07 569.62 651.08 696.0 
722.74 714.79 677.77 607.49 518.22 439.07 376.3 322.28 277.17 232.67 
200.55 167.8 142.18 124.1 114.53 79.93 79.93 61.7 51.62 51.62 UI 

51.62 20.09 18.36 18.36 18.36 18.36 18.36 18.36 18.36 18.36 

HEC-1 INPUT 

ID .•.•.•. 1. ...... 2 ....... 3 ....... 4. · ...... 5 ..••... 6 ...... .7 ....... 8 ......• 9 ...... 10 
UI 18.36 0.0 

KK L3RB CNAME L2D-L3 KO 0 0 0.0 0 22 HC 2 

KK L2D-L3 CNAME L3RB KO 0 0 0.0 0 22 RS 39 FLOW 0.0 0.0 RC 0.05 0.04 0. 06 27374.0 0.0077 0.0 * L2D-L3 
RX 0.0 1093.0 1210.0 1215.0 1225.0 1232.0 1372.0 2000.0 RY 18.0 11.8 11.7 10.0 10.0 11.7 11.8 18.0 
KK L3 

KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L=4. 75 LCa=2 .00 S=44. 27 Kn=0.055 LAG=91.0 
KM S-GRAPH TYPE=DES RNGLND 
KO 0 0 0.0 1 22 
BA 5.852 
LG 0.341 0.328 3.98 0.419 1.05 
* L3 

UI 0.0 216.51 216.51 216.51 216.51 546.97 701.8 899.01 1098.32 1266.32 
UI 1460.0 1557.8 1786.11 1888.64 1950.18 2034.93 2074.93 2074.93 2053.76 1965.5 
UI 1920. 6 1789.17 1583.49 1486.07 1313. 64 1207.78 1091.43 994. 63 909.22 825.03 
UI 759.9 663.98 614.46 574.55 483.48 461.45 408.18 402.68 331.99 331.99 
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0 

0 

INPUT 
LINE 

NO. 

86 

95 

98 

112 

118 

133 

136 

139 

150 

156 

172 

175 

178 

189 

195 

210 

213 

216 

233 

236 

248 

254 

383 
384 
385 

386 
387 
388 

389 
390 
391 

392 
393 
394 
395 
396 
397 
398 

399 
400 
401 

LINE 

402 
403 
404 
405 

A3-LR-100Y24H-AF _UPDATES. OU1: 
UI 296.91 229.48 229.48 229.48 197.56 148.21 148.21 148.21 148.21 148.21 

UI 121.69 52.7 52.7 52.7 52.7 52.7 52.7 52.7 52.7 52.7 

UI 52.7 52.7 52.7 52.7 52.7 52.7 52.7 0.0 

KK L CNAME 1R 
KO 0 0 0.0 0 22 
HC 3 

KK 1R CNAME L 
KO 0 0 o.o 0 22 
RN 1R 

KK Z1 
KM THE FOLLOWING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KM L=1.70 Lca=0.66 5=47 .00 Kn=O.OSS LAG=39.1 
KM S-GRAPH TYPE=DES RNGLND 
KO 0 0 0.0 1 22 
BA 0.664 
LG 0.321 0.292 4.004 0.43 2.909 
* Z1 
UI 0.0 57.36 79.52 205.33 321.78 424.03 504.07 545.2 540.96 493.73 

UI 399.49 319.19 256.28 205.1 164.91 127.66 104.64 87.86 60.8 54.1 

UI 39.27 39.27 21.8 13.96 13.96 13.96 13.96 13.96 13.96 o.o 

HEC-1 INPUT 

ID ••••••• 1. •••••• 2 ••••••• 3 .•••••• 4 ••••••• 5 .•••••• 6 ••••••• 7 ••••••• 8 ••••••• 9 •••••• 10 

KK 
KO 
RN 
zz 

4R CNAME 
0 0 

4R 

z 
0.0 0 22 

SCHEMATIC DIAGRAM OF STREAM NETWORK 

(V) ROUTING 

(.) CONNECTOR 

R1 
v 
v 

13R 

( --->) DIVERSION OR PUMP FLOW 

(<---) RETURN OF DIVERTED OR PUMPED FLOW 

M1 
v 
v 

M1-M2 

M2 

M •••••••••••• 
v 
v 

SR 

N1 
v 
v 

N1-N2 

N2 

. . 
N •••••••••••• 
v 
v 

8R 

PlA 
v 
v 

PlA-lB 

PlB 

P •••••••••••• 
v 
v 

12R 

Ol 
v 
v 

7R 

QlA 
v 
v 

. QlA-16 
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402 KK 

• 403 KO 

404 RN 

PEAK FLOW 

+ (CFS) 

+ 585. 

*** 

PEAK FLOW 

+ (CFS) 

+ 540. 

• PEAK FLOW 

+ (CFS) 

+ 511. 

PEAK FLOW 

+ (CFS) 

+ 483. 

PEAK FLOW 

+ (CFS) 

456. 

• 

4R 

********-A**-A-*'* 

OUTPUT CONTROL 
IPRNT 
!PLOT 
QSCAL 
IPNCH 

lOUT 
ISAV1 
ISAV2 

TIM INT 

CNAME 

VARIABLES 
3 
0 

0. 
0 

22 
1 

2000 
0.083 

HYDROGRAPH ROUTING DATA 

NO ROUTING 

-A-~* 

A3-LR-100Y24H-AF _UPDATES. out 

z 

PRINT CONTROL 
PLOT CONTROL 
HYDROGRAPH PLOT SCALE 
PUNCH COMPUTED HYDROGRAPH 
SAVE HYDROGRAPH ON THIS UNIT 
FIRST ORDINATE PUNCHED OR SAVED 
LAST ORDINATE PUNCHED OR SAVED 
TIME INTERVAL IN HOURS 

HYDROGRAPH AT STATION 4R 
TRANSPOSITION AREA 0.0 SQ MI 

TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 166.58-HR (HR) 

(CFS) 
12.50 84. 22. 7. 3. (INCHES) 1.183 1.218 1.218 1.218 (AC-FT) 42. 43. 43. 43. 

CUMULATIVE AREA = 0.66 SQ MI 

*** 
HYDROGRAPH AT STATION 4R 

TRANSPOSITION AREA 10.0 SQ MI 

TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 166. 58-HR (HR) 

(CFS) 
12.50 78. 20. 7. 3. (INCHES) 1.090 1.123 1.124 1.124 (AC-FT) 39. 40. 40. 40. 

CUMULATIVE AREA = 0.66 SQ MI 

HYOROGRAPH AT STATION 4R 
TRANSPOSITION AREA 20.0 SQ MI 

TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 166. 58-HR (HR) 

(CFS) 
12.50 74. 19. 6. 3. (INCHES) 1.030 1.062 1.063 1.063 (AC-FT) 36. 38. 38. 38. 

CUMULATIVE AREA= 0.66 SQ MI 

*** 
HYDROGRAPH AT STATION 4R 

TRANSPOSITION AREA 40.0 SQ MI 

TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 166. 58-HR (HR) 

(CFS) 
12.50 69. 18. 6. 3. (INCHES) 0. 972 1.003 1.003 1.003 (AC-FT) 34. 36. 36. 36. 

CUMULATIVE AREA = 0.66 SQ MI 

HYDROGRAPH AT STATION 4R 
TRANSPOSITION AREA 80.0 SQ MI 

TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 166. 58-HR (HR) 

(CFS) 
12.50 65. 17. 6. 2. (INCHES) 0.914 0.944 0.945 0.945 (AC-FT) 32. 33. 33. 33. 

CUMULATIVE AREA= 0.66 SQ MI 

~** 

HYDROGRAPH AT STATION 4R 
TRANSPOSITION AREA 120.0 SQ MI 

Page 77 



PEAK FLOW TIME 

+ (CFS) (HR) 

+ 441. 12. so 

PEAK FLOW TIME 

+ (CFS) 

+ 558. 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

(HR) 

12.50 

OPERATION 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

(CFS) 

(INCHES) 
(AC-FT) 

6-HR 

63. 
0.884 

31. 

CUMULATIVE AREA = 

A3-LR-100Y24H-AF _UPDATES. out 

MAXIMUM AVERAGE FLOW 
24-HR 72-HR 

16. 
0.913 

32. 

0.66 SQ MI 

5. 
0.913 

32. 

166.58-HR 

2. 
0.913 

32. 

INTERPOLATED HYDROGRAPH AT 4R 

(CFS) 

(INCHES) 
(AC-FT) 

6-HR 

80. 
1.127 

40. 

CUMULATIVE AREA = 

MAXIMUM AVERAGE FLOW 
24-HR 72-HR 

21. 
1.161 

41. 

0.66 SQ MI 

7. 
1.161 

41. 

166. 58-HR 

3. 
1.161 

41. 

RUNOFF SUMMARY 
FLOW IN CUBIC FEET PER SECOND 

TIME IN HOURS, AREA IN SQUARE MILES 

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD 
STATION FLOW PEAK 

6-HOUR 24-HOUR 72-HOUR 

Rl 387. 12.25 37. 10. 3. 

13R 387. 12.25 37. 10. 3. 

M1 3301. 12.83 825. 236. 79. 

Ml-M2 2392. 14.67 820. 235. 79. 

M2 2347. 13.42 786. 198. 66. 

M 3187. 14.50 1544. 421. 141. 

SR 3187. 14.50 1544. 421. 141. 

N1 1211. 12.50 192. 52. 17. 

Nl-N2 758. 14.08 192. 52. 17. 

N2 1331. 13.17 378. 99. 33. 

N 1385. 13.25 565. 149. so. 

8R 1385. 13.25 565. 149. so. 

PlA 441. 12.42 73. 21. 7. 

PlA-16 296. 13.92 72. 21. 7. 

P1B 842. 13.08 231. 61. 20. 

p 891. 13.17 301. 81. 27. 

12R 891. 13.17 301. 81. 27. 

01 1163. 13.33 349. 91. 30. 

7R 1163. 13.33 349. 91. 30. 

QlA 915. 12.58 173. 48. 16. 

QlA-16 757. 13.17 173. 48. 16. 

Q1B 740. 12.50 134. 38. 13. 

Q 1059. 13.08 304. 85. 28. 
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BASIN 
AREA 

0.28 

0.28 

5.69 

5.69 

7.44 

13.12 

13.12 

1.52 

1.52 

3. 33 

4.85 

4.85 

0.50 

0.50 

1.94 

2.44 

2.44 

3.09 

3.09 

1.30 

1.30 

0.94 

2.23 

MAXIMUM 
STAGE 

TIME OF 
MAX STAGE 

• 

• 



A3-LR-100Y24H-AF _UPDATES. out + 14R 1059. 13.08 304. 85. 28. 2.23 
HYDROGRAPH AT 

+ Ll 2267. 12.75 527. 150. so. 3.55 
ROUTED TO • + L1-L2A 2154. 12.92 527. 150. 50. 3. 55 
HYDROGRAPH AT 

+ L2A 570. 12.58 92. 23. 8. 0.69 
2 COMBINED AT 

+ L2BR 2519. 12.92 616. 172. 57. 4.24 
ROUTED TO 

+ l2A-2B 2228. 13.42 614. 172. 57. 4.24 
HYDROGRAPH AT 

+ L2B 1700. 13.08 449. 112. 37. 4.08 
2 COMBINED AT 

+ L3R 3676. 13.33 1051. 282. 94. 8.32 
ROUTED TO 

+ L2B-L3 3004. 14.75 1039. 282. 94. 8. 32 
HYDROGRAPH AT 

+ L2C 692. 12.83 145. 36. 12. 1.33 
ROUTED TO 

+ L2C-2D 651. 13.25 145. 36. 12. 1.33 
HYDROGRAPH AT 

+ L2D 655. 12.75 124. 31. 10. 1.23 
2 COMBINED AT 

+ L3RB 1104. 13.00 266. 66. 22. 2.56 
ROUTED TO 

+ L2D-L3 705. 16.17 263. 66. 22. 2. 56 
HYDROGRAPH AT 

+ L3 2129. 13.25 658. 166. 56. 5.85 
3 COMBINED AT 

+ 3437. 14.75 1778. 490. 164. 16.73 
ROUTED TO 

+ 1R 3437. 14.75 1778. 490. 164. 16.73 
HYDROGRAPH AT 

+ Z1 558. 12.50 80. 21. 7. 0.66 
ROUTED TO 

+ 4R 558. 12. so 80. 21. 7. 0.66 

• NORMAL END OF HEC-1 *** 
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HEC-RAS Plan: Plan 02 River: FAN 38 Reach: Reach 700 Profile: PF 2 

Reach RiverSta Profile QTotal W.S. Elev MinCh El Crit W.S. E.G. Elev E.G. Slope Vel Chnl Vel Total Flow Area Top Width Frau de # Chi StaW.S. l ft StaW.S. Rgt 

(cfsl (ft) (It) (ft) (fl) (fUft) (fUs) tfUs) (sq It) (ft} (ft) (fl } 

Reach 700 714 PF 2 1858.00 1573.3 1570.00 1572.63 1573.79 0.012696 5.78 5.78 321.60 141 .67 0.68 90.85 232.52 
Reach 700 713 PF 2 1858.00 1562.9 1560.00 1562.42 1563.57 0.014617 6.35 6.35 292.47 123.60 0.73 172.29 295.89 
Reach 700 712 PF 2 1858.00 1528.4 1526.00 1528.11 1529.05 0.020031 6.61 6.61 281.09 142.37 0.83 118.16 260.53 
Reach 700 711 PF 2 1858.00 1497.9 1495.00 1498.47 0.014226 6.21 6.21 299.31 128.75 0.72 135.66 264.41 
Reach 700 710 PF 2 1858.00 1459.6 1457.00 1459.41 1460.26 0.022173 6.37 6.37 291.67 168.75 0.85 103.62 272 .37 
Reach 700 709. PF 2 1858.00 1427.8 1423.70 1427.10 1428.38 0.012019 6.07 6.07 305.93 119.82 0.67 121.48 241.30 - -
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Stage 3- Fan 38- Reach 700 Stage 3 - Fan 38 - Reach 700 

Flow: Fan 38, K2A Q = 1858 cfs (100-yr6-hr) Flow: Fan 38, K2A Q = 1858 cfs (1 OO-yr6-hr) 

River= FAN 38 Reach =Reach 700 RS = 714 River= FAN 38 Reach= Reach 700 RS=713 
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Stage 3 - Fan 38 - Reach 700 Stage 3 - Fan 38 - Reach 700 
Flow: Fan 38, K2A Q = 1858 cfs (1 OO-yr6-hr) Flow: Fan 38, K2A Q = 1858 cfs (1 OO-yr6-hr) 

River= FAN 38 Reach =Reach 700 RS=712 River = FAN 38 Reach = Reach 700 RS = 711 

t- - .05 I .05 I 
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Stage 3 - Fan 38 - Reach 700 
Flow: Fan 38, K2A Q = 1858 cfs (100-yr6-hr) 

River = FAN 38 Reach = Reach 700 RS = 710 
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Stage 3 - Fan 38- Reach 700 
Flow: Fan 38, K2A Q = 1858 cfs (100-yr6-hr) 

River= FAN 38 Reach = Reach 700 RS = 709. 
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Stage3_Fan38_Reach700. rep 

HEC-RAS version 3.1.3 May 2005 
U.S. Army Corp of Engineers 

Hyd ro 1 ogi c Engi nee ring Center 
609 Second Street 
Davis, califo rnia 

X X XXXXXX 
X X X 
X X X 

xxxx 
X X 
X 

xxxx 
X X 
X X 

xxxxxxx xxxx X XXX XXXX 
X X X X 
X X X X X 
X X XXXXXX xxxx 

PROJECT DATA 
Project Title: Stage 3 - Fan 38 - Reach 700 
ProJect File : Stage3_Fan38_Reach700.prj 
Run Date and Time: 4/13/2007 8:27:29 AM 

Project in English units 

Project Description: 
& RSTAR0131 TJCL / MAFO 

PLAN DATA 

Plan Title: Plan 03 

X X 
X X 
X X 

XX 
X X 

X X 
)()()()()()( 

X X 
X X 
X X 

xxxx 
X 
X 
xxxx 

X 
X 

xxxxx 

Plan Fi 1 e p: \S\STAR00000131 \0600IN FO\EP\WR\605WR Hydraulic Ca 1 cs\HEC-RAS\4-13-2007\Stage3_Fan38_Reach700. p03 

Geometry Title: Fan 38 - n = 0.050 Reach 700 
Geometry File p: \S\STAR00000131 \0600INFO\ EP\WR\605WR Hydraulic Cal CS\HEC-RAS\4-13-2007\Stage3_Fan38_Reach700. g01 

Flow Title 
Flow File 

Fan 38, K2A Q = 1858 cfs (100-yr6-hr) 
p: \S\STAR00000131 \0600IN FO\ EP\WR\605WR HydrauliC Ca 1 cs\HEC-RAS\4-13-2007\Stage3_Fan38_Reach700. f02 

Plan summary Information: 
Number of: Cross Sections 

culverts 
Bridges 

Computational Information 

6 
0 
0 

Mult iple Openings 
Inline Structures 
Lateral Structures 

Water s urface cal culation tolerance 

~~!f~~; 1 n~~g~~ ~~ 1 ;~~ ~~~~~n~o l e ranee 
Maxi mum di ffe renee to 1 e ranee 

0 
0 
0 

computation options 

0 . 01 
0 . 01 
20 
0.3 
0.001 

• 

Fl ow tolerance factor 

cri ti ca 1 depth computed on 1 y where necessary 
Conveyance ca 1 cul ati on Method: At breaks in n values only 
Friction s l ope Method: Avera9e conveyance 
computationa l Flow Regime: subcntical Flow 

Encroachment Data 
Eq ua l Conveyance True 
Left offset 0 
Right offset 0 

River FAN 38 Reach Reach 700 
RS Profile Method value1 val ue2 
699 PF 2 1 0 284 

River FAN 38 Reach = Reach 1100 
RS Profi 1 e Method value1 value2 
1099 PF 2 1 0 350 
1098 PF 2 1 0 400 

FLOW DATA 

Flow Title: Fan 38, K2A Q = 1858 cfs (100-yrG-hr) 
FlOW Fi 1 e p: \S\STAR00000131 \ 0600INFO\ EP\ WR\ 605WR HydrauliC Ca 1 cs \ HEC-RAS\ 4-13-2007\ Stage3_Fan38_Reach700. f02 

Flow Data (cfs) 

River Reach RS PF 1 PF 2 
FAN 38 Reach 700 714 1858 1858 
FAN 38 Reach 700 709. 1858 1858 

Boundary Conditions 

Rive r Reach Profile Upstream Downstream 

FAN 38 Reach 700 PF 1 Normal s = 0 . 012 

GEOMETRY DATA 

Geometry Title: Fan 38 - n = 0.050 Reach 700 
Geometry File p: \S\ STAR00000131 \ 0600INFO\ EP\ \vR \ 605WR Hydraulic Ca 1 cs\ HEC-RAS\ 4-13-2007\Stage3_Fan38_Reach700. g01 

• CROSS SECTION 

Page 1 



stage LFan38_Reach700 . rep 

RIVER: FAN 38 • REACH: Reach 700 RS: 714 

INPUT 
Description : 
Stat ion El evati on Data num= 4 

Sta El ev sta Elev sta El ev Sta Elev 
0 1 580 135 1570 190 1570 320 1580 

Manni ng ' s n va lues num= 
Sta n val St a n val Sta n val 

0 . 05 0 .05 320 . 05 

Bank sta: Left Right Lengths: Left c ha nn el Ri ght coeff Contr. Expan . 
0 320 750 750 750 .1 . 3 

CROSS SECTION 

RIVER : FAN 38 
REACH: Reach 700 RS: 713 

INPUT 
oescri pti on: 
Station Elevation Data num= 6 

Sta El ev Sta El ev Sta Elev s t a El ev sta El ev 
0 1571 70 1570 215 1560 290 1560 310 1570 

365 1571 

Manning's n values num= 
sta n val sta n val sta n val 

0 .05 70 .05 310 .05 

Bank Sta: Left Right Le ngths: Left Cha nne l Right coeff contr. Expan. 
70 310 2030 2030 2030 . 1 . 3 

CROSS SECTION 

RIVER: FAN 38 
REACH: Reach 700 RS: 712 

INPUT 
oescri pti on: 
Station El evati on Data num= 6 

Sta El ev Sta El ev Sta El ev S"ta Elev Sta Elev 
0 1537 110 1530 130 1526 225 1526 285 1530 

380 1532 

Manning's n va l ues num= 
Sta n val St a n val Sta n val 

0 . 05 110 . 05 285 .05 

. Bank Sta : Left Ri ght Lengths: Left Channel Ri gh t coeff contr . Ex pan. 
110 285 1823 1823 1823 .1 . 3 

CROSS SECTION 

RIVER : FAN 38 
REACH: Reach 700 RS: 711 

INPUT 
Description: 
Station Elevation Data num= 6 

Sta El ev sta Elev sta Elev Sta Elev sta Elev 
0 1501 125 1500 150 1495 230 1495 290 1500 

440 1503 

Manning's n Val ues num= 
St a n val sta n val sta n val 

0 .05 125 .05 290 . 05 

Bank sta : Left Right Lengths: Left Channel Right coeff Contr . Ex pan. 
125 290 2177 2177 2177 .1 .3 

CROSS SECTION 

RIVER: FAN 38 
REACH: Reach 700 RS : 710 

INPUT 
Description: 
Station El evation Data num= 

Sta Elev Sta Elev sta El ev Sta Ele v Sta Elev 
0 1462 95 1460 165 1457 218 1457 280 1460 

395 1462 

Manning's n values num= 
Sta n va l sta n val Sta n val 

0 .05 95 .05 280 . 05 

Bank Sta : Left Right Lengths : Left channel Right Coeff Contr . Ex pan. 
95 280 1998 1998 1998 .1 .3 

CROSS SECTION 

RIVER: FAN 38 
REACH: Reach 700 RS: 709. 

INPUT 
. Description: 

Station Elevation Data num= 
Page 2 
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Sta Elev Sta Elev sta Elev Sta 
0 1431.2 70 1431 100 1430 149 

210 1425 230 1426 255 1430 278 

Manning's n values num= 
Sta n val sta n val Sta n val 

0 .05 100 . 05 255 . 05 

Bank Sta: Left Right Lengths: Left channel Right 
100 255 2279.45 2279.45 2279.45 

SUMMARY OF MANNING'S N VALUES 

River: FAN 38 

Reach River Sta. n1 n2 

Reach 700 714 .05 . 05 
Reach 700 713 .05 .05 
Reach 700 712 .05 .05 
Reach 700 711 .05 .05 
Reach 700 710 .05 .05 
Reach 700 709. .05 .05 

SUMMARY OF REACH LENGTHS 

River: FAN 38 

Reach River Sta. Left Channel 

Reach 700 714 750 750 
Reach 700 713 2030 2030 
Reach 700 712 1823 1823 
Reach 700 711 2177 2177 
Reach 700 710 1998 1998 
Reach 700 709. 2279.45 2279.45 

SUMMARY OF CONTRACTION AND EXPANSION COEFFICIENTS 
River: FAN 38 

Reach River sta . Contr. Expan. 

Reach 700 714 .1 . 3 
Reach 700 713 . 1 . 3 
Reach 700 712 .1 . 3 
Reach 700 711 .1 . 3 
Reach 700 710 .1 . 3 
Reach 700 709. .1 . 3 

StaE~",(v_Fan38St~each7E~Oe.;ep 
1425 162 1423.7 

1430 . 4 

Coeff Contr. Expan. 
.1 . 3 

n3 

.05 

.05 

.05 

.05 

.05 

.05 

Ri ght 

750 
2030 
1823 
2177 
1998 

2279.45 
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Stage 3 - Fan 38 - Reach 700 

Flow: Fan 38, K2A Q = 1858 cfs (1 OO-yr6-hr) 
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F.l Ayres Associates Sediment Transport Studies - Final 

Pertinent excerpts of the Buckeye/Sun Valley Area Drainage Master Study Technical Data 
Notebook Volume VI: Sediment Transport Studies Final Contract FCD 2002C027 December 
2004 
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DRAFT TECHNICAL MEMORANDUM T2.6.7 

Sediment Yield Analysis (Subtask 2.6. 7) 
Buckeye/Sun Valley Area Drainage Master Study 

Contract No. FCD 2002C027 

Prepared for: 

Flood Control District of Maricopa County 
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Phoenix, Arizona 85009 

Prepared by: 
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3665 JFK Parkway 
Building 2, Suite 200 
Fort Collins, Colorado 80525 
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AWES 
ASSOCIATES TECHNICAL MEMORANDUM T2.6. 7 

To: Kathryn Gross, Valerie Swick- Flood Control District of Maricopa County, AZ 

From: William J. Spitz, R.G., Anthony Alvarado, and Jim Schall, Ph.D. 

Date: May 20, 2005 

Re: Technical Memorandum T2.6.7 (Contract No. FCD 2002C027) 
Buckeye/Sun Valley ADMS Sediment Yield Analysis (Subtask 2.6.7) 

This Technical Memorandum (TM) is submitted by Ayres Associates in support of Subtask 2.6.7 
of the Buckeye/Sun Valley Area Drainage Master Study (ADMS) Scope of Work (Contract FCD 
2002C027). 

The Buckeye/Sun Valley Area Drainage Master Study (ADMS) is being performed for the Flood 
Control District of Maricopa County (District) and the Town of Buckeye under Contract FCD. 
The purpose of the Buckeye/Sun Valley ADMS is to quantify the extent of drainage, flooding, 
and erosion problems, sources, and hazards in the Buckeye/Sun Valley area, and develop 
preliminary solutions to mitigate the identified concerns. Arizona Revised Statutes Title 48, 
Chapter 21, requires the Board of Directors to identify flood control problems and prepare plans 
that, when implemented, wil l eliminate or minimize flooding problems . 

Task 2.6 represents the Geomorphic Evaluation and Landform Stability Assessment portion of 
the Scope of Work (SOW). The purpose of Task 2.6 is to provide a qualitative assessment of 
potential erosion and sedimentation hazards of primary washes, lateral and vertical stream 
instability, piedmont landform stability within the drainage networks of Area 3 (Buckeye 
Structures) and Area 4 (North Sun Valley) of the Buckeye/Sun Valley ADMS watershed, 
evaluate the 1 00-year storm event sediment yield for each of the three Buckeye Flood 
Retarding Structures (FRS), and delineate erosion hazard zones for watercourses within Areas 
2 and 3 that have existing FEMA Flood Insurance Study (FIS) floodplain delineations. 

1. OBJECTIVE 

This TM ·documents the methodology and results of the sediment yield analysis performed 
under Subtask 2.6.7 by Ayres Associates. The objective of Subtask 2.6.7 was to evaluate the 
1 00-year storm event sediment yield for each of the three Buckeye Flood Retarding Structures 
(FRS) and compare the results with the original sediment yield analysis performed for the 
design of the structures. Included in this TM is supporting documentation for the analysis with 
examples of the various calculations used. 

2. METHODS 

2.1 Field Data Collection 

Field reconnaissance was performed to locate and measure areas of deposition along the 
FRSs. Sediment samples (Figure 2.1 ) were taken at various locations and the depths of the 
deposition were estimated. In some places, the outline of the deposition zone was determined; 
otherwise, the deposition area was measured using the 2003 MrSID aerial photography of the 
location. 

Engineers/Scientists/Surveyors 
3665 JFK Pa rkway, Bui lding 2, Suite 200, P 0 . Box 270460, Fot1 Coll ins , CO 80527 
(970) 223-5556, Denver Metro (303) 572-1806. FAX (970) 223-5578 

.A.yresTM2-6-7 .doc 
32-0740 .00 
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Figure 2.1. Bulk sediment sample taken at the downstream end of White Tanks Wash . 

All Terrain Vehicles (ATVs) with utility racks were the main mode of transportation used in the 
field reconnaissance (Figure 2.2). The Trimble GeoXT, which is shown mounted on the A TV in 
Figure 2.3, is part of the Trimble GeoExplorer CE Series, a handheld Windows CE device with 
an integrated Trimble GPS receiver. The GPS system uses the Wide Area Augmentation 
System (WAAS), which was created by the Federal Aviation Administration (FAA) as a free-to­
air differential correction service. With Windows CE, the device is capable of incorporating 
mobile Geographic Information System (GIS) field software. The Trimble GeoXT provides sub­
meter GPS accuracy with the portability of a fully editable mobile GIS database. For this 
project, the software used was ESRI 's ArcPad 6.0, which is the mobile form of ArcGIS with 
GPSCorrect. 

Figure 2.2. All Terrain Vehicle used for field data collection . 

AyresTM2-6-7.doc 
32-0740.00 
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Figure 2.3. The Trimble GeoXT handheld GIS-based GPS unit (arrow) mounted on the ATV. 

Using ArcPad with the georeferenced aerial orthophotography and the GPS Tracking Log , 
photos taken in the field were georeferenced and the sediment sample locations were 
accurately determined . 

The portability of the Trimble GeoXT for use with the A TVs was accomplished using a GPS­
mount placed on the front utility rack of the ATV. The mounted GPS was readi ly visible and 
allowed for easy tracking of the current location and navigation to a specific site. 

2.2 Measurement of Sediment Deposition Volumes 

The data col lected in the field were used to estimate the volume of sediment deposition along 
each FRS. ArcGIS was the GIS software used for the sediment yield analysis . Ten-foot 
contour topography and 2003 MrSID orthophotography were obtained from the District and 
overlaid in ArcGIS. The topography and orthophotography were then utilized to guide the 
delineation and measurement of the actual deposition zones. The volume of sediment 
deposited along each FRS over the past 30 years was then calculated using the measured 
areas and field-estimated depths. Table 2.1 presents the results as well as latitude and 
longitude locations of each major zone of deposition identified in the field or by using the 
orthophotography. If the average depth of deposition was unknown, a conservative estimated 
depth of 1 foot was used. Figure 2.4 shows the FRS Area 3 drainage basins and sub-basins 
with the location of each deposition zone and the active alluvial fans in the area. 

The largest volume of deposited sediment is found along FRS #1, which captures drainage from 
areas that include White Tank Wash and the major active alluvial fans at USGS Sites 36 
through 39, as well as two lesser active fans identified in the field. The largest contribution of 
sediment (at Deposition Zone #1) is from the active fan area of USGS Site 36 (White Tank Fan) . 

AyresTM2-6-7.doc 
32-0740.00 
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Legend 

• Unstable, Active Alluvial Fan 

<::::3 Area 3 Drainage Basins 

Area 3 Drainage Sub-Basins 
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~!'~,!/ Deposition Zones 

Alluvial Fan Apexes 

D Hydrographic 

A Topographic 

Figure 2.4. FRSDrainage Basins, Sub-basins, 
and Locations of Deposition Zones. 
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Table 2.1. Major Depositional Zones along the Buckeye Flood Retarding Structures . 

# Latitude Longitude FRS Area (ft2) 
Average Volume Total FRS 
Depth (ft) (ac-ft) Volume 

1 33' 27' 24.07" 112' 44' 38.90" 1 462,168 1.8 19.1 
2 33' 27' 09.13" 112' 43' 27.61" 1 67,577 2.8 4.3 
3 33' 26' 52.34" 112' 42' 13.36" 1 123,181 1.0 2.8 
4 33' 26' 19.52" 112' 39' 48.39" 1 11,688 2.0 0.5 44.6 
5 33' 26' 08.85" 11 t 38' 52.28" 1 72,852 2.5 4.2 
6 33' 26' 02.85" 112' 38' 24.23" 1 11,456 1.0 0.3 
7 33' 26' 03.45" 112' 36' 27 .09" 1 584,376 1.0 13.4 
8 33' 26' 25.95" 112' 35' 43.98" 2 24,080 1.0 0.6 
9 33' 26' 24.04" 112' 34' 37.43" 2 11,358 1.5 0.4 2.7 
10 33' 26' 33.42" 112' 34' 18.61" 2 6,276 2.0 0.3 
11 33' 26' 34. 75" 112' 34' 17.19" 2 21 ,032 2.8 1.4 
12 33' 26' 55.39" 112' 33' 17.48" 3 29,545 1.0 0.7 
13 33' 27' 03.79" 112' 32' 48.39" 3 6,879 2.5 0.4 
14 33' 27' 02.17" 112' 32' 39. 78" 3 10,773 2.0 0.5 3.0 
15 33' 27' 03.08" 112' 32' 37 .44" 3 11,930 2.0 0.5 
16 33' 27' 36.36" 112' 31' 41.74" 3 9,265 3.0 0.6 
17 33' 28' 01.80" 112' 31' 31 .98" 3 23,291 0.5 0.3 

2.3. Initial Comparison With Original FRS Study 

The only previous sediment yield study completed on the Buckeye FRSs was conducted on the 
area at the east edge of FRS #1 on sub-basin Q1 (Figure 2.5). This calculation was performed 
in 1974 by the Soil Conservation Service (SCS) using the Universal Soil Loss Equation (USLE) 
method. The study provides an estimated sediment yield of 0.01 5 ac-ft per square-mile per 
year and a volume of deposition over 25 years equal to 6 ac-ft (Table 2.2). This equals an 
average annual sediment storage in sub-basin Q1 of 0.09 ac-fUmi2/yr for the 25-year period. 

Table 2.2. Comparison of 197 4 and 2004 Estimated Volume Calculations at Sub-basin 01. 

Study Deposition Area (ff) Volume (ac-ft) 
Sediment Storage 

(ac-fUmi2/yr) 
2004 Measured (Zone #7) 314,353* 7.2 (30 yrs) 0.09 
1974 USLE Analysis 440,000 6.0 (25 yrs) 0.09 
*The western part of Deposition Zone #7 falls outside of the sub-basin Q1 and therefore was not included in the comparison. 

Deposition Zone #7, which was an area that was measured in the fie ld in 2004, matches the 
outlet area for the SCS sub-basin Q1. Based on the field measurements of the area, the 
estimated deposition volume that occurred over the past 30 years is 7.2 ac-ft, which produces 
an average annual sediment storage of 0.09 ac-fUmi2/yr. 

From the resu lts of this comparison, it can be concluded that the 197 4 analysis of this area was 
reasonable and that some of the same assumptions made in the SCS analysis can also be 
made in the current analysis . 
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2.4 

Figure 2.5. Deposition Zone #7 with sub-basin Q1 shown , as well as the portion 
of the area that was not included in the comparison. 

Average Annual Sediment Yield Analysis Using RUSLE2 

The current sediment yie ld calculations were conducted using the Revised Universal Soil Loss 
Equation (RUSLE). The computer program, RUSLE2, developed by the NRCS, was used to 
perform the analysis. RUSLE has the same form as the original USLE: 

A= RKLSCP 

where: 

A = Average annual soil loss (not the sediment yield) 
R = Rainfall erosivity 
K = Soil erodibility 
LS = Slope length and steepness 
C = Cover management factor 
P = Support conservation practices 

Initially, RUSLE2 was used to calculate the average annual soil loss. However, RUSLE2 can be 
used to estimate storm event soil loss by adjusting the rainfall erosivity factor (Kelsey 2002). 
The rainfall erosivity value was adjusted to account for the 1 00-year, 24- and 6-hour events to 
provide an event-based soil loss (see Section 2.5) . 
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2.4.1 Rainfall Erosivity 

The R factor represents the rainfall erosivity of the climate at a particular location. The RUSLE2 
climate database was utilized for the rainfall erosivity for the average annual analysis. In the 
USA climate database for Arizona, the erosivity for "Phoenix at point" was used. This rainfall 
erosivity value was 22.6. 

