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1.1

1.0 INTRODUCTION

PURPOSE OF REPORT

The following report is a comprehensive document that contains the results and
supporting computations for the hydrology and hydraulics performed to determine
100-year floodplain and floodway limits for Sonoran Wash. Our sincere appreciation
is extended to the following agencies for their help and perspective while studying

this watershed:
o Flood Control District of Maricopa County
° City of Phoenix
o U.S. Natural Resource Conservation Service

The primary focus of this report is to document the hydrologic and hydraulic data,
assumptions, procedures and criteria used in conducting the Floodplain delineation
for Sonoran Wash. This report is generally structured in a Technical Data Notebook
format in accordance with Arizona Department of Water Resources requirements of
State Standard SS1-97 and State Standard SSA1-97.

The project is located within the City of Phoenix, Maricopa County, Arizona.
Sonoran Wash lies within Section 19, Township 5 North, Range 3 East and Sections
24, 25 and 26 of Township 5 North and Range 2 East. The study area in relationship
to the City of Phoenix and Maricopa County corporate limits is shown on the
Location Map, Figure 1-1. The hydrology portion of this study is executed using the
methodology contained in the Drainage Design Manual for Maricopa County,
Arizona, Volume I, Hydrology, (Maricopa County Hydrology Manual), 1995, Flood
Control District of Maricopa County. Hydrologic modeling is accomplished using
the US Army Corps of Engineers (COE) HEC-1 computer program, version 4.1.

Detailed floodplain and floodway delineation is performed for approximately 4 miles

along Sonoran Wash using the COE HEC-RAS computer program, version 2.2 and a
two dimensional hydraulic model, Tetra Tech, Inc.’s FLO-2D, version 2000.01.
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1.2 STUDY DOCUMENTATION ABSTRACT

This section, the Study Documentation Abstract, lists pertinent information

concerning authority for study, Contractor, Reviewer and Key elements of the

hydrologic and hydraulic analyses. The abstract is listed in a table format.

STUDY DOCUMENTATION ABSTRACT

GENERAL INFORMATION
1A COMMUNITY City of Phoenix
1B COMMUNITY NUMBER 040051
1C COUNTY Maricopa
1D STATE Arizona

1E DATE STUDY ACCEPTED

IF STUDY CONTRACTOR

Tetra Tech, Inc..

CONTACTS Thomas R. Loomis, PE, RLS
ADDRESS Tetra Tech, Inc.
4801 E. Washington Street, Suite 260
Phoenix, Arizona 85034
PHONE (602) 682-3300
(602) 244-1164 (FAX)
SUBCONSULTANTS Stantec Consulting Inc. (HEC-RAS Hydraulics)

Aerial Mapping Co.  (Aerial Mapping)

1G TECH. REVIEWER (FEMA, contractor)

PHONE

1H FEMA REGIONAL REVIEWER
PHONE

11 STATE REVIEWER N/A
PHONE

1J LOCAL REVIEWER

Flood Control District of Maricopa County
Kofi Awumah, Ph.D., P.E.

PHONE

(602) 506-1501

1K RIVER OR STREAM NAME

Sonoran Wash

1L REACH DESCRIPTION

Riverine

IM STUDY TYPE

Floodplain/Floodway Delineation
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STUDY DOCUMENTATION ABSTRACT (continued)

MAPPING INFORMATION
2A MAPPING FOR HYDROLOGIC STUDY Quad Names, Scale, Date
TYPE/SOURCE
New River SE, Arizona
7.5 minute
1981
Union Hills, Arizona
7.5 minute
1981
2C MAPPING FOR HYDRAULIC
STUDY 2-foot contour interval mapping in digital
TYPE/SOURCE format
SCALE 1 inch = 200 feet
DATE July 20, 1999
HYDROLOGY
3A MODEL OR METHOD USED HEC-1 version 4.0.1E, September 1990
(Including vendor and version description) Dodson & Associates
3B STORM DURATION 6-hour and 24-hour
3C HYETOGRAFPH TYPE In accordance with Design Manual
iD FREQUENCIES DETERMINED 100-year
3E LIST OF GAGES USED IN
FREQUENCY ANALYSIS OR
CALIBRATION (Location, Years of None used
Record, Gage Ownership)

\\phxserv06\wrproj\82000141\reports\tetra lomr report\lomr submittal.doc



STUDY DOCUMENTATION ABSTRACT (continued) |

HYDROLOGY (continued)

3F RAINFALL AMOUNTS AND 100-year, 6-hour = 3.34 inches
REFERENCE 100-year, 24-hour = 4.20 inches
NOAA Atlas IT
3G UNIQUE CONDITIONS AND
PROBLEMS None
3H COORDINATION OF Q'S
(Agency, date, comments) None
HYDRAULICS
4A MODEL OR METHOD USED HEC-RAS, version 2.2
(including vendor and version description) FLO-2D, version 2000.01
4B REGIME Subcritical
4C | FREQUENCIES FOR WHICH PROFILES 100-year
WERE COMPUTED
4D METHOD OF FLOODWAY Method 1
CALCULATION
4E UNIQUE CONDITIONS AND None
PROBLEMS
1.3 PUBLIC NOTICE

14

Advertisements were placed in the Arizona Republic, the Foothills Sentinel and the
Desert Advocate to notify the public of the study. Copies of the advertisements are
located in Appendix I.

CORRESPONDENCE

Correspondence that transpired during the course of this study that relates to the analyses

documented in this report is provided in Appendix J.

The correspondence includes notices to proceed, data requests, notices of approval and

other general correspondence.
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2.0 FEMA FORMS

This section of the report provides completed standard FEMA Forms.
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FEDERAL EMERGENCY MANAGEMENT AGENCY 0.M.B No. 3067-0148
REVISION REQUESTER AND COMMUNITY OFFICIAL FORM Expires April 30, 2001

" Public reporting burden for this form is estimated to average 2.13 hours per response. The burden estimate
ncludes the time for reviewing instructions, searching existing data sources, gathering and maintaining the needed
data, and completing and reviewing the 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, S.W., Washington DC 20472; and to the Office of Management and Budget, Paperwork
Reduction Project (3067-0148), Washington, DC 20503.

You are not required to respond to this collection of information unless a valid OMB Control Number is displayed in the upper right corner of this
form.

1. REQUESTED RESPONSE FROM FEMA

This request is for a:

O 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).

X LOMR A letter from FEMA officially revising the current NFIP map to show the changes to floodplains,
floodway or flood elevations. LOMRs typically decrease flood hazards. (See 44 CFR Ch. 1 Parts 60 & 65.)

X Other Describe: New Floodplain Delineations

2. OVERVIEW

1. The basis for this revision request is (are): (check all that apply)

[J Physical Change [ Improved Methodology/Data [CJ Floodway Revision
& Other Describe: New Study

.ote: A photograph is not required, but is very helpful during review.
2. Flooding Source: Sonoran Wash

3. Project Name/Identifier: Skunk Creek Watercourse Master Plan, Flood Control District of Maricopa County Contract # 99-23

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

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

Community No. Community Name State Map No. Panel No. Effective
Date
Ex: 480301 Katy, City TX 480301 0005D 02/08/83
480287 Harris County X 48201C 0220G 09/28/90
040051 City of Phoenix AZ 040113C 790 D 04/15/88
040113C 1205 E 12/3/93

6. The area of revision encompasses the following types of flooding and structures. Check all that apply.

Types of Flooding Structures
X Riverine O Channelization
O Coastal O Levee/Floodwall
O Alluvial fan O Bridge/Culvert
O Shallow Flooding (e.g. Zones AO and AH) O Dam
N Lakes 0 Fill
] Other (describe) ] Other (describe)
e =

PLEASE REFER TO THE INSTRUCTIONS FOR THE APPROPRIATE MAILING ADDRESS

Form 81-89, May 97 Revision Requester and Community Official Form MT-2 Form 1 Page 1 of 2



4. ENCROACHMENT INFORMATION

I 1. Does the State have jurisdiction over the floodway or its adoption by communities participating in the NFIP?

[0 Yes X No

If Yes, attach a copy of a letter notifying the appropriate State agency of the floodway revision and documentation of the
approval of the revised floodway by the appropriate State agency. .

2. Does the development in the floodway cause the 1% annual chance (base) elevation to increase at any Iocatién by more
than 0.000 feet? [J Yes [J No BJ N/A

3. Does the cumulative effect of all development that has occurred since the effective SFHA was originally identified cause the
base flood elevation to increase at any location by more than one foot (or other increase limit if community or state has
adopted more stringent criteria - even if a floodway has not been delineated by FEMA)? [] Yes No _.

If the answer to either items is Yes, please attach documentation that all requirements of Section 65.12 of the NFIP regulations
have been met, regarding evaluation of alternatives, notice to individual legal property owners, concurrence of CEO, and
certification that no insurable structures are impacted.

B, MAINTENANCE RESPONSIBILITY

The community is willing to assume responsibiiity for D performing [:| overseeing compiiance with the maintenance
and operation plans of the _ _ _ _ .

fload control structure. If not performed promptly by an owner other than the community, the community will provide the
necessary services without cost to the Federal government.

Operation and maintenance plans are attached. E] Yes I_—_] No X nN/A
e

" 6. REVIEW FEE

The review fee for the appropriate request category has been included. [ Yes Fee amount: $____._
' OR
¥y This request is based on a federally sponsored flood-control project where 50 percent or more of the project’s cost is

federally sponsored, or the request is based on detailed hydrologic and hydraulic studies conducted by Federal, State, or
local agencies to replace approximate studies conducted by FEMA and shown on the effective FIRM; thus the project is fee

exempt. K Yes

| Please see Instructions for Fee Amounts

7. SIGNATURE

Note: | understand that my signature indicates that all information | Note: Signature indicates that the community understands, from the
submitted in support of this request is correct revision requester, the impacts of the revision on flooding conditions

4 /%,7 / b e COTATHORRED,

“Signaturg/of Revision Requester

-T_W W‘ém?ﬁ?ﬁy‘ PE Wr”i ‘-—)V;‘ﬁe‘ +ie A A’M»’MJ&J( “H_A_SAN MUEHTAQ, PR.D.y P Evy C.E. M,
Printed Name and Title of Revnsmn Requester ") Prﬁ%e%%ﬂ'geaa%& T%%@é&ﬁmunity Official
# / AT CJr Wi
- rIé&fL:I Control Digberict oF Maredr 74 City of Phoenix
Company Name( L/ é Community Name
50k~ B g 5 e T
Telephone No.: __ . Date: __ ﬁ Cé C‘:} Telephone No.: (602) 262-4960 Date: .. .9/30/02
WS TS ST SR T e
Check which forms have been included with this request
Form Name and (Number) Required if ......
X Hydrologic (3) new or revised discharges
X Hydraulic (4) new or revised water-surface elevations
X] Mapping (5) floodplain/floodway changes
] Channelization (6) channel is modified
[J Bridge/Culvert (7) addition/revision of bridge/culvert
[ Levee/Floodwall (8) addition/revision of levee/floodwall
- [J Coastal (9) new or revised coastal elevations
‘egistr No. 32833 Expires (Date) 9/30/01 State AZ [[J Coastal Structures (10) addition/revision of coastal structure
: [J pbam (11) addition/revision of dam
i Type of License/Expertise: Engineer/Civil [0 Alluvial Fan (12) structures proposed on alluvial fan

Form 81-89, May 97 Revision Requester and Community Official Form MT-2 Form 1 Page 2 6f 2




4. ENCROACHMENT INFORMATION

§ 1. Does the State have jurisdiction over the floodway or its adoption by communities participating in the NFIP?

[J Yes X No

If Yes, attach a copy of a letter notifying the appropriate State agency of the floodway revision and documentation of the
approval of the revised floodway by the appropriate State agency.

2. Does the development in the floodway cause the 1% annual chance (base) elevation to increase at any location by more
than 0.000 feet? [J Yes [J No X N/A

3. Does the cumulative effect of all development that has occurred since the effective SFHA was originally identified cause the
base flood elevation to increase at any location by more than one foot (or other increase limit if community or state has
adopted more stringent criteria - even if a floodway has not been delineated by FEMA)? [ ] Yes X No

If the answer to either items is Yes, please attach documentation that all requirements of Section 65.12 of the NFIP regulations
have been met, regarding evaluation of alternatives, notice to individual legal property owners, concurrence of CEO, and
certification that no insurable structures are impacted.

5. MAINTENANCE RESPONSIBILITY

The community is willing to assume responsibility for |:| performing |:| overseeing compliance with the maintenance
and operation plans of the

flood control structure. If not performed promptly by an owner other than the community, the community will provide the
necessary services without cost to the Federal government.

