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‘ 1 Introduction

WEST Consultants, Inc. (WEST) has prepared this floodplain delineation study (FDS) as a Physical Map
Revision (PMR) request package to re-delineate the Special Flood Hazard Area (SFHA) for Centennial
Wash in western Maricopa County from its confluence with the Gila River to the boundary between La
Paz and Maricopa Counties. The PMR package has been sent to FEMA’s Letter of Map Change (LOMC)
Clearinghouse to encourage FEMA to prioritize it as a PMR produced by a Cooperating Technical Partner
(CTP)—that is, the Flood Control District of Maricopa County (District). The District commissioned this
study under Contract Number FCD 2012C004. District personnel affiliated with the project included Mr.
Jeff Shelton, P.E. (Project Manager) and Mr. Amir Motamedi, P.E. WEST personnel included , Mr. Chuck
Davis, P.E., CFM (Project Manager), Dr. Brian Wahlin, Ph.D., P.E., D.WRE, Ms. Suzie Monk, CFM, and Ms.
Sarah Bengtson. The project began in July 2012. WEST would like to acknowledge the excellent work
done by our internal quality assurance team; Tom Lute, RLS, who performed our subcontracted field
survey work with David Evans and Associates; and the review performed internally by District staff for
the study.

This Technical Support Data Notebook (TSDN) has been prepared according to the standards as specified

in the Arizona Department of Water Resources (ADWR) State Standard SS1-12 (Arizona Department of

Water Resources, 2012). Supporting technical information has been prepared as specified in Appendix C

of the Federal Emergency Management Agency’s (FEMA) Guidelines and Specifications for Flood Hazard
. Mapping Partners (Federal Emergency Management Agency, 2009).

This FDS for Centennial Wash in western Maricopa County from its confluence with the Gila River to the

boundary between La Paz and Maricopa Counties was necessitated due to an update in the hydrology of

Centennial Wash based on a FEMA CLOMR (case number 12-09-0043R) completed by RBF (RBF

Consulting, Inc., 2011). The effective SFHA for the study reach was delineated in 1989 by Cella Barr and

Associates (Cella Barr Associates, 1989) for the 100-year peak discharge calculated using an HEC-1 model

from the same study. The effective hydrology was updated due to the inclusion of 20 additional years of

gage record (see FEMA CLOMR case number 12-09-0043R included in Appendix D.6 of this report). The
1-percent-annual-chance flood was re-delineated herein based on the updated hydrology. This area

includes 40 linear miles of Centennial Wash modeled with HEC-RAS and approximately 13 linear miles of |
Centennial Wash Left Overbank modeled with FLO-2D.

This study covers the portion of Centennial Wash located in western Maricopa County (community
number 04012) from the La Paz County line downstream to the confluence with the Gila River. The |
study area covers the following townships and ranges: T1NR8W, T1NROW, T1NR10W, T1SR5W,
T1SR6W, T1SR7W, T1SR8W, T2NR8W, T2NROW, T2NR10W, T2SR5W, and T2SR6W. A vicinity map
showing the study reach is shown in Figure 1-1.

The hydrology used in this re-study was taken from the CLOMR submitted to FEMA updating the
hydrology from the values used in the previous delineation (case number 12-09-0043R). The peak 100-

’ year flow from this CLOMR was used here for SFHA delineation.
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Water flowing in Centennial Wash enters Maricopa County through a well-defined channel. Roughly five
or six miles downstream, the channel becomes less well defined. At high flows, water no longer remains
in the low-flow channel, with some water flowing into the left overbank. Water in the left overbank
eventually returns to the main channel at approximately Baseline Road. FLO-2D is used in this study to
determine the amount of water which flows into the overbank. This left overbank flow is modeled with
FLO-2D, as discussed in Section 5 of this report. Flow in the main channel is modeled with HEC-RAS, as
discussed in Section 6 of this report. A steady state HEC-RAS was used for the entire approximately 40
river miles of the main branch of Centennial Wash for floodplain and floodway delineation. An unsteady
FLO-2D model was used to map floodplain boundaries in the area of the flow split in the upper reach of
Centennial Wash (i.e., the Centennial Wash Left Overbank from the effective study). Peak flows
calculated in the unsteady FLO-2D model at specified locations in the modeling domain (see Figure 6-4)
were used directly as steady-state flows in the HEC-RAS model. The peak flow calculated by FLO-2D at
one of these locations was used for a specified portion of the HEC-RAS reach, and changes in flows were
accomplished using flow change locations in HEC-RAS which designates a change in constant steady flow
from that cross section until a flow change location is specified downstream.

To briefly summarize the study results, the special flood hazard area was re-delineated throughout the
study reach to best reflect the most recent topographic and hydrologic information available. Zone AE
floodplain and floodway was delineated for the entirety of the main stem of Centennial Wash. Zone AO
and Zone AE floodplains were delineated in the area of the current Left Overbank channel in the
Harquahala Valley outside of the main channel of Centennial Wash. This mapping improved on the
currently effective Zone A and Zone AE definitions of flood hazard zones for this area.

Regarding the layout of this document, the title of Sections 5 and 6 vary slightly from the specification in
State Standard SS1-12 (Arizona Department of Water Resources, 2012), due to the complexity of
floodplain mapping for this study. Floodplain mapping for the Centennial Wash area was completed
using a combination of one-dimensional and two-dimensional hydraulic modeling. For clarity, the
mapping results from each of these modeling efforts are documented separately in this TSDN. Section 5
herein is titled “Hydraulics: FLO-2D” and Section 6 herein is titled “Hydraulics: HEC-RAS” with each
section title reflecting the numerical model used to complete the modeling effort for two-dimensional
and one-dimensional modeling, respectively. The title of Section 6 as specified in State Standard SS1-12
(Arizona Department of Water Resources, 2012) is “Erosion, Sediment Transport, and Geomorphic
Analysis.” However, no erosion, sediment transport, or geomorphic analysis was performed for this
study. Therefore, Section 6 was appropriated in this document as the section in which to document the
results of the one-dimensional modeling effort using HEC-RAS. The reason for documenting the two-
dimensional modeling results prior to the documentation of the one-dimensional modeling results is
that the two-dimensional model was used to assess the breakout of flow into the Centennial Wash Left
Overbank area as defined in the effective Centennial Wash study (Cella Barr Associates, 1989). This flow
split analysis was then used to provide input to the one-dimensional model and as such “precedes” the
one-dimensional model in regards to the way the analyses were performed.
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‘ 2 FEMA Forms

FEMA MT-2 Forms are provided on the following pages.




U.S. DEPARTMENT OF HOMELAND SECURITY
FEDERAL EMERGENCY MANAGEMENT AGENCY O.M.B No. 1660-0016

OVERVIEW & CONCURRENCE FORM Eopives Hebouary 25, 2014

PAPERWORK BURDEN DISCLOSURE NOTICE

Public reporting burden for this form is estimated to average 1 hours per response. The burden estimate includes the time for reviewing instructions,
searching existing data sources, gathering and maintaining the needed data, and completing, reviewing, and submitting the form. You are not required
to respond to this collection of information unless it displays a valid OMB control number. Send comments regarding the accuracy of the burden
estimate and any suggestions for reducing this burden to: Information Collections Management, Department of Homeland Security, Federal Emergency
Management Agency, 1800 South Bell Street, Arlington, VA 20958-3005, Paperwork Reduction Project (1660-0016). Submission of the form is required
to obtain or retain benefits under the National Flood Insurance Program. Please do not send your completed survey to the above address.

PRIVACY ACT STATEMENT
AUTHORITY: The National Flood Insurance Act of 1968, Public Law 90-448, as amended by the Flood Disaster Protection Act of 1973, Public Law 93-
234.
PRINCIPAL PURPOSE(S): This information is being collected for the purpose of determining an applicant's eligibility to request changes to National
Flood Insurance Program (NFIP) Flood Insurance Rate Maps (FIRM).

ROUTINE USE(S): The information on this form may be disclosed as generally permitted under 5 U.S.C § 552a(b) of the Privacy Act of 1974, as
amended. This includes using this information as necessary and authorized by the routine uses published in DHS/FEMA/NFIP/LOMA-1 National Flood
Insurance Program (NFIP); Letter of Map Amendment (LOMA) February 15, 2006, 71 FR 7990.

DISCLOSURE: The disclosure of information on this form is voluntary; however, failure to provide the information requested may delay or prevent
FEMA from processing a determination rggarding a requested change to a (NFIP) Flood Insurance Rate Maps (FIRM).

A. REQUESTED RESPONSE FROM DHS-FEMA

This request is for a (check one):

[ CLOMR: A letter from DHS-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 DHS-FEMA officially revising the current NFIP map to show the changes to floodplains, regulatory floodway or flood
’ elevations. (See 44 CFR Ch. 1, Parts 60, 65 & 72)

B. OVERVIEW

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

Community No. Community Name State Map No. Panel No. Effective Date
Example: 480301 City of Katy X 48473C 0005D 02/08/83
480287 Harris County X 48201C 0220G 09/28/90

See attached page

2. a. Flooding Source: Centennial Wash
b. Types of Flooding: [X Riverine [ Coastal X] Shallow Flooding (e.g., Zones AO and AH)
[ Alluvial fan [ Lakes [J Other (Attach Description)
3. Project Name/ldentifier: Centennial Wash Floodplain Delineation Study: La Paz County to the Gila River
4. FEMA zone designations affected: AE, AO, A (choices: A, AH, AO, A1-A30, A99, AE, AR, V, V1-V30, VE, B, C, D, X)
5. Basis for Request and Type of Revision:

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

[J Physical Change X Improved Methodology/Data X] Regulatory Floodway Revision [] Base Map Changes
[ Coastal Analysis X] Hydraulic Analysis [J Hydrologic Analysis [J Corrections
[J Weir-Dam Changes [ Levee Certification [ Alluvial Fan Analysis [J Natural Changes

X New Topographic Data [] Other (Attach Description)

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

FEMA Form 086-0-27, (2/2011) Previously FEMA Form 81-89 MT-2 Form 1 Page 1 of 4




b. The area of revision encompasses the following structures (check all that apply)
Structures: [J Channelization [ Levee/Floodwall X Bridge/Culvert

[J Dam [ Fill [J Other (Attach Description)

6. [ Documentation of ESA compliance is submitted (required to initiate CLOMR review). Please refer to the instructions for more information.

C. REVIEW FEE

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

X No, Attach Explanation (see cover letter for explanation)

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

D. SIGNATURE

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

Name: Jeffery Shelton, P.E. Company: Flood Control District - Maricopa County

Mailing Address: Daytime Telephone No.: (602) 506-1501 Fax No.: (602) 506-4601
2801 W. Durango Street

Phoenix, AZ 85009 E-Mail Address: JefferyShelton@mail.maricopa.gov

Signature of Requester (required): Date:

As the community official responsible for floodplain management, | hereby acknowledge that we have received and reviewed this Letter of Map Revision
OMR) or conditional LOMR request. Based upon the community's review, we find the completed or proposed project meets or is designed to meet all
the community floodplain management requirements, including the requirements for when fill is placed in the regulatory floodway, and that all

necessary Federal, State, and local permits have been, or in the case of a conditional LOMR, will be obtained. For Conditional LOMR requests, the
applicant has documented Endangered Species Act (ESA) compliance to FEMA prior to FEMA’s review of the Conditional LOMR application. For

LOMR requests, | acknowledge that compliance with Sections 9 and 10 of the ESA has been achieved independently of FEMA’s process. For actions

authorized, funded, or being carried out by Federal or State agencies, documentation from the agency showing its compliance with Section 7(a)(2)

of the ESA will be submitted. In addition, we have determined that the land and any existing or proposed structures to be removed from the SFHA are

or will be reasonably safe from flooding as defined in 44CFR 65.2(c), and that we have available upon request by FEMA, all analyses and
documentation used to make this determination.

Community Official's Name and Title: Timothy S. Philips, P.E., Chief Engineer and General Community Name: Maricopa County, Arizona
Manager

Mailing Address: Daytime Telephone No.: (602) 506-1501 Fax No.: (602) 506-4601
2801 W. Durango Street

Phoenix, AZ 85009 E-Mail Address: tsp@mail.maricopa.gov

Community Official's Signature (required): Date:

CERTIFICATION BY REGISTERED PROFESSIONAL ENGINEER AND/OR LAND SURVEYOR

This certification is to be signed and sealed by a licensed land surveyor, registered professional engineer, or architect authorized by law to certify
elevation information data, hydrologic and hydraulic analysis, and any other supporting information as per NFIP regulations paragraph 65.2(b) and as
described in the MT-2 Forms Instructions. All documents submitted in support of this request are correct to the best of my knowledge. | understand that
any false statement may be punishable by fine or imprisonment under Title 18 of the United States Code, Section 1001.

Certifier's Name: Chuck Davis, P.E., CFM License No.: 52895 Expiration Date: 12/31/2014
Company Name: WEST Consultants, Inc. Telephone No.: (480) 345-21555 Fax No.: (480) 345-2156
gnature: )y ¢ L Date: 10/31/2013 | E-Mail Address: cdavis@westconsultants.com
s TN N S ————— -
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Ensure the forms that are appropriate to your revision request are included in your submittal.

Form Name and (Number) Required if ...

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

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

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

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

[ Alluvial Fan Flooding Form (Form 6) Flood control measures on alluvial fans
®
@
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B. OVERVIEW

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

ommunity No. Community Name State Map No. Panel No. Effective Date
040037 Maricopa County, Arizona (Unincorporated Areas) AZ 04013C 1500L 10/16/13
040037 Maricopa County, Arizona (Unincorporated Areas) AZ 04013C 1525L 10/16/13
040037 Maricopa County, Arizona (Unincorporated Areas) AZ 04013C 1975L 10/16/13
040037 Maricopa County, Arizona (Unincorporated Areas) AZ 04013C 2000L 10/16/13
040037 Maricopa County, Arizona (Unincorporated Areas) AZ 04013C 2025L 10/16/13
040037 Maricopa County, Arizona (Unincorporated Areas) AZ 04013C 2500L 10/16/13
040037 Maricopa County, Arizona (Unincorporated Areas) AZ 04013C 25251 10/16/13
040037 Maricopa County, Arizona (Unincorporated Areas) AZ 04013C 2530L 10/16/13
040037 Maricopa County, Arizona (Unincorporated Areas) AZ 04013C 2540L 10/16/13
040037 Maricopa County, Arizona (Unincorporated Areas) AZ 04013C 2545L 10/16/13

FEMA Form 086-0-27, (2/2011)
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U.S. DEPARTMENT OF HOMELAND SECURITY

FEDERAL EMERGENCY MANAGEMENT AGENCY O.M.B No. 1660-0016
RIVERINE HYDROLOGY & HYDRAULICS FORM ExplresFeluusny 26, 2014
PAPERWORK BURDEN DISCLOSURE NOTICE

Public reporting burden for this form is estimated to average 3.5 hours per response. The burden estimate includes the time for reviewing instructions,
searching existing data sources, gathering and maintaining the needed data, and completing, reviewing, and submitting the form. You are not
required to respond to this collection of information unless a valid OMB control number appears in the upper right corner of this form. Send comments
regarding the accuracy of the burden estimate and any suggestions for reducing this burden to: Information Collections Management, Department of
Homeland Security, Federal Emergency Management Agency, 1800 South Bell Street, Arlington VA 20958-3005, Paperwork Reduction Project
(1660-0016). Submission of the form is required to obtain or retain benefits under the National Flood Insurance Program. Please do not send your
completed survey to the above address.

PRIVACY ACT STATEMENT

AUTHORITY: The National Flood Insurance Act of 1968, Public Law 90-448, as amended by the Flood Disaster Protection Act of 1973, Public Law
93-234.

PRINCIPAL PURPOSE(S): This information is being collected for the purpose of determining an applicant's eligibility to request changes to National
Flood Insurance Program (NFIP) Flood Insurance Rate Maps (FIRM).

ROUTINE USE(S): The information on this form may be disclosed as generally permitted under 5 U.S.C § 552a(b) of the Privacy Act of 1974, as
amended. This includes using this information as necessary and authorized by the routine uses published in DHS/FEMA/NFIP/LOMA-1 National
Flood Insurance Program (NFIP); Letter of Map Amendment (LOMA) February 15, 2006, 71 FR 7990.

DISCLOSURE: The disclosure of information on this form is voluntary; however, failure to provide the information requested may delay or prevent
FEMA from processing a determination regarding a requested change to a NFIP Flood Insurance Rate Maps (FIRM).

Flooding Source: Centennial Wash

Note: Fill out one form for each flooding source studied

A. HYDROLOGY

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

X Not revised (skip to section B) [J No existing analysis [J Improved data
[ Alternative methodology [ Proposed Conditions (CLOMR) [J Changed physical condition of watershed

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

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

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

[ Statistical Analysis of Gage Records [J Precipitation/Runoff Model > Specify Model:
[ Regional Regression Equations [ Other (please attach description)

Please enclose all relevant models in digital format, maps, computations (including computation of parameters), and documentation to support the
new analysis.

4. Review/Approval of Analysis

If your community requires a regional, state, or federal agency to review the hydrologic analysis, please attach evidence of approval/review.
5. Impacts of Sediment Transport on Hydrology

Is the hydrology for the revised flooding source(s) affected by sediment transport? []Yes [ No

If yes, then fill out Section F (Sediment Transport) of Form 3. If No, then attach your explanation..
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B. HYDRAULICS

1. Reach to be Revised

Description Cross Section Water-Surface Elevations (ft.)
Effective Proposed/Revised
Downstream Limit* Gila River 0.0 778.1 764.97
Upstream Limit* La Paz County border 40.65 1320.1 1324.45

*Proposed/Revised elevations must tie-into the Effective elevations within 0.5 foot at the downstream and upstream limits of revision.

2. Hydraulic Method/Model Used: HEC-RAS and FLO-2D

3. Pre-Submittal Review of Hydraulic Models*

DHS-FEMA has developed two review programs, CHECK-2 and CHECK-RAS, to aid in the review of HEC-2 and HEC-RAS hydraulic models,
respectively. We recommend that you review your HEC-2 and HEC-RAS models with CHECK-2 and CHECK-RAS.
4.

Models Submitted Natural Run Floodway Run Datum
: . * File Name: Plan Name: File Name: Plan Name:
Duplicate Effective Model N/A for PMR N/A for PMR N/A for PMR N/A for PMR N/A
. " File Name: Plan Name: File Name: Plan Name:
Comected Effective Model N/A for PMR N/A for PMR N/A for PMR N/A for PMR N/A
Existing or Pre-Project File Name: pII:?r?aleomoe: File Name: PIF?r?aIN%B?: N
Conditions Model (HEC-RAS) BaselineRdtoGila_LS ar Encraockments BaselineRdtoGila_LS vear Encreachments
Existing or Pre-Project File Name: Plan Name: File Name: Plan Name:
Conditions Model (HEC-RAS) BaselineRdtoGila_LS  FinEncr_noEmbank  BaselineRdtoGila_LS FinEncr_noEmbank NAVD88
Existing or Pre-Project File Name: Plan Name: File Name: Plan Name:
Conditions Model (HEC-RAS) CW_CanaltoBaseline ~ FLO2DQs-Encroach ~ CW_CanaltoBaseline =~ FLO2DQs-Encroach NAVD88
Existing or Pre-Project File Name: Plan Name: File Name: Plan Name:
Conditions Model (HEC-RAS) LaPaztoHVIDCanal 100yrEncr LaPaztoHVIDCanal 100yrEncr NAVD88
Existing or Pre-Project File Name: File Name: Plan Name:
Conditions Model (FLO-2D) FPLAIN.DAT** N/A N/A NAVD88
Existing or Pre-Project File Name: File Name: Plan Name:
Conditions Model (FLO-2D) FPLAIN.DAT*** N/A N/A NAVD88
Revised or Post-Project File Name: Plan Name: File Name: Plan Name:
Conditions Model N/A N/A N/A N/A N/A
s File Name: Plan Name: File Name: Plan Name:
Other - (attach description) N/A N/A N/A N/A N/A

* For details, refer to the corresponding section of the instructions.
**See '‘Base_06142013_withARF-WRF_Hydstr’ folder on project CD (FLO-2D projects in Appendix E.5)
***See ‘NoLevee_06032013’ folder on project CD (FLO-2D projects in Appendix E.5)

X Digital Models Submitted? (Required)

C. MAPPING REQUIREMENTS

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

X Digital Mapping (GIS/CADD) Data Submitted (preferred)
Topographic Information: See documentation in Section 3 of the TSDN

Source: Multiple surveys Date: August 2012

Accuracy: _2-ft contour intervals; documentation in TSDN

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

revision.

4
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D. COMMON REGULATORY REQUIREMENTS*

1.  For LOMR/CLOMR requests, do Base Flood Elevations (BFEs) increase? X Yes [J No

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

o The proposed project encroaches upon a regulatory floodway and would result in increases above 0.00 foot compared to pre-project
conditions.

. The proposed project encroaches upon a SFHA with or without BFEs established and would result in increases above 1.00 foot
compared to pre-project conditions.

b. Does this LOMR request cause increase in the BFE and/or SFHA compared with the effective BFEs and/or SFHA? X Yes [J No

If Yes, please attach proof of property owner notification and acceptance (if available). Elements of and examples of property owner
notifications can be found in the MT-2 Form 2 Instructions. (see Appendix B.3 for public notification documentation)

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

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

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

If Yes, attach evidence of regulatory floodway revision notification. As per Paragraph 65.7(b)(1) of the NFIP Regulations, notification is
required for requests involving revisions to the regulatory floodway. (Not required for revisions to approximate 1%-annual-chance floodplains
[studied Zone A designation] unless a regulatory floodway is being established. Elements and examples of regulatory floodway revision
notification can be found in the MT-2 Form 2 Instructions.) (see Appendix B.3 for public notification documentation)

4. For CLOMR requests, please submit documentation to FEMA and the community to show that you have complied with Sections 9 and 10 of the
Endangered Species Act (ESA).

For actions authorized, funded, or being carried out by Federal or State agencies, please submit documentation from the agency showing its
compliance with Section 7(a)(2) of the ESA. Please see the MT-2 instructions for more detail.

‘Not inclusive of all applicable regulatory requirements. For details, see 44 CFR parts 60 and 65.
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DEPARTMENT OF HOMELAND SECURITY
FEDERAL EMERGENCY MANAGEMENT AGENCY O.M.B. NO. 1660-0016
Expires February 28, 2014

RIVERINE STRUCTURES FORM

PAPERWORK BURDEN DISCLOSURE NOTICE
Public reporting burden for this form is estimated to average 7 hours per response. The burden estimate includes the time for reviewing
instructions, searching existing data sources, gathering and maintaining the needed data, and completing, reviewing, and submitting the form.
You are not required to respond to this collection of information unless a valid OMB control number appears in the upper right corner of this form.
Send comments regarding the accuracy of the burden estimate and any suggestions for reducing this burden to: Information Collections
Management, Department of Homeland Security, Federal Emergency Management Agency, 1800 South Bell Street, Arlington, VA 20598-3005,
Paperwork Reduction Project (1660-0016). Submission of the form is required to obtain or retain benefits under the National Flood Insurance
Program. Please do not send your completed survey to the above address.

PRIVACY ACT STATEMENT
AUTHORITY: The National Flood Insurance Act of 1968, Public Law 90-448, as amended by the Flood Disaster Protection Act of 1973, Public Law
93-234.
PRINCIPAL PURPOSE(S): This information is being collected for the purpose of determining an applicant's eligibility to request changes to National
Flood Insurance Program (NFIP) Flood Insurance Rate Maps (FIRM).
ROUTINE USE(S): The information on this form may be disclosed as generally permitted under 5 U.S.C § 552a(b) of the Privacy Act of 1974, as
amended. This includes using this information as necessary and authorized by the routine uses published in DHS/FEMA/NFIP/LOMA-1 National
Flood Insurance Program; Letter of Map Amendment (LOMA) February 15, 2006, 71 FR 7990.

DISCLOSURE: The disclosure of information on this form is voluntary; however, failure to provide the information requested may delay or prevent
FEMA from processing a determination regarding a requested change to a NFIP Flood Insurance Rate Maps (FIRM).

Flooding Source: Centennial Wash

Note: Fill out one form for each flooding source studied.

A. GENERAL

Complete the appropriate section(s) for each Structure listed below:

Channelization..... ....complete Section B

Bridge/Culvert... ....complete Section C

BT | T —. ....complete Section D

Levee/Floodwall............. complete Section E

Sediment Transport........ complete Section F (if required)
Description Of Modeled Structure
g | Name of Structure: Harquahala Valley Irrigation District Drainage Channel Culvert

Type (check one): [] Channelization X Bridge/Culvert [ Levee/Floodwall [J Dam

Location of Structure: One-half mile west of the intersection of Centennial Road and Harquahala Valley Road

Downstream Limit/Cross Section: Represented in FLO-2D as rating curve, DS grid element is #467406

Upstream Limit/Cross Section: Represented in FLO-2D as rating curve, US grid element is #466480

2. Name of Structure:
Type (check one): [J Channelization [] Bridge/Culvert [ Levee/Floodwall [] Dam
Location of Structure:
Downstream Limit/Cross Section:

Upstream Limit/Cross Section:

3. Name of Structure:
Type (check one) [J Channelization [] Bridge/Culvert [J Levee/Floodwall [J Dam
Location of Structure:
Downstream Limit/Cross Section:

Upstream Limit/Cross Section:

NOTE: FOR MORE STRUCTURES, ATTACH ADDITIONAL PAGES AS NEEDED.
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B. CHANNELIZATION

Flooding Source:

Name of Structure:

{5

Hydraulic Considerations

The channel was designed to carry (cfs) and/or the -year flood.

The design elevation in the channel is based on (check one):

[ Subcritical flow [ Critical flow [J Supercritical flow [ Energy grade line

If there is the potential for a hydraulic jump at the following locations, check all that apply and attach an explanation of how the hydraulic
jump is controlled without affecting the stability of the channel.

[J AtDrop Structures [] At Transitions

[ Inletto channel [] Outlet of channel

[ Other locations (specify):

Channel Design Plans

Attach the plans of the channelization certified by a registered professional engineer, as described in the instructions.

Accessory Structures

The channelization includes (check one):
[ Levees [Attach Section E (Levee/Floodwall)] [ Drop structures [0 Superelevated sections
[J Debris basin/detention basin [Attach Section D (Dam/Basin)]

[J Energy dissipator

[ Transitions in cross sectional geometry

[ weir [ Other (Describe):

Sediment Transport Considerations

Are the hydraulics of the channel affected by sediment transport? []Yes [ No

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

C. BRIDGE/CULVERT
Flooding Source: Centennial Wash

Name of Structure: Harquahala Valley Irrigation District Drainage Channel Culvert

1. This revision reflects (check one):

X Bridge/culvert not modeled in the FIS

[0 Modified bridge/culvert previously modeled in the FIS

[J Revised analysis of bridge/culvert previously modeled in the FIS

2. Hydraulic model used to analyze the structure (e.g., HEC-2 with special bridge routine, WSPRO, HY8): FLO-2D
If different than hydraulic analysis for the flooding source, justify why the hydraulic analysis used for the flooding source could not analyze
the structures. Attach justification.

Attach plans of the structures certified by a registered professional engineer. The plan detail and information should include the following
(check the information that has been provided):

XI Dimensions (height, width, span, radius, length) [ Distances Between Cross Sections

X1 Shape (culverts only) [ Erosion Protection

X Material X Low Chord Elevations — Upstream and Downstream

[J Beveling or Rounding X Top of Road Elevations — Upstream and Downstream
[J Wing Wall Angle Xl Structure Invert Elevations — Upstream and Downstream
[J Skew Angle X Stream Invert Elevations — Upstream and Downstream

[ Cross-Section Locations

Sediment Transport Considerations

X No

If Yes, then fill out Section F (Sediment Transport) of Form 3. If no, then attach an explanation.

[ Yes

Are the hydraulics of the structure affected by sediment transport?
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D. DAM/BASIN

Flooding Source:
. Name of Structure: _
1. This request is for (check one): [ Existing dam/basin  [] New dam/basin [J Modification of existing dam/basin
2. The dam/basin was designed by (check one): [] Federal agency [] State agency [] Private organization [] Local government agency
Name of the agency or organization: ___
3. The Dam was permitted as (check one): [] Federal Dam [] State Dam

Provide the permit or identification number (ID) for the dam and the appropriate permitting agency or organization

Permit or ID number Permitting Agency or Organization

a. [ Local Government Dam [ Private Dam
Provided related drawings, specification and supporting design information.

4.  Does the project involve revised hydrology? [ Yes []No

If Yes, complete the Riverine Hydrology & Hydraulics Form (Form 2).

Was the dam/basin designed using critical duration storm? (must account for the maximum volume of runoff)

[ Yes, provide supporting documentation with your completed Form 2.

[J No, provide a written explanation and justification for not using the critical duration storm.
5. Does the submittal include debris/sediment yield analysis? [] Yes [ No

If Yes, then fill out Section F (Sediment Transport). If No, then attach your explanation for why debris/sediment analysis was not considered?
6. Does the Base Flood Elevation behind the dam/basin or downstream of the dam/basin change? [ Yes [ No

. If Yes, complete the Riverine Hydrology & Hydraulics Form (Form 2) and complete the table below.

Stillwater Elevation Behind the Dam/Basin
FREQUENCY (% annual chance) FIS REVISED

10-year (10%) - I
50-year (2%) — P
100-year (1%) - -
500-year (0.2%) g s
Normal Pool Elevation
7. Please attach a copy of the formal Operation and Maintenance Plan

E. LEVEE/FLOODWALL
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1. System Elements

a. This Levee/Floodwall analysis is based on (check one): upgrading of a newly reanalysis of
O an existing O constructed 0 an existing
levee/floodwall levee/floodwall levee/floodwall
system system system

b. Levee elements and locations are (check one):

[ earthen embankment, dike, berm, etc. Station to
[ structural floodwall Station to
[ Other (describe): Station to

. Structural Type (check one): [] monolithic cast-in place reinforced concrete [ reinforced concrete masonry block [] sheet piling

[] Other (describe):

d. Has this levee/floodwall system been certified by a Federal agency to provide protection from the base flood?
[OYes [1J No

If Yes, by which agency?
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e. Attach certified drawings containing the following information (indicate drawing sheet numbers):

Plan of the levee embankment and floodwall structures. Sheet Numbers:
A profile of the levee/floodwall system showing the Base Flood Elevation (BFE),

levee and/or wall crest and foundation, and closure locations for the total levee system. Sheet Numbers:
A profile of the BFE, closure opening outlet and inlet invert elevations, type and size

of opening, and kind of closure. Sheet Numbers:

A layout detail for the embankment protection measures. Sheet Numbers:
Location, layout, and size and shape of the levee embankment features, foundation treatment,
Floodwall structure, closure structures, and pump stations. Sheet Numbers:

Freeboard

a. The minimum freeboard provided above the BFE is:

Riverine

3.0 feet or more at the downstream end and throughout
3.5 feet or more at the upstream end

4.0 feet within 100 feet upstream of all structures and/or constrictions

Coastal

1.0 foot above the height of the one percent wave associated with the 1%-annual-chance
stillwater surge elevation or maximum wave runup (whichever is greater). [ Yes

2.0 feet above the 1%-annual-chance stillwater surge elevation [ Yes

Please note, occasionally exceptions are made to the minimum freeboard requirement. If an exception is requested, attach
documentation addressing Paragraph 65.10(b)(1)(ii) of the NFIP Regulations.

If No is answered to any of the above, please attach an explanation.
b. Is there an indication from historical records that ice-jamming can affect the BFE? [OYes [JNo
If Yes, provide ice-jam analysis profile and evidence that the minimum freeboard discussed above still exists.
Closures
a. Openings through the levee system (check one): [Jexists [ does not exist

If opening exists, list all closures:

Channel Station Left or Right Bank Opening Type Highest Elevation for Type of Closure Device
Opening Invert

(Extend table on an added sheet as needed and reference)

Note: Geotechnical and geologic data

In addition to the required detailed analysis reports, data obtained during field and laboratory investigations and used in the design
analysis for the following system features should be submitted in a tabulated summary form. (Reference U.S. Army Corps of
Engineers [USACE] EM-1110-2-1906 Form 2086.)
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Embankment Protection

a. The maximum levee slope land side is:
The maximum levee slope flood side is:

The range of velocities along the levee during the base flood is: (min.) to (max.)

Embankment material is protected by (describe what kind):

Riprap Design Parameters (check one): [ Velocity [J Tractive stress
Attach references

Stone Riprap

Sideslope Curve or

Velocity Straight Dso Depth of Toedown

Thickness

(Extend table on an added sheet as needed and reference each entry)
f. Is a beddingffilter analysis and design attached? [] Yes [J No

g. Describe the analysis used for other kinds of protection used (include copies of the design analysis):

Attach engineering analysis to support construction plans.

Embankment And Foundation Stability

a. Identify locations and describe the basis for selection of critical location for analysis:

[ Overall height: Sta.: , height

[ Limiting foundation soil strength:
Strength ¢ = degrees, ¢ = psf
Slope: SS = (h) to (v)

(Repeat as needed on an added sheet for additional locations)

b.  Specify the embankment stability analysis methodology used (e.g., circular arc, sliding block, infinite slope, etc.):

c. Summary of stability analysis results:
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E. LEVEE/FLOODWALL (CONTINUED)

Embankment And Foundation Stability (continued)

Case Loading Conditions Critical Safety Factor Criteria (Min.)

End of construction 1.3

Sudden drawdown 1.0

Critical flood stage 1.4

Steady seepage at flood stage 1.4

Earthquake (Case ) 1.0

(Reference: USACE EM-1110-2-1913 Table 6-1)

d. Was a seepage analysis for the embankment performed?
If Yes, describe methodology used:
Was a seepage analysis for the foundation performed?
Were uplift pressures at the embankment landside toe checked?
Were seepage exit gradients checked for piping potential?

The duration of the base flood hydrograph against the embankment is

Attach engineering analysis to support construction plans.

Floodwall And Foundation Stability

a. Describe analysis submittal based on Code (check one): [J uBC (1988) [ Other (specify):

b. Stability analysis submitted provides for: [ Overturning [ Sliding  If not, explain: ___
c. Loading included in the analyses were: [ Lateralearth @ Pa=___ psf; P,=___  psf
[J Surcharge-Slope @, [ surface ______ psf
O Wind@Pw=____ psf
[ Seepage (Uplift), [0 Earthquake @ Peq=___ %g
[ 1%-annual-chance significant wave height: ft.
[] 1%-annual-chance significant wave period: ___ sec.

d. Summary of Stability Analysis Results: Factors of Safety.
Itemize for each range in site layout dimension and loading condition limitation for each respective reach.

Criteria (Min) Sta To Sta To

Loading Condition
Overturn Sliding Overturn Sliding Overturn Sliding

Dead & Wind 1.5 1.5

Dead & Soil 1.5 1.5

Dead, Soil, Flood, & 1.5 1.5
Impact

Dead, Soil, & Seismic 1.3 1.3
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‘

(Ref: FEMA 114 Sept 1986; USACE EM 1110-2-2502)
Note: (Extend table on an added sheet as needed and reference)

E. LEVEE/FLOODWALL (CONTINUED)

Floodwall And Foundation Stability (continued)

e. Foundation bearing strength for each soil type:

Bearing Pressure Sustained Load (psf)

Short Term Load (psf)

Computed design maximum

Maximum allowable

FEMA Form 086-0-27B, (2/2011) Previously FEMA Form 81-89B
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f.  Foundation scour protection [] is, [] is not provided. If provided, attach explanation and supporting documentation:

Attach engineering analysis to support construction plans.

. 7. Settlement

a. Has anticipated potential settlement been determined and incorporated into the specified construction elevations to maintain the

established freeboard margin? [OYes [ONo
b. The computed range of settlement is ft. to ft.
c. Settlement of the levee crest is determined to be primarily from : [J Foundation consolidation [] Embankment compression

[ Other (Describe):

d. Differential settlement of floodwalls [] has [] has not been accommodated in the structural design and construction.

Attach engineering analysis to support construction plans.

8. Interior Drainage

a. Specify size of each interior watershed:

Draining to pressure conduit: acres
Draining to ponding area: acres

b. Relationships Established

Ponding elevation vs. storage [JYes [JNo

Ponding elevation vs. gravity flow OYes [OdNo

Differential head vs. gravity flow OYes [No
c. The river flow duration curve is enclosed: [OYes [dNo
d. Specify the discharge capacity of the head pressure conduit: cfs

e. Which flooding conditions were analyzed?

. Gravity flow (Interior Watershed) OYes [ONo
o Common storm (River Watershed) [OYes [JNo
. Historical ponding probability OYes [ONo
. Coastal wave overtopping [dYes [dNo

If No for any of the above, attach explanation.

e. Interior drainage has been analyzed based on joint probability of interior and exterior flooding and the capacities of pumping and outlet
facilities to provide the established level of flood protection. [ Yes [ No If No, attach explanation.

g. The rate of seepage through the levee system for the base flood is cfs

h. The length of levee system used to drive this seepage rate in item g: ft.

E. LEVEE/FLOODWALL (CONTINUED)

8.

Interior Drainage (continued)

i. Will pumping plants be used for interior drainage? [JYes [JNo

If Yes, include the number of pumping plants: For each pumping plant, list:
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Plant #1 Plant #2

The number of pumps

The ponding storage capacity

The maximum pumping rate

The maximum pumping head

The pumping starting elevation

The pumping stopping elevation

Is the discharge facility protected?

Is there a flood warning plan?

How much time is available between warning
and flooding?

Will the operation be automatic? [dYes [dNo
If the pumps are electric, are there backup power sources? [OYes [No

(Reference: USACE EM-1110-2-3101, 3102, 3103, 3104, and 3105)

Include a copy of supporting documentation of data and analysis. Provide a map showing the flooded area and maximum ponding elevations for all
interior watersheds that result in flooding.

9. Other Design Criteria

a. The following items have been addressed as stated:

Liquefaction [Jis [] is not a problem
Hydrocompaction []is []is not a problem
Heave differential movement due to soils of high shrink/swell []is [] is not a problem

b. For each of these problems, state the basic facts and corrective action taken:

Attach supporting documentation

c. If the levee/floodwall is new or enlarged, will the structure adversely impact flood levels and/or flow velocities floodside of the structure?
[dYes [dNo Attach supporting documentation

d. Sediment Transport Considerations:
Was sediment transport considered? [] Yes [ No

If Yes, then fill out Section F (Sediment Transport). If No, then attach your explanation for why sediment transport was not considered.
10. Operational Plan And Criteria

a. Are the planned/installed works in full compliance with Part 65.10 of the NFIP Regulations? [dYes [JNo

b. Does the operation plan incorporate all the provisions for closure devices as required in Paragraph 65.10(c)(1) of the NFIP regulations?

[OYes [No

c. Does the operation plan incorporate all the provisions for interior drainage as required in Paragraph 65.10(c)(2) of the NFIP regulations?
OYes [ONo If the answer is No to any of the above, please attach supporting documentation.

E. LEVEE/FLOODWALL (CONTINUED)
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11.  Maintenance Plan
Please attach a copy of the fomal maintenance plan for the levee/floodwall

12. Operations and Maintenance Plan

Please attach a copy of the formal Operations and Maintenance Plan for the levee/floodwall.

CERTIFICATION OF THE LEVEE DOCUMENTION

This certification is to be signed and sealed by a licensed registered professional engineer authorized by law to certify elevation information data,
hydrologic and hydraulic analysis, and any other supporting information as per NFIP regulations paragraph 65.10(e) and as described in the MT-2
Forms Instructions. All documents submitted in support of this request are correct to the best of my knowledge. | understand that any false
statement may be punishable by fine or imprisonment under Title 18 of the United States Code, Section 1001.

Certifier's Name: License No.: Expiration Date:
Company Name: Telephone No.: Fax No.:
Signature: Date: E-Mail Address:

F. SEDIMENT TRANSPORT

Flooding Source:
Name of Structure:
If there is any indication from historical records that sediment transport (including scour and deposition) can affect the Base Flood Elevation (BFE);

and/or based on the stream morphology, vegetative cover, development of the watershed and bank conditions, there is a potential for debris and
sediment transport (including scour and deposition) to affect the BFEs, then provide the following information along with the supporting

documentation:

Sediment load associated with the base flood discharge: Volume __ acre-feet
Debris load associated with the base flood discharge: Volume __ acre-feet
Sediment transport rate ______ (percent concentration by volume)

Method used to estimate sediment transport:

Most sediment transport formulas are intended for a range of hydraulic conditions and sediment sizes; attach a detailed explanation for using the
selected method.

Method used to estimate scour and/or deposition:
Method used to revise hydraulic or hydrologic analysis (model) to account for sediment transport:

Please note that bulked flows are used to evaluate the performance of a structure during the base flood; however, FEMA does not map BFEs based
on bulked flows.

If a sediment analysis has not been performed, an explanation as to why sediment transport (including scour and deposition) will not affect the BFEs
or structures must be provided.
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DEPARTMENT OF HOMELAND SECURITY
FEDERAL EMERGENCY MANAGEMENT AGENCY O.M.B. NO. 1660-0016
Expires February 28, 2014

RIVERINE STRUCTURES FORM
PAPERWORK BURDEN DISCLOSURE NOTICE

Public reporting burden for this form is estimated to average 7 hours per response. The burden estimate includes the time for reviewing
instructions, searching existing data sources, gathering and maintaining the needed data, and completing, reviewing, and submitting the form.
You are not required to respond to this collection of information unless a valid OMB control number appears in the upper right corner of this form.
Send comments regarding the accuracy of the burden estimate and any suggestions for reducing this burden to: Information Collections
Management, Department of Homeland Security, Federal Emergency Management Agency, 1800 South Bell Street, Arlington, VA 20598-3005,
Paperwork Reduction Project (1660-0016). Submission of the form is required to obtain or retain benefits under the National Flood Insurance
Program. Please do not send your completed survey to the above address.

PRIVACY ACT STATEMENT

AUTHORITY: The National Flood Insurance Act of 1968, Public Law 90-448, as amended by the Flood Disaster Protection Act of 1973, Public Law
93-234.

PRINCIPAL PURPOSE(S): This information is being collected for the purpose of determining an applicant's eligibility to request changes to National
Flood Insurance Program (NFIP) Flood Insurance Rate Maps (FIRM).

ROUTINE USE(S): The information on this form may be disclosed as generally permitted under 5 U.S.C § 552a(b) of the Privacy Act of 1974, as
amended. This includes using this information as necessary and authorized by the routine uses published in DHS/FEMA/NFIP/LOMA-1 National
Flood Insurance Program; Letter of Map Amendment (LOMA) February 15, 2006, 71 FR 7990.

DISCLOSURE: The disclosure of information on this form is voluntary; however, failure to provide the information requested may delay or prevent
FEMA from processing a determination regarding a requested change to a NFIP Flood Insurance Rate Maps (FIRM).

Flooding Source: Centennial Wash

Note: Fill out one form for each flooding source studied.

A. GENERAL

Complete the appropriate section(s) for each Structure listed below:
Channelization complete Section B
....complete Section C
...complete Section D
Levee/Floodwall ....complete Section E

Sediment Transport complete Section F (if required)

Description Of Modeled Structure

1. Name of Structure: Southern Pacific Railroad (SPRR) Bridge

Type (check one): [J Channelization X Bridge/Culvert [ Levee/Floodwall

Location of Structure: 7.37 miles upstream of the confluence of Centennial Wash with the Gila River

Downstream Limit/Cross Section: RM 7.35 along Centennial Wash for HEC-RAS model "BaselineRdtoGila_LS.prj"

Upstream Limit/Cross Section: RM 7.39 along Centennial Wash for HEC-RAS model "BaselineRdtoGila LS.prj"

Name of Structure: __

Type (check one): [] Channelization [] Bridge/Culvert [ Levee/Floodwall
Location of Structure:

Downstream Limit/Cross Section:

Upstream Limit/Cross Section:

Name of Structure:

Type (check one) [ Channelization [] Bridge/Culvert [J Levee/Floodwall

Location of Structure:
Downstream Limit/Cross Section:

Upstream Limit/Cross Section:

NOTE: FOR MORE STRUCTURES, ATTACH ADDITIONAL PAGES AS NEEDED.
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B. CHANNELIZATION

Flooding Source:

Name of Structure:

1.

Hydraulic Considerations

The channel was designed to carry (cfs) and/or the -year flood.

The design elevation in the channel is based on (check one):

[J Subcritical flow [ Critical flow [0 Supercritical flow [J Energy grade line

If there is the potential for a hydraulic jump at the following locations, check all that apply and attach an explanation of how the hydraulic
jump is controlled without affecting the stability of the channel.

[ At Transitions

[ At Drop Structures

[ Inletto channel [] Outlet of channel
[ Other locations (specify):

Channel Design Plans

Attach the plans of the channelization certified by a registered professional engineer, as described in the instructions.

Accessory Structures

The channelization includes (check one):
[ Levees [Attach Section E (Levee/Floodwall)] [ Drop structures [0 Superelevated sections
[ Debris basin/detention basin [Attach Section D (Dam/Basin)]

[ Energy dissipator

[ Transitions in cross sectional geometry

O weir [ Other (Describe):

Sediment Transport Considerations

Are the hydraulics of the channel affected by sediment transport? [] Yes [ No

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

C. BRIDGE/CULVERT
Flooding Source: Centennial Wash

Name of Structure: SPRR Bridge

1. This revision reflects (check one):

[J Bridge/culvert not modeled in the FIS

[0 Modified bridge/culvert previously modeled in the FIS

XI Revised analysis of bridge/culvert previously modeled in the FIS

2. Hydraulic model used to analyze the structure (e.g., HEC-2 with special bridge routine, WSPRO, HY8): HEC-RAS
If different than hydraulic analysis for the flooding source, justify why the hydraulic analysis used for the flooding source could not analyze
the structures. Attach justification.

Attach plans of the structures certified by a registered professional engineer. The plan detail and information should include the following
(check the information that has been provided):

XI Dimensions (height, width, span, radius, length) X Distances Between Cross Sections

[] Shape (culverts only) [J Erosion Protection

[] Material X Low Chord Elevations — Upstream and Downstream

[J Beveling or Rounding X Top of Road Elevations — Upstream and Downstream
[J Wing Wall Angle [ Structure Invert Elevations — Upstream and Downstream
[J Skew Angle X Stream Invert Elevations — Upstream and Downstream

X Cross-Section Locations

4. Sediment Transport Considerations

[OYes [X No

If Yes, then fill out Section F (Sediment Transport) of Form 3. If no, then attach an explanation.

Are the hydraulics of the structure affected by sediment transport?
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D. DAM/BASIN

Flooding Source:
Name of Structure:

1. This request is for (check one): [ Existing dam/basin ] New dam/basin [] Modification of existing dam/basin

2. The dam/basin was designed by (check one): [] Federal agency [] State agency [] Private organization [] Local government agency

Name of the agency or organization:
The Dam was permitted as (check one): [] Federal Dam [J State Dam
Provide the permit or identification number (ID) for the dam and the appropriate permitting agency or organization

Permit or ID number Permitting Agency or Organization

[ Local Government Dam  [] Private Dam
Provided related drawings, specification and supporting design information.
Does the project involve revised hydrology? []Yes []No
If Yes, complete the Riverine Hydrology & Hydraulics Form (Form 2).
Was the dam/basin designed using critical duration storm? (must account for the maximum volume of runoff)
[ Yes, provide supporting documentation with your completed Form 2.
[0 No, provide a written explanation and justification for not using the critical duration storm.
Does the submittal include debris/sediment yield analysis? [ Yes [] No
If Yes, then fill out Section F (Sediment Transport). If No, then attach your explanation for why debris/sediment analysis was not considered?
Does the Base Flood Elevation behind the dam/basin or downstream of the dam/basin change? []Yes [ No
If Yes, complete the Riverine Hydrology & Hydraulics Form (Form 2) and complete the table below.

Stillwater Elevation Behind the Dam/Basin
FREQUENCY (% annual chance) FIS REVISED

10-year (10%)
50-year (2%)
100-year (1%)
500-year (0.2%)
Normal Pool Elevation
7. Please attach a copy of the formal Operation and Maintenance Plan

E. LEVEE/FLOODWALL
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1. System Elements

a. This Levee/Floodwall analysis is based on (check one): upgra'dir)g of @ newly reanaily§is of
0 an existing 0 constructed 0 an existing
levee/floodwall levee/floodwall levee/floodwall
. system system system
b. Levee elements and locations are (check one):

[ earthen embankment, dike, berm, etc. Station to
[J structural floodwall Station to
[J Other (describe): Station to

Structural Type (check one): [] monolithic cast-in place reinforced concrete [] reinforced concrete masonry block [] sheet piling

[J Other (describe):

d. Has this levee/floodwall system been certified by a Federal agency to provide protection from the base flood?

[dYes [ No

If Yes, by which agency?
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e. Attach certified drawings containing the following information (indicate drawing sheet numbers):

Plan of the levee embankment and floodwall structures. Sheet Numbers: __
A profile of the levee/floodwall system showing the Base Flood Elevation (BFE),

levee and/or wall crest and foundation, and closure locations for the total levee system. Sheet Numbers:

A profile of the BFE, closure opening outlet and inlet invert elevations, type and size

of opening, and kind of closure. Sheet Numbers:

A layout detail for the embankment protection measures. Sheet Numbers:
Location, layout, and size and shape of the levee embankment features, foundation treatment,
Floodwall structure, closure structures, and pump stations. Sheet Numbers:

Freeboard

a. The minimum freeboard provided above the BFE is:

Riverine

3.0 feet or more at the downstream end and throughout
3.5 feet or more at the upstream end

4.0 feet within 100 feet upstream of all structures and/or constrictions

Coastal

1.0 foot above the height of the one percent wave associated with the 1%-annual-chance
stillwater surge elevation or maximum wave runup (whichever is greater). [ Yes

2.0 feet above the 1%-annual-chance stillwater surge elevation [ Yes

i Please note, occasionally exceptions are made to the minimum freeboard requirement. If an exception is requested, attach
documentation addressing Paragraph 65.10(b)(1)(ii) of the NFIP Regulations.

If No is answered to any of the above, please attach an explanation.
b. Is there an indication from historical records that ice-jamming can affect the BFE? [JYes [No
If Yes, provide ice-jam analysis profile and evidence that the minimum freeboard discussed above still exists.

Closures

a. Openings through the levee system (check one): [Jexists [ does not exist

If opening exists, list all closures:

Channel Station Left or Right Bank Opening Type Highest Elevation for Type of Closure Device
Opening Invert

(Extend table on an added sheet as needed and reference)

Note: Geotechnical and geologic data

In addition to the required detailed analysis reports, data obtained during field and laboratory investigations and used in the design
analysis for the following system features should be submitted in a tabulated summary form. (Reference U.S. Army Corps of
Engineers [USACE] EM-1110-2-1906 Form 2086.)
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Embankment Protection

a. The maximum levee slope land side is:

b. The maximum levee slope flood side is:
The range of velocities along the levee during the base floodis: ___ (min.) to_____ (max.)
Embankment material is protected by (describe what kind):

Riprap Design Parameters (check one): [J Velocity [J Tractive stress
Attach references

T Stone Riprap

Velocity Straight Dso Thickness

Sideslope Depth of Toedown

Sta

Sta

(Extend table on an added sheet as needed and reference each entry)
f. Is a bedding/filter analysis and design attached? [] Yes [] No

g. Describe the analysis used for other kinds of protection used (include copies of the design analysis):

Attach engineering analysis to support construction plans.

5. Embankment And Foundation Stability

a. Identify locations and describe the basis for selection of critical location for analysis:

[J Overall height: Sta.: , height

[ Limiting foundation soil strength:

Strength ¢ = degrees,c=_____ psf

Slope: SS = (h) to (v)
(Repeat as needed on an added sheet for additional locations)

b.  Specify the embankment stability analysis methodology used (e.g., circular arc, sliding block, infinite slope, etc.):

c. Summary of stability analysis results:
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E. LEVEE/FLOODWALL (CONTINUED)

Embankment And Foundation Stability (continued)

Case Loading Conditions Critical Safety Factor Criteria (Min.)

End of construction 1.3

Sudden drawdown 1.0

Critical flood stage 1.4

Steady seepage at flood stage 1.4

Earthquake (Case ) 1.0

(Reference: USACE EM-1110-2-1913 Table 6-1)

d. Was a seepage analysis for the embankment performed? [OYes [JNo
If Yes, describe methodology used:
Was a seepage analysis for the foundation performed? [dYes [No
Were uplift pressures at the embankment landside toe checked? [OYes [JNo
Were seepage exit gradients checked for piping potential? OYes [No

The duration of the base flood hydrograph against the embankment is hours.

Attach engineering analysis to support construction plans.

Floodwall And Foundation Stability

a. Describe analysis submittal based on Code (check one): [J uBC (1988) [ Other (specify):

b. Stability analysis submitted provides for: [ Overturning [ Sliding If not, explain:
c. Loading included in the analyses were: [0 Lateralearth @Pa=___ psf; Py=___ psf

[J Surcharge-Slope @, [] surface ______ psf

O Wind@Pw=___ psf

[J Seepage (Uplift) [J Earthquake @ Peq = %g

[ 1%-annual-chance significant wave height: ft.
[J 1%-annual-chance significant wave period: sec.

d. Summary of Stability Analysis Results: Factors of Safety.
Itemize for each range in site layout dimension and loading condition limitation for each respective reach.

Criteria (Min) Sta To Sta To

Loading Condition
Overturn Sliding Overturn Sliding Overturn Sliding

Dead & Wind 1.5 1.5

Dead & Soil 1.5 156

Dead, Soil, Flood, & 1.5 1.5
Impact

Dead, Soil, & Seismic 1.3 1.3
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(Ref: FEMA 114 Sept 1986; USACE EM 1110-2-2502)
Note: (Extend table on an added sheet as needed and reference)

E. LEVEE/FLOODWALL (CONTINUED)
Floodwall And Foundation Stability (continued)

e. Foundation bearing strength for each soil type:

Bearing Pressure Sustained Load (psf) Short Term Load (psf)

Computed design maximum

Maximum allowable
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f.  Foundation scour protection [] is, [] is not provided. If provided, attach explanation and supporting documentation:

Attach engineering analysis to support construction plans.

Settlement

Has anticipated potential settlement been determined and incorporated into the specified construction elevations to maintain the
established freeboard margin? [OJYes [JNo

The computed range of settlement is ft. to ft.

Settlement of the levee crest is determined to be primarily from : [ Foundation consolidation [] Embankment compression

[ Other (Describe):

Differential settlement of floodwalls [] has [] has not been accommodated in the structural design and construction.

Attach engineering analysis to support construction plans.

Interior Drainage

a. Specify size of each interior watershed:

Draining to pressure conduit: acres
Draining to ponding area: acres

Relationships Established

Ponding elevation vs. storage OYes [OJNo
Ponding elevation vs. gravity flow [dYes [No
Differential head vs. gravity flow [dYes [OJNo

The river flow duration curve is enclosed: [dYes [dNo
Specify the discharge capacity of the head pressure conduit: cfs
Which flooding conditions were analyzed?

Gravity flow (Interior Watershed) [J No

Common storm (River Watershed) [ No

Historical ponding probability [ No

Coastal wave overtopping [J No
If No for any of the above, attach explanation.