2.4.2 Soil Erodibility 

The K factor represents the base soil erodibility as determined using the soil erodibility 
nomograph. The K factor is an empirical measure of soil erodibility that is affected by intrinsic 
soil properties. Soils . survey data of the area for RUSLE2 were acquired from the NRCS 
National RUSLE2 Database. The soil data for the drainage area of the three Buckeye FRSs is 
from two soil surveys: the southern part of the drainage area is from a soil survey of the central 
part of Maricopa County (Hartman 1977) and the northern part of the drainage area is from a 
soil survey of the Aguila-Carefree Area (Camp 1986). The soils mapping was also obtained in 
the form of a GIS shapefile, which provides the location and total area of each of the soil types. 
The GIS information was invaluable in determining the slope and the total area of each soil type. 

The resulting soil types are shown in Tables 2.3, 2.4, and 2.5. For each soil description there 
were usually two or three soil types associated with it in the RUSLE2 database. For example, 
for the NRCS soil, Carrizo-Gunsight complex, 1 to 5 percent slopes, the user could select either 
"Carrizo gravelly sandy loam" or "Gunsight very gravelly sandy loam." For the purposes of this 
analysis, the soil type that gave the higher soil erodibility was used in the RUSLE2 calcu lation. 
In this example, "Gunsight very gravelly sandy loam" had a K value of 0.37 whi le "Carrizo 
gravelly sandy loam" has a K value of 0.32. Therefore, "Gunsight very gravelly sandy loam" 
was the soil type used to define K in ca lculating the soil loss for Carrizo-Gunsight complex. 

2.4.3 Slope Length and Steepness 

The LS factor jointly represents the effect of steepness, slope length, and shape (convex, 
concave, or uniform slopes) on sediment production. ArcGIS software was utilized to calculate 
the steepness or slope of each soil group using the NRCS soil survey GIS information. Tables 
2.6, 2.7, and 2.8 provide the calculated slopes. Slope length was estimated using the 
calculated slopes. If the slopes were 5 percent or less, the slope length input into RUSLE2 was 
200 feet. If the slopes were between 5 and 15 percent, the slope length input into RUSLE2 was 
100. If the slopes were greater than 15 percent, the slope length input into RUSLE2 was 30 feet 
(Tables 2.6, 2.7, and 2.8). These slope length estimates are based on the estimates made in 
the original 1974 sediment yield study. The shape was assumed to be a uniform up and down 
contouring over the course of the entire area. All three of these variables, the steepness or 
slope, the slope length, and the shape were input into RUSLE2 to ca lculate the LS factors 
shown in Tables 2.6, 2.7, and 2.8. 

2.4.4. Cover Management Factor 

The C factor, or cover management factor, is the ratio of soil loss from an area with specified 
vegetation and management to that from the fallow condition on which the factor K is evaluated. 
In the original 1974 study, a C factor of 0.3 for desert shrub was used. This was assumed to be 
reasonable and a C factor of 0.3 was used for the current analysis as well . 
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Table 2.3. Soil Groups and Erodibility Values for Buckeye FRS #1 . 

• NRCS Soil Description RUSLE2 Soil Type 

Antho sandy loams An tho sandy loam 25% 
Carrizo very_gravelly_ sand Carrizo very gravelly sand 100% 
Carrizo-GunsiQht complex, 1 to 5 % slopes Gunsight very gravelly sandy loam 30% 
Cheriono-Rock outcrop complex Cherioni extremely stony loam 60% 
Chuckawalla-Gunsight complex, 1 to 8 % slopes GunsiQht very Qravelly loam 35% 
Cipriano very gravelly loam Cipriano very gravelly loam 100% 
Coolidge-Laveen association Coolidge sandy loam 40% 
Denure-Momoli-Carrizo complex Momoli Qravellv sandy loam 30% 
Ebon-Gunsight-Cipriano association, 3 to 25 % slopes GunsiQht very gravelly sandy loam 20% 
Ebon-Pinamt complex, 20 to 40 % slopes Ebon very gravelly loam 45% 
Gachado-Lomitas-Rock outcrop complex, 7 to 55 % slopes Gachado very gravelly loam 45% 
Gilman-Antho association Gilman loam 50% 
Gunsight-Cipriano complex, 1 to 7 % sl()!les Gunsight very gravelly sandy loam 45% 
GunsiQht-Pinal complex, 1 to 10 % slopes Pinal Qravelly loam 30% 
GunsiQht-Rillito complex, 0 to 10 % slopes Gunsight gravelly loam 40% 
Gunsight-Rillito complex, 1 to 25 % slopes Gunsight very gravelly loam 40% 
Gunsight-Rillito complex, low precipitation , 1 to 40 % slopes Gun sight very gravelly loam 40% 
Harqua-Gunsight complex, 0 to 5 % slopes GunsiQht Qravelly loam 35% 
Perryville-Rillito complex, 0 to 3 % slopes Perryville loam 35% 
Pinal gravelly loam Pinal gravelly loam 100% 
Pinamt-Tremant complex, 1 to 10 % slopes Tremant Qravelly loam 35% 
Quilotosa-Vaiva-Rock outcrop complex, 20 to 65 % slopes Quilotosa extremely gravelly sandy loam 50% 
Rillito gravelly loam, 1 to 8 % slopes Rill ito gravelly loam 100% 
Sai-Cipriano complex, 1 to 10 % slopes Sal extremely Qravelly loam 50% 
Tremant gravelly loams, low precipitation Tremant Qravelly loam 35% 

• Table 2.4. Soil Groups and Erodibility Values for Buckeye FRS #2. 

NRCS Soil Description RUSLE2 Soil Type 

Antho sandy loams Antho gravelly sandy loam 30% 
Cheriono-Rock outcrop complex Cherioni extremely stony loam 60% 
Gunsight-Pinal complex, 1 to 10 % slopes Pinal gravelly loam 30% 
GunsiQht-Rillito complex, 0 to 10 % slopes Gunsight gravelly loam 40% 
Gunsight-Rillito complex, 1 to 25 % slopes GunsiQht very Qravelly loam 40% 
Pinamt-Tremant complex, 1 to 1 0 % slopes Tremant gravelly loam 35% 
Quilotosa-Vaiva-Rock outcrop complex, 20 to 65 % slopes Quilotosa extremely gravelly sandy loam 50% 
Tremant-Rillito complex , 0 to 5 % slop_es Ril lito gravelly loam 30% 

Table 2.5 . Soil Groups and Erodibi lity Values for Buckeye FRS #3. 

NRCS Soil Description RUSLE2 Soi l Type 

Antho-Carrizo-Maripo complex Anlho gravelly sandy loam 30% 
Denure-Momoli-Carrizo complex Momoli gravelly sandy loam 30% 
Gunsight-Ri llito complex, 0 to 1 0 % slopes Gunsight gravelly loam 40% 
Harqua-GunsiQht comjllex, 0 to 5 % slopes Gunsight gravelly loam 35% 
Pinamt-Tremant complex, 1 to 10% sloQ_es Tremant gravelly loam 35% 
Quilotosa-Vaiva-Rock outcrop complex, 20 to 65 % slopes Quilotosa extremely gravelly sandy loam 50% 
Rock outcrop-Cheriono complex Cherioni extremely stony loam 60% 

• 
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Table 2.6. Slope, Slope Length, and LS Factors for Buckeye FRS #1 . 

NRCS Soil Description Slope Slop_e Length (ftl LS Factor 
Antho sandy loams 1.7% 200 0.24 
Carrizo very gravelly sand 1.9% 200 0.28 
Carrizo-Gunsight complex, 1 to 5 % slopes 2.5% 200 0.36 
Cheriono-Rock outcrop complex 21 .6% 30 2.00 
Chuckawalla-Gunsight complex, 1 to 8 % slopes 2.6% 200 0.37 
Cipriano very gravelly loam 11.4% 100 1.60 
Coolidge-Laveen association 1.4% 200 0.20 
Denure-Momoli-Carrizci complex 2.2% 200 0.31 
Ebon-Gunsight-Cipriano association, 3 to 25 % slopes 7.7% 100 0.96 
Ebon-Pinamt complex, 20 to 40 % slopes 12.1% 100 1.70 
Gachado-Lomitas-Rock outcrop complex, 7 to 55 % slopes 22.5% 30 2.10 

Gilman-Antho association 1.2% 200 0.17 

Gunsight-Cipriano complex, 1 to 7 % slopes 4.7% 200 0.70 
Gunsight-Pinal complex, 1 to 1 0 % slopes 5.7% 100 0.70 
Gunsight-Rillito complex, 0 to 10% slopes 1.9% 200 0.27 
Gunsight-Rillito complex. 1 to 25 % slopes 4.0% 200 0.57 
Gunsight-Rillito complex, low precipitation , 1 to 40 % slopes 1.5% 200 0.21 
Harqua-Gunsight complex, 0 to 5 % slopes 2.2% 200 0.31 
Perryville-Rillito complex, 0 to 3 % slopes 1.5% 200 0.21 
Pinal gravelly loam 6.3% 100 0.78 
Pinamt-Tremant complex, 1 to 10 % slopes 5.8% 100 0.72 
Quilotosa-Vaiva-Rock outcrop complex, 20 to 65 % slopes 35.3% 30 3.20 
Rillito gravelly loam, 1 to 8 % slopes 1.5% 200 0.22 
Sai-Cipriano complex, 1 to 10 % slopes 3.4% 200 0.42 
Tremant gravelly loams, low precipitation 1.4% 200 0.20 

Table 2.7. Slope, Slope Length, and K Factors for Buckeye FRS #2. 

NRCS Soil Description Slope(%) Slope Length (ft) LS Factor 
Antho sandy loams 2.3% 200 0.28 
Cheriono-Rock outcrop complex 24.1% 30 0.74 
Gunsiqht-Pinal complex, 1 to 10 % slopes 6.1% 100 0.37 
Gunsight-Rillito complex, 0 to 10 % slopes 2.4% 200 0.37 
Gunsight-Rillito complex, 1 to 25 % slopes 8.8% 100 0.57 
Pinamt-Tremant complex, 1 to 10 % slopes 7.4% 100 0.74 
Quilotosa-Vaiva-Rock outcrop complex, 20 to 65 % slopes 36.2% 30 0.12 
Tremant-Rillito complex, 0 to 5 % slopes 3.9% 200 0.37 

Table 2.8. Slope , Slope Length, and K Factors for Buckeye FRS #3. 

NRCS Soil Description Slope(%) 
Antho-Ca rrizo-Maripo complex 2.8% 
Denure-Momoli-Carrizo comjllex 4.1 % 
Gunsight-Rillilo complex, 0 to 10 % slopes 2.3% 
Harqua-Gunsight complex, 0 to 5 % slopes 1.9% 
Pinamt-Tremant complex, 1 to 10 % slopes 7.4% 
Quilotosa-Vaiva-Rock outcrop complex, 20 to 65 % slopes 37 .3% 
Rock outcrop-Cheriono complex 27.8% 

Slope Length (ft) LS Factor 
200 
200 
200 
200 
100 
30 
30 

0.28 
0.43 
0.37 
0.37 
0.74 
0.1 2 
0.74 
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• 2.4.5 Support Conservation Practices 

Support conservation practices were not taken into account in this analysis; therefore, the P 
factor was assumed to be 1.0. 

2.4.6 Average Annual Sediment Yield Results 

The average annual sediment yield analysis was performed for each of the Buckeye FRSs 
(Tables 2.9, 2.10, and 2.11 ). An average annual soil loss was calculated in RUSLE2 for each 
soil group. Given these results and the GIS calculated total area of each soil group, an area 
weighted soil loss for each FRS drainage basin was computed. Channel erosion was taken into 
account as being 20 percent of the total soil loss as assumed in the original 1974 study. The 
sediment delivery, or how much of the sediment loss actually is transported to the FRS, was 

- -- assumed to be 70 percent. The trap efficiency, or how much of the sediment is deposited in the 
FRS as opposed to flowing to the Hassayampa River, was assumed to be 65 percent. These 
same assumptions were made in the original 197 4 sediment yield analysis. Accounting for 
these factors provided a final resultant sediment storage value or an estimate of how much 
sediment would be deposited at each FRS. 

• 

• 

The results indicate that the calculated sediment storage is 0.20 ac-tumi2/yr for FRS #'I, 0.70 ac­
tumi2/yr for FRS #2, and 0.40 ac-tumi2/yr for FRS #3. The calculated sediment storage of FRS 
#2 is higher than either of the calculated sediment storages for FRS #1 and #3 because of its 
high slope over a smaller area and also because it has a higher percentage of relict fan and 
mountain soil types. The calcu lated sediment storage of FRS #1 is lowest because of its lower 
average slope compared to the other two drainage areas. 

These numbers appear reasonable when compared to other measured sediment yield data from 
the Southwest (Table 2.12). Table 2.1 2 presents actual data based on total sediment deposited 
over a certain period of time. 

The numbers also appear reasonable when compared to computed average annual sediment 
yield estimates from previous Maricopa County studies as shown in Table 2.13. The previous 
studies conducted in the Maricopa County area have an arithmetic average of 0.65 ac-tumi 2/yr, 
which can be viewed as an upper limit of most of the estimates (JE Fuller 2003). The calcu lated 
sediment storage of FRS #2 is higher than the previous study average most likely because of 
higher average slope over a relatively small area. 

3.5 Single Event Sediment Yield Analysis 

A single event sediment yield analysis was performed on the 1 00-year, 6- and 24-hour events. 
Initially, the 100-year, 6- and 24-hour event-based sediment yield analyses were performed 
using the same parameter values as the average annual analysis in RUSLE2 with the exception 
of the R factor being adjusted to account for the events. However, this approach produced 
unreasonably low sediment loads so a different approach was taken. The second approach 
predicted a sediment load and deposition based on an assumption of the sediment 
concentration by volume given the flow characteristics that the flood would have. This approach 
led to a more reasonable prediction of the sediment deposition at the FRSs . 
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• Table 2.9. FRS #1 Average Annual Sediment Yield RUSLE2 Results 
Annual R Factor 22.6 Sediment: lons/acre-ft 2156.22 

Soil Description Climate Soil Classification used in RUSLE2 Area (acre %of Total Slope % Slope Length ft LS Factor C Factor K Factor RUSLE2 Soil Loss tons/aclyr Wei hied-Average Soil Loss tons/ac/yr 
Antho sandy learns Arizona\Phoenix at p5Jinl 1 ANTHO SANDY LOAMS\ANTHO sandy loam 25% 6965.35 14.36% 1.7% 200 0.24 0.30 0.28 0.4 0.059 
Carrizo very gravelly sand Arizona\Phoenix at point 14 CARRIZO VERY GRAVELLY SANDICARRIZO very gravelly sand 100% 2473.06 5.10% 1.9% 200 0.28 0.30 0.06 0.1 0.005 
Carrizo-Gunsight complex, 1 to 5 percent slopes Arizona\Phoenix at point 15 CARRIZO·GUNSIGHT COMPLEX, 1 TO 5 PERCENT SLOPES\GUNSIGHT verv oravelly sandy loam 30% 3454.05 7.12% 2.5% 200 0.36 0.30 0.43 0.9 0.067 
Cheriono-Rock outcrop com_plex Arizona\Phoenix a!__Qf)int 18 CHERIONI-ROCK OUTCROP COMPLEX, 5 TO 60 PERCENT SLOPESICHERIONI extremely stony loam 60% 482.21 0.99% 21.6% 30 2.00 0.30 0.74 9.9 0.098 
Chuckawalla-Gunsight com lex, 1 to 8 percent slopes Arizona\Phoenix at point 19 CHUCKAWALLA-GUNSIGHT COMPLEX, 1 TO 8 PERCENT SLOPES\GUNSIGHT very_llravelly loam 35% 1454.62 3.00% 2.6% 200 0.37 0.30 0.57 1.3 0.039 
Cipriano verv oravellv loam Arizona\Phoenix at point 21 CIPRIANO VERY GRAVELLY LOAMICIPRIANO very gravelly loam 100% 260.70 0.54% 11 .4% 100 1.60 0.30 0.74 7.5 0.040 
Coolidge-Laveen association Arizona\Phoenix at point CV COOLIDGE-LAVEEN ASSOCIATION\COOLIDGE sandy loam 40% 721.22 1.49% 1.4% 200 0.20 0.30 0.28 0.3 0.005 
Oenure-Momo/i-Carrizo complex Arizona\Phoenix at point 29 DENURE·MOMOLI-CARRIZO COMPLEXIMOMOLI qravell sandy loam 30% 2306.75 4.76% 2.2% 200 0.31 0.30 0.43 0.8 0.039 
Ebon-Gunsight-Cipriano association, 3 to 25 percent slopes Arizona\Phoenix at point 47 EBON-GUNSIGHT·CIPRIANO ASSOCIATION, 3 TO 25 PERCENT SLOPES\GUNSIGHT very gravelly sandy loam 20% 704.65 1.45% 7.7% 100 0.96 0.30 0.43 2.5 0.036 
Ebon-Pinaml complex, 20 to 40 percent slopes Arizona\Phoenix at point 49 EBON-PINAMT COMPLEX, 20 TO 40 PERCENT SLOPESIEBON very_gravelly_loam 45% 446.62 0.92% 12.1% 100 1.70 0.30 0.32 3.6 0.033 
Gachado-Lomitas·Rock outcrqp_ compJex, 7 to 55_1l<>rcent slope Arizona\Phoenix at ooinl 52 GACHADO·LOMITAS· ROCK OUTCROP COMPLEX, 7 TO 55 PERCENT SLOPES\GACHADO very gravelly loam 45% 535.04 1.10% 22.5% 30 2.10 0.30 0.43 6.0 0.066 
Gilman-Antho association Arizona\Phoenix at point GM GILMAN-ANTHO ASSOCIATION\GILMAN loam 50% 456.13 0.94% 1.2% 200 0.17 0.30 0.37 0.4 0.004 
GunsiQhi-Cipriano complex, 1 to 7 percent slopes Arizona\Phoenix at ooint 68 GUNSIGHT·CIPRIANO COMPLEX, 1 TO 7 PERCENT SLOPES\GUNSIGHT very gravelly sandy loam 45% 94.77 0.20% 4.7% 200 0.70 0.30 0.43 1.8 0.004 
Gunsight-Pinal complex, 1 to 10 percent slopes Arizona\Phoenix at point GWD GUNSIGHT-PINAL COMPLEX, 1 TO 10 PERCENT SLOPESIPINAL gravelly loam 30% 585.35 1.21% 5.7% 100 0.70 0.30 0.37 1.6 0.019 
Gunsiaht-Rillito complex, 0 to 10_percent slopes Arizona\Phoenix at p_9int GYD GUNSIGHT·RILLITO COMPLEX, 0 TO 10 PERCENT SLOPES\GUNSIGHT gravelly loam 40% 1332.15 2.75% 1.9% 200 0.27 0.30 0.37 0.6 0.016 
Gunsight-Rillito complex, 1 to 25 percent slopes Arizona\Phoenix at point 70 GUNSIGHT·RILLITO COMPLEX, 1 TO 25 PERCENT SLOPES\GUNSIGHT very gravelly loam 40% 4194.56 8.65% 4.0% 200 0.57 0.30 0.57 2.0 0.173 
Gunsioht-Rillito complex, low precipitation, 1 to 40 percent slope Arizona\Phoenix at p9int 71 GUNSIGHT·RILLITO COMPLEX, LOW PRECIPITATION, 1 TO 40 PERCENT SLOPES\GUNSIGHT verv gravelly loam 40% 378.99 0.76% 1.5% 200 0.21 0.30 0.57 0.7 0.006 
Harqua-Gunsight com lex, 0 to 5 percent slopes Arizona\Phoenix at point HLC HARQUA·GUNSIGHT COMPLEX, 0 TO 5 PERC.ENT SLOPES\GUNSIGHT gravelly loam 35% 61.37 0.13% 2.2% 200 0.31 0.30 0.37 0.7 0.001 
Perryville-Rillito complex, 0 to 3 percent slopes Arizona\Phoenix at point PRB PERRYVILLE-RILLITO COMPLEX, 0 TO 3 PERCENT SLOPESIPERRYVILLE loam 35% 1038.32 2.14% 1.5% 200 0.21 0.30 0.37 0.5 0.010 
Pinal gravelly loam Atizona\Phoenix at point PT PINAL GRAVELLY LOAMIPINAL gravel I loam 100% 38.09 0.08% 6.3% 100 0.78 0.30 0.37 1.8 0.001 
Pinamt-Tremant co~_R!ex, 1 to 10 ercent slopes Arizona\Phoenix at _p_oint 98 PINAMT·TREMANT COMPLEX, 1 TO 10 PERCENT SLOPES\TREMANT gravelly loam 35% 1952.98 4.03% 5.8% 100 0.72 0.30 0.74 3.2 0.129 
Quilotosa-Vaiva-Rock outcrop complex, 20 to 65 percent slopes Arizona\Phoenix at point 100 QUILOTOSA·VAIVA-ROCK OUTCROP COMPLEX, 20 TO 65 PERCENT SLOPES\QUILOTOSA extremely gravelly sandy loam 84 11 .65 17.35% 35.3% 30 3.20 0.30 0.12 2.4 0.416 
Ri llito grave lly loam, 1 to 8 percent slopes Arizona\Phoenix at point 102 RILLITO GRAVELLY LOAM, 1 TO 8 PERCENT SLOPESIRILLITO oravelly loam 100% 7261 .00 14.97% 1.5% 200 0.22 0.30 0.37 0.5 0.073 
SaJ-Cipriano complex, 1 to 10 percent slopes Arizona\Phoenix at point 106 SAL-CIPRIANO COMPLEX, 1 TO 10 PERCENT SLOPE SISAL extremely gravelly loam 50% 1g88.08 4.1 0% 3.4% 200 0.42 0.30 0.37 1.0 0.039 
Tremant gravelly loams, low preci italian Arizona\Phoenix at point 114 TREMANT GRAVELLY LOAMS, LOW PRECIPITATIONITREMANT gravelly loam 35% 129.93 0.27% 1.4% 200 0.20 0.30 0.74 0.9 0.014 

Total 48490.90 100.00% Total Soil Loss (tons/ac/yr) 1.39 
Total Soli Loss ac-ftlsQ·mi/yr 0.41 

Channel Crosion (20% of Total) 0.08 
Total Erosion 0.50 

Estimat~d 70% Delivery 0.35 
Estimated 65% Trap Efficiency 0.23 

Sediment Storage (ac-ft/sq-mi/yr 0.20 

• Table 2.10. FRS #2 Average Annual Sediment Yield RUSLE2 Results -
Annual R Factor 22.6 Sediment tons/acre-ft 2156.22 

Soil Description Climate Soil Classilicalion used in RUSLE2 Area (acre) %of Total Slope(%) Slope Length (ft LS Factor C Factor K Factor RUSLE2 Scil Loss (Tons/Ac/Yr Weighted-Average Soil Loss (tons/ac/yr) 
Antho association Arizona\Phoenix at point AL ANTHO ASSOCIATION\ANTHO oravelly sandy loam 30% 76.8g 2.06% 2.3% 200 0.33 0.30 0.28 0.56 0.012 
Cheriono-Rock outcrop complex Arizona\Phoenix at point 18 CHERIONI-ROCK OUTCROP COMPLEX, 5 TO 60 PERCENT SLOPESICHERIONI extremely stony loam 60% 6g5.20 18.66% 24.1% 30 2.30 0.30 0.74 11 2.052 
Gunsi hi-Pinal complex, 1 to 10 percent slopes Arizona\Phoenix at point GWD GUNSIGHT-PINAL COMPLEX, 1 TO 10 PERCENT SLOPES\PINAL gravell loam 30% 524.60 14.08% 6.1% 100 0.75 0.30 0.37 1.7 0.239 
Gunsi hi-Rillito complex, 0 to 10 percent slopes Arizona\Phoenix at point GYD GUNSIGHT·RILLITO COMPLEX, 0 TO 10 PERCENT SLOPES\GUNSIGHT gravelly loam 40% g6.47 2.59% 2.4% 200 0.34 0.30 0.37 0.76 0.020 
Gunsight-Ri ll ito complex, 1 to 25 percent slopes Arizona\Phoenix at point 70 GUNSIGHT-RILLITO COMPLEX, 1 TO 25 PERCENT SLOPES\GUNSIGHT verv Qravelly loam 40% 103.75 2.78% 8.8% 100 1.40 0.30 0.57 4.9 0. 136 
Pinamt-Tremanl com lex, 1 to 10 percent slopes Arizona\Phoenix at point 98 PINAMT·TREMANT COMPLEX, 1 TO 10 PERCENT SLOPESITREMANT gravelly loam 35% 1103.25 29.61% 7.4% 100 0.92 0.30 0.74 4.2 1.243 
Quilotosa-Vaiva-Rock outcrop complex. 20 to 65 percent slopes Arizona\Phoenix at point 100 QUILOTOSA·VAIVA·ROCK OUTCROP COMPLEX, 20 TO 65 PERCENT SLOPES\QUILOTOSA extremely gravelly sandy loam 494.30 13.26% 36.2% 30 3.30 0.30 0.12 2.5 0.332 
Tremant-Rillito com lex, 0 to 5 percent slopes Arizona\Phoenix at point TSC TREMANT -RILLITO COMPLEX, 0 TO 5 PERCENT SLOPES\RILUTO gravelly loam 30% 558.66 14.99% 3.9% 200 0.56 0.30 0.37 1.3 0.172 

Total 3726.48 100.00% Total Soil Loss (tons/ac/yr) 4.21 
Total So,ll.oss (ac-ft/sq-mi/yr) 1.25 

Channel erosion (20% of Total) 0.25 
T alai Erosion 1.50 

Estimated 70% Delivery 1.05 
Estimated 65% Trap Efficiency 0.68 

Sediment Storage ac-ftlsq-mi/yr 0.70 

Table 2.11 . FRS #3 Average Annual Sediment Yield RUSLE2 Results 
Annual R Factor 22.6 Sediment: tons/acre-ft 2156.22 

Soil Description Climate Soil Classification used in RUSLE2 Area (acre % ofTotaJ Slope % Slope Length ft LS Factor C Factor K Factor RUSLE2 Soil Loss Tons/Ac/Yr) Weiqhted-Average Soil Loss tons/ac/yr) 
Antho-Carrizo-Maripo complex Arizona\Phoenix at point 3 ANTHO-CARRIZO-MARIPO COMPLEX\ANTHO sandy loam 35% 806.13 14.36% 2.8% 200 0.40 0.30 0.28 0.68 0.098 
Oenure-Momoli-Carrizo complex Arizona\Phoenix at point 29 OENURE-MOMOLI-CARRIZO COMPLEXIMOMOLI gravell sandy loa m 30% 9.60 0.17% 4.1% 200 0.60 0.30 0.43 1.6 0.003 
Gunsight-Rillilo complex, 0 to 10 percent slopes Arizona\Phoenix at point GYD GUNSIGHT -RILLITO COMPLEX, 0 TO 10 PERCENT SLOPES\GUNSIGHT gravelly loam 40% 143.20 2.55% 2.3% 200 0.32 0.30 0.37 0.72 O.D18 
Harqua-Gunsight complex, 0 to 5 percent slopes Arizona\Phoenix at point HLC HARQUA·GUNSIGHT COMPLEX, 0 TO 5 PERCENT SLOPES\GUNSIGHT gravelly loam 35% 86.88 1.55% 1.9% 200 0.27 0.30 0.37 0.6 0.009 
Pinamt-Tremant complex, 1 to 10 percent slopes Arizona\Phoenix at poin t 98 PINAMT-TREMANT COMPLEX. 1 TO 10 PERCENT SLOPESITREMANT gravelly loam 35% 1508.85 26.87°/o 7.4% 100 0.92 0.30 0.74 4.2 1.129 
Quilotosa-Vaiva-Rock outcrop complex, 20 to 65 percent slopes Arizona\Phoenix at point 100 QUILOTOSA-VAIVA-ROCK OUTCROP COMPLEX, 20 TO 65 PERCENT SLOPES\QUILOTOSA extremely gravelly sandy loam 2gg2.43 53.29% 37.3% 30 3.30 0.30 0.12 2.6 1.386 
Rock outcrop-Cherioni complex Arizona\Phoenix at point 18 CHERIONI-ROCK OUTCROP COMPLEX, 5 TO 60 PERCENT SLOPES\CHERIONI extremely stony loam 60% 13.54 0.24% 27.8% 30 2.60 0.30 0.74 13 0.031 

Total 5615.45 100.00% Total Soil Loss (tons/ac/yr 2.67 
Total Soil Loss ac-[Usq-mi/yr 0.79 

Channel =rcsion (20% of Total) . 0.16 
Total Erosion 0.95 

Estimated 70% Delivery 0.67 
Estimated 65% Trap Efficiency 0.43 

L__~ediment :3Jor~_g_~_( C]_~_.ft/_sq-m iNr) 0.40 
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Table 2.12 . Comparison of Sediment Yield Data from the Southwest. 

Watershed Area (mn Period (years) Sediment Yield (ac-ft/mi"/yr) 

Buckeye Flood Retarding Structures 
FRS #1 75.8 - 0.20 
FRS#2 5.8 - 0.70 
FRS#3 8.8 - 0.40 

New Mexico (Curtis 1976) 
Santa Cruz 93 .1 27.4 0.27 

Santa Cruz R #6 3.12 6.7 3.30 
Santa Cruz R #3 1.16 7.0 9.10 

Zia Pueblo 2.40 7.0 5.84 
Tortugas Arroyo 20.54 9.7 0.69 
Upper Rio Hondo 93.9 12.9 0.54 

Oak Creek 9.41 6.0 3.32 
Upper Gila Valley Region 0.33 8.7 1.54 

Southeastern Arizona- Walnut Gulch Experimental Watershed (Renard 1972) 
Basin 201 0.17 - 0.33 
Basin 214 0.58 - 0.31 
Basin 223 0.17 - 0.38 

Glendora, California (PSIAC 197 4) 
Bell Canyon #4 0.06 39 0.88 

Eagle, Colorado (PSIAC 1974) 
Boca Mountain < 0.01 7 0.65 

Table 2.13. Comparison of Sediment Yield Analysis Results in Maricopa County. 

Watershed Area (mi2
) 

Bucke_y_e Flood RetardinQ Structures 
FRS #1 75.8 
FRS#2 5.8 
FRS #3 8.8 

Maricopa County Previous Studies 
Casandro Wash 1.2 
Rawhide Wash 13.6 

Phoenix Mountain Preserve (Tatum Wash)L 1.9 
Shea Boulevard (Tatum Wash)L 2.2 

Western Tributary (Cherokee Wash), 0.1 
Desert Park Tributary (Cherokee Wash), 0.3 

Desert Greenbelt Project, AT 8.6 
Cave Creek, AZ" 121.0 

Spookhill Dam, AZ 16 .4 
Saddleback Dam, AZ4 30 .0 

Davis Tank, AZ" 0.2 
Kennedy_ Tank, AZ" 1.0 
Juniper Wash, AZ" 2.0 

Alhambra Tank, AZ" 6.6 
Black Hills Tank, AZ" 1.1 
Black Hi lls Tank, AZ0 1.6 
Mesquite Tank, AZ" 9.0 

Tank 76, AZ" 1.2 
Spook Hill ADMP 3.0- 14.0 

North Peoria ADMP" 0.1-32.9 
Average 

1. CH2M-Hill 1994 4. Hjalmarson 1996 
2. JE Fu ller 1997 5. Peterson 1962 

3. WEST ConsultinQ 1997 6. Langbien. Hains and Culler 1951 

Average Annual Sediment Yield 
(ac-ft/mi2/yr) 

0.20 
0.70 
0.40 

0.31 
0.39 
1.9 
2.1 

2.16 
1.98 
0.10 . 
0.31 
0.15 
0.08 
0.96 
0.27 
0.29 
0.03 
0.68 
0.58 
0.03 
0.21 
0.13 
0.31 
0.65 

7. JE Fuller 2000 

8. JE Fuller 2002 
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2.5.1 Approach Using RUSLE2 and Erosion Works 

For the 1 00-year event analysis, the software program Erosion Works (American Excelsior 
2004) was chosen to calculate the rainfall erosivity. Erosion Works is a program that takes a 
given rainfall intensity hyetograph and provides the corresponding R value for an event-based 
soil loss analysis . 

To determine the 1 00-year, 24- and 6-hour hyetographs for each of the structures, the 
procedures in Volume I of the Draft Drainage Design Manual for Maricopa County (Sabol et al. 
2003) were followed. The 1 00-year, 24- and 6-hour area averaged point rainfall depths for each 
structure were obtained from the Buckeye/Sun Valley Area Drainage Master Study Hydrology 
Report (PBS&J 2004 ). Table 2.14 shows the values that were used. The depth-area reduction 
factor (Table 3.13) was determined next using Figures 2.1 and 2.2 in Volume I of the Draft 
Drainage Design Manual (Sabol et al. 2003). The depth-area reduction factor was applied to 
the area-averaged point rainfall depths, which was then applied to the dimensionless 
distributions in Table 2.4 and 2.5 (after determining the appropriate pattern number for the 6-
hour storm) of the Draft Drainage Design Manual. Figures 2.6 and 2.7 show the final rainfall 
intensity hyetographs used in determining the rainfall erosivity for each FRS for the 1 00-year, 
24- and 6-hour storms, respectively. With these hyetographs, the 1 00-year, 24- and 6-hour 
event rainfall erosivity values were calculated (Table 2.15). 

Table 2.14. Basin 100-Year Rainfall Depths and Area Reduction Factors. 

Drainage Rainfall Depth 
Depth-Area 

Rainfall Depth 
Reduction 

Basin (ft) (6-hr) 
Factor (6-hr) 

(ft) (24-hr) 

FRS #1 3.23 0.82 4.16 
FRS #2 3.28 0.96 4.13 
FRS #3 3.26 0.94 4.14 

1 00-Year 6-Hour Storm Hyetograph 

Time {Hours} 

,___._ FRS#1 · • ... · ·FRS #2 - FRS#3 \ 

Figure 2.6. 100-Year 6-Hour Storm Hyetograph . 