Operation and maintenance plans are attached. [J Yes [J No X N/A
R e e S e
6. REVIEW FEE
I The review fee for the appropriate request category has been included. [] Yes Fee amount: $_____
OR

This request is based on a federally sponsored flood-control project where 50 percent or more of the project’s cost is
federally sponsored, or the request is based on detailed hydrologic and hydraulic studies conducted by Federal, State, or
local agencies to replace approximate studies conducted by FEMA and shown on the effective FIRM; thus the project is fee
exempt. Xl Yes

Please see Instructions for Fee Amounts

7. SIGNATURE

Note: | understand that my signature indicates that all information Note: Signature indicates that the community understands, from the
submitted in support of this request is correct revision requester, the impacts of the revision on flooding conditions
in the community.

Signature of Revision Requester Signature of Community Official

Printed Name and Title of Revision Requester Printed Name and Title of Community Official

City of Phoenix

Company Name Community Name
Telephone No.: . . Date: __ ... Telephone No.: {602) 262-4960 Date: . ..
CERTIFICATION BY REGISTERED PROFESSIONAL ENGINEER Check which forms have been included with this request
AND/OR LAND SURVEYOR
icationf|is in accopance with 44 CFR Ch. 1, Sect 65.2 Form Name and (Number) Required if ......
X Hydrologic (3) new or revised discharges
w%rﬁ i/@,()_pvj X Hydraulic (4) new or revised water-surface elevations
Signature X Mapping (5) floodplain/floodway changes
[J Channelization (6) channel is modified
Patrick J. Elllson Water Resources Engineer (HEC-RAS Hydraulics (] Bridge/Culvert (7) addition/revision of bridge/culvert
rinted Name and Title of Revision Requester [ Levee/Floodwall (8) addition/revision of levee/floodwall
[0 Coastal (9) new or revised coastal elevations
Registr No. 31680 Expires (Date) Sept. 2003 State Arizona [ Coastal Structures (10) addition/revision of coastal structure
[0 Dam (11) addition/revision of dam
Type of License/Expertise: Engineer/Civil (J Alluvial Fan (12) structures proposed on alluvial fan

Form 81-89, May 97 Revision Requester and Community Official Form MT-2 Form 1 Page 2 of 2



4. ENCROACHMENT INFORMATION

1. Does the State have jurisdiction over the floodway or its adoption by communities participating in the NFIP?
] vYes No

If Yes, attach a copy of a letter notifying the appropriate State agency of the floodway revision and documentation of the
approval of the revised floodway by the appropriate State agency.

2. Does the development in the floodway cause the 1% annual chance (base) elevation to increase at any location by more
than 0.000 feet?  [] Yes 1 No X N/A

3. Does the cumulative effect of all development that has occurred since the effective SFHA was originally identified cause the
base flood elevation to increase at any location by more than one foot (or other increase limit if community or state has
adopted more stringent criteria - even if a floodway has not been delineated by FEMA)? [] Yes X No

If the answer to either items is Yes, please attach documentation that all requirements of Section 65.12 of the NFIP regulations
have been met, regarding evaluation of alternatives, notice to individual legal property owners, concurrence of CEO, and
certification that no insurable structures are impacted.

5. MAINTENANCE RESPONSIBILITY

PR Y
The community is willing to assume responsibility for | performing ] overseeing compliance with the maintenance
and operation plans of the
(Name)
flood control structure. If not performed promptly by an owner other than the community, the community will provide the
necessary services without cost to the Federal government.

Operation and maintenance plans are attached. ] Yes [J nNo @ N/A
S R S e

6. REVIEW FEE

The review fee for the appropriate request category has been included. [] Yes Fee amount: $

OR
This request is based on a federally sponsored flood-control project where 50 percent or more of the project’s cost is
federally sponsored, or the request is based on detailed hydrologic and hydraulic studies conducted by Federal, State, or
local agencies to replace approximate studies conducted by FEMA and shown on the effective FIRM; thus the project is fee
exempt. & Yes

Please see Instructions for Fee Amounts

7. SIGNATURE

Note: | understand that my signature indicates that all information Note: Signature indicates that the community understands, from the
submitted in support of this request is correct revision requester, the impacts of the revision on flooding conditions
in the community.

Signature of Revision Requester Signature of Community Official

Printed Name and Title of Revision Requester Printed Name and Title of Community Official

City of Phoenix

Company Name Community Name
Telephone No.: Date: Telephone No.: (602) 262-4960 Date:
CERTIFICATION BY REGISTERED PROFESSIONAL ENGINEER Check which forms have been included with this request
AND/OR LAND SURVEYOR
This certification is in accorda with 44 CFR Ch. 1, Sect 65.2 Form Name and (Number) Regquired if ......
X Hydrologic (3) new or revised discharges
1 . .
7 / / J X Hydraulic (4) new or revised water-surface elevations
7 ~ Signature X1 Mapping (5) floodplain/floodway changes
[0 Channelization (6) channel is modified
Marcie Wayne Burcham (Survey) [] Bridge/Culvert (7) addition/revision of bridge/culvert
Printed Name and Title of Revision Requester ] Levee/Floodwall (8) addition/revision of levee/floodwall
[0 coastal (9) new or revised coastal elevations
Registr No. 17129 Expires (Date) 3/31/02 State AZ [] coastal Structures (10) addition/revision of coastal structure
_ [] pam (11) addition/revision of dam
bType of License/Expertise: Land Surveyor [0 Alluvial Fan (12) structures proposed on alluvial fan
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FEDERAL EMERGENCY MANAGEMENT AGENCY 0.M.B No. 3067-0148
HYDROLOGIC ANALYSIS FORM Expires April 30, 2001

ublic reporting burden for this form is estimated to average 3.67 hours per response. The burden estimate
includes the time for reviewing instructions, searching existing data sources, gathering and maintaining the needed
data, and completing and reviewing the 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, S.W., Washington DC 20472; and to the Office of Management and Budget, Paperwork
Reduction Project (3067-0148), Washington, DC 20503.

You are not required to respond to this collection of information unless a valid OMB Control Number is displayed in the upper right corner of this
form.

Note: Fill out one form for each flooding source studied

Community Name: City of Phoenix
Flooding Source: Sonoran Wash

Project Name/ldentifier: Skunk Creek Watercourse Master Plan, FCDMD Contract No. 99-23

1. REASON FOR NEW HYDROLOGIC ANALYSIS

== = e
X No existing analysis X] Improved data [J Changed physical condition of watershed
[X] Alternative methodology [] Proposed Conditions (CLOMR) [ Other

For the reason stated above, please attach a detailed explanation. If a computer program/model was used in revising the
hydrologic analysis, please provide a diskette with the input files for the same flood recurrence intervals contained in the FIS for
that stream; and at least for the 1% annual chance (base) flood where no detailed study exists.

Explanation provided: [] Yes [] No Diskettes provided: @es _I:] No

2. METHODOLOGY FOR NEW ANALYSIS

Indicate Method Required Data Data Included
[ statistical Analysis of Gage Records Form 3 - Attachment A [J Yes [ No
[ Regional Regression Equations Form 3 - Attachment C [0 Yes [J No
X Precipitation/Runoff Model Form 3 - Attachment D X Yes [] No
_[:] Other Back-up computations and supporting data (] Yes [] No
=== = ==L ==

3. APPROVAL OF ANALYSIS

e e N
The hydrologic analysis has already been approved by a local, state, or Federal Agency. [X] Yes [] No [] Not Required

If Yes, attach evidence of approval. [X] Approval attached. If No, attach explanation. [[] Explanation attached.
3 =

4. COMPARISON OF BASE FLOOD DISCHARGES
Location: Drainage Area (SqMi) FIS(cfs) Revised (cfs)

Note: When revised discharges are not significantly different than the FIS discharges, FEMA may require a confidence limits
analysis (see attachment B) at a later date to complete the review.

If only a portion of a detailed study area was revised please attach an explanation describing the transition from the proposed
discharges to the effective discharges. [J Explanation Included [J Explanation Not Required

5. HISTORICAL FLOODING INFORMATION
If historical data are available for the flooding source please provide: Location, peak discharges/water-surface elevations and

dates, and source of information. [] Data Attached [X] Data Not Available
=—— e s e s
| PLEASE REFER TO THE INSTRUCTIONS FOR THE APPROPRIATE MAILING ADDRESS

FEMA Form 81-89B, MAY 97 Hydrologic Analysis Form MT-2 Form 3 Page 1 of 5



ATTACHMENT A: STATISTICAL ANALYSIS OF GAGE RECORDS

Gaging Station: N/A

Gage Location (latitude and longitude): __ . ..

FIS Revised
1. Number of years ofdata L
Systematic
Historical .
2. Homogeneous data [ Yes [J No [J Yes [J No
3 Data adjustments [J Yes [] No [J Yes [J No
4. Number of high outliers .
Low outliers . T
Zeroevents
5. Generalized skew
6. Station skew
. Adopted skew
8. Probability distribution used (justify if log-Pearson Il
was notused)
9. Transfer equations to ungaged sites [ Yes [ No
If Yes, specify method
10. Expected probability * [J Yes [ No
11. Comparison of results with other analyses [] Yes [J No
If Yes, describe comparison
12. Attach analysis including plot of flood-frequency curve. Analysis Attached? [] Yes [J No

*FEMA does not accept expected probability analyses for the purpose of reflecting flood hazard information in a FIS.

If any data are not available, indicate by N/A.

Hydrologic Analysis Form MT-2 Form 3 Page 2 of 5




ATTACHMENT B: CONFIDENCE LIMITS EVALUATION

stream: N/A

Select one location for Confidence Limits Evaluation (describe location): _ .

1. Discharges for selected location:
Exceedence Probability FIS: Revised:
10% (10-year) ... cfs . cfs
2% (50-year) ____. cfs . cfs
1% (100-year) . _. cfs . cfs
0.2% (500-year) ... cfs . cfs
2. 1% Annual Chance (Base) Flood Confidence Intervals
90% Confidence Interval: 5% limit ... cfs
95% limit  ____. cfs
50% Confidence Interval: 25% limit .. _. cfs
75% limit  _____ cfs
3 If the discharge of the base flood in the FIS is beyond the 50% confidence interval but within the 90%

confidence interval, does the base flood elevation change by 1.0 foot or more?

An example of confidence limits analysis can be found in Appendix 9 of Bulletin 17B.

4, Confidence Limits Analysis Attached? [0 Yes [ No

[ Yes

[ No

Hydrologic Analysis Form

MT-2 Form 3 Page 3 of 6




ATTACHMENT C: REGIONAL REGRESSION EQUATIONS

1. Bibliographical Reference:

N/A

(Attach a copy of title page, table of contents, and pertinent pages including equations.)

2. Gaged or ungaged stream: ___ __
3. Hydrologic region(s): ____.

Attach backup map.
4, Provide parameters, values, and source of data used to define parameters.

FIS: Revised:

5. Urbanized conditions calculations [ Yes [J No [J Yes [J No
6. Percent of watershed urbanizaton ~ _____. .
7. Is the watershed controlled? [ Yes [J No [J Yes [J No
8. Comparison with other analyses [J Yes [J No [J Yes [J No

If the answer to 5, 7, or 8 is Yes, explain methdology
below. If data are not available, indicate with N/A.

Comments
9. Attach computation and supporting maps, delineating the watershed boundary and drainage area divides.
Computation and Supporting Maps provided? [ Yes [J No

Hydrologic Analysis Form MT-2 Form 3 Page 4 of 5




ATTACHMENT D: PRECIPITATION/RUNOFF MODEL

FIS: Revised:
{1 Method or model used: N/A HEC-1
Version: 4.0.1E
Date: . September 1990
2 Source of rainfall depth: . NOAA Atlas 2, Arizona
3. Source of rainfall distribution: | SCS Type |l
4. Rainfall duration: 24-hour
B Areal adjustment to precipitation (%): . varies per FCDMD manual
6. Maximum overland flow length 10,763 ft
7 Hydrograph development method: S-graph
8. Loss rate method: Green & Ampt
Source of soils information: | SCS Aguila-Carefree Survey
Source of land use information: Aerial photography
9. Channel routing method: Modified Puls
10. Reservoir routing: [J Yes [J No [J Yes X No
11 Baseflow considerations: [ Yes J No [] Yes X No
If Yes, explain below how baseflow was determined:
12. Snowmelt considerations: [J Yes [J No [J Yes X No
13. Model calibration: [ Yes [J No O Yes X No
If Yes, explain below how calibration was performed
14. Future land use condition: [J Yes [J No [ Yes X No
If Yes, explain why below
15. Attach precipitation/runoff model, hydrologic model schematic, curve number calculations, time of concentration

calculations, and supporting maps, delineating the watershed boundary and drainage area divides.
Information and Maps provided? Xl Yes [J No

NOTE: FEMA policy is to base flooding on existing conditions.
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FEDERAL EMERGENCY MANAGEMENT AGENCY 0.M.B No. 3067-0148
RIVERINE HYDRAULIC ANALYSIS FORM Expires April 30, 2001

Public reporting burden for this form is estimated to average 2.25 hours per response. The burden estimate includes the time for
‘eviewing instructions, searching existing data sources, gathering and maintaining the needed data, and completing and
sviewing the 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, S.W., Washington DC
20472; and to the Office of Management and Budget, Paperwork Reduction Project (3067-0148), Washington, DC 20503.