Interior drainage has been analyzed based on joint probability of interior and exterior flooding and the capacities of pumping and outlet
facilities to provide the established level of flood protection. [] Yes [ No If No, attach explanation.

The rate of seepage through the levee system for the base flood is cfs

The length of levee system used to drive this seepage rate in item g: ft.

E. LEVEE/FLOODWALL (CONTINUED)

8. Interior Drainage (continued)

[ No

[ Yes

i Will pumping plants be used for interior drainage?

If Yes, include the number of pumping plants: For each pumping plant, list:

MT-2 Form 3 Page 9 of 11

FEMA Form 086-0-27B, (2/2011) Previously FEMA Form 81-89B



Plant #1 Plant #2

The number of pumps

The ponding storage capacity

The maximum pumping rate

The maximum pumping head

The pumping starting elevation

The pumping stopping elevation

Is the discharge facility protected?

Is there a flood warning plan?

How much time is available between warning
and flooding?

Will the operation be automatic? [OJYes [No
If the pumps are electric, are there backup power sources? [JYes [JNo

(Reference: USACE EM-1110-2-3101, 3102, 3103, 3104, and 3105)

Include a copy of supporting documentation of data and analysis. Provide a map showing the flooded area and maximum ponding elevations for all
interior watersheds that result in flooding.

9. Other Design Criteria

a. The following items have been addressed as stated:

Liquefaction []is [] is not a problem
Hydrocompaction []is [] is not a problem
Heave differential movement due to soils of high shrink/swell []is [] is nota problem

b. For each of these problems, state the basic facts and corrective action taken:

Attach supporting documentation

c. Ifthe levee/floodwall is new or enlarged, will the structure adversely impact flood levels and/or flow velocities floodside of the structure?
[dYes [No Attach supporting documentation

d. Sediment Transport Considerations:
Was sediment transport considered? [J Yes [ No

If Yes, then fill out Section F (Sediment Transport). If No, then attach your explanation for why sediment transport was not considered.
10. Operational Plan And Criteria

a. Are the planned/installed works in full compliance with Part 65.10 of the NFIP Regulations? OYes [ONo

b. Does the operation plan incorporate all the provisions for closure devices as required in Paragraph 65.10(c)(1) of the NFIP regulations?

[JYes [JNo

c. Does the operation plan incorporate all the provisions for interior drainage as required in Paragraph 65.10(c)(2) of the NFIP regulations?
[dYes [JNo If the answer is No to any of the above, please attach supporting documentation.

E. LEVEE/FLOODWALL (CONTINUED)
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11.  Maintenance Plan
Please attach a copy of the fomal maintenance plan for the levee/floodwall

12. Operations and Maintenance Plan

Please attach a copy of the formal Operations and Maintenance Plan for the levee/floodwall.

CERTIFICATION OF THE LEVEE DOCUMENTION

This certification is to be signed and sealed by a licensed registered professional engineer authorized by law to certify elevation information data,
hydrologic and hydraulic analysis, and any other supporting information as per NFIP regulations paragraph 65.10(e) and as described in the MT-2
Forms Instructions. All documents submitted in support of this request are correct to the best of my knowledge. | understand that any false
statement may be punishable by fine or imprisonment under Title 18 of the United States Code, Section 1001.

Certifier's Name: License No.: Expiration Date:
Company Name: Telephone No.: Fax No.:
Signature: Date: E-Mail Address:

F. SEDIMENT TRANSPORT

Flooding Source:
Name of Structure:

If there is any indication from historical records that sediment transport (including scour and deposition) can affect the Base Flood Elevation (BFE);
and/or based on the stream morphology, vegetative cover, development of the watershed and bank conditions, there is a potential for debris and
sediment transport (including scour and deposition) to affect the BFEs, then provide the following information along with the supporting

documentation:

Sediment load associated with the base flood discharge: Volume _____ acre-feet
Debris load associated with the base flood discharge: Volume ___ acre-feet
Sediment transportrate ___ (percent concentration by volume)

Method used to estimate sediment transport:

Most sediment transport formulas are intended for a range of hydraulic conditions and sediment sizes; attach a detailed explanation for using the
selected method.

Method used to estimate scour and/or deposition:
Method used to revise hydraulic or hydrologic analysis (model) to account for sediment transport:

Please note that bulked flows are used to evaluate the performance of a structure during the base flood; however, FEMA does not map BFEs based
on bulked flows.

If a sediment analysis has not been performed, an explanation as to why sediment transport (including scour and deposition) will not affect the BFEs
or structures must be provided.
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Southern Pacific Railroad Bridge

The following table presents information entered into HEC-RAS for the SPRR bridge openings based on
survey data. The bridges are numbered from west to east with bridge 1 being the main opening.

Table 1. SPRR Bridge Data

Bridge1 Bridge2 Bridge3 Bridge4

Height of opening, maximum (ft) 10.8 8.1 6.0 8.9
Width of opening (ft) 281.2 276.9 296.9 300.7
Length in streamwise direction (ft) 15 15 15 15
Pier size (ft) 1 1 1 1
Number of piers 19 19 19 19
Distance to upstream cross section (ft) 60 60 60 60
Distance to downstream cross section (ft) 133.5 133.5 133.5 133.5
Low chord, upstream and downstream (ft) 855 855 853.5 851.5
Upstream top of road, average (ft) 858.8 858.9 857.5 855.4
Downstream top of road, average (ft) 858.9 858.9 857.6 855.5
Upstream invert elevation, minimum (ft) 844.2 846.9 847.5 842.6
Downstream invert elevation, minimum
(ft) 844.4 847.7 847.4 843.0
Upstream cross section (RS) 7.39 7.39 7.39 7.39
. Downstream cross section (RS) 7.35 7.35 7.35 7.35



3 Surveying and Mapping Information
The final topography used for floodplain mapping in this study was developed using six different
topographic data sources (see Figure 3-1). These sources are summarized below:

1.

The area west of the 530" Avenue alignment and north of the Centennial Road alignment—
including approximately 8.2 river miles of the main branch of Centennial Wash from the border
of Maricopa County and La Paz County at the upstream end to the intersection of Centennial
Wash and Centennial Road at the downstream end—was mapped using 2-foot contour interval
topography delivered in 2012 to the District by Stewart Geo Technologies (Stewart Geo
Technologies, 2012).

From the intersection of Centennial Wash with Centennial Road at the upstream end to
approximately the 470" Avenue alignment at the downstream end (i.e., near the intersection of
Centennial Wash with the Elliott Road alignment), the topography utilized for the final mapping
was a mixture of the Stewart 2-foot contour interval topography (Stewart Geo Technologies,
2012) and 2-foot contour interval topography developed by Vertical Mapping Resources. A
certification document was provided to WEST by the District for the Vertical Mapping Resources
topography (Flood Control District of Maricopa County, 2012a). This area covers approximately
13.2 river miles of the main branch of Centennial Wash and the entirety of the previously
effective Centennial Left Overbank floodplain area.

Moving further downstream, approximately 7.1 river miles along Centennial Wash from
approximately 470" Avenue alignment (i.e., near the intersection of Centennial Wash with the
Elliott Road alignment) downstream to 419™ Avenue were mapped using 2-foot contour interval
topography developed by Wilson & Company, Inc. (2012) for this study. As can be seen in Figure
3-1, a small area in between two previously existing topographic data sets used herein (Palo
Verde topography and Gillespie topography, both discussed in greater detail below) was
updated with a combination of additional topography collected by Wilson and another dataset
collected directly by the District (discussed in greater detail below).

Approximately 9.2 river miles along Centennial Wash downstream of the 419" Avenue
alignment were mapped using 2-foot contour interval topography developed in 2007 as part of
the District’'s Palo Verde Area Drainage Master Plan (ADMP) Mapping Survey (Wilson and
Company, 2008). This reach ended at approximately the 355" Avenue alignment near the
downstream end (i.e., 1.2 miles above the intersection of Centennial Wash with the Old US
Highway 80 alignment).

The lowest approximately 2.8 river miles along Centennial Wash (i.e., the approximately 2.8
river miles upstream of the confluence of Centennial Wash with the Gila River) were mapped
using 2-foot contour interval topography developed in 2012 by the District specifically for this
study (Flood Control District of Maricopa County, 2012b). The upstream end of this reach begins
at approximately the 355" Avenue alignment (i.e., 1.2 miles above the intersection of
Centennial Wash with the Old US Highway 80 alignment). This topography was referred to
commonly throughout the project as the “in-fill topography” and may be referenced as such in
meeting minutes and other correspondence provided in appendices to this TSDN.
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6. A small portion of the south (right) overbanks of Centennial Wash for the downstream
approximately 1.3 river miles were mapped using 2-foot contour interval topography developed
in 2008 for the Gillespie area as part of the District’s Gillespie ADMP Mapping Survey (Sandborn,
2009).

Each of these data sources has been reviewed in terms of national mapping accuracy standards. As will
be shown in the remainder of this section of the report, they all are sufficient for this type of study
individually, and the final merged product is sufficient for this type of study as well. Each of these
topography data sources were provided directly by the District. Neither WEST, nor any of WEST’s
subconsultants for this project, developed any topographic datasets for use directly in floodplain

mapping.

David Evans and Associates, Inc., (DEA)—working as a subconsultant to WEST—performed one field
survey task under this contract. That task included the characterization of one set of culverts in the
study area along the Harquahala Valley Irrigation District’'s (HVID) north-south drainage channel
designed and constructed for the purpose of flood control and protection of downstream agricultural
fields. This drainage channel, which runs from north to south, intercepts overland flow moving from
west to east in the vicinity of the Centennial Wash Left Overbank area. The HVID north-south drainage
channel is approximately one-half mile west of Harquahala Valley Road ending very near the thalweg of
Centennial Wash at the southern end. This channel has only one hydraulic structure along its length: a
set of three circular culverts conveying flow underneath Van Buren Street. DEA performed a detailed

structure survey of this crossing.

Additionally, the District performed one field survey for this project as well. This task included the
characterization of the Southern Pacific Railroad (SPRR) Trestle Bridge crossing over Centennial Wash
approximately 7.35 miles upstream from the confluence of Centennial Wash with the Gila River. The
trestle bridge is made up of 4 trestle openings that allow water to pass through, each of the openings
being between 270 feet and 300 feet wide. These four openings are located from 1,800 feet to 2,400
feet apart from each other (spacing between the four openings on center) with no penetrations in the
railroad embankment in between the openings. The District performed a detailed structure survey of
the four openings in this trestle bridge using laser scanner survey technology.

The digital project information, the detailed structure survey, and the topography and mapping as
mentioned above are discussed in greater detail in Sections 3.1, 3.2, and 3.3, respectively.
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Figure 3-1. Topographic data sources for the final merged digital elevation model used in the study

3.1 Digital Projection Information

The vertical datum used for this study is the North American Vertical Datum of 1988 (NAVD88). The
horizontal datum used for this study is the North American Datum of 1983 (NAD83) projected in the
Arizona State Plane Central Zone coordinates. It should be noted that all data sources used in this study
reference this horizontal projection using a High Accuracy Reference Network (HARN) with units of

international feet.

Electronic data available to the project reviewers for this study include GIS shapefiles for topography
data discussed in greater detail in Section 3.3 below. These files can be found on the disc in Appendix
(Geyi

Aerial photography shown on the work maps was provided by the District. These images were collected
in September and October of 2010 and in September and October of 2011. The images were provided
in MrSID format at 0.8-foot resolution. The images were georeferenced horizontally in the NAD83 HARN
Arizona State Plane Central Zone projected coordinate system.

Elevation Reference Marks (ERMs) shown on the work study maps (see Sections 5.2 and 6.2 below) were
provided by the District. Further details regarding the selection of those ERMs for this study can be
found in a technical memorandum developed by WEST and delivered to the District (replicated in

Appendix C.4 of this report).
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3.2 Field Survey Information

Two structures were described using field survey techniques for inclusion in the hydraulic models for the
study: the Southern Pacific Railroad (SPRR) Trestle Bridge and a culvert group along the HVID north-
south drainage channel (approximately one-half mile west of Harquahala Valley Road) which pass water
beneath Van Buren Road. This section will describe the survey data collected to describe these
structures. All of the supporting documentation provided for these surveys can be found in Appendices
C.1 and C.4 of this report.

The District’s land survey group surveyed the SPRR Trestle Bridge for this project. They utilized a Leica
Geosystems HDS Laser Scanner to collect point clouds of data defining the trestle openings in high
resolution. John Stock, RLS, the head of the District’s land survey group, provided oversight for this data
collection and delivery. It should be noted that the majority of the railroad embankment between
trestle openings was not scanned using the laser scanner; only the trestle openings and the portions of
the embankment immediately adjacent to the trestle openings were assessed using this technology.
The District provided two ASCII text files for each of the four trestles surveyed using this laser scanner.
One was a thinned version of the total data cloud. For each trestle, the District collected millions of data
points from the laser scanner, but Mr. Stock’s team thinned these datasets to provide the minimum
number of points per trestle that still provided a high-resolution definition of the trestle opening. These
thinned datasets contained on the order of hundreds of thousands of points per trestle (as opposed to
millions in the original datasets). The second text file provided by the District for each trestle was a very
small dataset (on the order of 50 points) created by the District’s survey team to define the skeletonized
geometry of each trestle opening. This included bottom of pier coordinates (i.e., the center of each pier
where it intersects the ground), top of pier coordinates (i.e., the center of each pier where it intersects
the low chord of the bridge deck), a few coordinates along the top of the bridge deck, and the natural
ground cross section at the bridge face. This skeletonized dataset was analogous to the two-
dimensional representation of each trestle opening in the HEC-RAS model. Both of these files for each
trestle (8 files total) as provided directly by the District are included in Appendix C.1 for review.

Next, a survey was performed to describe the culverts along the HVID north-south drainage channel
(approximately one-half mile west of Harquahala Valley Road) which pass water beneath Van Buren
Road. As a subconsultant to WEST Consultants, Inc. (WEST), David Evans and Associates (DEA)
completed a detailed structure survey of these culverts, which consist of three 72-inch barrel culverts at
approximately the same elevation. This detailed structure survey was used to enter roadway
embankment data and culvert data into the HEC-RAS model created for the HVID north-south drainage
channel and edited for input to the FLO-2D model. It should be noted that the field survey collected a
natural ground cross section just upstream of the culvert (approximately 8 feet upstream of the
culverts), and the points collected in the ground survey show the natural ground elevation above the
invert elevation of the culvert at the upstream face. However, field reconnaissance and field photos
from this reconnaissance show that the invert is not blocked immediately at the upstream face of the
culvert, indicative of local scour processes occurring in the last 8 feet upstream of the culvert.
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Therefore, the ground points in the HEC-RAS model were dropped in the internal bridge upstream cross
section to reflect this observation.

This survey work was completed on January 24, 2013. Thomas J. Lute, RLS, was the registered surveyor
in responsible charge of collecting this information for DEA. A hard copy of the stamped CD data
deliverable provided by DEA, a printout of the surveyed data points (198 points collected), a hard copy
of the field photos collected by the survey crew, and a copy of the field notes are all provided in
Appendix C.4 of this report. In addition, each of these files is also provided digitally in Appendix C.1.

3.3 Mapping

As mentioned previously, the final topography used for floodplain mapping in this study was developed
using six different topographic data sources (see Figure 3-1 above). These sources, summarized
previously, are described in greater detail below. It should be noted that in Figure 3-1, the boundaries
between the topographic datasets are discrete boundaries that were used directly to clip topographic
data from each dataset; no blending or edge-matching was done between the datasets. It should also
be noted that while the Luke Wash FDS topography was used in this project for development of the
original digital surface for use in model development, the final flood inundation extents did not reach
this area. As such, this topography is not presented in detail below.

The topographic data used for the area upstream of the 419" Avenue alignment including
approximately 29 river miles of the main branch of Centennial Wash from the border of Maricopa
County and La Paz County downstream to the 419" Avenue alignment and the entirety of the previously
effective Centennial Left Overbank floodplain area was mapped using a 2-foot contour interval
topography surface delivered in 2012 to WEST by the District and referenced as the “Combined DTM.”
This surface was delivered in Arcinfo GENERATE format. This surface was provided to WEST referencing
the NAVDS88 vertical datum and the NAD83 HARN Arizona State Plane Central Zone horizontal datum,
international feet. As described previously, this “Combined DTM” was developed from three
independent datasets as described below.

The first dataset used in the generation of the “Combined DTM” was developed for the District by
Stewart Geo Technologies (Stewart Geo Technologies, 2012). The area west of the 530" Avenue
alignment and north of the Centennial Road alignment—including approximately 8.2 river miles of the
main branch of Centennial Wash from the border of Maricopa County and La Paz County at the
upstream end to the intersection of Centennial Wash and Centennial Road at the downstream end—was
mapped entirely using this 2-foot contour interval topography in the “Combined DTM.” This dataset
was based on the NAVDS88 vertical datum and the NAD83 HARN Arizona State Plane Central Zone
horizontal datum, international feet. A certification document for this topographic dataset can be found
electronically in Appendix C.1 of this report.

The second dataset used in the generation of the “Combined DTM” was 2-foot contour interval
topography developed by Vertical Mapping Resources. This dataset along with the previously described

39



Stewart Geo Technologies topography data (Stewart Geo Technologies, 2012) were both used in
combination to provide topography data from the intersection of Centennial Wash with Centennial Road
at the upstream end to approximately the 470" Avenue alignment at the downstream end (i.e., near the
intersection of Centennial Wash with the Elliott Road alignment). A certification document was
provided to WEST by the District for the Vertical Mapping Resources topography (Flood Control District
of Maricopa County, 2012a). This area of combined coverage from Vertical Mapping Resources (Flood
Control District of Maricopa County, 2012a) and Stewart Geo Technologies (Stewart Geo Technologies,
2012) makes up the data in the “Combined DTM” surface for approximately 13.2 river miles of the main
branch of Centennial Wash and the entirety of the previously effective Centennial Left Overbank
floodplain area. This dataset was based on the NAVD88 vertical datum and the NAD83 HARN Arizona
State Plane Central Zone horizontal datum. A certification document for the Vertical Mapping
Resources topographic dataset can be found electronically in Appendix C.1 of this report.

The third dataset used in the generation of the “Combined DTM” surface was 2-foot contour interval
topography developed by Wilson & Company, Inc. (2012) specifically for this study. Approximately 7.1
river miles along Centennial Wash from roughly the 470" Avenue alignment (i.e., near the intersection
of Centennial Wash with the Elliott Road alignment) downstream to 419" Avenue were mapped using
this dataset (Wilson & Company, Inc., 2012) in the “Combined DTM” surface. This was the final dataset
incorporated into the “Combined DTM” surface. This dataset was based on the NAVD88 vertical datum
and the NAD83 HARN Arizona State Plane Central Zone horizontal datum. A certification document for
this topographic dataset can be found electronically in Appendix C.1 of this report. As can be seen in
Figure 3-1, a small area near the Gila confluence in between two previously existing topographic data
sets used herein (Palo Verde topography and Gillespie topography, both discussed in greater detail
below) was updated with a combination of additional topography collected by Wilson and another
dataset collected directly by the District (discussed in greater detail below).

Moving downstream from the “Combined DTM” coverage area, approximately 9.2 river miles along
Centennial Wash downstream of the 419th Avenue alignment were mapped using 2-foot contour
interval topography developed in 2007 as part of the District’'s Palo Verde ADMP Mapping Survey
(Wilson and Company, 2008). This reach ended at approximately the 355th Avenue alignment near the
downstream end (i.e., 1.2 miles above the intersection of Centennial Wash with the Old US Highway 80
alignment). This dataset was based on the NAVD88 vertical datum and the NAD83 HARN Arizona State
Plane Central Zone horizontal datum. The aerial photography for this topography dataset was flown on
June 12, 2007. The District’s Project RID for this topography dataset is 1013, and the contract number
under which these data were collected was FCD 2006C028. Additional certification documentation for
this topographic dataset can be found electronically in Appendix C.1 of this report.

The lowest approximately 2.8 river miles along Centennial Wash (i.e., the approximately 2.8 river miles
upstream of the confluence of Centennial Wash with the Gila River) were mapped using 2-foot contour
interval topography developed in 2012 by the District specifically for this study (Flood Control District of
Maricopa County, 2012b). The upstream end of this reach begins at approximately the 355th Avenue
alignment (i.e., 1.2 miles above the intersection of Centennial Wash with the Old US Highway 80
alignment). This topography was referred to commonly throughout the project as the “in-fill
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topography” and may be referenced as such in meeting minutes and other correspondence provided in
appendices to this TSDN. This dataset was based on the NAVDS88 vertical datum and the NAD83 HARN
Arizona State Plane Central Zone horizontal datum. The field survey data used to develop this
topography dataset was collected on April 5, 2012. Additional certification documentation for this
topographic dataset can be found electronically in Appendix C.1 of this report.

A small portion of the south (right) overbanks of Centennial Wash for the downstream approximately
1.3 river miles were mapped using 2-foot contour interval topography developed in 2008 for the
Gillespie as part of the District’s Gillespie ADMP Mapping Survey (Sandborn, 2009). This dataset was
based on the NAVD88 vertical datum and the NAD83 HARN Arizona State Plane Central Zone horizontal
datum. The aerial photography for this topography dataset was flown on June 28-29, 2008. The
District’s Project RID for this topography dataset is 1290, and the contract number under which these
data were collected was FCD 2007C045. Additional certification documentation for this topographic
dataset can be found electronically in Appendix C.1 of this report.

ERMs shown on the work study maps (see Sections 5.2 and 6.2 below) were provided by the District.
Further details regarding the selection of those ERMs for this study can be found in a technical
memorandum developed by WEST and delivered to the District (replicated in Appendix C.4 of this
report). This memorandum provides detailed information regarding the status of each of these
benchmarks to verify mapping accuracy if needed.
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4 Hydrology

4.1 Method Description

The hydrology information used for this study was taken from a CLOMR (FEMA case number 12-09-
0043R) submitted to FEMA that updated the hydrology from the previously effective floodplain
delineation (RBF Consulting, Inc., 2011). The original hydrology (i.e., previously effective hydrology) was
determined by means of an HEC-1 model developed by Cella Barr (Cella Barr Associates, 1989). The
Flood Insurance Study (FIS) for Maricopa County (Federal Emegency Management Agency, 2005) reflects
the hydrology developed by Cella Barr (Cella Barr Associates, 1989). The 2011 CLOMR (FEMA case
number 12-09-0043R) was based on the addition of 20 years of gage record, statistical methods, and
comparison to USGS Regional Regression Equations.

The CLOMR (FEMA case number 12-09-0043R) provided a list of peak flows at various locations in the
study reach. Table 4 from the CLOMR document is reproduced as Table 4-1 below. As can be seen from
this table, the reductions in peak flows due to this CLOMR analysis compared to the previously effective
hydrology were significant. Additionally, the hydrograph locations from Table 4-1 are shown spatially in
Figure 4-1 below. As can be seen in this figure, the location defined in the CLOMR as “At Confluence
with Gila River” is approximately 1.3 miles upstream of the confluence at the intersection of the
Centennial Wash thalweg with Old US Highway 80. This was the location of an historic USGS gage that is
no longer maintained along Centennial Wash, the USGS Gage ID 09517500—Centennial Wash near
Arlington, Arizona. This gage actively collected data from 1960 to 1979 before being discontinued by
the USGS. The data from that time period was incorporated into the hydrology analysis in the CLOMR
developed by RBF (FEMA case number 12-09-0043R).

For the hydraulic modeling conducted herein, the peak flow values shown in Table 4-1 were applied as
flow change locations at the geographic locations shown in Figure 4-1. Computation of steady-flow
profiles require only a single peak discharge value be entered into the model.

Table 4-1. Final discharges approved previously by FEMA (reproduction of Table 4 from the CLOMR
FEMA case number 12-09-0043R)

5 . Area 100-Year Q FIS Q** Reduction in
Location Along Centennial Wash (miz) (cfs)* (cfs) Peak Flow (%)
At Centennial Levee Reach 2 1109.7 34,347 52,300 34.2
Near Baseline Road 1398.1 38,552 58,100 33.6
At Railroad Bridge near Arlington*** 1824.5 44,041 67,300 34.6
At Confluence with Gila River 1870.3 44,590 67,300 33.7

*This column refers to the updated flows used in this study (RBF Consulting, Inc., 2011)
**This column refers to the previously effective FIS flows (Cella Barr Associates, 1989)
***This is the bridge referred to herein as the SPRR Trestle Bridge

42




Legend

@ Hydrograph Locations

, entenial Levee Reac 2 Centennial Wash

CLN—
ey
Ul

",

& 4 Confluence with Gila River

ST
A

Consullants inc

Figure 4-1. Hydrograph locations along Centennial Wash from the CLOMR (FEMA case number 12-09-
0043R)

4.2 Determination of Inflow Hydrograph for the Hydraulic Model

For the hydraulic modeling, an unsteady flow hydrograph is required to develop the inflowing hydrology
for the model. The following discussion will outline the development of the hydrograph at the location
in the CLOMR (FEMA case number 12-09-0043R) titled “Centennial Levee Reach 2” along Centennial
Wash using the updated 1-percent annual chance discharge developed by RBF (RBF Consulting, Inc.,
2011). This hydrograph was used as an unsteady flow hydrograph input into the hydraulic model
upstream of the Centennial Wash Left Overbank area.

The generalized shape of the hydrograph distribution (i.e., ordinates defining the hydrograph in time)
was determined with the existing HEC-1 model developed by Cella Barr (Cella Barr Associates, 1989) for
the effective hydrology model. This hydrograph was then scaled to reflect the updated peak flow from
the CLOMR (FEMA case number 12-09-0043R) using linear scaling at each hydrograph ordinate.
However, slight changes were required to the original model to (a) correct typographical errors in the
electronic data provided to WEST and (b) reflect the removal of Narrows Dam from the physical system
in the model. The steps required to complete this process are described below..

The first task to develop an input hydrograph for the hydraulic model was to rerun the HEC-1 model
developed by Cella Barr. Peak flows and other output from the HEC-1 model were presented in the final
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hydrology report by Cella Barr (Cella Barr Associates, 1989), but the complete hydrographs were not.
The HEC-1 model data file was run in order to obtain these hydrographs (note that the HEC-1 schematic
from the effective study is shown in Figure 4-2). Some minor corrections had to be made to the original
data file to get the effective HEC-1 model to run. The new hydrographs computed in the slightly edited
HEC-1 model herein were identical to the original modeling results as reported in the Cell Barr report
(Cella Barr Associates, 1989) at all concentration points. Errors found in the original electronic files
delivered to WEST appeared to be due to transcription errors, as if typographical errors were introduced
into the data file as it was transcribed directly from hard copies of the appendix of the report by Cella
Barr (Cella Barr Associates, 1989). One example of a change made in this electronic file was changing
capital ‘O’ to a zero character when a numeric value was expected in the HEC-1 input data. Because
some values were changed in the electronic HEC-1 input file provided to WEST, the updated model
results were compared to the output presented in the Cella Barr report (Cella Barr Associates, 1989) to
ensure that the results were the same. As mentioned previously, all of the peak flows matched exactly.
After re-running the HEC-1 model developed by Cella Barr (Cella Barr Associates, 1989), the entire
hydrographs at each concentration point were obtained.

The second task to develop an input hydrograph for the hydraulic model was to determine which
hydrographs from the HEC-1 model corresponded to the reported peak values in the Cella Barr effective
hydrology report (Cella Barr Associates, 1989) supporting the FIS discharges (Federal Emegency
Management Agency, 2005). Specifically, WEST needed to determine which computed concentration
point hydrograph corresponded to the “Centennial Levee Reach 2” location from the CLOMR (FEMA
case number 12-09-0043R). After comparing the values in the Cella Barr HEC-1 model results, the Cella
Barr hydrology report, and the FIS, the most reliable parameter to be compared between the three
sources was determined to be the basin area that contributed rainfall runoff. Thus, the basin area was
used to determine which concentration point in the HEC-1 model corresponded to locations reported in
the FIS. Looking primarily at cumulative basin areas and verifying the location was correct by comparing
the peak flows reported in the Cella Barr report with the peak flows from the HEC-1 model output, it
was found that the “Centennial Levee Reach 2” from the Cella Barr report corresponded to HEC-1
station 14 in the HEC-1 model output (concentration point denoted by a diamond at the top of Reach
“XIV” in Figure 4-2), the Gin Road site reported in the FIS (Federal Emegency Management Agency,
2005), and the Centennial Road/Courthouse Road site in the CLOMR (RBF Consulting, Inc., 2011). The
site at Baseline Road corresponded to HEC-1 station 17 in the HEC-1 model output (concentration point
in the middle of Reach “XV” in Figure 4-2, and WEST found the schematic provided in Cella Barr report to
be erroneous in showing this additional concentration point in the middle of this reach). The SPRR
Bridge site corresponded to HEC-1 station 20 in the HEC-1 model output (concentration point in the
middle of Reach “XX” in Figure 4-2, and WEST found the schematic provided in Cella Barr report to be
erroneous in showing this additional concentration point in the middle of this reach). The confluence
with the Gila River location corresponded to HEC-1 station 26 in the HEC-1 model output (concentration
point denoted by a diamond at the bottom of Reach “XX” in Figure 4-2). A schematic of the basin logic
used in the HEC-1 model is shown in Figure 4-2. These four locations corresponded directly to locations
for which peak flows were reported in the CLOMR (RBF Consulting, Inc., 2011) shown in Table 4-1 above.
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Figure 4-2. Effective HEC-1 model schematic from the Cella Barr study (Cella Barr Associates, 1989)
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The third task to develop an input hydrograph for the hydraulic model was to remove Narrows Dam
from the definition of the physical system in the HEC-1 model. As can be seen in Figure 4-2, the
effective hydrology model (Cella Barr Associates, 1989) included the Narrows Dam in the representation
of the physical system; however, the Narrows Dam failed in September of 1997 due to flooding from
Hurricane Nora. This dam was not subsequently rebuilt. Therefore, the project team modified the
effective HEC-1 model slightly to remove the detention routing associated with this facility from the
numerical computations of the HEC-1 model. This raised the peak flow at “Centennial Levee Reach 2”
location from 52,300 cfs as reported in Table 4-1 to 52,930 cfs, an increase of 1%.

The fourth and final task to develop and input a hydrograph for the hydraulic model was to extract the
hydrograph from the location in the edited HEC-1 model without Narrows Dam for the “Centennial
Levee Reach 2” location and linearly scale the hydrograph to reflect the new peak flow value. The
scaling factor applied to all ordinates in a hydrograph was a ratio between the edited HEC-1 model peak
flow at this location (52,930 cfs) and the updated peak flow from the CLOMR (34,347 cfs), which lead to
a scaling factor of 0.649. The hydrograph from the HEC-1 model without Narrows Dam and the scaled
hydrograph for the “Centennial Levee Reach 2” location are presented in Figure 4-3. This is the scaled
hydrograph was used as input to the hydraulic model.

Since no additional hydrologic modeling tasks were performed for this study, the remainder of this
section of the report as specified by the TSDN State Standard (Arizona Department of Water Resources,
2012) was not included herein. This included the following sections: 4.2—Parameter Estimation; 4.3—
Issues Encountered during the Study; 4.4—Calibration; and 4.5—Final Results.
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Figure 4-3. Hydrograph from the HEC-1 model without Narrows Dam and scaled hydrograph at
“Centennial Levee Reach 2”
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5 Hydraulics: FLO-2D

As mentioned in the introduction of this document, the title of this section varies slightly from the
specification in State Standard SS1-12 (Arizona Department of Water Resources, 2012), due to the
complexity of floodplain mapping for this study. Floodplain mapping for the Centennial Wash area was
completed using a combination of one-dimensional and two-dimensional hydraulic modeling. For
clarity, the mapping results from each of these modeling efforts are documented separately in this
TSDN. Section 5 herein is titled “Hydraulics: FLO-2D” and Section 6 herein is titled “Hydraulics: HEC-
RAS” with each section title reflecting the numerical model used to complete the modeling effort for
two-dimensional and one-dimensional modeling, respectively.

The reason for documenting the two-dimensional modeling results prior to the documentation of the
one-dimensional modeling results is that the two-dimensional model was used to assess the breakout of
flow into the Centennial Wash Left Overbank area as defined in the effective Centennial Wash study
(Cella Barr Associates, 1989). This flow split analysis was then used to provide input to the one-
dimensional model. This section presents the results of the two-dimensional hydraulic modeling using
FLO-2D.

5.1 Method Description

Floodplain limits and floodway boundaries were mapped in this overall TSDN for Centennial Wash from
the intersection of Centennial Wash with the La Paz County-Maricopa County border in western
Maricopa County downstream to the confluence of Centennial Wash with the Gila River. The study
reach was broken into three primary areas of study due to the hydraulic characteristics of these three
areas. The first area is defined from the La Paz County-Maricopa County border downstream to the
Harquahala Valley Irrigation District’s Westside Canal. The second area is defined from the Harquahala
Valley Irrigation District’s Westside Canal downstream to Baseline Road. The third area is defined from
Baseline Road downstream to the confluence of Centennial Wash with the Gila River. In the first and
third portions of the study area, the flow is contained within a relatively narrow channel cross section
and was modeled with the one-dimensional model HEC-RAS (See Chapter 6). In the second portion of
the study area as defined above (i.e., that portion of the study area within the Harquahala Valley from
the Harquahala Valley Irrigation District’'s Westside Canal downstream to Baseline Road), the
conveyance capacity of the main channel decreases and the flow spreads over a large area of shallow
distributary flooding. This portion of the study area required a combination of one-dimensional and
two-dimensional models to accurately define flooding extents. The main channel of Centennial Wash
was modeled and mapped (for both floodplain and floodway extents) using a one-dimensional model
(i.e., HEC-RAS) in all three portions of the study area as defined above, including the Harquahala Valley.
The “breakout area” in the Harquahala Valley in what the effective study termed the Centennial Wash
Left Overbank (within the Harquahala Valley Irrigation District’s Westside Canal to Baseline Road portion
of the study area defined above) was modeled and mapped (for floodplain extents only) using a two-
dimensional model (i.e., FLO-2D). The amount of flow leaving the main branch and entering the
breakout area in the left overbank was also determined based on the two-dimensional model results.
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The steady flow in the one-dimensional model was based on the two-dimensional model results. This
section presents the methodology and results of the two-dimensional FLO-2D numerical model.

The FLO-2D numerical model developed by FLO-2D Software, Inc., version 2009.06 (FLO-2D Software,
Inc., 2009), was used to perform the two-dimensional hydraulic modeling calculations for the study
reach to determine the floodplain limits in what the effective study termed the Centennial Wash Left
Overbank reach within the Harquahala Valley. FLO-2D is a quasi-two-dimensional flood routing model
that simulates channel flow and unconfined overland flow over a uniform rectilinear grid. The FLO-2D
model is an unsteady flow model, and the 1% annual-chance-flood hydrograph (as described in Section 4
above) was routed across the grid and used as a basis for mapping special flood hazard areas in the
distributary overbank flooding area of the Harquahala Valley. Bridge or culvert computations must be
accomplished externally to FLO-2D using methodologies or models accepted by FEMA. For this study,
HEC-RAS was used to develop the hydraulic structure rating curves for FLO-2D, as well as to map the
flood plain boundaries. The average grid elevations, one-dimensional cross sections for one-dimensional
channel features utilized in the grid, and other modeling parameters were developed using spatial
processing tools available directly in FLO-2D and in ArcMap 10.0 (Environmental Systems Research
Institute, 2011).

For the FLO-2D models, a normal depth routing computation was applied at the downstream grid
elements of each model (defined as outflow nodes) submitted herein in support of floodplain mapping.

The following sections discuss the existing FIS effective models and the pre-project conditions models
(also referred to as the Existing Conditions Models). A PMR request replacing the mapping of entire
stream reach does not require the development of Duplicate Effective Models, Corrected Effective
Models, or Revised or Post Project Conditions Models.

5.1.1 Effective Models

The Centennial Wash effective study, including SFHA delineation and floodway determination, was
based on HEC-2 modeling done by Cella Barr (Cella Barr Associates, 1989). The effective models were
provided to WEST by the District as HEC-2 input files (in the typical *.DAT format). These files have been
included on the disc in Exhibit C of this report.

5.1.2 Duplicate Effective Models
No duplicate effective models are required for a PMR request to replace the entirety of the flooding

source being modeled and mapped.

5.1.3 Corrected Effective Models
No corrected effective models are required for a PMR request to replace the entirety of the flooding

source being modeled and mapped.

5.1.4 Existing or Pre-Project Conditions Models
The pre-project conditions models were the updated models created for this study. In this project, a
suite of six models make up the basis of pre-project conditions models for the study. Four of the six
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models are HEC-RAS models, and two of the six models are FLO-2D models. The pre-project conditions
FLO-2D models for the second portion of the study area from the Harquahala Valley Irrigation District’s
Westside Canal downstream to Baseline Road (i.e., within the Harquahala Valley) are defined briefly
below. For descriptions of the HEC-RAS pre-project conditions models in the portions of the study reach
upstream and downstream of the Harquahala Valley, see Section 6.1.4. Again, it should be noted that
Section 5 will only be presenting the results of the FLO-2D models.

1:

5.1.5

HEC-RAS model for the main branch of Centennial Wash in the Harquahala Valley: Immediately
downstream of the Harquahala Valley Irrigation District’s Westside Canal, flow enters a very
wide, shallow area of distributary flooding that takes flow away from the main branch of
Centennial Wash. HEC-RAS was used to model the flow that remains in Centennial Wash as a
basis for the determination of both floodplain and floodway extents.

“With embankment” FLO-2D model for the breakout area in the left overbank in the Harquahala
Valley: Immediately downstream of the Harquahala Valley Irrigation District’s Westside Canal,
flow enters a very wide, shallow area of distributary flooding that takes flow away from the
main branch of Centennial Wash. FLO-2D was used to determine the amount of flow leaving the
main branch of Centennial Wash. That breakout flow was then routed across the overbank area
using FLO-2D to serve as a basis for the determination of floodplain extents in the overbank
area. The “with embankment” description for this model is just to contrast between the second
FLO-2D model listed below. The “with embankment” model includes every ground feature in
the field as it exists in the topography data provided by the District.

“Without _embankment” FLO-2D model for the breakout area in the left overbank in the
Harquahala Valley: Several stock tanks and small embankments exist as part of the agricultural
improvements in the Harquahala Valley area. A second FLO-2D model was developed that
removes the stock tanks from the model grid by filling in the excavated areas and removing the
adjacent embankments built to hold water in the stock tank. Additionally, a large, continuous
embankment that runs north-south along the east side of a drainage channel built by the
Harquahala Valley Irrigation District was removed from this model grid as well to determine the
impacts of this on the flooding results calculated using FLO-2D. A “worst-case” scenario was
developed for mapping purposes by using the greater depth of the two models at every location
in the FLO-2D domain for mapping purposes in the left overbank area.

Post-Project Conditions Models

No post-project conditions model was developed for this study, as only the existing conditions
hydraulics were modeled and mapped herein.
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5.2 Work Study Maps

Topographic work study maps were developed at a scale of 1” = 400’ to provide sufficient detail of the
new Zone AE Floodplain and Floodway mapping along Centennial Wash as well as the combination of
Zone AO and Zone AE Floodplain mapping in the breakout area of the effective Centennial Wash Left
Overbank reach in the Harquahala Valley. Contour mapping depicted on the work study maps is based
upon the combined topography described in Section 3. Rectified aerial photographic backgrounds are
provided on sheets that are 24” x 36” in size. The study work maps references the North American
Vertical Datum of 1988 (NAVD 88). Each work map includes the following (when applicable): cross
section locations, floodplain and floodway water surface elevations, 1% annual-chance-flood peak
discharges, base flood elevations (BFE’s), floodplain/floodway boundaries, gridded flooding elevations
(for Zone AE zones) and depths (for Zone AO zones) from FLO-2D results, stream/flooding source names,
zone designations, elevation reference marks, road names, coordinate grid tic marks, section lines, and
corporate boundaries.

The FLO-2D model grid information for the existing conditions models are consistent with the contour
mapping as it appears on the work study sheets throughout the study area.

5.3 Parameter Estimation

5.3.1 Roughness Coefficients
To estimate Manning’s roughness coefficients for the Centennial Wash Floodplain Delineation Study,

aerial photography was used to delineate areas that differed in roughness characteristics (i.e., land use,
presence/density of vegetation, etc.), and this information was digitized into a polygon shapefile. The
aerial photographs used to complete this delineation were obtained in the fall of 2011 by the District
(flights occurred in September and October) when available, and aerial photographs from the fall of
2010 (flights occurred in September and October) that were provided by the District were used for those
areas that did not have 2011 aerial photographs available. Identical Manning’s n-value delineations
were used for both the HEC-RAS and FLO-2D model.

To select the Manning’s roughness coefficient for each roughness area delineated above, the Manning’s
n-values were estimated for that roughness area as outlined in “Selection of Manning’s Roughness
Coefficient for Natural and Constructed Vegetated and Non-Vegetated Channels, and Vegetation
Maintenance Plan Guidelines for Vegetated Channels in Central Arizona” (Phillips & Tadayon, 2006), a
US Geological Survey (USGS) report prepared in association with the District. In this methodology, the n-
value estimated for each roughness area includes the following:

e A base Manning’s roughness coefficient value for a straight uniform channel;

e A correction to Manning’s roughness coefficient value for degree of irregularity;

e A correction to Manning’s roughness coefficient value for variation in channel cross section;
e Acorrection to Manning’s roughness coefficient value for the effect of obstructions

e Acorrection to Manning’s roughness coefficient value for the amount of vegetation; and

e A correction to Manning’s roughness coefficient value for the degree of meandering.
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Table 5-1 below provides the ten (10) roughness areas and Manning’s roughness values used in the
modeling effort for the floodplain and floodway delineation. A copy of this shapefile can be found on
the disc in Exhibit C of this document.

Another report used significantly to assign Manning’s n-values for this study was “Estimated Manning’s
Roughness Coefficients for Stream Channels and Flood Plains in Maricopa County, Arizona” (Thomsen &
Hjalmarson, 1991), a USGS report also prepared in association with the District. Aerial and ground
photographs from that report that appeared similar to each Centennial Wash category were identified.
The composite n-values assigned to the Thomsen and Hjalmarson (1991) regions were then tabulated
and compared to the calculation from Phillips and Tadayon (2006) for the corresponding Centennial
Wash roughness classification to verify the final values used herein.

Finally, an older USGS report was also available that provided n-values for Arizona titled “Roughness
Coefficients for Stream Channels in Arizona” (Aldridge & Garrett, 1973). This report contains only
ground photographs of various streams throughout Arizona. The ground photographs in Aldridge and
Garrett’s (1973) report were examined and matched to the ground photographs taken during the field
trips during the Centennial Wash FDS project. If the Manning’s n-values reported by Aldridge and
Garrett (1973) were similar to the values reported by Thomsen and Hjalmarson (1991), then this acted
as independent verification that the estimated Manning’s n-values were appropriate for Centennial
Wash. If they did not, then final selections herein were inspected more closely to ensure the authors
confirmed that the disagreement with the Aldridge and Garrett (1973) values were justified.

A more detailed report titled “Centennial Wash Floodplain Delineation Study: Gila River to La Paz
County—Selection of Manning’s Roughness Coefficients” was developed in October of 2012 by WEST
Consultants and approved by the District shortly thereafter. This report has been included in its entirety
in Appendix E.1 of this document. Appendix E.1 also contains a trip log with photos from the field
supporting the selection of roughness values in the study reach.

Table 5-1. Summary of the Manning's n categories and values estimated for the Centennial Wash FDS

Category Name Classification Type Manning’s | Area Percent of
(Channel or Overbank) n-value (acres) | total area

Open Water Channel 0.018 30 0.06%
Unvegetated Channel Channel 0.025 99 0.21%
Sparse Vegetation Overbank 0.035 8,824 18.42%
Tall Sparse Vegetation Overbank 0.040 | 15,444 32.23%
Tall Medium Vegetation Overbank 0.062 6,807 14.21%
Tall Dense Vegetation Channel 0.111 4,691 9.79%
Extremely Dense Vegetation Channel 0.200 835 1.74%
Agricultural—Cultivated Fields | Overbank 0.060 8,732 18.22%
Agricultural—Fallow Fields Overbank 0.030 2,421 5.05%
Canal Embankment Overbank 0.016 30 0.06%
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As mentioned above, identical Manning’s n-value delineations were used for both the HEC-RAS and FLO-
2D models. However, the FLO-2D model applies Manning’s roughness coefficients in a different format
than the one-dimensional HEC-RAS model. For a given grid element in the FLO-2D modeling grid, the
Manning’s roughness coefficient was computed within the FLO-2D Grid Developer System (GDS) by
computing the area-weighted average roughness coefficient from the underlying Manning’s n-value
shapefile discussed previously. Therefore, the base roughness coefficient for each grid cell varies
spatially based on the Manning’s roughness delineations.

However, the base n-value for a given cell is not the only n-value applied for routing computations
across that grid cell in the FLO-2D model. For flow depths below a certain threshold on a given grid
element, a single global n-value—known as SHALLOWN in the model nomenclature—is applied to the
routing computations for that grid element. The threshold value below which SHALLOWN is applied to
the routing computations is 0.2 feet, and this parameter is not editable by the user. The value of
SHALLOWN is user-editable, however, and this study set that value to be 0.2 (as recommended in the
FLO-2D documentation (FLO-2D Software, Inc., 2009)). For flow depths between 0.2 feet and 0.5 feet,
the roughness coefficient is set to the maximum of SHALLOWN divided by 2 (0.1 for the study herein) or
the base roughness coefficient assigned to the grid element. For flow depths between 0.5 feet and 3.0
feet, the roughness coefficient decreases with increasing depth following an exponential decay function
defined as follows:

n=n,*15* o (04 * (depth/3.0)

where n, is the base Manning’s roughness coefficient assigned to the grid cell, and depth is the flow
depth in feet (FLO-2D Software, Inc., 2009).

Finally, there is one more numerical technique to automatically adjust Manning’s roughness coefficients
based on the physics of shallow sheet flow that aims to stabilize numerical instability in the model. This
technique is known as the limiting Froude number option. This option allows the n-value to be
automatically increased in a given grid element that is approaching some limiting Froude number (set to
0.95 in this study) thereby forcing a more highly subcritical flow regime for that computation. This
adjustment results in increased model stability over model results that would otherwise approach and
possibly become numerically unstable near critical depth. The District and WEST decided to utilize this
option in the model in addition to depth-varying Manning’s roughness values. In addition, after the first
iteration of the model, the base Manning’s roughness coefficients for the entire computational domain
were replaced with the maximum roughness value computed in each element based on the limiting
Froude number correction from one of the first model iterations. It should be noted that additional
minimal adjustments were made to the model after this first replacement to address numerical stability
issues. The differences in final Manning’s n-value used in the FLO-2D model compared to what was
selected for this study (as documented in Appendix E.1) is warranted for shallow flows through
undulating terrain with agricultural fields where wide, shallow flow characteristics create significant
floodplain storage and reduce flow velocities.
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5.3.2 Expansion and Contraction Coefficients
Expansion and contraction coefficients are not applicable for a two-dimensional gridded model.

5.3.3 Flow Obstructions and Floodplain Surface Storage Area Modifications

FLO-2D has two numerical techniques to address flow obstructions and floodplain surface storage area
modifications that can be caused by physical structures such as residential/commercial/industrial
buildings; walls/fences that do not allow flow to pass; and miscellaneous items such as silos, water
storage tanks, stockpiled materials, etc. These types of flow hindrances, which create backwater effects
upstream of the structure and have implications on the calculations of flow diversion in the vicinity of
the structure, are of specific importance in areas of shallow distributary flooding.

The two numerical techniques in the FLO-2D model to represent these types of flow hindrances are
referred to in the model nomenclature as area reduction factors (ARFs) and width reduction factors
(WRFs). These parameters are simply multiplicative coefficients that modify the individual grid element
surface area storage and flow width, respectively.

ARFs are values less than or equal to 1.0 that represent the percentage of the total grid element surface
area that is not available for active storage. To state this in another way, 1.0 minus the ARF value on a
particular grid element is the total area available for storage. These values are applied to each grid
element individually, and they can vary spatially for each grid element in the computational domain.

WRFs are a value less than or equal to 1.0 that represent the percentage of one side of a grid element
that is not available for active flow. WRFs can be assigned to any combination or all of the possible eight
flow directions in a grid element to partially or completely obstruct flowpaths in any of the eight
directions simulating floodwalls, buildings or berms. To state this in another way, 1.0 minus the WRF
value for a particular direction leaving a given grid element is the total width available for flow to/from
the next grid element moving away from that particular element. The only time fewer than 8 WRFs
would be available for definition would be for border elements along the edge of the computational
domain. With all of this in mind, the following consideration is stated in the FLO-2D reference manual
(FLO-2D Software, Inc., 2009):

It should be noted that only four width reduction factors need to be specified for the eight
possible flow directions [of a non-boundary grid element]. The other four flow directions are
assigned automatically by grid element correlation. Two of the specified width reduction factors
are for flow across the diagonals.

WRF values are applied to up to eight sides of each grid element individually and can vary spatially
throughout the computational domain.

For the two-dimensional study area defined for the FLO-2D model herein, WEST digitized a shapefile
representing flow obstructions by using aerial photographs provided by the District and tracing the
outer boundaries of visible structures that appeared to create obstructions to flow. WEST created a
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polygon shapefile representing the outer boundary of these structures. This polygon shapefile was used
directly as input to the FLO-2D model to compute ARFs and WRFs automatically on the grid. FLO-2D
computes appropriate ARFs and WRFs for each grid cell intersecting a building polygon automatically.
Seventy-one (71) separate structures were identified as flow obstructions. Most of the structures were
residential homes or commercial buildings; however, several of these seventy-one would be classified as
miscellaneous structures. For example, twenty-four (24) of the delineated structures represented
individual stacks of tires adjacent to the stock tank near the upstream flow split just east of the HVID
Westside Canal. Several of the other seventy-one structures were outbuildings supporting agricultural
practices in the area (e.g., barns and other animal/crop shelters, groundwater pump houses, etc.) that
would be classified as miscellaneous structures in addition to the tires. All seventy-one structures in the
digitized shapefile were represented as flow obstructions in the final model grid using the same
computation techniques for ARFs and WRFs, regardless of structure type.

5.3.4 Grid Size Selection
WEST worked closely with the District to determine an adequate grid size for this two-dimensional

model. Again, the FLO-2D model requires a uniform, rectilinear grid with square elements. For this
study, WEST and the District decided on a 40-foot grid size. In other words, each grid cell was 40 feet
long by 40 feet wide, and 1,600 square feet in area.

5.4 Cross Section Descriptions

FLO-2D is a two-dimensional gridded flood routing model that does not use cross sections for hydraulic
computations. However, FLO-2D does have an option to utilize a one-dimensional channel feature to
route portions of the flood hydrograph that travel in a primarily one-dimensional direction. One such
one-dimensional channel feature was used within the FLO-2D model to represent the HVID north-south
drainage channel located approximately one-half mile west of Harquahala Valley Road (mentioned
previously in Section 3). The cross sections developed for use in FLO-2D to represent this channel were
taken from an HEC-RAS model cut from the final topography used for this study. This HEC-RAS model is
described in greater detail in Section 5.5.2 below. This HEC-RAS model was developed for the entire
length of the HVID north-south drainage channel (from its origination at the north end at the Bethany
Home Road alignment until its terminus in the main channel of Centennial Wash just north of the
effective floodway boundary). The HVID north-south drainage channel is an engineered channel
designed by Franzoy, Corey & Associates (currently Stantec Consulting). This channel increases in size in
the downstream (southern) direction to account for additional required capacity from increased
overland runoff area. As-built plans of this channel have been included in Appendix E.4 of this report.
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The HEC-RAS model cross sections were imported into FLO-2D to create the one-dimensional channel

feature of the model.

HEC-RAS was used to develop the one-dimensional portion of the FLO-2D model for three reasons. First,
the HEC-RAS model has been built with very convenient and efficient tools to extract cross section data
from digital topography information—namely, the HEC-GeoRAS (U.S. Army Corps of Engineers, 2012)
extension for ArcGIS and a few other software tools available in ArcGIS (Environmental Systems
Research Institute, 2011). The cross section data for the one-dimensional portion of the FLO-2D model
were extracted from the final topography provided by the District presented in Section 3 and entered
into an HEC-RAS model using these tools. Secondly, the culvert rating curve needed in the FLO-2D
model (discussed in Section 5.5.2 below) needed to be developed using HEC-RAS as FLO-2D cannot build
culvert rating curves directly. Therefore, developing the one-dimensional portion of the FLO-2D model
using HEC-RAS was especially useful for this rating curve development task. Finally, FLO-2D can read
HEC-RAS models directly to build the one-dimensional components of FLO-2D models. For all of these
reasons, the one-dimensional portion of the FLO-2D model was first developed in HEC-RAS as opposed
to building it directly in FLO-2D.

The typical convention was used for cross section stationing for the HEC-RAS modeling used as the basis
for the one-dimensional channel feature (i.e., cross section stationing is from left to right when looking
in the downstream direction). Cross section spacing in the HEC-RAS model for the HVID north-south
drainage channel was 400 feet. After extracting this information and developing the culvert rating curve
in HEC-RAS, the HEC-RAS model of this channel was converted into a one-dimensional channel in FLO-
2D. The interpolation algorithm in FLO-2D was used to develop cross sections in every grid cell
containing the one-dimensional channel feature (i.e., every 40 feet).

The only edits made to the cross sections for the one-dimensional FLO-2D component were near the
southern terminus of the HVID north-south drainage channel. In order to transition the channel from a
one-dimensional type of flow back to a shallow, sheet flooding condition on the two-dimensional flood
routing grid, the channel banks were transitioned from the elevations representing the physical berms
on either side of the channel to elevations much closer to the channel invert. This is required in FLO-2D
to allow flow from the channel to “spill” back onto the 2-dimensional grid. Figure 5-1 and Figure 5-2
below show graphically the transition of the banks near the downstream end of the model. This was
done over the lowest approximately 2,800 feet of the one-dimensional channel. This distance was
chosen as an adequate distance to smoothly transition the channel from a deep, one-dimensional
channel back into shallow sheet flooding with depths on the order of a foot or less. Also, this distance
(corresponding to a northern limit approximately 1,500 feet above the Buckeye Road alignment) did not
negatively impact the homes near the intersection of Buckeye Road and Harquahala Valley Road. The
left bank transitioned more quickly than the right bank due to numerical instabilities in the model and a
trial-and-error approach to altering the left bank elevations. This is discussed briefly in Section 5.7.1
below.
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Figure 5-1. Transition of the left bank to approximately the channel invert near the downstream end
of the one-dimensional channel in FLO-2D for the HVID north-south drainage channel
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Figure 5-2. Transition of the right bank to approximately the channel invert near the downstream end
of the one-dimensional channel in FLO-2D for the HVID north-south drainage channel
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5.5 Modeling Considerations

5.5.1 Hydraulic Jump and Drop Analysis

Hydraulic jumps or drops do not occur in this system since the flow regime is highly subcritical
throughout the computational domain of the two-dimensional modeling area in the Harquahala Valley.
Also, grid elements that might have produced supercritical flow are limited numerically by Froude
number in the model computations as discussed in section 5.3.1. Additionally, no significant
constructed drop structures designed for supercritical flow have been constructed in the study area.