Depth-Area 
Reduction 

Factor (24-hr) 
0.86 
0.91 
0.88 
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• Table 2.16. FRS #1100-Year 6-Hour Storm Sediment Yield RUSLE2 Results 

AnnuaiRFactor· · Q2.6 R {100yr 6hr) ··-. 31.72 : RUSLE2 , 1oo,.y~ar?-!;t , . - . ~ Soil Descripti.on c · - 'w_!. Climate ' Soil Classification used in RUSLE2: Area acre % ofTotal . ... Sio e% Slope Le11.9.th fi Net LS Factor Net c .Faclor Net K Facto; ··Avil Annuai.Soll Lossjtons/aC/yr)' . Welghteci-Aver~e ·sci! l~os& (tonslaCievenQ 
Antho sandy loams Arizona\Phoenix at point 1 ANTHO SANDY LOAMSIANTHO sandy loam 25% 

6965.35 14.36% 1.7% 200 0.24 0.30 0.28 0.4 0.083 
Carrizo verv oravelly_ sand Arizona\Phoenix at point 14 CARRIZO VERY GRAVELLY SAND\CARRIZO very gravelly sand 100% 2473.06 5.10% 1.9% 200 0.28 0.30 0.06 0.1 0.007 
Carrlzo-Gunsight complex, 1 to ~ercent slopes Arizona\Phoenix atpoint 15 CARRIZO-GUNSIGHT COMPLEX, 1 TO 5 PERCENT SLOPESIGUNSIGHT vary gravelly sandy loam 30% 3454.05 7.12% 2.5% 200 0.36 0.30 0.43 0.9 0.094 
Cheriono-Rock outcrop com lex Arizona\Phoenix at point 18 CHERIONI-ROCK OUTCROP COMPLEX, 5 TO 60 PERCENT SLOPES\CHERIONI extreme I)! sto!!}' loam 60% 482.21 0.99% 21.6% 30 2.00 0.30 0.74 9.9 0.138 
Chuckawalla -Gunsioht co'!!Eiex, 1 to B_l"'rcent slopes Arizona\Phoenix at point 19 CHUCKAWALLA-GUNSIGHT COMPLEX, 1 TO 8 PERCENT SLOPES\GUNSIGHT very gravelly loam 35% 1454.62 3.00% 2.6% 200 0.37 0.30 0.57 1.3 0.055 
Cipriano very gravelly loam Arizona\Phoenix at point 21 CIPRIANO VERY GRAVELLY LOAM\CIPRIANO very oravelly_loam 100% 260.70 0.54% 11.4% 100 1.60 0.30 0,74 7.5 0.057 
Coolid!le-Laveen association Arizona\Phoenix at point CV COOLIDGE-LAVEEN ASSOCIATION\COOLIDGE sandy loam 40% 721.22 1.49% 1.4% 200 0.20 0.30 0.28 0.3 0.007 
Denure-Momoli-Carrizo com lex Arizona\Phoenix a!_Q_oint 29 DENURE-MOMOLI-CARRIZO COMPLEX\MOMOLI_grave~l'_ sandy loam 30% 2306.75 4.76% 2.2% 200 0.31 0.30 0.43 0.8 0.055 
Ebon-Gunsight-Cil'riano association, 3 to 25 percent slopes Arizona\Phoenix at point 47 EBON-GUNSIGHT-CIPRIANO ASSOCIATION, 3 TO 25 PERCENT SLOPES\GUNSIGHT v~ave!ll_sanclyloam 20% 704.65 1.45% 7.7% 100 0.96 0.30 0.43 2.5 0.051 
Ebon-Pinamt complex, 20 to 40..E_ercent slopes Arizona\Phoenix at point 49 EBON-PINAMT COMPLEX, 20 TO 40 PERCENT SLOPESIEBON very gravelly loam 45% 446.62 0.92% 12.1% 100 1.70 0.30 0.32 3.6 0.047 
Gachado-Lomitas-Rock outcrop com lex, 7 to 55 percent slopes Arizona\Phoenix at point 52 GACHADO-LOMITAS-ROCK OUTCROP COMPLEX, 7 TO 55 PERCENT SLOPES\GACHADO ve'l'_f!ravelly loam 45% 535.04 1.10% 22.5% 30 2.1 0 0.30 0.43 6.0 0.093 
Gllman-Antho association Arizona\Phoenix at point GM GILMAN-ANTHO ASSOCIATION\GILMAN loam 50% 

456.13 0.94% 1.2% 200 0.17 0.30 0.37 0.4 0.005 
Gunsight-Cipriano complex, 1 to 7_£ercent slopes Arizona\Phoenix a!Jloint 68 GUNSIGHT -C IPRIANO COMPLEX, 1 TO 7 PERCENT SLOPES\GUNSIGHT verv aravellysan(jJLioam 45% 94.77 0 .20% 4.7% 200 0.70 0.30 0.43 1.8 0.005 
Gunsight-Pinal complex, 1 to 1Q___Q_ercent slopes Arizona\Phoenix at point GWD GUNSIGHT-PINAL COMPLEX, 1 TO 10 PERCENT SLOPESIPINAL gravelly loam 30% 585.35 1.21% 5.7%, 100 0.70 0.30 0.37 1.6 0.027 
Gunsighi-Rillito complex, 0 to 10 percent slopes Arizona\Phoenix at point GYD GUNSIGHT-RILLITO COMPLEX, 0 TO 10 PERCENT SLOPES\GUNSIGHT oravell)l loam 40% 1332.15 2.75% 1.9% 200 0.27 0.30 0.37 0.6 0.023 
Gunsioht-Rillilo complex. 1 to 25j>ercent sl"''es Arizona\Phoenix at point 70 GUNSIGHT -RILLITO COMPLEX, 1 TO 25 PERCENT SLOPESIGUNSIGHT very gravelly loam 40% 4194.56 8.65% 4.0% 200 0,57 0.30 0.57 2.0 0.243 
Gunsighi-Rillito complex, low prec)Eitation, 1 to 40 percent sl~ Arlzona\Phoenlx al_j)_oint 71 GUNStGHT-RILLITO COMPLEX, LOW PRECIPITATION, 1 TO 40 PERCENT SLOPESIGUNSIGHT very gravell, loam 40% 378.99 0.78% 1.5% 200 0.21 0.30 0.57 0.7 0.008 
Haroua-Gunsioht corTljllex, 0 to 5 percent slopes Arizona\Phoenix at point HLC HARQUA-GUNSIGHT COMPLEX, 0 TO 5 PERCENT SLOPES\GUNS JGHT gravelly loam 35% 61 .37 0.13% 2.2% 200 0.31 0.30 0.37 0.7 0,001 
Perryville-Rillito complex, 0 to 3 percent slopes Arizona\Phoenix at___Q_oint PRB PERRYVILLE-RILLITO COMPLEX, 0 TO 3 PERCENT SLOPES\PERRYVILLE loam 35% 1038.32 2 .14% 1.5% 200 0.21 0.30 0.37 0.5 0.014 
Pinal oravellv loam Arizona\Phoenix at point PT PINAL GRAVELLY LOAMIPINAL_gravelly loam 100% 

38.09 0.08% 6.3% 100 0.78 0.30 0,37 1.8 0.002 
Pinamt-Tremant complex, 1 to H~_.e_e rcent slopes Arizona\Phoenix a!...Q_oin t 98 PINAMT-TREMANT COMPLEX. 1 TO 10 PERCENT SLOPES\TREMANT gravelly loam 35% 1952.98 4.03% 5.8% 100 0.72 0.30 0,74 3.2 0.181 
Qullotosa-Valva-Rock outcr.Q£_ com lex, 20 to 65 oercent siQ_Qes Arizona\Phoenix at point 100 QUILOTOSA-VAIVA-ROCK OUTCROP COMPLEX. 20 TO 65 PERCENT SLOPES\OUILOTOSA extremely gravelly sandy loam 84 11 .65 17.35% 35.3% 30 3.20 0.30 0.12 2.4 0.584 
Rill ito gravelly loam, 1 to 8 percent slopes Arizona\Phoenlx a~point 102 RILLITO GRAVELLY LOAM, 1 TO 8 PERCENT SLOPESIRILLITO gravelly loam 100% 7261.00 14.97% 1.5% 200 0.22 0.30 0.37 0.5 0,103 
Sai-Ci!'_riano complex, 1 lo 1 O_percent slopes Arizona\Phoenix at point 106 SAL-CIPRIANO COMPLEX, 1 TO 10 PERCENT SLOPESISAL extremely oravelly loam 50% 1988.08 4.10% 3.4% 200 0.42 0.30 0.37 1.0 0.055 
Tremant gravelly learns, low pre~ilalion Arizona\Phoenix at point 114 TREMANT GRAVELLY LOAMS, LOW PRECIPITATIONITREMANT gravelly loam 35% 129.93 0.27% 1.4% 200 0.20 0.30 0.74 0.9 0.003 Total 48490.90 100.00% Total Soil Loss (tons/acre ) 1.94 

Total Soil Loss ac-ft/so-mi 0.58 
Channel Erosion (20% of Total) 0.12 

Total Erosion (ac-tusq-mi 0.69 
Estimated 70% Delivery 0.48 

Estimated 65% Tr~ p_ Efficien~y_ 0.31 
Sediment Stor.>a• ac-tt/s a -ml 0.30 

• Table 2.17. FRS #2 100-Year 6-Hour Storm Sediment Yield RUSLE2 Results 

.AnnJJ al R Factor 22.6 R {100yr 6hr) 77.47 RUSLE2 10Q..Year 6-hr 
Soil Description Climate Soil Classification used in RUSLE2 Area (acre) % qf Total Slope(%) Slope Length (It Net LS Factor Net C Factor NetK Factor Avg Annual Soil Loss {tons/aC/yr) Weigh ted-Aver~ Soil Loss (tons/aC/even.!l_ 

Anlho association Arizona\Phoenix at point AL ANTHO ASSOCIATIONIANTHO grave~y sanely loam 30% 
76.89 2.06% 2.3% 200 0.33 0.30 0.28 0.56 0.040 

Cheriono-Rock outcrop co~ex Arizona\Phoenix at point 18 CHERIONI-ROCK OUTCROP COMPLEX, 5 TO 60 PERCENT SLOPESICHERIONI extreme I)!_ stony loam 60% 695.20 18.66% 24.1% 30 2.30 0.30 0.74 11 7.034 
Gunsj ght-Pinal complex, 1 to 10 percen t slopes Arizona\Phoenix at point GWD GUNSIGHT-PINAL COMPLEX, 1 TO 10 PERCENT SLOPESIPINAL 9ravell loam 30% 524 .60 14.08% 6.1% 100 0.75 0.30 0.37 1.7 0.820 
Gunsiohi-Ril ll lo complex, 0 to 1 O_jl9rcent slopes Arizona\Phoenix at point GYD GUNSIGHT-R ILLITO COMPLEX, 0 TO 10 PERCENT SLOPES\GUNSIGHT .Qravell loam 40% 96.4 7 2.59% 2.4% 200 0.34 0.30 0.37 0.76 0.067 
Gunsight-RIIIito complex, 1 to 25 percent slopes Arizona\Phoenix at point 70 GUNSIGHT-RILLITO COMPLEX. 1 TO 25 PERCENT SLOPESIGUNSIGHT very gravelly loam 40% 103.75 2.78% 8.8% 100 1.40 0.30 0.57 4.9 0.468 
Pinamt-Tremant complex, 1 to 1 O_Q_ercenl sl~s Arizona\Phoenix at point 98 PINAMT-TREMANT COMPLEX, 1 TO 10 PERCENT SLOPES\TREMANT oravelly loam 35% 1103.25 29.61% 7.4% 100 0.92 0.30 0.74 4.2 4.262 
Quilotosa-Vaiva-Rock outcrt?p corryplex, 20 to 65 percent slopes Arizona\Phoenlx at point 100 OUILOTOSA-VAIVA-ROCK OUTCROP COMPLEX. 20 TO 65 PERCENT SLOPES\OUILOTOSA extremely ~gravelly sandy loam 494.30 13.26% 36.2% 30 3.30 0.30 0.12 2.5 1.137 
T remant-Rillito complex, 0 to 5_e__ercent slopes Arizona\Phoenix at point TSC TREMANT-RILLITO COMPLEX, 0 TO 5 PERCENT SLOPES\RILLITO gravelly loam 30% 558.66 14.99% 3 .9% 200 0.56 0.30 0.37 1.3 0.668 Total 3726.48 100.00% 

T olal Soil Loss (tons/acre) 14.50 
Total Soil Losuac-fUso-mi 4.30 

Channel Erosion 20% of Total) 0.86 
Total Erosion {ac-fVsq-mi 5.16 
Estimated 70% Delivery 3.61 

Estimated 65% Tr~~ Effic i en ~'i. 2.35 
Sediment Stor~ge ac-tt/sq-rni 2.30 

Table 2.18. FRS #3100-Year 6-Hour Storm Sediment Yield RUSLE2 Results 

Annual R Factor- 22.6 R (100yr 6hr) 57.77 RUSLE2 100-Year 6-hr ' 
Soil Description Clima(e Soil Classifi cation used in RUSLE2 Area acre %of Total Slope (% Slope Length ft Net LS Factor Net C Factor Nei K Faclor Ava Annual Soil Loss~(tons/aciyr) Welgh led-Averoa~ Sofl Loss (tons/ac/e•tent) .< 

Anlho-Carrizo-Maripo complex Arizona\Phoenix at point 3 ANTHO-CARRIZO-MARIPO COM PLEX\ANTHO sandy loam 35% 
806.13 14.36% 2.8% 200 0.40 0.30 0.28 0.68 0.250 

Oenure-Momoli-Carrizo com lex Arizona\Phoenix at ooinl 29 DENURE-MOMOLI-CARRIZO COMPLEXIMOMOU gravally sandv loam 30% 
9.60 0.17% 4. 1% 200 0.60 0.30 0.43 1.6 0.007 

Gunsighi-Ri llito complex, 0 to 10 percent slopes Arizona\Phoenix at point GYD GUNSIGHT-RILLII 0 COMPLEX, 0 TO 10 PERCENT SLOPES\GUNSIGH 1 oravellv loam 40% 143.20 2.55% 2.3% 200 0.32 0.30 0.37 0.72 0.047 
Haroua-Gunsiaht complex, 0 to 5 oercent slopes A"rizona\Phoenix at point HLC HARQUA-G UNSIGHT COMPLEX, 0 TO 5 PERCENT SLOPESIGUNSIGHT oravelly loam 35% 86.88 1.55% 1.9% 200 0.27 0.30 0.37 0.6 0.024 
Pinamt-Tremant complex, 1 to 10 percent slopes Arizona\Phoenix at point 98 PINAMT-TREMANT COMPLEX, 1 TO 10 PERCENT SLOPES\TREMANT oravellv loam 35% 1508.85 26 .87% 7.4% 100 0.92 0.30 0.74 4.2 2.885 
Quilotosa-Vaiva-Rock outcrop complex, 20 to 65 percent slopes Arizona\Phoenix at point 100 QUILOTOSA-VAIVA-ROCK OUTCROP COMPLEX, 20 TO 65 PERCEN 1 SLOPES\QUILOTOSA extreme! I gravelly sandy loam 2992.43 53.29% 37.3% 30 3.30 0.30 0. 12 2.6 3.542 
Rock oulcroo-Cherioni comolex Arizona\Phoenix at point 18 CHERIONI-ROCK OUTCROP COMPLEX, 5 TO 60 PERCENT SLOPES\CHERIONI extreme! stony loam 60% 13.54 0.24% 27.8% 30 2.60 0.30 0.74 13 0.080 Total 5615.45 100.00% Total Soil Loss {tons/acre 6.83 

Tela! Soil Loss ac-fVsq-mi) 2.03 
Channel Erosion (20% oi Total) 0.41 

Total Erosion (ac-iUsq-m i) 2.43 
Estimated 70% Delivery 1.70 

Es timated 65% T1ap Effi ciency 1.11 
Sediment Storage (ac-tt/sq-ml ·1: 10 
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Figure 2.7. 100-Year 24-Hour Storm Hyetograph . 

Table 2.15. Basin 1 00-Year Rainfall Erosivity Values . 

Drainage Basin 
Rainfall Erosivity R Rainfal l Erosivity R 

(6-hour) (24-hour) 
FRS #1 31.72 66.96 
FRS#2 77.47 74.38 
FRS#3 57.77 69.62 

2.5.2 Results of RUSLE2 and Erosion Works Approach 

The results for the 1 00-year, 6-hour storm analysis are shown in Tables 2.16, 2.17, and 2.18 
with all RUSLE variables and values that were used. The calculated sediment storage for FRS 
#1 is 0.30 ac-fUmi2 per event, for FRS #2 was 2.30 ac-ft/mi2 per event, for FRS #3 was 1.10 ac­
fVmi2 per event. The final results for the 1 00-year, 24-hour storm analysis are shown in Tables 
2.19, 2.20, and 2.21. The resulting sediment storage for FRS #1 was 0.70 ac-ftlmi2 per event, 
for FRS #2 was 2.30 ac-ftlmi2 per event, for FRS #3 was 1.30 ac-ftlmi2 per event. 

Compared to the average annual results, the results for the 1 00-yr event were not significantly 
greater. To better evaluate these results the sediment concentration by volume was computed 
(Tables 2.22 and 2.23). In an arid region the average sediment concentration throughout a 
large event, such as the 1 00-year flood, would be expected to be quite high. Concentrations of 
5 percent (50,000 parts per million) or greater would not be unrealistic. However, many of the 
values in Tables 2.22 and 2.23 are considerably lower, suggesting that the single event 
application of the RUSLE may not be appropriate in an arid region. Therefore, an alternate 
approach to quantifying the single event sediment yield was adopted, as described in the 
following section . 
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• Table 2.19. FRS #1 100-Year 24-Hour Storm Sediment Yield RUSLE2 Results 
Annual R Factor · n:~ R (100yr 24hri 66.96 RUSLE2 1 00-'Y ear 24-lir _ 

Soil Description ·Climate . - •. Soil Classifica tion used in RUSLE2- Area a~re % of Total Slope % Slope Length ft Net LS Factor Net C .Factor Net K Factor Avg Anriual Soil Lass (tonslaclyr) · Welgh.ted-Avera~a Soh loss (tons/acleventl 
Antho sandy loams Arizona\Phoenix at point 1 ANTHO SANDY LOAMSIANTHO sandy loam 25% 6965.35 14. 36% 1.7% 200 0.24 0.30 0.28 0.4 0.174 
Carrizo very gravelly sand Arizona\Phoenix at point 14 CARRIZO VERY GRAVELLY SAND\CARRIZO verv oravelly sand 100% 2473.06 5.10% 1.9% 200 0.28 0.30 0.06 0.1 O.D15 
Carrizo-Gunsioht complex, 1 to 5 percent slopes Arizona\Phoenix at point 15 CARRIZO-G UNSIGHT COMPLEX, 1 TO 5 PERCENT SLOPES\GUNSIGHT very oravelly sandy loam 30% 3454.05 7.12% 2.5% 200 0.36 . 0.30 0.43 0.9 0.198 
Cheriono-Rock outcrop complex Arizona\Phoenix at point 18 CHERIONI-ROCK OUTCROP COMPLEX, 5 TO 60 PERCENT SLOPES\CHERIONI extremely stony loam 60% 482.21 0.99% 21.6% 30 2.00 0.30 0.74 9.9 0.292 
Chuckawalla-Gunsight complex, 1 to 8 percent slopes Arizona\Phoenix at point 19 CHUCKAWALLA-GUNSIGHT COMPLEX, 1 TO 8 PERCENT SLOPES\GUNSIGHT very oravell loam 35% 1454.62 3.00% 2.6% 200 0.37 0.30 0.57 1.3 0.116 
Cipriano very gravelly loam Arizona\Phoenix at point 21 CIPRIANO VERY GRAVELLY LOAM\CIPRIANO very gravelly loam 100% 260.70 0.54% 11.4% 100 1.60 0.30 0.74 7.5 0.1 19 
Coolidoe-Laveen associa tion Arizona\Phoenix at point CV COOLI DGE-LAVEEN ASSOCIATI ON\COOLI DGE sandy loam 40% 721.22 1.49% 1.4% 200 0.20 0.30 0.28 0.3 0.015 
Oenur&Momoli~Carrizo complex Arizona\Phoenix at point 29 DENURE-MOMOLI-CARRIZO CO MPLEXIMOMOLI gravell sandy loam 30% 2306.75 4.76% 2.2% 200 0.31 0.30 0.43 0.8 0.116 
Ebon-Gunsight-Cipriano association, 3 to 25 percent slopes Arizona\Phoenix at point 47 EBON-GUNSIGHT-CIPRIANO ASSOCIATION, 3 TO 25 PERCENT SLOPES\GUNSIGHT very gravelly sandy loam 20% 704.65 1.45% 7.7% 100 0.96 0.30 0.43 2.5 0.108 
Ebon-Pinamt complex, 20 to 40 percent s lopes Arizona\Phoenix at point . 49 EBON-PINAMT COMPLEX, 20 TO 40 PERCENT SLOPES\EBON verv oravelly loam 45% 446.62 0.92% 12.1% 100 1.70 0.30 0.32 3.6 0.098 
Gachado-Lomitas-Rock outcrop complex , 7 to 55 percent slopes Arizona\Phoenix at_ point 52 GACRADO-LOMITAS-ROCK OUTCROP COMPLEX, 7 TO 55 PERCENT SLOPES\GACI-IADO very gravelly loam 45% 535.04 1.10% 22.5% 30 2.10 0.30 0.43 6.0 0.196 
Gilman-Antho association Arizona \Phoenix at point GM GILMAN-ANTHO ASSOCIATION\GILMAN loam 50% 456.13 0.94% 1.2% 200 0.17 0.30 0.37 0.4 0.011 
Gunsi ht-Cipriano complex, 1 to 7 percen t slopes Arizona\Phoenix at ooint 68 GUNS I GI-lT-ClPRlANO COMPLEX, 1 TO 7 PERCENT SLOPES\GUNSIGHT very gravelly sandy loam 45% 94.77 0.20% 4.7% 200 0.70 0.30 0.43 1.6 0.010 
Gunsioht-Pinal complex, 1 to 10 percent s lopes Arizona\Phoenix at point GWD GUNSIGHT-PINAL COMPLEX, 1 TO 10 PERCENT SLOPES\PINAL gravelly loam 30% 585.35 1.2 1% 5.7% 100 0.70 0.30 0.37 1.6 0.057 
Gunsight-Rillito complex, 0 to 10 percent slopes Arizona\Phoenix at point GYD GUNSIGHT-RILLITO COMPLEX, 0 TO 10 PERCENT SLOPES\GUNSIGHT grave lly loam 40% 1332. 15 2. 75% 1.9% 200 0.27 0.30 0.37 0.6 0.049 
Gunsight-Rillito complex, 1 to 25 percent s lopes Arizona\Phoenix at point 70 GUNSIGHT-RILLITO COMPLEX, 1 TO 25 PERCENT SLOPES\GUNSIGHT very gravelly loam 40% 41 94.56 8.65% 4.0% 200 0.57 0.30 0.57 2.0 0.513 
Gunsight-Rillito complex, low preci italian, 1 to 40 percent slope Arizona\Phoenix at point 71 GUNSIGHT-RILLITO COMPLEX, LOW PRECIPITATION, 1 TO 40 PERCENT SLOPES\GUNSIGHT very gravelly loam 40% 378.99 0.78% 1.5% 200 0.21 0.30 0.57 0.7 0.01 7 
Hargua-Gunsight complex, 0 to 5 percent slopes Arizona\Phoenix at point HLC HARQUA-GUNSIGHT COMPLEX, 0 TO 5 PERCENT SLOPES\GUNSIGHT grave lly loam 35% 61 .37 0.1 3% 2.2% 200 0.31 0.30 0.37 0.7 0.003 
Perryville-Rillito complex, 0 to 3 percent s lopes Arizona\Phoenix at point PRB PERRYVILLE-RILLITO COMPLEX, 0 TO 3 PERCENT SLOPES\PE RRYVILLE loam 35% 1038.32 2. 14% 1.5% 200 0.21 0.30 0.37 0.5 0.030 
Pinal gravelly loam Arizona\Phoenix at point PT PINAL GRAVELLY LOAM\PINAL oravelly loam 100% 38.09 0.08% 6 .3% 100 0.76 0.30 0.37 1.8 0.004 
Pinamt-Tremant complex, 1 to 10 percent slopes Arizona\Phoenix at point 98 PINAMT-TREMANT COMPLEX, 1 TO 10 PERCENT SLOPES\TREMANT gravelly loam 35% 1952.98 4.03% 5.8% 100 0.72 0.30 0.74 3.2 0.382 
Quilotosa-Vaiva-Rock outcrop complex, 20 to 65 percent slopes Arlzona\Phoenix a t point 100 QUI LOTOSA-VAIVA-ROCK OUTCROP COMPLEX, 20 TO 65 PERCENT SLOPES\QUILOTOSA extremely gravolly sandy loam 5 8411 .65 17.35% 35.3% 30 3.20 0.30 0.12 2.4 1.234 
Rillito gravelly loam, 1 to 8 percent slopes Arizona\Phoenix at point 102 RILLITO GRAVELLY LOAM, 1 TO 8 PERCENT SLOPES\RILLITO oravelly loam 100% 7261 .00 14.97% 1.5% 200 0.22 0.30 0.37 0.5 0.217 
Sai-Cipriano complex, 1 Ia 10 percent slopes Arizona\Phoenix at point 106 SAL-CIPRIANO COMPLEX, 1 TO 10 PERCENT SLOPES\SAL extremely gravelly loam 50% 1988.08 4. 10% 3.4% 200 0.42 0.30 0.37 1.0 0.11 5 
Tremant !lravelly learn s. low preci italian Arizona\Phoenix a t point 114 TREMANT GRAVELLY LOAMS, LOW PRECIPITATION\TREMANT oravellv loam 35% 129.93 0.27% 1.4% 200 0.20 0.30 0.74 0.9 0.007 

Total 48490.90 100.00% Total Soil Loss (tons/acre ) 4.10 
Total Soilless ac-tt/sq-mi 1.22 

Channel Erosion {20% of Tota l) 0.24 
Total Erosion ac-tvsQ- mi 1.46 
Estimated 70% Delivery 1.02 

Estimated 65% Trap Efficiency 0.66 
Sediment StoraQG (ac-ft/sq -mi 0.70 

Table 2.20. FRS #2 100-Year 24-Hour Storm Sediment Yield RUSLE2 Results • Apnual R Factor 22.6 jR (100yr 24hr 74.38 RUSLE2 100-Yeac 24-hr 
Soli Description Climate Soil Classification used in RUS~E2 Area (acre) %of Total Stope 1% Slope Length 1ft Nei LS Facto Net C Factor Net K Factor AVg Annual Soil Loss (tons/oc/yr) Wel<ihted-Average SoU l oss (tQns/ac/e•Jenti 

Antho association Arizona\Phoenix at point AL AN THO ASSOC IATI ON\ANTHO lJravelly sandy loam 30% 76.89 2.06% 2 .3% 200 0.33 0.30 0.28 0.56 0.038 
Cheriono-Rock outcrop complex Arizona\Phoenix at point 18 CHERIONI-ROCK OUTCROP COMPLEX, 5 TO 60 PERCENT SLOPES\CHERIONI extremetv stony loam 60% 695.20 18.66% 24.1 % 30 2. 30 0.30 0.74 11 6.754 
Gunsioht-Pinal complex, 1 to 10 oercent slooes Arizona\Phoenix at point GWD GUNSIGHT-PINAL COMPLEX, 1 TO 10 PERCENT SLOPES\PINAL oravell loam 30% 524.60 14.08% 6. 1% 100 0.75 0.30 0.37 1.7 0.788 
Gunsiaht-Ri llito complex, 0 to 1 a· percent s lopes Arizona\Phoenix at point GYD GUNSIGHT-RILLITO COMPLEX, 0 TO 10 PERCENT SLOPES\GUNSIGHT oravell loam 40% 96.47 2.59% 2.4 % 200 0.34 0.30 0.37 0.76 0.065 
Gunsioht-RIIIito complex, 1 Ia 25 percent slopes Arizona\Phoenix at point 70 GUNSIGHT-RILLITO COMPLEX, 1 TO 25 PERCENT SLOPES\GUNSIGH 1 verv oravellv- loam 40% 103.75 2.78% 8.8% 100 1.40 0.30 0.57 4.9 0.449 
Pinamt-Tremant complex, 1 to 10 ~ercen t slopes Arizona\Phoenix at point 98 PINAMT-TREMANT COMPLEX, 1 TO 10 PERCENT SLOPES\TREMANT oravellv loam 35% 1103.25 29.61% 7 .4% 100 0.92 0.30 0.74 4.2 4.092 
Quilotosa-Vaiva-Rock outcrop complex, 20 to 65 oercent slooes Arizona\Phoenix at point 100 QUILOTOSA-VAIVA-ROCK OUTCROP COMPLEX, 20 TO 65 PERCENT SLOPES\QUILOTOSA extremelv prave.!!l_sandv loam 5 494.30 13.26% 36.2% 30 3.30 0.30 0.12 2.5 1.091 
Tremant-Rillilo comolex, 0 to 5 percent slopes Arizona\Phoenix at point TSC TREMANT-RILLITO COMPLEX, 0 TO 5 PERCENT SLOPES\RILLITO orave llv loam 30% 558.66 14.99% 3 .9% 200 0.56 0.30 0.37 1.3 0.641 

Total 3726.48 100.00% Total Soil Loss (tons/acre ) 13.9£ 
Total Soil Loss ac-fVso-m i 4.13 

Channel Erosion (20% of Tota l) 0.83 
Total Erosion (ac-tt/50-rni 4.96 
Estimated 70% Oe l~veiV 3.47 

Estimated 65% Trap E·lficienCV 2.26 
Sediment Storage (rn: -·lttsq-mi 2.3D 

Table 2.21. FRS #3100-Year 24-Hour Storm Sediment Yield RUSLE2 Results 
Annual R Factor 22.6 • R,( 100yr ~4hr) _ 69.62 R.USLE2 100-Yeru 24-hr 

Soli Description C limate Soil Classification used in RUSLE2 Area acre %of TOial Slope % Slope Le~gth ft Net LS Factor Net c· Factor ·Ne t K Factor Avg Ar\nual Soii La~~ (tonslac/vr\ We\!Jhted .. Averape SO~ l oss (tons/aclevont) 
An tho-Carrizo-Marioo comolex Arizona\Phoenix at point 3 ANTHO-CARRIZO-MARIPO COMPLEX\ANTHO sandy loam 35% 806.13 14.36% 2.8% 200 0.40 0.30 0.28 0.68 0.301 
Denure-Momoli-Canizo coniplex Arizona\Phoenix at ooint 29 DE NURE-MOMOLI-CARRIZO COMPLEX\MOMOLI gravell sand loam 30% 9.60 0.17% 4. 1% 200 0.60 0.30 0.43 1.6 0.008 
Gunsi hi-Ri llito complex, 0 Ia 10 oercent slopes Arizona\Phoenix at point GYD GUNSIGHT-RILLITO COMPLEX, 0 TO 10 PERCENT SLOPES\G UNSIGHT oravellv loam 40% 143.20 2.55% 2 .3% 200 0.32 0.30 0.37 0.72 0.057 i 
Haroua-Gunsioht complex, 0 Ia 5 percent slooes Arizona\Phoenix at point HLC HARQUA-GUNSIGHT COMPLEX, 0 TO 5 PERCENT SLOPES\GUNSIGH 1· oravell\itoam 35% 86.88 1.55% 1.9% 200 0.27 0.30 0.37 0.6 0.029 I 
Pinami-Tremant complex, 1 to 10 percent s lopes Arizona\Phoenix at point 98 PINAMT-TREMANT COMPLEX, 1 TO 10 PERCENT SLOPES\TREMANT oravellv loam 35% 1508.85 26.87% 7.4% 100 0.92 0.30 0.74 4.2 3.476 I 
Quilotosa-Vaiva-Rock outcrop complex, 20 to 65 oercent slopes Arizona\Phoenix at point 100 QUILOTOSA-VAIVA-ROCK OU 1 CROP COMPLEX, 20 TO 65 PERCENT SLOPES\QUILO TOSA extremetVQravclly sandYioam 5 2992.43 53.29% 37.3% 30 3.30 0.30 0.12 2.6 4.268 
Rock outcroo:=-ch eri oni coniplex Arizona\Phoenix at point 18 CHERIONI-ROCK OUTCROP COMPLEX, 5 TO 60 PE RCENT SLOPES\CHERIONI extremely stony loam 60% 13.54 0.24% 27.8% 30 2.60 0.30 0.74 13 0.097 l 

Total 561 5.4 5 100.00% Total Soil Loss tons/acre ) 8.24 
Total Soil Loss (ac-tvsq-mi ) 2.44 I 

Channel Erosion (20°/o aT ~a tal 0.49 I 
Total Erosion (ac-fVsq-mi 2.93 I 

Estimated 70% Oeliverv- 2.05 I 
Estimated 65% Trap ElficienC"Y 1.33 I 

Sediment Slorage loc-tt/sq-mi) '1.30 I 

• 



• 

• 

Table 2.22. Percentage by Volume of Sediment Loads for 1 00-year 6-hour Storm. 

Area 3 RUSLE2 and Erosion Works Runoff Volume Sediment by Volume 
Sub-Basin Sediment Storage (ac-ft) (ac-ft) (% Concentration) 

G 0.33 79 0.42 
E 3.54 1040 0.34 
L 5.01 729 0.68 
z 0.21 50 0.42 
M 3.93 632 0.62 

N & 0* 2.37 435 0.54 
p 0.72 155 0.46 
Q 0.66 159 0.41 
R 0.09 23 0.39 
s 3.22 104 3.00 
T 6.90 231 2.90 
u 3 .22 111 2.82 
v 0.77 56 1.36 
w 4.29 400 1.06 
X 3.08 64 4.59 
y 0.66 48 1.36 

*Sub-Basins N & 0 were grouped because the main flow from Sub-Basin N is redirected into the same opening onto FRS #1. 

Table 2.23. Percentage by Volume of Sediment Loads for 100-year 24-hour Storm. 

Area 3 RUSLE2 and Erosion Works Runoff Volume Sediment by Volume 
Sub-Basin Sediment Storage (ac-ft) (ac-ft) (%Concentration) 

G 0.77 68 1.12 
E 8.26 1637 0.50 
L 1'1.69 976 1.18 
z 0.49 41 1.18 
M 9.17 841 1.08 

N & o·· 5.53 477 1.15 
p 1.68 160 1.04 
Q 1.54 167 0.91 
R 0.21 20 1.04 
s 3.22 95 3.28 
T 6.90 233 2.88 
u 3.22 99 3.15 
v 0.91 52 1.72 
w 5.07 471 1.06 
X 3.64 59 5.81 
y 0.78 42 1.82 

*Sub-Basins N & 0 were grouped because the main flow from Sub-Basin N is redirected inio the same opening onto FRS #1. 

2.5.3 Approach Using Concentration By Volume 

The sediment load was also estimated using a concentration by volume approach. Sediment 
concentrations by volume in arid reg ions can be very large, particu larly during 1 00-year events. 
The Sediment and Erosion Design Guide (RCE 1994) recommends a range of 20 - 30 percent 
solids concentration by volume for a mud flood and up to a 50 percent solids concentration by 

• volume for a mudflow. In a mudflood, the hydraulics of the flow are still basically governed by 
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conventional hydraulics, whereas in a mudflow the flows behave more as a slurry. In areas with 
active alluvial fans, mudfloods, basically water driven floods with high sediment loads, could 
easily occur. Mudflow events might also occur, but would be more limited in areal coverage. 

The concentration by volume approach has been used in previous master drainage plans in the 
Maricopa County area. For the Adobe Dam/Desert Hills Area Drainage Master Plan, a 
concentration by volume of 5 percent was used (JE Fuller 2003). This value is considerably 
lower than that recommended in the Sediment and Erosion Design Guide; therefore sediment 
loads were calculated for concentrations of 5, 20, and 50 percent solids by volume. The results 
are presented in Tables 2.24 and 2.25. 

3. CONCLUSIONS AND RECOMMENDATIONS 

The objective of Subtask 2.6.7 was to evaluate sediment yield for each of the three Buckeye 
FRSs during a 1 00-year storm event. The analysis was accomplished using RUSLE2 and a 
concentration by volume approach. The concentration by volume approach gave the most 
reasonable results and the deposition trends for this approach were analyzed. 

Deposition trends were examined for each of the sub-basins of the FRS drainage areas. 
Deposition was determined using the sediment loading for both the 1 00-year 24-hour storm and 
the 1 00-year 6-hour storm for each of the sub-basins given the calculated sediment load for 
each concentration ' level. The deposition area was obtained using the 100-year 24-hour and 
1 00-year 6-hour storm floodplain provided by PBS&J. It was assumed that the ponded area of 
the 1 00-year flows would be a reasonable estimate of where the sediment load from the sub­
basins would be deposited . The floodplain area for each sub-basin was calculated using 
ArcGIS software . 