You are not required to respond to this collection of information unless a valid OMB Control Number is displayed in the upper right corner of this
form.

Note: Fill out one form for each flooding source studied

Community Name: City of Phoenix

Flooding Source: Sonoran Wash

Project Name/Identifier: Skunk Creek Watercourse Master Plan, Flood Control District of Maricopa County Contract No. 99-23

1. REACH TO BE REVISED

Describe the limits of the revision OR submit a copy of the FIRM with the revision area clearly highlighted.
Copy of FIRM(s) attached depicting area of the revision (highlighted, or circled)? X Yes

Downstream Limit: New study, see draft FIRM panels for limits of new delineations

Upstream Limit: River Mile 3.84

2. MODELS SUBMITTED

Requirements: for areas which have detailed flooding: for areas which do not have detailed
Full input and output listings along with files on diskette for each of the models | flooding:

listed below (items 1-4) and a summary of the source of input parameters used | Only the 100-year (Base) flood profile is
in the models must be provided. The summary must include a description of any | required. A hydraulic model is not required
changes made from model to model (e.g., Duplicate Effective model to | for areas which do not have detailed
Corrected Effective model). At a minimum, the Duplicate Effective (item 1) and | flooding; however, BFEs may not be added to
he Revised or Post-Project Conditions (item 4) models must be submitted. See | the revised FIRM. If a hydraulic model is
instructions for directions on when other models may be required. developed for the area, items 3 and 4
described below must be submitted.

If hydraulic models are not developed, hydraulic analyses (including all calculations) for existing or pre-project conditions and
revised or post-project conditions must be submitted.

1. Duplicate Effective Model [] Natural File Name _ ____ [J Floodway File Name _ _ ___

Copies of the hydraulic analysis used in the effective FIS, referred to as the effective models (10-, 50-, 100-, and 500-year
multi-profile runs and the floodway run) must be obtained and then reproduced on the requester’'s equipment to produce the
Duplicate Effective model. This is required to assure that the effective models input data has been transferred correctly to the
requester’s equipment and to assure that the revised data will be integrated into the effective data to provide a continuous FIS
model upstream and downstream of the revised reach.

2. Corrected Effective Model (] Natural File Name _ _ ___ [J Floodway File Name _ ___ .

The Corrected Effective model is the model that corrects any errors that occur in the Duplicate Effective model, adds any
additional cross sections to the Duplicate Effective model, or incorporates more detailed topographic information than that used
in the currently effective model. The Correctly Effective model must not reflect any man-made physical changes since the date
of the effective model. An error could be a technical error in the modeling procedures, or any construction in the floodplain that
occurred prior to the date of the effective model but was not incorporated into the effective model.

3. Existing or Pre-Project Conditions Model [_] Natural File Name ___ __ [] Floodway File Name _ __ __
The Duplicate Effective model or Corrective Effective model is modified to produce the Existing or Pre-Project Conditions model

to reflect any modifications that have occurred within the floodplain since the date of the Effective model but prior to the
construction of the project for which the revision is being requested. If no modification has occurred since the date of the
effective model, then this model would be identical to the Corrected Effective model or Duplicate Effective model.

4. Revised or Post-Project Conditions Model [ ] Natural  File Name _ ___ . [ Floodway File Name _____
The Existing or Pre-Project Conditions model (or Duplicate Effective model or Corrected Effective model, as appropriate) is

revised to reflect revised or post-project conditions. This model must incorporate any physical changes to the floodplain since
the effective model was produced as well as the effects of the project. When the request is for the proposed project this model
must reflect proposed conditions.

5. Other - Please attach a sheet describing all other models submitted along with the file names. [X] Natural [X] Floodway

PLEASE REFER TO THE INSTRUCTIONS FOR THE APPROPRIATE MAILING ADDRESS
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3. STARTING WATER-SURFACE ELEVATIONS
I Explain how they were determined. Explanation Attached? X Yes ] No

IOTE: If the effective study is an approximate study, the slope/area method is recommended.
For detailed analysis studies, using a known water-surface elevation is recommended.

4. RESULTS (from the model used to revise the 100-year water surface elevations)

If the results indicate any of the following, attach an explanation - to this form, or to the hydraulic model printout- as to the
reasonableness of the situation.

[] Supercritial depth [X] Critical Depth (] Drawdowns [] Negative Floodway Surcharges
[[] Floodway Surcharges Greater Than Maximum Allowed by Community/State

[J Water surface elevations higher than the end points of cross sections.

[ Floodway discharge is different than the Natural 100-year (base) flood discharge.

[J Project causes 100-year floodplain or floodway elevations to increase (state if increases are located off the
requester's property)

Explanation attached with Form [X] Explanation provided on attached printout []

If Hydraulic model used is HEC-2, has it been checked with FEMA’S CHECK-2 computer program [] Yes [J No
(see instructions for information on how to obtain CHECK-2)

5. REVISED FIRM/FBFM AND FLOOD PROFILES

1. Profile Transition

a. 100-Year Water-Surface Elevations - indicate the difference in water surface elevations where the project 100-year
elevations tie into the existing 100-year water surface elevations at each end of the project.

Downstream End _ _ _ __ within ___ __ (feet) Upstream End _ _ _ __ within _____ (feet)
Cross-Section # : Cross-Section #
I b. Floodway Elevations - indicate the difference in water surface elevations where the project floodway elevations tie into
the existing floodway water surface elevations at each end of the project.
Downstream End _ _ _ __ within __ _ __ (feet) Upstream End _ _ _ __ within ___ (feet)
Cross-Section # Cross-Section #

c. Floodway widths - indicate the difference in floodway widths where the project floodway widths tie into the existing
floodway width at each end of the project.

Downstream End within (feet) Upstream End _ _ _ __ within ___ __ (feet)

Cross-Section # Cross-Section #
2. Profile Checklist (check box if information has been provided on profile)

The following information (unless in parentheses) must be included at the same scale as the existing profiles for this project:

B Stream Name X] Community Name [] Corporate Limits labeled X Study limits labeled

[X] Confluences labeled Channel Stationing Streambed profiled X Cross Sections labeled
[X] Horizontal/Vertical Scales indicated X] 100-year elevs profiled*

[J Road Crossings [] Labeled [[] Low Chord Elevations [] Top of Road Elevations

*All recurrence intervals in the effective study must also be profiled.
Floodway Data Table
Attach a Floodway Data Table for each cross section listed in the published Floodway Data table in the FIS report.

Floodway Data Table Attached [X] Yes [J Not Required
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FEDERAL EMERGENCY MANAGEMENT AGENCY O.M.B No. 3067-0148
RIVERINE / COASTAL MAPPING FORM Expires April 30, 2001

ublic reporting burden for this form is estimated to average 1.5 hours per response. The burden estimate includes
«he time for reviewing instructions, searching existing data sources, gathering and maintaining the needed data,
and completing and reviewing the 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, S.W., Washington DC 20472; and to the Office of Management and Budget, Paperwork
Reduction Project (3067-0148), Washington, DC 20503.

You are not required to respond to this collection of information unless a valid OMB Control Number is displayed in the upper right corner of this
form.

Note: Fill out one form for each flooding source studied

Community Name: City of Phoenix
Flooding Source: Sonoran Wash

Project Name/Ildentifier: Skunk Creek Watercourse Master Plan, FCDMD Contract No. 99-23

Thisis a [X] Manual [] Digital submission. Digital map submissions may be used to update digital FIRMs (DFIRMs). For
updating DFIRMs, these submissions must be coordinated with FEMA Headquarters as far in advance as possible.

1. MAPPING CHANGES

1. A topographic workmap must be submitted showing the following information (check N/A when not applicable):

a. Revised approximate 100-year floodplain boundaries (Zone A) .........cooiiiiviiiiiiiiiiniiic e, [(OYes [JNo [XN/A
b. Revised detailed 100- and 500-year floodplain boundaries. ...........cevevviiiiriiinieriireeiiiineeinneennnn OYes [JNo [XN/A
G.. Revised floOdWAY DOUNGAIIES: vouve v vronsas vamass mssn vawsnsswassn svases yasns s s sis s asesanns ssaniss 6 san s aesss sassusosas [OYes [OJNo [XN/A
d. Location and alignment of all cross sections with stationing control indicated. ...........ccocevvinnnnn. X Yes ONo [ONA
e. Stream alignments, road alignments and dam aligNMmEeNnts. ........cccceeeiuerineireinerenrineeiierrenieeenns K Yes [JINo []JN/A
S (CUrFeiit COMMUNILY BOUNAAMES, .ovuvsvsuyonermverrevsonirmssonss sosis savssrsss ss vasns ssvssones os o s snmisnssmmmgsnsy s X Yes [JNo [JNA
. Effective 100- year floodplain and floodway boundaries from FIRM/FBFM reduced or

enlarged to the scale of the topographic WOTrKMAP ......ccevivivniiiiiiieiiiniiiiiiieiieiie e e eestseraeeraneesnns X Yes [JINo []JN/A
h. Tie-ins between the effective and revised 100-, 500-year and floodway boundaries .................... [JYes [JNo [X N/A
i. The requester's property boundaries and cOmMmMUNity €aSEMENTS .......ccvevvrrrnerrerenerniererrnenneesnnes [(OYes [JNo X NA
j. The signed certification of a registered professional eNgINEer..........cccceevvreeeiureerieieiereiieerieeerneenns XIYes [JNo []N/A
k. Location and description of reference Marks ...........uuuuieirereeereririuiinaarrerareeennaseeeresnneeseeseeenns Yes [JNo [JN/A
I. Vertical datum (example: NGVD, NAVD) ....iieiuuuiiiiiinieiiiiineeeeiiiareeetnnnseessansesesnaesrssseenssaaeenes K Yes [ONo [JN/A
m. Coastal zone designations tie into adjacent areas not being revised ...........ccoceveiiiiiiiiiiicniiiennn, [OYes [ONo [X N/A
n. Location and alignment of all coastal transects used to revise the coastal analyze ....................... OYes [ONo [XN/A
0. V-zone has been delineated to extend landward to the heel of the primary frontal dune ............... OYes [JNo [XN/A

If any items are marked No or N/A please attach an explanation.

2. What is the source and date of the updated topographic information (example: orthophoto maps, July 1985; filed survey,
May 1979, beach profile, June 1987 etc.)? Qrthophoto maps, July 1999

3. What is the scale and contour interval of the following workmaps?

Effective FIS Scale N/A Contour Interval N/A
Revision Request Scale 1" = 200’ Contour Interval 2"

NOTE: Revised topographic information must be of equal or greater detail than effective.

4. Attach an annotated FIRM/FBFM at the scale of the effective FIRM/FBFM showing the revised 100- and 500-year floodplain
and the floodway boundaries and how they tie into those shown on the effective FIRM/FBFM downstream and upstream of the
)l revisions or adjacent to the area of revision for coastal studies. FIRM/FBFM attached? [X] Yes [ ] No

PLEASE REFER TO THE INSTRUCTIONS FOR THE APPROPRIATE MAILING ADDRESS
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2. EARTH FILL PLACEMENT

The fill is: [ Existing [J Proposed

Has fill been/will be placed in the regulatory floodway? [J Yes [J No
If Yes, please attach completed Riverine Hydraulic Analysis Form (Form 4).

Has fill been/will be placed in floodway fringe (area between the floodway
and 100-year floodplain boundaries)? [ Yes [] No

If Yes, then complete A, B, C, and D below.

a. Are fill slopes for granular materials steeper than one vertical
on one-and-one-half horizontal? ] Yes ] No

If Yes, justify steeper slopes

b. Is adequate erosion protection provided for fill slopes exposed to moving flood waters? (Slopes exposed to
flows with velocities of up to 5 feet per second (fps) during the 100-year flood must, at a minimum, be
protected by a cover of grass, vines, weeds, or similar vegetation; slopes exposed to flows with velocities
greater than 5 fps during the 100-year flood must, at a minimum, be protected by stone or rock riprap.)