5.5.2 Bridges and Culverts
Two primary structures were included in the models for the Centennial Wash FDS. The first is the

Southern Pacific Railroad (SPRR) Bridge along the main stem of Centennial Wash near the confluence
with the Gila River, which is only applicable to the HEC-RAS model and is discussed in greater detail in
Section 6.5.2. The other structure included in the modeling effort is a triple-barrel culvert structure
under Van Buren Road along the HVID north-south drainage channel in the Harquahala Valley. This
structure was only included in the FLO-2D modeling domain; therefore, this section only discusses this

triple-barrel culvert.

Triple-barrel culvert structure along the HVID north-south drainage channel

Hydraulic structures are simulated in FLO-2D by specifying either discharge rating curves or rating tables.
As mentioned previously, culvert computations cannot be completed within FLO-2D using FEMA-
approved methodologies; therefore, the representation of a hydraulic structure in FLO-2D must be
accomplished external to FLO-2D using methodologies or models accepted for NFIP usage. HEC-RAS was
used herein to develop hydraulic structure rating curves for FLO-2D. The purpose of this portion of the
report is to outline the development of the rating curve for use in FLO-2D to represent the culverts along
the HVID north-south drainage channel (approximately one-half mile west of Harquahala Valley Road)
which pass water beneath Van Buren Road.

As a subconsultant to WEST, David Evans and Associates (DEA) completed a detailed structure survey of
these culverts—three 72-inch barrel culverts with approximately the same elevation and slope (survey
results can be found in Appendix C.1). This detailed structure survey was used to enter roadway
embankment data and culvert data into the HEC-RAS model created for the HVID north-south drainage
channel (with cross sections cut from the final electronic digital elevation model discussed in Section 3)
and edited for input to the FLO-2D model as discussed in Section 5.4 above and shown in Figure 5-3.
Once again, it should be noted that the HEC-RAS model discussed in this section was not used for
floodplain mapping, only for rating curve development for input to the FLO-2D model.
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Figure 5-3. Representation of the three 72-inch barrel culverts under Van Buren Road in the HEC-RAS

model of the HVID north-south drainage channel

Figure 5-4. Triple barrel 72-inch diameter culvert under Van Buren Road in the HVID north-south
drainage channel, viewed from upstream

58




It should also be noted that the field survey collected a natural ground cross section just upstream of the
culvert (approximately 8 feet upstream of the culverts), and the points collected in the ground survey
show the natural ground elevation above the invert elevation of the culvert at the upstream face.
However, field reconnaissance and field photos from this reconnaissance (Figure 5-4) show that the
invert is not blocked immediately at the upstream face of the culvert, indicative of local scour processes
occurring in the last 8 feet upstream of the culvert. Therefore, the ground points in the HEC-RAS model
were dropped in the internal bridge upstream cross section to reflect this condition.

The HEC-RAS model was built, and flows were entered into the model from 1 to 7,000 cfs. From these
results, a rating curve could be built relating upstream stage (depth referencing an elevation of 1132.59
feet NAVDS88 as the datum, as this elevation was the minimum cross section elevation for the natural
ground cross section upstream of the culvert) to flow. This relationship is shown in Figure 5-5 below.
This figure shows two changes in flow regime. First, the apparent “break” in the curve below
approximately 12 cfs or 0.6 feet of depth occurs because below these depths the HEC-RAS model results
default to critical depth. This is expected for very low flow values, since the Manning’s roughness
applied in the model is not representative of flow conditions for very low flow values. These
calculations were not edited, however, as it was assumed less than 12 cfs or less than 0.6 feet of depth
in the cross section upstream of the culvert would not significantly affect the results at the maximum
depth on the FLO-2D grid. Secondly, the break in the curve near approximately 650 cfs or 7.7 feet of
depth occurs because flow begins spilling over the roadway embankment at this depth. A table of data
representing the points shown in Figure 5-5 was entered into the FLO-2D model using the HYSTRUC.DAT
input file (discussed in greater detail in a technical memorandum provided in Appendix E.5 herein).

Early model results from FLO-2D show that the range of flows calculated for the culverts was sufficient
for the FLO-2D model, since the maximum culvert flow computed was less than 3,000 cfs.
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Figure 5-5. Van Buren Road culvert rating curve for FLO-2D model from HEC-RAS runs
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5.5.3 Levees and Dikes

No levees, dikes, or levee-like structures meeting FEMA's stringent levee certification criteria exist in the
two-dimensional modeling study area. However, the “levee” option as per the FLO-2D model
nomenclature was utilized in both FLO-2D models as a numerical technique to improve model stability.
This section will discuss the use of modeled “levees” in this capacity for the models.

Surface depressions (excavated area) can cause numerical instabilities in the hydraulic computations
due to significantly steepened localized slopes. Under initial conditions of very low flows, this can cause
numerical difficulties due to very steep energy grade slopes calculated for flow entering the surface
depression. Also, if the volume of the surface depression is very small compared to the overall volume
from the incoming flow (intended to be the determination of whether an excavated area is relatively
“shallow” as per the descriptor of excavated areas in the preceding discussion), then the amount of
storage volume in the excavated area could be considered inconsequential in its impact on the overall
flood wave routing. Finally, if the excavated area is not regularly maintained for flood control purposes,
then the additional storage provided by the excavated area possibly should not be included in the flood
wave routing to lessen overall hydrograph attenuation and creating a conservative estimate of
downstream flow depths and velocities.

Due to all of the reasons discussed above, a small number of relatively shallow excavated areas in the
FLO-2D computational domain were precluded from hydraulic routing computations by surrounding the
shallow excavated areas with levees much higher than the peak flooding depth in the surrounding grid
cells. This method was chosen to remove these areas from the computational domain to provide clarity
as to which areas were being artificially precluded from flood wave routing computations due to
numerical stability issues. In other words, an area surrounded by a FLO-2D levee in this model is not
representing a physical levee, but instead is only representing a numerical technique to improve model
stability. The areas defined with levees in the FLO-2D model along with this corresponding
documentation will provide quick reference when opening and reviewing the models regarding which
excavated pits were removed in this way. Another methodology to complete this task would be to just
raise local grid cell elevations in the bottoms of the excavated areas to be comparable to grid elevations
surrounding the excavated areas. However, this methodology did not provide an intuitive, easy way to
identify these areas quickly.

The remainder of this section presents each of those areas individually. The removal of shallow
excavated areas from the FLO-2D computations are discussed for the “with embankment” and “without
embankment” FLO-2D models individually below.
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Removing shallow excavated areas in the FLO-2D computational domain from the “with embankment
. FLO-2D model using levees

Four shallow excavated areas were precluded from the FLO-2D computational domain from the “with
embankment” FLO-2D model using levees. This section will present these four areas individually.

The first shallow excavated area removed from the flood wave routing computations due to numerical
stability issues through the use of high levees in the “with embankment” FLO-2D model was the large
stock pond near the upstream end of the FLO-2D computational domain near the primary flow split
area. This stock tank includes both a large, above-grade embankment surrounding a shallow, below-
grade excavated area that was initially causing very significant numerical instabilities in the model
computations and results. Therefore, the entire stock tank area was “walled off” and removed from
further routing computations through the use of FLO-2D levees for numerical stability reasons. 173 cells
were blocked off by this levee, which was set to 1,240 feet in elevation (NAVD88). That number of cells
equaled 6.35 acres in surface area removed from the computational routing grid (i.e., 0.020% of the
total surface area of the computational domain or 0.028% of the total surface area of the grids that
computed flow depth during the computations).

The second shallow excavated area removed from the flood wave routing computations due to
numerical stability issues through the use of high levees in the “with embankment” FLO-2D model was a
small stock pond near the downstream end of the FLO-2D computational domain near the Saddleback
Flood Retarding Structure (FRS) outfall channel. This stock tank includes both a small, above-grade
. embankment surrounding a shallow, below-grade excavated area that was initially causing significant
numerical instabilities in the model computations and results. Therefore, the entire stock tank area was
“walled off” and removed from further routing computations through the use of FLO-2D levees for
numerical stability reasons. 25 cells were blocked off by this levee, which was set to 1,085 feet in
elevation (NAVD88). That number of cells equaled 0.92 acres in surface area removed from the
computational routing grid (i.e., 0.003% of the total surface area of the computational domain or
0.004% of the total surface area of the grids that computed flow depth during the computations).

The third shallow excavated area removed from the flood wave routing computations due to numerical
stability issues through the use of high levees in the “with embankment” FLO-2D model was an irrigation
return ditch near the Van Buren Road and 499" Avenue alignments. Irrigation return ditches capture
runoff irrigation water from a farm field and store that water to be pumped to the highest end of the
field and recycled for irrigation purposes. Several of these ditches exist in the agricultural fields of the
Harquahala Valley. The irrigation return ditch near the Van Buren Road and 499" Avenue alignments
begins at the southwest corner of this alignment intersection and runs to the south for approximately
one-half of a mile. The ditch is approximately 90 feet wide throughout the entire length. The depth of
the pit is approximately ten feet at its deepest point. This pit was represented in FLO-2D based on the
40-foot grid element size with a width of 2 elements (80 feet across) and a length of 63 elements (2,520
feet long). This irrigation return ditch was initially causing significant numerical instabilities in the model
computations and results. Therefore, the entire ditch area was “walled off” and removed from further
. routing computations through the use of FLO-2D levees for numerical stability reasons. All 126 cells
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mentioned above were blocked off by this levee, which was set to 1,120 feet in elevation (NAVD88).
That number of cells equaled 4.62 acres in surface area removed from the computational routing grid
(i.e., 0.015% of the total surface area of the computational domain or 0.020% of the total surface area of
the grids that computed flow depth during the computations).

The fourth shallow excavated area removed from the flood wave routing computations due to
numerical stability issues through the use of high levees in the “with embankment” FLO-2D model was
another irrigation return ditch near the Southern Avenue and 495" Avenue alignments. The irrigation
return ditch near these alignments begins at the southeast corner of this alignment intersection and
runs to the south for approximately one-third of a mile. The ditch is between 100 and 120 feet wide
throughout the entire length. The depth of the pit is approximately six to eight feet at its deepest point.
This pit was represented in FLO-2D based on the 40-foot grid element size with a width of 3 elements
(120 feet across) and a length of 46 elements (1,840 feet long). This irrigation return ditch was initially
causing significant numerical instabilities in the model computations and results. Therefore, the entire
ditch area was “walled off” and removed from further routing computations through the use of FLO-2D
levees for numerical stability reasons. All 138 cells mentioned above were blocked off by this levee,
which was set to 1,085 feet in elevation (NAVD88). That number of cells equaled 5.07 acres in surface
area removed from the computational routing grid (i.e., 0.016% of the total surface area of the
computational domain or 0.022% of the total surface area of the grids that computed flow depth during
the computations).

The total surface area of the computational domain removed from the routing calculations by these
levees for the “with embankment” FLO-2D model is 16.96 acres. The total volume of water in the inflow
hydrograph shown in Figure 4-3 is approximately 1,460 acre-feet. Therefore, if another method had
been utilized to improve numerical stability introduced to the computations by these shallow excavated
areas (e.g., filling the grid elements representing the bottom of the excavated areas) and resultant flows
depths over these cells had been on the order of 1 foot, a total of approximately 1.2% of the total
hydrograph volume would have been routed through these areas. If the resultant flow depths over
these cells had been on the order of 3 feet, then a total of approximately 3.5% of the total hydrograph
volume would have been routed through these areas. Therefore, the assumption that the area removed
by adding levees to the model area would be inconsequential from a volumetric perspective to the

overall flood wave routing was confirmed.

Removing shallow excavated areas in the FLO-2D computational domain from the “without
embankment” FLO-2D model using levees

Two shallow excavated areas were precluded from the FLO-2D computational domain from the “without
embankment” FLO-2D model using levees, the methodology discussed at the beginning of this section to
remove surface depressions from the model to improve model stability. The two areas removed from
the “without embankment” FLO-2D model using levees were the two irrigation return ditches discussed
above for the “with embankment” FLO-2D model (i.e., the ditch near the Van Buren Road and 499"
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Avenue alignments, and the ditch near the Southern Avenue and 495" Avenue alignments). The other
two shallow excavated areas precluded from the FLO-2D computational domain from the “with
embankment” FLO-2D model using levees discussed above (i.e., the large stock pond near the upstream
end of the FLO-2D computational domain near the primary flow split area and the small stock pond near
the downstream end of the FLO-2D computational domain near the Saddleback FRS outfall channel)
were not precluded from the “without embankment” FLO-2D model using levees; other means were
utilized to remove these shallow excavated areas from the model domain. Namely, the shallow
excavated areas of these two stock tanks were artificially filled in the model by raising the grid cell
elevations to correspond with the surrounding natural ground elevations, and the above-grade
embankments associated with these stock tanks were removed from the model by lowering the grid cell
elevations representing these embankments to correspond with the surrounding natural ground
elevations. A more thorough discussion of the method used to remove these embankments from the

modeling domain is provided in the following section, Section 5.5.4.

In summary, the two irrigation return ditches precluded from the “with embankment” FLO-2D model
domain using levees were also precluded from the “without embankment” FLO-2D model using levees.
The two stock tanks removed from the “with embankment” FLO-2D model using levees were removed
from the “without embankment” FLO-2D model using a technique that did not utilize the levee feature
in the model; the method used to remove the stock tanks from the “without embankment” FLO-2D
model is discussed in Section 5.5.4. Therefore, only two levee structures exist in the “without
embankment” FLO-2D model as opposed to the four levee structures in the “with embankment” FLO-2D
model. Also, for the same reasons discussed in the preceding section for the “with embankment” FLO-
2D model levees, the area removed by levees from the “without embankment” FLO-2D model can be
considered negligible in regards to the impact of the available routing volume removed from the grid
compared to the total hydrograph volume in the model. The increases in numerical stability and
runtime far outweigh the reduced numerical accuracy due to removing area from the computational

domain.

5.5.4 Non-Levee Embankments

Non-levee embankments, defined by FEMA in Procedural Memorandum 51 (Federal Emergency
Management Agency, 2009), are embankments that were not designed or constructed as flood control
structures such as those for highways and railroads. These embankments are considered “non-
certifiable” as providing protection against flooding downstream. Several of these non-levee
embankments existed in the FLO-2D modeling domain, and a correct understanding of flooding risk in
the project area required investigation of the removal of these structures from the modeling domain.
The purpose of this section is to outline the process used to remove the non-levee embankments from
the topography as represented in the FLO-2D model grid for the “without embankment” scenario
modeling. This discussion includes a review of the original topographic data to determine those
“embankment-like features” that should be removed and a presentation of the final technique utilized
to remove embankments from the FLO-2D model.
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In reviewing the general topography of the FLO-2D model area with District staff, the project team
identified three areas in the model that would require the removal of non-levee embankments to better
understand the impacts that these features would have on flood inundation extents and depths
throughout the system. These three areas are (1) the embankment on the east side of the HVID north-
south drainage channel, (2) the stock tank embankment near the flow split area close to the upstream
end of the FLO-2D model domain, and (3) the stock tank embankment near the Saddleback FRS outfall
channel close to the downstream end of the FLO-2D model domain. Each of these areas will be
discussed in greater detail below.

Embankment on the east side of the HVID north-south drainage channel

The north-south drainage channel owned and operated by the HVID that parallels Harquahala Valley
Road approximately one-half mile west of the roadway alignment was designed to protect downstream
agricultural fields from damages by overbank flooding from Centennial Wash. As this channel and
embankment will not be certified by FEMA to be a flood control feature in the system, a without
embankment analysis will be required to determine if a “worst-case” flooding condition exists
downstream of the embankment if it were to be washed away during a flooding event. Interestingly, a
canal is on the downstream (i.e., east) side of the large embankment on the left bank (east side) of the
channel which has a smaller embankment above natural grade as well (as can be seen in Figure 5-6).
Figure 5-6 shows the station and elevation data associated with a cross section cut from the final
topography approximately 500 feet upstream of the Thomas Road alignment (the Thomas Road
alignment is 1 mile north of the Centennial Road alignment).

This channel is approximately 5 miles in length from its origination at the north end where the Bethany
Home Road alignment would be until its terminus in the main channel of Centennial Wash (just north of
the effective floodway boundary). This channel is an engineered channel designed by Franzoy, Corey &
Associates (currently Stantec Consulting). This channel increases in size in the downstream (southern)
direction to account for additional required capacity from increased overland runoff area. As-built plans
of this channel have been included in Appendix E.4 of this report.
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Figure 5-6. Station and elevation data associated with a cross section along the HVID north-south
drainage channel approximately 500 feet upstream of the Thomas Road alignment (the cross section is
oriented left-to-right looking downstream)

Stock tank embankment near the flow split area close to the upstream end of the FLO-2D model domain

A large stock tank exists in the main flowpath of Centennial Wash near the upstream end of the FLO-2D
model domain. This stock tank is near the intersection of what would be the Indian School Road
alignment and the 551st Avenue alignment although the site is accessible only by dirt roads. The stock
pond is shown in Figure 5-7. The stock pond itself (i.e., the area in Figure 5-7 shown with ponded water)
is excavated below natural grade. The stock pond and entrance to the stock pond is surrounded by an
embankment approximately 4 to 5 feet above surrounding natural grade. Also, an embankment runs to
the north approximately 1,200 feet, which is used to guide runoff into the stock tank, and this
embankment is approximately 2 to 4 feet above surrounding natural grade. This stock tank is referred
to commonly as the Allison Stock Tank by local residents in the area.
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Figure 5-7. Stock pond near the upstream end of the FLO-2D model domain in the main branch of
Centennial Wash, approximately 2 miles downstream of the Westside Canal Siphon under Centennial
Wash

Stock tank embankment near the Saddleback FRS outfall channel close to the downstream end of the
FLO-2D model domain

A stock tank exists in the left overbank flowpath of Centennial Wash near the downstream end of the
FLO-2D model domain. This stock tank is near the intersection of what would be the Broadway Road
alignment and the 491° Avenue alignment and is located approximately 3,000 feet southwest of the end
of the Saddleback FRS Outfall Channel. The stock pond itself (i.e., the area in Figure 5-8 shown as bare
ground) is excavated below natural grade. The stock pond is surrounded by an embankment
approximately 4 to 5 feet above surrounding natural grade.
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Figure 5-8. Stock pond near the downstream end of the FLO-2D model domain southwest of the
Saddleback FRS Outfall Channel

Final techniques utilized to remove embankments from the FLO-2D model

For the three embankments listed above that needed to be removed from the topography of the FLO-2D
grid in order to create a FLO-2D model for the without embankment scenario, various methodologies to
remove the embankments from the topography were presented in a technical memorandum provided
to the District dated May 8, 2013. This memorandum is replicated in Appendix E.5 of this report for
additional reference and information. This section presents the final methodology used for the stock
tanks and for the HVID north-south drainage channel embankments.

To manually edit the representation of the two stock tanks in the FLO-2D model, cross sections were
taken from the FLO-2D grid and manually edited to visually follow the slope of the surrounding grade in
the vicinity of the stock tanks. Results of this process can be seen in the documents titled
“Remove_Lower_Stock_Tank.pdf” and “Remove_Upper_Stock_Tank.pdf” for cross sections upstream,
through, and downstream of the stock tanks.
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To automatically remove the drainage channel embankment, the canal just east of the drainage channel,
and the canal embankment (see Figure 5-6) from the FLO-2D model grid, WEST developed a Microsoft
Excel macro to automatically read the grid elevations surrounding the embankments and plot these
elevations. The macro was designed to then project the slope of the natural grade in the fields
downstream of the canal embankment (i.e., east of the canal embankment) back through the drainage
channel embankment providing a smoothed model grid that effectively removed the drainage channel
embankment and the canal embankment from the model while not lowering the canal thalweg. Since
the distance from the drainage channel embankment to the natural grade east of the canal
embankment was approximately 120 feet in most places, WEST edited the macro to determine the grid
element elevation three cells away (each cell in FLO-2D is 40 feet by 40 feet so three grid cells is 120
linear feet) from the cell representing the drainage channel embankment (defined herein as the left
bank station of the 1-D channel cross sections entered into the FLO-2D model to represent the channel
as a 1-D element in the FLO-2D model) and then used the next seven cells (280 linear feet) to determine
an average slope for the natural grade in the field downstream of the canal to project grid elevations
following that slope back through the drainage channel embankment. Once these calculations had been
performed, the macro was further edited to rewrite the floodplain grid elevations for the FLO-2D input
files, update the corresponding 1-D cross section left bank elevations to more closely match the new
floodplain grid element without the levee embankment, and rewrite the 1-D channel cross section files
with these updated left bank elevations. Examples of the visualization for this process at various cross
sections can be found in the memorandum in Appendix E.5 mentioned above. Also, the full visualization
PDF file mentioned in this document can be found with the “without embankment” FLO-2D model
electronically on disc in Appendix E.5 as well. An embankment also exists on the right bank (i.e., west
side) of the channel near the downstream end, and this embankment was removed from the model as

well manually.

5.5.5 Islands and Flow Splits

The primary flow split that occurs near the Allison Stock Tank in the second portion of the study reach as
defined above (i.e., from the Harquahala Valley Irrigation District’s Westside Canal downstream to
Baseline Road) is a crucial component of the overall mapping effort. At the upper end of this reach, flow
is contained by a canal siphon crossing. As the flow moves downstream (i.e., southeast), the flow
spreads out over a wide, relatively flat distributary flooding extent. The effective study mapped a Zone
AE with BFE’s (although with no floodway) in the Left Overbank reach. The areas that appeared to be
less prone to concentrated flooding were mapped as Zone A’s in the effective study. Determining the
amount of flow leaving the main branch and entering the breakout area was paramount to an accurate
understanding of flooding extents and risk in what was termed the “Left Overbank” reach in the
effective study.

In the effective model, the flow at the upstream end of the main branch of Centennial Wash in this
reach (i.e., at the Harquahala Valley Irrigation District’s Westside Canal) is 52,200 cfs. The effective
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model has a flow change location approximately at Baseline Road which increases the flow to 58,100 cfs
in the main branch of Centennial Wash. In the effective model Left Overbank reach, the initial flow at
the upstream end of the breakout is 3,100 cfs. This is above the first smaller Zone A area mapped in the
overbank of Centennial Wash. In between the first smaller Zone A area and the second larger Zone A
area mapped in the overbank of Centennial Wash, the flow increases in the Left Overbank to 6,500 cfs.
These locations correspond to flow decreases in the main branch of Centennial Wash of 49,100 cfs and
45,700 cfs, respectively. Therefore, the sum of flows in the main branch of Centennial Wash and the
Left Overbank was always 52,200 cfs. This accounted for first 6% and then 12.5% of the flow entering
the Left Overbank, respectively. Therefore, the effective mapping is based on a maximum of 12.5% of
flow leaving the main branch and entering the Left Overbank. No documentation was available to show
how the effective study calculated this flow split. This was likely based on a series of hand calculations.

As a first attempt, WEST utilized lateral structures in HEC-RAS to connect the alignments of the main
branch of Centennial Wash with the Left Overbank reach near the flow split. As can be seen in Table 7-1
below, the updated flows in this reach are as follows: (1) the updated flow at the upstream end of the
main branch of Centennial Wash in this reach (i.e., at the Harquahala Valley Irrigation District’s Westside
Canal) is 34,347 cfs (reduction of 34.2% from the effective flow at this location), and (2) the updated
flow at approximately Baseline Road is 38,552 cfs in the main branch of Centennial Wash (reduction of
33.6% from the effective flow at this location). A technical memorandum describing the results of this
effort was provided to the District on November 30, 2012. The findings of this preliminary study were
multi-faceted. To summarize, the sensitivity to lateral structure input parameters—including the lateral
structure geometry definition, lateral weir coefficients, and the number of lateral structures in the
model—were shown to be highly impactful on the final estimates of flow split. These results ranged from
8,000 cfs to 13,500 cfs; in other words, the flow splits ranged from 23% to 39% of the total peak flow
from the new hydrology of 34,347 cfs. These numbers seemed excessively high, since the original
analysis showed a maximum of 6,100 cfs leaving the main channel which represented 12.5% of the
original 52,200 cfs. Also, it seemed counterintuitive that the new, lower flow estimates from the
updated hydrology study would cause a much higher relative percentage of the total flow to enter the
overbank flowpath. However, this was due to the new detailed topography in this area. The
significantly lower thalweg elevation of the historic alignment of Tiger Wash compared to the main
branch of Centennial Wash simply caused more flow to enter the breakout channel. A copy of the
technical memorandum described above can be found in Appendix E.5 of this report.

Due to the high percentage of flow leaving the main branch of Centennial Wash due to this initial lateral
structure analysis in HEC-RAS, the District initiated a two-dimensional modeling study of this flow split
and what was termed the Centennial Wash Left Overbank reach in the effective models to better define
the flood hazards in this area. The results of this study (for both the FLO-2D results presented in Section
5 and the HEC-RAS flow split analysis presented in a technical memorandum in Appendix E.5) showed a
significant proportion of the flow leaving the main branch of Centennial Wash in the vicinity of this flow
split as well. The scaled hydrograph shown in Figure 4-3 above was used directly as input to the
unsteady FLO-2D model with a peak flow of 34,347 cfs. This hydrograph was shifted such that the time
ordinate shortly before flow begins was set equal to zero; in other words, the ordinate 14.0 as shown in
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Figure 4-3 was moved to 0.0 hours as can be seen in Figure 5-9, and the first time step with flow greater
than zero cfs in the FLO-2D model was 1.5 hours (as opposed to 15.5 hours from the output of the
effective HEC-1 model). It should be noted that this did not change the inflow to the FLO-2D model; the
shift in the time ordinate was simply for simplification of the modeling input data for FLO-2D. This
shifted inflow hydrograph is shown relative to the outflow hydrograph from the FLO-2D grid to show the
relative attenuation across the grid during the flood routing simulations. Keeping this in mind, we see
that our flow change locations in HEC-RAS (see Section 6.5.5 below) define our flows in the main
channel of Centennial Wash adjacent to the overbank areas between 16,051 cfs and 23,512 cfs at
different points longitudinally along the main branch of Centennial Wash. Based on the original flow of
34,347 cfs, this implies that between 31.5% and 53.3% of the flow was estimated to leave the main
channel and enter the Left Overbank reach. Based on the attenuated flow leaving the grid of 27,660 cfs,
this implies that between 15.0% and 42.0% of the flow was estimated to leave the main channel and
enter the Left Overbank reach. These numbers agree well with the estimates from the initial HEC-RAS

lateral structure modeling procedure described above.
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Figure 5-9. Inflow and outflow hydrographs from the FLO-2D model run (with embankments) plotted
against each other to determine impacts of attenuation in the model

5.5.6 Ineffective Flow Areas

Ineffective flow area is not considered explicitly in FLO-2D as this is an unsteady flow model that
accounts for volumetric routing and hydrograph attenuation across the high-resolution gridded
computational domain. Conceptually, ARF's and WRF’s (discussed in Section 5.3.3 above) could be
considered ineffective flow areas in the FLO-2D model.
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5.5.7 Supercritical Flow
Supercritical flows do not occur in this system as the flow regime is highly subcritical throughout the

length of Centennial Wash.

5.6 Floodway Modeling

Floodway modeling was not completed using the FLO-2D modeling results. For a discussion of floodway
modeling in the main stem of Centennial Wash, see Section 6.6 below.

5.7 Issues Encountered During the Study

5.7.1 Special Issues and Solutions
As discussed in Section 5.4 above, the outfall of the HVID north-south drainage channel represented in

the model as a 1-D channel feature had to be transitioned from deep, higher-velocity, concentrated flow
in the channel back to shallow, sheet-type flooding across the floodplain grid elements immediately
downstream of the channel. The bank stations near the downstream end of the model initially
represented the crest elevations of berms that are much higher than the surrounding floodplain grid
element elevations (averaged over the 1,600 square foot grid cell area). FLO-2D only allows interaction
of flow from the 1-D channel to the 2-D grid in the lateral direction (i.e., over the right and left bank
stations) of the downstream-most cross section in the channel. Therefore, for both the with- and
without-embankment FLO-2D models, the last several cross sections near the downstream end of the 1-
dimensional channel feature were altered to transition more smoothly from channel to floodplain.
Based on the District’s recommendations, WEST decreased the height of the channel banks for the last
several cross sections near the downstream end of the channel to allow the banks to transition back to
approximately the elevation of the grid. The details of this process are discussed in Section 5.4. This
was necessary to avoid numerical instability in FLO-2D.

5.7.2 Modeling Warning and Error Messages
No model warning or error messages were encountered for either the with- or without-embankment
FLO-2D model runs in the final ERROR.CHK file created by the FLO-2D program.

5.8 Calibration

No measured field data was available for model calibration.
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5.9 Final Results

5.9.1 Hydraulic Analysis Results

As shown throughout this section, the hydrology approved for the main branch of Centennial Wash from
the concentration point titled “At Centennial Levee Reach 2” (i.e., 34,347 cfs — see Section 4) was used
as input to the FLO-2D model. FLO-2D was then used to route the 1%-annual-chance flood hydrograph
over the breakout area downstream of the HVID Westside Canal to the point where the breakout flow
rejoins the main branch of Centennial Wash near Baseline Road. The FLO-2D model included the entire
area of the main branch of Centennial Wash and the breakout area throughout the Harquahala Valley
(see Figure 6-8 below for a graphical representation of the FLO-2D computation domain boundary).

This hydraulic modeling analysis allowed the FLO-2D model to be used for mapping in the left overbank
area (see discussion in Section 6.7.1.3 and Figure 6-8 below). The results of this FLO-2D model were then
used to provide input to the HEC-RAS model by taking flows computed at discreet flow change locations
in FLO-2D (discussed in greater detail in Section 6.5.5 below) and entering these flows directly into the
HEC-RAS model in the reach. Therefore, FLO-2D was used for mapping in what the effective model
terms the Left Overbank reach while HEC-RAS was used for floodplain and floodway mapping in the
main branch of Centennial Wash without losing the additional information regarding floodplain
attenuation computed using the unsteady FLO-2D model when mapping in HEC-RAS. The wide, shallow,
flat nature of flow in the Harquahala Valley lends itself to significant floodplain storage and hydrograph
attenuation as shown in Figure 5-9. This attenuation is captured in the HEC-RAS model by using steady-
state flows from the results of the FLO-2D model. As we can see from the comparison of results in
Section 6.9.2, the results of the two models in regards to water surface elevation agree well, providing
further confidence in this approach for using the peak flows from FLO-2D in the HEC-RAS model.

Based on discussion between the District and WEST, a boundary was drawn as a line of distinction
between mapping based on the HEC-RAS model and based on the FLO-2D model results (see discussion
in Section 6.7.1.3). Everything towards the main channel relative to this boundary line was mapped
using results from HEC-RAS model, and everything away from the main channel relative to this boundary
line (i.e., in the Centennial Wash Left Overbank area) was mapped using results from the FLO-2D model.

After determining the area that would be mapped based on the FLO-2D results, the “worst-case”
scenario was first determined for each grid element by determining the maximum flooding depth at
each location in the model domain. Results of this analysis are shown in Figure 5-10 below. As can be
seen in this figure (and is intuitively obvious based on the function of the HVID north-south drainage
channel and embankment which act as a flood control feature), the “with embankment” FLO-2D model
creates the worst case flooding in the majority of the main branch of Centennial Wash, and the “without
embankment” FLO-2D model creates the worst case flooding in the majority of the overflow reach off of
Centennial Wash. Interestingly, the “without embankment” model is the worst-case flooding depth on
the eastern side of the HVID north-south drainage channel south of approximately Centennial Road.
This is because more flow is contained in the channel further upstream creating a larger volume of
water escaping the channel once the embankment is finally overtopped in the “with embankment” FLO-
2D model. Taking all of this into consideration, the worst-case flooding depth from each grid cell in the
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model was used for final floodplain mapping. It should be noted that the boundary of the FLO-2D
mapping area was left “gridded” (i.e., the external boundary reflects those grid cells that were wetted in
the model run as computed in a gridded format, and the boundary was not smoothed to follow the

shape of adjacent topography lines).

-
Legend
Greater depth with levee

o]

Greater depth without levee : k,‘
1

Equal depth for both models

Zero depth for both models

]

Figure 5-10. Determination of “worst-case” FLO-2D results by comparing maximum depth for the
“with embankment” and “without embankment” models

Based on the identification of the worst-case flooding depth in each grid cell, WEST and the District
reviewed the results in the overflow mapping area (i.e., the area away from the main branch of
Centennial Wash relative to the mapping boundary line shown in Figure 6-8) and realized that a large
majority of the flooding depths in this area were less than approximately 3.0 feet. This lead the District
to investigate the use of Zone AO special flood hazard areas for floodplain mapping as opposed to Zone
A, AE, or any other flood hazard zone definition. To accomplish this, WEST utilized GIS processing tools
to finalize the mapping of the FLO-2D results in this area.
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To begin, WEST grouped the FLO-2D results in this area based on maximum flooding depth into Zones
AO1, AO2, AO3, and AE (corresponding to maximum flooding depths of 1, 2, and 3 feet for Zones AO1,
A02, and AO3, respectively, and greater than 3 feet for Zone AE). Results were grouped into polygons in
shapefile format with adjoining grid cells identified in the same zone merged into a single polygon. The
minimum depth reported by the FLO-2D model was 0.01 feet, and all cells reported to have this depth or
greater were included in the initial grouping polygons. After this general grouping, WEST applied a
threshold area of 10 grid cells (16,000 square feet or just over one-third of an acre) to remove small
islands of Zone AQ’s below this threshold that would not show up at the scale of the work maps
developed. This was done using an automated GIS process in ArcMap known as a majority filter with a
four block neighborhood. This reduced the number of small disconnected areas of Zone AQO’s by
approximately half. From this point, manual review and discussion between the District and WEST
further reduced the number of small disconnected areas of Zone AOQO’s during the work map
development stages. These discussions included consideration of FEMA’s guidance that states that
small scale topographic relief that is not evident on existing topographic mapping should be ignored;
this guidance lead to the removal of many more smaller disconnected Zone AO areas. In the end, 178
Zone AO areas were mapped in the Centennial Left Overbank.

For those areas mapped using FLO-2D with depths greater than 3.0 feet, Zone AO3 is not a valid flood
hazard area. Fourteen areas were identified that exceeded this criterion. Two of these areas were
connected to the main branch of Centennial and were consistent with a typical Zone AE with a sloped
energy grade line and computations of BFE’s. These areas included (1) the one-dimensional channel
included in the model for the HVID north-south drainage channel and (2) the area collecting flow from
the left overbank overland flow before converging with the main branch of Centennial Wash. These two
areas are shown in yellow in Figure 5-11 below. The other twelve areas identified exceeding this
criterion (i.e., flow depths greater than 3.5 feet) were associated with ponded areas in the FLO-2D
model, primarily behind roadway embankments. These areas are shown in red in Figure 5-11 below. In
each of these twelve areas, zonal statistics were extracted from the final maximum water surface
elevation results raster. After reviewing the statistics of each zone, it was decided that the maximum
integer water surface elevation within each of these twelve flat, ponded Zone AE areas would be used to
define the regulatory BFE within that zone.

Final input and output files of the two FLO-2D models (both “with embankment” and “without
embankment” models) are provided on disc in Exhibit C of this document. Standard input and output
files are provided in ASCII text and binary formats. Additionally, the TIMEDEP.OUT has been provided on
the discs in Exhibit C as well, but in a ZIP file to reduce the excessive file size from this large model of
844,255 grid elements.

In addition to the standard input and output files from the FLO-2D models themselves, the District’s
FLO-2D GIS post-processing tool was run for the results of both of these models to develop additional
spatial data to aid in the review process. The output files for each model are provided on the discs in
Exhibit C as well. This is a tool developed to operate inside of ArcGIS, and the spatial files generated by
this process are stored within an ArcGIS geodatabase structure. Some of the output files generated by

this tool are outlined briefly below:
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e Point files

)

e Rasters
o

0O O 0 0O 00O

o
e Tables
o

O 0 00 O 0 O O 0

FLO2DGIS point file - information for each cell including grid number, elevation, n-value,
time to peak flow, max discharge, max direction, max depth, max velocity, max wsel,
cdischarge, cdir, dtimep, dmax, vmapx, wsel max, time to one foot, time to two feet,
arfs, and wrfs.

FPXSec_gis point file- floodplain cross section information including cross section ID, grid
number, n-value, and elevation

CDischarge raster- Max flow computed for each cell

Dmax raster- Max depth computed for each cell

ELEVATION raster- Ground surface elevation assigned to each cell

N raster- Manning’s n-value assigned by the modeler for each cell

QTimeP raster- Time to peak flow computed for each cell

ToneFt raster- Time to one foot depth computed for each cell

TtwoFt raster- Time to two feet depth computed for each cell

Vmax raster- Maximum velocity computed for each cell

WSELMAX raster- Maximum water surface elevation computed for each cell

ARF table- similar to ARF.DAT from the FLO-2D input files

CADPTS table- similar to CADPTS.DAT from the FLO-2D input files

DEPTH table- similar to DEPTH.OUT from the FLO-2D output files

FPLAIN table- similar to FPLAIN.DAT from the FLO-2D input files

MAXQHYD table- similar to MAXQHYD.OUT from the FLO-2D output files
MAXWSELEV table- similar to MAXWSELEV.OUT from the FLO-2D output files
TIMEONEFT table- similar to TIMEONEFT.OUT from the FLO-2D output files
TIMETOPEAK table- similar to TIMETOPEAK.OUT from the FLO-2D output files
TIMETWOFT table- similar to TIMETWOFT.OUT from the FLO-2D output files
VELFP table- similar to VELFP.OUT from the FLO-2D output files
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Figure 5-11. FLO-2D results mapped as Zone AE areas. The legend items labeled “Main Branch Zone
AE” and “Main Branch Floodway” were both mapped from HEC-RAS results.

5.9.2 Verification or Comparison of Results
For comparison of results to the HEC-RAS model output, see Section 6.9.2 below.
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6 Hydraulics: HEC-RAS

As per the Arizona Department of Water Resources (ADWR) State Standard SS1-12 (Arizona Department
of Water Resources, 2012), Section 6 of a TSDN should be titled “Erosion, Sediment Transport, and
Geomorphic Analysis.” However, no erosion, sediment transport, or geomorphic analyses were
performed for this study.

Due to the nature of this study as previously discussed in Section 5 above, floodplain mapping for the
Centennial Wash area was completed using a combination of one-dimensional hydraulic modeling and
two-dimensional hydraulic modeling. This section presents the results of the one-dimensional hydraulic
modeling using HEC-RAS.

6.1 Method Description

Floodplain limits and floodway boundaries are defined herein for Centennial Wash from the intersection
of Centennial Wash with the La Paz County-Maricopa County border in western Maricopa County
downstream to the confluence of Centennial Wash with the Gila River. The study reach was broken into
three primary areas of study due to the hydraulic characteristics of these three areas. The first area is
defined from the La Paz County-Maricopa County border downstream to the Harquahala Valley
Irrigation District’'s Westside Canal. The second area is defined from the Harquahala Valley Irrigation
District’'s Westside Canal downstream to Baseline Road. The third area is defined from Baseline Road
downstream to the confluence of Centennial Wash with the Gila River. In the first and third portions of
the study area, the flow is contained to a relatively narrow channel area, and the entirety of the
modeling effort was completed with one-dimensional modeling techniques, as described in this chapter.
In the second portion of the study area as defined above (i.e., that portion of the study area within the
Harquahala Valley), the conveyance capacity of the main channel decreases and the flow spreads over a
large area of shallow distributary flooding. This portion of the study area required a combination of
one-dimensional and two-dimensional modeling techniques to accurately define flooding extents. The
main channel of Centennial Wash was modeled and mapped (for both floodplain and floodway extents)
using a one-dimensional modeling technique in all three portions of the study area as defined above.
The “breakout area” in what the effective study termed the left overbank reach (within the second
portion of the study area defined above) was modeled and mapped (for floodplain extents only) using a
two-dimensional modeling technique.

The U.S. Army Corps of Engineers’ Hydrologic Engineering Center’s River Analysis System (HEC-RAS) was
the modeling software used to perform the one-dimensional hydraulic modeling for the study reach to
determine the floodplain limits and floodway boundaries. HEC-RAS is a one-dimensional hydraulics
model, and the steady-state module of the software was used to compute steady-state flood profiles in
the study reach for the 1% annual-chance-flood hydrologic event. This study utilized HEC-RAS version
4.1.0 (January 2010) for flood profile modeling. The cross section ground points, reach lengths, and
bank stations were developed from the terrain data (provided by the District as discussed in Section 3 of
this document) using the HEC-GeoRAS Version 10.0 extension (U.S. Army Corps of Engineers, 2012) in
ArcMap 10.0 (Environmental Systems Research Institute, 2011).
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The FLO-2D computer program developed by FLO-2D Software, Inc., version 2009.06, was used to
perform the two-dimensional hydraulic modeling for the study reach to determine the floodplain limits
in what the effective study termed the left overbank reach within the Harquahala Valley, as discussed in
Chapter 5. FLO-2D is a quasi-two-dimensional flood routing model that simulates channel flow and
unconfined overland flow over a uniform grid. The FLO-2D model is an unsteady flow model, and the
1% annual-chance-flood hydrograph was routed across the grid and used as a basis for mapping special
flood hazard areas in the distributary overbank flooding area of the Harquahala Valley. More
information regarding this analysis can be found in Chapter 5.

For HEC-RAS models, either a normal depth routing computation or a specified water surface
elevation—depending on which was most appropriate at a given location—was applied at the
downstream cross section of each model submitted herein in support of floodplain and floodway
mapping. The downstream-most model of the HEC-RAS models submitted in support of this floodplain
delineation study (i.e., the model that confluences with the Gila River) uses a normal depth routing
computation for the downstream boundary condition. The models upstream of this downstream-most
model each share a cross section from the top of one reach to the bottom of the next, and each of these
upper models uses a specified water surface elevation as the downstream boundary condition based on
the backwater computation of water surface elevation at the same cross section in the next model

downstream.

The following sections discuss the existing FIS effective models and the Pre-Project Conditions Models
(also referred to as the Existing Conditions Models). A PMR request replacing the mapping of entire
stream reach does not require the development of Duplicate Effective Models, Corrected Effective
Models, or Revised or Post Project Conditions Models.

6.1.1 Effective Models

The Centennial Wash effective study, including SFHA delineation and floodway determination, was
based on HEC-2 modeling done by Cella Barr in 1989. The effective models were provided to WEST by
the District as HEC-2 input files (in the typical *.DAT format). These files have been included on the disc

in Exhibit C of this report.

6.1.2 Duplicate Effective Models
No duplicate effective models are required for a PMR request to replace the entirety of the flooding

source being modeled and mapped.

6.1.3 Corrected Effective Models
No corrected effective models are required for a PMR request to replace the entirety of the flooding

source being modeled and mapped.

6.1.4 Pre-Project Conditions Models
The pre-project conditions models were the updated models created for this study. In this project, a
suite of six models make up the basis of pre-project conditions models for the study. Four of the six
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models are HEC-RAS models, and two of the six models are FLO-2D models. Each of these models is

defined briefly below.

1. Models for the first portion of the study area from the La Paz County-Maricopa County border
downstream to the Harquahala Valley Irrigation District’s Westside Canal.

a.

HEC-RAS model for the main branch of Centennial Wash: This reach required only one

hydraulic model to support floodplain and floodway mapping.

2. Models for the second portion of the study area from the Harquahala Valley Irrigation District’s
Westside Canal downstream to Baseline Road.

a.

HEC-RAS model for the main branch of Centennial Wash: Immediately downstream of

the Harquahala Valley Irrigation District’s Westside Canal, flow enters a very wide,
shallow area of distributary flooding that takes flow away from the main branch of
Centennial Wash. HEC-RAS was used to model the flow that remains in Centennial
Wash as a basis for the determination of both floodplain and floodway extents.

“With embankment” FLO-2D model for the breakout area in the left overbank in the
Harquahala Valley: Immediately downstream of the Harquahala Valley Irrigation

District’s Westside Canal, flow enters a very wide, shallow area of distributary flooding
that takes flow away from the main branch of Centennial Wash. FLO-2D was used to
determine the amount of flow leaving the main branch of Centennial Wash. That
breakout flow was then routed across the overbank area using FLO-2D to serve as a
basis for the determination of floodplain extents in the overbank area. The “with
embankment” description for this model is just to contrast between the second FLO-2D
model listed below; this model includes every ground feature in the field as it exists in
the topography data provided by the District.

“Without embankment” FLO-2D model for the breakout area in the left overbank in the
Harguahala Valley: Several stock tanks and small embankments exist as part of the

agricultural improvements in the Harquahala Valley area. A second FLO-2D model was
developed that removes the stock tanks from the model grid by filling in the excavated
areas and removing the adjacent embankments built to hold water in the stock tank.
Additionally, a large, continuous embankment that runs north-south along the east side
of a drainage channel built by the Harquahala Valley Irrigation District was removed
from this model grid as well to determine the impacts of this on the flooding results
calculated using FLO-2D. A “worst-case” scenario was developed for mapping purposes
by using the greater depth of the two models at every location in the FLO-2D domain for
mapping purposes in the left overbank area.
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3. Models for the third portion of the study area from Baseline Road downstream to the
confluence of Centennial Wash with the Gila River.

a. “With embankment” HEC-RAS model for the main branch of Centennial Wash: Due to
the existence of two small levee-like embankments associated with agriculture
improvements near the SPRR Bridge, two HEC-RAS models were built for the third
portion of the study area from Baseline Road to the confluence with the Gila River. The
only difference between these two models occurs from approximately one mile
upstream of the bridge to approximately 0.8 miles downstream of the bridge. The “with
embankment” description for this model is just to contrast between the second HEC-
RAS model for this area listed below; the “with embankment” model includes every
ground feature in the field as it exists in the topography data provided by the District.
The upstream flows for both the “with embankment” and “without embankment” HEC-
RAS models in this reach were identical.

b. “Without embankment” HEC-RAS model for the main branch of Centennial Wash: A
second HEC-RAS model was developed for this portion of the study area that removes
the levee-like embankments from the HEC-RAS model geometry. This was done by
removing the embankments from the ground points in the cross section information
and from the lateral structure information connecting overflows and creating hydraulic
interactions among reaches. A “worst-case” scenario was developed for mapping
purposes for the area immediately adjacent to the SPRR Bridge by using the greater
depth of the two models at every cross section in the HEC-RAS domain for mapping
purposes near the bridge. The upstream flows for both the “with embankment” and
“without embankment” HEC-RAS models in this reach were identical.

6.1.5 Post-Project Conditions Models
No post-project conditions model was developed for this study, as only the existing conditions

hydraulics were modeled and mapped herein.

6.2 Work Study Maps

Topographic work study maps were developed at a scale of 1” = 400’ to provide sufficient detail of the
new Zone AE Floodplain and Floodway mapping along Centennial Wash as well as the combination of
Zone AO and Zone AE Floodplain mapping in the breakout area of the effective left overbank reach in
the Harquahala Valley. Contour mapping depicted on the work study maps is based upon the combined
topography described in Section 3. Rectified aerial photographic backgrounds are provided on sheets
that are 24” x 36” in size. The study work maps references the North American Vertical Datum of 1988
(NAVD 88). Each work map includes the following (when applicable): cross section locations, floodplain
and floodway water surface elevations, 1% annual-chance-flood peak discharges, floodplain/floodway
boundaries, gridded flooding elevations (for Zone AE zones) and depths (for Zone AO zones) from FLO-
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2D results, stream/flooding source names, zone designations, elevation reference marks, road names,
coordinate grid tic marks, section lines, corporate boundaries, etc.

The HEC-RAS geometry information for the existing conditions models are consistent with the contour
mapping as it appears on the work study sheets throughout the study area except in the vicinity of the
Arlington Valley Solar Energy | Project. For additional discussion of the incorporation of as-built plans
from this site into the final modeling and mapping, see Section 6.7.1 below.

6.3 Parameter Estimation

6.3.1 Roughness Coefficients

To estimate Manning’s roughness coefficients for the Centennial Wash Floodplain Delineation Study,
aerial photography was used to delineate areas that differed in roughness characteristics (i.e., land use,
presence/density of vegetation, etc.), and this information was digitized into a polygon shapefile. The
aerial photographs used to complete this delineation were obtained in the fall of 2011 by the District
(flight dates in September and October) when available, and aerials from the fall of 2010 (flight dates in
September and October) that were provided by the District were used for those areas that did not have
2011 aerial photographs available. Identical Manning’s n delineations were used for both the HEC-RAS
and FLO-2D modeling efforts. (See section 5.3.1 for a discussion of how Manning’s n values are used in
FLO-2D).

To select the Manning’s roughness coefficient for each roughness area delineated above, the Manning’s
n-values were estimated for that roughness area as outlined in “Selection of Manning’s Roughness
Coefficient for Natural and Constructed Vegetated and Non-Vegetated Channels, and Vegetation
Maintenance Plan Guidelines for Vegetated Channels in Central Arizona” by Phillips and Tadayon (2006).
That report was prepared in association with the Flood Control District of Maricopa County (FCDMC). In
this methodology, components of the n-value estimated for each roughness area include the following:
a base Manning’s roughness coefficient value for a straight uniform channel, a correction to Manning’s
roughness coefficient value for degree of irregularity, a correction to Manning’s roughness coefficient
value for variation in channel cross section, a correction to Manning’s roughness coefficient value for
the effect of obstructions, a correction to Manning’s roughness coefficient value for the amount of
vegetation, and a correction to Manning’s roughness coefficient value for the degree of meandering.
Table 5-1 below provides the final ten (10) Manning’s roughness values and associated areas for the
various categories used in the modeling effort for the floodplain and floodway delineation. A copy of
this shapefile can be found on the disc in Exhibit C of this document.

Another report used significantly to assign Manning’s n-values for this study was “Estimated Manning’s
Roughness Coefficients for Stream Channels and Flood Plains in Maricopa County, Arizona” by Thomsen
and Hjalmarson (1991). That report was also prepared in association with FCDMC. Aerial and ground
photographs in Thomsen and Hjalmarson (1991) that appeared similar to each Centennial Wash
category were identified. The composite n-values assigned to the Thomsen and Hjalmarson (1991)
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regions were then tabulated and compared to the calculation from Phillips and Tadayon (2006) for the
corresponding Centennial wash roughness classification to verify the final values used herein.

Finally, an older n-value report was also available that provided n-values for Arizona titled USGS Open-
File Report 73-3 “Roughness Coefficients for Stream Channels in Arizona” by Aldridge and Garrett
(1973). This report contains only ground photographs of various streams throughout Arizona. The
ground photographs in Aldridge and Garrett’s (1973) report were examined and matched to the ground
photographs taken during the field trips during the Centennial Wash FDS project. This acted as
independent verification that the estimated Manning’s n-values were appropriate for Centennial Wash.

A more detailed report titled “Centennial Wash Floodplain Delineation Study: Gila River to La Paz
County—Selection of Manning’s Roughness Coefficients” was developed in October of 2012 by WEST
Consultants and approved by the District shortly thereafter. This report has been included in its entirety
in Appendix E.1 of this document. Appendix E.1 also contains a trip log with photos from the field
supporting the selection of roughness values in the study reach.

Table 6-1. Summary of the Manning's n categories and values estimated for the Centennial Wash FDS

Cortegory Name Classification Type Manning’s Area | Percent of
(Channel or Overbank) n-value (acres) | total area

Open Water Channel 0.018 30 0.06%
Unvegetated Channel Channel 0.025 99 0.21%
Sparse Vegetation Overbank 0.035 8,824 18.42%
Tall Sparse Vegetation Overbank 0.040 | 15,444 32.23%
Tall Medium Vegetation Overbank 0.062 6,807 14.21%
Tall Dense Vegetation Channel 0.111 4,691 9.79%
Extremely Dense Vegetation Channel 0.200 835 1.74%
Agricultural—Cultivated Fields Overbank 0.060 8,732 18.22%
Agricultural—Fallow Fields Overbank 0.030 2,421 5.05%
Canal Embankment Overbank 0.016 30 0.06%

>
Includes overbank areas

6.3.2 Expansion and Contraction Coefficients

HEC-RAS expansion and contraction coefficients were set equal to 0.1 and 0.3 throughout due to the
shallow nature of flow (i.e., high width to depth ratios) throughout the modeled reach. The only
exception to this were the cross sections immediately around the bridge structure, for which expansion
and contraction coefficients were set equal to 0.3 and 0.5, respectively, for two cross sections upstream
of the bridge and one cross section downstream of the bridge (i.e., RS 7.62, 7.39, and 7.35 in the model).
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6.4 Cross Section Descriptions

Typical convention was used for cross section stationing for all HEC-RAS modeling in this study, i.e., cross
section stationing is from left to right when looking in the downstream direction. Cross section spacing
varies throughout the study area on a reach-by-reach basis depending on the variability of geomorphic
characteristics in a given reach such as the cross sectional channel geometry, bed slope breaks, degree
of meandering, roughness characteristics, etc. On average, a typical cross section spacing of 400 feet
was used throughout the study reach for HEC-RAS cross section spacing. This spacing value was later
subjected to sensitivity testing (including typical cross section spacing increased up to 800 feet), and the
results of this sensitivity analysis provided further confidence in the selection of 400 foot spacing for the
final models. Cross sections were also placed at specific locations of interest such as gaging stations,
effective FEMA cross sections, and others. Typically the cross section alignments defined in the effective
study were maintained in this study as they generally followed the direction of flow throughout the
study reach. Minor adjustments were made to cross section alignments in limited portions of the study,
and major adjustments were made to cross section alignments around the SPRR Bridge. The cross
section data were obtained from the final topography data provided by the District and presented in
Section 3 above using primarily HEC-GeoRAS (U.S. Army Corps of Engineers, 2012) and a few other
software tools available in ArcGIS (Environmental Systems Research Institute, 2011).

6.5 Modeling Considerations

6.5.1 Hydraulic Jump and Drop Analysis
Hydraulic jumps or drops do not occur in this system as the flow regime is highly subcritical throughout
the length of Centennial Wash.

6.5.2 Bridges and Culverts
Two primary structures were included in the models for the Centennial Wash FDS. The first is the

Southern Pacific Railroad Bridge along the main stem of Centennial Wash near the confluence with the
Gila River, and the other is a triple-barrel culvert structure under Van Buren Road along the HVID north-
south drainage channel in the Harquahala Valley. Each of these structures is discussed individually
below.

Southern Pacific Railroad Bridge

One bridge structure crosses the main branch of Centennial Wash approximately 7.4 river miles above
the confluence with the Gila River. This is the Southern Pacific Railroad (SPRR) Bridge. This bridge may
also be referenced at certain places in this document as the Union Pacific Railroad (UPRR) Bridge (e.g.,
meeting minutes documents, technical memoranda, etc.). The reason for this discrepancy is the District
streamgage at this bridge is still referenced as the “Centennial Wash at SPRR” (gage ID 5103). However,
UPRR incorporated the SPRR in 1996. Therefore, the line is now technically owned and operated by
UPRR. Due to the District’s streamgage naming convention SPRR is used primarily in this document;
however, references to the SPRR Bridge and the UPRR Bridge are interchangeable herein.
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The bridge itself is composed of the railroad embankment for the approach and exit sections along with
four bridge trestle openings across the width of the bridge. Each trestle opening is between 270 feet
and 300 feet wide, and the openings are located between 1,800 feet to 2,400 feet apart from each other
(spacing between the four openings on center). Solid railroad embankment persists in between the
bridge trestle openings. The railroad embankment stands anywhere from approximately 3 feet to
approximately 11 feet above adjacent grade in the vicinity of the railroad trestle openings. The lowest
point along the railroad embankment in the vicinity of the trestle openings is approximately 800 east of
the left abutment of the easternmost trestle with an elevation of 854.18 feet. The highest point along
the railroad embankment in the vicinity of the trestle openings is approximately 100 east of the left
abutment of the westernmost trestle with an elevation of 859.06 feet.