The results of this analysis are shown in Table 3.1 and Table 3.2. These estimated depths 
should not be utilized to determine actual overtopping depths along each FRS, but instead only 
to revea l the depositional trends that might occur during the 1 00-year 6-hour storm and 100-
year 24-hour storm events. As expected , the results show that the estimated depths for a 50 
percent concentration are rather large, even given depths above thirty feet for sub-basins N and 
0 , P and Q. The resu lts for a 50 percent concentration are extremely conservative given that 
even in a mudflow event, concentrations this high would not be expected throughout the entire 
storm event. At the other extreme, a 5 percent concentration might be on the low side for a 
storm as large as the 1 00-year flood occurring in an arid region with active alluvial fans. 
Therefore, it is reasonable to conclude something between the 5 percent concentration and the 
20 percent concentration . 

There were four sub-basins that showed a higher depositional potential: N, 0, P, and Q. This is 
consistent with the deposition depths seen in the field reconnaissance. Sub-basins N and 0 
were grouped in the analysis because the main flow path for sub-basin N is redirected into sub­
basin 0. There will be some deposition sti ll in sub-basin N, but some of that deposition from the 
flow will occur in sub-basin 0. Therefore, the two sub-basins were grouped together for the 
purpose of this analysis. Deposition Zone 5 is with in this area where an average of 2.5 feet of 
deposition was seen in the field . A view of Deposition Zone 5 is shown in Figure 3.1 . In the 
photo it can be seen that th is zone has been mechanically excavated. However, the area 
around the trees in the center of the picture gives an accurate depiction of the deposition in this 
zone . 
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Table 2.24. 100-Year 6-hour Sediment Load using Concentration by Volume . 

Drainage Runoff Sediment Load @ Sediment Load@ Sediment Load @ 
Sub-Basin Area Volume 5% Concentration 20% Concentration 50% Concentration 

(sq/mi) (ac-ft) (ac-ft) (ac-ft) (ac-ft) 
G 1.1 79 4.16 19.75 79.00 
E 11.8 1040 54.74 260.00 1040.00 
L 16.7 729 38.37 182.25 729.00 
z 0.7 50 2.63 12.50 50.00 
M 13.1 632 33.26 158.00 632.00 

N & 0* 7.9 435 22.89 108.75 435.00 
p 2.4 155 8.16 38.75 155.00 
Q 2.2 159 8.37 39.75 159.00 
R 0.3 23 "1.21 5.75 23.00 
s 1.4 104 5.47 26.00 104.00 
T 3 231 12.16 57.75 231.00 
u 1.4 111 5.84 27.75 111.00 
v 0.7 56 2.95 14.00 56.00 
w 3.9 400 21.05 100.00 400.00 
X 2.8 64 3.37 16.00 64.00 
y 0.6 48 2.53 12.00 48.00 

*Sub-Basins N & 0 were grouped because the main flow from Sub-Basin N is redirected into the same opening onto FRS #1 . 

Table 2.25. 100-Year 24-hour Sediment Load using Concentration by Volume. 

Sub-
Drainage Runoff Sediment Load @ Sediment Load @ Sediment Load @ 

Basin 
Area Volume 5% Concentration 20% Concentration 50% Concentration 

(sq/mi) (ac-ft) (ac-ft) (ac-ft) (ac-ft) 
G 1.1 68 3.58 17.00 68.00 
E 11.8 1637 86 .16 409.25 1637.00 
L 16.7 976 51.37 244.00 976.00 
z 0.7 41 2.16 10.25 41.00 
M 13.1 841 44.26 210.25 841.00 

N & 0* 7.9 477 25.10 119.25 477.00 
p 2.4 160 8.42 40.00 160.00 
Q 2.2 167 8.79 41.75 167.00 
R 0.3 20 1.05 5.00 20.00 
s 1.4 95 5.00 23.75 95.00 
T 3 233 12.26 58.25 233.00 
u 1.4 99 5.21 24.75 99.00 
v 0.7 52 2.74 13.00 52.00 
w 3.9 471 24.79 117.75 471.00 
X 2.8 59 3.11 14.75 59.00 
y 0.6 42 2.21 10.50 42.00 

*Sub-Basins N & 0 were grouped because the main flow from Sub-Basin N is redirected into the same opening onto FRS #1 . 
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Table 3.1. 1 00-year 6-hour Depths of Deposition by Sub-Basin . 

Sub- Deposition Area 
5% Concentration 20% Concentration 50% Concentration 
Deposition Depth Deposition Depth Deposition Depth 

Basin (ac) 
(ft) (ft) (ft) 

G 81.35 0.09 0.40 1.62 
E 199.36 0.46 2.17 8.69 
L 222.71 0.29 1.36 5.46 
z 70.89 0.06 0.29 1.18 
M 134.34 0.41 1.96 7.84 

N&O 15.93 2.40 11.38 45.52 
p 6.86 1.98 9.41 37.63 
Q 7.21 1.93 9.19 36.75 
R 12.45 0.16 0.77 3.08 
s 35.37 0.26 1.23 4.90 
T 42.32 0.48 2.27 9.10 
u 12.03 0.81 3.85 15.38 
v 13.79 0.36 1.69 6.77 
w 95.76 0.37 1.74 6.96 
X 10.15 0.55 2.63 10.50 
y 15.21 0.28 1.32 5.26 

*Sub-Basins N & 0 were grouped because the main flow from Sub-Basin N is redirected into the same opening onto FRS #1. 

Table 3.2. 1 00-year 24-hour Depths of Deposition by Sub-Basin. 

Sub- Deposition Area 
5% Concentration 20% Concentration 50% Concentration 
Deposition Depth Deposition Depth Deposition Depth 

Basin (ac) 
(ft) 1ft) (ft) 

G 81 .35 0.09 0.40 1.62 
E 199.36 0.46 2.17 8.69 
L 222.71 0.29 1.36 5.46 
z 70.89 0.06 0.29 1.18 
M 134.34 0.41 1.96 7.84 

N&O 15.93 2.40 11 .38 45.52 
p 6.86 1.98 9.41 37.63 
Q 7.21 1.93 9.19 36.75 
R 12.45 0.16 0.77 3.08 
s 35.37 0.26 1.23 4.90 
T 42.32 0.48 2.27 9.10 
u 12.03 0.81 3.85 15.38 
v 13.79 0.36 1.69 6.77 
w 95.76 0.37 1.74 6.96 
X 10.15 0.55 2.63 10.50 
y 15.21 0.28 1.32 5.26 

*Sub-Basins N & 0 were grouped because the main fl ow from Sub-Basin N is redirected into the same opening onto FRS #1. 

Deposition Zone 6, as shown in Figure 3.2 is located in sub-basin Q. Though the estimated 
deposition in this zone was only an average of 1 foot, there is the potential for significant 
sediment transport in the washes that are flowing into this zone as well as the potential from 
BSV Sites 7 and 8, which are not far upstream . 
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Figure 3.1. View looking downstream at Deposition Zone #5 . 

Figure 3.2. View looking across and downstream at Deposition Zone #6 . 

Within sub-basin Q is Deposition Zone 7 as shown in Figure 3.3. This zone is actually the BSV 
Site 9 active alluvial fan. While an average deposition of only 1 foot was measured here, it is an 
active alluvial fan located directly at FRS #1 , with the potential for significant sediment 
deposition in a 1 00-year flood . 
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Figure 3.3. View southeast from a hill overlooking the fan at BSV Site 9 (Deposition Zone 7). 

The USGS Site 36 active alluvial fan (White Tank Fan) is upstream of Zone 4 and within sub­
basin M and would be a large source of sediment for this .area. However, the area of deposition 
is large and, therefore, the potential deposition would be spread out. White Tanks Wash is 
within sub-basin E and is Deposition Zone 2. This area would also potentially have a large 
sediment load, but the deposition would be spread out as well. 

In conclusion, it should be emphasized that the depths of deposition presented are estimated 
trends given the assumed floodplain deposition area and are not actual depths at the FRS. 
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Introduction 

These nine maps depict the distribution and general ages of Quaternary geomorphic surfaces 
and associated alluvial deposits surrounding the White Tank Mountains, on the western margin of the 
Phoenix metropolitan area. The White Tank Mountains are one of many mountain ranges in the 
Basin and Range physiographic province of Arizona. The Basin and Range province in the vicinity of 
the study area is characterized by relatively small mountain ranges of modest topographic relief 
separated by wide, gently sloping piedmonts and basin bottom river drainages. The study area is 
drained by the Gila River. By indicating the age of alluvial surfaces and deposits, these maps provide 
a basis' for evaluating the Quaternary geologic history of the area and assessing potential geologic 
hazards. 

Alluvial surfaces and deposits differentiated for this map are assigned to Quaternary and 
Upper Tertiary geologic units primarily on the basis of the estimated timing of cessation of major 
depesition on each geomorphic surface. Relative topographic positions of each surface, surface 
characteristics, and degree of soil development in underlying deposits are the principal criteria used to 
assess surface age. The geomorphic surfaces and associated deposits were formed during discrete 
time intervals ranging from the Late Tertiary to the late Holocene. Six categories of alluvial surfaces 
are differentiated and mapped on the basis of surface age. Alluvial surfaces are further subdivided 
into piedmont and basin axis units. The characteristics of each map unit are described in detail 
below. The estimated ages of the units are inferred by correlation with similar surfaces and soils 
radiometrically dated elsewhere in the southwestern United States (Gile and others, 1981; Bull, 1991; 
Menges and McFadden, 1981). 

The mapping is based primarily on interpretation of natural-color (1:24,000 scale) aerial 
photographs. Initial unit designations were later field checked throughout the map area. In extensive 
agricultural tracts where natural surface characteristics are altered, published soil surveys (Soil 
Conservation Service, 1977; 1986) were used to evaluate soil development and to delineate boundaries 
between surfaces of different ages. The nine 1:24,000 scale maps of this series represent a more 
detailed survey over a small portion of regions mapped on a reconnaissance basis (1:100,000 scale) 
by Demsey (1988, 1989). 

This project was supported by the Arizona Geological Survey, U.S. Geological Survey 
Cooperative Geologic Mapping (COGEOMAP) Program, the Maricopa County Flood Control 
District, and the Arizona Department of Water Resources. Aerial photographs were provided by the 
U.S. Bureau of Land Management. 

Description of Map Units 

Piedmont Units 

Y2 -Late Holocene alluvial fans, low terraces, and active stream channels, < 3 ka. 
Alluvial fan deposits on the lower piedmont are fine silts and sands. Middle piedmont 

surfaces and active channels extending into the White Tank Mountains are very gravellr sands and 
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silts. Surfaces are typically undissected and display distributary drainage patterns, although 1.5 m 
arroyo cuts occur locally on the lower piedmont. Surfaces are typically smooth, but bar and swale 
topography is present on the middle piedmont. Desert pavement and desert varnish are absent. 
Minimal to no soil development has occurred. Soil great groups are Torrifluvents and Torriorthents. 
These areas are subject to occasional to frequent flooding. 

Y1 - Late to early Holocene alluvial fans and terraces, 1 to 10 ka. 
Deposits on the middle piedmont are a coarse poorly sorted, angular to subangular admixture 

of silt, sand, and gravel. On the lower piedmont, deposits are typically fine silt and sand. Surface 
relief is typically less than 0.5 m above active channels. Lower piedmont surfaces are smooth and 
flat with an incipient dendritic drainage pattern. Middle piedmont surfaces have well preserved bar 
and swale topography with very little tributary drainage development. A poorly developed pebble to 
granule desert pavement (cobble to granule on middle piedmont) exists over 50 to 85 percent of the 
surface. Surface cobbles, when present, are lightly and incompletely varnished along the base of the 
cobble to brownish black (10 YR 2/2). An orange (7.5 YR 7/6) to dull yellowish brown (10 YR 5/4) 
color is rarely observed on cobble undersides. Minimal soil development has occurred in the 
underlying deposits - the most strongly developed profiles contain cambic horizons (hue 7.5 YR) 
above stage I to II calcic horizons. Soil great groups are Torrifluvents, Torriorthents, and 
Camborthids. Most Y1 areas are not subject to flooding at present However, because typically there 
is little topographic relief between active channels and Yl surfaces, they could potentially become 
subject to flooding through minor shifts in the present depositional patterns. 

Y - Undifferentiated Holocene alluvial surfaces, 0 to 10 ka. 
In some places this designation is used where the Yl and Y2 surfaces are too intricately 

intermingled to map separately at this scale. In other areas on the lower piedmont the designation is 
used where surface characteristics are not distinctive of either Yl or Y2 surfaces but are clearly of 
Holocene age. These areas may be subject to occasional to frequent flooding. 

M2- Latest to late Pleistocene alluvial fans, 10 to 150 ka. 
Deposits are a poorly sorted, angular to subangular admixture of silt, sand, and gravel. The 

surfaces are moderately dissected with typically < 1 m to 3 m relief above active channels. Interfluve 
areas are broad and flat with original gravel bar and swale topography typically moderately to well 
preserved. A poorly to moderately developed cobble to granule desert pavement is found over 50 to 
80 percent of the surface. Surface cobbles are incompletely varnished to very dark brown (7 .5 YR 
2/3) on top and reddish brown (2.5 YR 4/6) to more commonly dull orange (5 YR 6/4) on 

. undersides. M2 surfaces are not widespread and are predominantly restricted to, the middle piedmont. 
Underlying soils typically contain cambic horizons (hue 7.5 YR), above a stage I to II calcic horizon. 
Soil great groups are Camborthids and Haplargids. Most areas are free from flooding, although those 
areas of low relief could become susceptible to flooding with relatively minor shifts in depositional 
patterns. 

Mlb - Middle to late Pleistocene alluvial fans, 150 to 300 ka. 
Deposits are a poorly sorted, angular to subangular admixture of silt, sand, and gravel. The 

surfaces are moderately dissected on the upper piedmont with 1-6m of relief above active channels . 
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On the lower and middle piedmont relief may be less than 1 m. Interfluve areas are broad and flat 
with original gravel bar and swale topography poorly preserved. A moderately to well developed 
cobble to pebble desert pavement is found over 50 to 75 percent of the surface. Surface cobbles are 
incompletely varnished to black (5 YR 1.7/1) on top and reddish brown (2.5 YR 4/6) to less 
commonly dull orange (7.5 YR 7/4) on undersides. Underlying soils are characterized by weakly 
developed argillic horizons (hue 5 YR), typically above a stage ll calcic horizon. Soil great groups 
are Haplargids and Calciorthids. Most areas are isolated from flooding except in entrenched 
channels, but areas of low relief on the middle and lower piedmont could become susceptible to 
flooding with relatively minor shifts in depositional patterns. 

M12 - Middle or late Pleistocene distal alluvial fans, 10 to 300 ka. 
Undifferentiated Mlb and M2 surfaces. This designation is used mostly in agricultural areas 

where surface characteristics are destroyed and available soil descriptions do not enable differentiation 
of the two surfaces. This designation is locally used elsewhere in areas not field checked. Only areas 
of low relief may be susceptible to flooding. 

M1a - Middle to early Pleistocene alluvial fans, 300 to 1,000 ka. 
Deposits are a poorly sorted, angular to subangular admixture of silt, sand and gravel. The 

surfaces are moderately dissected with typically 1-6m of relief above active channels but less than 
0.5 m of relief above Unit Mlb. Interfluve areas are broad, flat, and smooth; bar and: swale 
topography is typically absent or poorly preserved. A well developed cobble to pebble desert 
pavement is found over the entire surface. Surface cobbles are completely varnished black (5 YR 
1.7/1) on top and reddish brown (2.5 YR 4/8) on undersides. Surfaces are typically well preserved 
and are the darkest surfaces on the White Tank Mountains piedmont. Underlying soils are 
characterized by moderately to very strongly developed argillic horizons (hue 5 to 2.5 YR); 
commonly overlying a stage IV calcic horizon. (May locally be composed of river terraces west of 
the Hassayampa River). Soil great groups are Haplargids. These areas are isolated from active 
fluvial processes, and only entrenched channels are subject to flooding. 

M1 -Middle Pleistocene alluvial fans, 150 to 1,000 ka. 
Undifferentiated Mlb and Mla surfaces. (May locally be composed of river terraces of the 

same age immediately north of and adjacent to Wagner Wash and Trilby Wash). On the middle 
piedmont this designation is used where the two surfaces are too intricately intermingled to map 
separately at this scale. In other areas this designation is used where surface characteristics are 
destroyed (agricultural areas) or where extensive field checking was not conducted (north of Wagner 
Wash and Trilby Wash). Only entrenched channels dissected into the surface are subject to flooding 
in undisturbed areas. 

0 -Early Pleistocene to late Pliocene alluvial fans, > 1,000 ka. 
Alluvial fan surfaces and deposits of inferred early Pleistocene to late Pliocene age. This unit 

occupies the highest topographic positions on the White Tank Mountains piedmont and occurs only on 
the upper piedmont. The deposits are characteristically poorly sorted subangular gravels containing 
minor amounts of finer material. Deposits range in thickness from greater than 15m to only a thin 
veneer (<2m) over bedrock pediments. The surfaces are deeply dissected (10-15 m). Interfluve 
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areas are well-rounded ridges with intervening swales or ravines; original depositional surfaces are 
rarely yreserved. Degraded surfaces are typically covered with abundant fragments of pedogenic 
carbonate derived from exposed brecciated laminar petrocalcic horizons. The petrocalcic fragments 
commonly impart a light colored appearance to these surface remnants as observed on aerial 
photographs. Soils are generally stripped by erosion down to exposed remnants of stage IV to VI 
petrocalcic horizons. Soil great groups are Durorthids. Flooding is restricted to entrenched channels, 
although hillside slope wash is probable. 

Axial Drainage Units 

Y2r - Active channels and low terraces along axial drainages, < 3 ka. 
Basin axis river channels and deposits of the Gila River, Hassayampa River, Wagner Wash, 

and Trilby Wash. Active channels on the present river bottoms were not separately mapped as 
channel positions frequently shift across the entire surface. Deposits range from silt to coarse sands 
but well rounded cobble bars are common along the Gila River and Hassayampa River. Flooding 
occurs frequently in basin axis channels. 

Y1rt- Late to early Holocene terraces along axial drainages, 1 to 10 ka. 
Deposits are typically fine silt and sand with common gravel lenses of well rounded cobbles. 

Terrace surfaces are smooth and typically less than 1.5 m above the active basin axis drainages (Y2r). 
These areas could potentially be flooded during very large flow events or after an extended period of 
aggradation in the active basin axis channels (Y2r) . 

M1bt - Middle to late Pleistocene river terraces, 150 to 300 ka. 
High terrace of the Hassayampa River. This surface is mapped in only one area along the 

eastern edge of the Hassayampa River at the northern end of the Daggs Tank quadrangle. The terrace 
surface is flat and dissected up to 30 m by small tributaries flowing into the Hassayampa. The 
surface is inset 10 m below the adjacent Org deposits. Flooding may occur in entrenched channels 
and locally along the margin with the topographicaJly higher Org deposits. 

Ort- Early Pleistocene to late Pliocene river terraces, > 1,000 ka. 
Highest terrace along the Hassayampa River. The well rounded gravel found at the surface is 

typically darkly varnished. In small localized areas, much of the surface is covered by petrocalcic 
fragments derived from underlying petrocalcic horizons. The terrace surfaces are dissected up to 30 
m by small tributaries flowing into the Hassayampa River. Elsewhere the surface is very flat with a 
wide spacing between broad shallowly dissected ( < 2 m) drainages developed on the surface. 
Flooding restricted to entrenched channels. 

Org - Early Pleistocene to late Pliocene river deposits, > 1,000 ka. 
Deposits of well-rounded, well-sorted gravel and cross-stratified sand representing bedload 

material of major axial drainages. This unit is currently exposed along the margins of the 
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Hassayampa River. The deposits exhibit zones (> 1 m) strongly indurated with carbonate cement. 
The original depositional surface (Ort) is completely eroded in these areas exposing the underlying 
'deposits (Org). Flooding restricted to entrenched channels, although hillside slope wash is probable. 

Bedrock Units • -

T - Tertiary volcanics 

TK - Tertiary or Cretaceous intrusive and volcanic rocks 

X - Early Proterozoic gneiss and granite 

• - Bedrock units are generalized to show lithologies and ages. Detailed lithologic contacts and 
structures are not shown. Rock ages from Reynolds (1988) . 

---- .. • • •••••• 

o••• 

. . .. . ... 

Key to Map Symbols 

Surficial geologic contact (dashed where inferred) 

Basinward pediment boundary 

Upslope edge of agricultural fields 
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Distribution of Surficial Deposits and the 
Quaternary Evolution of the White Tanks Piedmonts 

/"' 

In general, relatively young alluvial surfaces become increasingly extensive downslope on the 
piedmonts of the White Tank Mountains. The oldest surfaces (0 and Mla) are found along the 
mountain front while the youngest surfaces (Y) are dominant adjacent to the basin axis drainages. 
This distribution suggests a general tendency toward erosion throughout the Quaternary punctuated 
by periods of equilibrium or aggradation. 

Thick alluvial-fan deposits associated with the early Pleistocene to late Tertiary (0) surfaces 
probably represent the final stage of basin-filling sedimentation associated with the Basin and Range 
disturbance. All of the younger surfaces are associated with thin veneers of sediment, typically 
several meters thick or less, overlying older deposits. As a result of erosion throughout the 
Quaternary, only small, deeply dissected remnants of the early Pleistocene to late Tertiary surfaces 
are exposed along the mountain front. The change from an aggradational to a primarily erosional 
phase is most likely related to the cessation of tectonic activity in the region, although integration of 
the major basin axis drainages and climate changes probably played a minor role. 

Middle to late Pleistocene surfaces (Mia and Mlb) extend from the upper to lower piedmont 
and cover much of the White Tank Mountains piedmonts. These relatively thin but areally extensive 
deposits represent pulses of deposition that punctuated the long-term tendency toward downcutting and 
erosion on the piedmonts. Distinct differences in surface characteristics and soil development 
between Mla and Mlb indicate that the interval between deposition of these units was probably 
hundreds of thousands of years long. However, the amount of relief between Mla and Mlb typically 
is negligible, so the net downcutting in the middle Pleistocene was minimal. As a result, 
distinguishing between these two surfaces is sometimes difficult and they remain undifferentiated in 
some areas (Ml). 

The younger surfaces (M2, Yl, and Y2) are found predominantly in the lower and middle 
piedmont areas. Associated deposits indicate these surfaces are largely the product of erosion of Ml 
surfaces. Most drainages supplying sediment to the younger surfaces on the lower piedmont head on 
Ml surfaces and do not extend into the mountains. Sediment thickness on the young surfaces is 
extremely thin and it is common to see small pods of older units po!4ng through the younger surfaces. 

The presence of relatively small, active distributary flow areas on the middle piedmont 
suggest that loci of deposition has not shifted significantly since the latest Pleistocene. Active 
distributary flow areas are alluvial fans that become reconfined between older deposits at their 
downstream el;ldS. They are characterized by distributary channel networks and extensive, young (Y2 
and Yl) deposits. Late Pleistocene surfaces (M2) are restricted for the most part to the middle 
piedmont, where they usually flank younger distributary flow areas. 

Deep entrenchment of the Hassayampa River has occurred during the Quaternary, as the 
present river bottom (Y2r) is over 30 m below the early Pleistocene to Late Tertiary river terrace 
(Ort). Entrenchment evidently has preceded relatively continuously throughout the Quaternary as no 
major terraces of intermediate height are observed except for a small middle Pleistocene terrace 
(Mlbt) in the northern portion of the study area. The piedmont surfaces appear largely unaffected by 
the entrenchment of the Hassayampa River as even the youngest surfaces are graded to the high river 
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terrace (Org). Only minor dissection has occurred along the downslope edges of the piedmont units 
as newly formed drainages graded to the present river bottom erode. head ward. · 
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G.2 AZGS Geologic Mapping of Flood Hazards in Arizona 

Photocopies of Geologic Mapping of Flood Hazards in Arizona: An Example From the White 
Tank Mountains Area, Maricopa County report and mapping 
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Introduction 

Assessment of the character of flood hazards and the extent of flood-prone areas on 
the piedmonts of Arizona is an increasingly important concern to floodplain managers as 
urban areas continue to expand. Piedmonts are the low-relief,. gently sloping plains 
between mountain ranges and the streams or playas that occupy the lowest portions of the 
valleys. Proper management of flood hazards on piedmonts is important because much of 
southern, central, and western Arizona is composed of piedmonts; they comprise most of 
the developable land around Phoenix and other rapidly. expanding population centers of the 
State. 

Management of flood hazards in Arizona and elsewhere in the western United 
States is complicated because portions of many piedmonts are composed of active alluvial 
fans. During floods, these fans are subject to widespread inundation and local high­
velocity flow, and substantial changes in channel patterns may occur. Development that 
proceeds on piedmonts without regard to the locations of active alluvial fans is likely to 
place people and property at risk during large floods. 

Geomorphic analyses and geologic mapping of piedmonts provide the best data for 
determining if active alluvial fans exist on a given piedmont and which portions of that 
piedmont may be subject to alluvial-fan flooding. Active alluvial fans have distinctive 
physical characteristics, including distributary drainage networks and laterally extensive, 
geologically young alluv!al surfaces (Pearthree, 1989; Pearthree and Pearthree, 1989). 
Typically, large portions of piedmonts in Arizona have not been subject to flooding for 
many thousands of years and thus are not active alluvial fans. These areas can be 
distinguished from active alluvial fans by examining differences in drainage patterns, 
topographic relief, soil development, and surface characteristics (Christenson and others, 
1978; Pearthree, 1991; Pearthree and others, in prep). 

The principal objective of this study was to use geomorphic analyses and geologi.c 
mapping to delineate different flood-hazard zones on the piedmonts around the White Tank 
Mountains. Flood hazard designations on piedmonts obtained through geomorphic 
analyses and mapping are more reliable than those generated by hydrologic and hydraulic 
models currently available. These models, by necessity, make assumptions about rainfall 
intensity and duration, runoff characteristics, and flow behavior during floods. The 
validity of flood-hazard assessments derived through hydrologic modeling thus depends on 
the validity of the underlying assumptions and input parameters (Baker and others, 1990). 
In contrast, geologic mapping of flood hazards is based on analysis of surface 
characteristics and drainage patterns that actually exist on piedmonts. Geomorphic studies 
typically cannot resolve the details of individual floods, but they document which areas 
have actually been subject to significant flooding over thousands of years. Detailed 
geologic maps derived from these studies thus provide a long-term perspective on the 
distribution of flood-prone areas . 

This report outlines the methods used to map and characterize flood hazard zones 
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' the piedmonts around the White Tank Mountains. Studies of this kind could be used to 
neate flood hazards on any undeveloped or· sparsely developed piedmont in Arizona. 

Because of their wide applicability, the procedures used to map alluvial surfaces of 
different ages and to develop flood-hazard maps are described in some detail. The 
distribution of flood-prone areas around the White Tank Mountains is representative of 
many piedmonts in Maricopa County and elsewhere in Arizona. The report, therefore, 
also describes typical differences in the character and distribution of flood ·hazards in the 
upper, middle, and lower piedmont areas. 

Methods Used to Map Alluvial Surfaces of Different Ages 

The distribution of alluvial surfaces of different ages was the fundamental data set 
used to develop flood-hazard maps for this study. Interpretation ·of aerial photographs and 
field surveys provide much of the data used in our analyses, because surface characteristics 
evident on photographs and on the ground are related to the age of the surface. (See Table 
1 for sources of data.) Aerial photographs depict surface color, dissection, vegetation 
density, and drainage patterns over large areas, some of which are inaccessible to motor 
vehicles. Subsequent ground surveys more thoroughly define the surface characteristics 
identified on aerial photographs and supply additional information on desert pavement, 
ak varnish, soil development, depositional topography, and vegetation. 

?nferpr~t~tlc:m of Aerial Photographs .,· 

For this study, we interpreted 1:24, 000-scale stereo-'paired color aerial photographs 
provided by the U.S. Bureau of Land Management. Many surface characteristics are also 1 
evident on high-quality black-and-white photographs. Widely available, 1:24,000-scale, 
black-and-white· orthophotoquads offer less resolution of surface characteristics, but they 
serve as an excellent base map for transferring information to 7.5' USGS topographic 
maps. Three characteristics that are visible on aerial photographs reflect surface age: 
surface color, drainage patterns, and depth of dissection and surface relief. 

Surface Color. The color of alluvial surfaces depicted on aerial photographs is primarily 
controlled by soil color, and to a lesser extent, rock varnish. Significant soil development 
begins on an alluvial surface after it becomes isolated from active flooding and depositional 
processes (Gile and others, 1981, Birkeland, 1984; Birkeland and others, 1991). Over 
thousands of years, distinct soil horizons develop. Two typical soil horizons in old ( > 
10,000 years) alluvial sediments of Arizona are reddish brown argillic horizons and white 
calcic horizons. (See further description of soil formation below.) As a result, on color 
aerial photographs older alluvial surfaces characteristically appear redder or whiter (on 
more eroded surfaces) than younger surfaces. 

• 
Older surfaces have a dark brown color where darkly varnished desert pavements 

well preserved. This colors is present in ·only small areas on the White Tank Mountain 
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Topographic Maps 
Drainage patterns 
Drainage $pacing 

Depth of dissection 
Relief between surfaces 

Ground Survey 
Surface color 

Drainage spacing 
Depth of dissection 

Relief between surfaces 
Desert pavement 

Rock varnish 
Soil development 

D~positional topography 
· Vegetation types and distributions 

Aerial Photographs 
Surface Color 

Drainage patterns 
Drainage spacing 

Depth of dissection 
Relief between surfaces 

SCS Soil Maps 
Soil development 

Vegetation Maps 
Vegetation distributions · 

Table 1. Data sources for geomorphic analyses and mapping of alluvial surfaces on 
piedmonts of Arizona. Note that there are sometimes multiple sources of information for a 
single characteristic (i.e. depth of dissection) . 
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piedmonts, probably because desert pavements have been disturbed by animal burrowing 
and uprooting of large vegetation. These activities expose the underlying white and red 
soils. 

Drainage Patterns. Differences in the drainage patterns between surfaces provide clues to 
surface age and potential flood hazards. Young alluvial surfaces that are subject to 
flooding commonly display a distributary (branching downstream) or braided channel 
pattern; young surfaces may have very little developed drainage if unconfined shallow 
flooding predominates. Dendritic tributary (branching upstream) drainage patterns are 
characteristic of older surfaces that are not subject to extensive flooding. (See Plates la 
through ld for examples of drainage patterns on young and old alluvial surfaces.) 
Tributary drainage networks typically extend headward with time, and the spacing between 
drainages tends to decrease with time as the drainage network becomes better developed. 

Depth of Dissection and Swface Relief. Relief between adjacent alluvial surfaces and the 
depth of entrenchment of channels can be determined using stereo-paired aerial 
photographs and topographic maps. Young flood-prone surfaces appear nearly flat on 
aerial photographs and are less than 1 m (3 ft) above channel bottoms. On these young 
surfaces, channel infilling or bank erosion might redirect floodwaters anywhere on the 
surface. Active channels are typically entrenched 1 to 10m (3 to 30ft) below older 
surfaces. In these areas, floodwaters are conveyed in the entrenched channels and have not 
affected the adjacent old surfaces for 10,000 years or more . 

Younger surfaces are commonly inset into and topographically lower than older 
surfaces in upper piedmont areas (Figure la). Long-term climatic, tectonic, and base-level 
changes have resulted in lower surface gradients on younger surfaces, so the depth of 
dissection on older surfaces generally decreases away from the mountain front. In some 
middle and lower piedmont areas, relief between surfaces of different ages is minimal 
(figure lc), so other surface characteristics are needed to estimate surface ages. 

Field Investigations 

-
Field investigations provide additional information on surface characteristics and 

topographic relationships between surfaces of different ages. Characteristics that are best 
observed on the ground are used to refine map units and to further describe surfaces 
already identified through interpretation of aerial photographs. These characteristics 
include development of desert pavements, rock varnish, and soils; preservation of small­
scale depositional topography; and vegetation types. 

Des en Pavement. Desert pavement is a concentration of pebbles and cobbles at the 
surface, which forins as windblown silt and clay accumulates between pebbles and cobbles. 
Repeated wetting of the surface by rain causes the silt and clay to swell, thereby lifting and 
pushing more cobbles and pebbles towards the surface. Repeated drying of the surface 
causes the formation of cracks in which more silt and clay can accumulate. Over 
thousands of years a surface mantling of closely packed pebbles and cobbles develops over 
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Figure 1. Topographic profiles showing changes in the extent of flood-prone areas 
downstream and away from the mountains. Profiles were constructed perpendicular to 
a large stream draining the western side of the White Tank Mountains. Flood-hazard 
zones are discussed in the text. 

a) Upper piedmont area, where channels are deeply entrenched and flood-prone areas 
are very limited. 

b) Transition to the middle piedmont, where flood-prone areas are still of limited 
extent but topographic confinement of channels is much less. 

c) Middle piedmont area, where flood-prone areas are extensive, there is minimal 
topography on active alluvial fans, and there is little relief between areas that have been 

, • flooded recently and those that have not been flooded for 10,000+ years. 
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a silt- and clay-rich soil layer (Dohrenwend, 1987; Vanden Dolder, 1992). Desert 
pavements are generally most closely packed on relatively old alluvial surfaces; they are 
more open and poorly developed on intermediate aged surfaces. Young alluvial surfaces 
that have been flooded within the past few thousand years do not have desert pavements 
because surface sediments have been recently reworked by floodwaters. As noted above, 
desert pavements can be disrupted by animal activity or vegetation. The best developed 
desert pavements in Arizona are in relatively arid areas, where little vegetation grows on 
the alluvial surfaces. · 

Rock Varnish. Rock varnish forms on pebbles and cobbles at the land surface; these 
pebbles and cobbles are often incorporated into a desert pavement. Rock varnish that 
forms on rock surfaces exposed to the atmosphere is a brown to black patina composed of 
manganese oxides and clay minerals precipitated on the rock surface by microbial 
organisms (Darn and Oberlander, 1982; Vanden Dolder, 1992). As the surface exposed to 
the atmosphere darkens, the undersides of the pebbles and cobbles are simultaneously 
reddened by the accumulation of iron oxides and clay minerals. The varnishing process is 
very slow in arid regions and only occurs on gravel that is continuously exposed at the 
surface and has not been moved for thousands of years. Rocks with weakly developed 
varnish indicate that a surface has not been subject to significant flooding for thousands of 
years; rocks with well-developed varnish have not been disturbed by flooding for tens to 
hundreds of thousands of years. Young surfaces that have been flooded in the past few 
thousand years are unvarnished because the rocks have not been in place long enough to 
develop varnish. 

Soil Development. Soil development generally increases with the age of an alluvial 
surface. When the accumulation of stream deposits on a land surface ceases, the sediment 
beneath the surface begins to be altered into distinct horizons by soil-forming processes. 
The most important process that leads to the development of soils on the piedmonts of 
Arizona is the accumulation of material from the atmosphere (windblown dust and calcium 
carbonate dissolved in rainwater) in the first 1 to 2 m (3 to 6 ft) below the land surface. 
The ages of these soils can be roughly estimated from the amount of silt, clay, and calcium 
carbonate that has accumulated in them .(Table 2). 