O Yes O No
If No, describe erosion protection provided

(o8 Has all fill placed in revised 100-year floodplain been compacted to 95 percent of the maximum density
obtainable with the Standard Proctor Test Method or acceptable equivalent method? [] Yes [] No

d. Can structures conceivably be constructed on the fill at any time in the future? [ Yes [J No

If Yes, attach certification of fill compaction (item 3c. above) by the community’s NFIP permit official, a registered
professional engineer, or an accredited soils engineer in accordance with Subparagraph 65.5(a)(6) of the NFIP
regulations.

Fill certification attached [J Yes [J No

Has fill been/will be placed in a V zone? [] Yes No

If Yes, is the fill protected from erosion by a flood control structure such as a revetment or seawall?

[J Yes (] No

If Yes, attach the Coastal Structures Form (Form 10).

Riverine/Coastal Mapping Form MT-2 Form 5 Page 2 of 2




3.1

3.2

3.0 SURVEY AND MAPPING INFORMATION

FIELD SURVEY INFORMATION

Survey control for the mapping was done by Tetra Tech, Inc. Survey control for this
study includes panel points that were laid for the aerial mapping and the
establishment of Elevation Reference Marks (ERMs) within the Sonoran Wash

watershed.

The coordinate grid system is based upon the North American Datum of 1983 (NAD
83), Arizona State Plane Coordinate System. Elevations are based upon the National
Geodetic Vertical Datum of 1929 (NGVD 29). Coordinates are listed in international
feet.

Refer to Appendix L for the survey notes for this project.

MAPPING

Aerial Mapping Company mapped Sonoran Wash (Job #99148). This mapping, at a
scale of 1 inch = 200 feet, with 2 foot contour interval, was based on photographs
taken on July 20, 1999. It was provided in AutoCAD digital format and used at
various scales for the purposes of this study. Additional mapping was needed to
cover the entire Sonoran Wash watershed. This additional mapping is 7.5 minute
USGS Quadrangle Maps that cover the watershed area. The New River Southeast
and Union Hills quadrangle maps were used. This mapping has a photography date
of 1962, a map date of 1981, and a contour interval of 20 feet.
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4.1

4.2

4.2.1

4.2.2

4.2.3

4.0 HYDROLOGY

METHOD DESCRIPTION

Sonoran Wash was modeled using the procedures and methods that are contained in

the Hydrologic Design Manual for Maricopa County, Arizona (January 9, 1997

update), referred to herein as the Maricopa County Hydrology Manual.

The rainfall-runoff model was run using the U.S. Army Corps of Engineers HEC-1
computer program, version 4.0.1E, September 1990, as implemented by Dodson and
Associates. Rainfall losses were calculated by use of the Green and Ampt infiltration
equation with an allowance for surface retention loss. Channel routing was
performed using the normal depth Modified Puls method. Reservoir routing was not

used in this analysis.

Peak discharges were estimated at various concentration points. A storm with a

return period of 100-years was modeled and the results are presented herein.

PARAMETER ESTIMATION: HEC-1 MODEL
Drainage Area Boundaries

The study area is shown in Figure 4-1. The Sonoran Wash watershed is

approximately 13.4 square miles in area.

Watershed Work Maps

Refer to Plate 1 for the watershed work maps for HEC-1 modeling.

Gage Data

No gage data was available for Sonoran Wash.
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4.2.4

4.2.5

Statistical Parameters

The only statistical data for the Sonoran Wash watershed is for precipitation and
those statistics were obtained from the NOAA Atlas 2, Arizona. The statistics from
the NOAA Atlas were analyzed to develop the rainfall depth-duration-frequency table
for the watershed. The analysis was performed using the PREFRE program. The
program output is shown in Table 4-1.

Precipitation

The rainfall depths used for the HEC-1 model were obtained from the depth-duration-
frequency tables shown in Tables 4-1. The 24-hour, SCS Type II distribution was
used. Refer to the Maricopa County Hydrology Manual for details on the SCS Type
II distribution. The precipitation depths were adjusted for storm areal coverage using
the depth-area reduction factors in the Maricopa County Hydrology Manual, Tables
2.1a and Table 2.2.
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Table 4-1:

Sonoran Wash Study Area

**x O UT P UT DATA ***

REVISED JUNE 1988 TO UPDATE COMPUTATION OF SHORT-DURATION VALUES

PRECIPITATION FREQUENCY VALUES FOR SONORAN WASH FOUR POINT

PRIMARY ZONE NUMBER= 7
SHORT-DURATION ZONE NUMBER= 8

POINT VALUES

RETURN PERIOD

Rainfall Depth-Duration-Frequency Table for Point Rainfall in the

DURATION 2-YR 5 =YR: 10-YR 25-YR 50-YR 100-YR 500-YR

5-MIN 35 .44 « 5l .60 .68 « 13 « 92 5-

MIN
10-MIN .52 .67 .77 .92 1.04 1.315 1.41 10-

MIN
15-MIN +63 <83 «97 1.17 1.32 1.47 1.82 15-

MIN
30-MIN .83 1512 1:31 1.58 179 2.00 2.48 30-

MIN
1-HR 1..07% 1.38 1 .63 1w 97 2.24 2.50 Sell =

HR
2-HR 1,15 1.55 1 .82 220 2.49 2.79 3.46 2-

HR
3-HR 1 .23 1.66 1..95 2..85 2.67 2.98 3.70 =

HR
6-HR 1.40 1.87 2.20 2.64 2..99 3.34 4.14 6-

HR
12-HR 1.60 2,13 2.49 2.99 3.38 37 4.67 12~

HR
24-HR 1.80 2:38 2:78 3.34 377 4.20 5:19 24-

HR

* IF YOUR SITE IS IN ARIZONA OR NEW MEXICO, PLEASE CONSULT THE
FOLLOWING PAPER FOR REVISED DEPTH-AREA VALUES:
DEPTH-AREA RATIOS IN THE SEMI-ARID SOUTHWEST UNITED STATES
NOAA TECHNICAL MEMORANDUM NWS HYDRO-40
ZEHR AND MYERS
AUGUST 1984

INPUT DATA

PROJECT NAME=SONORAN WASH FOUR POINT

ZONE= 7 SHORT-DURATION ZONE= 8

LATITUDE= .00 LONGITUDE= 100.00 ELEVATION= 0
2-YR, 6-HR PCPN= 1.40 100-YR, 6-HR PCPN= 3.34

2-YR, 24-HR PCPN= 1.80 100-YR, 24-HR PCPN= 4.20

* % * % E N D OF R UN * % % %

\\phxserv06\wrproj\8200014 1\reports\tetra lomr report\lomr submittal.doc 4-4



4.2.6 Physical Parameters
4.2.6.1 Rainfall Losses
Soils Information
Based on the SCS Aguila-Carefree soil survey, there are sixteen different soils in the
Sonoran Wash watershed. Descriptions of the soils present on the watershed are
contained in Appendix A of the Maricopa County Hydrology Manual, Aguila-
Carefree loss rate parameters. A soil boundary map for the watershed is provided on
Plate 2. Selected information from the soil survey is summarized in Table 4-2.
Those values are selected based on the soil texture classification and use of Table 4.2
in the Maricopa County Hydrology Manual.
Table 4-2: Sonoran Wash Summary of Soils Information
Bare Ground Natural
Soil XKSAT RTIMP Veg. Cover | Slope Range | Terrain 1A
Map Unit in/hr % % % Class in
(1) (2) 3 (4) (5 (6) (7
3 0.58 0 30 0-3 Rangeland 0.35
12 0.01 0 35 1-8 Rangeland 0.35
13 0.01 0 30 0-3 Rangeland 0.35
21 0.38 0 10 0-3 Rangeland 0.35
23 0.01 0 25 0-3 Rangeland 0.35
44 0.03 0 30 1-8 Rangeland | 0.35
52 0.16 20 30 7-55 Mountain 0.25
55 0.27 0 25 0-3 Rangeland 0.35
68 0.63 0 10 1-7 Rangeland 0.35
98 0.37 0 15 1-10 Rangeland 0.35
100 0.40 20 25 20-65 Mountain 0.25
110 0.13 0 10 1-7 Rangeland 0.35
112 0.39 0 25 0-3 Rangeland 0.35
118 0.42 0 30 0-3 Rangeland 0.35
123 0.37 0 20 1-20 Hillslope 0.15
124 0.39 0 18 0-3 Rangeland 0.35
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Land Use Information

Existing condition land use information was taken from aerial photographs and found

to be undeveloped and natural.

Surface Retention [.oss

The loss of rainfall due to surface retention in undeveloped areas of the watershed is
based on the terrain and soil type. Inspection of the soils map (Plate 2) and the
topography of the watershed demonstrate that the various soils correspond to general
terrain classifications. Therefore, the surface retention loss (IA) of land in its natural
condition is assigned based on the soil class. Guidance for surface retention loss is
obtained from Table 4-1 of the Maricopa County Hydrology Manual. The selected
values for IA for each soil are shown in Table 4-2 for the natural condition. Surface
retention loss values were calculated by area-weighting the individual values of IA
for each sub-area of soil in each subbasin. Refer to Appendix A, Table A-6 for a

summary of the weighted IA values used in this model.

Vegetation Cover

Vegetation cover is known to have a significant impact on infiltration rainfall losses.
The effects of vegetation cover are accounted for by adjustment of XKSAT. An
estimate of the vegetation cover is needed for land in its natural condition. For
Sonoran Wash the vegetation cover is estimated by use of the Aguila-Carefree Soil
Survey and the county aerial photographs. The selected value for vegetation cover
for each soil is shown in Table 4-2. The composite vegetation cover value for each
subbasin is calculated by area-weighting the individual values of vegetation cover for

each sub-area of soil in each subbasin.
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Green and Ampt Parameters

Green and Ampt parameters (XKSAT, PSIF, and DTHETA) for each subbasin are
calculated by the procedures in the Maricopa County Hydrology Manual. Appendix
A contains the rainfall loss parameter calculations for the HEC-1 model. The basic
calculations for each subbasin are shown in the worksheets of Appendix A, Table

A-6. Those calculations consist of the following steps:

Step 1 - The log-average of the hydraulic conductivity (XKSAT) is calculated.
This is the bare ground value. The adjustment for vegetation cover is made at a later

point.

Step 2- The values of capillary suction (PSIF) and soil moisture deficit
(DTHETA) are selected from Appendix A, Table A-1, which is derived from Figure
4.3 of the Maricopa County Hydrology Manual, based on the log-average bare ground
value of XKSAT. The dry DTHETA is used for land in its natural condition and
normal DTHETA is used for developed land. k

Step 3- The weighted averages of rock outcrop (RTIMP), vegetation cover, and
surface retention loss (IA) are obtained, averaged for the entire subbasin assuming no

development is present.

The worksheets in Appendix A provide the data that is used for these calculations and
the results for each subbasin. Summary tables can also be found in Appendix A.
Refer to Table 4-3 for a summary of existing condition Sonoran Wash watershed

characteristics.
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Table 4-3: Sonoran Wash Summary of Watershed Characteristics

Sub Green and Ampt Loss Parameters
Basin Area 1A DTHETA | PSIF | XKSAT | RTIMP | Hydrograph
ID sq. mi. | inches inches in/hr % Method
(1) (2) (3) (4) () (6) (7 (8)
U1 0.8086 0.29 0.35 7.00 0.12 12.7 Mountain
u2 1.7573 0.32 0.19 11.20 0.02 6.0 Rangeland
U3 1.6083 0.32 0.22 10.10 0.04 8.7 Rangeland
U4 0.8177 0.31 0.36 6.80 0.13 7.5 Rangeland
us 1.2864 0.31 0.32 7.60 0.10 i Rangeland
U6 0.6895 0.30 0.35 7.00 0.12 9.5 Mountain
U7 0.7353 031 0.37 5.30 0.23 8.5 Mountain
us 0.3344 0.28 0.35 4.40 0.36 11.8 Mountain
U9 0.4267 0.35 0.29 8.40 0.07 0.1 Rangeland
u10 0.7412 0.29 0.33 7.30 0.11 1.0 Mountain
u11 0.9196 0.32 0.37 6.60 0.14 0.9 Rangeland
u12 0.9844 0.32 0.35 7.00 0.12 3.1 Rangeland
U13 1.0316 0.31 0.37 6.60 0.14 7.1 Mountain
U13A | 0.3501 0.27 0.37 6.60 0.15 16.0 Mountain
u14 0.6547 0.34 0.19 11.20 0.02 23 Rangeland
u15 0.5844 0.35 0.22 10.10 0.04 0.0 Rangeland
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4.2.6.2

Unit Hydrographs

The S-graph method was used for unit hydrographs. A lag time for each sub-basin
was calculated based on the procedures outlined in the Maricopa County Hydrology
Manual. The mean Manning’s n-values (K,) for each subbasin are summarized in
Table 4-4. These K, values were then used to establish the Ul cards within the

HEC-1 model. Refer to Appendix A for all lag calculations.