No as-built information was available for this structure. As mentioned in Section 3 above, the District’s
survey crew performed a laser-scanning survey of the SPRR Bridge. This survey data was provided to
WEST in an XYZ format, and the resultant dataset is a separate “cloud” of survey points representing
each of the individual trestle openings. These data “clouds” were used for several purposes, including
gathering measurements of the bridge pier widths, gathering measurements of total trestle widths,
gathering measurements of high chord and low chord elevations for each trestle, and extracting natural
ground surveys along cross sections immediately upstream/downstream of the bridge. As mentioned
previously, more documentation regarding this survey can be found in Appendix C.4.

This bridge exhibits complex hydraulics for high river flows through the structure. As mentioned above
this bridge contains four (4) separate and distinct trestle crossings of the wash; these four openings
were designed to allow flood flows from Centennial Wash that overwhelm the primary trestle crossing
to pass through the other three trestle crossings and not overtop the embankment. Figure 6-1 below
shows the locations of the four separate trestle crossings of the railroad embankment over the wash.
The primary trestle crossing, Bridge Opening Number 1 in Figure 6-1 below, is the southwestern-most
opening along the railroad embankment. This opening contains the gaging station maintained by the
District. This opening has a high feature on the left overbank that persists for at least a mile upstream.
This trestle crossing is also the lowest bridge opening as far as invert elevation, followed by bridge
openings 4, 3, and 2 in order from lowest to highest. This is shown graphically in Figure 6-2, an elevation
profile taken directly from the final surface along the top of the embankment for the railroad bridge
along with the invert elevation data populated from the laser-scan survey performed by the District’s
survey team in the portions of the cross section showing the bridge openings.

Based on this description of the topography of the system, site visits performed by WEST and District
personnel, and further discussions with additional WEST and District personnel, the hydraulics of the
bridge were described conceptually by the project team. This conceptualization of the bridge hydraulics
is provided below. It was assumed that the main opening, i.e., bridge opening 1, would contain a
majority of the flow for low-magnitude hydrologic events. As water surface elevations increased during
higher flow events towards the crest of the railroad embankment and the crest of the embankment on
the left side of the channel (which is actually higher than the crest of the railroad embankment itself),
water would begin spilling over the crest of the railroad embankment and subsequently spill over the
crest of the embankment on the left side of the channel. At that point, water flowing over the
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embankment on the left side of the channel would flow along the railroad embankment to the
northeast. Flow would move to the downstream side of the railroad embankment (i.e., to the south)
through the other three trestle openings in sequential order, i.e., first flowing through bridge opening 2,
then flowing through bridge opening 3, and finally through bridge opening 4. The amount of flow
through each of these trestle openings would be dependent on the capacity of the individual opening
compared to the total flow that spilled over the left embankment along the main channel. If the
amount of flow leaving the main channel at that location were less than the conveyance capacity of
bridge opening 2, then theoretically most or all of the flow leaving the main channel would flow
downstream of the embankment through bridge opening 2, leaving bridge openings 3 and 4 relatively
dry. Alternatively, if the flow leaving the main channel were greater than the conveyance capacity of
bridge opening 2, then the flow above the conveyance capacity of bridge opening 2 would continue
downstream along the upstream side of the railroad embankment, and some flow would flow
downstream of the railroad embankment at bridge opening 3. Again, the comparison of the flow
remaining in the overbank flowpath downstream of bridge opening 2 would need to be considered
relative to the conveyance capacity of bridge opening 3 to determine how much flow would pass
downstream of the railroad embankment through bridge opening 3 and how much would continue to
be conveyed downstream to bridge opening 4.
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Figure 6-1. Trestle crossing locations for the SPRR Bridge
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Figure 6-2. Profile from the final DEM along the top of the railroad embankment

To capture the complex hydraulics described above in HEC-RAS, the final existing conditions bridge
geometry included four reaches connected at a single junction. The main stem of Centennial Wash
follows the thalweg through the bridge, similar to the effective study. Bridge opening 1 is modeled as a
bridge structure in HEC-RAS along this reach. Cross sections upstream of the bridge were ended at the
top of the embankment on the left side of the channel, and lateral weir structures were entered into the
model geometry to represent flow over the large embankment on the left side of the channel. Flow
going over the lateral weir structures used to define the left embankment upstream of the bridge on the
main channel would enter another flowpath that flows along the bridge to the northeast, discussed
below.

The next flowpath was defined to parallel the railroad embankment starting from the left embankment
along the main channel just upstream of bridge opening 1, moving to the northeast past bridge openings
2 and 3, and finally turning and passing through bridge opening 4. The flow at the top of this reach is
the amount of flow from the main channel flowing over the left embankment along that reach. These
cross sections were drawn with their left endpoints far enough to the northwest to contain flow, and
their right endpoints were ended immediately at the top of the railroad embankment. Along the right
side of these cross sections, lateral weir structures were defined to represent the top of the railroad
embankment. These structures served two purposes. First, they would allow flows that created water
surface elevations higher than the railroad embankment (if that much flow was calculated to leave the
main stem upstream) to overflow over the top of the railroad. Secondly, these lateral structures
allowed bridge openings 2 and 3 to be represented using culverts entered into the lateral structure
embankments in the model geometry. Culverts were defined as box culverts with the invert being
approximately the average invert elevation between two piers, the culvert crown being the deck’s low
chord elevation between two piers, and the culvert walls being the stations of the edges of the piers
defining a given “opening.” Therefore, the number of box culverts used to represent bridge openings 2
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and 3 was equal to the number of piers plus the number of abutments minus one for each individual
opening.

Approaching bridge opening 4, the cross sections along this overbank flowpath were turned such that
the cross sections immediately upstream and downstream of bridge opening 4 were parallel to the
roadway embankment (as opposed to being perpendicular to the roadway embankment as the cross
sections adjacent to bridge openings 2 and 3 were oriented). This allowed bridge opening 4 to be
represented as a bridge structure in the model as opposed to a culvert approximation in lateral
structures as done for bridge openings 2 and 3. The reach then continued south of the embankment
along the flowpath immediately downstream of bridge opening 4 until this flowpath converged with the
main branch of Centennial Wash again. The right overbank endpoint of the cross sections downstream
of bridge opening 4 were not adjacent to the left overbank endpoint of the cross sections along the
main flowpath downstream of bridge opening 1, however. This is explained in greater detail in the
following section.

The reach defined parallel to the railroad embankment had flow leaving through lateral structures and
culverts used to define bridge openings 2 and 3 in the HEC-RAS geometry file. These flows cannot be
added into a lower cross section in the same reach in HEC-RAS, however, as this would create a problem
numerically when trying to iterate towards a solution in which the water surface profile is computed
from downstream to upstream for a single flow profile in the reach (i.e., the standard step solution
methodology in HEC-RAS steady flow computations). Therefore, flow leaving this reach from bridge
openings 2 and 3 would either have to enter the main stem of Centennial Wash directly or another
reach entirely. The cross sections along the main stem of Centennial Wash downstream of bridge
opening 1 were not extended to the east to allow for this, however, because a large embankment exists
downstream of bridge opening 1 on the left bank of the channel (very similar to upstream of bridge
opening 1). This embankment acts to both keep flows in the main branch of Centennial Wash from
leaving and spilling into the agriculture fields east of the main branch downstream of bridge opening 1
as well as effectively preventing flows passing through bridge openings 2 and/or 3 (primarily 2 based on
local topography) from immediately reentering the main branch of Centennial Wash. Therefore,
another reach was established to connect the left overbank cross section endpoints along Centennial
Wash (defined along the top of the embankment discussed above) and the right overbank cross section
endpoints along the flowpath defined through bridge opening 4.

As a final consideration for hydraulic complexity in this system, lateral structures were added
downstream of the railroad embankment between the right overbank cross section endpoints along the
flowpath defined through bridge opening 4 and the left overbank cross section endpoints along the
additional flowpath defined downstream of bridge openings 2 and 3. Similarly, lateral structures were
added downstream of the railroad embankment between the right overbank cross section endpoints
along the additional flowpath defined downstream of bridge openings 2 and 3 and the left overbank
cross section endpoints along Centennial Wash. This allowed for water surface elevations computed to
be higher than the embankment along the left bank of the main branch of Centennial Wash downstream
of bridge opening 1 in either of the reaches adjacent to that embankment or for water surface
elevations computed to be higher than the natural ground elevations in the agriculture fields
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downstream of the railroad embankment between bridge openings 3 and 4 (between the two reaches in
that area) to share water and balance energy across these cross section breaks.

All three of these upstream reaches (the main branch of Centennial Wash, the flowpath defined parallel
to the railroad embankment upstream and passing through bridge opening 4, and additional flowpath
defined downstream of bridge openings 2 and 3) combined in a single junction placed in the HEC-RAS
geometry approximately 0.8 miles downstream of the bridge. This was placed just downstream of the
end of the left bank embankment along the main branch of Centennial Wash downstream of bridge
opening 1. Below this junction, a single reach follows the primary thalweg of Centennial Wash to its
confluence with the Gila River. This geometry as described above is shown in Figure 6-3.

1810 97 s 1420 Z114

Figure 6-3. Plan view of HEC-RAS geometry near the SPRR Bridge taken from the HEC-RAS geometric
data editor (positive flow direction arrows shown for each reach, north is directly towards the top of
the figure)
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6.5.3 Levees and Dikes
No levees, dikes, or levee-like structures meeting FEMA’s stringent levee certification criteria exist in the

one-dimensional modeling study area (i.e., along the length of the main stem of Centennial Wash).

6.5.4 Non-Levee Embankments

Two “non-certifiable” embankment exist in the study reach that were addressed in the HEC-RAS
modeling using a “with non-certifiable levee” and a “without non-certifiable levee” conditions model.
These two embankments are near the SPRR Bridge; the first is immediately upstream of the primary
trestle opening along the left bank of the main branch of Centennial Wash, and the second is
immediately downstream of the primary trestle opening along the left bank of the main branch of
Centennial Wash. Both of these embankments were constructed to keep water within the main low-
flow channel of Centennial Wash during flood events to protect agricultural fields immediately to the
east of these embankments. Each embankment is approximately the height of the railroad bridge deck
at the intersection of the embankment with the bridge, and each embankment lowers in height and
breadth moving away from the bridge (either upstream or downstream depending on the
embankment).

The project team determined through internal model analysis and review that the “with non-certifiable
levee” scenario was the worst case for the flooding depths in the main channel Centennial Wash (i.e.,
flows going through Trestle #1), and the “without non-certifiable levee” scenario was the worst case for
the flooding depths in the overbanks (i.e., flows going through Trestles #2, #3, and #4 using the
“Centennial W RR Spill” and “Centennial Field” reaches in the HEC-RAS model).

For the “without non-certifiable levee” conditions model, the lateral structures defined above
representing the large embankment downstream of the bridge immediately on the eastern side of the
bridge opening for Trestle #1 were lowered to represent natural grade without the embankment.
Upstream of the bridge, lowering these lateral structures along a sloping reach in the main channel of
Centennial Wash to spill into a single cross section at the upstream end of the overflow reach running
parallel to the railroad embankment (to capture flows eventually passing through Trestles #2, #3, and
#4) caused numerical optimization issues in the model. Therefore, a second junction was added in this
“without non-certifiable levee” model to connect the main channel to the overflow reach. This is a
better representation of the hydraulics at this location as well because if that embankment were to
wash away, the ponded water immediately upstream of the bridge opening at Trestle #1 would be the
water that would flow into the overflow reach as defined above.

Optimization was turned on for both the “with non-certifiable levee” and “without non-certifiable
levee” conditions models to optimize the computations of flows through the various trestle bridge
openings. Results in the main branch of Centennial Wash were all taken from the “with non-certifiable
levee” conditions model because water surface elevations in this reach were higher at every cross
section for this model compared to the “without non-certifiable levee” conditions model. Similarly,
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results in the two overflow reaches were all taken from the “without non-certifiable levee” conditions
model because water surface elevations in this reach were higher at every cross section for this model
compared to the “with non-certifiable levee” conditions model.

6.5.5 Islands and Flow Splits
The one primary flow split in the study reach occurs just downstream of the HVID Westside Canal. For a

full discussion of the computation of flow split at this location using the FLO-2D model, refer to Section
5.5.5 above. This section will present the inclusion of the flow split computations from the FLO-2D
model presented in Section 5.5.5 into the HEC-RAS modeling effort.

After discussion with the District, it was determined to assign five flow change locations in the RAS
model based on data extracted directly from the FLO-2D model. In FLO-2D, flows are not reported from
every cell for every time step. However, by using what is termed in the FLO-2D model as a “floodplain
cross section,” the model will export flow data at contiguous grid elements (either directly above,
below, beside, or diagonal to one another) as defined by the modeler. These “floodplain cross sections”
are not one-dimensional channel cross sections (as was used for the HVID north-south drainage channel
in FLO-2D); instead, these “floodplain cross sections” are merely a reporting tool from that model. To
avoid confusion, these report features of the FLO-2D model will be referred to for the remainder of this
report as “FLO-2D flow reporting locations.” Figure 6-4 shows the locations of these FLO-2D flow
reporting locations as they were defined by WEST compared to the HEC-RAS cross sections. It should be
noted that this figure shows seven FLO-2D flow reporting locations. The two uppermost FLO-2D flow
reporting locations were reviewed together to determine the flow patterns around the stock tank near
the primary flow split; however, only the downstream of these two flows was defined in the HEC-RAS
model representing a flow change location corresponding to the second FLO-2D flow reporting location.
As will be discussed in Section 6.7.1.3 below, floodplain mapping was completed using only the HEC-RAS
results from the upstream end of the study reach at the La Paz County Border to river station 33.58 (i.e.,
11 cross sections upstream of the last cross section representing the full flooding width before the
immediate significant reduction in cross section width shown in Figure 6-4 near the northwest corner of
the figure). Therefore, all of those cross sections had to include the full regulatory flow rate of 34,347
cfs.

Figure 6-5 and Figure 6-6 each show the location of these FLO-2D flow reporting locations as they
overlay the maximum “worst-case” velocity grid and maximum “worst-case” depth grid, respectively,
obtained from the final FLO-2D model results for the with and without embankment models. As can be
seen from Figure 6-5 and Figure 6-6, each of the FLO-2D flow reporting locations has a leftmost point
(i.e., with the typical cross section convention of left-to-right looking in the downstream direction)
corresponding to an area of very low depth and low velocity. These FLO-2D flow reporting locations
were selected to provide a representative flow in a reach between locations where flow appears to be
leaving the main channel and moving into the overbank or vice versa. Results from early model runs
with FLO-2D flow reporting locations defined near the flow splits did not capture a representative flow
rate for the reach downstream of the location of flow interaction with the main stem and the overbank.
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Therefore, it was decided to define these FLO-2D flow reporting locations in the middle of the reach
where clear differentiation between main channel and overbank flow could be obtained from the model
results. Peak flows from the hydrographs extracted from the FLO-2D flow reporting locations shown in
Figure 6-4 were applied as steady flow rates either upstream in the HEC-RAS model at the cross section
near the “upstream end” of the reach for which the FLO-2D flow reporting locations was defined in the
middle or very near the overlapping HEC-RAS cross section. Finally, the with-embankment FLO-2D
model was used to extract final peak flows for HEC-RAS from flow hydrographs at the FLO-2D flow
reporting locations since the with-embankment model represents the worst-case scenario for flows in
the main channel of Centennial Wash.

@ FLO-2D Flow Reporting Locations
HEC-RAS Cross Sections

— ~ Hydraulic Baselines

Figure 6-4. Location of the FLO-2D flow reporting locations used to extract peak flow data to enter
into the HEC-RAS model (green lines) and all of the HEC-RAS cross sections (black lines). Flow is from
northwest to southeast in this figure.
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Figure 6-5. Location of the FLO-2D flow reporting locations used to extract peak flow data to enter
into the HEC-RAS model (green lines) and all of the HEC-RAS cross sections (black lines) overlaying the
maximum “worst-case” velocity grid from the FLO-2D results files. Flow is from northwest to
southeast in this figure.
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Figure 6-6. Location of the FLO-2D flow reporting locations used to extract peak flow data to enter
into the HEC-RAS model (green lines) and all of the HEC-RAS cross sections (black lines) overlaying the
maximum “worst-case” depth grid from the FLO-2D results files. Flow is from northwest to southeast

in this figure.

6.5.6 Ineffective Flow Areas
Ineffective flow areas were used significantly throughout this model due to the wide, shallow nature of

flow in this system. The most common use of ineffective flow areas in this model corresponded to the
edges of agricultural fields. Permanent ineffective areas were assigned on cross sections where existing
ineffective areas corresponded to agricultural fields. The elevation of these ineffective areas was
assigned as the approximate height of edge-of-field berm elevations, usually 1-1.5 feet above the
average ground surface in the field. Multiple block ineffective areas were used in cross sections where
there was an inaccessible low point in the cross section beyond the fields where permanent ineffective
flow area was assigned. These ineffective areas were assigned to cross sections in all models except for
La Paz County Line to HVID Westside Canal, since there are no agricultural fields in that area.
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Other ineffective areas applied in the model were either permanent or non-permanent ineffective areas
used to represent disconnected areas of flow. In wide, shallow cross sections, water surface extents
may be beyond the limits of flow connectivity to the upstream or downstream cross sections. Due to
this, ineffective flow areas were used to remove these extraneous “wetted areas” in a given cross
section from the actively conveying flow area. These disconnections in flow areas represented using
ineffective flow areas were caused by various factors including natural high ground; roadways and canal
embankments (such as the Old US Highway 80, the Arlington Canal, etc.); or excessively wide cross
sections where the flow upstream and/or downstream is confined by natural ground elevations, but the
flow in the cross section containing an ineffective flow area was far wider in top width than those
constricted sections and an ineffective flow area was used to limit the top width even though a natural
ground point did not create a “divided flow” warning in HEC-RAS.

6.5.7 Supercritical Flow
Supercritical flows do not occur in this system as the flow regime is highly subcritical throughout the

length of Centennial Wash.

6.6 Floodway Modeling

Floodway modeling was completed in a simplified manner in which the original floodway stations were
repopulated in the updated model. If the surcharge in the updated model based on the effective
floodway stations at a given cross section was greater than 1.0 foot, the floodway stations in that reach
were expanded to decrease the surcharge. If the surcharge in the updated model based on the effective
floodway stations in a given reach were far less than 1.0 foot consistently throughout the reach (e.g., 0.5
feet or less), the floodway stations in that reach were contracted to attempt to “squeeze” the floodway
and increase the surcharge. The result of this exercise was a smoothed floodway that follows
approximately the original shape of the effective floodway while observing the floodway surcharge
limitations.

Two areas were of particular interest for floodway modeling. First, the area downstream of the primary
flow split just downstream of the HVID Westside Canal was based on the flow in the HEC-RAS model
after removing flow that entered the area of the effective Left Overbank reach (as calculated in FLO-2D).
In the effective model, the floodway modeling was based on only that portion of the flow that remained
in the main branch of Centennial Wash; in other words, the floodway encroachment was calculated on
only a portion of the total flow in the system. This implies that a regulatory floodway existed in the Left
Overbank reach as well (because the entire single-source flooding flow was not contained in the
encroachment stations along the main branch of Centennial Wash with less than a 1.0-foot surcharge),
but the effective study chose not to delineate that regulatory floodway. Similarly, based on this
precedence in the study reach, the study herein delineated a floodway in the Harquahala Valley HEC-
RAS model using the reduced flow (as computed by the FLO-2D model). This would imply that a
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regulatory floodway would exist in the Left Overbank reach, but this study chose not to delineate that
floodway as per the effective study.

The second area of particular interest for floodway modeling was the area around the SPRR Bridge. Due
to the complex hydraulics around this bridge structure and the representation of these bridge hydraulics
with a system of split flow reaches and lateral structures (see Section 6.5.2 above), the floodway
modeling was completed in a very specific manner near this structure. Flows in each reach were
determined using the flow split optimization routines in HEC-RAS in the base conditions 100-year flow
plans. Then these optimization calculations for flow splits into the different reaches were hard-coded
into a second flow file which was used for floodway encroachment modeling (i.e., no optimization
techniques were used to determine flow splits in these models).

In the reach layout shown in Figure 6-3, only left encroachment stations were used in the overflow
reach that passes through Trestle Opening #4 (i.e., the easternmost split flow reach near the bridge),
and only right encroachment stations were used in the main branch of Centennial Wash immediately
upstream and downstream of the bridge. The middle reach collecting water from the lateral structures
that allowed flow to spill through Trestle Openings #2 and #3 had no floodway encroachment stations,
as this was considered to be within the encroachment stations of the neighboring reaches. Identical
encroachment stations were set in the both “with non-certifiable levee embankment” conditions model
and the “without non-certifiable levee embankment” conditions model to determine final
encroachment stations to create an acceptable surcharge condition. The final surcharge results were
compared to the base conditions water surface elevations for the corresponding plan depending on the
reach. In other words, the results for the “with non-certifiable levee embankment” conditions model
were used as the base conditions for the main stem of Centennial Wash, and the results for the “without
non-certifiable levee embankment” conditions model were used as the base conditions for the overflow

reaches as described above.

6.7 Issues Encountered During the Study
6.7.1 Special Issues and Solutions

6.7.1.1 Lack of Topography Data West of the Maricopa/La Paz County Border

The topography data collected for this study did not extend beyond the border of Maricopa County and
La Paz County to the west (i.e., upstream along Centennial Wash above the study reach herein).
Therefore, the upper three cross sections in the model from the La Paz County border downstream to
the HVID Westside Canal were taken directly from the effective model after applying a vertical datum
shift of +2.14’ to go from NGVD29 to NAVD88. +2.14’ is the average of the VERTCON conversion factors
for the 4 corners of the Courthouse Well USGS Quad that contains all of these cross sections as per the
methodology proposed in FEMA’s Guidelines for Flood Hazard Mapping Partners (2002).
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6.7.1.2 Construction of Solar Plants Near the SPRR Bridge

‘ The next special issue encountered during this study was the incorporation of as-built data from recent
construction near the downstream end of the study reach herein. There are one proposed and two
existing solar energy sites located along the north bank of Centennial Wash near the SPRR Bridge. Plans
and / or as-built drawings were examined for each one of these three sites to determine if they
impacted the floodplain delineation for Centennial Wash. These three sites are the Mesquite Solar 1
Project, the Arlington Valley Solar Energy | Project, and the Arlington Valley Solar Energy Il Project.
These projects and their impact on the Centennial Wash floodplain are discussed in detail below. The
general location of these sites can be seen in Figure 6-7.

Arlington Valley Solar

D Project Sites

Zone AE - Proposed Floodplain

Zone AE - Proposed Floodway

g
:

Figure 6-7. Location of the solar plants near the SPRR Bridge

Mesquite Solar 1 Project

The Mesquite Solar 1 Project by SEP IlI, LLC (a subsidiary of Sempra Generation) is a solar photovoltaic

electrical generating facility that was completed in 2012. The total project site is approximately 6 square ‘

miles. The construction of the Mesquite Solar 1 Project caused changes to the topography and drainage

© patterns. The major drainage features constructed within the Mesquite Solar 1 Project are North and

‘ East Perimeter Channels as well as several retention basins designed to store on-site hydrology. A

96

—



LOMR (Case No. 12-09-2621P, effective on January 25, 2013, re-issued as LOMR Case No. 13-09-3112P)
was applied for and granted which essentially maps a large portion of the Perimeter Channels as Zone A
floodplains. The impact on the Centennial Wash floodplain is minimal as the flooding source for this
LOMR is one of the tributaries to Centennial Wash (i.e., Wash T1S-R6W-S28N). The southernmost
channel on the Mesquite Solar 1 Project has an as-built elevation of 876.10 feet NAVD88, which is higher
than the BFE near this site of 872 feet NAVD88. Thus, water from Centennial Wash will not enter any of
the drainage facilities associated with the Mesquite Solar 1 Project.

Arlington Valley Solar Energy | Project

The Arlington Valley Solar Energy | Project (AVSE 1) is a proposed 125-MW solar photovoltaic power
project site located near the left bank of Centennial Wash just upstream of the SPRR Bridge, adjacent to
the Mesquite Solar 1 Project. This project has not begun construction and thus was not considered in
the floodplain mapping for Centennial Wash.

Arlington Valley Solar Energy Il Project

The Arlington Valley Solar Energy Il Project (AVSE Il) is also a 125-MW solar photovoltaic power project
site located near the left bank of Centennial Wash just downstream of the SPRR Bridge, adjacent to the
AVSE | Project. The AVSE Il Project consists of a solar field of PV modules; inverters/step-up
transformers; and a Common Services Area consisting of water treatment facilities, plant substation,
wastewater ponds, and control buildings. Construction on the AVSE Il Project is complete and as-built
drawings have been generated (see Appendix C.1 for digital copies of the as-built drawings). As with the
Mesquite Solar 1 Project, the construction will result in major changes to the topography and drainage
on the site. The plans for the site call for large perimeter drainage channels as well as retention basins
designed to store runoff from on-site changes in hydrologic conditions. Because of these changes, a
CLOMR (Case No. 11-09-2791R) was applied for and approved prior to the construction of the AVSE Il
Project.

Because the AVSE Il Project extends into the effective floodplain, the construction of this site modifies
the topography and the floodplain on Centennial Wash. The topographic changes associated with the
AVSE Il Project site covers 35 cross sections (RS 6.20 to 3.21) in the HEC-RAS model developed for this
FDS study. However, the AVSE Il Project topography is not reflected in the digital topographic datasets
that were used to develop the hydraulic model for Centennial Wash (see Section 3 of this report).
Additionally, the final as-builts did not become available until August of 2013 (near the end of this
study). Thus, the decision was made to incorporate the as-built drawings from the AVSE Il Project into
the HEC-RAS model developed for Centennial Wash. To accomplish this task, the as-built plans were
georeferenced in ArcGIS and compared to the cross section cutlines to determine the extent to which
the AVSE Il Project construction would affect the HEC-RAS topography. The cross sections in HEC-RAS
were then manually adjusted to reflect the as-built topography for the AVSE Il Project. Floodplain
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mapping in this area was also done on a manual basis to reflect the AVSE Il Project as-built grading and
topography. The areas impacted by these manual changes are called out on the work maps developed
herein (see Exhibit A). The work maps showing these changes include Sheets 42, 44, and 45.

6.7.1.3 Distinct Mapping Boundary between FLO-2D and HEC-RAS Results

The next special issue encountered during this study was the mapping of the HEC-RAS and FLO-2D
results in the Harquahala Valley. As discussed earlier, the one-dimensional approach to assessing the
flow split area was insufficient to fully capture the hydraulics of Centennial Wash. Thus, a FLO-2D model
was developed to better depict the flow split area and the spreading of water along the various irrigated
farm fields located in the Centennial Wash Left Overbank.

The computational domain for the FLO-2D model includes the primary flow split area, the entire main
channel of Centennial Wash and the Centennial Wash Left Overbank, and the confluence of these two
flowpaths downstream. This total area is approximately 46 square miles (see Figure 6-8). This size of
FLO-2D model allowed for the accurate depiction of the flow split, accurate depiction of the spreading of
water across the agricultural land, and interaction of flow between the Centennial Wash main stem and
the Centennial Wash Left Overbank area. The gird size utilized was 40 feet.

The computational domain of the HEC-RAS model is mainly composed of the main stem of Centennial
Wash. HEC-RAS cross sections do cover a portion of the Centennial Wash Left Overbank near the flow
split and then again near where the Centennial Wash Left Overbank converges back into the main stem
of Centennial Wash. However, the HEC-RAS model does not extend into most of the Centennial Wash
Left Overbank Area. Near the flow split, the HEC-RAS cross sections extend all the way across the flow
split into the Centennial Wash Left Overbank area. These “full width” cross sections extend all the way
down past the stock tank in the Centennial Wash Left Overbank area (see Figure 6-8). Extending the
HEC-RAS model in this manner has the distinct advantage of simplifying the mapping process by having
all HEC-RAS cross section widths match in the modeling and the mapping. In addition, the transition
between the HEC-RAS and the FLO-2D model results becomes much smoother (i.e., the mapped
floodplain widths are much more similar at this location than upstream near the stock tank
embankment). While this approach does not utilize the FLO-2D results for mapping the flow split
around the stock tank, the flow changes from the FLO-2D model were still utilized to inform the HEC-
RAS flow change locations/values.

Once the two models were set up, the results from the FLO-2D model needed to be entered into the
HEC-RAS model along the reach that bordered the Centennial Wash Left Overbank. After discussion
with the District, it was determined to assign six flow change locations in the RAS model based on peak
flow data extracted directly from hydrographs computed at the FLO-2D flow reporting locations as
assigned in the with embankment FLO-2D model.

For mapping the floodplain, it was assumed that the floodplain for the HEC-RAS model was the correct
floodplain in the Centennial Wash main stem even though there are FLO-2D results in this area. Doing
this allows one model (i.e., HEC-RAS) to be used to map the entire main stem of Centennial Wash. The
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FLO-2D results were used to map the floodplain in the Centennial Wash Left Overbank areas. These are
the 2-dimensional flow areas that are not covered by the HEC-RAS model. A gutter line between the
FLO-2D results and the HEC-RAS results (i.e., the line dividing the Centennial Wash main stem from the
Centennial Wash Left Overbank) was assumed to be the end of the HEC-RAS cross sections. To
summarize, HEC-RAS results were used to map in areas without FLO-2D results and FLO-2D results were
used to map in areas without HEC-RAS results. In areas where there were both FLO-2D results and HEC-

RAS results, the HEC-RAS results were used for mapping.

FLO-2D Model Results
~— HEC-RAS Cross Sections

el | FLO-2D Model Extents

FLO-2D/HEC-RAS
Mapping Boundary

Figure 6-8. Mapping boundary between FLO-2D results and HEC-RAS results in the Harquahala Valley

6.7.1.4 Mapping HEC-RAS Results Near the SPRR Bridge

Due to the complex hydraulics represented in HEC-RAS near the bridge (see Section 6.5.2 above for a
more detailed description), the mapping in this area was problematic as well. There were two areas of
differing base flood elevations (BFE’s) mapped near the bridge: one area includes the main branch of
Centennial Wash upstream and downstream of Trestle #1, while the other area includes what will be
termed herein as the “Centennial Wash RR Spill” (corresponding to the reach naming convention in the
HEC-RAS model) area which drains through Trestles #2, #3, and #4. The reason for different mapping in
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these two areas was the use of a “with embankment” and “without embankment” modeling scenario
‘ for the embankment adjacent to Trestle #1 as described in Section 6.5.4 above.

As mentioned in Section 6.5.4, the “with embankment” model computed the worst case scenario in
regards to flooding depths in the main channel of Centennial Wash. The “without embankment” model
computed the worst case scenario in regards to flooding depths in the overbank reach. However, as
mentioned in Section 6.5.2, the overbank reach was represented using two reaches in the HEC-RAS
model (the “Centennial W RR Spill” and “Centennial Field” reaches) because flow leaving this channel
through Trestles #2 and #3 cannot enter into the same channel further downstream; another channel
had to be created downstream of Trestles #2 and #3 to accept flow from these lateral structures.
However, there is no physical division between these two reaches (similar to the large embankment that
exists on the left bank of the main branch of Centennial Wash upstream and downstream of Trestle #1).
Therefore, it did not seem commensurate with the modeling technique to map a broken BFE across
these two reaches in the overbank area downstream of the bridge. Therefore, the worst case flooding
depth from the two reaches downstream of the bridge in the overflow area was used for mapping in this
part of the system. In all cases, the worst-case flooding depth between these two reaches occurred
based on the computations in the “Centennial Field” reach downstream of Trestles #2 and #3.
Intuitively, this makes sense as well. As flow that has spilled out of the main branch of Centennial Wash
near Trestle #1 moves to the northeast along the railroad embankment, a significant amount of the
remaining flow would spill through Trestle #2 first, then a lesser amount through Trestle #3, and finally
the least through Trestle #4. Imagining this flooding in a two-dimensional environment, it seems likely

‘ that, while the flow would be primarily perpendicular to the bridge moving downstream, the water
surface would likely have a slope in the direction parallel to the bridge, with the higher water surface
elevations being near Trestle #2 and lower water surface elevations being near Trestle #4.

However, since only a one-dimensional modeling approach was used in the area downstream of the
bridge and no physical feature separates the “Centennial Field” reach from the “Centennial W RR Spill”
reach, WEST projected the higher BFE across the “Centennial W RR Spill” reach and utilized that
elevation for the final elevation in floodplain mapping. Figure 6-9 shows both (a) the floodplain
inundation boundaries and BFE’s as if they were mapped in each reach from HEC-RAS independently
with gutter lines in between the reaches and (b) the final floodplain inundation boundaries and BFE’s
shown in the digital information and work maps with the BFE’s from the “Centennial Field” reach
projected across the “Centennial W RR Spill” reach. This created an interesting situation immediately
adjacent to the Trestle #4 opening. Since the BFE at the uppermost cross section in the “Centennial
Field” reach (which is still downstream of Trestle #4) was approximately 852 feet and the computed
water surface profile along the “Centennial W RR Spill” reach did not reach approximately 852 feet until
upstream of Trestle #4, a flat water surface elevation (WSEL) of 852 feet NAVD88 was mapped in
between the exact locations of the two BFE’s based on the computed profiles of the two reaches (as
shown in Figure 6-9a). The area mapped with a flat WSEL of 852 feet NAVD88 can be seen clearly in
Figure 6-9b. We had to extend this methodology upstream of the bridge because a flood study cannot
have increasing BFE’s in the downstream direction. If we had stopped this methodology at the bridge,
. the BFE’s downstream of the bridge would have been higher than the BFE’s upstream of the bridge.
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Figure 6-9. (a) Initial floodplain inundation boundaries and BFE’s near the SPRR Bridge and (b) Final floodplain inundation boundaries and
BFE’s near the SPRR Bridge and flat WSEL mapping near Trestle #4
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6.7.2 Modeling Warning and Error Messages

A summary of CHECKRAS warning and error messages for the HEC-RAS models developed herein can be
found on disc in Appendix E.5. As can be seen from that summary document, all remaining CHECKRAS
warning and error messages from CHECKRAS v1.4 were addressed in context of the study approach

herein and were subsequently ignored.

6.8 Calibration

No measured field data was available for model calibration.

6.9 Final Results

6.9.1 Hydraulic Analysis Results

HEC-RAS summary output tables and encroachment tables are printed in Appendix E.5. Complete
reporting documents and cross section plots can be found electronically on discs in Exhibit C. Final total
cross sectional velocities in the models range from 0 feet per second (near the Trestle #4 bridge
structure in the “Centennial W RR Spill” reach due to backwater in this reach) to 9.6 feet per second for
both base conditions and encroached conditions. At no cross sections in any of the models does HEC-
RAS default to critical depth, providing further confidence in the results calculated fully in the subcritical
flow regime. Additionally, the variation in cross sectional area and top width is consistent from one
cross section to the next throughout the models. The results are indicative of a hydraulic model
representing the physical system well.

Several additional technical memoranda were developed and provided to the District throughout the
duration of the project outlining various components of the hydraulic analyses. These additional
memoranda can be found in Appendix E.5 herein.

6.9.2 Verification or Comparison of Results

Figure 6-10 below shows a comparison of FLO-2D and HEC-RAS results using two different methods. The
first method, shown in the blue line, was completed by extracting water surface elevations from the
FLO-2D results grid along each HEC-RAS cross section line. From these data, WEST then computed the
average WSEL from the FLO-2D results grid at each HEC-RAS cross section location. Then the average
WSEL from the FLO-2D results was subtracted from the HEC-RAS water surface elevation for the
corresponding cross section. The second method, shown in the red line, was completed by extracting
water surface elevations from the FLO-2D results grid along the HEC-RAS hydraulic baseline and
computing the WSEL for the FLO-2D grid cell at which each HEC-RAS cross section line intersects the
hydraulic baseline. The point value from FLO-2D was then subtracted from the HEC-RAS water surface
elevation for the corresponding cross section. These models generally showed good agreement in

calculated water surface elevation.

102




e
o

o
n

o
o

o
wn

™
o

=
[

~— Diff (RAS-FLO-2D) FLO-2D average XS WSEL

0
o

- Diff (RAS-HydraulicBaseline)

Difference RAS minus FLO-2D (ft)

|
N
(0]

w
o

w
(0]

22 24 26 28 30 32 34 36
Distance above Gila River Confluence (mi)

Figure 6-10. Comparison of HEC-RAS WSEL'’s to the FLO-2D results (a) averaged along each HEC-RAS XS
line (shown in blue), and (b) the profile of FLO-2D results extracted along the HEC-RAS hydraulic
baseline (shown in red).

It should also be noted that the results of this study do not compare well with the effective model
results, as the flows were decreased for this study compared to the effective model but the BFE’s
computed herein were higher in many places with larger flood inundation extents. The project team
determined these differences to be due to two primary issues. First, the effective topography is based
on a 4-foot contour-interval topographic mapping dataset which, assuming an error on the order of +/-
one half of the contour interval, has an error of +/- 2 feet. On a related note, the District noticed the
original survey monuments used to develop this topographic dataset were significantly lower than the
current information the Maricopa County Department of Transportation (MCDOT) has on file for these
corner monuments. Finally, the District and WEST noticed a visual shift in the cross section information
(primarily in the vicinity of the AVSE Phase |l site but also in other locations throughout the reach).

The second reason for a difference between the results in the study presented herein and the effective
study is the significant use of ineffective flow areas in this updated model. As is the case with many
older studies, the effective model only uses ineffective flow areas at a few locations in the study reach.
This update uses ineffective flow areas significantly throughout the study reach, primarily to represent
agricultural areas for which flow will not be actively conveying water in the downstream direction. The
difference this creates in available flow area would significantly increase the water surface elevations for
the same flow between these two models.
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7 Draft FIS Data

7.1 Summary of Discharges

As discussed in Section 4 above, the approved hydrology used herein was taken from a CLOMR (FEMA
case number 12-09-0043R) submitted to FEMA that updated the hydrology that had been used in the
previously effective floodplain delineation (RBF Consulting, Inc., 2011). The original hydrology (i.e.,
previously effective hydrology) was determined by means of an HEC-1 model developed by Cella Barr
(Cella Barr Associates, 1989). The Flood Insurance Study (FIS) for Maricopa County (Federal Emegency
Management Agency, 2005) reflects the hydrology developed by Cella Barr (Cella Barr Associates, 1989).
The 2011 CLOMR (FEMA case number 12-09-0043R) was based on the addition of 20 years of gage
record, statistical methods, and comparison to USGS Regional Regression Equations.

Table 7-1 below provides a summary of discharges in FEMA format for the Centennial Wash. The flow
changes along the main branch of Centennial Wash as determined from the FLO-2D modeling task as
discussed in Sections 5.5.5 and 6.5.5 above are shown in Table 7-2. It should be noted that the
“calculated flow in the Left Overbank reach (cfs)” for this study as shown in this table were not taken
directly from FLO-2D; these numbers are just a calculation of the total regulatory flow in this reach
(34,347 cfs) minus the flow change entered into HEC-RAS. In other words, this calculation conserves
volume by keeping the total flow rate the same, but this calculation does not account for the
attenuation of the hydrograph calculated in FLO-2D as discussed in Section 5.5.5 and shown in Figure
5-9. We see the impact of the HVID north-south drainage channel in the results shown in Table 7-2; the
increase in flow from 16,051 cfs to 22,085 cfs from RS 29.03 to 28.07 reflects the overland flow captured
by the HVID north-south drainage channel that reenters the main branch of Centennial Wash in
between these two flow change locations.

Table 7-1. 100-year discharges for Centennial Wash

Drahage (Eurrent Effective FEMA Previm.xsly Effec.tive

Floodine Source sndLacation « Area (Sauare Discharge in cfs based on FEMA Discharge .ln cfs

Miles) CLOMR (FEMA case (Cella Barr Associates,

number 12-09-0043R) 1989)

Centennial Wash at the
confluence with the Gila River 1,870 44,550 67,300
Centennial Wash at the Union
Pacific R.R. Bridge (formerly 1,825 44,041 67,300
Southern Pacific)
Centennial Wash at Baseline 1,398 38,552 58,100
Road
Centennial Wash at
Centennial Road/Courthouse 1,110 34,347 52,300
Road
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Table 7-2. Distribution of flows in the vicinity of the primary flow split near the HVID Westside Canal

Proposed Floodplain Delineation Currently Effective Floodplain
Study Herein Delineation Study
Flow in Calculated flow in Flow in Flow in the Left
Centennial the Left Overbank Centennial Overbank
Wash (cfs) reach (cfs) Wash (cfs) reach (cfs)

Flooding Source and

Location

Centennial Wash RS 33.58
(flows from FLO-2D
Floodplain XS 2 as shown in
Figure 6-4)

23,512 10,835 49,100 3,100

Centennial Wash at RS 32.10
(flows taken from FLO-2D
Floodplain XS 3 as shown in
Figure 6-4)

20,282 14,065 49,100 3,100

Centennial Wash at RS 30.25
(flows taken from FLO-2D
Floodplain XS 4 as shown in
Figure 6-4)

17,111 17,236 45,700 6,500

‘ Centennial Wash at RS 29.03
(flows taken from FLO-2D
Floodplain XS 5 as shown in
Figure 6-4)

16,051 18,296 45,700 6,500

Centennial Wash at RS 28.07
(flows taken from FLO-2D
Floodplain XS 6 as shown in
Figure 6-4)

22,085 12,262 45,700 6,500

Centennial Wash at RS 26.12
(flows taken from FLO-2D
Floodplain XS 7 as shown in
Figure 6-4)

21,677 12,670 45,700 6,500
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7.2 Floodway Data

A draft floodway data table has been provided on the following pages in FEMA format (Table 7-4). It
should be noted that the notes for the regulatory floodplain elevation for the “Centennial Wash RR Spill”
reach are based on the discussion of the floodplain mapping in the vicinity of the SPRR Bridge in Section
6.7.1.4. It should also be noted that the regulatory 1-percent-annual-chance flood water surface
elevation for the lowest 1.11 river miles of the main branch of Centennial Wash are interpolated values
from the current effective Gila River floodplain BFE’s (which were higher than the computed water
surface elevations in this study for these lowest twelve cross sections).

7.3 Annotated Flood Insurance Rate Maps

Annotated Flood Insurance Rate Map (FIRM) panels showing the revised 1% annual chance event
floodplains and floodway boundaries are provided in Exhibit B of this report. These annotated FIRM
panels are designed to inform FEMA how the requester anticipates the FIRM panels will be revised.

The updates to the SFHA’s proposed in this study intersect ten FIRM panels. Of these ten, three are at
the scale of 1” = 1000’ while seven are at the scale of 1” = 2000’. Panel numbers, effective panel dates,
impacted communities, scale, and effective model reach are provided in Table 7-3 below.

Table 7-3. Summary of FIRM panels impacted by this study and shown in Exhibit B

Communities Impacted Centennial Wash Effective

FIRM Panel | Effective Date Map Scale

(FEMA Community Number) Model Reach(es)
04013C1500L | 10/16/2013 Maricopa County (040037) | 1” =2000’ Reach 3

Reach 1, Reach 2-Right,

il L ReachOHlef
04013C2500L | 10/16/2013 | Maricopa County (040037) | 1”"=2000" | Reach1
04013C2525L | 10/16/2013 | Maricopa County (040037) | 1”=2000" | Reach1
04013C2530L | 10/16/2013 | Maricopa County (040037) | 1”=1000" | Reach1
104013C2540L | 10/16/2013 | Maricopa County (040037) | 1”=1000" | Reach1
04013C2545L 10/16/2013 Maricopa County (040037) 1” = 1000’ Reach 1
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. 7.4 Flood Profiles

FEMA-format draft annotated flood profiles were not generated as part of this deliverable, as the review
contractor for FEMA has recommended that they generate these products for PMR map change
requests. Instead, HEC-RAS export files (DXF) are provided in the electronic data for Appendix E.5 on the
disc located in Exhibit C for all of the HEC-RAS models, and RASPLOT export files (DXF) are provided in
the electronic data for Appendix E.5 on the disc located in Exhibit C for the two Zone AE areas mapped
with sloping water surface elevations based on the results of the FLO-2D models.
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FLOODING SOURCE FLOODWAY 1-PERCENT-ANNUAL-CHANCE FLOOD WATER SURFACE ELEVATION
CROSS SECTION DISTANCE' WIDTH (FEET) SE(‘;Q?F":EQ[?;EA Q/'FEEAE";/\QEELC%?\B( REGULQKJ/E;( (FEET WIT}—:?:;TF;I.S\(/)SWAY W|(TFI?E ;ON?\E)/‘E)V)AY INCREASE (FEET)
Centennial Wash

0.34 7960 24638 1.8 771.8% 764.9 765.4 0.5
0.39 8426 22335 2.0 777.4° 7653 765.8 0.5
0.46 8512 19015 23 777.4° 766.0 766.5 05
0.53 8355 19564 2.3 777,52 766.8 767.4 0.6
0.60 7803 14311 3.1 77757 768.0 769.0 1.0
0.66 6022 15306 2.9 77767 770.0 770.9 0.9
0.73 4137 15312 2.9 77767 7717 772.3 0.5
0.80 3853 13251 3.5 77777 7729 773.4 0.5
0.88 3728 14683 3.0 77782 774.2 774.7 0.5
0.96 3551 14499 3.1 77787 7752 775.8 06
1.04 3346 14223 3.1 777.9° 776.0 776.7 0.7
1.1 3354 12855 35 77797 776.9 777.9 0.9
1.18 2780 11721 3.8 778.2 778.2 779.2 1.0
1.25 1689 7986 5.7 780.7 780.7 781.0 0.3
1.31 1617 8416 5.6 782.6 7826 783.0 0.4
1.38 1679 9783 4.7 784.1 784.1 784.8 0.8
1.44 1644 10509 4.3 785.1 785.1 785.9 0.8
1.50 1401 10226 46 785.9 785.9 786.7 0.8
1.56 1192 9832 5.3 786.5 786.5 787.4 0.9
1.61 1680 10420 42 787.0 787.0 788.0 0.9
1.66 1832 10419 42 7875 787.5 788.4 0.9
1.7 1854 10761 4.1 788.3 788.3 789.0 0.7
1.77 1792 10766 4.1 789.1 789.1 789.8 0.6
1.84 1902 11659 3.8 790.1 790.1 790.8 0.6
1.90 1870 9945 4.4 790.9 790.9 791.5 0.6

"Miles above confluence with Gila River

“Regulatory (FEET NAVD) is taken from the Gila River base flood elevations

v-L 319Vl
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FLOODING SOURCE FLOODWAY 1-PERCENT-ANNUAL-CHANCE FLOOD WATER SURFACE ELEVATION
CROSS SECTION DISTANCE' WIDTH (FEET) SE(ZE?:‘E/;?;EA Qﬁﬁéié%?g REGULQZSE;/ (FEET WITI—;I(:)éJETTFI\II/(\)\(/)[E)WAY WI(TF!?E ;%Ci?/\g)” INCREASE (FEET)
Centennial Wash
(Cont'd)
1.96 1865 10543 4.2 792.1 792.1 792.7 0.6
2.04 2159 15078 29 794.1 794.1 794.9 0.7
212 2341 16611 27 795.3 795.3 796.1 0.8
2.20 2602 18738 2.4 796.1 796.1 796.9 0.8
2.27 2686 18650 2.4 796.6 796.6 797.5 0.9
2.33 2737 17960 25 797.1 7971 798.0 0.9
2.38 2790 18298 2.4 797.7 797.7 798.6 1.0
243 2833 17609 25 798.4 798.4 799.2 0.8
251 2883 16880 26 799.5 7995 800.2 0.7
2.58 2893 18397 2.4 800.7 800.7 801.6 0.9
2.66 2828 18611 2.4 801.8 801.8 802.6 0.9
2.73 2726 18798 23 802.9 8029 803.7 0.8
2.81 2637 18956 23 804.0 804.0 804.8 0.8
2.90 2558 18717 2.4 804.9 804.9 805.7 0.9
3.00 2491 19106 2.3 805.8 805.8 806.8 0.9
3.08 2506 19020 23 806.7 806.7 807.6 0.9
3.16 2553 18910 23 807.4 807.4 808.3 0.9
3.21 2773 20197 2:2 807.9 807.9 808.8 0.9
3.27 3072 22761 1.9 808.3 808.3 809.2 0.9
3.32 3271 22533 2.0 808.5 808.5 809.5 1.0
3.38 3362 22156 2.0 808.7 808.7 809.6 1.0
3.45 3239 19617 23 809.0 809.0 809.9 1.0
3.53 2958 16590 2eT 809.4 809.4 810.3 0.9
3.60 2873 14620 3.0 810.2 8102 810.9 0.8
3.66 2854 13638 32 810.9 8109 811.6 0.7
"Miles above confluence with Gila River
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FLOODING SOURCE FLOODWAY 1-PERCENT-ANNUAL-CHANCE FLOOD WATER SURFACE ELEVATION
CROSS SECTION | DISTANCE' WIDTH (FEET) SE(ggéFNE’éng ':’Li’géié%cr\:g REGULQ:SET (FEET W'T":SEETTF;/?\?EE’)WAY W'gé;%?\?/‘g)” INCREASE (FEET)
Centennial Wash

(Cont'd)
3.71 2733 13456 3.3 811.9 8119 8125 0.6
3.77 2608 13517 33 812.8 81238 813.3 0.5
3.84 2364 12763 35 814.3 8143 814.7 0.5
3.90 2212 15024 29 815.4 815.4 815.9 0.5
3.98 2138 15188 29 816.2 816.2 816.7 0.5
4.07 2018 14151 31 816.8 816.8 817.3 0.6
4.14 1940 13339 3.3 817.2 817.2 817.8 0.6
4.22 1884 11737 3.8 817.8 81738 818.5 0.7
4.30 1981 11545 3.8 818.5 8185 819.3 0.7
437 2041 11447 3.9 819.4 8194 820.0 0.6
4.46 2109 13879 3.2 820.3 820.3 820.9 0.6
4.54 2295 12990 3.4 820.9 8209 821.5 0.6
4.60 2439 12524 35 821.5 8215 822.3 0.7
468 2592 14428 3.1 822.3 8223 823.2 0.9
4.75 2618 12410 36 823.0 823.0 823.9 0.9
4.83 2796 13777 3.2 823.7 823.7 824.7 1.0
4.91 2770 12390 3.6 824.5 8245 825.4 0.9
4.99 2770 13146 3.4 825.2 825.2 826.2 0.9
5.06 2666 11080 4.0 825.9 825.9 826.8 0.9
5.13 2672 11995 3.7 827.1 827.1 828.0 0.9
5.19 2673 13383 3.3 828.0 828.0 828.9 0.9
5.27 2693 12987 3.4 829.1 829.1 829.8 0.7
5.33 2735 13369 33 829.9 829.9 830.7 0.7
5.42 2705 12822 3.4 830.9 830.9 831.7 0.8
5.50 2752 13194 3.3 831.7 831.7 832.5 0.9
"Miles above confluence with Gila River
FEDERAL EMERGENCY MANAGEMENT AGENCY F LOODWAY DATA
MARICOPA COUNTY, ARIZONA CENTENNIAL WASH
AND INCORPORATED AREAS




FLOODING SOURCE FLOODWAY 1-PERCENT-ANNUAL-CHANCE FLOOD WATER SURFACE ELEVATION
CROSS SECTION | DISTANCE' WIDTH (FEET) SE;Q'OF"‘EQ%EA 'EAF'EAE"_'”\QEE%C‘\:S REGULQEET (REET WIT}_;S;;TF;;(I)[')D)WAY W'&:;‘:‘?ﬁ%‘g’)’” INCREASE (FEET)
Centennial Wash
(Cont'd)
5.57 2778 12967 3.4 832.4 832.4 833.3 0.9
5.65 2839 13683 3.2 833.3 8333 834.2 0.9
5.74 2465 13997 3.2 834.1 834.1 835.0 0.8
5.83 3104 13859 32 834.9 8349 835.7 0.7
5.91 3446 14858 3.0 835.7 835.7 836.3 0.6
5.98 3748 14423 3.1 836.3 836.3 836.9 0.6
6.06 4306 15066 3.0 837.2 837.2 837.8 0.6
6.13 4722 16378 3.0 838.2 838.2 839.0 0.8
6.20 5296 19760 25 839.1 839.1 840.0 0.8
6.27 5636 20470 26 839.9 839.9 840.7 0.8
6.36 5879 21611 2.4 840.8 840.8 841.6 0.8
6.51 6171 23546 2.2 841.9 841.9 842.6 0.7
6.59 557 2219 9.6 845.4 845.4 845.9 0.6
6.67 599 3779 5.7 848.4 848.4 849.4 1.0
6.74 572 3111 7.4 849.7 849.7 850.3 0.6
6.81 512 2922 8.1 851.2 851.2 851.8 0.6
6.89 717 4646 5.1 852.6 8526 853.5 0.9
6.97 658 4352 55 853.5 853.5 854.2 0.7
7.04 534 4199 5.7 854.5 8545 854.9 0.5
712 589 4683 5.1 855.1 855.1 855.7 0.6
7.19 541 4604 5.2 855.8 855.8 856.4 0.6
7.27 601 5266 45 856.2 856.2 857.2 0.9
7.35 534 4318 55 856.7 856.7 857.7 1.0
7.39 550 5025 47 859.3 859.3 859.7 0.5
7.62 2149 19516 13 859.4 859.4 860.4 1.0
"Miles above confluence with Gila River
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FLOODING SOURCE FLOODWAY 1-PERCENT-ANNUAL-CHANCE FLOOD WATER SURFACE ELEVATION
CROSS SECTION DISTANCE' WIDTH (FEET) SE(EQ?FNEQ‘T‘)EA “(ﬁ*’\;/\éilé%cl\g REGULQ;(\)/S;( (FEET WITI—:FOIEJgTF'L_PO\\?EI)D)WAY WI(TFI-é ;C')ﬁ?/‘év)” INCREASE (FEET)
Centennial Wash