Because of accumulation of windblown dust, the first 1 to 10 em (1 to 4 in.) of 
sediment beneath alluvial surfaces is typically silt-rich even if the parent material (the 
original stream deposit) is sand and gravel. Beneath this surface horizon, rainwater 
percolates into the sediment and alters the parent material, producing a weak fabric in the 
soil (soil structure) or slight soil reddening or both; this horizon is called a cambic horizon. 
Suspended clay is also carried. from the surface and concentrated in this portion .of the soil. 
As the amount of clay increases with time, the cambic horizon develops into an orange to 
reddish brown, clay-rich argillic horizon. The strength of cambic or argillic horizon 
development depends on the age of the surface and.climate. Cambic horizons probably 
form in a few thousand years to 10,000 years in Arizona. Weak argillic horizons probably 
forme in 10,000 years or more in most areas, and strongly developed argillic horizons have 
developed over hundreds of thousands of years (Gile and others, 1981; Pearthree and 
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Estimated Soil Development Drainage Surface Surface Rock 

Age Color Texture Calcic Horizon Patterns Dissection Topography Varnish 

Late brown sand thin, discontinuous distributary <lm bars and swales none 
Holocene rock coatings channels 
( < 3 ka) 

Mid- to early brown sand to discontinuous to distributary <1m bars and swales minimal 
Holocene to orange sandy loam continuous or tributary obvious brown/ 
(3-10 ka) rock coatings orange 

Late brown to loamy sand continuous tributary <3m bars and swales moderate 
Pleistocene orange sandy loam coatings well preserved dark brown/ 

(10-150 ka) whitened matrix orange 

Late to orange to sandy loam continuous tributary <6m bars and swales moderate 

Middle reddish loam coatings moderately to black/ 
Pleistocene brown whitened matrix poorly preserved reddish 

(150-300 ka) brown 

Middle reddish clay thick coatings tributary <6m smooth, bars strong 

Pleistocene brown locally cemented and swales black/ 

(300-800 ka) matrix poorly preserved reddish brown 

Early orange to loam cemented tributary lO to 15m erosionally variable 

Pleistocene white very thick coatings rounded poorly 

(> 800 ka) ridges preserved 

Table 2. Selected surface properties that change with increasing alluvial surface age arourid the White Tank Mountains. Estimated 
ages are in thousands of years old (ka); soil colors and soil textures reported are from the zone of silt and clay accumulation; rock 
varnish colors are from exposed surfaces/undersides of cobbles. ·· . · 
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Calvo, 1987; Bull, 1991). The presence of reddened, clay-rich argillic horizons thus 
indicate tha.t surfaces have not been subject to significant flooding for at least 10,000 years, 
and commonly much longer than that. · 

Comparisons of calcic horizon development on the White Tank Mountains piedmont 
with other soil sequences in the western United States provide one of the few methods of 
estimating the ages of the different alluvial. surfaces. Calcium carbonate from dust and 
rainwater gradually precipitates in soils, forming a whitish calcic horizon. 
Geomorphologists and soil scientists recognize six morphologic stages of calcic-horizon 
development and have linked these states to soil ages in several areas in the southwestern 
United States (Machette, 1985; Birkeland and others, 1991). Calcic horizon development 
varies from fine white filaments of -calcium carbonate in young soils to soil horizons 
completely plugged with calcium carbonate (caliche) in very old soils. 

Soil horizons lie beneath the surface and thus must be examined in natural stream 
cuts, hand-dug soil pits, or backhoe trenches. Although soil development is a very useful 
characteristic in producing a geologic flood-hazard map, care must be exercised when 
interpreting soil- and surface-age relationships. A soil exposed·beneath a surface may be a 
buried soil and unrelated to the surface that it is presently beneath. Young deposits on the 
lower piedmont are commonly only a thin veneer ( < 30 em, or 1 ft) over much older soils. 
As a result, the presence of a well developed calcic horizon on the lower piedmont does 
not necessarily indicate that the overlying surface has not been flooded for a long time, 
unless other surface characteristics confirm that the surface is old. 

Depositional Topography. The degree of preservation of original depositional surface 
features is another key to determining the age of an alluvial surface. One such feature, 
bar-and-swale topography, is common on alluvial surfaces of Arizona. Gravel bars 
deposited during large floods are separated by intervening sand-filled channel swales or 
troughs. After a surface is isolated from major flood events,it is gradually smoothed as 
bars are eroded and swales are filled in by windblown dust and sediment derived from 
adjacent bars. Bar-and-swale topography is readily apparent on alluvial surfaces that have 
been deposited within the past 10,000 years, but is more subdued on increasingly older 
alluvial surfaces; very old surfaces typically are quite smooth. It is important to note, 
however, that development of bar-and-swale topography also depends on the size of 
bedload particles conveyed by a stream. Streams that convey coarse ·bedloads (cobbles and 
boulders) typically have obvious, well-developed bars and swales. This topography is not 
evident on young, flood-prone surfaces on the lower piedmont because very little coarse­
grained bedload is present far from the mountains. 

Vegetation. The distribution of plant types is commonly associated with the age of alluvial 
surfaces. Vegetation is also controlled by elevation and rock type, however, so vegetation 
patterns are not as clear an indicator of surface ages as are some of the aforementioned 
characteristics. On the White Tank Mountains piedmonts, creosote and brittle bush are 
pervasive on all surfaces; thus their distributions cannot be used as an indicator of surface 
age. · Saguaro, palo verde, ironwood, cane cholla, and barrel cactus are not as pervasive, 
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but do not correlate definitively with alluvial surfaces of different ages. Jumping cholla, 
however, is abundant only on old flood-free surfaces; its distribution probably correlates 
with clay-rich soils. 

Alluvial-Surface Characteristics -- Indicators of Recency of Flooding 

The surficial characteristics discussed above impart a distinctive appearance to 
alluvial surfaces of a given age. In general, alluvial surfaces that have been flooded within 
the past 10,000 years are dominated by characteristics related to primary depositional 
processes. These characteristics include (1) distributary drainage patterns, (2) minimal 
entrenchment of stream channels below the surface, (3) brown surface colors, (4) little or 
no soil development, (5) obvious bar and swale topography; and (6) no desert pavement or 
rock varnish; . Old alluvial surfaces that have not been subject to substantial flooding for 
hundreds of thousands of years are typically characterized by (1) well-developed, 
moderately to deeply entrenched, dendritic tributary drainages, (2) reddish, whitish, or 
dark brown surface colors, (3) strongly developed soil profiles, (4) subdued, smoothed bar­
and-swale topography, and (5) dark-brown to black varnish on exposed rock surfaces and 
orange to red varnish on the undersides of rocks. If local conditions are conducive, old 
alluvial surfaces may also have well-developed desert pavements. Characteristics of 
surfaces of intermediate age, which have not been flooded for tens of thousands of years, 
fall within the two extremes, 

We estimated the ages of alluvial surfaces around the White Tank Mountains by 
comparing their characteristics, especially soil development (Table 2), with those of dated 
surfaces in similar climatic regions. Other means of directly dating surfaces include · 
radiocarbon dating when carbon fragments are found and archaeological remains when 
present. 

A single surface characteristic is insufficient to conclusively estimate surface age, 
because some of the characteristics mentioned above as distinctive of young surfaces may 
be attributes of old surfaces and vice versa. Not all the characteristics distinctive of 
surfaces of a certain age need be present to assign a surface that age designation, however. 
For example, deep dissection of a surface clearly indicates that it is not flood prone, but 
the absence of dissection does not necessarily mean the surface is young and flood prone. 
Large areas on the lower and middle piedmonts of the White Tank Mountains have not 
been disturbed ·by flooding for more than 10,000 years, even though the surfaces are less 
than 1 meter (3ft) above the channel bottoms. In these areas, well-developed pavement, 
varnish, and soils are better indicators of surface age. In general, certain characteristics 
are only present on a surface of a given age, and are reliable indicators of the time since a 
surface was last flooded. Other characteristics are not always present or are attributes of 
surfaces of different ages (Table 3). A final surface-age designation is based on all of the 
surface characteristics outlined above . 

Alluvial surfaces on the piedmonts of the White Tank Mountains range in age from 
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Flood 
Hazard 

Low 

Intermediate 

High 

Surface 
A~:e 

10,000+ 

1,000-
10,000 

0-
3,000 

Characteristic 
Categorv* 

1 

2 

3 

1 

2 

3 

1 

2 

3 

Surface Characteristic 

Mod. to well developed pavement 
Mod. to well developed varnish 
Mod. to strong soil development 

Deep dissection ( > 4 ft.) 

Abundant j1,1mping cholla 
Reddish or whitish surface 
Mod. to closely spaced drainage 
Dendritic tributary drainage 
Absent or subtle bar and swale 

Weak to mod. soil development 
Weakly developed pavement 

Incipient desert varnish 
Obvious bar and swale 

Dendritic tributary drainage 
Shallow dissection (<3ft.) 
Mod. to widely spaced drainage 

Incipient soil development 
No desert pavement 

Distributary drainage 
Fresh bar and swale 

Shallow dissection ( < 3 ft.) 
No desert varnish 

* Characteristic Category 1 - These characteristics are indicative of surface age and are almost always present 
on the surfaces of given age. If the characteristic is absent, the surface is most likely of a different age. 

Characteristic Category 2 - These characteristics are indicative of surface age but are not always present. 
Absence of these characteristics from the surface does not imply the surface is of another age (as in 
Category 1). 

Characteristic Category 3 - These characteristics are almost always present on the surface but are not 
indicative of surface age, because they are found on other ·surfaces as well. However, if the characteristic 
is absent the surface is most likely of another age. 

Table 3. Characteristics used to delineate three flood hazard zones on alluvial piedmonts around the White 
Tank Mountains. Note that the opposite of a characteristic does not necessarily imply the opposite flood 
hazard (i.e. shallow dissection does not always imply the surface is flood prone) . 
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Figure 2. Development of a flood-hazard map using geologic and geomorphic data. 

a) Map of alluvial surfaces covering part of the western piedmont of the White Tank Mountains. Surfaces ages 
.~(in years) are as follows: Y2, <3,000; Yl, 1,000 to 10,000; M2, 10,000 to 150;000; M-lb, 150,000 to 300,ooo; 
Mla, 300,000 to 800,000 . 

.. . -.... ~ 
/ 

; 

! 
:r ;. 
:''~---.>~ 

b) Geologic flood-hazard tnap of the same area. Heavy dots with lines show approximate locations of channels of 
major drainages-that head in adjacent ·mountains. Surface age, proximity to major drainages, local topographic 
relief, and evidence of channelized flow were used to delineate flood-hazard zones. See text for description of 
flood-hazard categories. 
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modern to 1,000,000 years old or more (Table 2; see Field and Pearthree, 1991, for a 
more complete discussion of surfac;e characteristics and surface-age estimates). We 
differentiated and mapped the following alluvial surfaces: late Holocene, < 3,000 years 
old; late to early Holocene, 1,000 to 10,000 years old; late Pleistocene, 10,000 to 150,000 
years old; late middle Pleistocene, 150,000 to 300,000 years old; early middle Pleistocene, 
300,000 to 800,000 years old, and early Pleistocene, > 800,000 years old. 

Development of Flood-Hazard Zones 

We integrated maps of _alluvial surfaces of different ages (Field and Pearthree, 
1991) with other geomorphic information to delineate flood-hazard zones around the White 
Tank Mountains (Figure 2; Plate 1). Assessments of flood hazards were based on (1) the 
age of the alluvial surface; (2) local topographic relief between the surface and active 
channels; (3) proximity to active channels, especially channels of major distributary flow 
systems; and (4) the size, number, and character of active channels in the area. 

The most important data we used to develop the flood hazard maps was the 
distribution of surfaces of different ages. The critical assumption of our analysl.s is that 
areas that have been subject to flooding over the past few thousand years are the areas that 
are likely to be flood prone. The potential for flooding in areas that have not been flooded 
for at least 10,000 years is considered to be very low, unless local circumstances suggest 
flow patterns have changed very recently. Areas composed of surfaces of 1,000 to 10,000 
years old are considered to have intermediate or high flood potential, depending on their 
proximity to active channels or active alluvial fans. 

Our delineation of flood-hazard zones was also based on drainage patterns, local 
topography, and the character of active channels. We considered areas that are within or 
near distributary drainage networks of the larger washes to be relatively more flood prone 
than areas that are spatially separated from these networks. We also incorporated local 
topographic relief between active _channels and adjacent alluvial surfaces into our 
assessments. The flood potential on old surfaces that are several meters or more (5 to 10+ 
ft) higher than adjacent active channels is considered to be very low. In contrast, if little 
relief separates old surfaces and active channels, the flood potential on the old surfaces is 
considered to be higher because of the possibility that flooding patterns might change and 
affect the old surface. We subdivided flood potential in areas of extensive young alluvial 
surfaces based on the size and abundance of channels. Large or abundant channels indicate 
that relatively deep, high velocity flows are an important element of flooding. 
Furthermore, the positions of these channels may shift occasionally during large floods 
(CH2MHill, 1991), subjecting the areas covered by young deposits between the existing 
channels to sheet flooding or channelized flooding. Areas of extensive young deposits 
where channels are not evident are subject primarily to shallow sheetflooding. These areas 
are clearly flood prone, but the character of the flooding is far less threatening. 
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The characteristics of the five flood-hazard zones are summarized below. 

Hl -Very high flood potential. Extensive young· deposits; distributary channel system 
very evident. Potential for localized, high-velocity, rel~tively deep, channelized flows and 
sheetflooding; some potential for drastic shifts in channel positions. 

H2 - High flood potential. Extensive young deposits, but channels are small or 
nonexistent. Predominantly shallow sheetflooding; channelized flow very limited in 
extent; broad areas probably inundated in large floods. 

I - Intermediate flood potential. Areas have not been flooded recently. Near or within 
distributary drainage systems, and little topographic relief separates these areas from active 
alluvial fans or channels. Could become flood prone with relatively modest changes in 
channel configurations. 

Ll - Relatively low flood potential. Areas have not been flooded for at least 10,000 years. 
Flooding has been confined to channels and immediately adjacent terraces for tha~ long. 
However, these areas are near or within distributary drainage networks, and typically little 
topographic relief separates Ll, I, H2, and H1 areas. L1 areas should be carefully 
evaluated to determine if potential for shifts in channel configurations or depositional 
patterns could result in these areas becoming flood prone. 

L2- Very low flood potential. Areas have not been flooded for at least 10,000 years, and 
typically for much longer. Drained by tributary streams that head on the piedmont. 
Streams entrenched 1 to 10m (3 to 30ft) below inactive alluvial surfaces; spatially_ 
separate from or topographically isolated from distributary drainage networks. Fl~od­

prone areas limited to channels and adjacent low terraces. 

Distribution of Flood Hazards on the Piedmonts of the White Tank Mountains 

The distribution of flood hazards varies widely across the piedmonts of the White 
Tank Mountains. On upper piedmonts, flood-prone surfaces are restricted to channel 
bottoms and low terraces set well below older flood free surfaces (Figure la, lb; Plate 1). 
Only the largest channel bottoms are mappable at this scale (1:24,000), but smaller, 
unmapped channel bottoms are also subject to high-velocity channelized flow (H1 flood 
hazard). 

The largest areas with the highest flood potential (Hl) are associated with active 
alluvial fans on the middle piedmont west and south of the White Tank Mountains (Figure 
lc; Plate 1). These are areas where entrenched large drainages become unconfined 
downstream, distributing floodwaters into several smaller channels and sheetfloods . 
Extensive very young deposits ( < 3,000 years old) and distributary channel networks 
indicate that these areas are active alluvial fans. Some areas within the distributary-flow 
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networks have not been subject to significant flooding for at least 1,000 years and are 
somewhat isolated from the distributary channels; the potential for flooding in these areas 
is less (intermediate flood potential; category I). Downstream from the active alluvial 
fans, distributary channels typically become reconfmed into fairly narrow passages between 
older surfaces that have not been flooded significantly for at least 10,000 years. We have 
assigned a low flood hazard potential.(Ll) to areas where the relief between the reconfined 
channels and adjacent old alluvial surfaces is less than one meter (3 ft); we assigned the 
lowest-flood potential (L2) to areas where the relief is more than one meter (3 ft). 
Widespread zones of fairly high flood hazards (H2) are present on the middle piedmont 
north of the White Tank Mountains (Plate la and lb). In this area several large drainages 
become unconfined and floodwaters spread out into low-velocity sheetfloods. 

On the lower piedmont, many of the major drainages again become unconfined and 
floodwaters spread out into sheetflows (Plate 1). High-velocity, channelized flood hazards 
(Hl) are restricted to very small portions of the lower piedmont, but areas prone to shallow 
flooding (H2) are ubiquitous. A single large flood probably will not inundate the entire 
lower piedmont, but the absence of substantial relief across the lower piedmont makes it 
difficult to predict where the next sheetflow will occur. 

Conclusions 

The White Tank Mountains flood hazard map demonstrates the value of using 
geomorphic analyses and mapping to delineate flood potential on desert piedmonts. A 
single geomorphic characteristic, by itself, cannot conclusively establish the age of a 
piedmont surface. Suites of characteristics identifiable on aerial photographs and in the 
field, however, are diagnostic of surface age. Alluvial surfaces of different ages on desert 
piedmonts can be readily mapped using these diagnostic suites of characteristics. By 
integrating surface age information with topographic data and the character of drainage 
networks, geologists can reliably delineate flood potential zones across the entire piedmont. 
Similar detail and reliability is not possible with current numerical hydraulic models. 
Geologic and geomorphic studies, therefore, should be an integral part of any flood hazard. 
management project on desert piedmonts. 
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1. PURPOSE 

This report is submitted to the Flood Control District of Maricopa County (District) by Ayres 
Associates in support of Subtask 2.6.6 of the Buckeye/Sun Valley (BSV) Area Drainage Master 
Study (ADMS) Scope of Work (C9ntract FCD 2902C027). 

The Buckeye/Sun Valley ADMS is being performed for the Flood Control District of Maricopa 
County and the Town of Buckeye. The purpose of the Buckeye/Sun Valley ADMS is to quantify 
the extent of drainage, flooding, and erosion problems, sources, and hazards in the 
Buckeye/Sun Valley area, and develop preliminary solutions to mitigate the identified concerns . 
Arizona Revised Statutes Title 48, Chapter 21, requires the Board of Directors to identify flood 
control problems and prepare plans that, when implemented, will eliminate or minimize flooding 
problems. 

Task 2.6 represents the Geomorphic Evaluation and Landform Stability Assessment portion of 
the Scope of Work (SOW). The purpose of Task 2.6 is to provide a qualitative assessment of 
potential erosion and sedimentation hazards of primary washes, lateral and vertical stream 
instability, and piedmont landform stability within the drainage networks of Area 3 (Buckeye 
Structures) and Area 4 (North Sun Valley) of the Buckeye/Sun Valley ADMS watershed (Figure 
1.1 ). 
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Figure 1.1. Location map for Areas 2 and 3 of the Buckeye/Sun Valley ADMS . 
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2. SCOPE OF WORK 

This report is a combination of three t~chnical memos previously submitted to the District in 
fulfillment of Subtasks 2.6.2, 2.6.3, and 2.6.4 of the BSV ADMS Scope of Work. The following 
report documents the methodology and factors measured by Ayres Associates using the Stage 
1 and 2 Analyses of the Piedmont Flood Hazard Assessment For Flood Plain Management 
User's Manual (PFHAM) (Hja lmarson 2003) per SOW Subtasks 2.6.2 and 2.6.3, and documents 
the qualitative assessment of the existing conditions for 46 primary washes within Areas 3 and 4 
per SOW Subtask 2.6.4. Also included is supporting documentation for the Stage 1 and 2 
analyses with examples of the various measurements used to identify each landform and 
unstable area and the conditions along each wash . 

The PFHAM Stage 1 methodology provides guidelines for delineating the lateral limits of the 
various piedmont landforms (Subtask 2.6 .2.1 ). The resu lts of the Stage 1 analysis and mapping 
included in th is report are submitted in fulfillment of Subtask 2.6.2.2. A field verification using 
the factors listed in the PFHAM was conducted on 2 representative s ites for each landform 
under Subtask 2.6.2.3. Preliminary maps (original scale = 1 :18,000) delineating the lateral limits 
of the piedmont landforms in Areas 3 and 4 are also included as attachments (Appendix A, 
Plates 1 through 5). 

The PFHAM Stage 2 methodology provides guideline for assessing piedmont landform stabi lity 
and delineating unstable landforms (Subtask 2.6.3.1 ). The results of the Stage 2 analysis and 
mapping included in this report are submitted in fulfillment of Subtask 2.6.3.2. A field verification 
using the factors Jisted in the PFHAM was conducted at sites where unstable landforms were 
identified under Subtask 2.6. 3. 3. Preliminary maps (1 : 18,000) delineating the lateral limits of 
the stable and unstable landforms in Areas 3 and 4 are also included as attachments 

• (Appendix B, Plates 1 through 5) . 

• 

The primary washes assessed under SOW Subtask 2.6.4 are defined as those intermittent 
streams and washes delineated by a combination dot and dash blue line on the USGS 7.5-
minute topographic quadrang le maps for the study area. All primary washes including White 
Tank Wash and its primary tributaries are included in the assessment and are shown on Plate 1 
of Appendix C. The washes covered under the White Tank Fan study (Wood, Patel & 
Associates 2001) and the Skyline Fan study (DEI-HEC 1997), Wagner Wash and its right bank 
(northern) tributaries, and the primary streams north of the Granite Reef Aqueduct are not 
included in the assessment. The total length of the 46 primary washes that were assessed is 
approximately one hundred and sixty one ( 161) miles. The assessment was conducted using 
field investigations, aerial photographs, maps, and existing studies and reports. Detailed 
subsurface or geotechn ical analyses are not part of this subtask. Preliminary maps (original 
scale = 1: 18,000) del ineating the stable and unstable landforms were submitted as Plates 1 
through 5 in Appendix B and include the unstable channel reaches identified in Areas 3 and 4 . 
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3. PROJ ECT BACKGROUND 

Piedmonts are the broad , gently sloping and low relief plains that are located between 
mountains and axial drainages. Much of Maricopa County is piedmont landforms. The Stage 1 
Analysis methodology of the PFHAM was used for delineating the lateral limits of the various 
piedmont landforms. There is a three-stage process in defining and assessing piedmont 
landforms provided by the PFHAM: 

• Stage 1 - Recognizing and characterizing the kind and extent of piedmont landforms and 
showing these landforms on a map. The four main landforms on piedmonts of Maricopa 
County requiring identification and del ineation are pediments, relict fans, alluvial fans and 
alluvial plains . Procedures for identifying piedmont landforms are described in Chapter 2 of 
the PFHAM. 

• Stage 2 - Defining the nature of the piedmont landform environment, identifying unstable 
and stable components of the piedmont, and showing those areas subject to various flood 
hazards on a map. For example, flood hazards of alluvial fan landforms in Maricopa County 
consist of fans with stable flow paths and fans with unstable flow paths. Procedures for 
identifying unstable and stable components of the piedmont are described in Chapter 3 of 
the PFHAM. 

• Stage 3 - Identifying and applying methods for defining and characterizing areas affected by 
the 1 00-year flood and showing these areas on a map. Realistic methods for definition of 
1 00-year flood hazards are discussed in Chapter 4 of the PFHAM. 

For the purposes of Task 2. 6 of the SOW, on ly Stage 1 and Stage 2 analyses were performed. 
This report provides a summary of the Stage 1 Piedmont Landform Delineation (per SOW 
Subtask 2.6.2) and Stage 2 Piedmont Landform Stability Assessment (per SOW Subtask 2. 6. 3). 
The PFHAM Stage 1 and 2 methodologies provide the procedures for identifying the nature and 
location of flood hazards on the four major piedmont landforms. 

The PFHAM defines Stable Areas as those in which "the re lative state of the location, geometry 
and roughness of a channel, network of channels, or landform where any changes of flow path, 
geometry, and roughness during floods are likely to be minor and can be set aside in rea listic 
assessments of flood risk -" Common stab le areas are hi llsides, relict fans, pediment areas, and 
inactive alluvial fans . 

The PFHAM defines Unstable Areas as those in which "the relative state of the location , 
geometry and roughness of a channel, network of channels, or landform where major changes 
of f low path, geometry, and roughness are possible during floods and cannot be set aside in 
rea li st ic assessments of f lood risk." Common unstable areas are active alluvia l fans, some 
mu lti-channel (d istri butary) areas below active alluvial fans, alluvial plains with act ive 
sed imentat ion, sp lit or bra ided flow channels where f low is wide and sha llow, and areas of 
recent sediment deposition and eros ion. 

The assessment of the existing conditions of the primary washes was conducted in conjunction 
with the Stage 'I and Stage 2 analyses. Discussions for both the Stage 1 and Stage 2 analyses 
in the PFHAM provide some general information and guidance for assess ing the stabi lity of the 
primary washes that dra in these landforms . However, an extensive knowledge of f luvial 
geomorphology, and more specifical ly the geomorph ic characteristics of desert washes, is 
necessary for accurate ly conduct ing th is task . 
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3.1 Piedmont Landform Delineation 

The four principle landforms delineated under the PFHAM methodology are relict fans, • 
pediments, alluvial fans, and alluvial plains. A relict fan is the erosion remnant of an old alluvial 
fan formed in a previous epoch and hardened by cementation. A broad, flat or gently sloping, 
rock-floored erosion surface located at the base of an abrupt mountain front or plateau 
escarpment is a pediment. An alluvial fan is a fan-shaped (either partially or fully extended) 
sediment deposit located at a topographic break, such as a mountain front, that is made up of 
stream flow and/or debris flow sediments. A nearly flat or gently sloping area or a slightly rolling 
land surface produced by deposition of sediment is an alluvial plain. Alluvial plains are 
generally located adjacent to a river that occasionally overflows its banks and might be on a 
floodplain, a delta, or at the toe of an alluvial fan. 

Each of the landforms has distinctive topographic, surface, and soil characteristics, and the 
landforms can be reliably identified using several combined criteria. The identification and 
delineation of these characteristics are discussed in detail in Chapter 2 and the Appendices of 
the PFHAM (Hjalmarson 2003). In general, distinctive characteristics that assist in delineating 
pediments and relict fans are the products of erosion, and distinctive characteristics that assist 
in delineating alluvial plains and many alluvial fans are the products of sediment accumulation. 
A summary of the general characteristics of the four principle piedmont landforms is listed in 
Table 3.1 and the steps required for the identification of the landforms are provided in Table 
3.2. 

3.2 Landform Stability Assessment 

The procedures in Chapter 3 (Stage 2 methodology) of the PFHAM (Hjalmarson 2003) use 
many of the readi ly observable indicators described in Chapter 2 (Stage 1 methodology) of the • 
PFHAM to assess landform stability. These indicators are used to delineate areas of potential 
flooding on each of the landforms. Many of the stability indicators are simple measures of 
relative surface age and weathering like desert pavement and rock. Most of the indicators used 
to identify the type of landform such as surface texture, surface geology, rock varnish, desert 
pavement, cementation of deposits, drainage pattern and channel shape are also used to 
identify stable and unstable areas. Specifically, the following indicators are used to define 
stable and unstable areas: 

<t Flow path movement • Soils (carbonate zones) • Vegetation 
<t Surface geology II Soil surveys II Bed material size 

• Desert pavement and varnish • Surface color • Donoring 
Ill Surface texture • Drainage pattern • Shear stress 

" Channel capacity • Channel shape • Drainage basin 

" Degree of flood hazard 

Table 3.3 shows several selected indicators of stable and unstable areas. Table 3.4 provides 
select characteristics of stable and unstable flood hazards of piedmont landforms. 
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Table 3.1 . Principle Landforms, Common Soil Types, Typical Geologic Map Units, and 
Significant Characteristics of Piedmonts in Maricopa County (Hjalmarson 2003) . 

Landform 

Relict Fan 

Pediment 

Altuvial Fan 

Alluvial Plain 

Component Landform 
(common soil types)1 

(typical geologic units/ 

Erosion Fan remnant 
(Mohaii-Contine, Gunsight­
Chuckawalla- Rillito, Pinamt, 
Tremant-Ebon- Momoli­
Carefree, Eba-Pinaleno, Laveen, 
Mohave-Continental) 
(Qo, Qmo, Qm) 

Inset Alluvial Fan 
{Carrizo, Gilman, Anlho, 
Estrella, Glenbar) 
(Qy, Qy2, Qy1) 

Bedrock remnant 
(Gran-Rock outcrop, Gran­
Wickenburg complex, 
Cherioni-Rock outcrop 
association) 
(various bedrock units) 

Inset Alluvial Fan 
{Anthony-Arizo 
complex, possibly Eba­
Pinaleno and Carrizo) 
(Qy, Qy2, Qy1) 

Active Alluvial Fan 
(Carrizo, Gilman, Antho, Brios, 
Estrella, Glenbar, Coolidge, 
Valencia, TorriHuvents, 
Maripo) 
(Qy, Qyc, Qy2, Qyt) 

Inactive Alluvial Fan 
(Laveen. Anthony, Antho, 
Mornoli, Mohave, Pinamt, 
and other soils of relict. fans) 
(Om, Qm1, Qm2, Ql, Qly) 

Piedmont Toe 
(Gilman, Eslrella3

; Glenbar, 
Momoli , Denure, Antho, 
Contine, Mohall, Avondale) 
(Qy, Qy2, Qy1, Qyt) 

Significant characteristics2 

Typically incised channels in cemented conglomerate of cobbles 
and boulders. Drainage typical.ly is tributary but small pock.ets 
of distributary channels may oct:ur. Some relict fans have a 
ridge-valley morphol~y. Incised throughflow streams typically are 
more than 10ft. deep and less than 20ft. deep with steep banks. 
Desert pavement and rock vamish are common on flat interfluves. 
General slope typically is 1-6 percent. 

Generally small and ronfined between relict fan remnants. Fluvial 
deposit that can act like a Roodplain with high potential for scour 
and fill. Much of the alluvial fan material may be from gulling of 
the relict fan and such material may be bouldery. 

Incised channels generally formed in bedrock and old soils. 
Drainage typically is tributary but distributary channels may be 
present especially on lower slopes. There are many first order 
tributary channels. Parent rock typically is granite with large 
granite boulders on the upPer slopes near the mounmins. The 
crests of transverse slopes are small and shoulders are steep. 
General slope typicaUy2-5 percent. 

Generally small alluvial fan confined between pediment. Fan 
typically widens like a partially opened fan and lower part typically 
narrows as distributary channels teioin. Fluvial deposit that 
typically is actively aggrading and eroding with possible balance of 
sediment over past few hundred years_ 

Fluvial deposits with !it11e, if any, calcium carbonate development 
Fan shaped in plan view with hydrographic apex at topographic 
break.. Typically no desert vamish_ Stream channe.ls are wide With 
little incision or channels are very small. Active portions of alluvial 
fans in Maricopa County lypically are a small part o.f an alluvial 
fan thai is mostly inactive. General slope 1-10 percent 

Fluvial deposits with much carbonate in K soil horizon. Fan shaped 
typically with distributary network of incised-throughflow 
channels. Transverse slopes of interfluves are flal lnterfluves 
typically drained by small channels that are tributary to 
throughflow streams. lnlerfluve slopes are stable and throughflow 
streams typically are incised less than 3 ft. . General slope typlcafty 
1 .5 - 4 percent 

Aggrading or rather stable fluvial deposit with little transverse 
relief and small throughflow channels. Channels typically are less 
than 1 ft. deep_ Few tributary channels head on the surface. 
Ltttle, if any, rod< varnish but possibly some desert pavement. Can 
be channel incision of a few feet wtlere !he-re has been general 
head cutting of base- level stream. General slope is 0-3 percent. 

Soil complexes on NRCS maps include one or more of the soil types associated with the indicated landform. 
2 These charactenstics may be observed on topographic maps, aerial photographs and by field inspection_ 
3 Some of this soil is associated with alluvial fans by Camp (19SS) and with alluvial plains in this manual. This sot I is 

associated with alluvial plains for this manual because Estrella loam (Soil type 50) typically ts at the toe of piedmonts, the 
slope is small and the landform does not meet the criteria for alluvial fans (NRC, 1996) This is an example of a few minor 
inconsistencies between this manual and NRCS soil surveys that have no effect on the reliability of the method. 

• Surficial geologic map units commonly used by AZ.GS geologists to describe deposits associaled w1th the various landforms . 
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Table 3.2. Steps for Identification of Piedmont Landforms (Hjalmarson 2003). 

Recognizing landforms Data information source • 1. Define general setting (Geology, tectonics, Geologic, topographic, 
soils, surficial geology, relief) aerial photos, soil maps. 

General reference. 

Type of landform. Detailed surficial geology 
maps, soil maps and geology 
maps 

2. Define physical setting and type of landform. 

Geomorphology of source area (relief, slopes, Topographic maps, aerial 
feeder channel geometry, vegetation distribution, photographs. 
size of source area, drainage pattern) 

Geomorphology of piedmont (size, relief, slopes, Topographic maps, soil 
channel geometry, vegetation type and maps, aerial photographs. 
distribution, surface color and soi l) 

Location of landform (Is there a topographic Topographic maps and aerial 
break? Is it at a mountain front? Is it at an photographs. 
isolated remnant or inse/berg? Is it inset on 
a larger landform?) 

3. Verify and refine landform characteristics and Field work using geotogic • boundaries. maps and soil survey maps. 

Composition and age (bedrock or a sedimentary 
deposit, soil development, desert varnish, 
desert pavement, surface color and caliche) 

Morphology (plan view shape, drainage pattern Field work using topographic 
and spacing, channel incision and geometry, maps and aerial photographs. 
ridges and valleys) 

Location of landform (Is it at a topographic Fieldwork using topographic 
break? Is it at a mountain front? Is it an isolated maps and aerial photographs. 
remnant or inse/berg? Is it inset on a larger 
landform?) 

• 
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Table 3.3. Selected Indicators of Stable and Unstable Areas (Hjalmarson 2003). 
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Table 3.4. Selected Characteristics of Stable and Unstable Flood Hazards of Piedmont 
Landforms (Hjalmarson 2003). 

Landform Com~onent Landform Significant stability and flood charaderlstics 
(State) 

Relict Fan Erosional Fan remnant Remnants of broad coalescent plains or bajadas lhat have been incised 
(Stable) by streams for thousands of years. 

The presence of large areas of varnished desert pavement and soils 
with substantial day or carbonate suggests the surface of this landform 
is very stable in many places and flood flow has been conveyed past 
these stable areas for thousands of years. 
The 100-year flood is confined to throughflow channels and small 
over bank areas adjacent to the defined channels. 

Inset Alluvial Fan These typically bouldery fluvial deposits can have a great aggradation 
(Unstable) and erosion potential and are unstable. 

The ·1 00-year flood can spread over much of these areas. 

Pediment Bedrock remnant Nearly all of these landforms are eroding and stable . 
(Stable) Relatively small areas along larger channels subject to scour and fill. 

The ·toO-year flood typically is confined to defined channels of 
throughflow streams and streams that head on the pediment 

Inset Alluvial Fan These fluvial deposits resemble flood plains except the inset fan may 
(Unstable) be subject to more erosion and deposition than typical flood plains. 

Inset deposits of sediment can be the "apex" of distributary channels. 

Alluvial Fan Active Alluvial Fan Fluvial deposit with litlte or no calcium carbonate soil development, no 
(Unstable) insitu rock varnish development, and seldom any desert pavement. 

The surface typically is a light tan or grey c.otor that is indicative of 
recent abrasion of the weathered surface during sediment ·Jransport. 
Some areas not recently eroded or that have received sediment may 
be darkened by weathering. 
Typical channels are poorly defined v!ith large width-t~depth ratios 
and may have a braided paltem in addition to a general radiating 
pattern below the hydrCJ9raphic apex. 
Typical clasts are angular, sorted and unweathered. Both the maximum 
and average clast size of the sediment deposits decreases rapidly down 
fan. 
Deposits are mounded across the fan unless there has been erosion 
and/or co-mingling wrlh adjacent alluvial fans. 