Table 4-4: Sonoran Wash Lag Parameters
Sub Elevation Lag or Tc Adjusted Surface
basin | Hydrograph in feet Flow Path | Slope | Slope Lca | Roughness
ID Type Top |Bottom miles ft/mile | ft/mile miles Type Kn
(1) (2) 3) 4) (5) (6) (7) (8) (9) (11)
U1 Mountain 2364 1702 1.0511 630 - 0.497 D 0.050
u2 Rangeland 1839 1611 2.5170 91 --- 1.409 A/B 0.027
U3 Rangeland 1763 1611 2.7313 56 - 1.739 A/B 0.027
U4 Rangeland 1907 1611 2.1669 137 -—- 1.413 B/C 0.030
us Rangeland 1848 1573 2.3063 119 - 1.350 B/C 0.030
U6 Mountain 1812 1573 1.4422 166 - 0.854 C 0.033
u7z Mountain 2095 1573 2.2617 231 -—- 1.627 C/D 0.045
us Mountain 2422 1743 1.0902 623 - 0.507 D 0.050
U9 Rangeland 1845 1563 2.5409 111 - 1.171 A/B 0.027
u10 Mountain 2228 1616 1.8153 337 --- 1.256 C 0.033
U11 Rangeland 1900 1563 2.7805 121 - 1.308 A/B 0.027
u12 Rangeland 1730 1550 2.3848 75 -—- 0.772 B 0.028
u13 Mountain 2100 1538 1.6206 347 -—- 0.706 C/D 0.045
U13A Mountain 2100 1538 1.6206 347 --- 1.100 C/D 0.045
u14 Rangeland 1767 1579 2.3061 82 --- 1.228 A/B 0.027
u15 Rangeland 1579 1529 1.4824 34 --- 0.756 A/B 0.027
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4.2.6.3 Channel Routing

General

Routing of the Sonoran Wash model subbasin hydrographs is done utilizing the
Modified Puls normal depth channel option in HEC-1. The routing reach paths are
shown on Plate 1. Each route is identified by a name consisting of the upper and
lower concentration point numbers defining the reach. Reach 002003, for instance,
starts at concentration point 002 at the upper end and extends to concentration point
003 at the lower end.

The routing reaches, routing parameters, and related routing information are provided
in Appendix A, Tables A-8 and A-9. The watershed mapping was used to measure
the reach lengths, estimate the slope of each reach, and determine the eight-point

channel cross sections.

The other parameters necessary for the hydraulic computations are:
e Number of routing computation steps
e Main time interval
e Channel infiltration losses

The selection of these parameters and a check on the reasonableness of the selections

is discussed in the following sections.

Reach Route Step Estimation

Estimation of the number of routing steps for input to the HEC-1 models is an
iterative process. The number of routing steps for each reach varies with the
recurrence interval storm under consideration. Refer to the tables in Appendix A for
reach route physical data and hydrologic routing calculation results. The process for

estimating the number of steps is as follows:

Step 1:  An initial estimate of the number of steps (NSTEPS) for each reach is
made, assuming an average velocity of 5 feet per second. The HEC-1 models are run

using the assumed values.
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Step 2:  The reach travel time is calculated by subtracting the time-to-peak (T}) at
the beginning of route operation from the T, at the end of the route operation. A new
estimate of NSTEPS for each reach is then calculated using the reach length and
HEC-1 computed travel time. The HEC-1 models are then re-run using the new
NSTEPS estimates.

Step 3:  Step 2 is repeated until the travel time from the previous run equals the
travel time from the current run. Convergence normally occurs within three

iterations.

Main Time Interval

The time interval (NMIN) used for the model was 5 minutes. This value was chosen
to match the NMIN values used in the effective Skunk Creek FIS models. This
model was utilized in conjunction with the Skunk Creek model for the purpose of the
Skunk Creek Watercourse Master Plan (WCMP).

Channel Infiltration Losses

Channel infiltration losses were not included in the routing computations. These

losses are considered negligible.

4.2.6.4 Storage Routing

No storage routing was done in this analysis.
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4.3

4.3.1

4.3.2

4.4

4.5

4.5.1

PROBLEMS ENCOUNTERED DURING THE STUDY
Special Problems and Solutions

No special problems were encountered during this study.
Modeling Warning and Error Messages

Two warnings occur in this model. They both refer to instability of the Modified Puls
routing routine. Both routes peak at a discharge far below the instability range and

are therefore not of concern. No error messages occurred within the model.

CALIBRATION

There is insufficient gage data available to perform calibration of the HEC-1 models.

FINAL RESULTS
Hydrologic Analysis Results

The results of the modeling are shown in Table 4-5. The estimated peak discharges
and runoff volume results are summarized. The HEC-1 output file can be found in

Appendix B. The diskette with the input file can be found in Appendix C.
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Table 4-5: Summary of Peak Discharge and Runoff Volume for Sonoran Wash

HEC-1 | Drainage | Time of Peak | Peak Discharge | Rainfall Excess | Runoff Volume
ID Area
[sq. mi.] [hr] [cfs] [in] [ac-ft]
Channel Route Operations
1002 2.08 12.67 974 1.841 204.2
2003 4.28 12.42 5,797 2.110 481.6
3007 2.82 12.67 7,726 1.892 284.6
4006 8.04 13.08 289 1.510 647.5
5006 1.02 12.25 971 1.567 85.2
6007 1.80 12.33 2,762 1.513 145.2
7010 12.66 12.92 9,077 1.718 1,160.0
8010 0.92 12.50 965 2.511 123.2
Subbasin Operations
U1 2.08 12.08 1,474 1.841 204.2
U2 1.17 12.25 2,857 2.550 159.1
U3 1.03 12.33 2,233 2.166 119.0
U4 0.97 12.25 1,198 1.667 86.2
U6 1.85 12.17 1,132 1.748 172.5
us 0.94 12.25 1,897 1.753 87.9
u7 1.02 12.33 726 1.533 83.4
u12 1.80 12.17 1,588 1.575 151.2
us 0.68 12.08 529 1.510 54.8
U9 1.12 12.25 687 1.741 104.0
u10 1.27 12.17 1,160 1.567 106.1
U1t1 0.92 12.25 1,328 1.450 71.1
uU13 0.91 1217 1,539 1.621 78.7
u14 0.83 12.25 1,112 2.511 111.2
U15 0.61 12.17 1,083 2.055 66.9
U13A 0.43 12.25 472 1.858 42.6
Concentration Points
[ coo2L 3.25 12.33 3,267 2.301 398.8
C002 4.28 12.33 6,492 2.110 481.6
CO003L 2.82 12.42 6,303 2.042 307.1
C003 8.04 12.33 8,359 1.892 811.3
C007L 1.80 12.58 8,039 1.831 175.8
CO006L | 12.66 12.25 693 1.637 1,105.3
CO06R 1.83 12.25 2,274 1.484 144.8
C006 15.76 12.25 2,938 1.513 1,271.7
C007 16.59 12.50 9,664 1.718 1,520.1
CO010L 1.04 12.92 9,203 1.690 93.7
CO10R 1.60 12.25 1,673 2.282 194.7
C010 1.88 12.83 9,825 1.717 172.2

4.5.2 Verification of Results
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HEC-1 modeling results were verified using the indirect methods documented in
Chapter 10 of the “ADOT Highway Drainage Design Manual: Hydrology” (ADOT
Manual). Three procedures are provided for obtaining estimates of peak discharges
for watersheds in Arizona. The Sonoran Wash watershed is well-suited for a
comparative analysis using these methods because it is hydrologically similar to the
watersheds used to develop the indirect methods. The Sonoran Wash watershed is
undeveloped, natural land, with soil and vegetation conditions that are conducive to
neither very low rainfall losses or to excessive rainfall losses. The watershed slopes
are not exceptionally steep or flat and there are no significant distributary flow areas.
Appendix D contains the worksheets used for the three verification methods. A

summary of the verification results is given in the following paragraphs.

Indirect Method 1: Unit Peak Discharge Curves

Figure 10-1 in the ADOT Manual shows peak discharge relations and envelope curves
from 10 different hydrologic studies. Curves C, G, and H represent data sets from
100-year peak discharge studies. The unit peak discharge from the Sonoran Wash

model falls within the area bounded by these three curves.
Indirect Method 2: USGS Data for Arizona

The U.S. Geological Survey analyzed streamflow data from 314 gaging stations in
Arizona. Figure 10-3 in the ADOT Manual is a plot of the 100-year peak discharge
and the maximum recorded discharge for each gaging station versus drainage area.
The least squares method was used to fit lines to the two log-transformed data sets.
The peak discharge from the Sonoran Wash model falls above the 75 percent tolerance
limit for the fitted 100-year peak discharge line, but is not outside of the scattered

“cloud” of data points used to make the graph.

Indirect Method 3: Regional Regression Equations

Sixteen sets of regional regression equations were developed from streamflow data for
a study area comprised of 10 western states. Seven of the regions are in Arizona.
Sonoran Wash falls in Region 12. Figure 10-20 of the ADOT Manual is used to
determine if the regression equations are applicable to the study watershed by
determining if the independent variables fall within a “cloud of common values” from
the data set used to develop the equations. The mean basin elevation versus drainage

area for Sonoran Wash falls at the edge of the “cloud of common values”. The 100-
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year peak discharge for Sonoran Wash falls well within the confidence limits of the

regression equation result.
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5.1

5.0 HYDRAULICS

METHOD DESCRIPTION

5.1.1 General

The floodplain study reach for Sonoran Wash commences at the crossing of Sonoran
Wash with the CAP Canal and extends upstream for approximately 4 miles. Two
hydraulic models are developed to analyze the study reach, a two-dimensional
hydraulic model (FLO-2D) and a one-dimensional hydraulic model (HEC-RAS). The
FLO-2D delineation commences at the CAP Canal at River Mile (RM) 0.52 and
extends upstream to RM 0.92. The HEC-RAS hydraulic model commences at RM
0.92 and extends upstream to RM 3.84. River Mile stationing is based on the distance

upstream of the confluence of Sonoran Wash and Skunk Creek.

Two-dimensional hydraulic computations performed for the Floodplain and
Floodway Delineation for Sonoran Wash are completed following procedures and
guidelines listed in FEMA Document 37, “Flood Insurance Study Guidelines and
Specifications for Study Contractors”, “Drainage Design Manual for Maricopa
County, Volume II Hydraulics”, and “FLO-2D Users Manual”. Tetra Tech, Inc.’s
FLO-2D computer program, version 2000.01 was wused to conduct

floodplain/floodway delineation hydraulic analyses.

One-dimensional hydraulic computations performed for the Floodplain and Floodway
Delineation for Sonoran Wash are completed following procedures and guidelines
listed in FEMA Document 37, “Flood Insurance Study Guidelines and Specifications
for Study Contractors”, “Drainage Design Manual for Maricopa County, Volume II
Hydraulics” and the U.S. Army Corps of Engineers, “HEC-RAS River Analysis
System User Manual”. The U.S. Army Corps of Engineers “HEC-RAS, River
Analysis System”, computer program (Version 2.2) is used to conduct

floodplain/floodway delineation hydraulic analyses.
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5.1.2

FLO-2D Hydraulic Model

The FLO-2D floodplain/floodway delineation commences at the CAP Canal at RM
0.52 and extends upstream to RM 0.92, but the model itself encompasses the
confluence of Skunk Creek and Sonoran Wash and the area where both watercourses
cross the CAP Canal. This area is a very broad, flat floodplain, which, in
combination with the structures associated with the CAP Canal, produces complex,
two-dimensional flow patterns. Because the water surface elevations in this area of
Skunk Creek are critical to future development, the Flood Control District of
Maricopa County authorized Tetra Tech, Inc. to conduct a two-dimensional flow

analysis to better define the following:

e 100-year water-surface elevations, limits of flooding, and flow patterns upstream
and downstream of the CAP Canal

e the number, location, and magnitude of flows that would break out of the Skunk
Creek/Sonoran Wash corridors during the 100-year flood event

e the associated hydraulic parameters (depths, velocities, etc.)
e the location and type of hydraulic controls

e the modifications needed to contain the 100-year event within the Skunk

Creek/Sonoran Wash corridors

e the ability of the CAP Canal overchute structures to accommodate the 100-year

event

e the impact of the 2D analysis results on the starting water-surface elevations
specified in existing FIS studies on Skunk Creek and the initial FIS study on

Sonoran Wash
e the recurrence interval of the initial breakout flow.