(Cont'd)
7.75 2556 18240 15 859.5 8595 860.5 1.0
7.81 2529 18379 1.6 859.6 859.6 860.5 1.0
7.83 2553 17671 1.6 859.6 859.6 860.6 0.9
7.90 3401 20061 1.8 859.9 859.9 860.7 0.8
7.98 4059 22830 1.7 860.2 860.2 860.9 0.7
8.05 4041 19737 2i 860.4 860.4 861.1 0.6
8.13 3753 17124 2.6 861.0 861.0 861.5 0.5
8.21 3400 14314 3.1 861.8 861.8 862.1 0.3
8.28 3095 12540 35 862.7 862.7 863.0 0.3
8.36 3102 12248 3.2 863.4 863.4 863.8 0.4
8.43 2975 11176 35 863.9 863.9 864.4 0.5
8.51 3117 11732 33 864.6 864.6 865.2 0.7
8.58 3229 11795 33 865.3 8653 866.0 0.6
8.66 3686 12220 3.2 866.2 866.2 866.7 0.5
8.73 4006 12969 3.0 867.0 867.0 867.4 0.4
8.81 4235 13346 2.9 867.8 867.8 868.2 0.4
8.89 4497 13910 2.8 868.4 868.4 868.9 0.5
8.96 4697 14149 2.7 869.0 869.0 869.5 0.5
9.04 4619 12860 3.0 869.6 869.6 870.0 0.4
9.11 4474 11712 33 870.4 870.4 870.8 0.3
9.19 4303 11211 34 871.2 871.2 871.5 0.3
9.27 4091 10884 35 872.1 872.1 872.3 0.2
9.34 3703 10407 3.7 873.3 8733 873.3 0.1
9.40 3273 8926 43 874.3 874.3 874.4 0.1
9.45 2838 9460 4.1 875.2 875.2 875.5 0.2
"Miles above confluence with Gila River
FEDERAL EMERGENCY MANAGEMENT AGENCY F LOODWAY DATA
MARICOPA COUNTY, ARIZONA CENTENNIAL WASH
AND INCORPORATED AREAS
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FLOODING SOURCE FLOODWAY 1-PERCENT-ANNUAL-CHANCE FLOOD WATER SURFACE ELEVATION
CROSS SECTION | DISTANGE' WIDTH (FEET) SE(ZE.OFNE‘E\%EA Q’Lilﬁ/\éié%i}g REGULQ;?/';;( (FEET W'T":S;ETTF;;)\?;WAY W'I;é;?ﬁ?/\g)” INCREASE (FEET)
Centennial Wash

(Cont'd)
9.50 2533 8987 43 875.9 8759 876.2 0.4
9.57 2325 8549 45 876.8 876.8 877.3 0.5
9.65 2092 8415 46 878.0 878.0 878.6 0.6
9.72 1793 8114 4.8 878.8 8788 879.5 0.7
9.78 1897 7316 5.3 879.6 8796 880.3 0.8
9.84 1899 7726 5.0 880.5 8805 881.2 0.8
9.89 1931 8124 4.8 881.1 881.1 881.9 0.8
9.95 1949 8165 47 881.8 881.8 882.5 0.7
10.02 1932 7869 4.9 882.7 8827 883.3 0.7
10.10 1893 7811 49 883.6 883.6 884.2 0.6
10.17 1856 8052 48 884.5 8845 885.1 0.7
10.25 1866 7609 5.1 885.3 885.3 886.0 0.6
10.34 1904 8438 46 886.4 886.4 887.0 0.6
10.41 1912 8716 4.4 887.1 887.1 887.7 0.6
10.49 1917 9000 4.3 887.8 887.8 888.4 0.6
10.57 1903 8649 45 888.5 888.5 889.0 0.5
10.63 1927 8682 4.4 889.2 889.2 889.8 0.5
10.70 2001 8469 46 890.1 890.1 890.6 0.5
10.77 1986 8695 4.4 891.1 891.1 891.6 0.5
10.84 1929 8403 4.6 891.9 891.9 892.6 0.7
10.92 1999 9372 441 893.1 893.1 893.9 0.7
10.99 2165 10158 3.8 893.9 893.9 894.7 0.8
11.08 2500 11035 35 894.8 894.8 895.6 0.8
11.14 2519 10771 3.6 895.8 895.8 896.4 0.6
11.22 2479 10037 3.8 896.8 896.8 897.2 0.5
"Miles above confluence with Gila River
FEDERAL EMERGENCY MANAGEMENT AGENCY F LOODWAY DATA
MARICOPA COUNTY, ARIZONA CENTENNIAL WASH
AND INCORPORATED AREAS




FLOODING SOURCE FLOODWAY 1-PERCENT-ANNUAL-CHANCE FLOOD WATER SURFACE ELEVATION
CROSS SECTION DISTANCE' WIDTH (FEET) SE(gg?FNE'é?)EA ':AF?\E'\#/\QEELC%?\:S REGULQI\?/E)Y (FEET WITl-(i?éJ[;I’TF'I\‘./(\)\(/)DD)WAY Wl:;é;?f;)\l\)/\g)” INCREASE (FEET)
Centennial Wash
(Cont'd)
11.29 2279 9375 4.1 897.6 8976 898.0 0.4
11.36 2094 9003 43 898.3 8983 898.8 0.5
11.44 2021 8641 45 899.1 899.1 899.7 0.6
11.50 2006 8634 45 899.9 8999 900.5 0.7
11.56 2014 8592 45 900.7 900.7 901.4 0.7
11.61 1985 8928 4.3 901.4 9014 902.2 0.8
11.67 1945 8994 43 902.2 9022 903.0 0.9
11.74 1904 8664 45 903.3 9033 904.2 0.8
11.82 1860 8493 45 904.6 904.6 905.4 0.9
11.90 1901 8972 43 905.7 905.7 906.7 1.0
11.97 1836 9344 4.1 906.7 906.7 907.7 1.0
12.03 1759 9269 42 907.3 907.3 908.2 1.0
12.07 1610 8342 46 907.7 907.7 908.6 0.9
12.13 1458 7831 4.9 908.6 908.6 909.4 0.8
12.21 1398 7719 5.0 909.7 909.7 910.4 0.7
12.28 1388 8154 4.7 910.7 9107 911.4 0.7
12.36 1373 8269 4.7 911.8 911.8 912.4 0.6
12.43 1399 8334 46 912.7 9127 913.3 0.5
12.48 1418 8024 48 913.2 913.2 913.8 0.6
12.52 1462 8027 4.8 913.7 913.7 914.3 0.6
12.60 1514 7972 48 9145 9145 915.2 0.7
12.69 1623 8386 46 915.5 9155 916.1 0.6
12.77 1859 9968 3.9 916.6 9166 917.2 0.6
12.85 2492 11295 3.4 917.5 9175 918.3 0.8
12.92 2557 11466 3.4 918.4 918.4 919.2 0.9
"Miles above confluence with Gila River
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FLOODING SOURCE FLOODWAY 1-PERCENT-ANNUAL-CHANCE FLOOD WATER SURFACE ELEVATION
CROSS SECTION | DISTANCE' WIDTH (FEET) SE((;E?F”:E’;?)EA Q’Li’géié%ﬂg REGULQ;SE;( {FEET W'”:S;’;F;,?S;WAY W'(TF:;%‘Z'\D/‘S’;‘Y INCREASE (FEET)
Centennial Wash

(Cont'd)
13.00 2456 11121 35 919.5 9195 920.4 0.9
13.08 2540 11833 33 920.8 9208 921.7 0.9
13.15 2672 13253 29 921.8 9218 922.7 0.9
13.21 2780 14247 bl 9225 9225 923.4 0.9
13.25 2646 13963 28 922.9 9229 923.7 0.8
13.30 2371 13126 2.9 923.4 9234 924.2 0.8
13.38 2260 12844 3.0 924.1 924.1 925.0 0.9
13.46 2305 12863 3.0 924.9 9249 925.8 0.9
13.53 2310 12746 3.0 925.7 925.7 926.5 0.8
13.57 2294 12451 3.1 926.1 926.1 926.8 0.7
13.61 2280 12172 3.2 926.4 926.4 927.1 0.7
13.69 2277 10951 35 927.0 927.0 927.6 0.6
13.77 2237 9830 3.9 927.6 927.6 928.2 0.6
13.85 2233 9419 4.1 928.5 928.5 929.1 0.6
13.93 1821 7735 5.0 930.0 930.0 930.3 0.3
14.01 1425 7034 5.5 931.3 931.3 931.7 0.4
14.09 1280 7919 49 932.7 932.7 933.0 0.4
14.17 1168 7430 5.2 933.8 933.8 934.2 0.4
14.24 1047 7049 55 935.3 935.3 935.8 0.5
14.32 955 7353 5.2 937.1 937.1 937.6 0.6
14.39 973 7595 5.1 938.7 938.7 939.3 0.6
14.44 1090 8771 4.4 939.7 939.7 940.3 0.6
14.49 1211 9760 4.0 940.4 940.4 941.1 0.7
1455 1404 10981 35 940.9 940.9 941.7 0.8
14.62 1680 12243 3.2 941.5 9415 942.3 0.8
"Miles above confluence with Gila River
FEDERAL EMERGENCY MANAGEMENT AGENCY FLOODWAY DATA
MARICOPA COUNTY, ARIZONA CENTENNIAL WASH
AND INCORPORATED AREAS
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FLOODING SOURCE FLOODWAY 1-PERCENT-ANNUAL-CHANCE FLOOD WATER SURFACE ELEVATION
CROSS SECTION | DISTANCE' WIDTH (FEET) SEéE?:'E’é?)EA QAFEEAE";/\QEE'E%C,\:BT REGULQI\?/S;( MREET W'TTS:ETTF@?\?SWAY W'(L*é;%i%")” INCREASE (FEET)
Centennial Wash

(Cont'd)
14.70 1827 11834 33 941.9 9419 942.8 0.9
14.75 1854 10954 35 942.2 9422 943.0 0.8
14.80 1859 10179 3.8 942.5 9425 943.3 0.7
14.85 1796 9355 4.1 943.2 9432 943.7 0.5
14.93 1654 8140 47 944.1 944.1 944.4 0.4
15.02 1528 7574 5.1 945.1 9451 945.4 0.3
15.10 1538 7751 5.0 946.1 946.1 946.5 0.4
15.18 1454 7469 5.2 947.1 9471 947.6 0.4
15.24 1389 7114 5.4 947.8 947.8 948.3 0.5
15.29 1383 7233 5.3 948.4 948.4 948.9 0.5
16.34 1391 7164 5.4 948.9 9489 949.5 0.6
15.41 1385 7269 53 949.8 949.8 950.4 0.6
15.49 1403 7283 5.3 950.6 950.6 951.3 0.8
15.56 1382 6837 5.6 952.4 952.4 952.7 0.3
15.63 1424 6965 55 954.1 954.1 954.3 0.2
15.71 1571 6016 6.4 955.2 955.2 955.4 0.2
15.79 1760 8854 4.4 956.7 956.7 957.5 0.8
15.84 1848 9345 41 957.2 957.2 958.0 0.7
15.89 1831 8306 4.6 957.7 957.7 958.4 0.6
15.99 1639 7812 49 958.9 958.9 959.2 0.3
16.08 1401 6428 6.0 960.2 960.2 960.4 0.2
16.17 1128 5048 7.6 961.7 961.7 962.0 0.3
16.25 1182 6335 6.1 963.9 963.9 964.4 0.6
16.32 1374 7117 5.4 965.1 965.1 965.8 0.6
16.38 1395 7323 5.3 966.3 966.3 966.7 0.4
"Miles above confluence with Gila River
FEDERAL EMERGENCY MANAGEMENT AGENCY F LOODWAY DATA
MARICOPA COUNTY, ARIZONA CENTENNIAL WASH
AND INCORPORATED AREAS
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FLOODING SOURCE FLOODWAY 1-PERCENT-ANNUAL-CHANCE FLOOD WATER SURFACE ELEVATION
CROSS SECTION | DISTANGE' WIDTH (FEET) sigg?ég?;ﬂ 'E"FEEAE";XSE'&%%;; REGULQ;SS;' WFEET W'TTS:ETTF,\';S\?SWAY W'(TFZE#?\&?/‘I’D")AY INCREASE (FEET)
Centennial Wash

(Cont'd)
16.43 1255 7192 5.4 967.4 967.4 967.9 0.5
16.47 1110 6413 6.0 968.4 968.4 968.8 0.5
16.55 958 5809 6.6 969.8 969.8 970.6 0.7
16.64 834 5198 7.4 971.2 971.2 971.9 0.7
16.71 887 6021 6.4 972.3 9723 973.1 0.8
16.79 1003 6185 6.2 973.3 9733 974.1 0.8
16.87 1051 6472 6.0 974.2 974.2 974.9 0.7
16.94 1144 4986 17 975.2 975.2 975.7 0.4
17.02 1243 5597 6.9 976.5 9765 977.4 0.9
17.09 1202 5854 6.6 977.6 9776 978.6 1.0
1747 1127 5268 7.3 979.5 979.5 979.7 0.2
17.25 924 4928 7.8 981.7 981.7 981.9 0.2
17.33 809 5100 7.6 983.3 9833 983.9 0.6
17.40 700 4054 9.5 984.1 984.1 984.5 0.5
17.47 686 4660 8.3 985.9 985.9 986.5 0.6
17.55 729 4484 8.6 987.1 987.1 987.6 0.5
17.62 776 4334 8.9 988.4 988.4 988.8 0.4
17.70 767 5022 7.7 990.6 990.6 990.7 0.1
17.76 745 4497 8.6 991.3 9913 991.4 0.1
17.80 772 4620 8.3 991.9 991.9 992.3 0.4
17.85 804 5287 7.3 993.5 993.5 994.1 0.6
17.92 784 5459 7.1 994.5 9945 995.4 0.8
18.00 772 5372 7.2 995.5 995.5 996.3 0.7
18.07 724 4990 77 996.6 996.6 997.3 0.7
18.15 689 4619 8.4 997.8 997.8 998.4 0.7
"Miles above confluence with Gila River
FEDERAL EMERGENCY MANAGEMENT AGENCY FLOODWAY DATA
MARICOPA COUNTY, ARIZONA CENTENNIAL WASH
AND INCORPORATED AREAS




FLOODING SOURCE FLOODWAY 1-PERCENT-ANNUAL-CHANCE FLOOD WATER SURFACE ELEVATION
CROSS SECTION | DISTANCE' WIDTH (FEET) S'E(gg_oFNEé%EA IEAFiAEr\#/\'/sELc%Cr\:TD\)( REGULQ;\O/E; (FEET W'T";SSETTF;S\?&WAY W‘(TF"I'E;%?\'\J/‘S’)“Y INCREASE (FEET)
Centennial Wash
(Cont'd)
18.22 646 4951 7.8 1000.3 1000.3 1000.9 0.5
18.25 653 5376 7.2 1001.1 1001.1 1001.9 0.8
18.30 660 5208 7.4 1001.5 1001.5 1002.5 1.0
18.38 707 5228 7.4 1002.7 1002.7 1003.6 0.9
18.46 731 4823 8.0 1003.7 1003.7 1004.4 0.7
18.53 764 5629 6.9 1006.0 1006.0 1006.4 0.4
18.59 798 6415 6.0 1007.4 1007.4 1007.9 0.5
18.61 797 6570 5.9 1007.8 1007.8 1008.3 0.6
18.69 812 6737 5.7 1008.8 1008.8 1009.5 0.6
18.76 809 6279 6.1 1009.3 1009.3 1010.0 0.7
18.84 783 5794 6.7 1010.6 1010.6 1011.0 0.4
18.91 750 6672 5.8 1011.7 1011.7 1012.2 0.4
18.99 708 5955 6.5 1012.6 10126 1013.3 0.6
19.07 732 5930 6.5 1013.5 10135 1014.3 0.8
19.14 756 5913 6.5 1014.5 1014.5 1015.3 0.8
19.22 792 6072 6.4 1015.8 1015.8 1016.5 0.7
19.27 784 5984 6.4 1016.7 1016.7 1017.4 0.6
19.31 766 6260 6.2 1017.5 10175 1018.2 0.7
19.37 763 6630 5.8 1018.6 1018.6 1019.4 0.8
19.45 756 6428 6.0 1019.6 1019.6 1020.3 0.7
19.53 779 5688 6.8 1020.3 1020.3 1021.0 0.6
19.60 933 6654 5.8 1021.7 1021.7 1022.1 0.4
19.67 973 6692 5.8 1022.7 1022.7 1023.0 0.3
19.75 1119 7283 5.3 1024.1 1024.1 1024.6 0.5
19.84 1167 7541 5.1 1025.6 1025.6 1026.3 0.7
"Miles above confluence with Gila River
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FLOODING SOURCE FLOODWAY 1-PERCENT-ANNUAL-CHANCE FLOOD WATER SURFACE ELEVATION
CROSS SECTION DISTANCE' WIDTH (FEET) SE((;I)'?:'EQ%EA Qﬁ?rléi:%%g REGULQ;SST (FEE WITF:S:;TF,\I],?\?DD)WAY W'(TF"é g ,Lr?\a’\)/‘g)” INCREASE (FEET)
Centennial Wash

(Cont'd)
19.92 1287 8355 46 1026.8 1026.8 1027.8 1.0
19.96 1291 8222 47 1027.6 1027.6 1028.6 1.0
20.01 1253 7785 5.0 1028.5 1028.5 1029.4 0.9
20.07 1197 7912 4.9 1029.4 1029.4 1030.3 0.9
20.15 1104 7298 5.3 1030.9 10309 1031.8 0.9
20.22 1211 8456 46 1032.4 1032.4 1033.4 0.9
20.29 1350 9115 4.2 1033.6 1033.6 1034.5 0.9
20.36 1244 8582 45 1034.9 1034.9 1035.6 0.8
20.43 1212 8482 46 1036.3 1036.3 1036.9 0.6
20.49 1230 8440 46 1037.2 1037.2 1037.7 0.6
20.51 1136 7844 49 1037.6 1037.6 1038.1 0.6
20.58 1040 7355 5.2 1038.9 1038.9 1039.5 0.6
20.66 888 6992 5.8 1040.6 1040.6 1041.1 0.4
20.74 778 7314 6.0 10425 10425 1042.9 0.3
20.81 1014 8782 4.4 1043.8 1043.8 1044.4 0.6
20.89 1170 9846 3.9 1044.7 1044.7 1045.3 0.6
20.97 1256 9887 3.9 1045.4 1045.4 1045.9 0.5
21.04 1299 9410 4.1 1045.9 1045.9 1046.4 0.4
21.12 1293 8747 4.4 1046.4 1046.4 1046.7 0.4
21.20 1337 8622 45 1046.9 1046.9 1047.2 0.3
21.28 1333 8441 46 1047.4 1047.4 1047.6 0.2
21.36 1344 10204 3.8 1048.8 1048.8 1049.6 0.8
21.44 1403 11968 3.2 1050.3 1050.3 1051.2 0.9
21.51 1442 11942 3.2 1051.2 1051.2 1051.9 0.7
21.58 1464 11821 33 1051.8 1051.8 1052.5 0.7
"Miles above confluence with Gila River
; FEDERAL EMERGENCY MANAGEMENT AGENCY FLOODWAY DATA
E ONA
MARICOPA COUNTY, ARIZ
I AND INCORPORATED AREAS N C




v-L 3719vVL

FLOODING SOURCE FLOODWAY 1-PERCENT-ANNUAL-CHANCE FLOOD WATER SURFACE ELEVATION
CROSS SECTION | DISTANGE' WIDTH (FEET) SE(ZQ?J\'EQ%EA TFI?EAI\ENI'/\Q:I—ELCOO?\:Q)( REGUL:\‘;\O/S;( e W'TF('F?:;TF#S\?SWAY W'(Tf__}'é;?\la?/\g)’w INCREASE (FEET)
Centennial Wash

(Cont'd)
21.66 1457 11433 3.4 1052.3 10523 1053.0 0.8
21.74 1406 11365 3.4 1052.7 1052.7 1053.5 0.8
21.82 1407 11069 3.7 1053.5 1053.5 1054.2 0.7
21.89 1561 12412 35 1054.8 1054.8 1055.6 0.8
21.97 1070 15141 3.8 1056.1 1056.1 1057.0 0.9
22.04 1103 17637 3.7 1056.9 1056.9 1057.7 0.8
2212 1217 19895 3.3 1058.0 1058.0 1058.8 0.8
22.20 2136 18524 23 1058.8 1058.8 1059.6 0.8
22.27 2085 17181 23 1059.2 1059.2 1060.0 0.9
22.35 2222 16878 23 1059.7 1059.7 1060.5 0.8
22.42 2396 18875 23 1060.4 1060.4 1061.2 0.8
22.50 2613 19994 2.1 1061.0 1061.0 1061.9 0.9
22.58 2749 20557 19 1061.4 1061.4 1062.3 0.9
22.66 2798 19180 2.1 1061.6 1061.6 1062.5 0.9
22.73 2822 18804 22 1061.8 1061.8 1062.7 0.8
22.80 2846 17116 2.4 1062.3 1062.3 1063.1 0.8
22.90 2879 16034 2.4 1063.2 1063.2 1063.9 0.7
22.98 3032 16476 23 1063.8 1063.8 1064.6 0.8
23.03 3247 18269 241 1064.2 1064.2 1065.0 0.8
23.11 3385 19004 2.0 1064.7 1064.7 1065.5 0.8
23.20 3278 15910 2.4 1065.2 1065.2 1066.0 0.8
28.27 3078 12236 1.8 1065.6 1065.6 1066.3 0.8
23.32 2915 10830 2.0 1065.8 1065.8 1066.4 0.7
23.36 2858 9649 23 1066.0 1066.0 1066.6 0.6
23.43 2745 8695 25 1066.5 1066.5 1066.9 0.5
"Miles above confluence with Gila River
FEDERAL EMERGENCY MANAGEMENT AGENCY FLOODWAY DATA
MARICOPA COUNTY, ARIZONA CENTENNIAL WASH
AND INCORPORATED AREAS




v-L3719VL

FLOODING SOURCE FLOODWAY 1-PERCENT-ANNUAL-CHANCE FLOOD WATER SURFACE ELEVATION
CROSS SECTION | DISTANCE' WIDTH (FEET) Siggégsé?)m ?Fizr\#/\éié%ﬂg REGULQ;SE;( (FEET W'TF:SEJTF;S\?[?)WAY W'(TF';;?\‘?\E’/‘I’D")AY INCREASE (FEET)
Centennial Wash

(Cont'd)
23.52 2588 8144 2.7 1067.2 1067.2 1067.4 0.3
23.59 2513 8183 2.7 1067.8 1067.8 1067.9 0.2
23.66 2536 8840 25 1068.3 1068.3 1068.4 0.1
23.73 2510 7719 2.8 1069.1 1069.1 1069.2 0.1
23.80 2397 8776 25 1070.6 10706 1070.7 0.1
23.89 2279 9850 2.2 1072.0 10720 1072.7 0.6
23.94 1845 8302 i g 1072.5 10725 1073.4 0.9
23.99 1816 7441 3.0 1073.6 10736 1074.5 0.9
24.05 1933 8741 25 1075.1 1075.1 1075.6 0.5
2413 1783 8697 25 1076.0 1076.0 1076.5 0.6
24.20 2247 9966 22 1076.7 1076.7 1077.6 0.9
24.28 2460 11300 1.9 1077.5 1077.5 1078.4 0.9
24.35 2396 10674 2.0 1078.1 1078.1 1078.8 0.7
24.42 2301 9830 2.2 1078.9 1078.9 1079.5 0.6
24.50 2285 9261 2.3 1079.8 1079.8 1080.4 0.6
24.56 2335 10484 2.1 1080.5 1080.5 1081.3 0.7
24.64 2465 11836 1.8 1081.1 1081.1 1081.9 0.9
24.71 2658 12074 1.8 1081.7 1081.7 1082.5 0.9
24.80 2890 11864 1.8 1082.6 1082.6 1083.4 0.8
24.86 2971 12009 1.8 1083.3 1083.3 1084.0 0.7
24.92 2999 12521 it 1083.9 1083.9 1084.6 0.7
24.99 2989 13141 1.7 1084.9 1084.9 1085.6 0.7
25.06 2857 13037 1.7 1086.0 1086.0 1086.7 0.7
25.14 2699 12644 1.7 1086.8 1086.8 1087.5 0.7
25.21 2436 11967 1.8 1087.5 1087.5 1088.3 0.9
"Miles above confluence with Gila River
FEDERAL EMERGENCY MANAGEMENT AGENCY FLOODWAY DATA
AND INCORPORATED AREAS




v-L379vVL

FLOODING SOURCE FLOODWAY 1-PERCENT-ANNUAL-CHANCE FLOOD WATER SURFACE ELEVATION
cross secron | _oce’ | womreen) | SLCTlier | VGV [ REGDLTORY T [ WTHOUTFLOCDIAY [ WITIFLOODIAY | omense reen
Centennial Wash

(Cont'd)
25.26 2226 11397 19 1088.0 1088.0 1088.9 0.9
25.31 2131 11044 2.0 1088.4 1088.4 1089.3 0.9
25.36 2088 9976 2.2 1088.8 1088.8 1089.6 0.8
25.43 2025 9076 2.4 1089.4 1089.4 1090.0 0.7
25.51 1938 7967 2.7 1090.0 1090.0 1090.5 0.5
25.58 1657 6997 31 1091.0 1091.0 1091.3 0.3
25.66 1386 5831 37 1092.0 1092.0 1092.3 0.3
25.73 1275 5355 4.1 1092.9 10929 1093.4 0.5
25.81 1392 6090 3.6 1094.2 1094.2 1094.8 0.6
25.89 1544 8162 2.7 1095.5 1095.5 1096.3 0.8
25.97 1693 9114 2.4 1096.5 1096.5 1097.4 0.8
26.04 1777 9709 2.2 1097.2 1097.2 1098.0 0.8
26.12 1803 9487 2.3 1097.8 1097.8 1098.5 0.7
26.19 1805 8822 25 1098.6 1098.6 1099.2 0.6
26.26 1816 8255 27 1099.4 1099.4 1100.0 0.6
26.34 1859 8666 2.6 1100.3 1100.3 1100.8 0.5
26.43 1920 9101 2.4 1101.2 1101.2 1101.7 0.5
26.51 2002 9100 2.4 1102.2 1102.2 1102.8 0.6
26.59 2053 9614 23 1103.4 1103.4 1104.2 0.8
26.65 2028 9317 2.4 1104.2 1104.2 1105.1 0.9
26.73 1942 9686 23 1105.0 1105.0 1105.9 0.9
26.80 1784 8799 25 1105.6 1105.6 1106.5 0.9
26.86 1624 7801 2.8 1106.2 1106.2 1107.0 0.8
26.91 1765 7597 29 1106.8 1106.8 1107.5 0.7
26.97 1901 7914 2.8 1107.5 1107.5 1108.0 0.5
"Miles above confluence with Gila River
FEDERAL EMERGENCY MANAGEMENT AGENCY FLOODWAY DATA
MARICOPA COUNTY, ARIZONA CENTENNIAL WASH
AND INCORPORATED AREAS




-, 3719VL

FLOODING SOURCE FLOODWAY 1-PERCENT-ANNUAL-CHANCE FLOOD WATER SURFACE ELEVATION
CROSS SECTION | DISTANGE' WIDTH (FEET) SE(EI)'?:'EQ?)E A 'EAFEEAEN”\QEE%?\:S REGUL:JS';T WEEN W'T":SS;FIL'S\?[?)WAY W'(TF":_: ;?\33‘[’3")” INCREASE (FEET)
Centennial Wash

(Cont'd)
27.02 2063 8400 26 1108.2 1108.2 1108.5 0.4
27.08 2023 7751 2.9 1108.7 11087 1109.0 0.3
27.15 1852 7095 3.1 1109.5 11095 1109.7 0.2
27.22 1786 6923 3.2 1110.5 11105 1110.9 0.4
27.29 1793 6960 3.2 1111.7 1117 1112.2 0.4
27.37 1849 5949 3.7 1113.6 11136 1113.8 0.2
27.44 1907 7256 3.0 1115.5 11155 1115.7 0.2
27.50 1920 8143 2.7 1116.5 11165 1116.7 0.3
27.56 1961 9186 2.4 1117.4 11174 1117.7 0.3
27.61 1986 9028 25 1118.0 11180 1118.5 0.4
27.68 2105 7867 2.8 1118.8 11188 1119.3 0.4
27.76 2287 7448 3.0 1120.2 1120.2 1120.5 0.3
27.84 2344 8310 2.7 1121.9 11219 1122.4 0.6
27.89 2368 8577 2.6 1122.7 11227 1123.5 0.8
27.94 2355 8071 2.7 1123.5 11235 1124.5 1.0
27.99 2328 7642 2.9 1124.5 11245 1125.4 0.8
28.07 1017 8299 4.7 1126.9 11269 1127.3 0.4
28.16 1452 10376 1.8 1128.4 11284 1129.1 0.7
28.25 1851 9341 1.7 1128.9 11289 1129.6 0.7
28.32 1811 8443 1.9 1129.3 11293 1130.0 0.7
28.40 1721 7723 2.1 1130.1 1130.1 1130.7 0.7
28.47 1696 7591 2.1 1130.8 11308 1131.4 0.6
28.54 1658 6810 2.4 1131.7 11317 1132.1 0.5
28.59 1664 6591 2.4 11325 11325 1132.8 0.4
28.64 1626 6575 2.4 1133.5 11335 1133.7 0.3
"Miles above confluence with Gila River
FEDERAL EMERGENCY MANAGEMENT AGENCY F LOODWAY DATA
MARICOPA COUNTY, ARIZONA CENTENNIAL WASH
AND INCORPORATED AREAS




v-L 3719vVL

FLOODING SOURCE FLOODWAY 1-PERCENT-ANNUAL-CHANCE FLOOD WATER SURFACE ELEVATION
CROSS SECTION | DISTANCE' WIDTH (FEET) Si(;g?Fh:Eé?)EA ?’Li‘g/\gié%ﬂg REGULQ;?/';\)( {FEER WITTS:;FNL/?\(/)DD)WAY WI(TF:;?\S\?/\Q;\Y INCREASE (FEET)
Centennial Wash

(Cont'd)
28.72 1586 7023 23 1134.7 11347 1135.0 0.3
28.80 1567 6339 25 1135.7 11357 1136.2 0.5
28.88 1535 5989 2.7 1136.8 11368 1137.3 0.5
28.95 1519 6183 26 1138.0 1138.0 1138.5 0.5
29.03 1541 6700 2.4 1139.2 11392 1139.7 0.6
29.08 1584 6978 25 1139.9 11399 1140.6 0.7
29.13 1608 7168 2.4 1140.5 11405 1141.4 0.9
29.18 1598 6673 26 1141.1 11411 1142.0 0.9
29.26 1594 5985 2.9 1142.3 11423 1143.0 0.8
29.34 1554 5747 3.0 11438 11438 11443 0.5
29.42 1488 5250 33 1145.1 11451 1145.5 0.4
29.48 1438 5337 3.2 1146.2 1146.2 1146.7 0.5
29.54 1395 5317 3.2 1147.0 11470 1147.5 0.5
29.59 1354 5018 3.4 1147.8 11478 1148.3 0.5
29.65 1342 4901 35 1148.7 1148.7 1149.3 0.6
29.72 1313 4644 8.7 1149.9 11499 1150.6 0.7
29.80 1304 4715 3.6 1151.2 11512 1152.0 0.8
29.87 1310 4583 3.7 1152.4 11524 1153.3 0.8
29.95 1364 4556 3.8 1153.8 11538 1154.6 0.8
30.03 1456 4862 35 1155.4 11554 1156.1 0.8
30.10 1644 5427 3.2 1156.5 1156.5 1157.2 0.8
30.17 1980 5725 3.0 1157.8 1157.8 1158.5 0.7
30.25 2298 5861 29 1159.1 11591 1159.7 0.6
30.32 2526 6253 3.2 1160.7 1160.7 1161.3 0.6
30.40 2736 7576 2.7 1162.1 1162.1 1162.8 0.7
"Miles above confluence with Gila River
FEDERAL EMERGENCY MANAGEMENT AGENCY FLOODWAY DATA
MARICOPA COUNTY, ARIZONA CENTENNIAL WASH
AND INCORPORATED AREAS




v-L3719vl

FLOODING SOURCE FLOODWAY 1-PERCENT-ANNUAL-CHANCE FLOOD WATER SURFACE ELEVATION
CROSS SECTION DISTANCE' WIDTH (FEET) SE((S:(T)'TE’;%EA 'EAF?;"#/\QEELC%%S REGUL:ZSE; (REET W'T*:S:ETTFY\']S\?;WAY W'(TF"['E;%(:E’/‘E)")AY INCREASE (FEET)
Centennial Wash

(Cont'd)
30.45 2836 7803 26 1163.0 1163.0 1163.6 0.6
30.50 2995 7891 26 1163.9 11639 1164.5 0.6
30.56 3161 7900 2.6 1164.9 1164.9 1165.3 0.5
30.64 3309 8156 25 1166.1 1166.1 1166.6 0.5
30.71 3294 8132 25 1167.4 1167.4 1168.0 0.6
30.79 3235 7958 26 1168.7 1168.7 1169.4 0.7
30.85 3174 8389 2.4 1169.7 1169.7 1170.5 0.8
30.91 3125 8676 2.3 1170.7 1170.7 1171.6 0.9
30.97 3076 8714 2.3 1171.6 11716 11725 0.9
31.05 3037 8100 25 1172.9 11729 1173.6 0.8
31.13 3022 7382 2.8 11743 11743 1174.8 0.6
31.22 3001 7041 29 11755 11755 1176.1 0.6
31.31 3013 7031 2.9 1176.7 1176.7 1177.4 0.8
31.39 2974 6770 3.0 1177.8 11778 1178.6 0.8
31.47 2894 6992 2.9 1179.0 1179.0 1179.8 0.9
31.55 2765 6623 3:1 1179.9 1179.9 1180.7 0.8
31.63 2640 6141 33 1181.0 1181.0 1181.5 0.6
31.71 2512 4902 4.1 1182.1 11821 1182.4 0.3
3177 2380 4745 4.3 1183.0 1183.0 1183.2 0.2
31.82 2303 4635 4.4 1184.1 1184.1 1184.3 0.2
31.90 2291 4995 41 1185.8 1185.8 1186.1 0.3
31.97 2338 5906 3.4 1187.3 1187.3 1187.8 0.5
32.05 2411 7020 2.9 1188.8 1188.8 1189.7 0.9
32.10 2533 7865 26 1189.7 1189.7 1190.7 1.0
32.15 2607 8367 2.8 1190.4 1190.4 1191.4 1.0
"Miles above confluence with Gila River
FEDERAL EMERGENCY MANAGEMENT AGENCY F LOODWAY DATA
MARICOPA COUNTY, ARIZONA CENTENNIAL WASH
AND INCORPORATED AREAS




v-L 3719V1L

FLOODING SOURCE FLOODWAY 1-PERCENT-ANNUAL-CHANCE FLOOD WATER SURFACE ELEVATION
CROSS SECTION DISTANCE' WIDTH (FEET) S'E(EBPFNEQ$;EA Qﬁﬁé@&%ﬂg REGULQ;?/E;( (FEET WITF:SI;J;TFI\IEI?\(/DS)WAY Wl(TFHE ;%il\)/‘g)” INCREASE (FEET)
Centennial Wash

(Cont'd)
32.21 2656 8238 29 1191.3 11913 1192.1 0.9
32.27 2746 8258 29 1192.3 11923 1193.0 0.8
32.34 2815 8106 29 1193.6 11936 1194.2 0.6
32.42 2822 8629 2.7 1194.9 1194.9 1195.6 0.7
32.50 2820 9290 25 1196.0 1196.0 1196.8 0.8
32.57 2857 9593 25 1197.2 1197.2 1198.0 0.8
32.63 2919 10258 23 1198.3 1198.3 1199.1 0.8
32.68 2969 10738 22 1199.2 1199.2 1200.2 0.9
32.75 2978 10611 22 1200.4 1200.4 1201.3 1.0
32.82 2934 9803 2.4 1201.6 12016 1202.5 0.9
32.89 2887 8955 26 1202.7 12027 1203.6 0.8
32.97 2792 7851 3.0 1203.9 1203.9 1204.6 0.6
33.05 2713 7111 3.3 1205.1 1205.1 1205.6 05
33.12 2566 5741 41 1206.1 1206.1 1206.5 0.4
33.18 2429 5337 4.4 1207.2 1207.2 1207.6 0.5
33.26 2257 5135 4.6 1208.5 1208.5 1209.1 0.7
33.34 2197 5226 45 1210.0 1210.0 1210.8 0.8
33.42 2251 5621 4.2 1211.3 1211.3 12121 0.8
33.49 2378 5700 41 12125 12125 1213.3 0.7
33.58 2553 5799 41 1214.0 12140 1214.6 0.7
33.67 2744 6357 5.4 1215.7 12157 1216.4 0.7
33.72 2858 7392 4.7 1216.8 1216.8 1217.7 0.8
33.78 2937 7388 4.7 1217.9 12179 1218.7 0.8
33.85 2956 7646 45 1219.3 1219.3 1220.1 0.8
33.93 3045 7823 4.4 1220.6 1220.6 1221.4 0.8
"Miles above confluence with Gila River
FEDERAL EMERGENCY MANAGEMENT AGENCY FLOODWAY DATA
MARICOPA COUNTY, ARIZONA CENTENNIAL WASH
AND INCORPORATED AREAS




FLOODING SOURCE FLOODWAY 1-PERCENT-ANNUAL-CHANCE FLOOD WATER SURFACE ELEVATION
CROSS SECTION | DISTANGE' WIDTH (FEET) SE(ZS9§E’E\$)EA 'E’LEEAE";/\QEELC%%Q; REGULQZS';; {FEET W'TT?:ETTF;S\(/);WAY W'(TF:;?\‘C/’\S‘Q’)AY INCREASE (FEET)
Centennial Wash
(Cont'd)
34.02 3127 8074 4.3 1221.9 1221.9 1222.7 0.8
34.10 3172 8148 42 1223.2 1223.2 1223.9 0.7
34.16 3514 8756 3.9 1224.3 1224.3 1224.9 0.6
34.22 3847 9055 3.8 1225.3 1225.3 1225.8 0.5
34.29 4300 9745 35 1226.1 1226.1 1226.8 0.7
34.36 4551 9936 35 1226.7 1226.7 1227.7 1.0
34.42 4680 10444 3.3 1227.7 1221.7 1228.5 0.9
34.48 4592 10227 3.4 1228.7 1228.7 1229.4 0.7
34.55 4368 9800 35 1229.8 1229.8 1230.4 0.6
34.61 4083 9582 36 1230.8 1230.8 1231.4 0.6
34.69 3846 8985 3.8 1232.2 1232.2 1233.0 0.8
34.73 3836 9233 37 1233.0 1233.0 1233.8 0.8
34.79 3776 9827 35 1234.1 1234.1 1235.0 0.9
34.86 3766 9881 35 1235.2 1235.2 1236.1 0.9
34.92 3722 10429 3.3 1236.3 1236.3 1237.1 0.8
34.98 3671 10713 3.2 1237.2 1237.2 1238.0 0.8
35.04 3544 10613 32 1238.2 1238.2 1238.9 0.8
35.10 3419 10735 3.2 1239.2 1239.2 1240.0 0.8
35.18 3240 10327 3.3 1240.4 1240.4 1241.3 0.9
35.26 3152 10839 3.2 1241.8 1241.8 1242.8 1.0
35.34 3096 11305 3.0 1243.0 1243.0 1243.9 0.9
35.41 3030 11523 3.0 1244.2 1244.2 1245.0 0.8
35.47 2914 11472 3.0 1245.0 1245.0 1245.7 0.7
35.53 2720 11165 31 1245.8 1245.8 1246.5 0.7
35.59 2531 9974 3.4 1246.6 1246.6 1247.2 0.6
"Miles above confluence with Gila River

; FEDERAL EMERGENCY MANAGEMENT AGENCY F LOODWAY DATA

@

m MARICOPA COUNTY, ARIZONA

E AND INCORPORATED AREAS CENTENNIAL YVASH




v-L3719VL

FLOODING SOURCE FLOODWAY 1-PERCENT-ANNUAL-CHANCE FLOOD WATER SURFACE ELEVATION
CROSS SECTION DISTANCE' WIDTH (FEET) SE(Z(T)'?FNE*E\%EA 'EILEEAEf\;/\éEELC%Ch:g REGULQ:SS; (FEET WITF:S:;TF;;)\(/DSWAY WI(‘}F:Z ;?&\)/\g)m INCREASE (FEET)
Centennial Wash

(Cont'd)
35.64 2391 9397 3.7 1247.6 12476 1248.2 0.6
35.72 2184 9343 3.7 1249.0 1249.0 1249.8 0.7
35.80 2138 9524 3.6 1250.4 1250.4 1251.1 0.7
35.89 2085 9825 35 1251.7 1251.7 1252.4 0.7
35.95 2064 10124 3.4 1252.5 1252.5 1253.3 0.8
36.02 2022 10300 33 1253.6 1253.6 1254.5 0.8
36.10 1984 9980 3.4 1254.7 1254.7 1255.4 0.7
36.17 1931 9500 3.6 1255.8 1255.8 1256.3 0.5
36.25 1875 9098 3.8 1256.7 1256.7 1257.4 0.7
36.30 1830 9003 3.8 1257.4 1257.4 1258.1 0.7
36.36 1762 8574 4.0 1258.2 1258.2 1258.9 0.7
36.41 1779 9233 37 1258.9 1258.9 1259.7 0.8
36.48 1735 9922 35 1259.8 1259.8 1260.7 0.9
36.55 1729 9442 3.6 1260.7 1260.7 1261.6 0.9
36.63 1730 9436 3.6 1262.0 1262.0 1262.7 0.8
36.70 1757 9806 35 1263.1 1263.1 1263.9 0.8
36.78 1798 9754 35 1263.9 1263.9 1264.7 0.8
36.83 1806 9715 35 1264.4 1264.4 1265.2 0.8
36.88 1796 9650 36 1265.0 1265.0 1265.8 0.8
36.93 1796 9566 3.6 1265.7 1265.7 1266.4 0.7
37.01 1727 8673 4.0 1266.7 1266.7 1267.3 0.6
37.08 1566 8054 4.3 1267.8 1267.8 1268.3 0.5
37.15 1463 7898 4.4 1268.8 1268.8 1269.4 0.6
37.22 1518 8578 4.0 1269.7 1269.7 1270.5 0.8
37.28 1558 8810 3.9 1270.4 1270.4 1271.2 0.7
"Miles above confluence with Gila River
FEDERAL EMERGENCY MANAGEMENT AGENCY F LOODWAY DATA
MARICOPA COUNTY, ARIZONA CENTENNIAL WASH
AND INCORPORATED AREAS




¥-L37189V1

FLOODING SOURCE FLOODWAY 1-PERCENT-ANNUAL-CHANCE FLOOD WATER SURFACE ELEVATION
cross seoton | _oisavce | wiomareen | S-UOUAReR | WERNVELOCTY | REGUTORYIFEET [ WITIOLT FIOODWAY | WIHFLOSDWAY | romgace reen
Centennial Wash

(Cont'd)
37.35 1519 8550 4.0 1271.3 12713 1271.9 0.7
37.42 1479 8441 4.1 12721 12721 1272.8 0.7
37.48 1414 7969 43 1272.9 12729 1273.6 0.7
37.54 1393 8003 4.3 1273.8 12738 1274.6 0.8
37.62 1389 8222 4.2 1275.0 1275.0 1275.8 0.8
37.68 1396 8159 4.2 1275.8 1275.8 1276.6 0.8
37.74 1432 8549 4.0 1276.5 1276.5 1277.4 0.9
37.80 1472 8501 4.0 1277.2 12712 1278.1 0.9
37.85 1535 8656 4.0 1278.0 1278.0 1278.9 0.9
37.93 1607 8051 43 1279.1 1279.1 1280.0 0.8
38.01 1666 7964 43 1280.4 1280.4 1281.2 0.8
38.08 1757 7682 45 1281.5 1281.5 1282.2 0.7
38.14 1832 7827 4.4 1282.4 1282.4 1282.9 0.5
38.22 1953 8149 4.2 1283.7 1283.7 1284.0 0.3
38.28 2029 8716 3.9 1285.0 1285.0 1285.3 0.4
38.35 2079 9706 3.5 1286.2 1286.2 1286.7 0.5
38.45 2115 8583 4.0 1287.6 1287.6 1288.1 0.4
38.55 2154 8318 441 1289.3 1289.3 1289.6 0.4
38.63 2152 8883 3.9 1290.8 1290.8 1291.3 0.5
38.70 2159 9583 3.6 1292.0 1292.0 1292.6 0.6
38.78 2180 10610 3.2 1293.2 1293.2 1294.0 0.8
38.85 2162 10490 33 1294.4 1294.4 1295.3 0.9
38.91 2153 10672 3.2 1295.5 1295.5 1296.4 0.9
38.96 2153 11150 3.1 1296.4 1296.4 1297.3 0.9
39.02 2151 11233 3.1 1297.4 1297.4 1298.3 1.0
"Miles above confluence with Gila River
FEDERAL EMERGENCY MANAGEMENT AGENCY FLOODWAY DATA
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FLOODING SOURCE FLOODWAY 1-PERCENT-ANNUAL-CHANCE FLOOD WATER SURFACE ELEVATION
CROSS SECTION DISTANCE' WIDTH (FEET) SE(gg_ogEéﬁ;EA ';’ggé@&%%g REGULQ;\OIS; ol W'T'?S:!ETTF@?\?SWAY W'(TF:;?\S_\?/\Q;\ Y | INCREASE (FEET)
Centennial Wash

(Cont'd)
39.09 2050 10672 3.2 1298.4 1298.4 1299.4 1.0
39.17 1929 9810 35 1299.4 1299.4 1300.3 0.9
39.25 1826 9641 36 1300.7 1300.7 1301.5 0.8
39.32 1801 9355 3.7 1301.7 1301.7 1302.5 0.8
39.40 1654 7740 4.4 1303.0 1303.0 1303.5 0.5
39.47 1617 8315 4.1 1304.5 1304.5 1305.2 0.7
39.56 1621 8748 3.9 1305.9 1305.9 1306.8 0.9
39.64 1680 9178 3.7 1307.3 1307.3 1308.2 0.9
39.71 1733 9412 3.7 1308.5 1308.5 1309.4 0.9
39.79 1821 8700 4.0 1309.7 1309.7 1310.5 0.9
39.87 1916 8789 3.9 1311.0 1311.0 1311.8 0.8
39.95 2015 9161 3.8 1312.3 13123 1313.0 0.7
40.02 2061 9381 37 13135 13135 1314.3 0.7
40.10 2101 9902 35 1314.7 1314.7 1315.5 0.8
40.19 2029 9904 3.5 1316.2 1316.2 1316.8 0.7
40.34 2017 6523 5.3 1319.7 1319.7 1319.8 0.1
40.50 1940 8299 4.1 1322.7 1322.7 1323.0 0.3
40.65 2010 8717 3.9 13245 1324.5 1324.9 0.5

"Miles above confluence with Gila River
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FLOODING SOURCE FLOODWAY 1-PERCENT-ANNUAL-CHANCE FLOOD WATER SURFACE ELEVATION
CROSS SECTION | DISTANCE' WIDTH (FEET) SE((;E?FNEQ.F:)EA QAFEEAENT/\QEEE%%E\)/ REGULQ;%T (FEEE W'T":SSETTF;S\?SWAY W'(TFZE#%(;E\’/\[')")AY INCREASE (FEET)

Centennial Wash RR Spill
0.05 924 5200 2.7 842.4° 8421 842.8 0.7
0.1 842 4381 23 843.4° 842.2 843.0 0.8
0.16 1011 4886 1.6 8445* 8423 843.1 0.8
0.21 990 4321 1.8 8455° 8424 843.2 08
0.26 945 3659 21 846.3° 8425 843.2 0.8
0.30 1037 3177 2.4 846.9" 8427 843.4 0.7
0.36 1205 2670 2.6 847.7° 8431 843.7 0.6
0.42 1166 2204 3.2 848.6 ° 844.0 844.4 0.3
0.46 1007 2125 3.2 849.8"° 845.0 845.0 0.0
0.50 564 1781 36 851.3 " 84556 845.6 0.0
0.56 344 3567 3.8 852.0 2 847.7 847.7 0.0
0.60 351 2004 25 852.0 2 850.0 850.0 0.0
0.623 468 3145 1.6 852.0 "7 850.6 850.6 0.0

"Miles above confluence with Centennial Wash

2Regulatory (FEET NAVD) taken from "DS Trestles 2-3" reach, RS 0.07

3Regulatory (FEET NAVD) taken from "DS Trestles 2-3" reach, RS 0.15

“Regulatory (FEET NAVD) taken from "DS Trestles 2-3" reach, RS 0.22

°Regulatory (FEET NAVD) taken from "DS Trestles 2-3" reach, RS 0.29

®Regulatory (FEET NAVD) taken from "DS Trestles 2-3" reach, RS 0.37

"Regulatory (FEET NAVD) taken from "DS Trestles 2-3" reach, RS 0.45

®Regulatory (FEET NAVD) taken from "DS Trestles 2-3" reach, RS 0.52

®Regulatory (FEET NAVD) taken from "DS Trestles 2-3" reach, RS 0.60

10Regulatory (FEET NAVD) taken from "DS Trestles 2-3" reach, RS 0.67

""Regulatory (FEET NAVD) taken from "DS Trestles 2-3" reach, RS 0.75

12Regulatory (FEET NAVD) taken from flat WSEL mapping (see TSDN Section 6.7.1.4)
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FLOODING SOURCE FLOODWAY 1-PERCENT-ANNUAL-CHANCE FLOOD WATER SURFACE ELEVATION
CROSS SECTION | DISTANCE' WIDTH (FEET) Sigg?:'EAE%EA ';"é’g‘%ié%ig REGULQ;SE? (FEET W'T*:S:ETTF’\LU?\?L%WAY W'(T;é;oN?\'\D/‘l’)")AY INCREASE (FEET)
Centennial Wash RR Spill
(Cont'd)
0.625 674 3036 13 852.0° 850.9 850.9 0.0
0.628 656 2166 1.8 852.0° 851.2 851.4 0.2
0.69 447 2185 17 8520° 851.7 852.2 05
0.76 408 1591 2.4 852.7 852.7 853.4 0.7
0.84 429 1918 2.0 853.3 8533 854.1 08
0.90 431 2286 1.7 853.5 8535 854.3 08
0.97 540 2940 3.4 853.7 8537 854.5 0.9
1.02 670 3569 28 854.1 854.1 855.0 0.9
1.07 675 3324 3.0 854.5 8545 855.3 08
1.14 691 3342 3.0 855.3 855.3 855.9 0.6
1.22 706 3650 2.7 855.8 855.8 856.4 06
1.28 713 3864 26 856.0 856.0 856.7 07
133 833 4433 23 856.2 856.2 857.0 08
1.40 827 5115 44 856.6 856.6 857.2 0.7
1.46 988 6059 37 857.0 857.0 857.8 08
152 1117 6850 33 857.3 857.3 858.1 08
1.60 1296 8111 2.8 857.6 8576 858.4 0.9
167 1612 9843 23 857.7 857.7 858.6 0.9
1.75 2146 12265 18 857.9 8579 858.8 0.9

"Miles above confluence with Centennial Wash
?Regulatory (FEET NAVD) taken from flat WSEL mapping (see TSDN Section 6.7.1.4)
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FLOODING SOURCE FLOODWAY 1-PERCENT-ANNUAL-CHANCE FLOOD WATER SURFACE ELEVATION
CROSSSECTION | pisTance' | wiote reen) | S n e | Eiecoum) | D) | (et vy | (EeeTavDy | MCREASE FEED
Centennial Field

0.07 5184 15455 2.0 8423 8423 843.0 0.7
0.15 5413 17016 25 843.4 843.4 843.6 0.2
0.22 5262 17180 238 844.5 8445 844.6 0.1
0.29 5089 16934 2.4 845.5 8455 845.5 0.0
0.37 5304 16398 23 846.3 846.3 846.3 0.0
0.45 5601 16353 2.1 846.9 846.9 846.9 0.0
0.52 5688 14676 23 847.7 847.7 847.7 0.0
0.60 4749 14049 2.4 848.6 848.6 848.6 0.0
0.67 2890 16034 2.9 849.8 849.8 849.8 0.0
0.75 1610 20097 35 851.3 851.3 851.3 0.0
0.82 707 19347 0.6 852.7 852.7 852.7 0.0

'Miles above confluence with Centennial Wash

FEDERAL EMERGENCY MANAGEMENT AGENCY FLOODWAY DATA
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AND INCORPORATED AREAS