Inactive Alluvial Fan Fluvial deposit with much carbonate in K soil horizon, reddish upper 
(Stable) soil horizon, desert pavement, rock varnish, incised throughflow 

channels, trees along the throughnow channels and developed 
tributary drainage systems that head on the Ian surface. Very ofd 
inactive alluvial fans that have lost their shape are relict fans. 

Alluvial Plain Piedmont Toe Rather stable or possibfy aggrading fluvial deposit with little transverse 
(Generally stable but relief except where channels are incised as the result of lowering of 
some areas may be base-level stream. 
unstable ) Floodwater of the 1 00-year flood may spread over large areas like 

lhat shown in Appendix G. 
Areas wilh low slopes, lack of flow confinemen·l, little aggradation and 
developed caliche soil that resists erosion are stable. Areas may be 
unstable where there is much aggradation. 
Where channels are incised the gully walls may be unstable and 
head cutting may progress upslope . 
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4. METHODOLOGY 

4.1 Landform Identification, Delineation, and Mapping 

The Stage 1 methodology for identification and delineation of the characteristics of piedmont 
landforms are described in detail in Chapter 2 and the Appendices of the PFHAM (Hjalmarson 
2003). Chapter 3 (Stage 2 methodology) of the PFHAM provides the methodology used in this 
project for identification of stable and unstable flood hazard areas of piedmont landforms. The 
described procedure is complementary to the procedure used to identify landform types in 
Chapter 2 of the PFHAM. 

ArcGIS was the Geographic Information System (GIS) software used for the piedmont landform 
delineation, the landform stability assessment, the stability assessment of the primary washes, 
and the associated mapping. Ten-foot contour topography and 2003 MrSID orthophotography 
were obtained from the District and overlaid in ArcGIS. The soils mapping from the National 
Resources Conservation Service (NRCS), in the form of a GIS shapefile, was then used to 
guide the initial in-house landform mapping and delineation. Appendix D provides an example 
of the typical NRCS soils maps and soil descriptions for the BSV area. The landform mapping 
was based on the soil associations related to each landform (PFHAM). The aerial photography 
and the 2003 topographic maps (1O-ft contour interval) provided by the District were then 
examined in detail to refine the landforms and assist in identifying stable and unstable areas. 

Compared to color photography, black and white orthophotography was more difficult to use in 
identifying subtle differences in surface color and tone. However, the black and white 
photography was still useful in viewing the lighter active alluvial fans and other unstable areas, 
the ground surface texture, and drainage patterns. The 1 0-foot contours from the 2003 District 
contour maps provided a better picture of the drainage patterns, allowed ca lcu lation of the 
drainage texture in the relict fans and inactive fans, assisted in defining topographic breaks, and 
provided a clearer view of the relative depths of channel incision. 

The Arizona Geological Survey (AZGS) surficial geology mapping (Field and Pearthree 1991) 
and flood hazard mapping (Field and Pearthree 1992) for the White Tank Mountains area were 
then used to refine the landforms even further. Both the surficial geology maps (Appendix E) 
and the flood hazard maps (Appendix F) were scanned and converted to digital images. These 
images were then registered in ArcGIS using the USGS 7.5-minute topographic quadrangle 
maps and the 2003 aerial photography as the base system. Once these maps were 
georeferenced, the maps could be viewed with the soils, topography, and delineated landforms 
overlain on them. 

Two primary methods were used to assess current conditions on the primary washes . One 
method required the comparison of historic and contemporary aerial photography to identify 
reaches and areas of potential and existing stream instability. The other method was to conduct 
an on-site field reconnaissance of each of the primary washes whereby unstable reaches could 
be identified and delineated in real-time in the field using the portable GPS unit. Both methods 
were used to identify, delineate, and verify stability problems along the primary washes. 

4.2 Aerial Photography Analysis 

A comparison of sequential aerial photography can identify potentially dangerous landforms and 
stream reaches that are stable or unstable or that have changed significantly in planform due to 
aggradation, degradation. or migration as a result of major events, especially if a major event 
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has occurred sometime between subsequent photos or immediately prior to a photo date. In the 
case of the Buckeye/Sun Valley area, a major storm event that occurred in 1951 created 
significant changes in the landscape and to reaches of some of the primary washes wi thin the • 
project area. 

The 1951 storm event is identified in precipitation records for the Buckeye weather gage (NCDC 
COOP station number 021 026), which is located in the town of Buckeye to the south and has 
been in operation since 1893. The largest single day precipitation recorded at the gage since 
1907 occurred on August 28, 1951 . The total volume on that day was 2.6 inches and the total 
recorded precipitation from August 27 to the August 30, 1951, was more than 4.6 inches. 
Although 1951 was not an unusually wet year, the monthly total for August of that year was 6.89 
inches, which is the wettest month on record (Figure 4.1 ). In comparison, the mean monthly 
precipitation for August is only 1.13 inches. Thus, aerial photographic coverage that 
encompasses this date or was taken immediately after that year will be valuable in assessing 
changes that occurred then and subsequently. 
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Figure 4. ·t. Annual and monthly maximum precipitation (1905-2003) for Buckeye, Arizona. 

There are no aerial photos taken of the study area prior to ·1949 that were available. With 
regard to the 1951 event, black and white aerial photography taken in '1949 is available for 
areas a short distance north of the Buckeye Flood Retarding Structures (FRS), but coverage 'for 
most of the project area north of the structures is not available in the ·1949 aerial photography. 
However, black and white 1953 aerial photographic coverage is available for the entire study 
area . In addition, 1973, 1992, '1997, '1999, and 2003 aerial photographic coverage is available . 

4.2 

• 

• 



• 

• 

• 

The digital versions of the 1973 aerial photos are of poor quality and the 1997 and 1999 aerial 
photos show no major changes compared to the 1992 and 2003 aerial photos . Only the 1949, 
1953, and 2003 aerial photographs were used in this study for comparative purposes since 
there have been no storm events that have produced any identifiable changes in the study area 
after 1951. 

The active alluvial fans and other unstable areas that were identified and mapped using the 
aerial photo comparison are included in the GIS database submitted to the District as part of this 
report. 

4.3 Field Reconnaissance 

All-Terrain-Vehicles (ATVs) with utility racks were the main mode of transportation used in the 
field reconnaissance and verification of the piedmont landforms and the areas of instability, and 
the assessment of the existing conditions of each of the primary washes (Figure 4.2). The 
ATVs were used because of the large extent and relative inaccessibility of the study area, and 
allowed for quick and efficient movement across the landscape to verify landforms and check 
uncertain or questionable areas in a short amount of time. Having less travel time allowed for 
more time to accurately verify landform types and boundaries. 

The Trimble GeoXT, which is shown mounted on an ATV in Figure 4.3, is part of the Trimble 
GeoExplorer CE Series, a handheld Windows CE device with an integrated Trimble GPS 
receiver. The GPS system uses the Wide Area Augmentation System (WAAS) for free real-time 
connections. The WAAS was created by the Federal Aviation Administration (FAA) as a free­
to-ai r differential correction service. With Windows CE, the device is capable of incorporating 
mobile GIS field software. ESRI 's ArcPad 6.0, which is the mobile form of ArcGIS with 
GPSCorrect, was used for this project. 

Using ArcPad with the georeferenced aerial orthophotography and the pre-defined landforms 
GIS files, the Trimble GeoXT enabled quick navigation to a verification site or questionable 
feature and proper identif ication and delineation of the boundaries and location of the landform 
or feature. The Trimble GeoXT provides the accuracy of a survey grade GPS with the 
portabi lity of a fully ed itable mobile GIS database. 

The portability of the Trimble GeoXT for use with the ATVs was accomplished using a GPS 
mount placed on the front utility rack of the ATV. The mounted GPS was readily visible and 
allowed for easy tracking of the current location and navigation to a specific site. 

Field verification of the areas of instability was accompl ished by configuring the Trimble 
handheld GPS to disp lay the boundaries of the unstable area previously del ineated in the office. 
With the mapped boundaries visible on the ATV-mounted GPS, the mapped boundaries were 
verified by tracking the boundary using the ATVs and observing the path using the GPS track 
log. Veri ficat ion of the boundaries requ ired knowledge of the specific characteristics unique to 
stable and unstab le landforms and any deviation of the mapped boundary from the location of 
the observed true boundary in the field was ed ited in rea l time in the A TV-mounted GPS. The 
correct boundary was delineated by driving the ATV with the GPS along the correct location of 
the boundary and recording the path of the A TV as a new track log . Where changes or 
correct ions to the boundaries were necessary, the new ATV track log was used to guide and 
document alteration of the original mapping . 
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5. PIEDMONT LANDFORM DELINEATIONS AND VERIFICATION 

Although the District has performed full piedmont landform delineation and stability 
assessments on a number of piedmont surfaces prior to this study using the methodology 
provided in the current version of the PFHAM (Hjalmarson 2003), the methodology has not been 
used to conduct assessments on areas similar in size to the combined area of Areas 3 and 4 of 
the BSV ADMS ( 184 mi2

) . Therefore, the District determined that verification sites would be an 
appropriate means of fully evaluating and documenting in detail the characteristics of specific 
representative sites for each type of landform found on the piedmont. The detailed 
characteristics documented for each type of landform should be essentially similar for the same 
landform types found within the watershed . 

Based on the District's requirements under Subtask 2.6.2.2, eight locations, two for each 
landform, were chosen as landform verification sites. The verification sites were chosen 
because there were discrepancies or contradictions in the characteristics that generally define 
the landform, several characteristics were not common to the landform, or the boundaries were 
not easily delineated or clearly definable. These sites were initially identified during the 
mapping effort in the office. For the verification sites that were mapped or delineated 
incorrectly, the landform or site was correctly identified based on the defining characteristics 
identified in the PFHAM, and the boundaries were properly delineated in the field by making the 
appropriate real-time corrections to the GIS database stored in the Trimble GeoXT handheld 
GPS unit. 

Table 5.1 provides the description of each site and landform designation , including the latitude 
and longitude of each site. Table 5.2 shows how each site was mapped relative to surficial 
geology (Field and Pearthree 1991 ), f lood hazards (Field and Pearthree '1992), and soils 
(Hartman 1977). Table 5.3 provides the drainage pattern and textu re, the desert pavement and 
varn ish development, and the vegetation for each verif ication site. 

Table 5.1. Landform Verification Sites: Description, Landform, Latitude, and Longitude 
(North ing and Easting Coordinates are in State-Plane Arizona Central zone). 

Site# Description Landform Northing (ft) Easting (ft) 

1 
Active alluvial fan south of the White Tank Alluvial Fan 907260.60 484461. 72 Fan (USGS Site 36) 

2 
Inactive alluvial fan immediately south of Sun Alluvial Fan 966329.56 480823.51 Valley Parkway 

3 
Site is south of southern intersection of Sun Alluvial Plain 958546.01 464198.14 Valley Parkway and Wagner Wash 

4 
Site is south of Wagner Wash at the 

Alluvial Plain 942661.37 456163.98 Hassayampa River 

5 Site is immediately south of USGS Site 39 Relict Fan 925808.36 474959.37 

6 
Site is west of Sun Valley Parkway, 

Relict Fan 904417.67 460790.10 southwest of USGS Sites 38 & 39 

7 
Site is southwest of north edge of White 

Pediment 950524.26 478971.90 Tank Mountains , east of Sun Valley Parkway 

8 Site is north of the end of Buckeye FRS #2 Pediment 893537.00 491246.42 
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Table 5.2. Representative Landform Sites: Mapped Surficial Geology (Field and Pearthree 
1991 ), Flood Hazards (Field and Pearthree 1992), and Soils (Hartman 1977) . 

Site# Surficial Geology Mapping Flood Hazard Mapping NRCS Soils 

1 Y2 - Late Holocene H1 -Very High Hazard 
Antho-Carrizo-Maripo 

Complex 

2 Y2 - Late Holocene 1-12 - Moderate Flood Hazard Tremant Gravelly Loams 

I - Intermediate Flood 
3 Y - Undifferentiated Holocene 

Potential 
Gilman Loams 

4 Y1 - Late to early Holocene Not Mapped Antho Gravelly Sandy Loams 

5 M1 b- Mid to Late Pleistocene L2 - Very Low Flood Potential Carrizo Very Gravelly Sands 

6 M 1 b- Mid to Late Pleistocene L2 - Very Low Flood Potential Pinamt-Tremant Complex 

7 
TK - Tert iary or Cretaceous intrusive 

L2 - Very Low Flood Potential Vaiva Very Gravelly Loams 
and volcanic rocks 

8 
X - Early Proterozoic gneiss and 

B- Bedrock Gunsight-Pinamt Complex 
granite 

Table 5.3. Representative Landform Sites: Drainage Texture, Drainage Pattern, Desert 
Pavement and Varnish Development, and Vegetation. 

Drainage Drainage 
Desert 

Site# Landform Pavement and Vegetation 
Texture Pattern 

Varnish 

NA Stippled pattern, scattered 
1 Alluvial Fan (indefinable on Distributary None desert bushes and trees 

topo maps) throughout 

Relatively Desert trees along main 
2 Alluvial Fan Distributary None channe~.abundantdesert constant 

bushes, scattered saguaros 

Desert trees along small 
3 Alluvial Plain NA Tributary None channels, abundant scattered 

desert bushes 

Desert trees along small 
4 Alluvial Pla in NA Tributary None channels, abundant scattered 

desert bushes 

Decreasing Moderately 
Relatively sparse desert trees 

5 Relict Fan Tributary and bushes only concentrated 
upslope Developed 

along channels 

Desert trees and bushes only 

6 Relict Fan 
Decreasing 

Tributary Well Developed concentrated along channels, 
upslope no saguaros, abundant 

creosote 

NA Desert trees and bushes 
7 Pediment (indefi nable on Tributary NA concentrated along 

topo maps) entrenched channels 

NA Desert trees and bushes 
8 Pediment (insufficient Tributary Not Observed* concentra ted along 

contours) entrenched channels 

·•s iie #8- noi access ible for fie ld verificaiion 

5.2 

• 

• 

• 



• 

• 

• 

5.1 Verification Site #1 

Verification Site #1 (Appendix A, Sheet 5) is an alluvial fan region located south of the White 
Tank Fan (USGS Site 36). Figure 5.1 provides a view looking downstream from the 
hyd rographic apex of the active port ion of the alluvial fan. The site has all the characteristics of 
an active all uvial fan including multiple unconfined flow paths, extensive sedimentation, and little 
to no so il development or desert pavement. 

Figure 5.1. View looking downstream at Verification Site #1 south of USGS Site 36 alluvia l fan . 

5.2 Verification Site #2 

Verification Site #2 (Appendix A, Sheet 1) is an alluvia l fan reg ion located in the northern part of 
Area 4 just south of Sun Valley Parkway (Figure 5.2 ). Initially this region was mapped as an 
al luvial fan, but then changed to relict fan because the topography appeared to have deeper 
drainage incision than that usually associated with alluvial fan areas. However, this was again 
reversed and mapped as an alluvial fan based on the surficial geology map showing this area 
as be ing late Holocene in age and having a re latively constant drainage texture (Figure 5.3). 

The fie ld verificat ion of Site #2 also confirmed the presence of the weakly developed Tremant 
so il , a lack of sign ificant desert pavement (Figure 5.4), and areas of confined and sheet flow. 
The Tremant Series is a weakly developed gravelly loam soil that is slightly effervescent and is 
found on fan terraces, stream terraces or relict basin floors. 

5.3 Verification Sites #3, #4, and #5 

Verification Site #3 (Appendi)( A, Sheet 1) is an alluvial plain region that is immediately south of 
the southern intersection of Wagner Wash and Sun Valley Parkway. Verification Site #4 
(Appendix A, Sheet 2) is an alluvial plain region that is south of Wagner Wash near the 
Hassayampa River. These sites have the characteristic flat relief, little or no desert pavement, 
small or poorly defined throughflow channels , and a stippled vegetative pattern resulting from 
regularly spaced creosote bushes. 

Verification Site #5 (Appendix A, Sheet 2) is a relict fan region that is immediately south of 
USGS Site 39. The dra inage texture (contour crenu lations versus elevation) for Verification Site 
#5 is shown in Figure 5.5. This site has the characteristics typical of a relict fan including 
entrenched throughflow streams, desert pavement and desert varnish on interfluves, well­
developed soils, and abundant cactuses . 
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Figure 5.4. Tremant soils of the inactive alluvial fan at Verification Site #2. 
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Figure 5.5. Drainage texture at Verification Site #5. 

5.4 Verification Sites #6, #7, and #8 

Verification Site #6 (Appendix A, Sheet 4) is a relict fan region that is west of Sun Va lley 
Parkway and southwest of USGS Sites 38 and 39. The drainage textu re of Site #6 is shown in 
Figure 5.6. This site has the characteristics typical of a relict fan includ ing entrenched 
throug hflow streams, desert pavement and desert varnish on interfluves, well-developed so ils, 
and abundant cactuses . Figure 5.7 shows the we ll-deve loped desert pavement in this area. 
Figure 5.8 provides a close-up of the desert pavement on the re lict fan surface, as wel l as some 
stones coated with we ll-developed desert varnish . 
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Figure 5.6. Drainage texture at Verification Site #6 . 
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Figure 5. 7. Well-deve loped desert pavement and desert varnished stones on a relict fan 
surface (Verification Site #6) . 
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Figure 5.8 . Close-up of desert pavement and stones with well-developed desert varnish on a 
relict fan surface (Verification Site #6). Internal grid squares are 2-inch square. 

Verification Site #7 (Appendix A, Sheet 1) is a pediment reg ion that is east of Sun Va lley 
Parkway and southwest of the north edge of the White Tank Mountains (Figure 5.9) . 
Verification Site #8 (Appendix A, Sheet 5) is a pediment region that is north of the west end of 
Buckeye FRS #2 . Both sites have the typical characteristics of pediments including extens ive 
shallow bedrock mantled with a thin and discontinuous veneer of alluvium, exposed bedrock 
along deeply entrenched tributary channels, extensive desert pavement and varnish on 
interfluves, and abundant cactuses. 

5.5 Summary 

The lateral limits of the four principle piedmont landforms were delineated for the Buckeye/Sun 
Valley area using the Stage 1 Analysis defined in the PFHAM (Hjalmarson 2003). The 
landforms were identified and mapped in-house using geologic, flood hazard, topographic, and 
soi ls maps as well as aeria l photography. A tota l of eight landform sites were identified for 
verification, two from each landform type. Seven of the sites were visited in the field to 
document and verify the characterist ics for each landform type. Where there were 
discrepancies or contradictions in the characteristics that general ly define the landform, where 
severa l characteristics were not common to the landform, or where the boundaries were not 
easil y delineated or clearly definable, the landform or site was correctly identified based on the 
defining characteristics identif ied in the PFHAM, and the boundaries were properly delineated in 
the field and changes were made to the GIS database. Of the '184 mi 2 of total area mapped, 
4.46 mi

2 
are mapped as pediment surfaces, 34.6 mi 2 are mapped as alluvia l plains, 38.26 mi2 

are mapped as alluvial fan su1iaces, 79.14 mi2 are mapped as relict fan surfaces, and 27.49 mi2 

are mapped as bedrock. The landform mapping has been provided to the District in ArcGIS 
format and is included as Appendix A of this report . 
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6. LANDFORM STABILITY ASSESSMENT 

Under the PFHAM Stage 2 methodology, the nature and location of flood hazards on the four 
major piedmont landforms are to be identified and classified as either stable or unstable 
hazards. The SOW states that stable and unstable areas of the piedmont landforms will be 
defined using the PFHAM Stage 2 analysis. Common areas identified as stable under the 
PFHAM Stage 2 methodology are: 

• Hills ides 
• Relict fans 
• Pediment 
• Inactive alluvial fan 
• Throughflow channel with a movable bed 
• Some sheet flow and split flow areas 

Common unstable areas identified under the PFHAM Stage 2 methodology are: 

• Active alluvial fans 
• Some multi-channel areas below active alluvial fans 
• Alluvial plain with active sedimentation 
• Multi-channel pocket along a throughflow cannel 
• Area of recent sediment deposition and erosion 
• Split f low channel where flow is wide and shallow 
• Areas of low relief where minor development such as roads can divert f loodwater and cause 

significant erosion in areas otherwise not susceptible to flood hazard 

It should be noted that, although the PFHAM distinguishes between active alluvial fans and 
other unstable areas, they are lumped together under the unstable designation. Although the 
SOW states that "potentially unstable areas include active or inset alluvia l fans with unstable 
channel reaches as wel l as areas with high potential for avu lsion or significant sh ift," the SOW 
does not specifically state that active fans should be mapped separately from other unstable 
areas . However, we have accommodated the District's request to map the active fans 
separately. As a result, the mapping effort includes the delineation of active al luvial fans 
separately from other unstable areas, and the other unstable areas are reaches of washes that 
we have further delineated and classified as having a moderate or high geomorphic hazard . 
This more detailed delineation is not defined or included in the PFHAM Stage 2 methodology. 
The plates in Appendix B show the unstable areas mapped in red. Areas in solid red represent 
active alluvial fans and open areas outlined in red represent other unstable areas. 

6.1. Active Alluvial Fans 

Numerous areas were identified as being unstable, active alluvia l fans. Table 6.1 provides the 
location of the hydrographic apex for each identified si te in northing-easting (State Plane 
NAD83) and latitude-longitude coordinates. Table 6.2 displays the direction of f low and the 
area of instability in acres for each of the unstable areas. Studies were previously completed on 
the White Tank Fan (Hjalmarson and Kemna 1991; Hjalmarson 1994; Wood-Pate! 2000), also 
known as USGS Site 36, and the Skyline Wash Fan and tributaries (DEI-HEC 1997). Other 
previously identified active fans include USGS Sites 37, 38, and 39 (Hjalmarson and Kemna 
1991; Hjalmarson 1994 ). Although a discussion of these areas will not be included in this 
document, they were examined and their characteristics were field checked during the field 
veri fication of unstable areas . 
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Table 6.1. Location of the Hydrographic Apex for each Mapped Unstable Area. 

Unstable Site Description 
North East Lat. Long. 

(H) (H) (dd)_ (dd) • BSV Site 1 
Small fan north of the White Tank 

960445 487493 33.638 112.615 Mountains (Eastern Area 4) 

BSV Site 2 
Small fan north of the White Tank 

959472 490774 33.636 112.604 Mountains (Eastern Area 4) 

BSV Site 3 
Fan in southern part of Area 4, 

956199 482420 33.626 112.631 SE of Wagner Wash 

BSV Site 4 Small fan north of BSV Site 6 940436 472030 33 .583 112.665 

BSV Site 5 Inset fan north of USGS Site 39 939479 478896 33.580 112.643 

Small fan on east side of Sun 
BSV Site 6 Valley Parkway and NW of USGS 929797 468825 33.554 '112.675 

Site 39 

BSV Site 7 Small fan south of USGS Site 36 907676 484235 33.493 112.624 

BSV Site 8 
Small fan southeast of BSV Site 

901188 486927 33.475 112.615 7 

BSV Site 9 
Small inset fan near the start of 

886736 489291 33.436 112.607 Buckeye FRS #'I 

BSV Site 10 
Small fan near middle of Buckeye 

889640 496686 33.444 112.583 FRS#2 

BSV Site 11 
Small fan east of BSV Site 10 

889831 498447 33.444 112.577 near middle of Buckeye FRS #2 

BSV Site 12 
Small fan south of BSV Site #8 

893687 487162 33.455 112.6'15 
and north of BSV Site #9 • 

BSV Site 13 E 
Small fan north of BSV Site #3 

958787 482281 33.634 1 '12.632 
and east of BSV Site #13 West 

BSV Site 13 W 
Small fan north of BSV Site #3 

958834 48'1148 33.634 112.636 
and west of BSV Site #13 East 

BSV Site 14 
Small fan SW of USGS Site 39, 

920817 464522 33.529 '112.689 
west of Sun Valley Parkway 

BSV Site 15 
Small Fan west of BSV #16, 

914052 465260 33.5'10 '1'12.687 
southwest of USGS Site 38 

USGS Site 36 
(White Tank Hassayampa Tributary #'I 914760 484982 33.5'13 1 '12.622 

Fan) 

USGS Site 37 Hassayampa Tributary #2 918160 484049 33.522 '1 '12.625 

USGS Site 38 Hassayampa Tributary #3 920143 475736 33.527 '112.653 

USGS Site 39 Hassayampa Tributary #4 92649'1 476428 33.545 112.650 

Skyline Wash Skyline Wash 900475 504260 33.474 1'12.559 
Fan 

Skyline Wash East Tributary to Skyline Wash 897517 5'12488 33.466 '112.532 
Tributary Fan Fan 

• 
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6.1.16 BSV Site 15 

The small active alluvial fan at BSV Site 15 is an unstable area that is located west of Sun 
Valley Parkway, just west of BSV Site 16, and one mile southwest of USGS Site 38 . The BSV 
Site 15 area is 23 .6 acres in size and extends roughly 3,000 feet from northeast to southwest. 

BSV Site 15 is mapped as a very high flood hazard (Field and Pearthree 1992) and late 
Holocene in age (Field and Pearthree 1991 ). Although the surface encompassing this area was 
originally mapped as an inactive alluvial fan surface, an examination of the 1953 aerial photo 
(Figure 6.22) indicates that the area was an active fan at that time, probably as a result of the 
major storm event of 1951 . The current aerial photography shows the elongate fan shape of the 
active area, which contains numerous well defined flow paths, but also still shows a few signs of 
continued active alluvial fan processes. A field reconnaissance later confirmed that this area is 
an active alluvial fan. Figure 6.23 is a view looking downstream from near the apex of the 
active fan . 

Figure 6.22. Aerial photograph from 1953 showing the active fan area of BSV Site 15. 

6.1.17 USGS Site 36 (White Tank Fan) 

The USGS Site 36 active alluvial fan, also known as the Wh ite Tank Fan, is an unstable area 
that is located directly south of USGS Site 37 and is three miles east of Sun Va lley Parkway. 
The White Tank Fan has been mapped in detail and its characteristics have been well 
documented in an approximate floodplain delineation study conducted by Wood-Pate! (2001 ). 
The fan is the largest active fan in the area at more than 898.6 acres in size and it extends 
about two miles from northeast to southwest. Figure 6.24 shows the fan downstream of the 
hydrographic apex . 
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Figure 6.23. View downstream from the apex of the active fan at BSV Site 15. 

Figure 6.24. View looking downstream from the hydrographic apex of the active White Tank 
Fan (USGS Site 36). 

6.1.18 USGS Site 37 

The USGS Site 37 active al luvial fan is an unstable area that is located directly north of the 
White Tank Fan (USGS Site 36) and is three miles east of Sun Valley Parkway. The USGS Site 
37 fan was previously identified as Hassayampa Tributary #2 (Hjalmarson and f(emn<:l "199'1 ; 
Hjalmarson ·1994 ). The site extends about two miles "from northeast to southvvesl. Figme 6.25 
shows the fan downstream of the hydrographic apex. 
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Figure 6.25 . View looking downstream from the hydrographic apex at USGS Site 37 . 

The USGS Site 37 active area is the third largest active site in this area spanning 466.2 acres. 
Only the Skyline Wash Fan and the White Tank Fan are larger. The area is mapped almost 
entirely as a late Holocene surface, except for two smaller areas that are mapped as late to 
early Holocene (Field and Pearthree 1991 ). USGS Site 37 is also mapped almost entirely as a 
high flood hazard except for the areas mapped as late to early Holocene, which are classified as 
an intermediate flood hazard (Field and Pearthree 1992). The distributary flow pattern and 
undefined flow path areas are readily visible on the aerial photography. The topographic 
analysis reveals a wide, undissected landscape with very few contour crenulations and almost 
no channel incision . There are two main arms of instability at the lower end of the active area. 

6.1.19 USGS Site 38 

The USGS Site 38 active alluvial fan is an unstable area that is located northwest of USGS Site 
37 and terminates to the west at the Sun Valley Parkway. The apex of the site is one and one 
half miles east of the Sun Valley Parkway. The USGS Site 38 fan was previously identified as 
Hassayampa Tributary #3 (Hjalmarson and Kemna 1991; Hjalmarson 1994). The site is 466 .2 
acres in size and extends almost two miles from northeast to southwest. Figure 6.26 shows the 
fan downstream of the hydrographic apex. 

Figure 6.26. View looking downstream from the apex of USGS Site 38. 

The unstable portion of USGS Site 38 covers 348.2 acres. Except for two smaller areas that 
are mapped as late to early Holocene in age, most of the area is mapped as late Ho locene in 
age (Field and Pearthree 1991 ). The USGS Site 38 area is split by the Sun Valley Parkway with 
an eastern port ion and a weste rn portion that is split into two branches (Figure 6.27). In the 
upstream (eastern) portion, the northwest ha lf of the area is delineated as late Holocene in age , 
while the southeast half is delineated as late to early Holocene in age (Field and Pearthree 
1991 ). The two downstream (western) branches are mapped as late Holocene in age (Field 
and Pearthree ·1991 ). Relative to the flood hazard mapping (Field and Pearthree 1992), in the 
upstream (eastern) portion, the northwest half of the area is mapped as a high flood hazard , 
wh ile the southeast half of the area is mapped as an intermediate flood hazard. The two 
downstream (western) branches are mapped as high flood hazards (Fie ld and Pearthree 1992) . 
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Figure 6.27. Aerial photo (2003) showing the mapped active fan (purple), inactive fan (green), 
and relict fan (orange) areas at USGS Site 38. Note the apparent excavation area 
along the east side of Sun Valley Parkway. 

The unstable area of the USGS Site 38 active alluvial fan appears to have a narrower active 
zone relative to the other USGS sites in the current aerial photography (2003), with desert trees 
confined mainly to the margins of the primary channels. The site is a distributary flow zone with 
areas of undefined flow paths, but the channels are slightly more incised than those at other 
sites. The vegetation patterns are identifiably different from the areas delineated as relict fan 
and as inactive areas that surround the active area. The active area appears slightly lighter on 
the black and white aerial photography and the desert bushes appear more patchy and 
scattered. The boundary along the south edge of the north branch was adjusted northward in 
the field with less active area than was initially mapped. A small part of the area originally 
mapped as active appeared during the field investigation to be slightly higher in elevation than 
the rest of the active area and had a different surface texture composed of poorly developed 
desert pavement. 

There appears to have been some recent shallow excavation (or surface scraping) along the 
east side of the Sun Valley Parkway at the western ends of the active areas of USGS Site 38 
as defined by the lighter rectangular area visible in Figure 6.27. The reason for the excavation 
is unknown. 

6.1.20 USGS Site 39 

The USGS Site 39 active alluvial fan is an unstable area that extends roughly two miles from 
northeast to southwest, is located directly north of USGS Site 38, and terminates at the Sun 
Valley Parkway. The hydrographic apex of the site is one and two-thirds miles east of Sun 
Valley Parkway. The USGS Site 39 fan was previously identified as Hassayampa Tributary #4 
(Hjalmarson and Kemna 1991; Hjalmarson 1994). Figure 6.28 shows the fan downstream of 
the hydrographic apex . 
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Figure 6.29. View looking west from the southern branch of the USGS Site 39 active alluvial fan 
in the area that was revised during the field investigation. 

• 6.1.22 Skyline Wash Tributary Fan 

• 

The Skyline Wash tributary fan is an unstable area encompassing about 62 acres that extends 
roughly 2,200 feet from north to south and is located at the southeast corner of the Skyline 
Wash Fan and directly north of Buckeye Flood Retard ing Structure #3 where it ends. The active 
alluvial fan was mapped as part of the approximate floodplain delineation study conducted by 
DEI-HEC (1997). 

6.2 Other Unstable Areas 

There are a number of other non-active alluvial fan areas that can be considered conditionally 
unstable. These areas were identified as part of Task 2.6.4 (Existing Conditions Assessment of 
Primary Washes), but a brief discussion of these areas is provided here. 

The conditionally unstable areas are outlined in red on the attached plates (Plates 1 through 5). 
Most of the areas are located along washes, floodways, or through-flow channels that are 
confined or entrenched within relict or inactive fan surfaces . They may be identified as inset 
active alluvial fans , but in most cases they are the result of any number of causes such as a 
loss of conveyance or channel braiding due to changes in slope or localized aggradation , flow 
deflection around obstructions, a reduction in stream gradient associated with extensive shallow 
or exposed caliche or bedrock across the floodway, a natural widening of an entrenched 
floodway that allows for lateral adjustments, or localized backwater sedimentation associated 
with sharp downstream bends, dense vegetation , or severe floodway constrictions . 
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Most of the conditionally unstable areas are reaches containing multiple channels or defined 
flow paths that produce a braided or anastomosed pattern, whereby flow passes through a 
given confined reach along one or more paths (Figure 6.30). Although these reaches are • 
considered as being unstable areas under the PFHAM methodology, they pose little hazard 
outside the confining margins of the defined floodway since it is likely that most of these areas 
would be contained within the 1 00-year flood boundary. However, in some cases, evidence 
exists that indicates flow breakouts along low-lying areas have occurred in the past or may 
occur in the future. 

Figure 6.30. View looking upstream showing the braided pattern uf a wash entrenched into a 
relict fan. The left bank area is a low terrace that is being dissected by overbank 
flows. 

The conditionally unstable throughflow channel reaches generally fall into one of three 
categories: ( 1) individually confined split or distributary flow paths, (2) multiple split or braided 
flow paths confined within a single reach, and (3) confined localized aggradational reaches with 
split, braided, or undefined flow paths. The first category is associated with well-defined 
throughflow channels that may diverge or split into numerous smaller channels, which may 
rejoin, wh ile still remaining well confined (Figure 6.31 ). The second type of channel reach is 
one that has a confined braided or multiple channel appearance similar to that shown in F~gure 
6.32. The third type of channel is one that bifurcates or diverges into two or more flow paths as 
a result of localized aggradation, possibly associated with an obstruction in the flow path, but is 
still generally confined within a well-defined boundaries (Figure 6.33). This type of channel 
reach is sometimes described as an inset active alluvial fan, although it is technically not an 
alluvial fan . 
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Figure 6.31 . View of a well defined throughflow channel that diverges into two primary 
channels and several smaller channels . The confined flow split converges 
downstream . 

Figure 6.32. · View of a throughflow channel that diverges into multiple braided channels, 
but still confined within well-defined boundaries (yellow lines) before 
converging downstream . 
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Figure 6.33. View of a throughflow channel that diverges into braided and undefined flow paths 

as a result of localized aggradation, loss of channel capacity, and anthropogenic 
changes. Most of the reach is still confined within relatively well-defined 
boundaries (yellow lines) . 
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In several locations within the BSV ADMS study area, there are inset or entrenched 
conditionally unstable areas of anastomosed flow distribution, which are defined by oval-shaped 
multiple braided or split flow zones that have a diffluence at the ir upstream ends (Figure 6.34) . 
The braided or split flow pattern within the individual zones is likely caused by stream capture, 
avulsions, obstructions , flow ramping, and/or localized aggradation at the diffluence points. The 
oval shape is attributed to flow path divergence at the upstream end followed by flow path 
convergence at the downstream end (Figure 6.35). Although these areas may be identified as 
active inset alluvial fans, for the purposes of this report they are mapped as being conditionally 
unstable- high hazard (see Section 7). 

The flow patterns and characteristics of the conditionally unstable areas are similar to those 
discussed by Wertz (1963 1966) for steep, ephemeral, mounta in stream channels in southern 
and southwestern Arizona . Ayres Associates ( 1996) identified similar patterns, characteristics, 
and process along Yuma Wash near Yuma, Arizona. Although most of Wertz's work deals with 
mountain stream channels that exit onto a gently sloping piedmont, many of the processes he 
describes may be applicable to the channels in the BSV study area. 