Since the portion of Sonoran Wash delineated by the FLO-2D model is essentially a
ponding area, the floodway is considered to be coincident with the floodplain. No
separate floodway model was built. A CD containing the FLO-2D input and output
files is included in Appendix H.

\\phxserv06\wrproj\82000141\reportsitetra lomr reportilomr submittal.doc 5-2



5.1.3 HEC-RAS Hydraulic Model

5.2

The HEC-RAS hydraulic model evaluates both the 100-year floodplain and floodway.
The model commences at the RM 0.92 of Sonoran Wash. The starting water surface
elevation for floodplain delineation is based on the results of the FLO-2D model. The
starting water surface elevation for floodway modeling efforts was set 1 foot higher
than the 100-year base flood elevation calculated for non encroached conditions.
Computer output files for the hydraulic model are located in Appendix E. Diskettes
with computer input files for HEC-RAS models developed for this study are located
in Appendix F.

WORK STUDY MAPS

Work study maps displaying topography, cultural features and effective 100-year
floodplain and floodway limits are prepared at a scale of 1” = 200’ and a contour
interval of 2 feet. Work study maps for Sonoran Wash are presented as Plate 3,
Sheets 1 through 4. A Legend provided on each figure explains the nomenclature and
symbols used.

Annotated Flood Insurance Rate Maps are provided in Appendix K.
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3.3

5.3.1

PARAMETER ESTIMATION HEC-RAS MODEL

This section describes procedures utilized to estimate input parameters to the HEC-
RAS models developed for the study.

Manning’s n-Value

The study reach of Sonoran Wash is separated into 13 reaches that have similar
hydraulic characteristics, and therefore have similar Manning’s n-values. Reach
numbering is from downstream to upstream starting at Reach 1, at the Central
Arizona Project (CAP) overchute (River Mile 0.52), and ending at Reach 13 (River
Mile 3.84). Reach numbering is not related to numbering or naming of reaches in any
other adjacent study. Plate G1 (see Appendix G) shows the location and limit of each
reach as well as locations of photographs of typical reach characteristics.
Photographs, cross-section plots displaying bank station locations and Manning’s n-

value calculation sheets are provided in Appendix G.

Each reach is identified based upon field reconnaissance, ground photographs and by
examining 9-inch by 9-inch aerial photographs (1:7,200 scale). The discerning
characteristics are channel size and shape, similarities in bed material, vegetation and
the presence or absence of channel obstructions. The entire study length was viewed
on foot during the field reconnaissance and each reach was photographed at

representative locations.

Manning’s n-values are estimated using the method set forth in the U.S. Geological
Survey publication Estimated Manning’s n-Values for Stream Channels and Flood
Plains in Maricopa County Arizona (USGS, 1991). The method involves the
selection of an initial value of Manning’s n-value based upon the bed material and
then the adjustment of that value for channel irregularities, the effects of obstructions,
vegetation and channel cross-sectional variations. If the channel has sufficient
meander to increase roughness, then the sum of the base n-value plus subsequent

adjustments is multiplied by a meander value, m.

The base n-value for the bed material roughness is estimated from field
investigations. A 1-foot square grid (grid on l-inch centers) is utilized for the
estimation of the average size of bed material. Adjustment of the base n-value is then

made based on vegetation present in the channel and the overbanks, field assessment
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of the channel bank conditions and the impact of any obstructions and a review of the

cross-section plots for variations in channel geometry.

Reach 1 consists of only one cross-section, River Mile (RM) 0.52. This cross-section
represents the concrete CAP overchute. A base Manning’s n-value of 0.015 is

selected for the entire cross-section with no adjustments.

Reaches 2, 3 and 4 extend from RM 0.57 to RM 1.00. The bed material for these
reaches consists of coarse sand and fine gravel in the channel and fine sand and silt in
the overbanks. A base Manning’s n-value of 0.026 and 0.025 is selected for the
channel and overbanks, respectively. Adjustments to the base n-values are primarily
due to vegetation. There are minor, isolated pockets of vegetation present in the main
channel and the channel banks are heavily lined with vegetation. In order to separate
the bank vegetation from the channel bed vegetation on the n-value calculation
sheets, the channel bed vegetation is considered as channel obstructions. Overbank
vegetation varies both laterally and longitudinally throughout each reach. A weighted
vegetation n-value adjustment is estimated for both the left and right overbanks for
each reach. With the exception of Reach 4, there are no other adjustments to the base
n-values. For Reach 4, additional adjustments are made to the base n-value to

account for occasional variations in the channel geometry and left overbank.

Reach 5 extends from RM 1.09 to RM 1.77. The channel can be characterized by
‘riffles and pools’. The bed material for this reach consists of coarse sand and gravel
in the pools and cobbles with coarse sand and gravel and minor boulders in the riffles.
A reach average base Manning’s n-value for the channel of 0.028 is selected. The
base Manning’s n-value for the overbank bed material is 0.025. As with the lower
reaches, the primary adjustment to the base n-value is due to vegetation. The
vegetative conditions for Reach 5 are similar to those of the lower reaches and a

weighted n-value adjustment is estimated for both overbanks.

Just upstream of Reach 5, the general bed characteristics of Sonoran Wash change
from a ‘riffle and pool’ watercourse dominated by pools to a ‘riffle and pool’
watercourse dominated by riffles. In general, the channel bed material can be
described as a matrix of material ranging in size between coarse sand, gravel, cobbles
and minor boulders with the cobble component being greater than what was observed

for Reach 5. A base average Manning’s n-value of 0.030 is selected for all reaches
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upstream of Reach 5. Vegetative conditions in both the channel and overbanks are

similar to those of the lower reaches.

Further differentiation of the upper portion of the study (Reaches 6 through 13) is
based on the presence or absence of braided and tributary channels. Reaches 6 and 8
both include a tributary channel. In both locations, the tributary enters the main
channel from the west. For Reaches 10 and 12, the channel is braided and the right
braid is identified as the main channel. Additional consideration for all of the upper
reaches (Reaches 6 through 13) is given to variations in channel geometry to account

for the transitions in and out of the braided sections.

Table 5-1 lists the left overbank, channel and right overbank Manning’s n-values
utilized in the hydraulic analysis for Reaches 1 through 5 as well as Reaches 7, 9, 11
and 13. Reaches 6, 8, 10 and 12 are modeled using the horizontal variation in n-value
option in HEC-RAS and these values are listed in Table 5-2. Where appropriate the
weighted overbank n-values are further subdivided into uniform hydraulic sections.
This is accomplished by using the horizontal variation in n-value option in HEC-RAS

without adjusting the overbank n-value. Guidance for the subdivision is provided in

Computation of Water-Surface Profiles in Open Channels (U.S.G.S., 1984).
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TABLE 5-1
Summary of Manning’s “n”-values Sonoran Wash

Manning’s “n”-Value

Reach Name Cross-Sections  Left Overbank Channel Right Overbank
1 0.52 0.015 0.015 0.015
2 0.57-0.66 0.125 0.036 0.050
3 0.73 0.050 0.038 0.075
4 0.77 - 1.00 0.080 0.037 0.060
5 1.09 = 1.77 0.050 0.040 0.050
7 1.90 - 2.64 0.060 0.045 0.055
9 2.73 0.060 0.045 0.055
11 2.97-3.70 0.060 0.045 0.055
13 3.79-3.84 0.060 0.045 0.055

TABLE 5-2

Summary of Manning’s “n”-values Sonoran Wash (Braided Segment)

Manning’s “n”-Value

Reach Name Cross-Sections Left Overbank Channel Overbank Channel Right Overbank

6 1.84 0.060 0.045 0.055 0.036 0.055
8 2.69 0.060 0.045 0.055 0.036 0.055
10 2.77—2.93 0.060 0.045 0.060 0.045 0.055
12 3.73-3.76 0.060 0.045 0.060 0.045 0.055
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5.3.2 Expansion and Contraction Coefficients

Expansion and Contraction Coefficients were estimated from procedures and
guidelines listed in the HEC-RAS User Manual. A summary of expansion and

contraction coefficients used in the study are listed in Table 5-3.

TABLE 5-3

Summary of Expansion and Contraction Coefficients

Condition Contraction Expansion
Coefficient Coefficient
Natural Reach Gradual Transitions 0.1 0.3
Channelized Reach Gradual Transitions 0.1 0.3
Transitions at Bridges 0.3 0.5
5.4 STARTING WATER SURFACE ELEVATION HEC-RAS MODEL

The starting water surface elevation of the HEC-RAS model, for the 100-year event,
for Sonoran Wash was determined from the results of a two dimensional hydraulic
model (FLO-2D) conducted for the area upstream of the CAP Canal. A starting water
surface elevations of 1532.10 ft. was utilized at RM 0.92.

5.5 CROSS-SECTION DESCRIPTION HEC-RAS MODEL

Cross-section data are determined utilizing a digital terrain model (DTM) and
topographic mapping. Distance between cross-sections is measured along the
hydraulic baseline (thalweg). Distance between bank stations of each cross-section is
measured along the anticipated path of the center of mass of the overbank flow.
Should there be no overbank flow, distance between bank stations is measured along
the top of bank. Bank stations are picked at what appeared to be a natural/improved
channel bank, or at major grade break in channel side slopes. The following criteria

for cross-section location and alignment was utilized.
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5.6

5.6.1

5.6.2

5.6.3

5.6.4

5.6.5

1. The maximum distance between cross-sections is approximately 500 feet.

2. Cross-sections used for hydraulic modeling are orientated perpendicular to
primary flow paths.
3. Cross-section stationing is from left to right looking downstream with the

thalweg location set at station 10,000.

MODELING CONSIDERATIONS - HEC-RAS MODEL

The following subsections apply only to the HEC-RAS model developed for the
study.

Supercritical Flow

Supercritical flow was not determined to be a flow condition for Sonoran Wash

watercourse.

Bridges

There are no existing bridges crossing Sonoran Wash.

Levees and Dikes

There are no existing levees or dikes in the subject reaches.

Islands

At some locations along Sonoran Wash, divided flow conditions exist. Divided flow
typically occurs when the flow patterns of the reach are braided. For the purpose of
this study, islands resulting from divided flow are not delineated.

Flow Splits

At the CAP canal, flow from Sonoran Wash mixes with flow from Skunk Creek and
ponds upstream of the canal. A two-dimensional FLO-2D analysis of this condition
was undertaken to determine the backwater effect of the ponding on upstream water
surface elevations for Sonoran Wash. A description of the analysis and results are

presented in Sections 5.11 through 5.18.
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5.6.6

5.7

5.8

5.8.1

5.8.2

Ineffective Flow Areas

The ineffective flow area option of the HEC-RAS computer program is used to model
ineffective flow areas. Ineffective flow areas occur at locations of tributary inflow
(back water with in tributary) to Sonoran Wash, in areas in which the expansion of
the floodplain is greater that 4:1, within topographic depressions in which runoff is

ponded.

FLOODWAY MODELING-HEC-RAS MODEL

The delineation of the floodway for Sonoran Wash was determined by utilizing the
Method 4 and Method 1 encroachment analyses options of the HEC-RAS computer
program. The Method 4 encroachment analysis was utilized first and then the
floodway alignment was refined by utilizing the Method 1 option. Target water
surface elevations were set and adjusted in the Method 4 analysis until the resultant
rise in water surface elevation between encroached conditions and non-encroached
conditions are near the 1 foot maximum allowed. The Method 1 analysis was utilized
to refine the results of the Method 4 option. Encroachment stations determined in the

Method 4 analysis are adjusted to provide a smooth floodway alignment.