Centennial Field

y-L3719vVL







Appendix A: References

® A.1 Data Collection Summary
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Centennial Wash Floodplain Delineation Study: Gila River to La Paz County
FCD 2012C004

e Data Collection Inventory
Consultantis Ing
Relevant to Date Date of
ID Project Document Description Author Format Received | Document | Received From Filename Folder
Arlington Valley Solar Energy Project AVSE - FCDMC TDN 06122012, AVSE - FEMA TDN 06272012, AVSE Il
1 CLOMR Application Technical data notebook Arcadis, AVSE for FCOMC and FEMA pdf Apr. 2011 |Arcadis FCDMC TDN FEMA Submittal 20110609 P:\FCDM001015 Centennial Wash\Data\ARCADIS
AVSE Drainage Report Stormwater routing and management
2 report Arcadis for AVSE pdf Feb. 2011 |Arcadis AVSE Drainage Report February 2011 (R1) FINAL P:\FCDM001015 Centennial Wash\Data\ARCADIS\Response Package 5
Response to comments AVSE FEMA CLOMR RTC 201208014, AVSE FEMA CLOMR RTC
3 Letter with comment responses to FEMA |Arcadis for FEMA pdf, doc Aug. 2012 |Arcadis 201208014 w attachements P:\FCDM001015 Centennial Wash\Data\ARCADIS\Response Package 5
Maps and HEC-RAS models HECRAS East Channel.zip, HECRAS Winters Wash.zip, WMO03 -
Winters Wash.zip, WMO04 - East Channel.zip, WM-01 Centennial
Maps of model areas and HEC-RAS model Wash.pdf, WM-02 West Channel.pdf, WMO03 - Winters Wash.pdf,
4 files Arcadis pdf, zip Aug. 2012 |Arcadis WMO4 - East Channel.pdf P:\FCDM001015 Centennial Wash\Data\ARCADIS\Response Package 5
Mesquite Solar Technical Data
Notebook, CLOMR Technical data notebook, CLOMR, and Burns and McDonell Engineering pdf, HEC-RAS, Burns and FEMA issued CLOMR, MS TDN CLOMR vol 1a, MS TDN CLOMR vol  [P:\FCDM001015 Centennial Wash\Data\BurnsMcDonald\Mesquite
5 model and survey files Company for SEP II, LLC HEC-1, dwg Mar. 2011 |McDonnell 1b, MS TDN CLOMR vol 2, Appendix G - Data Disc Solar\CLOMR
MT-1 Mesquite Solar Energy Project |MT-1 form with attachments and CAD Burns and P:\FCDM001015 Centennial Wash\Data\BurnsMcDonald\Mesquite
6 drawing of legal description Burns and McDonnell for FEMA pdf, dwg May. 2012 |[McDonnell MT-1, Attachment #9 - Digital Files\Legal Desc revl Solar\CLOMR-F
Mesquite Solar Technical Data
Notebook, LOMR MS TDN LOMR vol 1a, MS TDN LOMR vol 1b, MS TDN LOMR vol 2,
B. Maps\B.1 Maps (N and E Perim Channels - As-Builts), B.
Maps\B.2 Maps (Block 1), B. Maps\B.2 Maps (Block 2), B. Maps\B.2
Technical Data notebook with model and pdf, HEC-RAS, Burns and Maps (Blocks 3 and 6), B. Maps\B.2 Maps (Remaining Blocks), B. P:\FCDM001015 Centennial Wash\Data\BurnsMcDonald\Mesquite
7 survey data and maps Burns and McDonnell for SEP II, LLC HEC-1, dwg May. 2012 |McDonnell Maps\B.2 Maps (W Perim Channel), Appendix G - Data Disc Solar\LOMR
Mesquite Solar Drainage Report Vol. |Drainage report for Mesquite Solar Mesquite Solar Final Drainage Report Volume 1, Mesquite Solar
1 and 2 project, volumes 1, 2, plans, and model |Burns and McDonnell for Sempra pdf, HEC-RAS, Burns and Final Drainage Report Volume 2, Precise Plans, HEC-1 and HEC-RAS
8 data Generation HEC-1 Dec.2010 |McDonnell Models P:\FCDM001015 Centennial Wash\Data\BurnsMcDonald\Mesquite Solar\SUP
Data DVD Centennial Wash FDS Digital files- survey points, elevations, Data from FCDMC GIS database, various
9 orthophotos authors dwg, shp, sid, xIs 5/2/2012 FCDMC DataDVD_05022012_CentennialWashFDS P:\FCDM001015 Centennial Wash\Data\FCDMC
Data DVD Topographic GIS Data and|Digital files - aerial photos (2010), Data from FCDMC GIS database, various
10 Aerials Centennial Wash shapefiles, etc. authors shp, sid 5/2/2012 FCDMC DataDVD_05022012_TopographicGISData&Aerials P:\FCDM001015 Centennial Wash\Data\FCDMC
Data DVD Orthophotography 2012 Data from FCDMC GIS database, various
11 Aerial photos (2011) authors shp, sid 8/16/2012 FCDMC DataDVD_08162012_OrthoTilesFY11-12 P:\FCDM001015 Centennial Wash\Data\FCDMC
Infill topography data delivered via
12 WEST fitp Infill topography digital files FCDMC dwg, shp, txt FCDMC InFillTopography_DataDeliveredviaWESTftp P:\FCDM001015 Centennial Wash\Data\FCDMC
Survey report manual for Dec. 2011
Centennial Mapping Contract A333_910_SurveyReportManualforDecember_2011_CentennialMa|P:\FCDM001015 Centennial Wash\Data\FCDMC\Mapping Certification
13 Survey results A Team Professional Associates pdf Jan. 2012 |FCDMC ppingSituatedinorNearSections_19_20_29_30_32_TIN_R8W_etc [Statements
Survey Report: Centennial Wash P:\FCDM001015 Centennial Wash\Data\FCDMC\Mapping Certification
14 Survey report with maps and photos Wilson & Company, Inc. for FCDMC pdf Feb.2012 |FCDMC A333_911SurveyReport_CentennialWashPhotControl Statements
Survey Report: Palo Verde ADMP A335_901PaloVerdeADMPMappingSuveyReport2008_Book_1_of_ |P:\FCDM001015 Centennial Wash\Data\FCDMC\Mapping Certification
15 Survey report with maps and photos Wilson & Company, Inc. for FCDMC pdf Jun. 2008 |FCDMC 3_Updated2009.pdf Statements
Survey Report: Gillespie Infill P:\FCDM001015 Centennial Wash\Data\FCDMC\Mapping Certification
16 Survey report with point data FCDMC pdf Jul. 2012 FCDMC Gillespie infill-final Statements
Survey Report: Gillespie ADMP P:\FCDM001015 Centennial Wash\Data\FCDMC\Mapping Certification
17 Survey report with map David Evans and Associates for FCDMC |pdf Oct. 2008 |FCDMC SANB2_DEA_SVYREPORT Statements
Survey Report: Portion of Centennial P:\FCDM001015 Centennial Wash\Data\FCDMC\Mapping Certification
18 Wash Survey report with point data FCDMC pdf Jul. 2012 FCDMC Witt Survey Report-final Statements
Flood Control Flooding Photos 1970s |Flooding photos for Salt River, Cave Creek
-1990s Wash at Peoria, Unidentified Maricopa
County Locations, Santa Rosa Wash,
Wickenburg, Wendon, Centennial Wash, 007_193_FloodControlFloodingPhotos1970s_1990sandUndatedSal
19 and Narrows Dam FCDMC pdf FCDMC tRiverWendonCaveCreekWashatPeoriaUniden P:\FCDM001015 Centennial Wash\Data\FCDMC\ReferenceData
Arizona Stream Channels Roughness |Roughness Coefficients for Stream Aldridge and Garrett, with Arizona
20 Coefficients Channels in Arizona Highway Department pdf Feb.1978 |FCDMC 102_901RoughnessCoefficientsforStreamChannelsinArizona P:\FCDM001015 Centennial Wash\Data\FCDMC\ReferenceData
Centennial Wash Hydrologic Analysis A333_902HydrologicAnalysis_of_the_CentennialWash
_in_MaricopaCountyArizona, P:\FCDM001015 Centennial
Wash\Data\FCDMC\ReferenceData\LowerCentennialEffectiveMod
els\CBA, P:\FCDM001015 Centennial
Wash\Data\FCDMC\ReferenceData\workmaps\Centennial Wash
Hydrologic Analysis of the Centennial F.l.S. Re-Study, P:\FCDM001015 Centennial
Wash in Maricopa County, Arizona with Wash\Data\FCDMC\ReferenceData\CENTENNIAL_FIS_Report_Mod
21 HEC-1 model data and workmaps Cella Barr Associates for FEMA pdf, HEC-1 Jan.1989 |FCDMC els P:\FCDM001015 Centennial Wash\Data\FCDMC\ReferenceData
Hydrology Report: Centennial Wash |Hydrology report with updated 100-yr Centennial CLOMR 12-09-0043R DRAFT, Centennial CLOMR - Final
22 Watershed peak flows RBF Consulting for CV Harquahala LLC  |pdf Apr. 2011 [FCDMC Discharges P:\FCDM001015 Centennial Wash\Data\FCDMC\ReferenceData
23 Trestle #2 Bridge Survey Survey points at Trestle #2 FCDMC pts Aug. 2012 |FCDMC Trestle #2 Cloud_8-9-12 P:\FCDM001015 Centennial Wash\Data\FCDMC\RR_Bridge_Survey
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Centennial Wash Floodplain Delineation Study: Gila River to La Paz County
FCD 2012C004
Data Collection Inventory

Relevant to Date Date of
D Project Document Description Author Received | Document | Received From Filename Folder
Maricopa County LOMR Map revision for panels 1450, 1475,
24 1950; 1950, 2425, 2450; FEMA pdf Aug. 2006 |FEMA 06-09-B579P-040037, 06-09-B715P-040037 P:\FCDM001015 Centennial Wash\Data\FEMA
FEMA Maps and profiles Map of panel locations and reach flood FEMA map 1, FEMA map 2, profiles, profiles_northBranch,
25 profiles FEMA pdf Aug. 2006 |FEMA profiles_upper P:\FCDM001015 Centennial Wash\Data\FEMA
FIRM panels 04012C1133C, 04012C1134C, 04012C1137C, 04012C1139C,
04012C1141C, 04012C1450C, 04012C1725C, 04012C1750C,
Panels 1133, 1134, 1137, 1139, 1141, 04013C1425G, 04013C1450G, 04013C1475G, 04013C1500F,
1450, 1725, 1750, 1425, 1450, 1475, 04013C1505H, 04013C1900G, 04013C1925G, 04013C1950G,
1500, 1505, 1900, 1925, 1950, 2425, 04013C2425G, 04013C2450G, 04013C2455G, 04013C2465G,
26 2450, 2455, 2465, and 2470 FEMA png Sep. 2005 |FEMA 04013C2470H P:\FCDM001015 Centennial Wash\Data\FEMA
USGS Daily Flows at SPRR on Daily flows for entire period of record,
Centennial Wash beginning 8/28/1978 and ending
27 10/16/2012 USGS txt Oct. 2012  |USGS 09517490 Centennial Wash at SPRR Daily P:\FCDM001015 Centennial Wash\Data\USGSGage
USGS 15-min Flows at SPRR on 15-minute flows for the August 23 storm P:\FCDM001015 Centennial Wash\Data\USGSGage\09517490 Centennial
28 Centennial Wash event USGS txt Oct. 2013  |USGS 15-minute data for the August 23 storm event Wash at SPRR
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Appendix B: General Documentation and
Correspondence

® B.1 General Project Documentation and Correspondence



Date: August 3, 2012

A meeting was held on Wednesday, August 1, 2012 at 10:00 AM MST with the following
attendees:

Flood Control District of Maricopa County (District)

1. Jeff Shelton 2. Amir Motamedi
WEST Consultants (WEST)
1. Brian Wahlin 2. Chuck Davis

This meeting was the kickoff meeting for the Floodplain Delineation Study (FDS) for Centennial
Wash in support of FEMA flood map revisions along the length of the watercourse from the La
Paz County border to the confluence of Centennial with the Gila River.

The meeting followed the agenda prepared by WEST prior to the meeting, including the
discussion items described below.

Project Description — Major Tasks

Public Involvement, Task 2 of the Scope of Work — Jeff has already drafted the text of this for
the legal advertisement of the study. The right-of-entry letter for the study is being developed
by the District internally (primarily Jeff and Gant Wegner). Finally, Jeff will be developing the
mailing list for the right-of-entry letter concurrently during the development of the legal
advertisement.

Jeff may send us the final versions of the advertisement, letter, and/or mailing list developed by
the District for comment by WEST. Jeff will try to finalize these three products in the first
month or so of the project (possibly by the end of August).

Data Collection, Task 3 of the Scope of Work — To begin this conversation, WEST had a few
questions regarding the DTM and other topography data that has been provided to WEST by
the District at this point. First, WEST inquired if the various data sources provided by the
District should be edge-matched carefully, or if we should generally trust that these data
sources line up well and check only for large discrepancies across the topography boundaries.
Jeff said that Joe Wagner’s group has checked this well and everything looks good across the
topo boundaries; WEST should only roughly check the edge-matching with a cursory review.
Basically, if WEST’s notes anything odd during cross section development or mapping, WEST will
forward these concerns to Jeff, but there should not be significant issues with edge-matching
for the various topographic datasets.

WEST also brought up the 150’ “gap” in topography data between the more recently collected
topography data provided to the District by Wilson & Company and the Gillespie topography
near the confluence of Centennial and the Gila River. Jeff pointed out that he does not think

Centennial Wash FDS B.4 Page 1 WEST Consultants, Inc.




WEST has been provided all of the data available from the District at this time to represent this
area. There are 7 topographic data sources that have been provided at this time: (1) W
holdings, (2) Palo Verde topo, (3) Gillespie topo, (4) Salt/Gila river master plan topo, (5)
Countywide 10’ contour mapping topo, (6) Luke Wash & Arlington topo, and (7) Saddleback FRS
mapping topo (as a note, the seventh topo source provided by the District is only available in
the western portion of the watershed, far away from the Centennial/Gila confluence which is
the focus of this discussion). Jeff thinks that the infill topography that the District performed
would actually cover this 150" gap between the Wilson & Company topo and the Gillespie topo,
but he is not sure. WEST will check if they have accessed all of the available topo on the DVD’s
provided by the District to ensure that WEST has not missed any extra delivered topo that
would cover this gap. lJeff will provide the letter reports for each of the topo sources listed
above, and he will send these via the District’s ETF service (similar to an FTP site). Jeff will also
provide the DTM for the small area of topography near the Centennial/Gila confluence.

The next portion of the discussion of data collection focused on the surveys of the bridge
trestles for the Union Pacific Railroad (UPRR) Bridge crossing the Centennial Wash near the
downstream end of the study reach. These bridge trestle surveys were performed by the
District using their new 3D survey scanner technology, and the District is still trying to figure out
the best way to deliver the data. The output of these surveys is 3D data clouds that are very
large and require enormous electronic storage capacity. Jeff will invite John Stock to the next
monthly meeting for Centennial to discuss these data more thoroughly. Jeff also mentioned
that this is a new technology for the survey group at the District and that we have time to figure
out how to best utilize this data for Centennial, so Jeff may provide us a few different data
deliverables for the trestles to determine the best format to utilize this type of survey in HEC-
RAS. Jeff mentioned possibly providing the data in Excel or text format with X,Y,Z information,
or providing figures with measurements and distances noted on the figures. Chuck mentioned
that WEST has some software capabilities to view some of these point clouds and create our
own figures and measurements if the District could thin the data cloud enough for WEST to be
able to process the data. Jeff will provide an initial attempt of data delivery for these data
soon. WEST will also check in our records for the as-builts for this bridge, as WEST completed a
study in this area some time ago. Finally, Jeff has heard that there are no plans to update the
UPRR bridge at this time; however, Jeff will forward his contact for the UPRR to WEST for WEST
to contact them to verify this is the case. Jeff has also requested as-builts of the UPRR bridge
and trestles from the UPRR and is waiting for their response.

The next portion of the discussion of data collection focused on the solar project facilities being
constructed in the watershed. Jeff provided a map to WEST of the three primary sites in some
form of construction or planning at this time in the watershed: Mesquite Phase I, Arlington
Valley Solar Energy (AVSE) Phase |, and AVSE Phase Il. These are each discussed individually
below.

1) Mesquite Phase |
a. Drainage plans completed by Burns & McDonald
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b. Nathan Thompson is the engineer who worked on the project, Chuck knows him
and will request data from him

c. There is a rock-lined channel around the property, we need to acquire as-builts
for this feature and any other drainage feature we can from Burns & McDonald.

d. LOMRs and CLOMRs have been done for various portions of this project.

e. This project will be disturbing some amount of land near or within the floodplain.

2) AVSE Phase |

a. Drainage plans completed by ARCADIS

b. Jeff cannot remember the name of the engineer who worked on this project for
ARCADIS, but he will look back in his notes and find this to send to WEST soon.

c. A CLOMR was submitted on 5/17/2012 for AVSE Phase | (Jeff cannot remember if
this was submitted to FEMA or to FCDMC, but he will check).

d. A LOMR is expected to be submitted by 2015 for AVSE Phase I.

e. Phase | used the flows from the Palo Verde study.

3) AVSE Phase Il

a. Drainage plans completed by ARCADIS

b. Jeff cannot remember the name of the engineer who worked on this project for
ARCADIS, but he will look back in his notes and find this to send to WEST soon.

c. A CLOMR has been completed for AVSE Phase Il (Jeff cannot remember if this
was submitted to FEMA or to FCDMC, but he will check).

d. ALOMR is expected to be submitted by winter 2013 for AVSE Phase II.

e. This site was already under construction as of 5/17/2012.

f. Phase Il used the flows from the old Centennial Wash study.

WEST will contact ARCADIS and Burns & McDonald to see if they will provide the necessary
information directly to WEST. If WEST needs Jeff’s support to acquire data from either firm, we
will let him know. Jeff will check at the District to see what information has been submitted by
either firm for Mesquite and AVSE Phases | and Il to the District.

Jeff also pointed out that the timing of our study versus their future CLOMRs or LOMRs might
be important. If one of those sites completed a CLOMR, then WEST and the District complete
the Centennial FDS study before they construct, they might have to redo their analysis for the
CLOMR or final LOMR. On the other hand, if they are able to submit their LOMR quickly and go
to construction well before we finish the Centennial FDS study, we may need to obtain as-builts
or complete additional survey of the affected areas. This is something to keep in mind moving
forward.

The next portion of the discussion of data collection focused on the irrigation districts. WEST
will contact the irrigation districts in the area (primarily the Harquahala Irrigation District, and
possibly Arlington Canal Owners). In regards to the north/south drainage channel that flows
towards Centennial in the widest part of the floodplain, Amir and Jeff both brought up the point
that there were federal “no trespassing” signs on the channel and the downstream (i.e., to the
east of the channel) berm indicating a pipe was underground at this location. This pipe collects
the flow from an open-channel canal that ends at the Encanto Boulevard alignment and takes it
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underground for a long distance. Also, WEST will check if the districts maintain any digital data
outlining ag coverages (e.g., GIS shapefiles of cultivated areas) in the study watershed. Jeff will
send WEST the contact information for his contact at the Harquahala Irrigation District.

The next portion of the discussion of data collection was brought up by Amir regarding W
Holdings. Amir mentioned that Jerry Witt (the District’s primary contact at W Holdings) might
know of any additional plans for new construction in the study area due to his large landholder
presence along Centennial Wash. Jeff will provide WEST with Jerry’s contact information, and
WEST will check with Jerry for any information that W Holdings might have regarding upcoming
projects in the area. Also, WEST will check if W Holdings maintains any digital data outlining ag
coverages (e.g., GIS shapefiles of cultivated areas) in the study watershed.

Other possible data sources for this project include (i) the EPNG study that WEST completed for
the Centennial Wash crossing (WEST will provide this to the District) and (ii) contacting MCDOT
for any possible planned alignments that may cross Centennial Wash. WEST will contact
MCDOT for this purpose.

Floodplain/Floodway Delineation, Task 7 of the Scope of Work — To begin this conversation, Jeff
brought up the farmer dikes near the downstream end of the study reach. Jeff and WEST
agreed that we should not bother running any “without levees” scenarios until we run the
model as it is with the current topography to see if this is necessary first. A “without levees”
scenario likely will not be needed for several of the dikes that are visible in the aerials. If we
decide to pursue any “without levees” scenarios, these will require a detailed discussion with
Jeff.

For the upstream tie-in, Jeff wants to tie-in with the updated Zone AE at the La Paz/Maricopa
county boundary as the effective study has done. For any topography needed upstream of the
county line to finalize this model, WEST can utilize the HEC-2 model cross sections upstream of
the La Paz County line for this purpose.

In regards to the Manning’s n field reconnaissance site visits, WEST requested that these be
held the week of August 20. After checking Jeff’s calendar at the end of the meeting, it was
determined that August 21 would be the best date for this initial site visit.

WEST will go through the initial steps of a FEMA request to see if FEMA provides any additional
information that WEST has not received from the District, especially in regards to the Zone A
floodplains.

In regards to the confluence of Centennial Wash with the Gila, Jeff and Cathy Regester (the PM
for the Gila FDS) have not determined whose going to take the lead on coordinating tie-in
issues, but they have discussed the importance of keeping the lines of communication open for
this reason. Amir pointed out that if the Centennial study would be considering coincident
peaks, then the final results of the Gila FDS would affect our downstream boundary condition.
However, if the Centennial study will not consider coincident peaks with the Gila, the tie-in
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issues will likely be more straightforward. Brian asked if the District might want to package the
two studies together into a single PMR, but Amir said that the District would likely want to get
Centennial in more quickly to get the PMR grant process started (he said that FEMA will not
give a PMR until studies are in the queue, so the District cannot get a PMR grant by telling
FEMA that the District will have studies ready for FEMA at a given time; the study actually has
to be submitted first before the PMR grant process begins). Brian also pointed out that the
timing of the Gila study might be important for this discussion as well. For example, if Cathy
and the selected consultant for that study focus further upstream in their study reach towards
the beginning of the project, and WEST focuses on the lower portion of the Centennial study
reach last (as has been previously discussed for this project), then the delay in the start date for
the Gila FDS might not be a problem and the tie-in areas might be completed about the same
time. Jeff said that he would check with Cathy to see if she had a game plan in mind at this
time regarding how her study might proceed.

Project Coordination

Project Communication — Brian wanted to let Jeff know that Brian and Chuck will both be
available regularly for this project, and Jeff should feel free to contact either Brian or Chuck at
any time with questions or concerns he might have.

Project Schedule — After looking over the preliminary draft schedule WEST provided to Jeff, he
requested that more detail be added to the schedule, primarily by increasing the number of
draft submittals of deliverables and draft reviews of those submittal prior to the final
deliverables and final reviews. Additionally, he requested that WEST add more review time for
the Manning’s roughness report as well. WEST will make these changes and return them to Jeff
soon.

Other Items

MT-2 Forms — Jeff pointed out that we will need to fill out some (if not all) of the MT-2 forms
for this study to submit the study to the FEMA’s PMR queue. Jeff will check with Kathryn Gross
regarding which MT-2 forms will likely be required.

Modeling Standards — Brian asked if Jeff would like to use the most recently approved manuals
from the District for modeling questions, or the most recently released draft manuals available
on the website, or the most recent versions of the draft manuals we will be able to receive from
Tom Loomis or others. Jeff indicated that he would like for WEST to use the most recent
version of the draft manuals we could obtain for this study.
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Action items deriving from this meeting:

1. Jeff and Gant Wegner to work towards finalization of the legal advertisement, right-of-
entry letter, and mailing list by August 31. Jeff may forward some of these materials to
WEST for comment and review before finalization.

2. Chuck to check the data delivered by the District again for the 150" “gap” in topography
that appears to exist between the Gillespie mapping and the W Holdings mapping.
Update: WEST sent a technical memo regarding this subject to Jeff via email on Aug 7.

3. Jeff to provide the letter reports for each of the topo sources provided by the District to
WEST via the District’s ETF service (similar to an FTP site).

4. Jeff to provide the final DTM for the small area of topography collected by the District
near the confluence of Centennial Wash and the Gila River.

5. Jeff to invite John Stock to the next monthly meeting to discuss the bridge trestle surveys.

6. Jeff to provide WEST a “first attempt” data deliverable for the survey of one UPRR bridge
trestle to work towards determining the best format to utilize all of this data in HEC-RAS.
Update: this was delivered by Jeff via email on August 6.

7. Jeff to forward his UPRR contact’s information to WEST so WEST can verify there are no
plans to update the bridge. WEST to check our records for the bridge as-builts.

8. Jeff to send the contact information of the engineer at ARCADIS who worked on the AVSE
drainage plans to WEST. WEST to contact ARCADIS for more information.

9. Chuck to request drainage plans for the Mesquite solar site from Nathan Thompson, the
engineer at Burns & McDonald who worked on the Mesquite project. Update: WEST
requested and received this data from Nathan on August 2 from Nathan.

10. Jeff to check with Floodplain Management Services for studies that have been submitted
by either ARCADIS or Burns & McDonald for the AVSE or Mesquite projects for District
review.

11. WEST to contact the irrigation districts (primarily the Harquahala Irrigation District,
possibly Arlington Canal Owners) for information regarding their activities in the
floodplain. Also, WEST to check if any districts maintain digital data outlining ag
coverages in the study area. Jeff to send WEST the information for his contacts at
Harquahala Irrigation District and Arlington Canal Owners.

12. Jeff to provide WEST with Jerry Witt’s contact information (W Holdings). WEST to
contact Jerry for information he might have regarding upcoming projects in the area.
Also, WEST will check if they maintain digital data outlining ag coverages in the area.

13. WEST to contact MCDOT for any possible planned alignments that may cross Centennial.

14. WEST to schedule the first Manning’s n field reconnaissance site visit for August 21 and
invite Jeff to this site visit. Update: this has now been moved to August 23.

15. WEST to perform a FEMA request for the study reach to see if FEMA provides any
additional information that WEST has not received from the District.

16. WEST to update the MS Project Schedule and provide the updated schedule to Jeff.
Update: WEST provided this via email on Aug 7.

17. WEST to provide projected billings to Jeff. Update: WEST provided this via email Aug 7.

18. Jeff to check with Kathryn Gross regarding which MT-2 forms will likely be required.
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19. WEST to provide Melissa with a short description of the work being performed for the
. APS transmission line scour assessment for the planned line crossing Centennial Wash.
Update: Brian provided this via email on August 3.
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WEST
) N MEETING MINUTES

Consultants Inc.

Date & Time: Monday, 17 September 2012 at 11:30 a.m. (MST)

Location: Phone Call, WEST Consultants (WEST), Harquahala Valley Irrigation District
(HVID)

Subject: Phone call with the Rick Warren (HVID) and Chuck Davis (WEST)
Centennial Wash Floodplain Delineation Study: Gila River to La Paz County

Notes from the discussion regarding any concerns HVID might have regarding the
upcoming Centennial Wash Floodplain Delineation Study:

e Construction began on most of the features of the HVID in 1985, and construction of the
system was completed in 1986. The Bureau of Reclamation built HVID.

e Franzoy Corey Engineering (since bought out by Stantec) was the engineering firm responsible
for the design of the HVID system.

¢ Flooding issues are most problematic in the south end of the valley, specifically in the southwest
corner of the valley. The northern portion of the valley (i.e., the area of the currently mapped
overbank flowpath as described by FEMA) has not had flooding issues in some time.

e Rick was familiar with the flood control channel that Chuck described running north-south
parallel to the Harquahala Valley Road alignment approximately 1/2 mile to the west of
Harquahala Valley Road. This channel feature (referred to as the Harquahala Channel
henceforth) runs from the Bethany Home Road alighment at the northern end to approximately
0.6 miles south of the Buckeye Road alignment (0.4 miles north of the Lower Buckeye Road
alignment) at the southern end. This feature was designed originally strictly as a flood control
feature. Rick said that the record drawings are on file with HVID, and that WEST can copy
those on a large flatbed scanner, or Rick can make copies of these sheets to ledger-size paper if
that would work for WEST. Chuck will check with the project manager for the Flood Control
District of Maricopa County, Jeff Shelton, to see if he has a preference regarding these scans. A
schematic of this channel in relation to other HVID features is shown below for reference.

Harquahala Channel west of Harquahala Valley Road, looking to the north (flows in the
channel are from the north to the south)

il Harquahala Irrigation
Vi ) :
i i Channel for drainage Canal

flood control channel
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e As can be seen from the schematic shown above, the bottom of the Harquahala Channel is

lower than the adjacent ground and other HVID features. Additionally, the embankment

. immediately east of the channel is the highest point along the schematic cross section of these
features. Chuck asked Rick if any infrastructure was associated with the Harquahala Channel or
the downstream embankment. Rick said that there was not (i.e., no pipelines or other
infrastructure are housed in the embankment). In fact, Rick said that the only infrastructure
features associated with the Harquahala Channel are the culverts under Van Buren Road at the
channel’s crossing of that roadway alignment. Rick said those three culvert barrels are each 6
feet in diameter.

e In regards to the schematic shown above and the discussion in the previous point, what would
be the associated “downstream natural ground elevation” adjacent to the Harquahala Channel?
With FEMA’s current guidelines, the water surface elevation in the Harquahala Channel would
have to be compared to the elevation of the natural ground adjacent to the embankment
downstream to determine if a with/without embankment analysis would be required for the
FEMA mapping of the overbank flow split. Would the bottom of the irrigation drainage
channel be the “downstream natural ground elevation” adjacent to the Harquahala Channel, or
would this be the elevation downstream of the canal further to the east?

e HVID maintains 32,537 acres for possible irrigation. Rick’s best guess at the actively farmed
fields at any given time is about 27,000 acres (83% of the total available acreage).

e HVID does not maintain any spatial data regarding the currently farmed crops in the area.

e October 2 would work for Rick as a possible date to have a site visit to look at the flow split
area. Chuck will send a meeting invite to several parties (Rick, WEST personnel, Flood Control
. District of Maricopa County personnel) regarding this site visit for additional coordination.
Rick’s email address is rwarren@hughes.net.
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WEST
T MEETING MINUTES

Consultants Inc,

Date & Time: Monday, 17 September 2012 at 4:30 p.m. (MST)
Location: Phone Call, WEST Consultants (WEST), Witt Holdings (WH)

Subject: Phone call with the Jerry Witt (WH) and Chuck Davis (WEST)
Centennial Wash Floodplain Delineation Study: Gila River to La Paz County

Notes from the discussion regarding any concerns WH might have regarding the upcoming
Centennial Wash Floodplain Delineation Study:

e WH is concerned about flooding occurring near the intersection of Baseline Road and
Harquahala Valley Road. The Saddle Mountain Substation is just west of this intersection on the
south side of Baseline Road (see figure below), and APS owns and operates this facility. Jerry
indicated that the culvert built under the access road to this site is undersized. When even small
runoff events occur in the tributaries entering Centennial from the south, flows in this channel
will overwhelm the culvert and flow to the south and over Baseline Road to the north. Jerry
stated that this occurs at flows much lower than the 100-year flow amount, and Chuck verified
that this area is completely outside of the floodplain for the main branch of Centennial Wash, as
well as outside any of the tributaries mapped by FEMA or FCDMC.
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Jerry also said that there are some tailwater ponds about 2 miles east of the Saddle Mountain
Substation just south of Baseline Road that also have some flooding issues during very high-
frequency, low-return interval storm events. Chuck verified that these ponds are also outside of
the main Centennial Wash floodplain, as well as outside any of the tributaries mapped by FEMA
or FCDMC.

Similarly to Rick Warren (Harquahala Valley Irrigation District), Jerry said that the primary
flooding issues are associated with the southwest portion of the valley. Also similarly to Rick,
Jerry feels that the flooding impacts estimated in the northern part of the valley (as reflected by
the FEMA floodplain mapping) is excessive. Jerry does not remember ever seeing water in the
flood control channel running north-south parallel to the Harquahala Valley Road alignment
approximately 1/2 mile to the west of Harquahala Valley Road. This channel feature (referred
to as the Harquahala Channel) runs from the Bethany Home Road alignment at the northern
end to approximately 0.6 miles south of the Buckeye Road alignment (0.4 miles north of the
Lower Buckeye Road alignment) at the southern end.

Steve Melton is a farmer whose family has been farming in the Harquahala Valley for many
years. The Meltons are now tenant farmets for WH. Jerry said to obtain more detailed
anecdotal information regarding flooding in the valley, WEST should talk to the Meltons.
However, they will primarily be most knowledgeable about high-frequency, low-return interval
type hydrologic events, because these are the floods that they are most familiar with and cause
the most regular damage to crops. They will not be as concerned with flood sizes that they have
not seen in the valley such as the 100-year storm.
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Date: September 24, 2012

A meeting was held on Thursday, September 20, 2012 at 9:00 AM MST with the following
attendees:

Flood Control District of Maricopa County (District)

1. Jeff Shelton 2. John Stock
3. John Ashley

WEST Consultants (WEST)
1. Brian Wahlin 2. Chuck Davis

This meeting was a monthly coordination meeting for the Floodplain Delineation Study (FDS)
for Centennial Wash in support of FEMA flood map revisions along the length of the
watercourse from the La Paz County border to the confluence of Centennial with the Gila River.

The meeting followed the agenda prepared by WEST prior to the meeting, including the
discussion items described below.

Discussion of train trestle surveys

John Stock and John Ashley (both in the District’s survey group) were present to discuss the
survey deliverables for the laser scan 3D point cloud surveys completed for all four railroad
trestle crossings that were constructed by the railroad to pass Centennial Wash flows. Several
items relating to these surveys were discussed during this portion of the meeting.

First, WEST reported that they were able to process the original 5-million point data deliverable
for Trestle 2. Images from the visualization software WEST used (ESRI’s ArcGIS Desktop
software suite, including the individual software packages ArcScene and ArcGlobe) are shown
below. Although WEST is able to process this data, the size of the dataset is pushing the visual
processing capabilities of WEST’s machine to view this dataset and collect measurements for
entry into HEC-RAS in a time- and cost-effective manner.

WEST had a number of questions about the original survey deliverables. First and foremost,
WEST wanted to know if survey codes were available with the final 3D data clouds from the
laser-scan survey, and John Ashley said they were not available. John Ashley and John Stock
both said that they did not know exactly what the numbers to the right of the Easting, Northing,
and Elevation columns in the text files of the data deliverable provided, but the last three
columns appeared to be azimuth angles from the gun. An example line of text from this data
deliverable is shown below for further clarification.

406865.528888 842644.981575 858.914383 -1431 \43 57 44 ]
A A A ¥
277

Easting Northing Elevation ??? Possibly azimuth
angle from the gun?
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Figure 2. View of Trestle #2 from ArcGIS software

Figure 3. Detailed View of Trestle #2 from ArcGIS software
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The deliverable that was provided to WEST previously that included survey codes (file titled
“TRESSEL 2_7-23-12.txt”) was a 57-point simplification of the bridge survey with all data taken
from the 5-milion point 3D data cloud developed from the laser-scan survey. John Stock
referred to this deliverable as a “virtual RTK survey” where RTK stands for real time kinematic.
John referred to this as a virtual RTK because the 57 points were collected based on John
Ashley’s extraction of these 57 points from the 3D data cloud in the office instead of going into
the field to collect the RTK points manually using GPS-based survey equipment which would be
a physical RTK survey. It was decided that the District will create these virtual RTK survey
deliverables for all four trestles surveyed using the laser scanner and deliver them to WEST. In
fact, John Ashley thought he might have already completed this task for all four bridge trestles.

The District uses a software package developed by Leica Geosystems to process the data from
the 3D laser scanner survey equipment. Leica has a freeware version of the software that can
process the 3D data clouds, and this package is called TruView. John Ashley recommended that
WEST download this freeware to utilize along with the virtual RTK deliverables to develop the
necessary input data for the HEC-RAS bridge geometry editor. From John’s understanding,
however, this freeware package will not report actual elevations for a particular point in the
dataset; this software will only allow for distance measurements of the dataset (width, height,
etc.). In addition to horizontal measurements, this software will allow the point data to be
displayed along with the photos captured by the instrument as opposed to only seeing the 3D
point cloud without any referenced imagery. John Ashley said that this may solve WEST’s data
processing issues. By combining the functionality of the TruView freeware for distance
measurements with the virtual RTK datasets to reference a few crucial elevations, WEST may be
able to arrive at all of the data needed to enter into the HEC-RAS bridge geometry data editor
without having to utilize the bulky, inefficient data visualization software that WEST is currently
using to obtain these measurements.

As another option, Jeff Shelton recommended possibly having the District’s survey team thin
the 3D data cloud to improve WEST’s visualization and measurement capabilities with their
current visualization software (i.e., ArcGlobe and ArcScene). This could be done by randomly
removing every other point (reducing the dataset to about 2.5 million points), or 4 of every 5
data points (reducing the dataset to about 1 million points), or whatever resolution would allow
WEST’s software to handle the datasets successfully. WEST indicated that we are only having
slight difficulties handling 5 million points; therefore, WEST feels that a dataset of about 2.5
million points would be well within the processing capabilities of our current hardware to allow
the visualization software WEST is currently using to be much more dynamic and efficient in
viewing and measuring the dimensions of these bridge trestle 3D data clouds. John Stock took
this conversation one step further by recommending removing data until you begin to lose
resolution in the image of the structure itself. This would be an iterative process used to thin
the dataset until the survey team at the District felt that certain features were no longer being
represented accurately (e.g., top of rail, corner of a trestle cap immediately under the bridge
deck, etc.). Another possible thinning methodology that John Ashley mentioned was
developing a TIN surface for the ground points (i.e., not including the bridge structure) based
on the data representing the ground surface in the 3D point cloud, then extruding the final
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points used to develop the TIN surface and delivering those points as the final dataset. Even

. with a dense TIN, the number of points that are retained when developing the TIN and
subsequently extruded from the final TIN surface would be far less than the number of raw
points captured by the 3D laser scanner. John Stock’s primary concern with this methodology
was the fact that no breaklines would be used to develop the TIN; therefore, the creation of TIN
triangles across a break in slope may create an erroneous surface from which erroneous point
elevations would then be extruded. Jeff will continue to work with the District’s survey team
towards the best “thinned” survey product to possibly deliver to WEST.

John Stock also indicated that WEST was always more than welcome to go the District’s offices
to speak with himself or John Ashley about this data product. Additionally, the District’s
computers could be used by WEST to view/extract data if needed for the final HEC-RAS
modeling efforts. John Stock asked that WEST coordinate any meeting to this end directly with
him, always copying Jeff on those emails.

Finally, WEST asked if each of the four trestle’s 3D data clouds from the laser scanner were
approximately the same size (i.e., 5 million points). John Ashley said they would each be
approximately the same size.

In conclusion, the recommended method to view these data would be to use the 50- to 100-
point virtual RTK survey datasets provided by the District in association with the TruView
freeware to create the final bridge geometry files for HEC-RAS. If this is not enough detail,

. WEST can continue to process the full 3D data clouds using the ArcGIS software suite, and the
District will work to provide somewhat “thinned” datasets for WEST to use with this process if
necessary. As a last resort, WEST can always go to the District’s office to view the datasets on
the survey team’s computers.

John Stock also offered to perform additional survey along the top of the train track if needed
to provide an exact slope of the train track. John’s plan would be to collect a few points leading
away from a trestle, and then project the slope of those points to see if that slope connected
with the bridge deck elevation of the nearest trestle. If they did (as John expected they likely
would due to the mild, consistent slopes in the area), then the survey would be completed and
the projected slope could be assumed to persist the entire length of the railroad embankment
between the two corresponding trestles. If the projected slope did not connect with the bridge
deck elevation of the nearest trestle, then John’s team could go back to the field to collect the
breaks in elevation along the embankment slope until the embankment was fully characterized.
WEST, Jeff Shelton, and John Stock all felt that this may be more than required because the
aerial mapping of the embankments between the train trestles is likely very accurate due to the
typically good response of railroad embankments to photogrammetric analysis during topo
development. This item will be considered again in the future if the embankment seems odd in
the final surface product.
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Development of final surface to use in modeling and mapping

WEST provided Jeff and the District with a technical memorandum outlining the development
of the final surface that will be used in modeling and mapping for this project based on the
topographic datasets provided previously by the District. This technical memorandum was
titled “Final Topographic Surface Technical Memorandum” and was dated September 20, 2012.
Jeff will pass this technical memorandum along to John Stock and Joe Wagner for their review
and input. After resolving initial issues with the topographic data, WEST feels confident with
the final product that was developed and will be used for the remainder of this project.

Data Collection

Status of discussions with stakeholders — At this point, WEST has been able to contact the
Harquahala Valley Irrigation District and Jerry Witt regarding their issues and concerns with the
project as well as any available data they may have regarding flooding issues in the area. WEST
provided detailed call logs describing these conversations to Jeff.

A site visit has been set up with Rick Warren of the Harquahala Valley Irrigation District for
October 2. WEST will continue to coordinate with Rick and Jeff in regards to this site visit.

WEST has not been able to contact the Arlington Irrigation District at this time. WEST will
continue to try to get in touch with Gary Gable of the Arlington Irrigation District.

Status of field reconnaissance_summaries — WEST provided Jeff with a site visit trip report,
primarily made up of the field photograph documentation log. Jeff will review this report and
provide comments to WEST if desired.

Manning’s roughness assessment

WEST provided Jeff and the District with a Manning’s roughness assignment report. WEST also
showed Jeff the shapefile that supported the spatial definition of Manning’s roughness areas on
the laptop that WEST brought to the meeting. This shapefile only listed the names of the land
use types; the shapefile did not include the corresponding Manning’s roughness coefficient
assigned to each land use type. Jeff requested that WEST resend the shapefile once the
Manning’s roughness coefficients had been assigned to each polygon in the shapefile.
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Project schedule

Based on the schedule proposed by WEST previously to the District, we currently appear to be
on track to progress slightly ahead of schedule moving forward. This may change depending on
the use of FLO-2D for the analysis of the flow split area. WEST will work towards a preliminary
flow split analysis using lateral structures in HEC-RAS and preliminary cross section alignments
for the next monthly meeting on October 18.

Action items deriving from this meeting:

1.

10.

11,

WEST to investigate the TruView software we can download in our office to view the
data deliverable files. Update: WEST has downloaded this software. It has been
installed successfully on a local machine in our office. WEST is ready for the District to
deliver a trestle survey dataset we can view in TruView.

District survey team to develop the 50- to 100-point “virtual RTK” survey datasets for the
other three bridge trestles (if the District has not already completed this task as John
Ashley thought he might have done this previously) and provide these data to WEST.
District survey team and Jeff to explore possible “thinned” data deliverables for the 3D
point clouds to provide to WEST to improve efficiency of WEST’s visualization software.
Jeff to pass along the “Final Topographic Surface Technical Memorandum” to John Stock
and Joe Wagner for their review and input.

WEST to continue to coordinate with Rick and Jeff in regards to the Harquahala Valley
Irrigation District site visit on October 2. Update: This site visit has been planned. WEST
will pick Jeff up at the District offices at 7:30 AM on Tuesday, October 2.

WEST to continue to try to contact Gary Gable of the Arlington Irrigation District.

Jeff to review the site visit trip report and provide comments to WEST if desired.

WEST to resend the Manning’s roughness assignment shapefile once the Manning’s
roughness coefficients have been assigned to each polygon in the shapefile. Update:
WEST provided this shapefile to Jeff via the District’s EFTP service on September 21.
Jeff to review the Manning’s roughness assignment report and provide comments to
WEST if desired.

WEST to provide electronic versions of the phone call logs, site visit trip report, and the
Manning’s roughness assignment report to Jeff. Update: WEST provided these files in
MS Word format to Jeff via the District’s EFTP service on September 21.

WEST to work towards a preliminary flow split analysis using lateral structures in HEC-
RAS and preliminary cross section alignments for the next monthly meeting on October
18.
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Action items continuing from the kick-off meeting:

1. Jeff and Gant Wegner to work towards finalization of the legal advertisement, right-of-
entry letter, and mailing list by August 31. Jeff may forward some of these materials to
WEST for comment and review before finalization. Update: This was completed and Jeff
provided the final right-of-entry letter and mailing list used to send the letters via
email on September 20.

2. Jeff to provide the letter reports for each of the topo sources provided by the District to
WEST via the District’s ETF service (similar to an FTP site). Update: Jeff provided these
letter reports for each topo source provided by the District via the District’s ETF service
on August 7.

3. Jeff to provide the final DTM for the small area of topography collected by the District
near the confluence of Centennial Wash and the Gila River. Update: Joe Wagner
provided this DTM to WEST via WEST’s ftp site on August 9.

4. Jeff to forward his UPRR contact’s information to WEST so WEST can verify there are no
plans to update the bridge. WEST to check our records for the bridge as-builts. Update:
WEST checked their records, and WEST does not have these as-builts. Jeff contacted
the UPRR directly for this task, and he has not gotten any response at this time.

5. Jeff to send the contact information of the engineer at ARCADIS who worked on the AVSE
drainage plans to WEST. WEST to contact ARCADIS for more information. Update: WEST
received this data from Corey Zorn at ARCADIS via WEST’s ftp site on September 4.

6. Jeff to check with Floodplain Management Services for studies that have been submitted
by either ARCADIS or Burns & McDonald for the AVSE or Mesquite projects for District
review. Update: Jeff forwarded the Mesquite Solar LOMR from Kenneth de Roulhac at
the District on September 18.

7. WEST to contact MCDOT for any possible planned alignments that may cross Centennial.
Update: WEST still to contact MCDOT.

8. WEST to perform a FEMA request for the study reach to see if FEMA provides any
additional information that WEST has not received from the District. Update: WEST
received a response from FEMA via email on September 19 stating that there was only
HEC-2 data available for the main stem of Centennial Wash in microfiche format. No
other data (digital or otherwise) was available for Centennial Wash or any of the
tributaries to Centennial Wash. Therefore, WEST did not proceed with receiving any
data from FEMA.

9. Jeff to check with Kathryn Gross regarding which MT-2 forms will likely be required.

Update: Jeff sent an email to WEST on August 7 stating that Kathryn informed him to
“Prepare to fill out all the MT-2 forms so we can send the study to the LOMC
Clearinghouse.”
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. Date: October 4, 2012

A site visit was held on Tuesday, October 2, 2012 with the following attendees:

Flood Control District of Maricopa County (District)
1. Jeff Shelton

WEST Consultants (WEST)
1. Bert Clemmens 2. Chuck Davis

Harquahala Valley Irrigation District (HVID)
1. Rick Warren

Arlington Canal Company (ACC)
1. Gary Gable 2. Carter Gable
3. Bill Rousell

This meeting was a site visit for the Floodplain Delineation Study (FDS) for Centennial Wash in
support of FEMA flood map revisions along the length of the watercourse from the La Paz
County border to the confluence of Centennial with the Gila River.

The meetings with the local irrigation providers during these two site visits included the
discussion items described below.

Meeting with HVID

Bert asked if HVID owned all of their facilities. Rick said that the USBOR transferred ownership
to HVID in 1998 for all of the facilities not on BLM lands. Any HVID facilities that fall on the BLM
lands are still owned by BLM.

Jeff asked about maintenance practices for the facilities. Rick stated that all maintenance was
done on an as-needed basis, including cleaning out or rebuilding the irrigation ditches when
necessary. No records are kept of this maintenance

In regards to the flood control feature that runs parallel to Harquahala Valley Road one-half
mile west of the roadway alignment, water that is flowing down the flood control ditch can
back up at the culverts under Van Buren, cross over the road, and run down Van Buren to the
west at this location. These culverts were originally put in by MCDOT for a school on the west
side of the flood control ditch ditch. However, the school is no longer there, and MCDOT could
take out the culverts at the Van Buren crossing to alleviate flooding issues associated with this
hydraulic structure in Rick’s opinion.

. Jeff mentioned that Art Martori had contacted the District in regards to some flooding on his
property recently. Rick said that he knows the Martori farms, and their primary holdings are in
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the southwest portion of Harquahala Valley. That is the area that would have been flooded
recently according to Rick.

Rick’s primary flooding concern is not related to Centennial Wash. Bill O’Brien was a
Harquahala Valley rancher who built a dike in the 1970s (see Figure 1). It worked until 1988,
then it failed and now there is a developed neighborhood downstream of the dike that is
flooded on occasion. This neighborhood is near the southern end of the Westside canal. Greg
Jones of FCDMC came out to look at the O’Brien dike with Rick on October 1, 2012.

HVID Westside
Canal

Bill O’Brien dike (in red)
and channel (in yellow)

Figure 1. Bill O’Brien dike and channel

Bert asked if there were any delivery issues with the canal itself. Rick said that there were a
few problems originally associated with cascade blocks that were included in the canal. Rick
has removed all cascade blocks from the HVID canal system.
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Jeff asked about the large stock tank near the flow split just west of the HVID Westside canal.
. Rick referred to this stock tank as Allison Tank; he said it is not used anymore. The Allison Tank
was originally designed to catch tailwater off the BJ Ranch.

Rick referred to a farm or an area near the BJ Ranch that he called ‘75E’ about 11 miles west of
Harquahala Valley Rd. (the Arlington Canal Company folks referred to 75E as well). Rick
referred to either a person or a place named Riddler that had a recharge facility that took CAP
water and put it into the ground with 30-inch-diameter wells that go into 150 feet into the
ground.

Rick said that the Centennial Levee (which runs from Centennial Wash to I-10 north of Westside
Canal) has helped the HVID facilities managements considerably.

Rick has seen large flows in Centennial Wash enter the flood control channel as high as the
Indian School Road alignment. In regards to construction of the HVID system, Rick said that
CAP water was first delivered into the HVID system in May of 1985, and the flood control
channel was completed in November of 1986.

Meeting with ACC

. The Gables (Gary and his father, Carter) farm about 2600 acres above Gillespie dam and about
1000 acres below the dam. As far as Gary knows, Arlington Canal Co. irrigates about 3800
cultivated acres.

Centennial Wash is a problem for Arlington. Centennial flows can wash out the Arlington Canal.
He also said that the flooding is at its worst when Centennial and the two smaller tributaries
just downstream of Centennial all flow at the same time (see Figure 2). All three of these can
do damage to the Arlington Canal.
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The Arlington Canal siphons below Luke Wash. Gary said it is not economically feasible to
siphon the canal below Centennial Wash.

US Hwy 80 is a dam for Centennial Wash backing water up onto Gary’s farm.

Low flow will move down the Arlington Canal in its entirety. Arlington Canal Company is
considering increasing the capacity of the canal to increase the stormwater flows that can be
transferred in the canal. When asked what the capacity of the canal is, Mr. Gable said he did
not know. No as-built plans are available for the canal.

When asked about the flow direction of Centennial Wash in the area, Gary said that that
depended on the time period you were discussing. If discussing the historic flow path, the
water would flow as shown in Figure 3 below. Since the construction of the AZ Game and Fish
ponds (see Figure 4), water has been obstructed from following the historic flow path. Gary
would like to be able to channelize the system somewhat to allow the water to follow the
recommended flow path shown in Figure 5. Unfortunately, at this time, flood waters from
Centennial Wash break out across several farms in the Arlington Canal Company lands and do
not flow back into the Gila River until much further to the south, as shown in Figure 6. Gary
acknowledged that he was only discussing the lower flows in Centennial (not near the 100-year
flow as defined by FEMA).
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According to Gary and Carter, they had not seen high flows like the 1950’s and 1960’s in
Centennial Wash since the construction of some of the dams and other drainage features in the
1980’s (for example, Saddleback FRS and Harquahala FRS).

The main canal was cleaned well 5 years ago and it needs to be cleaned again.

Carter mentioned that subsidence has occurred west of Harquahala Valley.

Gary mentioned that a house fire burned a home just west of Old US Hwy 80 near the
intersection of Desert Rose Road. When the person wanted to rebuild in the same location,
they found out they were in a floodplain (see Figure 7). Mr. Gable said he had never seen flows
from Centennial or the Gila reach those houses.

e T | 3
Figure 7. Houses in the floodplain just west of Old US Hwy 80 near the intersection of Desert
Rose Road

Carter and Gary both said that significant vegetation along the north side of the Arlington Canal
shows how much flows from Centennial and the other Gila River tributaries backs up against
the canal. However, they both said that this vegetation helps to protect the Arlington Canal by
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“metering” the flow into the canal and not allowing the storm water to rip out the

embankment entirely.
Gary mentioned that a recent hydrologic event on Sept. 11, 2012, caused damage to the canal.

The Arlington Canal was built in 1885.

Resource Land Holdings is a large hedge fund that has bought much of the land in the Arlington
Valley near the Gila River.

According to Gary, the low flow channel of the Gila River near Palo Verde Road used to pass
150,000 cfs easily. Now 50,000 cfs in the Gila will flood the farms north of the canal at the Palo
Verde Road alignment. According to Gary, 80,000 cfs would “wipe Arlington off the map.”
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Date: October 24, 2012

A meeting was held on Thursday, October 18, 2012 at 9:00 AM MST with the following
attendees:

Flood Control District of Maricopa County (District)
1. Jeff Shelton

WEST Consultants (WEST)
1. Brian Wahlin 2. Chuck Davis

3. Bert Clemmens

This meeting was a monthly coordination meeting for the Floodplain Delineation Study (FDS)

for Centennial Wash in support of FEMA flood map revisions along the length of the
watercourse from the La Paz County border to the confluence of Centennial with the Gila River.

The meeting followed the agenda prepared by WEST prior to the meeting, including the
discussion items described below.

Discussion of cross section alignments for HEC-RAS

WEST showed Jeff the preliminary draft cross section alignments for the HEC-RAS model of
Centennial Wash. This preliminary draft deliverable was developed by first re-populating the
original FEMA lettered cross sections and then adding additional cross sections with cross
section spacing on the order of 400 feet or less. As Jeff put it, this seemed crowded when
viewing the cross section alignments overlaying the aerial photography. WEST will submit the
preliminary draft cross section alignments to Jeff; Jeff will review the layout of the cross
sections in a general manner with comments by Friday, October 26. Both WEST and Jeff will
continue to consider possibly thinning the cross sections for the final model with cross section
spacing on the order of 600 to 800 feet. WEST felt confident that this spacing will still support
valid hydraulic modeling results for steady-state computations due to the highly subcritical
nature of the flow from early model results. WEST will also investigate cross section spacing
needed for unsteady flow modeling (an option that was discussed later in this meeting).

Discussion of preliminary RAS Mapper results

Based on early results of preliminary draft modeling efforts for this study, WEST feels that the
size of the input files (TINs and DEMs on the order of several gigabytes in size) and the size of
the output files will render RAS Mapper more problematic than useful for this study. Therefore,
WEST recommended abandoning further pursuit of the use of RAS Mapper as a review tool for
this study. Jeff agreed with this conclusion.
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Discussion of preliminary calibration results

Based on the measurements collected in the field on August 23, 2012, WEST attempted an early
model calibration. However, WEST quickly realized that the hydrograph at the railroad bridge
from the District gage could not be utilized directly to extract a flow rate for the time we were
in the field collecting samples. Without a more thorough understanding of the attenuation
effects of the hydrograph as the storm wave flowed downstream from the location of
measurements to the railroad bridge, and without a better understanding of possible tributary
flows contributing to Centennial Wash between the location of measurements and the District
gage at the railroad bridge, WEST could not arrive at a known flow rate to match with the
measured water surface elevation readings to be able to calibrate the Manning’s values. Jeff
would like to return to this exercise further along in the modeling process possibly, but he
understood that this reading may not allow for a full calibration of our modeling results due to
the limited understanding of unsteady hydrograph attenuation and tributary inflows.

In lieu of a calibration, WEST discussed at a minimum comparing the Manning’s values from this
study with Manning’s values assigned to the effective model to determine the agreement
between these two modeling studies. Jeff had previously suggested this in his comments on
the Manning’s roughness report as well. A preliminary comparison of Manning’s roughness
values in the right overbank reach of the model that WEST developed compared to the right
overbank effective model showed general agreement, with WEST’s reach-averaged Manning’s n
value (0.054) being slightly higher than the reach-averaged Manning’s n from the effective
model for this reach (0.04). WEST will further refine this comparison for the right overbank
reach (which represents primarily agricultural land in the Harquahala Valley) and will conduct a
similar comparison for an undeveloped portion of the Centennial Wash reach with WEST’s
proposed roughness values and the effective model values (likely the reach in the remote
region downstream of Harquahala Valley Irrigation District (HVID) but upstream of the railroad
bridge).

Discussion of required updates to the surface used to cut cross sections and
perform mapping tasks

During the initial split flow analysis (discussed below), WEST determined that the extent of
some of the effective cross sections did not fully contain the water surface elevation at all
locations. In some locations, the extension of the cross sections necessary to contain the flow
may go beyond the current extents of the TIN WEST developed originally based on the
boundaries of the proposed work map panels. Therefore, WEST will need to extend the
boundaries of this TIN in order to accomplish this task. WEST is already in the process of
working on this. WEST will inform Jeff as to the status of this process moving forward.
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Discussion of the data collection log

WEST developed an Excel spreadsheet detailing the data collected so far in the project from the
District and other agencies. This spreadsheet will be sent to Jeff electronically following this
meeting.

Jeff inquired if WEST had contacted MCDOT about possible planned alignments through the
study area that might be constructed before the completion of this FDS study. WEST has not
made this contact at this time. Jeff suggested that in 6-9 months, WEST should contact the
engineers working on both the Mesquite Solar Facility (Burns & McDonald is the consulting firm
working on this site) and the Arlington Valley Solar Facilities Sites 1 and 2 (ARCADIS is the
consulting firm working on these sites) to include the most final data available in the modeling
for the Centennial FDS. At that time, Jeff would like WEST to ask MCDOT if they have any
projects planned in the study area with imminent construction plans.

Discussion of Jeff’'s comments on the Manning’s roughness assessment

As mentioned previously, WEST will continue to refine the comparison of Manning’s roughness
values between the proposed Manning’s coverages with the cross section alignments for the
right overbank reach (which represents primarily agricultural land in the Harquahala Valley) as
compared to the effective Manning’s values for this reach and will conduct a similar comparison
for an undeveloped portion of the Centennial Wash reach with WEST’s proposed roughness
values and the effective model values (likely the reach in the remote region downstream of
Harquahala Valley Irrigation District but upstream of the railroad bridge). This task will be
progressing immediately by WEST.

In regards to the comments provided previously to WEST by Jeff, WEST had only one major
question regarding the agricultural fields that Jeff had defined as possibly being active in his
review. In his comments, Jeff indicated that from the 2011 aerial photographs to the 2012
aerial photographs (both years’ photographs were captured in September of the given year),
some of the fields defined as “fallow” appeared to be active in the next calendar year. After
discussion of this observation, the project team decided that all of these fields should be
defined as “active” instead of “fallow,” the logic being that an active field that becomes fallow
from one year to the next or a fallow field that becomes active from one year to the next
should be considered active on an annual average basis for Manning’s values. Once again, this
would provide a slightly more conservative estimate of water surface elevations as well.