In a number of other locations, conditionally unstable areas are areas or reaches where the 
primary flow path, which is situated on an inactive alluvial fan and alluvial pla in surface and is 
not entrenched or well confined, loses capacity and flow is distributed across the ground surface 
along undefined flow paths (Figure 6.36). These are not active alluvial fan areas because the 
channel does not transport any appreciable sediment into the unconfined zoned, and the 
sediment that is deposited in the unconfined zone is deposited in a thin veneer over a very 
limited area. In almost all cases , the upstream channel capacity is very small and the amount of 
flow transported in these reaches is minimal. The predominant hazard associated with these 
areas is from sheet flooding and poorly defined, shallow surface flow generally much less than 1 
foot deep. Several of the small channels located on the inactive alluvial fan surfaces at the 
southwest end of Area 3, in area 4 south and east of the Sun Valley Parkway (Figure 6.37), and 
on the north side of the urbanized area just north of Buckeye FRS #1 terminate in this way. 

6.3 Summary 

Historic aerial photography, topographic maps, surface geology maps, flood haza rd maps, soils 
maps, the PFHAM Stage 1 landform delineations, and the PFHAM Stage 2 methodology were 
used to identify, delineate, and map the areas of landform instabili ty. Unstable areas were 
verified in the field using a handheld GIS-based GPS receiver. Common unstable areas include 
active alluvia l fans, some multi-channel areas below active alluvial fans, alluvial plain with active 
sedimentation, multi-channel pocket along a throughflow channel, areas of recent sediment 
deposition and erosion, split flow channel where flow is wide and shallow, and areas of low re lief 
where minor development such as roads can divert floodwater and cause significant erosion in 
areas otherwise not susceptible to flood hazard. A total of 16 new active alluvial fans were 
identified in addition to the three identified by the USGS and the previously studied White Tank 
and Skyline Wash fans. Since the exact boundaries of the three USGS fans (Sites 37, 38, and 
39) were not delineated as part of previous studies , their boundaries were delineated as part of 
this project. 

The areas of instability are identified on the accompanying mapping as those areas delineated 
in red. The solid red areas on the mapping represent areas of extreme hazard associated with 
active alluvial fans. The open areas outlined in red on the maps represent other unstable areas. 
The other unstable areas are further defined in Section 7 as being either a moderate or high 
hazard depending on the features associated with the area . 
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Figure 6.34. Aerial photos from 1953 and 2003 showing area of anastomosed flow distribution 

(yellow boundaries) with zones of braided and split flow (orange boundaries). 
Diffluence of individual zones marked by red triangles. Solid red arrows show 
additional flow distribution and dotted red arrows show locations of past or 
potential future flow breakout points . 

6.27 



• 

• 

• 

.. .. .. .... ·· 
.. .... ····· ... 

... ······· ........ .. . .. . .... · ..... . .... .... . ··.. . .. .. · ············· . . .... .... . 
·····:··. .. ·····~ 

~rr.~~----~~~~~~· ·~ . . . .... ... 

..... ....... ······················· 

················· .. 
. .. ·· .. . .. ... · ... •' 

Figure 6.35. Schematic of 2003 aerial photo from Figure 5.5 showing area of anastomosed flow 
distribution with zones of braided and split flow (orange boundaries). The blue 
lines represent well-defined flow paths identified on the photos. Major diffluences 
are marked by red triangles . 

Figure 6.36. View looking upstream showing the loss of channel capacity and 
undefined overland flow on an inactive alluvial fan surface . 
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Figure 6.37. Aerial view of the loss of channel capacity and undefined overland "flow 
on an inactive alluvial fan surface in Area 4 just east o"f Sun Valley Parkway 
and Wagner Wash . 
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This soil survey is a publication of the National Cooperative Soil Survey, a 
joint effort of the United States Department of Agriculture and other federal 
agencies, state agencies including the Agricultural Experiment Stations, and 
local agencies. The Soil Conservation Service has leadership for the federal 
part of the National Cooperative Soil Survey. In line with Department of 
Agriculture policies, benefits of this program are available to all, regardless of 
race, color, national origin, sex, religion, marital status, or age. 

Major fieldwork for this soil survey was completed in 1981. Soil names and 
descriptions were approved in 1982. Unless otherwise indicated, statements in 
this publication refer to conditions in the survey area in 1981. This survey was 
made cooperatively by the Soil Conservation Service, the Bureau of Indian 
Affairs and Bureau of Land Management, and the Arizona Agricultural 
Experiment Station. It is part of the technical assistance furnished to the Agua 
Fria-New River, Buckeye-Roosevelt, East Maricopa, and Wickenburg Natural 
Resource Conservation Districts. 

Soil maps in this survey may be copied without permission. Enlargement of 
these maps, however, could cause misunderstanding of the detail of mapping. 
If enlarged, maps do not show the small areas of contrasting soils that could 
have been shown at a larger scale. 

Cover: Desert plants on Vaiva very gravelly loam, 1 to 20 percent slopes. Dominant plants 
are saguaro, triangle bursage, and littleleaf paloverde . 
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Index to Map Units 

1-Antho sandy loams ... ... ..... .. ..... ... ; ... .... .................... .. 12 
2-Antho gravelly sandy loams .................. .... ......... .. .... 12 
3-Antho-Carrizo-Maripo complex .. ....... .. .... ......... ........ 13 
4-Antho-Carrizo-Maripo complex, low precipitation .. 14 
5-Anthony sandy loam .. .. ... ................. ...... .... ... ... .... .... . 15 
6-Anthony-Arizo complex .. .. .... ... ..... ........ ........... .... ..... . 15 
7 -Anthony-Arizo complex, low precipitation ... .. ......... 16 
8-Arizo cobbly sandy loam .. .... ..... ........ ............... ... .. ... 16 
9-Beeline-Cipriano complex, 3 to 45 percent 

slopes .. ..... ...... ..... ... ... ... ....................................... .... .. 17 
1 0-Brios-Carrizo complex, 1 to 5 percent slopes ..... 17 
11-Brios-Carrizo complex, low precipitation, 1 to 5 

percent slopes .... ....... .... .. ... ... .... ...... ..... ..... .. ... .. ... .. .. 19 
12-Carefree cobbly clay loam, 1 to 8 percent 

slopes .. .. ...... .. ........... .............. .. .................. ... ......... .. . 19 
13-Carefree-Beardsley complex .. .... .... .......... ........ .. .. .. 20 
14-Carrizo very gravelly sand ......... ..... .. ....... ..... ... .. ..... 20 
15-Carrizo-Gunsight complex, 1 to 5 percent 

slopes .... ....... ..... ...... ... ...... .............. .................. .. ...... . 21 
16-Cellar-Rock outcrop complex, 10 to 70 percent .7 -~~~:~-R~~k . ·;~t~~~·P· -~~ ~P·~~;·,. -~~·~· ·r; ;~~~ pit~t·i~·~·: . 21 

10 to 70 percent slopes ....... ...................... ..... ... .... . 22 
18-Cherioni-Rock outcrop complex, 5 to 50 

percent slopes ... .... ........... ...... ..... ...... ....... ............... 22 
19-Chuckawalla-Gunsight complex, 1 to 8 percent 

slopes ...... .. .. ... .... .. .. ............. .. ..... .. ....... ... ..... .... ... ... .... 24 
20-Chuckawalla-Gunsight complex, low 

precipitation, 1 to 8 percent slopes ... ........ ...... ...... 24 
21-Cipriano very gravelly loam .... .... ... ... .... ..... .... .. ....... 25 
22-Contine clay loam .. ........ .. ...... ........... .......... .... .. ...... 26 
23-Contine clay ... ........ .. .... ......... .......................... ........ . 27 
24-Continental clay loam, 0 to 3 percent slopes ... .. . 28 
25-Continental clay, 0 to 3 percent slopes ................ 28 
26-Continental cobbly clay loam, 1 to 8 percent 

slopes .. .. .... .......... ..................... ...... ......... .................. 29 
27-Continentai-Mohave complex, 1 to 7 percent 

slopes .. ...... ......................... ... ...... ............... ............... 30 
28-Continentai-Ohaco complex ................. ... .. ..... ........ 30 
29-Denure-Momoli-Carrizo complex .. ...... ..... .. .......... .. 31 
30-Denure-Momoli-Carrizo complex, low 

precipitation ...... ....... .... .... ................. ........... ..... .... .... 31 
31-Dixaleta-Rock outcrop complex, 25 to 55 

percent slopes ... ....... .......... ........ ..... ........ ............. ... 32 
32-Dixaleta-Rock outcrop complex, low 

precipitation, 25 to 65 percent slopes ............... ... 33 
33-Eba very gravelly loam, 1 to 8 percent slopes .. .. 33 
34-Eba very gravelly loam, 8 to 20 percent slopes .. 34 

35-Eba very gravelly loam, low precipitation, 8 to 
20 percent slopes .. .................................................. 34 

35-Eba-Continental complex, 1 to 8 percent slopes 34 
37 -Eba-Continentai-Cave association, 3 to 20 

percent slopes .... ...... ...... .......................... ... ... ......... 35 
38-Eba-Continentai-Cave association, low 

precipitation, 3 to 20 percent slopes ... ........ .......... 36 
39-Eba-Nickei-Cave association, 3 to 25 percent 

slopes ..... .......... .. .. ...... ............... .... ............................ 37 
40-Eba-Pinaleno complex, 3 to 20 percent slopes .. 3B 
41-Eba-Pinaleno complex, 20 to 40 percent slopes 39 
42-Eba-Pinaleno complex, low precipitation, 3 to 

20 percent slopes ...... ......... ......... ..... ........ ... ............ 39 
43-Eba-Pinaleno complex, low precipitation, 20 to 

40 percent slopes .................................................. . , 40 
44-Ebon very gravelly loam, 1 to 8 percent slopes .. 40 
45-Ebon very gravelly loam, 8 to 20 percent slopes 41 
46-Ebon-Contine complex, 1 to 8 percent slopes .... 42 
47-Ebon-Gunsight-Cipriano association, 3 to 25 

percent slopes .... .... ..................... .... ...... ... ...... ..... .. .. 42 
48-Ebon-Pinamt complex, 3 to 20 percent slopes ... 43 
49-Ebon-Pinamt complex, 20 to 40 percent slopes . 44 
50-Estrella loams ... ........ ... .. ........... .. ... ... .. .... .. ..... .... : .. ... 45 
51-Gachado-Lomitas complex, 8 to 25 percent 

slopes .......... .. .. ... ...................................... .. .... ....... .. .. 45 
52-Gachado-Lomitas-Rock outcrop complex, 7 to 

55 percent slopes ............. .. .... .. .. ... .. ....... .... .... ... ...... 46 
53-Gadsden clay ... .... ... ........ ... ........... ..... .. .... ... ... .... .. ... . 47 
54-Gila fine sandy loams .... ...... ..... ......... .... ........ ........ .47 
55-Gilman loams ... .......... ...... .......... ...... ... ....... ..... .... ..... 48 
56-Gilman loams, low precipitation .. ......... .. .. ............. . 49 
57-Gilman clay loam .... ..... ... ................ ........ .......... ... .... 50 
58-Gilman-Momoli-Denure complex ... .... .................... 50 
59-Gilman-Momoli-Denure complex, low 

precipitation .... .... .. ......... .................. ........... ... ... .. ... ... 50 
50-Gienbar loams ..... ...... .. ... ..... .. ............ ... .. ....... ........ .. 51 
51-Gran-Wickenburg complex, 1 to 10 percent 

slopes ...... .. ............. ..... ........ ......... .......... ..... .... ..... ... .. 52 
52-Gran-Wickenburg complex, low precipitation, 1 

to 1 0 percent slopes .. ........... .......... ...... .. ............ .... 53 
53-Gran-Wickenburg-Rock outcrop complex, 10 to 

55 percent slopes ... ............ ..................................... 53 
54-Gran-Wickenburg-Rock outcrop complex, low 

precipitation, 10 to 55 percent slopes ....... ........... 55 
55-Greyeagle-Continentai-Nickel association, 1 to 

40 percent slopes ... ... ........... ... ....... ... .... ......... ..... .... 56 
56-Greyeagle-Suncity Variant complex, 1 to 7 

percent slopes ..... .... .. ......... ....... .................... ... ... .. .. 56 
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67-Guest clay ... ... ......... ............................... ... ...... .... .... . 57 
68-Gunsight-Cipriano complex, 1 to 7 percent 

slopes ... ........ ...... .... ...... .. ... .. .. ..... ... ..... ...... ....... ......... . 58 
69-Gunsight-Cipriano complex, low precipitation, 1 

to 7 percent slopes ...... ........... .............. ....... .... .. ... .. 59 
70-Gunsight-Rillito complex, 1 to 25 percent 

slopes .... ... ......... ... ......... ... ...... .. ... ..... ... .. .... ... ........ ..... 59 
71-Gunsight-Rillito complex, low precipitation, 1 to 

40 percent slopes ......... ... .. ................ .. ... ...... ........... 60 
72-Lehmans-Rock outcrop complex, 8 to 65 

percent slopes .... ... ... .................................. ......... ..... 60 
73-Lehmans-Rock outcrop complex, low 

precipitation, 8 to 65 percent slopes ... .. ... .. ..... ... ... 61 
7 4-Luke-Cipriano association, 1 to 15 percent 

slopes .. .. ..... ... ... .... ...... ...... ..... .... ... .... .. ............. .. .. ... ... 61 
75-Mohall loam ..... ... ... ........... ................ ...... .. ... .... ........ 62 
76-Mohall loam, calcareous solum ... ...... .. .... ... .. ....... .. 63 
77 -Mohall clay loam ... ... ............... ... ... .. ... .. ........ ...... ..... 63 
~8-Mohall clay loam, calcareous solum .... .... ... ........ .. 64 

l-Mohall clay ......... .. ... ................. ... ... ............. ....... ...... 65 
~ohall-Tremant complex, 1 to 8 percent slopes 65 

.S"'~~~~~fes~~~ts ~-~-~-~~~~:.~~~ . :..~~~i-~i-~~~ ~~~ : .. ~ --~~ - 66 
82-Mohave sandy loam .. ..... ... .... ..... .. .... ............... .. .. .... 66 
83-Mohave loam .. .... .... ... .... ... ..... ....... ... .. ... ... ................ 67 
84-Mohave loam, calcareous solum ....... ... ... .. ..... ... .... 67 
85-Mohave clay loam ... .. ...... .... ........... ............. ....... .. ... 68 
86-Mohave clay loam, calcareous solum ......... ......... 68 
87 -Mohave complex .......... .. ... ............ ... ....... .... .... ........ 69 
88-Mohave-Guest complex ... ....... ..... ... .. .. ... .. ... .... ........ 69 
89-Mohave-Tres Hermanos complex, 1 to 8 

percent slopes .......... ..... .. ................ ...... ...... .... .... .... 70 
90-Momoli gravelly sandy loam, 1 to 5 percent 

slopes .. ....... ... .. ...... ... .... ... ... ... ......... ....... .... .... ...... ... ... 71; 
91-Momoli-Carrizo complex .... .. ........ ..... .. ... ......... .... .... 71 
92-Momoli-Carrizo complex, low precipitation ... ... ... .. 71 
93-Nickei-Cave complex, 8 to 30 percent slopes ... .. 72 
94-Nickei-Cave complex, low precipitation, 8 to 30 

percent slopes ................. ..... ..... ...... .... .... ... ...... ..... .. 73 
95-0haco gravelly loam ....... ...... ...... ......... ...... ............. 7 4 
96-Pinaleno-Tres Hermanos complex, 1 to 10 

percent slopes .......... ..................... .......................... 7 4 
97-Pinaleno-Tres Hermanos complex, low 

precipitation, 1 to 10 percent slopes ... ....... ..... ...... 75 

• 

98-Pinamt-Tremant complex, 1 to 10 percent 
slopes ........ ... ............ .. .......... .. ........... .. .. ...... ........ ... .. . 75 

99-Pinamt-Tremant complex, low precipitation, 1 to 
1 0 percent slopes.... ........................ .. .. .... .... .... ... ... .. 76 

100-Quilotosa-Vaiva-Rock outcrop complex, 20 to 
65 percent slopes.. ..... ... ... .. ... .... ................ .... .......... 77 

1 01-Rillito loam, 0 to 3 percent slopes .................... .. 78 
102-Rillito gravelly loam, 1 to 8 percent slopes ... .. .. 78 
1 03-Rock outcrop-Gachado complex, 5 to 55 

percent slopes .. .. ................ ....... ... .... ... .. .... .... .......... 79 
1 04-Rock outcrop-Lehmans complex, 15 to 65 

percent slopes ... ... ... ...... . ... ....... ... . . ... ..... . ............. .. .. 79 
1 05-Rock outcrop-Lehmans complex, low 

precipitation, 15 to 65 percent slopes .. .... ............ 80 
1 06-Sai-Cipriano complex, 1 to 1 0 percent slopes .. 80 
107 -Sai-Cipriano complex, low precipitation, 1 to 

10 percent slopes .... ........ ... ..... .. ....... .......... ....... ...... 81 
1 08-Schenco-Rock outcrop complex, 3 to 25 

percent slopes ..... .. .... .. .. ... .. .......... .. .. ... ........ ........ .... 81 
1 09-Schenco-Rock outcrop complex, 25 to 60 

percent slopes ..... .. ... .......... ............................... ..... . 82 
11 0-Suncity-Cipriano complex, 1 to 7 percent 

slopes ............... ... .......... ..... ................ ....... ...... .......... 83 
111-Torriorthents, 15 to 40 percent slopes ... ......... ... 85 
112-Tremant gravelly sandy loams ..... ....... ..... .... ... .... 85 
113-Tremant gravelly loams ..... ..... .............. ....... ...... ... 86 
114- Tremant gravelly loams, low precipitation .......... 86 
115-Tremant-Antho complex, 1 to 5 percent slopes 87 
116-Tremant-Gunsight-Rillito complex, 1 to 5 

percent slopes ... ........ ......... .... .. ..... .. .... ........... ......... 88 
117-Tremant-Gunsight-R illito complex, low 

precipitation, 1 to 5 percent slopes ..... ... ... .... ....... . 88 
118-Tremant-Rillito complex ... ... ....... .......... ... .. .... ... .. ... 89 
119-Tremant-Suncity complex, 1 to 8 percent 

slopes ........ ..... .... ... ............ ... ..... .. .. ... ... ......... .... .. .. .. ... 90 
120-Tres Hermanos gravel ly sandy loams .... ............ 90 
121-Tres Hermanos-Anthony complex, 1 to 5 

percent slopes ... ..... .. .. ..... ................ .. ....... ........ .... ... 91 
122-Vado gravelly sandy loam, 1 to 5 percent 

slopes ... ... .. ....... .. ............... ......... ..... .... ...................... 92 
123-Vaiva very gravelly loam, 1 to 20 percent 

slopes .. ..... .... .. ............ ....... .. ................. .... .. ... ........ .... 92 
124-Valencia sandy loam ... ... ...... .... .... .... .. .... ........ ....... 93 
125-Vint loamy fine sand .. ...... .. .. ... ..... ... .... ... ............... 93 

v 
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The Antho and Maripo soils have moderate potential 
Aor producing forage. They respond well to rangeland 
~anagement. Where the range is in good or excellent 

condition, the soils produce forage year round. They are 
easily traversed by livestock. Resting pastures during 
alternate growing seasons helps to maintain or improve 
the vegetation. Fencing and developing watering facilities 
help to control grazing. To control erosion, extra care 
must be taken to maintain a good plant cover. In a few 
areas these soils are calcareous in the surface layer and 
are therefore less productive than in most other areas of 
the unit. 

The Carrizo soil is one of the most productive 
rangeland soils in the survey area. It receives extra 
moisture from runoff, which increases production. The 
soil responds well to rangeland management. Extra care 
in management is needed to protect the soil from 
gullying and channeling. This soil can produce forage 
year round, and it is easily traversed by cattle. Because 
of the availability of water, ease of access, and 
abundance of feed, some areas of this soil are 
overgrazed. 

The riparian habitat in some areas of the Carrizo soil is 
extremely important to wildlife. 

The soils in this unit are severely limited for urban use 
because they are in drainageways and on flood plains 
that are subject to flooding. 

This map unit is in capability subclass Vllw, 

•

nirrigated. The Antho and Maripo soils are in the 
ndy Loam Upland, 7- to 1 0-inch p.z., range site, and 

e Carrizo soil is in the Sandy Bottom, 7- to 10-inch p.z., 
range site. 

4-Antho-Carrizo-Maripo complex, low 
precipitation. This map unit is on flood plains and in 
drainageways. Slope is 0 to 3 percent. Elevation is 1,1 00 
to 2,1 00 feet. The average annual precipitation is 2 to 7 
inches, and the average annual air temperature is 70 to 
73 degrees F. 

This unit is about 35 percent Antho sandy loam, 30 
percent Carrizo very gravelly sand, and 20 percent 
Maripo sandy loam. The Antho and Maripo soils are on 
flood plains, and the Carrizo soil is in narrow, 
meandering drainageways. The components of this unit 
are so intricately intermingled that it was not practical to 
map them separately at the scale used. 

Included in this unit are small areas of Brios soils in 
drainageways, Gilman and Vint soils on flood plains, and 
Denure, Momoli, and Carrizo soils on stream terraces. 
The included areas make up about 15 percent of the 
total acreage. The percentage varies from one area to 
another. 

The Antho soil is deep and well drained. It formed in 
alluvium derived dominantly from acid and basic igneous 
rock. Typically, the surface layer is brown sandy loam 
qbout 3 inches thick. The underlying material to a depth 

• 60 inches or more is light brown, slightly calcareous 

Soil Survey 

sandy loam. In some areas the soil is calcareous 
throughout. 

Permeability of the Antho soil is moderately rapid. 
Available water capacity is moderate. Effective rooting 
depth is 60 inches or more. Runoff is slow, and the 
hazard of water erosion is moderate. Where unprotected, 
this soil is subject to rare periods of flooding. 

The Carrizo soil is deep and excessively drained. It 
formed in alluvium derived dominantly from acid and 
basic igneous rock. Typically, the soil is pinkish gray, 
calcareous very gravelly sand and very gravelly coarse 
sand to a depth of 60 inches or more. 

Permeability of the Carrizo soil is very rapid. Available 
water capacity is very low. Effective rooting depth is 60 
inches or more. Runoff is slow, and the hazard of water 
erosion is severe. Where unprotected, this soil is subject 
to occasional periods of flooding. Channeling, deposition, 
and streambank erosion occur during periods of flooding. 

The Maripo soil is deep and well drained. It formed in 
alluvium derived dominantly from acid and basic igneous 
rock. Typically, the surface layer is light brown sandy 
loam about 18 inches thick. The upper 11 inches of the 
underlying material is light brown, calcareous sandy 
loam, and the lower part to a depth of 60 inches or more 
is light brown, calcareous very gravelly loamy sand. 
Depth to very gravelly loamy sand ranges from 20 to 36 
inches. 

Permeability of the Maripo soil is moderately rapid. 
Available water capacity is low. Effective rooting depth is 
60 inches or more. Runoff is slow, and the hazard of 
water erosion is moderate. Where unprotected, this soil 
is subject to rare periods of flooding. 

This unit is used as rangeland and wildlife habitat. 
The Antho and Maripo soils have low potential for 

producing forage. They respond well to rangeland 
management. Where the range is in good or excellent 
condition, the soils produce forage year round. They are 
easily traversed by livestock. Resting pastures during 
alternate growing seasons helps to maintain or improve 
the vegetation . Fencing and developing watering facilities 
help to control grazing. To control erosion, extra care 
must be taken to maintain a good plant cover. In a few 
areas these soils are calcareous in the surface layer and 
are therefore less productive than in most other areas of 
the unit. 

The Carrizo soil is one of the most productive 
rangeland soils in the survey area. It receives extra 
moisture from runoff, which increases production. The 
soil responds well to rangeland management. Extra care 
in management is needed to protect the soil from 
gullying and channeling. This soil can produce forage 
year round, and it is easily traversed by cattle. Because 
of the availability of water, ease of access, and 
abundance of feed, some areas of this soil are 
overgrazed. 

The riparian habitat in some areas of the Carrizo soil is 
extremely important to wildlife. 
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This map unit is in capability subclass Vllw, 
~irrigated . The Antho and Maripo soils are in the 
.ndy Loam Upland, 2- to 7-inch p.z., range site, and 

the Carrizo soil is in the Sandy Bottom, 2- to 7-inch p.z. , 
range site. 

5-Anthony sandy loam. This deep and well drained 
soil is on flood plains and alluvial fans. It formed in 
alluvium derived dominantly from acid and basic igneous 
rock. Slope is 0 to 3 percent. Most of the areas used as 
cropland have slopes of less than 1 percent. Elevation is 
1,800 to 2,500 feet. The average annual precipitation is 
8 to 1 0 inches, and the average annual air temperature 
is 66 to 70 degrees F. 

Typically, the surface layer is light brown sandy loam 
about 2 inches thick. The upper 38 inches of the 
underlying material is light brown and brown, calcareous 
gravelly sandy loam, and the lower part to a depth of 60 
inches or more is light reddish brown, calcareous loam. 
In some areas this soil is noncalcareous to a depth of 10 
inches or more, and in some areas the soil is affected by 
salts and sodium. 

Included in this unit are small areas of Gila and Arizo 
soils. The included areas make up about 20 percent of 
the total acreage. The percentage varies from one area 
to another. 

Permeability of this Anthony soil is moderately rapid. 
vailable water capacity is moderate. Effective rooting 

1th is 60 inches or more. Runoff is slow, and the 

•
rd of water erosion is slight. Where unprotected, this 
s subject to rare periods of flooding. 

Most areas of this unit are used as rangeland and 
wildlife habitat. A few areas are used as irrigated 
cropland. 

This unit has moderate potential for producing forage. 
It responds well to rangeland management. The unit can 
produce forage year round. It is easily traversed by 
livestock. Resting pastures during alternate growing 
seasons helps to maintain or improve the vegetation. 
Fencing and developing watering facilities help to control 
grazing. To control erosion, extra care must be taken to 
maintain a good plant cover. In some areas of this unit, 
the soil is calcareous in the surface layer and is 
therefore less productive than in most other areas of the 
unit. 

If this unit is used as irrigated cropland, the main 
limitation is the moderate available water capacity. The 
soil in this unit generally is droughty in areas where it is 
surrounded by soils that have a higher available water 
capacity. 

If feasible , irrigation systems should be designed to 
irrigate this soil separately from adjacent soils that have 
a lower water intake rate. Light and frequent applications 
of water are necessary. In the more sloping areas, 
'·•igation streams can cause erosion. Erosion can be 

11imized by irrigating across the slope or by leveling 
. il. Generally, leveling cuts can be made to a depth 

of about 40 inches without exposing unfavorable soil 
material. An onsite investigation is advisable, however, 
before irrigation systems are planned and leveling cuts 
are made. 

Lining irrigation ditches with concrete reduces loss of 
water by seepage. Applying manure or cotton gin trash 
or plowing under crop residue or green manure crops 
increases the available water capacity and improves tilth. 
Fertilizer containing nitrogen should be applied in several 
light applications because it is readily leached below the 
root zone. 

This map unit is in capability subclasses lis, irrigated, 
and VIIs, nonirrigated. It is in the Sandy Loam Upland, 8-
to 1 0-inch p.z., range site. 

6-Anthony-Arizo complex. This map unit is on flood 
plains and in drainageways. Slope is 0 to 3 percent. 
Elevation is 1 ,800 to 3,000 feet. The average annual 
precipitation is 1 0 to 12 inches, and the average annual 
air temperature is 66 to 70 degrees F. 

This unit is about 40 percent Anthony sandy loam and 
40 percent Arizo gravelly sandy loam. The Anthony soil 
is on flood plains adjacent to drainageways, and the 
Arizo soil is in drainageways. The components of this 
unit are so intricately intermingled that it was not 
pracitical to map them separately at the scale used. 

Included in this unit are small areas of sandy soils that 
are similar to the Arizo soil but are nongravelly. The 
included areas make up about 20 percent of the total 
acreage. The percentage varies from one area to 
another. 

The Anthony soil is deep and well drained. It formed in 
alluvium derived dominantly from acid and basic igneous 
rock. Typically, the surface layer is light brown sandy 
loam about 2 inches thick. The upper 38 inches of the 
underlying material is light brown and brown, calcareous 
gravelly sandy loam, and the lower part to a depth of 60 
inches or more is light reddish brown, calcareous loam. 
In some areas this soil is noncalcareous to a depth of 10 
inches or more. 

Permeability of the Anthony soil is moderately rapid. 
Available water capacity is moderate. Effective rooting 
depth is 60 inches or more. Runoff is slow, and the 
hazard of water erosion is moderate. Where unprotected, 
this soil is subject to rare periods of flooding. 

The Arizo soil is deep and excessively drained. It 
formed in alluvium derived dominantly from acid and 
basic igneous rock. Typically, the surface layer is pink 
gravelly sandy loam about 1 inch thick. The upper 7 
inches of the underlying material is light brown very 
gravelly sandy loam, and the lower part to a depth of 60 
inches or more is reddish yellow and pink, calcareous 
very gravelly loamy sand. 

Permeabil ity of the Arizo soil is very rapid. Available 
water capacity is low. Effective rooting depth is 60 
inches or more. Runoff is very slow, and the hazard of 
water erosion is severe. Where unprotected, this soil is 
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•
sorption field and by backfilling excavations with 
avelly or sandy material. Poorly designed septic tank 

absorption fields can seriously compound the effects of 
shrinking and swelling if foundations are close to the 
absorption fields. 

Onsite investigation is needed to determine the most 
suitable alternatives and the best design of buildings, 
roads, and septic tank absorption fields. 

This map unit is in capability subclass VIIs, 
nonirrigated. It is in the Clayey Upland, 7- to 1 0-inch p.z., 
range site. 

13-Carefree-Beardsley complex. This map unit is 
on fan terraces. Slope is 0 to 3 percent. Elevation is 
1 ,200 to 2,200 feet. The average annual precipitation is 
7 to 1 0 inches, and the average annual air temperature 
is 70 to 73 degrees F. 

This unit is about 50 percent Carefree cobbly clay and 
40 percent Beardsley cobbly clay loam. The Carefree 
soil is dominantly in slightly concave areas, and the 
Beardsley soil is in slightly convex areas. The 
components of this unit are so intricately intermingled 
that it was not practical to map them separately at the 
scale used. 

Included in this unit are small areas of Antho and 
Carrizo soils on flood plains and Contine, Ebon, and 
Suncity soils on fan terraces. The included areas make 

• 

about 1 0 percent of the total acreage. The 
rcentage varies from one area to another. 
The Carefree soil is deep and well drained. It formed 

in alluvium derived dominantly from acid and basic 
igneous rock. Typically, the surface layer is pink cobbly 
clay about 1 inch thick. The subsoil is light reddish 
brown, calcareous clay about 49 inches thick. The 
substratum to a depth of 60 inches or more is light 
brown, calcareous very cobbly clay. 

Permeability of the Carefree soil is slow. Available 
water capacity is high. Effective rooting depth is 60 
inches or more. Runoff is slow, and the hazard of water 
erosion is slight. 

The Beardsley soil is moderately deep and well 
drained. It formed in alluvium derived dominantly from 
acid and basic igneous rock. Typically, the surface layer 
is reddish brown cobbly clay loam about 2 inches thick. 
The subsoil is reddish brown clay about 34 inches thick. 
A silica-cemented hardpan is at a depth of 36 inches. 

Permeability of the Beardsley soil is slow. Available 
water capacity is low to moderate. Effective rooting 
depth is 20 to 40 inches. Runoff is slow, and the hazard 
of water erosion is slight. 

Most areas of this unit are used as rangeland or 
wildlife habitat. A few areas are used for urban 
development. 

This unit has moderate potential for producing forage. 
It responds well to rangeland management. Resting 

•

stures during alternate growing seasons helps to 
aintain or improve the vegetation. Tobosa, the 

Soil Survey 

dominant forage species, is unpalatable when cured and 
should therefore be used during the growing season. 
Fencing and developing watering facilities help to control 
grazing. 

If the soils in this unit are used as sites for buildings or 
roads, the main limitations are the shrink-swell potential, 
and in the Beardsley soil, the depth to hardpan. The 
effects of shrinking and swelling can be reduced by 
maintaining a constant moisture content in the soil. 
Runoff should be diverted away from buildings. 
Landscaping plants that require little water should be 
used near building foundations, and overwatering should 
be avoided. A sealer can be used under roads to prevent ,.. 
shrinking and swelling of the material below. The effects 
of shrinking and swelling on building foundations can be 
minimized by using an appropriate engineering design 
and by backfilling with material that has a low shrink­
swell potential. In addition, more reinforcement can be 
provided. The limited depth to the hardpan interferes 
with excavation, and ripping the pan may be necessary. 

If the soils in this unit are used for septic tank 
absorption fields, the main limitations are the slow 
permeability and, in the Beardsley soil, the depth to the 
hardpan. The limitation of slow permeability can be 
minimized by increasing the size of the absorption field 
and by backfilling excavations with gravelly or sandy 
material. The hardpan restricts the movement of effluent. 
Where the hardpan is thin and is underlain by more 
permeable material, the pan can be ripped and the 
absorption lines placed below it. In some areas the size 
of the absorption field needed may exceed the lot size, 
Alternatives include locating absorption fields in more 
suitable soils in adjacent areas or installing community 
sewage systems. Poorly designed septic tank absorption 
fields can seriously compound the effects of shrinking 
and swelling if foundations are close to the absorption 
fields. 

Onsite investigation is needed to determine the most 
suitable alternatives and the best design of buildings, 
roads, and septic tank absorption fields. 

This map unit is in capability subclass VIIs, 
nonirrigated. It is in the Clayey Upland, 7- to 10-inch p.z., 
range site. 

14-Carrizo very gravelly sand. This deep and 
excessively drained soil is on flood plains and alluvial 
fans. It formed in alluvium derived dominantly from acid 
and basic igneous rock. Slope is 0 to 3 percent. 
Elevation is 1 ,200 to 1 ,400 feet. The average annual 
precipitation is 2 to 7 inches, and the average annual air 
temperature is 70 to 73 degrees F. 

Typically, the surface layer is pinkish gray, calcareous 
very gravelly sand about 1 inch thick. The underlying 
material to a depth of 60 inches or more is pinkish gray, 
calcareous very gravelly sand and very gravelly coarse 
sand. 

~1 
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eluded in this unit are small areas of Antho, Brios, 

• 
Maripo soils in positions similar to those of the 

rizo soil. The included areas make up about 20 
percent of the total acreage. The percentage varies from 
one area to another. 

Permeability of this Carrizo soil is very rapid. Available 
water capacity is very low. Effective rooting depth is 60 
inches or more. Runoff is slow, and the hazard of water 
erosion is slight. Where unprotected, this soil is subject 
to rare periods of flooding. 

This unit is used as rangeland and wildlife habitat. 
The soil in this unit is one of the most productive 

rangeland soils in the survey area. It responds well to 
rangeland management. Where the range is in good or 
excellent condition, it produces forage year round. The 
soil is easily traversed by livestock. Fencing and 
developing watering facilities help to control grazing. 

A few small areas of this unit outside the Hassayampa 
Plain area receive more precipitation than is typical for 
the unit. These areas are somewhat more productive 
than most other areas of the unit. 

This map unit is in capability subclass VIIs, 
nonirrigated. It is in the Sandy Upland, 2- to 7-inch p.z., 
range site. 