PROBLEMS ENCOUNTERED DURING THE STUDY-HEC-RAS MODEL
Special Problems and Solutions

No special problems encountered with the HEC-RAS modeling efforts.
Modeling Warning and Error Messages |

The model executes successfully without error messages for Sonoran Wash. The
model does report several warning messages. The following are the most frequent

warning messages reported:

. The conveyance ratio (upstream conveyance divided by downstream
conveyance) is less than 0.7 or greater than 1.4. This is a common

message received when modeling a river system that is characterized by
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changes in the conveyance capacity of the channel relative to the overbank

area and varies from cross-section to cross-section

- The energy loss was greater than 1.0-ft (0.3 m) between the current and
previous cross-section. The message pertaining to energy loss of greater
than 1 foot is to be expected, given that cross-section spacing is 300 to 500

feet and the friction slopes are greater than 0.004 ft/ft.

. The velocity head has changed by more than 0.5-ft (0.15 m). Channel
velocities generally range between 8 and 14 fps within the channel for
both Skunk Creek and Sonoran Wash. A velocity difference between
cross-sections of 2 fps would result in a velocity head difference of more
than 0.5 feet. A change of 2 fps between cross-sections is not

unreasonable.

5.9 CALIBRATION-HEC-RAS MODEL

There are no stream gauge data for 100-year peak flows to calibrate hydraulic models.

5.10 HYDRAULIC ANALYSIS RESULTS-HEC-RAS MODEL

A summary of the results of the HEC-RAS hydraulic analysis for Sonoran Wash are
listed on Table 5-4. A detailed listing of the results listed in the out put files for the
HEC-RAS model is located in Appendix E.
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TABLE 5-4
HEC-RAS Summary Output Table

Sonoran Wash 100-year Floodplain Model

River Sta Peak Water Critical  Average Max Froude # Top Width Station Station

Discharge Surface Water Velocity Channel Channel Water Water
Elevation Surface Depth Surface Surface
Elevation Left Right

(cfs) (ft) (ft) (ft/s) (ft) (ft) (ft) (ft)

1 2 3 4 5 6 7 8 9 10
0.92 9700 1532.1 1529.9 34 8.6 0.4 692.1 9891.5 10583.6
1 9700 15331 4.8 6.1 0.7 775.6 9670.5 10446.1
1.09 9700 15357 1535.6 5.2 0:2 0.7 858.5 9553.6 10429.5
1.15 9700 15379 43 7.6 0.6 964.5 9496.9 10462.9
1.21 9700 1539.6 4.7 8.3 0.7 1052.1 9357.3 10564.3
1.25 9700 1540.9 1540.1 3.3 9.4 0.5 1323.8 9355.5 10679.2
1.29 9700 1541.6 4.6 7.2 0.7 1125.1 9705.6 10830.7
1.33 9700 1542.8 4.4 6.0 0.7 1117.4 9801.4 10918.7
1.38 9700 1544.0 1543.6 43 7.3 0.6 1055.5 9921.3 10976.8
1.48 9700 1547.0 5.7 7.6 0.8 837.9 9767.9 10605.9
1.56 9700 1550.1 4.7 8.1 0.6 901.2 9634.7 10535.9
1.65 9700 1552.9 15529 5.6 9.9 0.7 880.9 9476.0 10357.0
1:72 9700 1555.1 4.9 10.5 0.6 893.8 9393.9 10287.7
1.77 9700 1556.4 4.8 10.8 0.6 934.1 9394.7 10328.8
1.84 9700 1558.4 4.5 9.3 0.5 878.6 9508.0 10386.6
1.9 9700 1560.2 5.1 9.2 0.7 954.5 9612.6 10567.3
1.99 9700 1563.3 1561.8 4.0 7.0 0.5 1214.2 9598.8 10916.0
2.08 8400 1565.6 3.6 7.0 0.5 1035.7 9624.4 10660.1
213 8400 1567.2 1567.2 73 8.1 0.9 857.2 9636.5 10838.2
2.19 8400 1570.1 1568.4 4.0 9.5 04 1295.9 9798.2 11098.6
2.28 8400 1572.0 7.3 7.9 0.8 376.0 9822.0 10197.9
2.35 8400 1574.9 6.2 10.0 0.6 402.0 9710.7 10112.7
241 8400 1576.7 4.1 11.2 0.5 685.5 9696.5 10382.0
2.46 8400 1577.7 7.9 8.9 0.9 358.2 9727.7 10085.8
2.52 8400 1580.7 4.2 9.1 04 483.0 9808.3 10291.3
2.58 8400 1581.6 5.8 8.0 0.7 5395 9801.3 10340.9
2.64 8400 1583.9 54 7.9 0.6 461.7 9834.2 10295.9
2.69 8400 1585.4 4.2 8.9 0.5 654.4 9692.6 10380.2
2:13 6500 1586.2 5.5 7.9 0.7 380.6 9659.7 10040.4
277 6500 1587.8 6.7 6.0 0.8 362.9 9677.1 10040.0
2.84 6500 1590.7 5:7 6.7 0.6 326.8 97443 10071.1
2.88 6500 1592.6 1592.6 72 5.8 0.9 364.9 9704.6 10069.6
2.93 6500 1595.6 5.2 6.0 0.6 369.3 9741.1 10110.4
2.97 6500 1597.3 1597.3 6.9 6.5 0.8 345.7 9753.5 10099.1
3.05 6500 1600.9 1599.5 Sk 9.1 0.5 272.5 9940.2 10212.7
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TABLE 5-4, continued
HEC-RAS Summary Output Table

Sonoran Wash 100-year Floodplain Model

River Sta Peak Water Critical  Average Max Froude # Top Width Station Station

Discharge Surface Water Velocity Channel Channel Water Water
Elevation Surface Depth Surface Surface
Elevation Left Right

(cfs) (ft) (ft) (ft/s) (ft) (ft) (ft) (ft)

1 2 3 4 5 6 7 8 9 10
3.1 6500 1602.1 6.6 dl 0.7 275.3 9959.5 10234.8
315 6500 1604.1 5.8 8.1 0.6 291.3 9855.0 10146.3
324 6500 1607.2 6.3 8.5 0.7 292.1 9743.3 10035.4
331 6500 1610.2 53 83 0.6 342.0 9736.6 10078.6
3.4 6500 1612.7 6.1 8.6 0.6 2834 9881.2 10164.7
3.46 6500 1614.4 7.3 9.2 0.7 228.8 9918.2 10147.0
3.54 6500 1617.9 5.8 8.0 0.6 2924 9927.8 10220.2
3.61 6500 1620.2 7.0 8.9 0.8 293.0 9878.1 10171.1
3.65 6500 1622.3 4.5 83 0.5 407.6 9769.4 10177.0
3.7 3300 1623.3 3.6 7.8 0.4 268.9 9797.9 10066.7
3,73 3300 1624.0 3.7 5:1 0.5 328.0 9915.0 10243.1
3.76 3300 1624.8 43 4.7 0.7 394.9 9833.5 10228.4
3.79 3300 1626.2 43 S 0.7 409.4 9730.0 10139.3
3.84 3300 1628.2 1627.9 5.3 6.6 0.7 303.4 9821.2 10124.6

\\phxserv06\wrproj\82000141\reports\tetra lomr reportiomr submittal.doc 5-13



5.11

5.11.1

5.11.2

5.11.3

5.11.4

PARAMETER ESTIMATION - FLO-2D MODEL
Two-dimensional grid

The FLO-2D program simulates overland flow using topographic data files which are
exported from a digital terrain map (DTM). The topographic data is used to create a
finite element grid system covering the model area. The Sonoran Wash model uses
1,850 square grid elements that are 100 feet long on each side. Each grid element is
assigned a ground point elevation at the center. Initially, these elevations were taken
from the DTM data. Adjustments were then made to account for significant features
such as existing channels, the CAP Canal embankments, and Canal overchute
structures, which were not accurately accounted for in the interpolated DTM
elevations. Plate 4 shows the grid and cross-section locations for the FLO-2D model.
Note that the grid elements on Plate 4 are numbered from 17001 to 18850, not 1 to
1850. This is a result of using multiple sets of points in the AutoCAD drawing file
and does not affect the model input, which uses point numbers 1 through 1850.

Manning’s n-value

All grid elements were assigned a base Manning’s n-value of 0.065. This value was

an average Manning’s n-value over the entire grid.

When flow depths are less than 0.5 feet, the FLO-2D program uses an alternate
n-value for shallow overland flow. This value (SHALLOWN) was set at 0.12.

Flow Viscosity

FLO-2D has the capability of simulating mud and debris flows. Since a separate
sediment transport analysis was conducted for the study, the two-dimensional

analysis was conducted assuming clear-water discharges.
Infiltration

Infiltration was considered negligible, so no infiltration parameters were used in the

model.
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5.12

5.13

INFLOW AND OUTFLOW HYDROGRAPHS - FLO-2D MODEL

The FLO-2D model does not begin with a starting water surface elevation. Instead,
inflow hydrographs are used to bring flow into the grid. The inflow hydrographs for
Skunk Creek and Sonoran Wash were input at Grid Elements 17387 and 17418,

respectively.

For grid elements on the outflow boundary, the outflow discharge was set equal to the
sum of the inflow to those elements. The outflow discharge is then removed from the
grid system and added to the outflow volume to maintain conservation of mass within

the model.

CROSS-SECTION DESCRIPTION - FLO-2D MODEL

Cross-sections are defined in FLO-2D by specifying a series of consecutive grid
elements. By defining one or more cross-sections, the outflow flood hydrographs,
flow attenuation, and flow hydraulics can be analyzed. Cross-sections were defined
for the inlet and outlet of each CAP Canal overchute structure. In addition, cross-
sections were established east of the Sonoran Wash Overchute, west of the Skunk
Creek Overchute, and parallel to Interstate Highway 17 to determine breakout flow
magnitudes. Table 5-5 lists the seven outflow cross-sections defined in the model.

See Plate 4 for cross-section locations.
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TABLE 5-5: Outflow Cross-Section Summary

Direction of Flow Number of Grid Elements Grid Element Numbers*
(IFLO) (NNXSEC) (NODX)
Cross Section West of the Skunk Creek Overchute (Section #1)
South I 3 | 1231, 1232, 1233
Cross Section at the Inlet of the Skunk Creek Overchute (Section #2)
South | 3 | 1235, 1236, 1237
Cross Section at the Outlet of the Skunk Creek Overchute (Section #3)
South | 3 | 1394, 1395, 1396
Cross Section at the Inlet of the Sonoran Wash Overchute (Section #4)
Southwest | 1 ] 1310
Cross Section at the Outlet of the Sonoran Wash Overchute (Section #5)
Southwest | 1 | 1415

Full Cross Section West of the Skunk Creek Overchute (Section #6)
(This cross section stretches along Interstate 17 all the way to the Skunk Creek Overchute)

326, 379, 432, 485, 538, 591,
592, 645, 698, 751, 804, 857,

Southwest 25 910, 911, 964, 1017, 1070, 1123,
1124, 1177, 1178, 1231, 1232,
1233, 1234

Cross Section for flow to the southeast along the CAP Canal (Section #7)

Southeast 6 1742, 1743, 1165%% 1691, 1638,

* Grid element numbers 1 — 1850 correspond to numbers 17001 — 18850 on Plate 4.
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5.14

5.14.1

5.14.2

MODELING CONSIDERATIONS - FLO-2D MODEL

Supercritical Flow

Supercritical flow was not determined to be a flow condition for Sonoran Wash

watercourse.

Bridges and Overchutes

There are no existing bridges crossing Sonoran Wash. However, there are two
overchute structures at the CAP Canal that convey flow in Skunk Creek and Sonoran
Wash across the canal. The canal embankment acts as a roadway crossing, blocking
the floodplain flows during large events and forcing them to contract and pass
through the overchute structures. Rating curves were established for these structures
by modeling them with HEC-RAS. Critical depth was assumed at the overchute inlet.
The HEC-RAS model was run at different flow rates to establish the depth versus
flow area relationship. A zero-depth reference elevation of 1518.50 feet was used for

both overchute structures.

The Sonoran Wash Overchute is 155 feet wide with 7.5-foot high sidewalls. Because
of its orientation with the grid system, it could be modeled using one grid element for
the inlet and one for the outlet. The Skunk Creek Overchute is 244 feet wide with
8.5-foot high sidewalls. However, because of its orientation with the grid system, it
was modeled using three grid elements each for the inlet and outlet, and assuming an

even flow distribution fhrough the three pairs of elements.

Table 5-6 lists the rating curves used for the two overchute structures. Note that the
three grid elements used to model the Skunk Creek Overchute have identical rating

curves.