Another point of discussion during this meeting was which seasonal vegetation density should
be used to assign roughness values for the model. After consulting with Bert Clemmens
regarding growth cycles of plants compared to the dates of the aerial photographs provided by
the District (September of 2011 and 2012 for the two sets of aerial photos available from the
District at this time), Bert suggested that the growth stage (and therefore the corresponding
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roughness values) of the plants primarily grown in the HVID irrigated acreage would not vary
significantly. Also, an analysis of the peak flows at the UPRR bridge gage maintained by the
District and USGS revealed that the peak flow ever recorded at this gage was a September
storm (associated with summer monsoonal hydrologic events), and two of the top four peak
events ever recorded at this gage occurred in September. The other two peak flows of the top
four recorded at this gage over the entirety of the gage record were winter storms that likely
reflect significantly different hydrologic events leading to these peak flows (i.e., lower-intensity,
longer-duration winter rain storms that tend to precipitate significantly larger volumes of water
over longer periods of time compared to the flashier summer monsoonal hydrologic events).
Based on this discussion, the project team in attendance decided to utilize the “worst-case”
scenario of roughness values for the peak vegetation density during the summer months as the
final Manning’s assignments for the modeling effort. Additionally, this provides a more
conservative estimate of water surface elevations for the floodplain delineation study than the
estimate of Manning’s roughness associated with a less-dense winter crop rotation.

Discussion of bridge survey

Jeff met with the District survey team again (John Stock and John Ashley) and found out that
viewing the data through the Leica software previously obtained by WEST requires additional
licensing for the District which is cost-prohibitive. Therefore, Jeff and the District survey team
will supply WEST with the previously discussed 50-100 point survey (termed a virtual RTK
survey in the meeting minutes from the September monthly meeting) and a thinned
(~1,000,000-point) trestle survey dataset for each of the 4 trestle surveys for WEST to process
internally. WEST will be able to handle these datasets easily. Again, WEST would be able to go
to the District’s offices to view the full datasets on the survey teams’ computers if needed to
obtain greater detail in the bridge measurements.

Discussion of flow split analysis

WEST completed an initial flow split analysis for the primary flow split area for Centennial Wash
(just east of the HVID’s West Canal). Our findings were summarized in the technical memo
provided to Jeff during the meeting. In summary, the flow split appears to be taking a
significant amount of flow from the main branch of Centennial Wash and dumping it into the
historic alignment of Tiger Wash (which the updated topo actually shows to be lower in
elevation than the riverbed of Centennial Wash). Based on this analysis, WEST needs to
continue to refine the flow split analysis in steady-state mode. Jeff, Brian, and Chuck discussed
possibly utilizing the unsteady flow component of HEC-RAS to arrive at a better estimate of this
flow split. WEST will outline a plan moving forward for developing an unsteady flow model
using the hydrographs presented in the Cella Barr study and scaled to peak flows developed by
RBF in their analysis for the CLOMR.
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Project schedule and billings

Jeff and Brian were not sure if this was a lump-sum contract or a time and materials contract;
Jeff will look into which type of contract was utilized in the end.

Jeff inquired if WEST is behind schedule because we are not meeting our projected billings or if
WEST is just working efficiently at this point compared to the project billings. Brian and Chuck
both felt that the schedule was not an issue, but WEST is just working efficiently at this point.
Jeff inquired if WEST would be able to make up some ground on the billings in October and
November, and WEST felt confident that they would be able to do that.

Action items deriving from this meeting:

1. WEST to submit the preliminary draft cross section alignments to Jeff. WEST to consider
possibly thinning the cross sections for the final model with cross section spacing on the
order of 600°-800’, with special thought given to cross section spacing for unsteady flow
modeling analysis. Update: WEST provided the preliminary draft cross section
alignments to Jeff via email on October 19. WEST will continue to consider cross
section spacing for steady and unsteady flow modeling analysis.

2. Jeff to review generally the layout of the cross sections with comments by Friday,
October 26. Jeff to consider possibly thinning the cross sections for the final model with
cross section spacing on the order of 600 to 800 feet.

3. WEST to abandon the calibration based on the measurement obtained in the field for
now. Jeff would like to return to this exercise further along in the modeling process
possibly, considering that the collected measurements may not allow for a full
calibration of our modeling results due to the limited understanding of unsteady
hydrograph attenuation and tributary inflows.

4. WEST to further refine the comparison of Manning’s roughness values between the
proposed Manning’s coverages with the cross section alignments for the right overbank
reach (which represents primarily agricultural land in the Harquahala Valley) as
compared to the effective Manning’s values for this reach, and will conduct a similar
comparison for an undeveloped portion of the Centennial Wash reach with WEST’s
proposed roughness values and the effective model values (likely the reach in the remote
region downstream of HVID acreage but upstream of the railroad bridge).

5. WEST to extend the boundaries of the developed TIN to contain flow extents in all cross
sections and inform Jeff as to the status of this process moving forward.

6. WEST to send the data collection log spreadsheet to Jeff electronically.

7. IN 6 to 9 months, WEST to contact the engineers working on both the Mesquite Solar
Facility and the Arlington Valley Solar Facilities Sites 1 and 2 to include the most final
data available in the modeling for the Centennial FDS. At that time, WEST will also
contact MCDOT to ask if they have any construction plans in the FDS study area.
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10.

11.

12.

13.

14.
15.

WEST to continue addressing Jeff’s comments on the Manning’s roughness report and
shapefile as per the comments included in the minutes above. Update: WEST forwarded
an updated report and shapefile to Jeff via email on 10/24/2012.

Jeff to provide the virtual RTK 50-100 point survey files and the one million point data
deliverables for each of the four railroad trestles when available from the District’s
survey team.

WEST to continue to refine the flow split analysis in steady-state mode.

WEST to outline a plan moving forward for developing an unsteady flow model using the
hydrographs presented in the Cella Barr study and scaled to peak flows developed by
RBF in their analysis for the CLOMR.

Jeff to determine if the contract was in finality a lump-sum contract or a time and
materials contract.

WEST to make up some ground on the billings compared to the project billings in
October and November.

Jeff to forward WEST the linework for the historic Tiger Wash alignment.

WEST to work with Jeff to see if Jeff can utilize WEST’s ftp site one more time before
utilizing the District’s EFTP for the remainder of the project.

Action items continuing from the last monthly meeting:

1.

3.

WEST to continue to coordinate with Rick and Jeff in regards to the Harquahala Valley
Irrigation District site visit on October 2. Update: This site visit was completed on
Tuesday, October 2.

WEST to continue to try to contact Gary Gable of the Arlington Irrigation District.
Update: This contact was made during the site visit that was completed on Tuesday,
October 2.

Jeff to review the site visit trip report and provide comments to WEST if desired. Update:
Comments were provided to WEST by Jeff. WEST is working to incorporate these
comments.

WEST to contact MCDOT for any possible planned alignments that may cross Centennial.
Update: WEST still to contact MCDOT.
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Date: November 21, 2012

A meeting was held on Friday, November 16, 2012 at 9:00 AM MST with the following

attendees:

Flood Control District of Maricopa County (District)
1. Jeff Shelton

WEST Consultants (WEST)
1. Brian Wahlin 2. Chuck Davis

This meeting was a monthly coordination meeting for the Floodplain Delineation Study (FDS)
for Centennial Wash in support of FEMA flood map revisions along the length of the
watercourse from the La Paz County border to the confluence of Centennial with the Gila River.

The meeting followed the agenda prepared by WEST prior to the meeting, including the
discussion items described below.

Discussion of updated billing projections for the project

Jeff requested that WEST update our projected billings memorandum with the following items:
(1) graphs of the originally proposed projected billings (one graph for the incremental projected
monthly billings and one graph for the cumulative projected monthly billings); (2) updated
projected billings in tabular format with the August, September, and October actual billings,
then updated projected billings moving forward showing where we will regain our current
difference in projected versus actual billings to this point; and (3) graphs of the updated
proposed project billings (one graph for the updated incremental projected monthly billings
and one graph for the updated cumulative projected monthly billings). After reviewing the past
billing trends and taking into account upcoming tasks in regards to budgeting, WEST updated
the projected billings memorandum with this information and provided it to Jeff via email on
November 14. Jeff said he had not reviewed this document yet, but he would review this
document and get back to WEST with any comments if needed. During this coordination
meeting, Jeff noticed that a link to a reference in the Word document was erroneous. WEST
will correct this and deliver an updated version to Jeff right away.

Discussion of flow split analysis

WEST built on the initial flow split analysis for the primary flow split area for Centennial Wash
(just east of the HVID’s West Canal) that was completed initially ahead of the October monthly
meeting. In summary, the more in-depth analysis agreed with the previous initial analysis in its
results: the flow split still appears to be taking a significant amount of flow from the main
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branch of Centennial Wash and dumping it into the historic alignment of Tiger Wash (which the
updated topo actually shows to be lower in elevation than the riverbed of Centennial Wash).
WEST’s continued refinement of the flow split analysis in steady-state mode included the
following analyses:

1)

2)

Improve the representation of the lateral structures in the model by ensuring that the
lateral structures correctly capture the hydraulics of water spilling from one reach into
the other. This was done by verifying the lateral weir structure lengths and weir
coefficients. Additionally, the number of lateral weir structures utilized in the model
and the level of detail included in the definition of the weir geometry were subjected to
sensitivity testing. The final results still ranged from a maximum breakout flow between
8,000 and 12,000 cfs.

Analyze the capacity of the main channel of Centennial Wash to determine what flow in
the main channel would cause breakout flow to enter the overflow channel (i.e., the
historic Tiger Wash alignment). This analysis showed that, due to the flat topography in
the study area and the lack of clearly defined high ground between the two channels,
flows well below the peak flow of 34,347 cfs (as per the RBF CLOMR study) could still
introduce significant amounts of flow into the breakout channel. From previous
discussions between WEST and the District, it had been proposed to possibly analyze
the flow split area using unsteady flow modeling to determine the volume of water that
might leave the main stem during a flood event if the main channel contained
completely the flows below some flow value near the peak (e.g., if the main channel
could contain flows up to 32,000 cfs, then only that portion of the hydrograph above
32,000 would be available to leave the main channel). It was discussed that this
unsteady flow analysis could possibly result in a peak flow in the breakout channel far
less than a similar split flow analysis using steady-state flow modeling, which does not
take into account the unsteady nature of storm events and the possible limitations in
peak flow in the breakout channel due to volume constraints of the hydrograph.
However, flows below 20,000 cfs were still shown to send significant amounts of flow
into the breakout channel. From the unsteady flow hydrograph technical memorandum
submitted to the District by WEST on November 5, the amount of time for which the
flood hydrograph exceeds 20,000 cfs is a large percentage of the total time of the storm
hydrograph. From this preliminary capacity analysis of the main branch of Centennial
Wash and discussion between WEST and the District, it was determined that the
possibility of an unsteady model significantly reducing the breakout flow was likely low,
since there would likely be ample time for the amount of water leaving the main branch
of Centennial Wash and entering the breakout channel to create an almost steady-state
condition in the breakout channel that would be limited by head differential between
the two channels and not limited by the volume of water available in the unsteady
hydrograph. In other words, this preliminary unsteady modeling task supported the use
of steady-state hydraulic modeling to analyze the flow splits. Therefore, the District and
WEST decided to forgo unsteady HEC-RAS modeling for the flow split area at this time.
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3)

Analyze the capacity of the HVID flood control drainage feature that runs north-south
parallel to Harquahala Valley Road. This analysis showed that the capacity of the
channel ranges from approximately 500 cfs near the northern end of the channel
feature to on the order of 3,000 cfs near the downstream end of this channel feature. It
was estimated that an overall average “capacity” of this feature would be between
1,000 and 2,000 cfs. This analysis agreed conceptually with the as-built plans for this
channel, which shows that the channel increases in size (bottom width and flow depth)
from upstream to downstream. The District and WEST discussed this analysis in detail at
the meeting. Three things of specific note came from this discussion. First, this analysis
still does not include the 3-barrel culvert in the north-south drainage feature at
Centennial Road. Including this hydraulic structure directly in the model could further
reduce the capacity of this drainage feature for purposes of overall channel capacity.
Second, the water surface elevation in the channel within the north-south drainage
feature compared to the natural ground downstream of the embankment along the east
bank of the north-south drainage feature was well over one foot at some locations.
Therefore, for purposes of a FEMA assessment, this feature would be considered a non-
certified embankment that cannot be relied upon for flood control purposes and must
be removed for modeling purposes. Third, it appears that breakout could occur at
multiple locations along the length of the north-south drainage feature, as flows below
the minimum flow leaving the main branch of Centennial Wash as identified in the split
flow analysis above would overwhelm the north-south drainage feature’s downstream
embankment at several locations.

With this more detailed analysis in mind, the District and WEST began discussing the best
methodology moving forward to analyze the area of the flow split for modeling and mapping
purposes. The discussion concluded that a two-dimensional assessment of flooding conditions
in this area—specifically, the use of FLO-2D—would be the best approach for quantifying
flooding issues in the vicinity of the flow split for a number of reasons:

1)

2)

Due to the facts that (1) the thalweg of the breakout channel is lower than the
Centennial Wash thalweg in the vicinity of the flow split and (2) there is little high
ground dividing these two channels in an area of very flat topography, the resulting
hydraulics of the flow split area are two-dimensional in nature. Utilizing a two-
dimensional model will better quantify the flow split and provide certainty in the
current steady-state analysis of flow split using steady-state HEC-RAS for the main flow
split area.

The spatial distribution of flows entering the north-south drainage feature of the HVID
system varies throughout its length, and there is also variation in the possible breakout
of flows from this channel into the agricultural fields downstream. Quantifying the flow
that may leave the overbank flow split area and re-enter Centennial Wash through the
north-south drainage feature will be crucial to accurately assessing the realistic extents
of flooding in this area.
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3) The minimum breakout flow from Centennial Wash into the breakout channel estimated
to this point is 8,000 cfs. The maximum capacity of the north-south drainage feature is
approximately 3,000 cfs. Even though the analysis to this point has been preliminary,
the large disparity of flows from these analyses lead the project team to anticipate that
flow will break out of the north-south drainage feature and continue to flow
downstream through a highly two-dimensional system of agricultural fields where, once
again, realistically assessing flooding extents could be crucial.

4) Floodplain storage that occurs in very wide, flat cross sections is lost in a one-
dimensional assessment of flooding extents. Two-dimensional analysis helps to account
for attenuation of flooding that can occur due to floodplain storage, even in a steady-
state analysis.

Regarding the application of FLO-2D to the flow spit area, WEST and the District discussed
possibilities for applying FLO-2D to this specific system. First, a computational domain that
includes the primary flow split area, the entire main channel of Centennial Wash and the
overflow flooding area, and the confluence of these two flow paths downstream would be
approximately 46 square miles. If we only include the primary flow split area, the overflow
flooding area, and the confluence of the two flow paths (i.e., do not include the main branch of
Centennial Wash in the portion of the reach that is not influenced by the flooding extents of the
overflow channel below the main flow split and above the confluence), the total area of the
computational domain would be approximately 32 square miles. With very little urban
development in the project study area, a highly detailed grid resolution may not be warranted
to assess flooding extents and model the hydraulics of the system. A grid size of 50 feet was
discussed as reasonable, which would result in approximately 510,000 grid elements for the 46-
square-mile study area or approximately 350,000 grid elements for the 32-square-mile study
area. If the District would like to use a finer resolution grid, a grid size of 25 feet would result in
approximately 2,000,000 grid elements for the 46-square-mile study area or approximately
1,400,000 grid elements for the 32-square-mile study area. Finally, a grid size of 35 feet would
result in approximately 1,000,000 grid elements for the 46-square-mile study area or
approximately 730,000 grid elements for the 32-square-mile study area.

Regardless of the final grid size, it was recommended to model the north-south drainage
feature of the HVID system as a one-dimensional channel feature in FLO-2D. We also discussed
whether a FLO-2D model should be used as a stand-alone model to support FEMA mapping, or
if the model should be used to calibrate an HEC-RAS steady-state model. This will continue to
be discussed by the project team. WEST will provide a separate technical memorandum to Jeff
summarizing this conversation to facilitate his discussion of these topics internally with District
staff.
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Discussion of cross section alignments for HEC-RAS

WEST had no questions regarding Jeff's comments on the cross section alignments. WEST will
provide Jeff with a response to comments package on the cross section alignments as early as
next week.

At one point, Jeff had recommended considering a coarser cross section spacing for the HEC-
RAS model than 400 feet, the original spacing submitted to the District. WEST performed a
sensitivity analysis to determine an optimum spacing for this project. The results of this
sensitivity analysis are shown below. To summarize this analysis, an 800-foot cross section
spacing introduced significantly more warnings regarding hydraulic computations in HEC-RAS
having difficulty converging on an acceptable answer due to excessive cross section spacing.
Therefore, WEST recommended to remain with the 400-foot cross section spacing as originally
proposed. The District concurred with this recommendation, with the additional
recommendation to correct areas that appear to be too “bunched up” near sharp turns or
hydraulic structures using the 400-foot spacing. WEST said that they would thin the cross
sections where needed while maintaining 400-foot cross section spacing throughout most of
the model.

Errors
Percent
Location Spacing Energy Velocity Conveyance Total Increase
400' 16 1 12 29
Below 52%
Bridge 800" 37 0 7 44
400' 22 1 1 24
Lower 75%
Reach 800' 39 1 2 42
400' 60 11 7 78
Middle -12%
Reach 800' 49 10 10 69
400' 65 2 12 79
Upper -22%
Reach 800' 51 2 9 62
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Discussion of Bridge cross section alignments and calibration efforts

WEST performed an initial analysis of flow through the bridge structure using a method
recommended originally by the District. This analysis showed approximately 53% of the flow
going through the main opening of the bridge trestles at Centennial Wash, 29% going through
trestle #2, 15% going through trestle #3, and 3% going through trestle #4 (which is an opening
for the Winters Wash). Trestle #1 was analyzed using the direct step backwater calculation
method using an actual bridge opening, while trestles #2, #3, and #4 were analyzed as weir flow
over a lateral structure, and flow not going through the bridge opening would first be available
to flow through trestle #2, then #3, then #4 in that order. There were significant issues with
this analysis from a hydraulic modeling perspective, including boundary condition effects and
the applicability of assumptions inherent in weir flow over a lateral structure. However, this
was a good starting point for the further analysis of the hydraulics through this complex bridge
structure. Another possible modeling method would be to model trestle #1 as one bridge, and
trestles #2, #3, and #4 as bridge structure separate from trestle #1. A third option was to model
trestles #1 and #4 as bridge structures with a direct step backwater computation and trestles #2
and #3 as lateral structures. A final option was to model all four trestles as a single bridge
structure. WEST will continue to assess which method would be the best representation of
hydraulics through this highly complex bridge structure.

Discussion of roughness comparison to effective model

WEST compared the Manning’s values from this study with Manning’s values assigned to the
effective model to determine the agreement between these two modeling studies. A
preliminary comparison of Manning’s roughness values in the right overbank reach of the
model that WEST developed compared to the right overbank effective model showed general
agreement, with WEST’s reach-averaged Manning’s n-value (0.054) being slightly higher than
the reach-averaged Manning’s n-value from the effective model for this reach (0.04). This
comparison (which was presented previously to the District) represented the right overbank
reach which is made up primarily of agricultural land in the Harquahala Valley. Similarly, WEST
conducted a similar comparison for an undeveloped portion of the Centennial Wash reach
between the confluence of the overbank flow path with the main branch of Centennial Wash
and the Union Pacific Railroad Bridge. This comparison showed that WEST’s reach-averaged
Manning’s n-value (0.046) to once again be slightly higher than the reach-averaged Manning’s
n-value from the effective model for this undeveloped reach (0.04), but these values were
closer than the comparison of the agricultural portion of the study watershed. Both
comparisons for the updated model Manning’s roughness values compared to the effective
modeling study show good general agreement, with slightly conservative estimates of
roughness for the current study based on more detailed assessment of roughness areas in the
project area.
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Discussion of required updates to the surface used to cut cross sections and
perform mapping tasks

The extents of the surfaces used to support modeling and mapping tasks for this project have
been updated slightly based on initial determination that effective cross section extents may
not contain flows in all locations (even with lower flow values) due to the improved accuracy of
the topography data used for this study. This surface extension did not require additional
topography to be delivered from the District (WEST already had the additional topography
extents needed to include in the final surface), and this task has been completed internally by
WEST. WEST can deliver the final surface to the District at their request when desired.

Discussion of bridge survey

Jeff delivered two products for each bridge trestle at this monthly coordination meeting:

1) A 50-100 point “virtual RTK” of the bridge developed from the scan data. This was
developed by the District’s internal survey team. Using the scan data in a virtual
environment, they “collected” points at primary locations along the trestle bridges (such
as “Natural Ground,” “Bridge Chord at Pillars,” or “Railroad”) just as they would in a
field-based traditional survey method with the total station survey equipment.
However, these are just thinned points from an electronic data cloud.

2) A thinned trestle survey dataset for each of the 4 trestle surveys that were originally
about 5,000,000 points each. These thinned data edited out points that were within 0.1
feet of each other, and these data were delivered for WEST to process internally for
measurements of the bridge opening to enter into HEC-RAS. The approximate number
of points for each thinned survey is below.

a. Trestle 1~217,000 points
b. Trestle 2 ~560,000 points
c. Trestle 3 ~606,000 points
d. Trestle 4 ~269,000 points

WEST will begin to process these data to extract the necessary information to enter into the
HEC-RAS model for the railroad bridge when needed.
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Action items deriving from this meeting:

1. WEST to provide an updated projected schedule and billings technical memorandum to
Jeff correcting the erroneous page references. Update: This was delivered by WEST via
email on November 19.

2. WEST to provide Jeff with a technical memorandum discussing the status of the split flow
analysis and the discussion supporting the use of FLO-2D to model the split flow area due
to the complexity of the steady-state split flow analysis to this point.

3. WEST to respond to Jeff's comments on the cross section alignments by technical
memorandum. WEST to thin any cross sections that seem too “bunched up” in the final
400-foot cross section spacing file before submitting to Jeff.

4. WEST to utilize the delivered trestle scan data to extract bridge survey information in
support of entering bridge data into the HEC-RAS model.

5. WEST to further refine the bridge opening modeling effort by testing several of the
options discussed during the meeting to determine which best represents the hydraulics
through this structure. This analysis will be supplemented with the additional
information from the trestle scans delivered by the District at this meeting.

Action items continuing from the last monthly meeting:

1. WEST to send the data collection log spreadsheet to Jeff electronically. Update: WEST is
currently working to provide this document to Jeff.

2. Jeff to review the site visit trip report and provide comments to WEST if desired. Update:
Comments were provided to WEST by Jeff. WEST is working to incorporate these
comments.
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Date: December 28, 2012
A meeting was held on Thursday, December 20, 2012 at 9:00 AM MST with the following
attendees:

Flood Control District of Maricopa County (District)
1. Jeff Shelton

WEST Consultants (WEST)
1. Brian Wahlin 2. Chuck Davis

This meeting was a monthly coordination meeting for the Floodplain Delineation Study (FDS)
for Centennial Wash in support of FEMA flood map revisions along the length of the
watercourse from the La Paz County border to the confluence of Centennial with the Gila River.

The meeting followed the agenda prepared by WEST prior to the meeting, including the
discussion items described below.

Discussion of updated billing projections for the project

The District requested that WEST update our projected billings memorandum one final time for
delivery to the District by Monday, December 24, 2012. The District will need to hold WEST to
those projected billings from that point forward for the remainder of the project.

Discussion of the draft HEC-RAS deliverables

WEST explained in detail the draft HEC-RAS deliverable that was made to District staff via email
and ftp delivery on Monday, December 17, 2012. More information on these deliverables can
be found in the email sent to Jeff Shelton on that date.

The District requested that WEST send the final Manning’s n shapefile used for developing the
HEC-RAS model deliverables be resent to him to aid in his review to ensure that he has the
most recent version of that deliverable.

Discussion of the Narrows Dam in the CBA HEC-1 model

The District suggested removing Narrows Dam from the Cella Barr HEC-1 model for Centennial Wash so
the hydrologic model used to develop an unsteady hydrograph for use in the FLO-2D modeling tasks
does not include retention from this dam (which is no longer in existence) in the hydrologic routing
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computations. Jeff Shelton offered to complete this analysis if WEST would send their corrected version
of the electronic HEC-1 input file to him.

Discussion of the FLO-2D modeling tasks

The District and WEST discussed the optional FLO-2D modeling task for the flow split area,
which was approved by the District via letter on December 12, 2012. This discussion touched
on several different components of the modeling effort that will begin shortly.

First, the District wanted to verify that WEST was using the most recently approved version of
the FLO-2D model for this effort to ensure that the hydraulic analysis in FLO-2D and any
subsequent mapping based on this analysis would not be disallowed by FEMA due to model
versioning issues. WEST verified that they would be using FLO-2D v2009.06 which was listed as
an approved model on FEMA'’s list of approved hydraulic models online when retrieved online
on December 19, 2012 (http://www.fema.gov/national-flood-insurance-program-flood-hazard-
mapping/numerical-models-meeting-minimum-requirement-0).

Second, the District and WEST discussed the options for hydrology to be used in the FLO-2D
modeling effort. WEST could use one of two types of hydrographs for use in the FLO-2D model
of the flow split: (1) a fully unsteady hydrograph based on the shape of the hydrographs from
the Cella Barr HEC-1 model with the maximum ordinate scaled to the lower peak flow in the
more recent return-interval analysis completed by RBF, or (2) a constant-inflow hydrograph
with the peak flow value from the RBF analysis entered for every hydrograph ordinate. The
second option would allow for a “quasi-steady” hydraulic analysis by running a constant-inflow
hydrograph into the model until a near equilibrium state is reached in the model grid, thereby
arriving at a nearly steady-state solution. This type of analysis would be more congruent with
the steady-state approach used in the one-dimensional HEC-RAS model than the fully unsteady
flow hydrograph.

Another reason to use the “quasi-steady” hydraulic analysis methodology listed above as
opposed to the fully unsteady hydrograph is the issue of timing for the inflow of the additional
flow derived from the original HEC-1 modeling study and the RBF return interval analysis. This
is problematic using the fully unsteady flow modeling approach. This flow change occurs at
Baseline Road, just upstream of the downstream end of the FLO-2D model identified for this
task. Therefore, a hydrograph with a peak flow equal to the peak flow near the upstream end
of the model as defined by RBF will need to be entered at the upstream end of the FLO-2D grid
and another hydrograph with a peak flow equal to the difference in the peak flow at Baseline
Road and the peak flow near the upstream end of the model as defined by RBF (i.e., 4,205 cfs)
will need to be entered into the model somewhere near the downstream end of the model. In
order to ensure the timing of these two hydrographs is correct to allow the peaks to combine
before reaching the downstream end of the FLO-2D grid, WEST would need to undertake a
significant effort of model runs to optimize the timing of the inflow hydrograph near the
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downstream end of the model. The District and WEST both felt that this level of effort would
not be beneficial or necessary. To avoid this issue, the District recommended possibly entering
a constant-inflow hydrograph near the downstream end of the model of 4,205 cfs (38,552 cfs at
Baseline Road minus 34,347 cfs at the upstream end of the model). This constant-inflow
hydrograph would allow the timing of the additional flow required to reach the peak flow
below Baseline Road to be ignored, as the constant-inflow “flow change” hydrograph would
correspond to the peak of the flood wave that was routed from the upstream end of the model
grid no matter when that attenuated hydrograph peak arrived near the downstream end.

Additionally, the District surmised that part of the reason that the flow change was defined at
this location may be related to the outfall channel of the Saddleback FRS, the downstream end
of which is located very near the intersection of Centennial Wash and Baseline Road. The
District recommended entering the constant-inflow hydrograph near the end of the Saddleback
FRS outfall channel. As WEST is working on the Saddleback FRS hydrology currently, WEST
offered to look into their documentation received from the District to determine the
approximate 100-year flow from the Saddleback FRS outfall channel.

In the end, it was determined that WEST would use an unsteady flow hydrograph created by
scaling the ordinates of the Cella Barr HEC-1 hydrographs to the new peak flows from the RBF
study for use in the FLO-2D model near the upstream end, and a constant-inflow hydrograph
would be used near the downstream end to support the flow change location defined at
Baseline Road in the RBF study. In the future, the constant-inflow hydrograph approach can be
used near the upstream end of the model as well if it is deemed necessary to investigate this
method.

The third task that WEST discussed with the District in regards to the FLO-2D modeling was in
regards to Manning’s roughness for the FLO-2D model. The District and WEST agreed that the
base Manning’s n shapefile for the Manning’s n assignment used in HEC-RAS should be used for
the horizontal assignment of roughness areas for the FLO-2D model as well; however, the
values themselves should be increased by some consistent percentage to utilize Manning’s n
values slightly higher than typical one-dimensional modeling Manning’s n values as per the
recommendation of the FLO-2D modeling guidelines. WEST will work on this analysis and
provide the results to Jeff Shelton for review at a later date.

The fourth task that WEST discussed with the District in regards to the FLO-2D modeling was
the number of grid elements over which to subdivide the inflow hydrograph. The peak flow
value at the upstream end of the model is 34,347 cfs. Typical practice recommends that FLO-
2D models not enter any hydrograph onto the grid for which the ratio of the flow in a given
element to the surface area of that element is more than 1. This helps to reduce numerical
stability issues due to a wave face being too steep as it leaves a given cell. In the specific
example of the Centennial FLO-2D model, the grid size is 40 feet x 40 feet (corresponding to a
single element surface area of 1,600 square feet). Therefore, the ratio of the peak flow to the
surface area of a single grid element is 21.5. WEST recommended spreading the inflow
hydrograph over 22 or more grid cells to alleviate the numerical stability issues this problem
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can cause. The District recommended spreading the inflow over a larger distance, possibly 40
grid elements. From back-of-the-envelope calculations, 40 grid elements accounted for
approximately half of the width of the Centennial Wash floodplain, and WEST and the District
decided to use this number of grid elements for the development of the inflowing hydrograph.

The final task that WEST discussed with the District in regards to the FLO-2D modeling was the
development of Area Reduction Factors (ARFs) and Width Reduction Factors (WRFs) for the
FLO-2D grid elements. It was determined by the project team that WEST will create polygon
shapefiles for the buildings in the study area to use as ARFs. WRFs may or may not be defined,
as neither WEST nor the District felt that walls or other linear features reducing flow widths for
grid elements would be prevalent in the study watershed. WEST will provide the ARF shapefile
to Jeff Shelton when available, and WEST will report to the District if they feel that WRF
definition and incorporation into the FLO-2D model will be warranted.

Discussion of the bridge calibration effort

WEST explained to the District the current status of the bridge modeling effort using a
combination lateral structures and bridge structures in the HEC-RAS geometry to represent flow
through the UPRR Bridge. The District was generally pleased with the approach, but the District
felt that the lateral structures used to model bridge trestles #2 and #3 should use box culverts
instead of ground points alone to represent the piers and the bridge deck. WEST will make
these changes and provide the results to the District.

Additionally, it is obvious in the current bridge geometry that the railroad rails themselves are
included in the elevation data representing the bridge deck geometry over the bridge openings,
but the height of the rail was not included when the elevation data was extracted from the final
DTM along the top of the railroad embankment between the bridge openings. Therefore, the
District mentioned possibly adding the average thickness of the railroad rails from the trestle
scans to the portions of the bridge geometry between the bridge openings (i.e., the portion of
the bridge deck geometry obtained from the DTM data) if an average value can be determined
easily.

In regards to the “without levee” type of condition, the District and WEST discussed possibly
considering two more primary additions to the bridge calibration model, including (1) adding
lateral structures between the primary flow path and the middle overbank flow path and
between the middle overbank flow path and the far left overbank flow path, and (2) keeping
the lateral structures in the geometry in the left overbank of the primary flow path upstream of
the bridge but dropping the lateral structure elevations to the ground for one plan to consider a
“no levee” scenario. WEST will look into both of these options moving forward.

After reaching a final model best describing the hydraulics through the bridge structure, WEST
will include that plan into the overall model titled “Baseline to Gila” that was submitted to the
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District as part of the draft HEC-RAS deliverables as opposed to including only a short stretch of
the Centennial Wash reach upstream and downstream of the bridge for this calibration model.

Discussion of railroad trestle scan survey tools created by WEST

WEST created a simple Excel macro-based tool to aid in the visualization of the trestle scan data
for incorporation into the HEC-RAS modeling. One problem that was persistent with the trestle
scan data before developing these tools was the problem of trying to measure pier width after
zooming in on the three-dimensional trestle scan data cloud and losing perspective due to the
conflicting visualization of near points and background points. Therefore, these tools were
developed to define a rectilinear, six-sided volume to filter points inside this volume.
Conceptually, the trestle data scan could then be limited to a 1’ tall strip of points surrounding
only the piers in the trestle (each trestle included 19 trestle groups of 5-6 piers per trestle
group). This allowed for much better visualization of trestle scan data both from an oblique
angle and in plan view.

Discussion of the development of elevation reference marks (ERMs)

WEST and the District discussed the possibility of beginning the development of the ERM
dataset for the workmaps for Centennial. WEST felt that the down time during FLO-2D model
development and the District’s review of the draft HEC-RAS submittal would allow WEST’s GIS
staff to begin this process of ERM development if the District was ready to proceed with this
process. The District indicated they agreed with this course of action, and Jeff will plan to
provide WEST with the necessary data to begin ERM development in the next few weeks.

Action items deriving from this meeting:

1. WEST to provide an updated projected billings memorandum by Monday, December 24,
2012. Update: This was delivered by WEST via email on December 24.

2. WEST to send the final Manning’s n shapefile used for developing the HEC-RAS model
deliverables to the District.

3. WEST to send the corrected version of the electronic HEC-1 input file from the Cella Barr
study to Jeff Shelton, and Jeff to investigate the removal of the Narrows Dam from this
model and subsequent impacts on the final hydrographs. Update: WEST forwarded the

Centennial Wash FDS B.4 Page 45 WEST Consultants, Inc.




corrected Cella Barr HEC-1 model to Jeff via email on December 21, and Jeff forwarded
the conclusions of his investigation back to WEST on December 28.

4. WEST to develop inputs for the FLO-2D model, including the hydrographs scaled from the
Cella Barr HEC-1 model, updated Manning’s n values, and ARF/WRF development.

5. WEST to investigate the use of Saddleback FRS 100-year outflow data return interval
analysis in the FLO-2D modeling task for comparison to the flow change determined by
the RBF study at Baseline Road of 4,205 cfs.

6. WEST to model bridge trestles #2 and #3 using box culverts instead of ground points
alone to represent the piers and the bridge deck in the lateral structure.

7. WEST to investigate adding the average thickness of the railroad rails from the trestle
scans to the portions of the bridge geometry between the bridge openings (i.e., the
portion of the bridge deck geometry obtained from the DTM data) if an average value
can be determined easily.

8. WEST to investigate (1) adding lateral structures between the primary flow path and the
middle overbank flow path and between the middle overbank flow path and the far left
overbank flow path downstream of the bridge, and (2) keeping the lateral structures in
the geometry in the left overbank of the primary flow path upstream of the bridge but
dropping the lateral structure elevations to the ground for one plan to consider a “no
levee” scenario.

9. WEST to include the final bridge hydraulics plan into the overall model titled “Baseline to
Gila.”

10. Jeff to provide WEST with the necessary points for ERM development, and WEST to begin
developing the ERM dataset for this study’s workmaps.
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. Date: January 25, 2013

A meeting was held on Thursday, January 17, 2013 at 9:00 AM MST with the following
attendees:

Flood Control District of Maricopa County (District)
1. Jeff Shelton

WEST Consultants (WEST)
1. Brian Wahlin 2. Chuck Davis
3. Bert Clemmens

This meeting was a monthly coordination meeting for the Floodplain Delineation Study (FDS)
for Centennial Wash in support of FEMA flood map revisions along the length of the

watercourse from the La Paz County border to the confluence of Centennial with the Gila River.

The meeting followed the agenda prepared by WEST prior to the meeting, including the
discussion items described below.

Discussion of the draft HEC-RAS deliverables

. The District indicated that comments on the draft HEC-RAS deliverables would be provided by
January 25 as indicated in the schedule. WEST and the District will coordinate at that time to
possibly have an intermediate meeting to discuss these comments if needed.

Discussion of the hydrology for the FLO-2D model ‘

Bert Clemmens joined the meeting to discuss the use of the results from Cella Barr HEC-1 model
in the FLO-2D modeling task for the flow split. As discussed previously between WEST and the
District, the hydrograph at the upper end of the flow split FLO-2D model from the Cella Barr
HEC-1 model would be scaled linearly such that the peak flow from the scaled hydrograph
would match the peak flow from the RBF CLOMR that reduced peak flows in the study reach.
Bert mentioned that by reducing the volume of the hydrograph based on linearly scaling every
hydrograph ordinate, we are effectively ascribing all of the error in the Cella Barr HEC-1 model
to volumetric parameters in the model (infiltration, rainfall, etc.) and not ascribing any error to
the timing parameters in the model (time of concentration, routing parameters, etc.). By
stretching the scaled hydrograph to include more volume, we would be ascribing model error
to both volume and timing while still basing the hydrograph shape on the modeling results.
Bert said that he would look into some options to do this, and we will forward those findings to
. Jeff for his review and further discussion.
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Discussion of ARF/WRF FLO-2D modeling parameters

WEST presented the initial Area Reduction Factors (ARFs) shapefile outlining buildings in the
floodplain to Jeff during the meeting. WEST said they would forward this deliverable to Jeff
after some additional internal QA/QC. Additionally, the team discussed the development of
Width Reduction Factors (WRFs) shapefiles outlining walls and other linear obstruction features
to input to the FLO-2D model. Jeff requested that WRFs be digitized when they were identified
by WEST during investigation of aerial photographs, and further field verification can be
conducted if needed to verify whether or not the identified “walls” should be represented in
the model.

Discussion of the incorporation of the RBF flow change location at Baseline Road
compared to the FLO-2D modeling effort

At the December monthly coordination meeting, the project team discussed possibly
introducing a flow change onto the FLO-2D modeling grid to account for the flow change
defined by RFB occurring at Baseline Road. In the figures below, the red outline shows the
boundary of the FLO-2D grid. It can be seen from these figures that approximately 0.9 square
miles of the total 46 square mile area of the FLO-2D grid is below Baseline Road. It was
discussed that the flow change locations typically identified in hydrologic studies are not
precise locations but generally characterizations of a reach within which a flow change occurs.
Additionally, the inclusion of a flow change from a steady-flow return-interval analysis into the
unsteady FLO-2D model is difficult because approximating a hydrograph shape for the flow
change occurring near Baseline Road is not straightforward. For example, a hydrograph defined
near the downstream end of the grid with a similar shape as the hydrograph defined near the
upstream end of the FLO-2D model may create a situation in which the timing of the peaks of
these two hydrographs do not coincide, thereby not creating the effect of an “increased flow”
at the downstream end of the model. Based on these discussions—primarily the fact that this
flow change could easily be ascribed to the reach entirely below our FLO-2D model if the
application of the flow change were applied slightly downstream of Baseline Road—it was
decided to not include the flow change in the FLO-2D modeling effort.
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Figure. 0.9-square mile are of the FLO-2D grid below Baseline Road

Discussion of the current status of the FLO-2D modeling effort

WEST reported that the grid elevations and Manning’s values had been populated, and early
model debugging had begun. WEST will provide incremental updates to the District as the
modeling progresses.
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Discussion of the HVID north-south drainage channel structure survey

WEST reported that David Evans and Associates had been deployed to begin working on the
structure survey for the three-barrel culvert structure under Van Buren Road for the HVID
north-south drainage channel. Results of this survey work will be available by the end of
January if not before.

Discussion of the bridge structure modeling

WEST reported that Trestles 2 and 3 were now modeled with culverts as opposed to the lateral
structures with ground points used to define the piers. WEST is currently working on adding
the railroad track depth on the top of the bridge embankment for the final HEC-RAS geometry.
WEST will wait to receive the District’'s comments on the draft HEC-RAS deliverables before
providing an updated version of the bridge model to the District for review.

Discussion of the development of the elevation reference marks (ERMs) dataset
for workmap development

WEST had two questions in regards to the development of the ERM dataset for the Centennial
work maps. First, WEST asked if recent FCD mapping points should take precedence over
GDACS points of similar quality. Jeff said that he would typically prefer GDACS points due to
the level of documentation associated with these points. Second, WEST asked if Jeff wanted
WEST to contact ADOT for more information on survey monuments available in the ‘ADOT’
shapefile provided by the District for panels that did not include any other possible ERM points
(either GDACS or NGS). Jeff said WEST should proceed with contacting ADOT for these points.

In addition, Jeff mentioned that the size of a 1” = 400’ scale study sheet might warrant 2 to 3

ERM’s per panel. WEST will refine our ERM development to include more ERM points per
panel.
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Action items deriving from this meeting:

w

o W

10.
11.
12.

WEST to send the final Manning’s n shapefile used for developing the HEC-RAS model
deliverables and FLO-2D model to the District. Update: This was delivered to Jeff
Shelton via email on January 23.

Bert to investigate altering the inflow hydrographs for the FLO-2D model by stretching
the hydrograph shown in the Cella Barr HEC-1 modeling output and scaling the
hydrograph to match the peak flows in the RBF CLOMR. This would act to ascribe some
portion of the error in the Cella Barr HEC-1 model to timing parameters and some
portion of the error to volume parameters as opposed to ascribing all of the error in the
Cella Barr study to volumetric parameters.

WEST to forward initial ARF shapefile outlining buildings in the study area to Jeff.

WEST to continue investigating the need for WRF’s in the study area for the FLO-2D
models.

WEST to coordinate with Jeff on FLO-2D modeling updates as they occur.

WEST to provide the District with the results of the culvert survey upon receipt from DEA.
WEST to investigate adding the average thickness of the railroad rails from the trestle
scans to the portions of the bridge geometry between the bridge openings (i.e., the
portion of the bridge deck geometry obtained from the DTM data) if an average value
can be determined easily.

WEST to investigate (1) adding lateral structures between the primary flow path and the
middle overbank flow path and between the middle overbank flow path and the far left
overbank flow path downstream of the bridge, and (2) keeping the lateral structures in
the geometry in the left overbank of the primary flow path upstream of the bridge but
dropping the lateral structure elevations to the ground for one plan to consider a “no
levee” scenario.

WEST to include the final bridge hydraulics plan in the overall model titled “Baseline to
Gila.”

WEST to contact ADOT for continued ERM development using ADOT survey points.

WEST to include 2 to 3 ERM points per map sheet.

WEST to coordinate with Jeff for a possible meeting to deliver the District’s comments on
the draft HEC-RAS deliverables after January 25.
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Date: February 13, 2013

A meeting was held on Thursday, February 7, 2013 at 9:00 AM MST with the following
attendees:

Flood Control District of Maricopa County (District)
1. Jeff Shelton

WEST Consultants (WEST)
1. Brian Wahlin 2. Chuck Davis

This meeting was an intermediate coordination meeting between regularly monthly
coordination meetings to discuss early FLO-2D modeling results and draft HEC-RAS deliverable
comments for the Floodplain Delineation Study (FDS) for Centennial Wash in support of FEMA
flood map revisions along the length of the watercourse from the La Paz County border to the
confluence of Centennial with the Gila River.

The meeting followed the agenda prepared by WEST prior to the meeting, including the
discussion items described below.

Discussion of the draft HEC-RAS deliverables

WEST acknowledged receipt of the HEC-RAS comments provided by Jeff Shelton on Friday,
January 25. WEST had begun preliminary response to these comments, and the comments
were clear. WEST will as Jeff questions as they arise regarding these comments.

Discussion of the hydrology for the FLO-2D model

Based on previous discussion of possible edits to the original proposed hydrograph
development for the FLO-2D model (i.e., the Cella Barr HEC-1 hydrographs scaled linear on an
ordinate-by-ordinate basis based on the ratio of the updated peak flow of 34,347 cfs to the
original 52,200 cfs), Jeff inquired if WEST would like to use an alternate hydrograph shape for
FLO-2D. WEST indicated they had done further research into a methodology to develop an
altered hydrograph shape, and that they would refine this methodology and forward a
technical memorandum to Jeff outlining the procedure.

Jeff and WEST discussed the quasi-steady approach (i.e., entering a constant-inflow hydrograph
of 34,347 cfs onto the FLO-2D grid and run the model until no more change is occurring on the
grid). This seems as if it would introduce an excessive volume of water onto the grid, especially
in the flow split area, causing excessively large inundation areas. This methodology will not be
utilized for the modeling.
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Discussion of stock tanks and other pits in the FLO-2D modeling grid

WEST will be “filling” the stock tanks and other pits in the FLO-2D modeling grid to the
surrounding ground elevations, as these areas of significant ponding create model stability
issues and significantly slow down the model run time. By “filling” these pits to ground
elevations of the surrounding ground, we avoid the numerical issues, but we artificially
decrease the volume available for flood routing on the grid. However, this volume is
insignificant in the context of the overall volume of water in the inflowing hydrograph.
Therefore, Jeff approved this plan moving forward.

Discussion of the Manning’s roughness values used in FLO-2D

Roughness values were set in the HEC-RAS model based on land use using a shapefile
differentiating various land use areas and assigning horizontally-varying n-values in the HEC-
RAS cross sections based on this shapefile. WEST recommended using roughness values 50%
higher than those values used for the HEC-RAS model in the FLO-2D modeling effort. This is to
account for the lack of a Boussinesq eddy viscosity term in FLO-2D, a numerical approximation
of momentum transfer loss due to turbulence. Early model results with a Manning’s roughness
value 50% greater than the roughness values used in the spatial extent of roughness values for
the HEC-RAS, however, indicated that inundation areas were far beyond what was predicted in
HEC-RAS. Therefore, the original Manning’s n values used for HEC-RAS modeling were applied
to the FLO-2D model, which led to results more comparable to HEC-RAS. Also, WEST noted that
the use of the HEC-RAS Manning’s n values did not create unreasonably high Manning’s n
corrections using the Courant adjustment from FLO-2D.

Other questions that resulted from this discussion included “what depth does the shallow n-
value turn off?” Jimmy has hardcoded 3 depths into FLO-2D that control this parameter; each
of these are discussed below.

1) 0.2 feet and below — the SHALLOWN value specified in the CONT.DAT file is used for
these depths.

2) 0.2 feet to 0.5 feet — the Manning’s n values between these flow depths range from the
SHALLOWN value at 0.2 feet to the maximum of either 50% of the SHALLOWN value or
the user-specified Manning’s n value at a given cell at 0.5 feet. The transition between n
values is linear from 0.2 to 0.5 feet.

3) 0.5 feet to 3.0 feet — the Manning’s n values between these flow depths range from the
maximum of either 50% of the SHALLOWN value or the user-specified Manning’s n value
at a given cell at 0.5 feet to the user-specified Manning’s n value at a given cell at 3.0
feet and above. The transition between n values is curvilinear from 0.5 to 3.0 feet
following an exponential curve as shown in the figure below (taken directly from the
FLO-2D documentation). The curve is an exponential relationship between depth and
Manning’s value, decreasing from the maximum of 50% of the SHALLOWN value or the
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user-specified Manning’s n value at a given cell at 0.5 feet to the user-specified
Manning’s n value at a given cell at 3.0 feet and above. Obviously, if the user user-
specified Manning’s n value is selected at a depth of 0.5 feet when compared to 50% of
the SHALLOWN parameter, then the user-specified Manning’s n value is used for every
flow depth above 0.5 feet.

Bankfull Depth = 1mor3ft
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Manning’s n-value

WEST is using a SHALLOWN parameter of 0.2 currently in the model.

Discussion of the FLO-2D model results compared to the RAS results

Jeff requested that WEST compare flow depths from the FLO-2D model to the RAS results,
particularly near the inflow and outflow portions of the grid, but also reporting in the middle of
the RAS model reach, and another near the HVID north-south drainage channel.

Action items deriving from this meeting:

1. WEST to forward initial ARF shapefile outlining buildings in the study area to Jeff.

2. WEST to continue investigating the need for WRF’s in the study area for the FLO-2D
models.

3. WEST to coordinate with Jeff on FLO-2D modeling updates as they occur.

4. WEST to work towards the development of a hydraulic structure rating curve for the Van
Buren culverts in the north-south HVID drainage channel.

5. WEST to compare flow depths from the FLO-2D model to the RAS results, particularly
near the inflow and outflow portions of the grid, but also reporting in the middle of the
RAS model reach, and another near the HVID north-south drainage channel.
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Date: March 1, 2013
A meeting was held on Thursday, February 21, 2013 at 9:00 AM MST with the following
attendees:

Flood Control District of Maricopa County (District)
1. Jeff Shelton

WEST Consultants (WEST)
1. Brian Wahlin 2. Chuck Davis

This meeting was a monthly coordination meeting for the Floodplain Delineation Study (FDS)
for Centennial Wash in support of FEMA flood map revisions along the length of the
watercourse from the La Paz County border to the confluence of Centennial with the Gila River.

The meeting followed the agenda prepared by WEST prior to the meeting, including the
discussion items described below.

Discussion of the draft HEC-RAS deliverables

WEST had one question regarding the RAS comments and the overbank reach stationing for the

. ‘Fields’ and ‘Overbank’ reaches near the UPRR Bridge in the lateral structures and weir plan.
Jeff indicated that for the stationing of the overbank flow paths, WEST should be using the
junction lengths to create a starting station, not the total lengths of the river centerlines. The
river centerlines in RAS have to be drawn a long distance parallel to the cross section to tie back
into the junction with the main branch of Centennial Wash. Therefore, the distance along this
line is not representative of what the river station of these reaches should be.

This conversation brought up another question—should WEST be snapping the endpoint of our
new river centerline to the endpoint of the currently effective Centennial Wash river line at the
confluence with the Gila River? Jeff will talk to Cathy about this question and about the status
of the river centerline realignment for the Gila River FDS.

Discussion of the hydrology for the FLO-2D model

WEST presented Jeff with a technical memorandum describing a possible alternate hydrograph

shape that assigned some of the error in the Cella Barr model to volume and some of the error

to timing by scaling the maximum flow to the updated maximum flow and then stretching the

hydrograph out in time to get closer to the original volume estimated by Cella Barr (as opposed

to linearly scaling every ordinate of the hydrograph and only assigning error from the Cella Barr
. model to volumetric hydrologic modeling parameters). Jeff will review this document.
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Discussion of expanding the FLO-2D modeling grid boundary

In our early model runs, WEST had seen some flow contacting the boundary of the grid. The
model boundary was expanded to avoid this issue.

Discussion of Jim O’Brien’s comments on the early model run

Jim O’Brien’s comments on the early iteration of the model are provided below in blue text.
WEST’s responses are provided in red text.

1. Volume conservation is observed.
WEST Response: None required.

2. Maximum velocities in VELTIMEFP.OUT are reasonable. This would mean that the
spatially variable n-values are ok.

WEST Response: None required.

3. Output is generated every 1.0 hours. An output interval of 0.25 hours would add more
detail.

WEST Response: Output interval was decreased.

4. Computer runtime is 64 hours. We should try to reduce this. The Pro model would
probably cut this runtime in half or more.

WEST Response: Considering converting the model to the PRO version, then
converting back to the FEMA-approved version (2009.06) prior to the final runs.

5. The limiting Froude number in CONT.DAT may be a little low. A FROUDL = 0.8 or slightly
higher may reduce the n-value variation at runtime and increase the model speed.
Review the ROUGH.OUT file and make any revisions to the FPLAIN.RGH n-value as
necessary. Delete FPLAIN.DAT, rename FPLAIN.RGH to FPLAIN.DAT and reset FROUDL
to 0.8. After the next simulation, ROUGH.OUT should be almost empty.

WEST Response: FROUDL increased to 0.85.

6. Increase the Courant number to 0.65 or 0.7 to speed the model up while observing if an

maximum velocities in VELTIMEFP.OUT indicate numerical surging.
WEST Response: Courant number increased to 0.7.

7. Using Maxplot or Mapper, the final flow velocity plot at the end of hour 87, indicates
that there are a lot of grid elements with high velocities. The peak discharge may have
moved off the grid system but there is still a lot of volume moving around at hour 87.
This may be ok.

WEST Response: None required.

8. It is important to note that there may be flow contacting the grid system boundary on
the east side. If in reality this flow can physically leave the grid system, then outflow
nodes at this location (and maybe a few others) may be necessary. Otherwise, the flow
may be artificially confined and could increase flow depths downstream.

WEST Response: Model grid expanded to address this issue.
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9. Adding the channel component will help confine the flow and would probably reduce
the run times. It will also speed up the floodwave movement over the grid system.

WEST Response: Based on conversation with the FCDMC, the main channel of
Centennial was not identified as a 1D channel element in FLO-2D due to the
exceedingly wide and shallow nature of the river. The 2D routing grid elements
sufficiently account for water moving in this system as the thalweg is not
significantly lower than surrounding grade in most locations.

10. Simulating infiltration would reduce the flood volume and speed up the model also.
WEST Response: This will be a hydraulics-only model. Infiltration will not be
used in this model.

These comments led Jeff to state that he’s fine with WEST using the PRO model if we would like
to take that on and then convert back to 2009.06 at the end of the model development phase.

Discussion of the north-south HVID drainage channel and model stability

The 1-D channel in the FLO-2D model representing the north-south flood control drainage
feature has been problematic to get working properly. Significant model debugging is ongoing
for this channel. This has slowed down model run times and causes fatal terminations of the
model. WEST will inform Jeff when resolution of this issue has been obtained.

Discussion of FLO-2D modeling schedule

Due to the nature of the FLO-2D modeling task, WEST will coordinate more regular
coordination meetings with District staff (once every two weeks as was done on Feb. 7) to
continue working on the FLO-2D model. WEST will not be providing a formal “draft submittal”
for the FLO-2D model as these intermediate coordination meetings with the District will suffice
for over-the-shoulder reviews of the FLO-2D modeling effort.

Action items deriving from this meeting:

1. WEST to update the river stationing for the “overbank” and “fields” reaches in the RAS
model around the UPRR bridge.

2. Jeff will talk to Cathy about the downstream river line alignment for Centennial (should
the updated river centerline snap to the effective river centerline at the confluence with
the Gila River?) and also about the status of the river centerline realignment for the Gila
River FDS.

3. WEST to continue to coordinate intermediate coordination meetings with District staff
once every two weeks for over-the-shoulder FLO-2D model reviews.
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Date: March 15, 2013

A meeting was held on Monday, March 11, 2013 at 11:00 AM MST with the following
attendees:

Flood Control District of Maricopa County (District)
1. Jeff Shelton

WEST Consultants (WEST)
1. Brian Wahlin 2. Chuck Davis

This meeting was an intermediate coordination meeting between regularly monthly
coordination meetings to discuss early FLO-2D modeling results and draft HEC-RAS deliverable
comments for the Floodplain Delineation Study (FDS) for Centennial Wash in support of FEMA
flood map revisions along the length of the watercourse from the La Paz County border to the
confluence of Centennial with the Gila River.

The meeting followed the agenda prepared by WEST prior to the meeting, including the
discussion items described below.