15-Carrizo-Gunsight complex, 1 to 5 percent 
'opes. This map unit is on fan terraces. Elevation is 
?QO to 2,200 feet. The average annual precipitation is 

•

7 inches, and the average annual air temperature is 
73 degrees F. 

is unit is about 50 percent Carrizo gravelly sandy 
loam and 30 percent Gunsight very gravelly sandy loam. 
The Carrizo soil is on broad fan terraces between areas 
of the Gunsight soil, and the Gunsight soil is on 
ridgetops and side slopes. The components of this unit 
are so intricately intermingled that it was not practical to 
map them separately at the scale used. 

Included in this unit are small areas of Brios and 
Carrizo soils in drainageways and Denure, Cipriano, 
Chuckawalla, Momoli, Pinamt, and Rillito soils on fan 
terraces. The included areas make up about 20 percent 
of the total acreage. The percentage varies from one 
area to another. 

The Carrizo soil is deep and excessively drained. It 
formed in alluvium derived dominantly from acid and 
basic igneous rock. Typically, the surface layer is light 
yellowish brown gravelly sandy loam about 1 inch thick. 
The subsurface layer is brown gravelly sandy loam about 
4 inches thick. The underlying material to a depth of 60 
inches or more is light brown, brown, and strong brown 
very gravelly sand and very gravelly coarse sand. 

Permeability of the Carrizo soil is very rapid . Available 
water capacity is very low. Effective rooting depth is 60 
inches or more. Runoff is slow, and the hazard of water 
"rosion is sl ight. 

The Gunsight soil is deep and well drained. It formed 
.uvium derived dominantly from acid and basic 

igneous rock. Typically, the upper 1 inch of the surface 
layer is light brown, calcareous very gravelly sandy loam 
and the lower 9 inches is light brown, calcareous very 
gravelly sandy loam. The underlying material to a depth 
of 45 inches is pinkish white, weakly cemented or 
strongly cemented, calcareous very gravelly sandy loam. 
Below this to a depth of 60 inches or more is yellowish 
red gravelly sandy clay loam. 

Permeability of the Gunsight soil is moderate. 
Available water capacity is low. Effective rooting depth is 
60 inches or more. Runoff is slow, and the hazard of 
water erosion is slight. 

This unit is used as rangeland and wildlife habitat. 
The Carrizo soil has high potential for producing 

forage. It responds well to rangeland management. 
Where the range is in good or excellent condition, it 
produces forage year round. The soil is easily traversed 
by livestock. Resting pastures during alternate growing 
seasons helps to maintain or improve the vegetation. 
Fencing and developing watering facilities help to control 
grazing. In a few areas this soil is calcareous in the 
surface layer and is therefore less productive than in 
most other areas of the soil. 

The Gunsight soil is among the least productive 
rangeland soils in the survey area. It responds very 
slowly to rangeland management. The high content of 
lime and the low available water capacity contribute to 
the low productivity of this soil. 

This map unit is in capability subclass VIIs, 
nonirrigated. The Carrizo soil is in the Sandy Loam 
Upland, 2- to 7-inch p.z., range site, and the Gunsight 
soil is in the Limy Upland, 2- to 7-inch p.z., range site. 

16-Cellar-Rock outcrop, 10 to 70 percent slopes. 
This map unit is on hill slopes and mountain slopes. 
Elevation is 3,000 to 5,400 feet. The average annual 
precipitation is 1 0 to 12 inches, the average annual air 
temperature is 63 to 67 degrees F. 

This unit is about 65 percent Cellar very gravelly fine 
sandy loam and 15 percent Rock outcrop. The Cellar soi l 
is on hill slopes and mountain slopes, and the Rock 
outcrop is scattered throughout the unit. The 
components of this unit are so intricately intermingled 
that it was not practical to map them separately at the 
scale used. 

Included in this unit are small areas of Nickel and Eba 
soi ls on the lower side slopes and Arizo soils in 
drainageways. Also included are small areas of exposed 
calcareous volcanic ash and dark colored, medium 
textured, noncalcareous soils on summits. The annual 
precipitation in areas of these soi ls is as much as 16 
inches. The included areas make up about 20 percent of 
the total acreage. The percentage varies from one area 
to another. 

The Ce llar soil is very shallow and shallow and is well 
drained. It formed in alluvium and coll uvium derived 
dominantly from granite and gneis. Typically, the surface 
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Momoli gravelly sandy loam, 1 to 5 percent 
. This deep and well drained soil is on fan 

•e:~.0i!r:::ti:ir·r.::~c:es. It formed in alluvium derived dominantly from 
.,;a:;;<=~·r-:10 and basic igneous rock. Elevation is 1 ,400 to 2,200 

The average annual precipitation is 7 to 1 0 inches, 
the average annual air temperature is 70 to 73 

""'"•'""''.,..rees F. 
ly, the surface layer is strong brown gravelly 

loam about 3 inches thick. The subsoil is strong 
very gravelly sandy loam about 23 inches thick. 

substratum to a depth of 60 inches or more is 
calcareous very gravelly sandy loam. 

d in this unit are small areas of Carrizo and 
p-........... ,... soils on flood plains and Pinamt and Denure soils 

fan terraces. The included areas make up about 30 
L.~~"~:~~tc:ent of the total acreage. The percentage varies from 

area to another. 
eability of this Momoli soil is moderately rapid. 

water capacity is low. Effective rooting depth is 
ches or more. Runoff is slow, and the hazard of 

erosion is slight. 
areas of this unit are used as rangeland and 
habitat. A few areas are used for urban 

rnP.\rercmment. 
·-The soil in this unit has moderate potential for 

oroducing forage. It responds moderately well to 
'lhgeland management. Where the range is in good or 

•

·ellent condition, it produces forage year round . The 
s easily traversed by livestock. Resting pastures 

ng alternate growing seasons helps to maintain or 
improve the vegetation. Fencing and developing watering 
faCilities help to control grazing. To control erosion, extra 
care must be taken to maintain a good plant cover. 

If this unit is used as sites for buildings, roads , or 
septic tank absorption fields, it has few limitations. 
Onsite investigation is needed to determine the most 
~yitable alternatives and the best design of buildings, 
roa'ds, and septic tank absorption fields. 
. This map unit is in capability subclass VIIs, 
rionirrigated. It is in the Sandy Loam Upland, 7- to 10-
inch p.z. , range site. 

91-Momoli-Carrizo complex. This map unit is on fan 
terraces. Slope is 0 to 3 percent. Elevation is 1 ,400 to 
2,200 feet. The average annual precipitation is 7 to 10 
inches, and the average annual air temperature is 70 to 
73 degrees F. 

This unit is about 45 percent Momoli very gravelly 
sandy loam and 35 percent Carrizo very gravelly sandy 
loam. The components of this unit ar.e so intricately 
intermingled that it was not practical to map them 
separately at the scale used. 

Included in this unit are small areas of Mohall , 
Tremant, Gunsight, and Chuckawalla soils on slightly 
'gher terraces, Denure soils scattered throughout the 

•

nd Gilman, Maripo, and Carrizo soils on flood 
and in drainageways. The included areas make up 

about 20 percent of the total acreage. The percentage 
varies from one area to another. 

The soils in some areas of this unit south of Pinnacle 
Peak and west of the McDowell Mountains are 
noncalcareous to a depth of 20 inches or more. The 
soils in these areas typically are extremely cobbly or 
extremely gravelly. 

The Momoli soil is deep and well drained. It formed in 
alluvium derived dominantly from acid and basic igneous 
rock. Typically, the surface layer is pinkish gray, 
calcareous very gravelly sandy loam about 1 inch thick. 
Below this to a depth of 60 inches or more is light 
brown, calcareous very gravelly sandy loam. In some 
areas this soil is noncalcareous to a depth of 15 inches 
or more. 

Permeability of the Memoli soil is moderately rapid. 
Available water capacity is low. Effective rooting depth is 
60 inches or more. Runoff is slow, and the hazard of 
water erosion is slight. 

The Carrizo soil is deep and excessively drained. It 
formed in alluvium derived dominantly from acid and 
basic igneous rock. Typically, the surface layer is pinkish 
gray, calcareous very gravelly sandy loam about 2 inches 
thick. The upper 9 inches of the underlying material is 
light brown, calcareous very gravelly sandy loam, and 
the lower part to a depth of 60 inches or more is brown, 
calcareous extremely gravelly loamy sand. In some 
areas this soil is noncalcareous to a depth of 15 inches 
or more. 

Permeability of the Carrizo soil is very rapid. Available 
water capacity is very low. Effective rooting depth is 60 
inches or more. Runoff is slow, and the hazard of water 
erosion is slight. 

This unit is used as rangeland and wildl ife habitat. 
The soils in this unit have moderate potential for 

producing forage. They respond slowly to rangeland 
management. Most of the vegetation is produced 
following rainfall in winter and spring. In favorable 
winters, the production of annual grasses and forbs can 
support grazing for about 2 to 3 months. Little forage is 
available during the rest of the year. In some areas of 
this unit, west of the McDowell Mountains and south of 
the Vulture Mountains, the soils are noncalcareous in the 
surface layer and are therefore more productive than 
they are in most other areas of the unit. 

This map unit is in capability subclass VIIs, 
nonirrigated. It is in Limy Fan, 7- to 10-inch p.z., range 
site. 

92-Momoli-Carrizo complex, low precipitation. 
This map unit is on fan terraces. Slope is 0 to 3 percent. 
Elevation is 1,400 to 2,200 feet. The average annual 
precipitation is 2 to 7 inches, and the average annual air 
temperature is 70 to 73 degrees F. 

This unit is about 45 percent Momoli very gravelly 
sandy loam and 35 percent Carrizo very gravelly sandy 
loam. The components of this unit are so intricately 
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•
e are as the size of the absorption field needed may 

eed the lot size. Alternatives include locating 
absorption fields in more suitable adjacent areas or 
installing community sewage systems. Steepness of 
slope makes it difficult to control the distribution of 
effluent. Effluent distributed into the soil on the steeper 
slopes can seep to the surface downslope. Absorption 
lines should be placed on the contour to slow the flow {)f 
effluent and produce more uniform distribution. To 
achieve the deepest possible infiltration and minimize 
downslope seepage, absorption lines should be placed 
at a greater depth in the steeper areas than in the more 
nearly level areas. 

Onsite investigation is needed to determine the most 
suitable alternatives and the best design of buildings, 
roads, and septic tank absorption fields. 

This map unit is in capability subclass VIIs, 
nonirrigated. The Nickel soil is in the Limy Slopes, 8- to 
1 0-inch p.z., range site, and the Cave soil is in the Limy 
Upland, 8- to 1 0-inch p.z., range site. 

95-0haco gravelly loam. This moderately deep and 
well drained soil is on stream terraces and fan terraces. 
It formed in alluvium derived dominantly from acid and 
basic igneous rock. Slope is 0 to 3 percent. Elevation is 
1 ,800 to 2,500 feet. The average annual precipitation is 
10 to 12 inches, and the average annual air temperature 

'36 to 70 degrees F. 

• 
ypically, the surface layer is brown gravelly loam 
ut 2 inches thick. The upper 9 inches of the subsoil 

is yellowish red clay loam, and the lower 16 inches is 
yellowish red clay loam and clay. The substratum is pink 
gravelly sandy loam about 4 inches thick over a silica­
and lime-cemented hardpan at a depth of about 31 
inches. Depth to the hardpan ranges from 20 to 40 
inches. 

Included in this unit are small areas of Continental and 
Suncity Variant soils on fan terraces. The included areas 
make up about 15 percent of the total acreage. The 
percentage varies from one area to another. 

Permeabili ty of this Ohaco soil is slow. Available water 
capacity is high. Effective rooting depth is 20 to 40 
inches. Runoff is slow, and the hazard of water erosion 
is slight. 

This unit is used as rangeland and wildlife habitat. 
This unit has moderate potential for producing forage. 

It responds well to rangeland management. Resting 
pastures during alternate growing seasons helps to 
maintain or improve the vegetation. Tobosa, the 
dominant forage species, is unpalatable when cured and 
should therefore be used during the growing season. 
Fencing and developing watering facilities help to control 
graz ing. 

A few small areas of this unit, in the northwestern part 
1f the survey area, receive less precipitation than is 

•

·cal for the unit. These areas are somewhat less 
uctive than are most other areas of the unit. 

Soil 

This map unit is in capability subclass VIIs, 
nonirrigated. It is in the Clayey Upland, 1 0- to 12-inch 
p.z. , range site. 

96-Pinaleno-Tres Hermanos complex, 1 to 10 
percent slopes. This map unit is on fan terraces. 
Elevation is 2,000 to 2,500 feet. The average annual 
precipitation is 1 0 to 12 inches, and the average annual 
air temperature is 66 to 70 degrees F. 

This unit is about 45 percent Pinaleno very gravelly 
clay loam and 40 percent Tres Hermanos gravelly loam. 
The components of this unit are so intricately 
intermingled that it was not practical to map them 
separately at the scale used. 

Included in this unit are small areas of Arizo soils in 
drainageways; Mohave, Greyeagle, Eba, Vado, and 
Nickel soils on fan terraces; and soils that have less 
gravel throughout the profile. Also included are small 
areas of soils that are stratified sandy loam, are in and 
adjacent to drainageways, and receive runoff from 
surrounding areas. The included areas make up about 1 
percent of the total acreage. The percentage varies 
one area to another. 

The Pinaleno soil is deep and well drained. It formed 
in alluvium derived dominantly from acid and basic 
igneous rock. Typically, the surface layer is yellowish 
very gravelly clay loam about 1 inch thick. The upper 11 
inches of the subsoil is yellowish red, calcareous gravelly . 
clay loam and very gravelly clay loam, and the lower 12 
inches is light brown, calcareous gravelly loam. The 
substratum to a depth of 60 inches or more is light 
brown, calcareous loam. In some areas the surface layer 
is gravelly sandy loam. In some areas a buried soil is 
below the substratum. 

Permeability of the Pinaleno soil is moderately slow. 
Available water capacity is low to moderate. Effective 
rooting depth is 60 inches or more. Runoff is slow, and 
the hazard of water erosion is slight. 

The Tres Hermanos soil is deep and well drained. It 
formed in alluvium derived dominantly from acid and 
basic igneous rock. Typically, the surface layer is reddish 
yellow gravelly loam about 2 inches thick. The upper 4 
inches of the subsoil is reddish yellow, calcareous clay 
loam, and the lower 16 inches is yellowish red, 
calcareous gravelly and very gravelly clay loam. The 
substratum to a depth of 60 inches or more is white, 
weakly lime-cemented or strongly lime-cemented very 
gravelly loam. In some areas the surface layer is gravelly 
sandy loam. In some areas this soil is noncalcareous to 
a depth of 1 0 inches or more. 

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

Most areas of this unit are used as rangeland and 
wildlife habitat. A few areas are used for urban 
development. 
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that it was not practical to map them separately at the 
scale used. 

Included in this unit are small areas of Carrizo soils in 
drainageways and Chuckawalla, Ebon, Gunsight, and 
Rillito soils on fan terraces. The included areas make up 
about 20 percent of the total acreage. The percentage 
varies from one area to another. 

The Pinamt soil is deep and well drained. It formed in 
alluvium derived dominantly from acid and .basic igneous 
rock. Typically, the upper 1 inch of the surface layer is 
brown, calcareous extremely gravelly sandy loam and 
the lower 2 inches is light brown, calcareous very 
gravelly loam. The upper 12 inches of the subsoil is 
yellowish red, calcareous very gravelly sandy clay loam, 
and the lower 13 inches is light brown, calcareous 
extremely gravelly sandy clay loam. The substratum to a 
depth of 60 inches or more is light brown, calcareous 
extremely gravelly sandy loam. In some areas this soil is 
noncalcareous to a depth of 60 inches or more. 

Permeability of the Pinamt soil is moderately slow. 
Available water capacity is low to moderate. Effective 
rooting depth is 60 inches or more. Runoff is slow, and 
the hazard of water erosion is slight. 

The Tremant soil is deep and well drained. It formed in 
alluvium derived dominantly from acid and basic igneous 
rock. Typically, the surface layer is reddish yellow 
gravelly loam 5 inches thick. The subsoil is reddish 

• 

yellow and yellowish red, calcareous sandy clay loam 
and gravelly clay loam about 24 inches thick. The 
substratum to a depth of 60 inches or more is white, 
calcareous gravelly sand. In some areas this soil is 
noncalcareous to a depth of 60 inches or more, and in 
some areas it is calcareous throughout. 

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

This unit is used mainly as rangeland and wildlife 
habitat. A few areas are used for urban development. 

The Pinamt soil has low potential for producing forage. 
It responds slowly to rangeland management. Most of 
the vegetation is produced following rainfall in winter and 
spring. In favorable winters, the production of annual 
grasses and forbs can support grazing for about 2 to 3 
months. Little forage is available during the rest of the 
year. In some areas this soil is noncalcareous in the 
surface layer and is therefore more productive than in 
most other areas of the soil. 

The Tremant soil has moderate potential for producing 
forage. It responds moderately well to rangeland 
management. Where the range is in good or excellent 
condition, it produces forage year round. It is easily 
traversed by livestock. Resting pastures during alternate 
growing seasons helps to maintain or improve the 
vegetation . Fencing and developing watering facilities 

• help to control grazing. In some areas this soil is 
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calcareous in the surface layer and is therefore less 
productive than in most other areas of the soil. 
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-\!~ 
::t~ 
'k 

If the Pinamt soil is used as sites for buildings or 
roads, it has few limitations. If the Tremant soil is used ,~ 
as sites for buildings or roads, the main limitation is the ·~ 
shrink-swell potential. The effects of shrinking and i4 
swelling can be reduced by maintaining a constant f~1 
moisture content in the soil. Runoff should be diverted ~_,:~ 
away from buildings. Landscaping plants that require *' 
little wate~ should be used ~ear building foundations, an~-1: 
overwatenng should be avo1ded. A sealer can be used -~: 
under roads to prevent shrinking and swelling of the : 
material below. The Pinamt soil is better suited to use a~~ 
sites for buildings and roads than is the Tremant soil; . .J 

therefore, buildings and roads should be located in area~ 
of the Pinamt soil if feasible. ~l~ 

If the soils in this unit are used for septic tank ?: 
absorption fields, they have few limitations. In a few ·;~ 
areas the substratum is somewhat finer in texture than isj 
typical for the soils, and in other areas the substratum is ~;. 
weakly cemented. The reduced permeability in these ·~;;i 
areas may require the use of larger absorption fields. · 1 

Onsite investigation is needed to determine the most ·'.:4 
suitable alterna~ives and the b~st d_esign of buildings, \1 
roads, and sept1c tank absorpt1on fields. · l 

This map unit is in capability subclass VIIs, l 
non irrigated. The Pinamt soil is in the Limy Fan, 7- to 1 O•>~ 
inch p.z., range site, and the Tremant soil is in the .. 
Loamy Upland, 7- to 10-inch p.z., range site. l 

99-Pinamt-Tremant complex, low precipitation, 1 i 
to 10 percent slopes. This map unit is on fan terraces. 
Elevation is 1 ,200 to 2,200 feet. The average annual 1 
precipitation is 2 to 7 inches, and the average annual air . 
temperature is 70 to 73 degrees F. ·' 

This unit is about 45 percent Pinamt extremely gravelly -~ 
sandy loam and 35 percent Tremant gravel ly loam. The 
components of this unit are so intricately intermingled 
that it was not practical to map them separately at the 
scale used. 

Included in this unit are small areas of Carrizo soils in 
drainageways and Chuckawalla, Ebon, Gunsight, and 
Rillito soils on fan terraces. The included areas make up 
about 20 percent of the total acreage. The percentage 
varies from one area to another. 

The Pinamt soil is deep and well drained. It formed in 
alluvium derived dominantly from acid and basic igneous 
rock. Typically, the upper 1 inch of the surface layer is 
brown, calcareous extremely gravelly sandy loam and 
the lower 2 inches is light brown, calcareous very 
gravelly loam. The upper 12 inches of the subsoil is 
yellowish red , calcareous very gravelly sandy clay loam, 
and the lower 13 inches is light brown, calcareous 
extremely gravelly sandy clay loam. The substratum to a 
depth of 60 inches or more is light brown, calcareous 
extremely gravelly sandy loam. In some areas this soil is 
noncalcareous to a depth of 20 inches or more. 
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· this unit have moderate potential for 
e. They respond well to rangeland 

unit can produce forage year round. It 
by livestock. Resting pastures during 

seasons helps to maintain or improve 
Proper placement of fences and watering 

· to control the distribution of grazing. In 
this unit, the soils are calcareous in the 

are therefore less productive than in 
of the unit. 

o soil is used as sites for buildings or 
few limitations. If the Tres Hermanos soil is 
for buildings or roads, the main limitation is 

1 potential. The effects of shrinking and 
be reduced by maintaining a constant 

in the soil. Runoff should be diverted 
· uildings. Landscaping plants that require 

be used near building foundations, and 
· should be avoided. A sealer can be used 
to prevent shrinking and swelling of the 

. The Pinaleno soil is better suited to use 
buildings and roads than is the Tres 

; therefore, buildings and roads should be 
· areas of the Pinaleno soil if feasible. 

soils in this unit are used for septic tank 
. n fields, they have few limitations. In a few 

rD:><:~HIP substratum is somewhat finer in texture than is 
in other areas the substratum is weakly 

. The reduced permeability in these areas may 
· the use of larger absorption fields. 

investigation is needed to determine the most 
alternatives and th e best design of buildings, 

and septic tank absorption fields. 
· map unit is in capabil ity subclass VIIs, 

rnn::>Tto>n The Pinaleno soil is in the Loamy Upland, 
· 12-inch p.z., range site, and the Tres Hermanos 

in the Sandy Loam Upland, 10- to 12-inch p.z., 
e site. 

Pinaleno-Tres Hermanos complex, low 
pitation, 1 to 10 percent slopes. This map unit is 

terraces. Elevation is 2,000 to 2,500 feet. The r ;···.a:verage annual precipitation is 8 to 1 0 inches, and the 
! av~rage annual air temperature is 66 to 70 degrees F. 
i · ·· -This unit is about 45 percent Pinaleno very gravelly 

Clay loam and 40 percent Tres Hermanos gravelly loam. 
THe components of this unit are so intricately 
intermingled that it was not practical to map them 
separately at the scale used. 

Included in th is unit are small areas of Ariza soils in 
drainageways; Mohave, Greyeagle, Eba, Vado, and 
Nickel soils on fan terraces; and soils that have less 
gravel throughout the profi le. Also included are small 
~reas of soils that are stratified sandy loam, are in and 
-';acent to drainageways, and receive runoff from 

.ounding areas. The included areas make up about 15 

percent of the total acreage. The percentage varies from 
one area to another. 

The Pinaleno soil is deep and well drained. It formed 
in alluvium derived dominantly from acid and basic 
igneous rock. Typically, the surface layer is yellowish red 
very gravelly clay loam about 1 inch thick. The upper 11 
inches of the subsoil is yellowish red, calcareous gravelly 
clay loam and very gravelly clay loam, and the lower 12 
inches is light brown, calcareous gravelly loam. The 
substratum to a depth of 60 inches or more is light 
brown, calcareous loam. In some areas the surface layer 
is gravelly sandy loam. In some areas a buried soil is 
below the substratum. 

Permeability of the Pinaleno soil is moderately slow. 
Available water capacity is low to moderate. Effective 
rooting depth is 60 inches or more. Runoff is slow, and 
the hazard of water erosion is slight. 

The Tres Hermanos soil is deep and well drained. It 
formed in alluvium derived dominantly from acid and 
basic igneous rock. Typically, the surface layer is reddish 
yellow gravelly loam about 2 inches thick. The upper 2 
inches of the subsoil is reddish yellow, calcareous clay 
loam, and the lower 16 inches is yellowish red and pink, 
calcareous gravelly clay loam and very gravelly clay 
loam. The substratum to a depth of 60 inches or more is 
white, weakly lime-cemented or strongly lime-cemented 
very gravelly loam. In some areas the surface layer is 
gravelly sandy loam. 

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

This unit is used as rangeland and wildlife habitat. 
This unit has moderate potential for producing forage. 

It responds well to rangeland management. The unit can 
produce forage year round. It is easily traversed by 
livestock. Resting pastures during alternate growing 
seasons helps to maintain or improve the vegetation. 
Proper placement of fences and watering facilities helps 
to control the distribution of grazing. In some areas of 
this unit, the soil is calcareous in the surface layer and is 
therefore less productive than in most other areas of the 
unit. 

This map unit is in capability subclass VIIs, 
nonirrigated. The Pinaleno soil is in the Loamy Upland, 
8- to 1 0-inch p.z., range site, and the Tres Hermanos soi l 
is in the Sandy Loam Upland, 8- to 1 0-inch p.z., range 
site. 

98-Pinamt-Tremant complex, 1 to 10 percent 
slopes. This map unit is on fan terraces. Elevation is 
1 ,200 to 2,200 feet. The average annual precipitation is 
7 to 10 inches, and the average annual air temperature 
is 70 to 73 degrees F. 

This unit is about 45 percent Pinamt extremely gravelly 
sandy loam and 35 percent Tremant gravelly loam. The 
components of th is unit are so intricately intermingled 
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• 
s and fills are highly susceptible to erosion. The risk 
rosion can be reduced by using diversions or 

terraces to reduce the length of slopes or by 
revegetating to slow runoff. 

If the soils in this unit are used for septic tank 
absorption fields, the main limitations are the depth to 
rock and slope. Septic tank absorption fields may not 
operate properly in some areas of this unit.The limited 
depth to bedrock restricts the movement of effluent. 
Effluent is likely to flow through cracks in the rock, 
resulting in little filtration. Steepness of slope makes it 
difficult to control the distribution of effluent. Effluent can 
move along the surface of the bedrock and seep to the 
surface in downslope areas, creating a hazard to health. 
Alternatives include locating absorption fields in more 
suitable soils in adjacent areas and transporting the 
effluent to them by pipeline or installing community 
sewage systems. The use of septic tank absorption 
fields can create serious hazards in areas of the Vaiva 
soil. If the soil becomes saturated with water, slippage 
can occur in downslope areas. 

Onsite investigation is needed to determine the most 
suitable alternatives and the best design of buildings, 
roads, and septic tank absorption fields. 

This map unit is in capability subclass VIle, 
lOnirrigated. It is in the Granitic Hills, 7- to 10-inch p.z., 

'lge site. 

.01-Rillito loam, 0 to 3 percent slopes. This deep 
and well drained soil is on fan terraces. It formed in 
alluvium derived dominantly from acid and basic igneous 
rock. Most of the areas used as cropland have slopes of 
less than 1 percent. Elevation is 1 ,200 to 1 ,600 feet. The 
average annual precipitation is 7 to 10 inches, and the 
average annual air temperature is 70 to 73 degrees F. 

Typically, the upper layer is light brown, calcareous 
loam about 11 inches thick. The next 13 inches is light 
brown, calcareous loam. The next 15 inches is light 
brown, calcareous, weakly lime- and silica-cemented 
gravelly loam. Below this to a depth of 60 inches or 
more is light brown, calcareous, weakly cemented 
extremely gravelly loam. In some areas the surface layer 
is gravelly loam. In a few areas the profile has slightly 
less gravel than is typical for this soil. Depth to the 
weakly cemented substratum ranges from 20 to 40 
inches. Many of the pebbles in the soil are lime- and 
silica-cemented. 

Included in this unit are small areas of Cipriano, 
Gunsight, Mohall , and Tremant soils on fan terraces and 
Gilman soils on flood plains. The included areas make 
up about 15 percent of the total acreage. The 
percentage varies from one area to another. 

Permeability of this Rillito soil is moderate. Available 
·vater capacity is moderate. Effective rooting depth is 60 

aches or more. Runoff is slow, and the hazard of water 
~sian is slight. 

Soil Survey . 

This unit is used as irrigated cropland, as wildlife 
habitat, as rangeland, and for urban development. 

If this unit is used as irrigated cropland, the main 
limitation is the depth to the weakly lime- and silica­
cemented, gravelly substratum. Leveling cuts of 20 to 40 
inches generally will expose the substratum. Applications . 
of manure or cotton gin trash are beneficial in leveled 
areas where cuts have exposed concentrations of lime. 
Phosphorus should be applied in split applications in 
such areas because it is readily tied up in the soil. Citrus . 
trees, sorghum, and sudangrass in these limy areas are 
subject to chlorosis. Lining irrigation ditches with 
concrete reduces loss of water by seepage. Applying 
manure or cotton gin trash or plowing under crop 
or green manure crops improves tilth and increases the 
water intake rate. Keeping tillage to a minimum also 
helps to maintain soil tilth. 

The Rillito soil is one of the poorest forage-producing 
soils in the survey area. It responds very slowly to 
rangeland management. The high content of lime and 
the low available water capacity contribute to the low 
productivity of this soil. The included Gilman soils on 
flood plains are much more productive than are the 
soils in the unit. Management of the soils in this unit 
should therefore be concentrated on these included 
soils, because they produce nearly all the available 
forage. 

If the soil in this unit is used as sites for buildings, 
roads, or septic tank absorption fields, it has few 
limitations. In a few areas the substratum is more 
strongly cemented than is typical for the soil. In these 
areas excavations may be limited and permeability may 
be a concern. 

Onsite investigation is needed to determine the most 
suitable alternatives and the best design of buildings, 
roads, and septic tank absorption fields. 

This map unit is in capability subclasses lis, irrigated, 
and VIIs, nonirrigated. It is in the Limy Upland, 7- to 10-
inch p.z., range site. 

102-Rillito gravelly loam, 1 to 8 percent slopes. 
This deep and well drained soil is on fan terraces. It 
formed in alluvium derived dominantly from acid and 
basic igneous rock. Elevation is 1,1 00 to 1 ,800 feet. 
average annual precipitation is 2 to 7 inches, and the 
average annual air temperature is 70 to 73 degrees F. 

Typically, the upper layer of this soil is pinkish gray, 
calcareous gravelly loam about 14 inches thick. Below 
this to a depth of 60 inches or more is pinkish white, 
calcareous gravelly loam. In some areas the upper layer 
is loam or very gravelly loam. In a few areas the profile 
has slightly less gravel than is typical for this soil. 

Included in th is unit are small areas of Mohall, Pi 
and Tremant soils on the tops of terraces; Gunsight an 
Cipriano soils scattered throughout the unit; Gilman, 
Antho, and Maripo soils on flood plains; and Carrizo 
in drainageways. The included areas make up about 30 
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3rcent of the total acreage. The percentage varies from 
- area to another. 

eability of this Rillito soil is moderate. Available 
r capacity is moderate. Effective rooting depth is 60 

or more. Runoff is slow, and the hazard of water 
ej osion is slight 

·: ·: -F,his unit is used as rangeland and wildlife habitat 
' The Rillito soil is one of the poorest forage-producing 

- in the survey area. It responds very slowly to 
nd management The high content of lime and 
available water capacity contribute to the low 

of this soil. The included soils in 
n.-:,AI<I\/C are much more productive than the other 

the unit Management of the soils in this unit 
should be concentrated on these included 

· because they produce nearly all the available 

map unit is in capability subclass VIIs, 
ted. It is in the Limy Upland, 2- to 7 -inch p.z., 

site. 

-:JID3--H:ock outcrop-Gachado complex, 5 to 55 
~ .. r,. .. •n slopes. This map unit is on mountain slopes. 

·:-"' "'"m '"t"'n is 1,200 to 3,000 feet The average annual 
1 n is 7 to 1 0 inches, and the average annual 

mperature is 70 to 73 degrees F. 
This unit is about 65 percent Rock outcrop and 25 

~'lrcent Gachado very gravelly loam. The Rock outcrop 
)n exposed dikes, ledges, and escarpments, and the 

· .hado soil is on mountain slopes. The components of 
· . unit are so intricately intermingled that it was not 

practical to map them separately at the scale used. 
Included in this unit are small areas of Lomitas soils 

do mountain slopes. The included areas make up about 
10~'percent of the total acreage. The percentage varies 
fioth one area to another. ' '·-· Rock outcrop consists of exposed areas of andesite, 
rH~olite, and tuff. 
~ r·the Gachado soil is very shallow and shallow and is 
w~li drained. It formed in alluvium and colluvium derived 

-dominantly from andesite, rhyolite, and tuff. Typically, the 
surface layer is light brown very gravelly loam about 1 
inch thick. The subsoil is brown very gravelly clay loam 
aoout 6 inches thick. Bedrock is at a depth of 7 inches. 

Permeability of the Gachado soil is moderately slow. 
Available water capacity is very low. Effective rooting 
depth is less than 20 inches. Runoff is rapid, and the 
hazard of water erosion is moderate. 

This unit is used as rangeland and wildlife habitat 
The Gachado soil has moderate potential for 

producing forage. It responds moderately well to 
rangeland management It can produce forage year 
round. Steepness of slope, the areas of Rock outcrop, 
and cobbles and stones on the surface limit use. 
Fencing and developing watering facilities help to 
-.,orove distribution of livestock. Permitting a large 

flier of livestock to graze for short periods of time 

promotes an efficient distribution of livestock and use of 
available forage. Resting pastures during alternate 
growing seasons helps to maintain or improve the 
vegetation. 

This map unit is in capability subclass VIIs, 
nonirrigated. It is in the Volcanic Hills, 7- to 10-inch p.z., 
range site. 

1 04-Rock outcrop-Lehmans complex, 15 to 65 
percent slopes. This map unit is on hill slopes and 
mountain slopes. Elevation is 1,800 to 4,000 feet The 
average annual precipitation is 1 0 to 12 inches, and the 
average annual air temperature is 66 to 70 degrees F. 

This unit is about 60 percent Rock outcrop and 20 
percent Lehmans very gravelly clay loam. The Rock 
outcrop generally is on mountaintops and the upper part 
of mountain slopes, and in some areas vertical 
exposures are common. The Lehmans soil is on the 
lower part of mountain slopes. The components of this 
unit are so intricately intermingled that it was not 
practical to map them separately at the scale used. 

Included in this unit are small areas of Ariza soils in 
drainageways and Eba and Pinaleno soils on foot slopes. 
Also included are small areas of exposed volcanic ash 
deposits and soils that have more rock fragments or lime 
than is typical for the Lehmans soil. The included areas 
make up about 20 percent of the total acreage. The 
percentage varies from one area to another. 

Rock outcrop consists of exposed areas of basalt, 
andesite, rhyolite, tuff, and agglomerate. 

The Lehmans soil is very shallow and shallow and is 
well drained. It formed in alluvium and colluvium derived 
dominantly from basalt, andesite, rhyolite, tuff, and 
agglomerate. The surface layer is reddish brown very 
gravelly clay loam about 2 inches thick. The subsoil is 
reddish brown clay and clay loam about 13 inches thick. 
The substratum is reddish brown very gravelly clay loam 
5 inches thick over bedrock. 

Permeability of the Lehmans soil is slow. Available 
water capacity is very low. Effective rooting depth is less 
than 20 inches. Runoff is rapid, and the hazard of water 
erosion is moderate. 

This unit is used as rangeland and wildlife habitat. 
The Lehmans soil has moderate to high potential for 

producing forage. It responds well to rangeland 
management. It can produce forage year round. 
Steepness of slope, the areas of Rock outcrop, and 
cobbles and stones on the surface limit use. Fencing 
and developing watering facilities help to improve 
distribution of livestock. Permitting a large number of 
livestock to graze for short periods of time promotes an 
efficient distribution of livestock and use of available 
forage. Resting pastures during alternate growing 
seasons helps to maintain or improve the vegetation. 

This map unit is in capability subclass VIIs, 
nonirrigated. It is in the Volcanic Hills, 10- to 12-inch p.z., 
range site. 
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