The FLO-2D output indicates that the water-surface elevations downstream of the
overchute structures are less than, and the water-surface elevations upstream of the
overchute structures are greater than, the critical depth elevation in the overchute for
the 100-year discharge. This verifies that the flow passes through critical depth in the

structure and confirms the assumption of inlet control used in the rating curve model.
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TABLE 5-6: Rating Curves for CAP Canal Overchutes

Headwater Depth Culvert Discharge Culvert Flow Area
(feet) (cfs) (sq. ft.)
Skunk Creek Overchute (Grid Elements 18288, 18289, and 18290)
0 0 0
0.6 83.3 47.2
0.8 166.7 68.4
1.2 333.3 99.9
1.8 666.7 146.8
2.3 1,000 185.3
2.7 1,333.3 218.6
3.1 1,666.7 249.5
34 2,000 276.9
3.7 2.333.3 304
4.1 2,666.7 329.6
4.4 3,000 353.8
4.6 3.333.3 376.6
5.3 4,1667 431.3
5.9 5,000 481.6
6.5 5,833.3 529.1
71 6,666.7 574.6
7.6 7,500 617.5
8.1 8,333.3 659.2
8.6 9.166.7 700.3
9.1 10,000 738.3
Sonoran Wash Overchute (Grid Element 18310)
0 0 0
0.76 250 118
1.1 500 170
1.6 1,000 248
2.36 2,000 366
2.98 3,000 462
3.53 4,000 547
4.03 5,000 625
4.49 6,000 696
4.92 7,000 763
5.34 8,000 828
5.74 9,000 890
6.11 10,000 948
6.84 12,000 1,061
7.52 14,000 1,166
8.16 16,000 1,265
8.77 18,000 1,359
9.36 20,000 1,451
9.94 22,000 1,541
10.5 24,000 1,628
11.06 26,000 1,711
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5.14.3

S5.14.4

5.14.5

5.18

S.16

517

Levees and Dikes

The levees for this study were analyzed by adjusting the ground points and not with

the levee routine.

Islands

There are no islands delineated in the Sonoran Wash channel. However, the CAP
Canal embankments rise above the 100-year water surface in some areas and are

delineated as being out of the floodplain.

Flow Splits

The ponding and backwater effects caused by the CAP Canal embankment result in
multiple flow breakouts from the Skunk Creek and Sonoran Wash channels. No
special modeling techniques were necessary, because of the two-dimensional
capabilities of the FLO-2D program. The location and magnitude of the breakout

flows are discussed in Section 5.18.

FLOODWAY MODELING - FLO-2D MODEL

Since the portion of Sonoran Wash delineated by the FLO-2D model is essentially a
ponding area, the floodway is considered to be coincident with the floodplain. No

separate floodway analysis was conducted.

PROBLEMS ENCOUNTERED DURING THE STUDY - FLO-2D MODEL

No special problems were encountered during the study.

CALIBRATION - FLO-2D MODEL

There is no stream gage data for 100-year peak flows to calibrate hydraulic models.
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5.18

HYDRAULIC ANALYSIS RESULTS - FLO-2D MODEL

The water-surface elevations predicted by the model indicate that during the 100-year
event, breakout flows occur across Interstate 17, into the CAP Canal on both east and
west sides of the Skunk Creek Overchute, into the CAP Canal on both sides of the
Sonoran Wash Overchute, and along the upstream side of the CAP Canal
embankment, southeast of the Sonoran Wash Overchute. Plate 5 shows where these
breakouts are located. Also shown are the 100-year floodplain/floodway limits and
the location of the proposed beginning cross-section for the HEC-RAS model.

The flow distribution during the 100-year event is summarized in Table 5-7, along
with a comparison to the findings in a 1990 study by Coe & Van Loo, Floodplain
Delineation Report, Skunk Creek Between Arizona Canal Diversion Channel &
Central Arizona Project. In comparison to the Coe & Van Loo study, this analysis
shows more breakout occurring along Interstate 17, more total flow through the

overchutes, and flow continuing southeast along the CAP Canal.

TABLE 5-7: Breakout Locations and Peak Discharges

Location 100-Year Coe & Van Loo 100-Year
Breakout Discharge Breakout Discharge
(cfs) (cfs)
West of the Skunk
Creek Overchute 1,100 5,000
Across Interstate 17
6,400 3,000
East of the Skunk
Creek Overchute 500 1,000
West of the Sonoran
Wash Overchute 2,500 1,000
East of the Sonoran
Wash Overchute 1,200 200
Flow to the
Southeast along the 100 Not Reported
CAP Canal
Overchutes
Skunk Creek 18,500 *16,600
Sonoran Wash 6,100 *16,600
Total 36,400 26,800
Reported total in
report 36,400 35,000

* Unclear if these are for both overchutes together or individually. We assumed
combined since they are different sizes.
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To determine the starting 100-year water-surface elevation for the HEC-RAS
floodplain/floodway delineation, the maximum flow depth in the grid elements along
the proposed beginning cross-section was added to the existing ground elevation.
Since these elevations varied, an average was taken along the cross-section. Cross-
section 0.92 was selected as the beginning cross-section for Sonoran Wash. The
corresponding grid element numbers are 17466-17469 and 17523-17525. The
average starting water-surface elevation for Cross-section 0.92 was calculated to be
1532.10 feet.

All input and output files for the FLO-2D model are included on a CD in
Appendix H.
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6.0 EROSION AND SEDIMENT TRANSPORT

An erosion and sediment transport analysis is not applicable to this study.
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7.0 DRAFT FIS REPORT DATA

This section of the report present results of the hydrologic and hydraulic computer
modeling results in FEMA format. Data presented are Summary of Discharges,
Floodway data and Flood Profiles.

7.1 Summary of Discharges

Peak discharges utilized for the delineation of the 100-year floodplain and floodway
are taken from hydrologic models. Peak discharges recorded in the model are rounded
up to the nearest 50 cfs for discharges over 1000 cfs A summary of peak discharges
utilized in the hydraulic model are listed in Table 7-1.

Table 7-1: FEMA Summary of Discharges

Flooding Source and | Drainage Feshe Dieachisrepes Remarks '
Location Area 10- 50- 100-  500-
Year Year Year Year
Sonoran Wash (Square Miles) | (cfs) (cfs) (cfs) (cfs)
At River Mile 3.70 2.57 NC NC 3300 NC |Concentration Point
C002L
At River Mile 3.73 4.99 NC NC 6500 NC |Concentration Point
C002
At River Mile 2.08 7.70 NC NC 8400 NC [Concentration Point
C003
At River Mile 0.92 11.11 NC NC 9700 NC |[Concentration Point
Cc007
At River Mile 0.52 11.11 NC NC 9700 NC [Concentration Point
C007

NC = Not Calculated
! Reference to HEC-1 Computer Model
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7.2

Floodway Data

Floodway modeling results for Sonoran Wash are listed in Table 7-2.

Table 7-2: Floodway Summary Table

Floodway Source Floodway Base Flood Elevations
Cross Section Distance || Width | Area Mean [Regulatory| Without With Increase
Velocity Floodway | Floodway
Sonoran Wash (miles) (ft) (sq. ft) | (ft/s) (ft) (ft) (ft) (ft)
) 2 3 “ &) (6 ™ t) &)
RS 0.92 0.92 692.1 | 35425 2.7 1532.1 1532.1 1533.1 1.0
RS 1.00 1.00 378.8 | 1396.6 7.0 1533.1 1533.1 15334 0.3
RS 1.09 1.09 394.8 | 1391.1 7.0 1535.7 1535.7 1536.5 0.8
RS 1.15 115 428.6 | 16413 5.9 1537.9 1537.9 1538.9 1.0
RS 1.21 1.21 557.9 | 16952 5.7 1539.6 1539.6 1540.6 1.0
RS 1.25 1.25 543.7 | 2019.7 4.8 1540.9 1540.9 1541.8 0.9
RS 1.29 1.29 520.1 | 1682.2 5.8 1541.6 1541.6 1542.5 1.0
RS 1.33 1.33 5554 | 16479 59 1542.8 1542.8 1543.6 0.8
RS 1.38 1.38 569.9 | 1756.9 9.5 1544.0 1544.0 1544.9 0.9
RS 1.48 1.48 399.1 | 1293.7 7.5 1547.0 1547.0 1547.9 0.9
RS 1.56 1.56 3773 ] 1627.1 6.0 1550.1 1550.1 1551.0 0.9
RS 1.65 1.65 301.9 | 1093.7 8.9 1552.9 1552.9 1553.2 0.3
RS 1.72 1.72 2953 | 14379 6.8 15551 155541 1556.1 1.0
RS 1.77 1.77 3452 | 13925 7.0 1556.4 1556.4 1557.2 0.7
RS 1.84 1.84 360.0 | 1637.2 5.9 15584 15584 1559.3 1.0
- RS 1.90 1.90 619.9 | 1907.2 3:1 1560.2 1560.2 1560.9 0.7
RS 1.99 1.99 362.3 | 1509.9 6.4 1563.3 1563.3 1563.4 0.1
RS 2.08 2.08 4819 | 1721.6 49 1565.6 1565.6 1566.5 0.9
RS 2.13 2.13 392.0 | 13029 6.5 1567.2 1567.2 1568.0 0.9
RS 2.19 2.19 2543 | 13322 6.3 1570.1 1570.1 1570.1 0.0
RS 2.28 2.28 163.7 918.6 9.1 1572.0 1572.0 1572.9 0.9
RS 2.35 2.35 206.2 | 11033 7.6 1574.9 1574.9 1575.8 0.9
RS 241 2.41 290.0 | 1451.1 5.8 1576.7 1576.7 1577.6 0.9
RS 2.46 2.46 225.8 984.4 8.5 1577.7 15700 1578.7 1.0
RS 2.52 2.52 312.6 | 1757.0 4.8 1580.7 1580.7 1581.4 0.7
RS 2.58 2.58 208.4 | 1024.2 8.2 1581.6 1581.6 1582.1 0.5
RS 2.64 2.64 3224 | 13584 6.2 1583.9 1583.9 1584.7 0.8
RS 2.69 2.69 5259 |2013.6 4.2 1585.4 1585.4 1586.2 0.8
RS 2.73 2.73 230.0 976.2 6.7 1586.2 1586.2 1586.7 0.4
RS 2.77 2.77 206.6 750.6 8.7 1587.8 1587.8 1588.3 0.5
RS 2.84 2.84 227.0 | 11084 5.9 1590.7 1590.7 1591.7 1.0
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Table 7-2, continued

Floodway Summary Table
Floodway Source Floodway Base Flood Elevations
Cross Section Distance || Width | Area Mean |Regulatory| Without With Increase
Velocity Floodway | Floodway

Sonoran Wash (miles) (ft) (sq. ft) | (ft/s) (ft) (ft) (ft) (ft)
(1) (2) 3 ) (5) (6) (7 ¥ )

RS 2.88 2.88 244.6 807.4 8.1 1592.6 1592.6 1593.4 0.8
RS 2.93 2.93 208.8 | 1059.3 6.1 1595.6 1595.6 1596.4 0.8
RS 2.97 2.97 186.7 727.0 8.9 1597.3 15973 1597.6 0.3
RS 3.05 3.05 158.0 948.2 6.9 1600.9 1600.9 1601.6 0.7
RS 3.10 3.10 144.5 729.4 8.9 1602.1 1602.1 1602.7 0.6
RS 3.15 3.15 159.8 958.4 6.8 1604.1 1604.1 1605.1 1.0
RS 3.24 3.24 167.5 809.8 8.0 1607.2 1607.2 1607.9 0.7
RS 3.31 331 201.1 994.9 6.5 1610.2 1610.2 1611.2 1.0
RS 3.40 3.40 139.8 849.4 7.7 1612.7 1612.7 1613.7 0.9
RS 3.46 3.46 114.4 733.1 8.9 1614.4 1614.4 16154 1.0
RS 3.54 3.54 168.1 953.4 6.8 1617.9 1617.9 1618.7 0.8
RS 3.61 3.61 121.8 663.5 9.8 1620.2 1620.2 1620.6 0.4
RS 3.65 3.65 200.0 | 1183.6 5.5 1622.3 1622.3 1623.2 0.9
RS 3.70 3.70 165.0 829.0 4.0 16233 1623.3 1624.2 0.9
RS 3.73 3.3 183.6 700.8 4.7 1624.0 1624.0 1624.8 0.8
RS 3.76 3.76 1721 513.8 6.4 1624.9 1624.9 1625.7 0.8
RS 3.79 379 128.7 503.5 6.6 1626.2 1626.2 1627.2 1.0
RS 3.84 3.84 84.8 408.0 8.1 1628.2 1628.2 1629.2 1.0
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13

Flood Profiles
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