Discussion of the hydrology for the FLO-2D model

Jeff and Amir discussed the possible alteration of the Cella Barr HEC-1 hydrograph that was
scaled to the new peak flows using a linear scaling factor applied to each hydrograph ordinate.
WEST proposed possibly stretching the hydrograph and increasing the total hydrograph volume
by multiplying each ordinates’ time component by a scaling factor in order to ascribe some of
the error in the Cella Barr output to volumetric parameters in the hydrology model (i.e., scaling
the peak flow to the updated peak flow estimate from RBF) and some of the error in the Cella
Barr output to the timing parameters in the hydrology model (i.e., stretching the hydrograph
under the assumption that time of concentrations and other timing parameters in the model
were incorrect). The final decision from the District was to use the originally proposed
methodology of linearly scaling each hydrograph ordinate from the original Cella Barr output
hydrograph to match the peak flow to the updated peak flow from the return interval analysis
completed by RBF.
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Discussion of the status of the FLO-2D model

WEST provided a brief review of the general FLO-2D model development to this point using the
following bullet items:

Iteration 1)  Build channel in FLO-2D

Iteration 2)  Cross section interpolation issues in FLO-2D causing model to crash

Iteration 3)  Clip model grid for channel debugging

Iteration 4) Volume conservation issue, altering downstream end of 1-D channel to
transition more smoothly from channel to floodplain

Iteration 5)  Volume conservation issue, altering floodplain surrounding downstream end of
1-D channel to transition more smoothly from channel to floodplain

At this time, WEST was under the impression that the channel boundary condition in the model
was not allowing flow to interact with the 2-D grid immediately downstream of the channel;
there only appeared to be interaction of flow from the 1-D channel to the 2-D grid in the lateral
direction (i.e., over the right and left bank stations) of the downstream-most cross section in
the channel. Later conversations with Jim O’Brien determined that this in fact was the case.

Jeff recommended possibly decreasing the height of the channel bank to allow the banks to
transition back to approximately the elevation of the grid. He said that his early model
tweaking to this effect provided positive results. WEST will review his model and create similar
changes based on this proposed methodology.

Action items deriving from this meeting:

1. WEST to review Jeff’s model edits for the 1-D channel in FLO-2D and to create similar
changes based on this proposed methodology.
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Date: April 5,2013

A meeting was held on Thursday, March 28, 2013 at 9:00 AM MST with the following attendees:

Flood Control District of Maricopa County (District)
1. Jeff Shelton

WEST Consultants (WEST)
1. Brian Wahlin 2. Chuck Davis

This meeting was a monthly coordination meeting for the Floodplain Delineation Study (FDS)
for Centennial Wash in support of FEMA flood map revisions along the length of the
watercourse from the La Paz County border to the confluence of Centennial with the Gila River.

The meeting followed the agenda prepared by WEST prior to the meeting, including the
discussion items described below.

Discussion of the draft HEC-RAS deliverables

WEST had one question regarding the agricultural berms and the berms around the stock tanks
in the HEC-RAS models. One of Jeff's draft HEC-RAS model comments poses the question “will
these wash away during flooding?” WEST stated that these are being modeled currently with
ineffective flow areas behind the embankments, but the water surface elevation computed in
the model will be mapped on both sides of these embankments. Jeff said that this seems
reasonable, and he will revisit this comment after the next HEC-RAS submittal.

WEST also asked about the reach length comments that Jeff made throughout the “Canal to
Baseline” model. WEST brought up the point that changing individual cross sections would
then not match our GIS linework for overbank flow path lengths. Therefore, to address these
many comments systemically throughout the model, WEST proposed straightening the
overbank flow path lines significantly to parallel the main channel reach length throughout this
model. Jeff agreed that this would resolve the comments he had made.

Finally, WEST spoke with Jeff about empirical coefficients for both the bridge pier losses for the
bridge trestles and the weir coefficients for the lateral weirs used to represent trestles 2 and 3
in the model. Jeff had commented that the bridge pier loss coefficients should reflect “square-
nosed” piers instead of “piers with semi-circular ends.” WEST pointed out that several of the
trestle piers actually used round timbers instead of square railroad ties for piers, while some of
the piers were square railroad ties as Jeff assumed. Therefore, some averaged value between
the loss coefficients for circular and square-nosed piers would be most accurate. However, as
this is an empirical loss coefficient subjectively chosen by the modeler, WEST will choose a
value most appropriate for each pier and then provide more detail on the reasoning behind the
selection in the TSDN documentation.
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In regards to the weir coefficient for the lateral structures used to represent trestles 2 and 3 in
the bridge, Jeff commented that WEST’s selected values were too low compared to
recommended values in the “Handbook of Hydraulics” which recommends values of 2.5 to 3.0.
However, WEST contested that these coefficients were developed based on experimentation
for broad-crested weirs with no obstructions whatsoever in a laboratory flume. Other
coefficient approximation techniques (such as the De-Marchi equation) have been developed to
estimate losses when the “weir” being represented is actually a bridge or other physical
structure that could have debris, guardrails, or other impediments to flow. These would cause
significantly higher losses than the laboratory experiments used to define the ranges of
coefficients for lateral weir coefficients, and a lower weir coefficient is justifiable in these cases.
WEST will include some of the calculation techniques (such as the De-Marchi equation) in the
TSDN to justify the use of the final weir coefficients in this model. WEST will also include the
computation Brian mentioned that was used by WEST previously for the District on the
Jackrabbit Wash delineation for these structures; this computation is based only on Froude
number.

Discussion of FLO-2D modeling tasks

WEST reported that the 1-D channel is now working successfully in the overall model. The
channel has been successfully implemented back into the full model. Additionally, the
hydraulic structure has been added to the model using the information from the DEA survey of
the Van Buren Street culverts, and ARFs/WRFs were assigned for buildings throughout the
model grid. WEST will deliver the final version of the model to Jeff by Wednesday, April 3 for a
formal draft submittal of the FLO-2D model.

In regards to mapping the FLO-2D model results, Jeff recommended possibly using Zone AQ’s in
the overbank area along with Zone AH’s in the deeper areas of backwater ponding throughout
the FLO-2D grid. Jeff will begin discussing with Amir whether or not two FLO-2D models should
be maintained moving forward, a “with embankment” and “without embankment” model for
the flood control berm on the downstream side of the HVID flood control channel. He said that
he would discuss with Amir the likelihood of an additional optional task or possibly a change
order for the first optional task to maintain this second model and take it to a final deliverable
stage.

Finally, WEST and the District discussed possibly mapping everything now in HEC-RAS since FLO-
2D is still showing similar flooding extents in the overbanks. Jeff will bring this up to Amir as
well.

For a calibration effort, WEST needs to compare the results at the downstream end of the FLO-
2D model with the results from the RAS model. This comparison should include water surface
elevations and the discharge hydrograph in FLO-2D (to evaluate attenuation across the grid).
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This comparison will help the project team to evaluate our use of the same Manning’s values as
inputs to both the 1D and 2D models.

Discussion of project schedule

After making the draft FLO-2D deliverable to Jeff on April 3, the District will complete a draft
FLO-2D review in two weeks (by April 17). At that time, WEST will address the District’s FLO-2D
comments and submit the final RAS model for the downstream reach (from Baseline to the Gila
River) and the far upstream reach (from the La Paz County boundary to the HVID westside
canal). Jeff can begin reviewing these final models at that time for two weeks, ending on May
1. When WEST receives the final RAS model comments from Jeff on April 1 and addresses
those, final mapping can commence for the far upstream and downstream reaches using HEC-
RAS. WEST will then resubmit the FLO-2D model to Jeff on May 1 for finalization of the FLO-2D
model and of the HEC-RAS model between the HVID westside canal and Baseline Road.

Action items deriving from this meeting:

1. WEST to straighten the overbank flow path lines significantly to parallel the main
channel centerline throughout the “Canal to Baseline” model before the next submittal.

2. WEST to provide more detail on the reasoning behind the selection of empirical
coefficients for the bridge pier losses and for the lateral structure weir coefficients in the
TSDN documentation. WEST to also include the computation Brian mentioned that was
used by WEST previously for the District on the Jackrabbit Wash delineation for the
computation of weir coefficient for trestles 2 and 3.

3. WEST will deliver the final version of the model to Jeff by Wednesday, April 3 for a formal
draft submittal of the FLO-2D model. Update: This model was provided to Jeff by WEST
on April 4.

4. Jeff to discuss with Amir the mapping downstream of the HVID flood control
embankment, and whether any of the various options for mapping in this area would
necessitate a possible additional optional task or change order for the first optional task
to maintain a “without embankment” FLO-2D and take it to a final deliverable stage
along with the “with embankment” FLO-2D model.

5. WEST to compare the results at the downstream end of the FLO-2D model with the
depths in the RAS model (for both stage and flow).
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Date: April 30, 2013

A meeting was held on Monday, April 22, 2013 at 10:30 AM MST with the following attendees:

Flood Control District of Maricopa County (District)
1. Jeff Shelton 2. Amir Motamedi

3. Richard Harris

WEST Consultants (WEST)
1. Brian Wahlin 2. Chuck Davis

This meeting was a monthly coordination meeting for the Floodplain Delineation Study (FDS)
for Centennial Wash in support of FEMA flood map revisions along the length of the
watercourse from the La Paz County border to the confluence of Centennial with the Gila River.

The meeting followed the agenda prepared by WEST prior to the meeting, including the
discussion items described below.

Discussion of the near-final HEC-RAS deliverables for the reaches from Baseline
Rd to the Gila River and from the La Paz County boundary to the HVID canal

WEST provided “near-final” deliverables for the HEC-RAS models for the reaches from Baseline
Rd to the Gila River and from the La Paz County boundary to the HVID canal at this meeting.
This included the model files themselves, the HEC-RAS report (*.rep) files, and draft HIS
deliverables for cross sections (FPXFCD.shp) and the baseline (FPBLN.shp).

The reason that these were “near-final” is the District was still in internal discussions to finalize
the tie-in location for Centennial with the Gila River and to finalize the floodway approach.
During this meeting, it was determined that Jeff would get together with Cathy Regester to
coordinate on the Gila tie-in shortly following this meeting. Also, Jeff would finish the review of
the “near-final” HEC-RAS models provided during this meeting to allow WEST to begin mapping
by May 3. Also, Amir pointed out the fact that the original suggested mapping approach
around the UPRR bridge (i.e., to use the highest water surface elevation from the three reaches
defining flow through the bridge and projecting that highest water surface elevation across all
three reaches) was likely too conservative given the significant differences in water surface
elevations (on the order of 2 to 3 feet for some cross sections) among the three reaches.
Therefore, WEST will look into doing some type of “with embankment” and “without
embankment” analysis for this area for the base floodplain mapping. After the primary portion
of this meeting with Jeff and Amir, Richard Harris joined the conversation to discuss the
methodology used by URS to map the floodplain for the Waterman Wash study which had
broken BFE’s due to worst-case scenario mapping for with and without embankment analyses.
Richard recommended running four possible scenarios. The scenarios are listed below.
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1) With both embankments along the main channel upstream & downstream of the bridge

2) Without both embankments along the main channel upstream & downstream of the
bridge

3) Without upstream embankment along the main channel, but with the downstream
embankment

4) Without downstream embankment along the main channel, but with the upstream
embankment

During this discussion with Richard, Jeff and WEST decided to only analyze scenarios 1 and 2
above as the “with embankments upstream and downstream” scenario would likely be the
worst case for the flooding depths in the channel, and the “without embankments upstream
and downstream” scenario would likely be the worst case for the flooding depths in the
overbanks. WEST will complete this analysis. Since we currently have the “with both
embankment” scenario model, Jeff recommended possibly saving an intermediate geometry
while creating the “without embankment” condition after we remove one of the
embankments; this way we can analyze either scenario 3 or 4 fairly easily.

In regards to the floodway analysis for the models, Amir and Jeff had some suggestions
regarding the approach. WEST suggested that a floodway technically should contain all the
flow in the system. However, the effective study did not follow this; the floodway analysis in
the main channel was based on the reduced flow in the main branch of Centennial Wash after
the flow split. Amir and Jeff agreed that due to this precedence being set, and due to the likely
arbitrariness of defining a floodway in a highly distributary flow area such as the left overbank
flowpath, the District would rather perform a floodway analysis in this area with only the flow
in the main channel after the flow split, similarly to the methodology completed for the
effective study.

Discussion of FLO-2D modeling tasks

From the previous monthly coordination meeting, WEST provided some preliminary calibration
information between the “with embankment” FLO-2D model and the HEC-RAS model. This
generally showed good agreement between the two model results, even with the significant
peak flow attenuation in the unsteady FLO-2D model. WEST compared these results by
extracting FLO-2D results along the longitudinal profile of the hydraulic baseline from HEC-RAS
(i.e., a single point compared to the cross section results in HEC-RAS) and by extracting the
results along every HEC-RAS cross section from the FLO-2D results grid. Both methods of
extraction showed generally good agreement between the two sets of results.

Before finalizing the FLO-2D tasks, Jeff provided some comments from the District’s internal

FLO-2D mapping experts on methodologies used previously in the District to map FLO-2D
results. Kathryn Gross provided the following comments to Jeff from the Rio Verde study.
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1) The Rio Verde study used 0.1” as the minimum mapping depth for floodplain inundation
extents. They did this because they felt this methodology was most analogous to RAS
extending the water surface elevation to the ground surface at all cross sections.

2) Regarding mapping accuracy standards, Cathy pointed out that the grid elevations have
to be within half the contour interval of the mapping that was used to develop the FLO-
2D grid at “all points” along the boundary of the grid. A map audit must be completed
to check this requirement.

3) Cathy mentioned that we will likely need to get FEMA Region IX’s approval for the
chosen FLO-2D mapping technique before proceeding to a final mapping state.

Amir and Jeff discussed some other input from other FLO-2D experts at the District. They
indicated that other studies at the District are using 0.3 feet and 0.5 feet are being used for
minimum depth to map from FLO-2D results on various studies. Jeff mentioned that FEMA’s
Appendix C may have additional guidance on this topic since it has been updated recently.
WEST will investigate this possibility. Jeff also mentioned at some point we may need to decide
that if less than a certain amount of flow is going in a certain direction, then we may want to
draw a limit of study line and not follow that flow path for mapping purposes. However, Amir
also pointed out that for a single flooding source where everything should be rejoining
downstream, this may not occur in our system.

In regards to the levee-like embankments, Amir mentioned that we may need both “with
embankment” and “without embankment” FLO-2D models for the HVID north-south drainage
canal, but Amir also mentioned that the Rio Verde study removed large stock tanks from the
“without embankment” analysis as well. Jeff and WEST agreed that this study would require a
“without embankment” FLO-2D model that removed the embankment along the east bank of
the HVID north-south drainage canal and removed the large stock tanks in the model domain.
Jeff and Amir asked WEST to determine if the current hours for mapping HEC-RAS results in the
left overbank area contained enough funds to cover the “without embankment” FLO-2D model.
If the number of hours are equivalent, Jeff can authorize moving money from the overbank
HEC-RAS mapping task into the new “without embankment” FLO-2D modeling task. However, if
the number of hours for the “without embankment” FLO-2D task exceed the currently
authorized overbank HEC-RAS modeling/mapping budget, then the District can look into
authorizing some of the funds from the additional optional HEC-RAS tasks that have not been
authorized to date to cover these additional funding requirements. WEST will investigate the
original budget and scope to aid the District in making this decision.

Regarding the final mapping of the FLO-2D model results, the project team began discussing
possible FEMA floodplain zones to use for this mapping. Zone AOs and AHs have a limit of a
maximum of 3 feet of flooding depth. For those ponded areas behind roadways in the model
domain, a Zone AE with a single water surface elevation may be most appropriate. Everywhere
else with shallow flooding, Zone AOs are likely the most appropriate. The only place that does
not hold true is the area of the left overbank flowpath near the confluence with the main
branch of Centennial Wash where flooding depths are much deeper than three feet; in this
area, Zone AEs will be used with BFEs for the FLO-2D results.
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If we decide to continue with the “without embankment” FLO-2D model, then we should map
the worst case of both models at all locations (i.e., the worst-case flooding depth in each grid
cell).

Upon completion of preliminary mapping results from FLO-2D, Jeff wants to have a meeting
with W Holdings and Bob Bezek (FEMA Region IX) at the same time regarding model results and
mapping approach as per Kathryn Gross’s suggestion.

In regards to informing the HEC-RAS model with the results from the FLO-2D model, the project
team decided that WEST should start with the water surface elevations computed in FLO-2D,
then back out a discharge and see if it remains similar to the FLO-2D flows at a given location.
This is preferable to using the flows from the FLO-2D results then backing out a final water
surface elevation in HEC-RAS since the calibration to water surface elevation is more important
from a mapping perspective.

Discussion of project schedule

The project team determined that the project schedule may also need to be considered and
possibly changed given the addition of a second FLO-2D model that should be taken to a final
documentation level for the modeling effort. WEST will investigate the need for a lengthened
project schedule and report back to the District on their findings while reviewing the original
schedule, the updated modeling requirements, and the scope as part of the task for reviewing
the budget for possible authorization of additional funds for the “without embankment” FLO-
2D model (as discussed above in these minutes).

Action items deriving from this meeting:

1. Jeff would get together with Cathy Regester to coordinate on the Gila tie-in shortly
following this meeting. Update: this was done by Jeff with a report made to the project
team at the May monthly coordination meeting.

2. Jeff would finish the review of the “near-final” HEC-RAS models provided during this
meeting to allow WEST to begin mapping by May 3. Update: this was done by Jeff via
email on May 7.

3. The current HEC-RAS model around the UPRR bridge is the “with embankments
upstream and downstream” along the main channel. WEST will build the “without
embankments upstream and downstream” scenario model, and during this process will
develop either the “without upstream embankment along the main channel, but with the
downstream embankment” model or the “without downstream embankment along the
main channel, but with the upstream embankment” model.
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4. WEST to begin the Centennial floodway analysis with only the flow in the main channel
‘ in the flow split area.

5. WEST to investigate FEMA’s Appendix C for additional guidance regarding the depth of
flooding from a two-dimensional modeling study to include in the mapping of floodplain
hazard areas.

6. WEST to determine if the current hours for HEC-RAS modeling and mapping in the left
overbank area contained enough funds to cover the “without embankment” FLO-2D
model and report back to the District on these findings.
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Date: June 6, 2013

A meeting was held on Wednesday, May 8, 2013 at 2:00 PM MST with the following attendees:

Flood Control District of Maricopa County (District)
1. Jeff Shelton

WEST Consultants (WEST)
1. Brian Wahlin 2. Chuck Davis

This meeting was a monthly coordination meeting for the Floodplain Delineation Study (FDS)
for Centennial Wash in support of FEMA flood map revisions along the length of the
watercourse from the La Paz County border to the confluence of Centennial with the Gila River.

The meeting followed the agenda prepared by WEST prior to the meeting, including the
discussion items described below.

Discussion of the near-final HEC-RAS deliverables for the reaches from Baseline
Rd to the Gila River and from the La Paz County boundary to the HVID canal

WEST provided “near-final” deliverables for the HEC-RAS models for the reaches from Baseline
Rd to the Gila River and from the La Paz County boundary to the HVID canal at the April
monthly coordination meeting. Jeff had some final comments on these documents, and WEST
responded to each of these during this coordination meeting.

To respond to Jeff’s first comment regarding Gila River tie-in location, WEST added four cross
sections downstream of the downstream-most cross section in our original model to extend the
model approximately 2,000 feet. Regarding the actual hydraulic baseline of the Gila River,
WEST and Jeff decided to tie into the currently effective hydraulic baseline for this study as
opposed to the updated hydraulic baseline being created by Cathy Regester’s study currently.
Jeff asked that WEST show the calculation from the updated downstream-most cross section in
the model to the new baseline on the work maps so a future review could easily make this
conversion if needed. However, nothing else (cross sections, baselines, etc.) will reference the
new Gila River baseline being created by Cathy’s study.

Regarding the downstream-most flow change location defined as being “at the Gila River” in
the RBF CLOMR used to update the hydrology for the study reach, the project team decided to
add this flow change location into the model at the intersection of Centennial Wash with Old
US Highway 80. This methodology is consistent with the RBF CLOMR analysis of the old gage
because the old gage was at located at this roadway crossing.
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Regarding the ineffective flow areas that Jeff wanted to see changed, WEST agreed that the
‘ IFA’s in these cross sections would have been better placed where Jeff recommended. These
changes will be made in the model.

For additional items related to the RAS modeling effort, WEST will continue to work on the
with- and without-embankment RAS modeling near the bridge. Jeff will provide the floodway
data table from the Waterman Wash FDS to assist in this process. Finally, WEST will deliver a
technical memo describing the “inform RAS with FLO-2D results” on May 21.

For the floodway analysis, if the effective stations create a surcharge greater than 0.6 or 0.8
feet, we’'ll plan to leave the floodway stations equivalent to the effective floodway stations. If
it’s 0.2 feet on average, we need to improve the floodway stations by squeezing them in closer
to the thalweg.

Discussion of FLO-2D modeling tasks

From the previous monthly coordination meeting, WEST was tasked with investigating the
original budget and scope to help the District in making the decision regarding whether
optional funding would be required to complete the “without embankment” FLO-2D model to
100% completion (including documentation) along with the base conditions “with

. embankment” FLO-2D model. WEST felt that they would have enough dollars available in the
current budget to complete this task, but the schedule may be pushed out slightly due to this
issue. Jeff said that, even if the funding amount turned out to be the same, he would need
additional documentation to finalize the administrative component of the schedule adjustment.
Jeff requested a document from WEST with the following components to support a schedule
and possibly a funding change to the current contract:

1) discussion of the difficulty associated with merging two FLO-2D model results together
and how this is outside of the current expected effort within the current contract and
scope of work;

2) discussion of the added requirement to fully documentation two FLO-2D models;

3) discussion of the difficulties in informing the main stem HEC-RAS model with results
from the FLO-2D model;

4) consideration of what budget may be remaining from the 9 miles of Centennial Left
Overbank that we will not be mapping in RAS due to the FLO-2D model for the overbank
area; and

5) discussion of the difficulties in mapping the floodway in the vicinity of the flow split area
and how this would fall outside of the current expected effort within the current
contract and scope of work.

. This cost estimate will be completed by Friday, May 10, which will be delivered to Jeff on
Monday, May 13. Jeff asked that this cost estimate include a discussion of the required
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adjustment to the schedule associated with the change in the FLO-2D modeling tasks described
above.

Amir mentioned possibly throwing a new rainfall value into the Cella Barr HEC-1 model. WEST
reported a maximum flow in the left overbank of 14,000 cfs from the without embankment
FLO-2D model. WEST has looked into the HEC-1 model in the flow split area briefly, and WEST
will forward this documentation on the HEC-1 subbasins “cut off” by the Centennial floodplain
to Jeff. Jeff will also look at the Cella-Barr model, and he will perform the additional hydrologic
modeling task if required.

Regarding the mapping of the FLO-2D results, Jeff reported at this meeting the results of a
conversation he had with FMS. Jeff’s first questions from the FMS group (from Mandar) were
as follows:

1) Do you have buyoff from FEMA yet on the methodology used to inform RAS flows based
on the FLO-2D model?

2) Do you have buyoff from FEMA yet on the methodology used to complete the floodway
near the bridge?

Jeff asked WEST if there was anything else WEST felt the District needed to bring up to FEMA
now. WEST said not that they were aware of.

The second result of Jeff's conversation with FMS was that FMS wants products similar to the
Rio Verde study. This would include gridded boundaries for Zone AQ, similar to Rio Verde, as
opposed to fully smoothed boundaries along the edges of the floodplain. In regards to this, at
any point along the boundary of the floodplain as mapped with a gridded boundary, the water
surface elevation must be +/-0.5 feet compared to the actual ground elevation along the
boundary (not the FLO-2D grid element elevation) with some confidence interval to pass FEMA
map audit standards.

Jeff spoke with FMS about “dry islands” in the middle of the grid. FMS had concern that there
would be islands left in the middle of the grid where there shouldn’t be. If the island is a foot
higher than the water surface elevations, we might be able to map a dry island if it’s large
enough. There will also be a minimum area criteria in addition to a depth criteria. Jeff will look
up the minimum area for a dry island according to FEMA. Should we also consider a minimum
dimension (i.e., minimum length in the northing or easting direction)? The project team initially
discussed during this meeting having a minimum dimension of at least 3 or 4 elements.
However, since there hopefully will be so few “dry islands,” the project team felt that maybe
we can deal with each on a case-by-case basis and not have to specify this minimum dimension
now. The minimum area suggested by FMS and later confirmed by Jeff was 10 elements (about
0.367 acres).

FMS agreed that Zone AQ’s were the most viable floodplain hazard designation available for
mapping the FLO-2D results in the overbank area. We will have to map different AO depths:
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Zone AO1 (from 0.1’ depth to 1.5’ depth), Zone AO2 (from 1.5” depth to 2.5’ depth), and Zone
AO3 (from 2.5’ depth to 3.0’ depth). FMS indicated that pits should be mapped with Zone AEs
and a constant ponding elevation. The FLO-2D results in the overbank flowpath immediately
before it confluences back with the main stem of Centennial Wash (modeled with RAS) should
be mapped using a Zone AE designation with sloping BFE’s. This area will need a flood profile as
well.

FMS initially indicated that the minimum mapping depth could be 0.5” or below, but they may
prefer something less like 0.3’ or 0.1". Jeff later made the decision to map everything of 0.1’ to
1.5 as AO1.

Jeff asked WEST to research whether or not Zone AOs require flood profiles, but the project
team felt confident during this meeting that Zone AOs do not require flood profiles. WEST will
continue to research this topic.

Action items deriving from this meeting:

1. WEST to continue working on the with- and without-embankment RAS modeling near
the bridge.

2. Jeff to provide the floodway data table from the Waterman Wash FDS. Update: This
was provided to WEST by Jeff via email on May 14.

3. WEST to deliver a write-up describing the “inform RAS with FLO-2D results” on May 21.
Update: This was provided to Jeff by WEST via email on May 31.

4. WEST to continue working on the RAS floodway analysis.

5. WEST to complete the cost estimate and schedule adjustment memo and provide this
document to the District by Friday, May 10, or Monday, May 13. Update: This was
provided to Jeff by WEST via email on May 10.

6. WEST to forward preliminary documentation on the HEC-1 subbasins “cut off” by the
Centennial floodplain to Jeff. Update: This was provided to Jeff by WEST via email on
June 5.

7. Jeff to investigate the Cella-Barr model and possibly perform the additional hydrologic

modeling task with NOAA-14 rainfall if deemed necessary.

WEST to research whether or not Zone AOs require flood profiles.

WEST to continue working towards finalization of FLO-2D models and develop

preliminary mapping products based on the guidance provided herein.

© %
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Date: July 18, 2013

A meeting was held on Thursday, June 20, 2013 at 9:30 AM MST with the following attendees:

Flood Control District of Maricopa County (District)
1. Jeff Shelton

WEST Consultants (WEST)
1. Brian Wahlin 2. Chuck Davis

This meeting was a monthly coordination meeting for the Floodplain Delineation Study (FDS)
for Centennial Wash in support of FEMA flood map revisions along the length of the
watercourse from the La Paz County border to the confluence of Centennial with the Gila River.

The meeting followed the agenda prepared by WEST prior to the meeting, including the
discussion items described below.

Discussion of the with- and without-embankment HEC-RAS models near the
SPRR bridge

Based on modeling results presented by WEST, the project team decided to use the two
primary models representing the embankments around the bridge instead of all four models.
The two primary models to be used will include (1) the model with both the upstream and
downstream embankments in place and (2) the without either the upstream or downstream
embankments in place. The other two models developed for the study consist of a model with
the upstream embankment but without the downstream embankment, and a model with the
downstream embankment but without the upstream embankment.

The figure below shows which model is the worst-case scenario (i.e., has the highest WSEL) for
each cross section around the bridge. In the left overbank (i.e., those reaches that are not the
main channel of Centennial Wash), one of the models including the removal of an embankment
(removing the upstream embankment, the downstream embankment, or both) is the worst-
case scenario for every cross section. However, the difference in these models is minimal; the
model with the removal of both embankments is never lower than approximately 0.2" below
the worst-case scenario WSEL of another model at any given cross section. Therefore, the
project team decided to only use the two primary models as discussed above. Additionally, it
was decided that only the two primary models would be included in the TSDN. This is
defensible (as opposed to documenting all four models in the TSDN) because of the simplicity of
documentation and user update down the road.
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. Discussion of the floodway

For the majority of the study reach, WEST will attempt to utilize the effective floodway
boundaries as closely as possible. If these create a situation with an average surcharge << 0.6
feet, then WEST will squeeze the effective floodway boundaries to reach ~0.6 feet on average
for surcharges throughout the study reach (similar to the effective study average surcharge).

For the area around the SPRR bridge, we will use a wide floodway including all four trestle
openings and then narrow the floodway back to the approximate extents effective floodway as
quickly as possible downstream of the bridge. This was done for two reasons. First, this is best
from a regulatory perspective; no fill should be able to be placed within any of the four trestle
openings for this bridge. Second, this is the most straightforward way to complete a floodway
analysis given the complex bridge modeling approach utilized for this study. A schematic
representation of the proposed floodway near the bridge is provided below; this figure was
used during the meeting for discussion purposes.
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Action items deriving from this meeting:

1. WEST to utilize only the two models with embankments and without all embankments
for the final mapping and TSDN effort.

2. WEST to complete the floodway analysis shortly and deliver this to Jeff. Update: This
was delivered to Jeff by WEST.
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Date: July 18, 2013

A meeting was held on Monday, July 15, 2013 at 10:00 AM MST with the following attendees:

Flood Control District of Maricopa County (District)
1. Jeff Shelton

WEST Consultants (WEST)
1. Brian Wahlin 2. Chuck Davis

This meeting was a monthly coordination meeting for the Floodplain Delineation Study (FDS)
for Centennial Wash in support of FEMA flood map revisions along the length of the
watercourse from the La Paz County border to the confluence of Centennial with the Gila River.

The meeting followed the agenda prepared by WEST prior to the meeting, including the
discussion items described below.

Discussion of the draft work map sheets

WEST provided draft work map sheets at this meeting for review and discussion of work map
deliverables. The following comments/questions were developed regarding the work maps
during this meeting:

1) There needs to be a jurisdictional boundary added to Panel 1 differentiating La Paz
County from Maricopa County.

2) 5’ BFE’s look good. WEST had printed example work maps with 1’ BFE’s that looked
too busy, and WEST had also printed example work maps with no BFE’s which did
not provide enough detail. Jeff recommended sticking with the 5" BFE spacing for
the final work maps.

3) WEST needs to increase the text size on the cross section labels. Different options
regarding this increased text size discussed at the meeting are provided below:

a. WEST could possibly create two columns with a wider label instead of just scaling
the size of the entire hexagonal label up.

b. WEST should have a white background in the hexagonal cross section labels, if
the label is outside of the floodplain. If the label is inside the floodplain, at the
minimum, have the hexagonal cross section label with a clear background (i.e.,
don’t have the white background like those labels outside of the floodplain), but
try to move all labels outside of the floodplain with a leader if possible.

4) In the title block, WEST needs to add a colon after ‘Study’ in the title of the project,
i.e., “...Study: Gila...”
5) WEST needs to put 2’ contour intervals on the maps instead of the 5 contour

intervals shown currently. Instead of using topo lines developed from our final TIN,
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WEST should use the topo lines received directly from the FCDMC, even though that
doesn’t cover the entire TIN area created for the modeling/mapping efforts.

6) Spline the floodplain boundaries to create smoother linework. Jeff said this was
eventually up to WEST on how much we wanted to try to spline these boundaries. If
we were sacrificing accuracy for splining, we should definitely go with the more
accurate approach.

7) Jeff likes the tick mark labels WEST came up with, but he thinks there are too many
on the maps. We need to thin out the tick mark labels (maybe every other one in
the northing and easting compared to the current spacing we have).

8) WEST asked Jeff how he wanted to label roadways that don’t appear to be a road of
any kind (dirt or otherwise) on the aerials. Jeff indicated that if you don’t see it on
the aerial but it still shows up in the stnetres.shp provided by the District, WEST
should put the word ‘[alignment]” in brackets beside the road name. For example,
“Centennial Road [alignment]” over a portion of that roadway that does not appear
on the underlying aerials.

9) Jeff didn’t like the linework to distinguish the effective floodplain boundary.
Thoughts on this discussion were provided below:

a. Jeff recommended using a light gray, thicker line for the effective floodplain
boundary.

b. To differentiate between the effective Zone A and effective Zone AE boundary,
Jeff suggested using the same gray and the same line weight as the effective
floodplain but using a dashed line type.

10) For the triangular “wedge” near the La Paz County border that WEST has currently
mapped as effective data, the project team decided that WEST would use the
effective cross sections in their entirety for a few cross sections to get upstream of
the county boundary, then map the water surface elevations from these old cross
sections on the new topography downstream of the county boundary.

11) WEST needs to begin working on the tie-ins for the existing Zone A areas.

12) For the annotated FIRMs, Jeff thinks WEST will be using the new ones that become
effective on Oct 16. Jeff will provide these to WEST shortly.

Discussion of HEC-RAS/FLO-2D mapping boundary

WEST proposed transition from the HEC-RAS mapping near the flow split into the FLO-2D
mapping along the north/south embankment running to the north of the large stock tank near
the flow split area. This is good in some ways, such as the mapping boundary occurring along a
physical feature that is a major component of the amount of flow leaving the main branch at
this location (i.e., the embankment north of the stock tank) and capturing more of the flow split
area as modeled using the two-dimensional model (especially given the fact that this area is the
exact reason the two-dimensional modeling task was implemented in the first place). However,
this approach has drawbacks as well. First and foremost, this approach would create problems
with the reporting of HEC-RAS cross sections that are intersected by the north-south divide
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created long the stock tank embankment. Also, the tie-in is not good just north of this

. embankment; in other words, a discontinuity in the floodplain limits as modeled using these
two approaches would create a large, immediate decrease in the floodplain limit as mapped
using RAS (up to the location of transition) and the narrower floodplain as mapped using FLO-
2D downstream of the transition.

The second option is to go downstream of the stock tank and make the mapping transition
occur along a single HEC-RAS cross section. This has the distinct advantage of simplifying the
mapping process by having all HEC-RAS cross section widths match in the modeling and the
mapping, and the transition between the two model results becomes much smoother (i.e., the
mapped floodplain widths are much more similar at this location than upstream near the stock
tank embankment). Unfortunately, this approach does not utilize the FLO-2D results for
mapping the flow split around the stock tank, which was the primary reason the FLO-2D model
was developed in the first place. However, the flow changes from the FLO-2D model were still
utilized to inform the HEC-RAS flow change locations/values; therefore, the information from
the FLO-2D model would still be used in this approach.

The project team decided to utilize the second option and map the transition between the HEC-
RAS model and the FLO-2D model at a distinct, individual HEC-RAS cross section downstream of
the stock tank.

Discussion of FLO-2D Zone AE areas and flood profiles

Flood profiles have to be developed for results from the FLO-2D model designated as Zone AE
area with sloping water surface elevations (i.e., Zone AE areas with a single ponded water
surface elevation will not need a flood profile defined). Tasks for this flood profile task include
the following:

1) Thalweg line will be needed for the FLO-2D Zone AE areas with sloping water surface
elevations. This will include primarily the HVID north-south drainage channel and
the area near the confluence of the overbank flow path with the main branch of
Centennial Wash.

2) For each thalweg line drawn, WEST will need to develop river mile stationing and
add that to the work maps.

3) WEST will need to extract the thalweg line elevations from the DTM.

4) WEST will need to smooth the flood profile results from FLO-2D in between the
BFEs.

@
I
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Discussion of miscellaneous items and schedule

WEST needs to begin filling out MT-2 forms. The project team decided that all of the MT-2
forms should be completed for this project.

The remaining schedule for the project was outlined during the meeting. This schedule is
shown below:

AO mapping meeting between Jeff and FMS —7/24

Jeff to provide final AO linework back to WEST —7/31

Draft workmaps for HEC-RAS and possibly a few FLO-2D panels delivered to Jeff — 8/7
Remainder of FLO-2D workmaps delivered to Jeff - 8/21

Jeff to provide WEST with comments on the HEC-RAS work maps — 8/21

Jeff to provide WEST with comments on the remainder of the work maps —9/16
WEST to provide Jeff with the Draft TSDN —9/16

Annotated FIRMS/final workmaps delivered to Jeff by WEST — 9/30

Turn the entire package into FEMA 10/31

0 00N n s 9N R

Action items deriving from this meeting:

1. WEST to work on initial work map comments, including the following:
a. Add jurisdictional boundaries to Panel 1.

Add 5’ BFE’s to all panels.

Increase the text size on the cross section labels.

In the title block, add a colon after ‘Study’ for the project title (“...Study: Gila...”).

Add 2’ contour intervals to the work maps instead of the 5’ contour intervals.

Spline the floodplain boundaries to create smoother linework if possible.

Thin out the tick mark labels WEST developed originally.

Label roadways that don’t appear to be a road of any kind (dirt or otherwise) on

the aerials by putting the word ‘[alignment]’ in brackets beside the road name.

Use a light gray, thicker line for the effective floodplain boundary.

j. Differentiate between the effective Zone A and effective Zone AE boundaryby
using the same gray and the same line weight as the effective floodplain but
using a dashed line type.

k. Use the effective cross sections in their entirety for a few cross sections upstream

of the current triangular wedge of effective floodplain to get upstream of the

county boundary, then map the water surface elevations from these old cross
sections on the new topography downstream of the county boundary.

Begin working on the tie-ins for the existing Zone A areas.

m. Use the recently updated DFIRM panels that become effective on Oct 16 to create
the annotated FIRM panels, not the old FIRMs.

SQT™ho Qoo
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2. WEST to update the mapping of the transition between the HEC-RAS model and the FLO-
‘ 2D model at a distinct, individual HEC-RAS cross section downstream of the stock tank.
3. WEST to develop flood profiles for results from the FLO-2D model designated as Zone AE
area with sloping water surface elevations (i.e., Zone AE areas with a single ponded
water surface elevation will not need a flood profile defined).

WEST to begin filling out MT-2 forms.
5. Jeff to provide the updated DFIRM panels to WEST to use in the development of

annotated FIRMs. Update: This was provided to WEST by Jeff via disc on July 17.

b
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Date: August 9, 2013
A meeting was held on Thursday, August 8, 2013 at 11:00 AM MST with the following
attendees:

Flood Control District of Maricopa County (District)
1. Jeff Shelton 2. Aisha Alexander

WEST Consultants (WEST)
1. Chuck Davis

This meeting was a monthly coordination meeting for the Floodplain Delineation Study (FDS)
for Centennial Wash in support of FEMA flood map revisions along the length of the
watercourse from the La Paz County border to the confluence of Centennial with the Gila River.

The meeting followed the agenda prepared by WEST prior to the meeting, including the
discussion items described below.

Discussion of the public meeting materials

Aisha, the PIO for the Centennial Wash FDS, informed WEST of the schedule of required
deliverables for PIO materials. By Monday, August 12, WEST needs to provide Aisha with text
for the brochure, a picture of the wash from the field in JPEG format for the brochure’s front
cover (minimum 300 DPI), and a very minimally detailed study area location map similar to the
example Aisha brought for the Scatter Wash public meeting brochure in JPEG format (also
minimum 300 DPI). All other materials, including draft newspaper advertisement text and draft
exhibit board graphics, will all be due in early September.

Regarding Google earth deliverables for the final flood hazard boundaries to be used during the
public meeting, neither Jeff nor Aisha thought it was necessary for this project. This was for
two reasons. First, the parcels in the study area are very large, not small, individual homes like
a more urban study. Large, agricultural parcels can be seen on a large map much more easily
than small parcels that need a greater level of detail at a higher zoom. Second, the likely
location for the public meeting (main conference room at FCDMC) will likely not have
computers to run Google Earth. Therefore, the two laptops that WEST will provide for the
meeting will be the only two computers in the room with Google Earth functionality which may
not be widely useful for the public.
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. Discussion of the work map deliverables

WEST provided draft work map sheets for Panels 27 through 49 (from approximately Baseline
Road downstream to the Gila River confluence) at this meeting for the District to begin review.
The following items were delivered with these work maps:

1) Hard copy of Panels 27 through 49

2) Electronic copies of Panels 27 through 49 in both PDF and PNG formats (not
georeferenced at this time)

3) Final HEC-RAS models

4) GIS files showing cross section alignments, final flood lines for the revised floodplain
and floodway, etc.

Chuck will develop a README file for the deliverable CD and provide it to Jeff by tomorrow,
August 9.

WEST had several questions regarding the work maps. The first regarded the final naming
convention for reaches in the models. The final agreed upon names are provided below.

1) Model 1 — La Paz County to HVID Westside Canal
a. River — Centennial Wash
b. Reach —To La Paz
‘ 2) Model 2 — HVID Westside Canal to Baseline Road
a. River —Centennial Wash
b. Reach —Harquahala Valley
3) Model 3 —Baseline Road to Gila River (geometry with embankment)
a. Main branch above railroad
i. River —Centennial Wash
ii. Reach — Above Railroad
b. Main branch below railroad
i. River — Centennial Wash
ii. Reach —Below Railroad
c. First breakout channel, formerly “overflow”
i. River — Centennial RR spill
ii. Reach —Trestles 2to 4
d. Second breakout channel, formerly “fields”
i. River — Centennial Fields
ii. Reach —DS Trestles 2 and 3
4) Model 3 — Baseline Road to Gila River (geometry with embankment)
a. Main branch above railroad
i. River — Centennial Wash
ii. Reach — Above Railroad
‘ b. Main branch through Trestle 1
i. River — Centennial Wash
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ii. Reach—Trestle 1
c. Main branch below railroad
i. River —Centennial Wash
ii. Reach —Below Railroad
d. First breakout channel, formerly “overflow”
i. River —Centennial RR spill
ii. Reach —Trestles2to 4
e. Second breakout channel, formerly “fields”
i. River —Centennial Fields
ii. Reach — DS Trestles 2 and 3

The second question was about rounding in GIS compared to HEC-RAS. WEST was noticing that
the rounding of WSEL'’s to the tenths, when the hundredths digit was 5, was rounding down at
times instead of rounding up. Jeff found the answer to this issue. ESRI uses “banker’s
rounding” in the ArcGIS suite. If the tenth digit is even and the hundredth is 5, the digit will
round down. For example 0.45 rounds down to 0.4. If the tenth is odd and the hundredth is 5,
the digit will round up. For example 0.75 rounds up to 0.8. Jeff said that this, on average, will
create a rounded dataset with an average closer to the average of the original dataset than
traditional rounding where every 5 digit is rounded up. However, the District says that FEMA
and the District historically have rounded using traditional methods, i.e. 5 hundredths always
rounds up to the greater tenth. They requested that WEST take all of the WSEL’s to the
hundredths, round using the traditional method in excel, and then use this hard rounding to the
tenth to label our cross section WSEL’s on the work maps. WEST will correct this on all of the
final work maps.

WEST asked whether the District wanted the titles of the tributary names from the Centennial
Wash Zone A FDS, i.e., the unnamed tributaries entering Centennial Wash, called out on WEST’s
work maps. The District indicated that they would. Jeff will leave a CD at the front desk at
FCDMC to pick up with all of the reports from the Centennial Wash Zone A FDS, and WEST can
go through and extract each of the tributary names from the report. WEST will then place
these names on our work maps using text boxes. No hydraulic baselines need to be shown for
these tributaries.

Jeff pointed out that the final flood lines developed by WEST may not have been as smoothed
as needed because of a limitation in their HIS system to only allow a certain number of vertices
in the floodplain boundary line work in between cross sections. Jeff will check with Kathryn
Gross regarding this requirement and get back to WEST.
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‘ Discussion of final FLO-2D mapping

WEST asked Jeff some questions regarding his final FLO-2D line work comments. Jeff answered
these questions, and the FLO-2D line work will be considered final ahead of the draft FLO-2D
work map submittal on August 21.

In regards to the remainder of the FLO-2D mapping items, WEST and the District decided on
naming conventions for the two largest FLO-2D Zone AE areas. For the left overbank Zone AE,
the District and WEST agreed to use the effective reach name for the hydraulic baseline tying
into Centennial Wash with a few minor edits. For the HVID drainage channel Zone AE, the
District and WEST agreed to use the name from the HVID plan set (something like “HVID
Drainage Channel” or similar). Jeff mentioned that WEST will have to develop river mile ticks
for these two Zone AE’s along the hydraulic baselines for the work maps, and that WEST will
eventually have to develop profiles for these two reaches. These profiles should be in DXF or

DWG format.

We also need to begin doing an edge matching check of the FLO-2D results in the Zone AE area
near the Centennial Wash confluence. We need to export the boundary grid final WSEL from
the final combined Max WSEL model results grid (by either rasterizing the results along the
border, or creating a 3D line along the absolute outer edge populated with the values from the
raster) and then subtract the underlying topography data (either by subtracting the base topo
DEM at a 5’ interval from boundary results grid at a 40’ interval or by extracting a profile from
. the underlying topo DEM or TIN and comparing that to the profile from the 3D line developed
above). This difference should be less than a half-foot everywhere. WEST needs to propose
and complete a methodology to do this in the Zone AE area near the confluence with
Centennial Wash. Jeff thinks we won’t have to perform a similar check for the Zone AO
boundaries since those are merely specifying a ground elevation plus a flooding depth, not
specifying a final WSEL associated with flood hazards. WEST should look into this though.

Action items deriving from this meeting:

1. By Monday, August 12, WEST to provide Aisha with text for the brochure, a picture of the
wash from the field in JPEG format for the brochure’s front cover (minimum 300 DPI),
and a very minimally detailed study area location map similar to the example Aisha
brought for the Scatter Wash public meeting brochure in JPEG format (also minimum
300 DPI).

2. Chuck will develop a README file for the deliverable CD and provide it to Jeff by

tomorrow, August 9.

WEST to update the RAS model reach names as specified above.

4. WEST to round all WSEL’s to the tenth using traditional methods by rounding results with
5 in the hundredths digit up to the nearest tenth for final WSEL reporting.

w
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5. WEST to title the Centennial Wash Zone A tributaries using the final report from this
study.

6. Jeff to inquire with Kathryn Gross about possible limitations to the number of vertices in
flood line work in between cross sections for the District’s HIS system.

7. WEST to develop hydraulic baselines and flood profiles for the two largest FLO-2D Zone

AE’s.

WEST to calculated ponded Zone AE flooding elevations for all other FLO-2D Zone AE’s.

WEST to recommend and complete an edge-matching check for the border of the FLO-2D

results compared to the underlying topography for the Zone AE in the left overbank near

the confluence with the main branch of Centennial Wash.

o ®
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. Date: October 26, 2013

A meeting was held on Tuesday, September 24, 2013 at 11:00 AM MST with the following
attendees:

Flood Control District of Maricopa County (District)
1. Jeff Shelton

WEST Consultants (WEST)
1. Brian Wahlin 2. Chuck Davis

This meeting was an intermediate coordination meeting between regularly monthly
coordination meetings to discuss finalization of the AVSE Phase Il site inclusion into the HEC-
RAS model for the Floodplain Delineation Study (FDS) for Centennial Wash in support of FEMA
flood map revisions along the length of the watercourse from the La Paz County border to the
confluence of Centennial with the Gila River.

The meeting followed the agenda prepared by WEST prior to the meeting, including the
discussion items described below.

’ Discussion of incorporation of the as-built data for the AVSE Phase Il project into
the final HEC-RAS model

WEST discussed the process that WEST is currently using to georeference the work maps
provided to WEST in PDF format and then use those plans to update the HEC-RAS model. WEST
is still waiting on the possibility of receiving the electronic topography data from the client to
cut cross sections directly from the electronic data. WEST proposed October 4 as the last
possible date for which receiving electronic topography data for the AVSE Phase Il site would be
usable. Jeff concurred with this date.

WEST asked if the accuracy of our georeferencing process would be a problem for the District’s
accuracy standards, especially compared to the accuracy of the other topographic datasets
used in this study. Jeff assured WEST that this would not be a problem if accurately
documented in the report.

WEST also indicated that they did not believe the AVSE portion of the project would be ready
for District review before the final package was due on October 31. Jeff said that he
understood and that he would not request this prior to the final submittal date.
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Discussion of miscellaneous items

Jeff told WEST not to worry about including the updated Gila hydraulic baseline from Cathy
Regester’s study on our work maps. That project is currently on hold for review of Manning’s
roughness coefficients. Therefore, Jeff does not want to include any of that study on our work
maps.

After October 31, Jeff will send Bob Bezek (from FEMA Region 9) the PDF of the final TSDN and
the FLO-2D work maps to communicate to him the mapping methodology used for this study.
Hopefully this will allow us to address big-picture concerns regarding the results before
receiving comments back from FEMA.

Jeff would like to see the final FEMA map audit spreadsheet we developed during this meeting
for the “Centennial Left Overbank” Zone AE area from the FLO-2D results. Assuming an
accuracy standard of +/- one-half of the contour interval, we meet mapping accuracy standards
at a 90% pass rate. Is this the correct limit? WEST will investigate. Based on WEST’s
experience, the accuracy requirement is +/- 1 foot for detailed studies, but there are three risk
classes each with its own percent passing requirement: (1) Risk Class A, high population and/or
high anticipated growth = 95%; (2) Risk Class B, medium population and/or modest anticipated
growth = 90%, and (3) Risk Class C, sparse population, small/no anticipated growth = 85%.

Action items deriving from this meeting:

1. WEST to continue to georeference the work maps provided to WEST in PDF format and
then use those plans to update the HEC-RAS model in the vicinity of the AVSE Phase Il
Site.

2. WEST to report the results of the final map audit spreadsheet the project team
developed during this meeting for the “Centennial Left Overbank” Zone AE area from the
FLO-2D results.
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. Date: October 26, 2013
A meeting was held on Thursday, October 3, 2013 at 3:00 PM MST with the following
attendees:

Flood Control District of Maricopa County (District)
1. Jeff Shelton

WEST Consultants (WEST)
1. Chuck Davis 2. Brian Wahlin

This meeting was a monthly coordination meeting for the Floodplain Delineation Study (FDS)
for Centennial Wash in support of FEMA flood map revisions along the length of the
watercourse from the La Paz County border to the confluence of Centennial with the Gila River.

The meeting followed the agenda prepared by WEST prior to the meeting, including the
discussion items described below.

AVSE as-built plans and incorporation of these plans into the HEC-RAS model

WEST mentioned that the preliminary mapping was showing water surface elevations

. overtopping more of the site than originally expected. Also, WEST mentioned that the lack of
digital topography data and low-resolution as-built images that WEST georeferenced to
perform this work was making the mapping difficult. Part of the reason the mapping of the
AVSE Phase |l site was overtopping the project features was the differences in topography
between the effective study and the updated mapping collected by the FCDMC. Jeff found that
the Cella Barr ERM’s were consistently 0.5 to 0.7 feet lower than what MCDOT has recorded for
the elevations these points. In addition to this consistent downward shift in the ERM data, the
error in 4’ topography (the contour interval of the effective topography) is up to +/- 2 feet. This
could have caused an even greater downward shift in the effective study topography relative to
the updated topography. These two things in concert were likely the cause of the significant
difference in these two datasets.

Due to the last-minute nature of incorporating the as-built data into the model with
georeferenced as-built plans form the PDF plan set (as opposed to digital topography data), Jeff
would like WEST to talk about the incorporation of the AVSE topography into the HEC-RAS
model as an area of less accuracy than other parts of the model in the report.

Also, in the mapping process, the water surface elevations in the final RAS model are slightly

lower than some of the embankments near the outer edge of the site. However, the water

surface elevation was higher than the ground surface of the detention basins on the other side

of the embankments. Therefore, Jeff instructed WEST to map conservatively as if the
. embankments were not there.
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Remaining project schedule

Based on previous scheduling conversations, WEST will deliver annotated FIRMS and final
workmaps to Jeff by 9/30. Jeff and WEST discussed that Jeff will return his comments on the
TSDN to WEST by 10/15, and WEST will give final work maps and annotated FIRMs to Jeff by
10/15 as well. In the end, WEST will submit the final package to the District by 10/31.

Final billings

WEST asked Jeff how the final billings should be conducted. Jeff asked WEST to refrain from
billing the entire amount by October 31 and keep some of the budget available for future FEMA
comments.

Action items deriving from this meeting:

1. WEST to talk about the incorporation of the AVSE topography into the HEC-RAS model as
an area of less accuracy than other parts of the model in the report.

2. WEST to map conservatively in the area of the AVSE Phase Il site as if the embankments

were not there.

Jeff will return his comments on the TSDN to WEST by 10/15.

WEST to give final work maps and annotated FIRMs to Jeff by 10/15.

WEST will submit the final FDS package to the District by 10/31.

WEST to refrain from billing the entire amount by October 31 and keep some of the

budget available for future FEMA comments.

oL AW
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Date: October 29, 2013

A meeting was held on Friday, October 11, 2013 at 1:00 PM MST with the following attendees:

Flood Control District of Maricopa County (District)

1. Jeff Shelton 2. Mandar Nangare
WEST Consultants (WEST)

1. Brian Wahlin 2. Chuck Davis
ARCADIS

1. Corey Zorn 2. Isaac Thomas

This meeting was an intermediate coordination meeting between regularly monthly
coordination meetings to discuss finalization of the AVSE Phase Il site inclusion into the HEC-
RAS model for the Floodplain Delineation Study (FDS) for Centennial Wash in support of FEMA
flood map revisions along the length of the watercourse from the La Paz County border to the
confluence of Centennial with the Gila River.

The meeting followed the agenda prepared by Jeff Shelton prior to the meeting, including the
discussion items described below.

Preliminary Results from including AVSEIl as-built plans into Centennial Wash
FDS study

Jeff and WEST presented the results of the Centennial study after including the AVSE as-builts
into our final model. This shows flooding depths of up to ~1 foot on the AVSE site (above the
berms of the channels and detention basins along the edge of the site) at some places. The
area of inundation covers many of the solar panels on the site, but none of the buildings.

WEST and the District found significant differences between the effective four-foot topography
and the two-foot topography used in the new study. This is mainly attributed to the +/- two
foot of error assumed for the effective topography (4-foot contour interval data). Error on the
order of +/- half of the contour interval is a typical assumption for topography data.

ARCADIS showed no inundation on the site from their CLOMR study, which is based on the
effective topography, but Corey indicated that ARCADIS had noticed topography differences in
the main channel and had warned LS Power (owners and operators of the AVSE Phase Il facility)
that there was a risk that an updated topography study could alter the inundation limits on
their site, even after construction. Corey indicated that LS Power had agreed to that risk if the
District would provide the necessary permits based on a more simplified hydraulic analysis
because the cost of a full restudy was cost-prohibitive for LS Power.
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Mandar mentioned his desire not to have LS Power complete all of the District’s and FEMA’s
requirements for a CLOMR/LOMR and then immediately map them back into the floodplain.
He mentioned considering not utilizing the new WEST linework from the study presented at this
meeting but utilizing the ARCADIS LOMR linework in this area instead. One problem with this
approach that Jeff pointed out is tie-in with the updated study would be difficult due to
differing WSEL’s. ARCADIS indicated that they were not concerned with this issue, and they did
not feel their client would be either. Previous discussions between ARCADIS and LS Power
regarding the possible risk associated with the approach taken previously for the CLOMR study
included a discussion with LS Power about the results of this possibility. They indicated that as
long as they complied with the District, what happened in the future was likely not problematic.
Therefore, WEST and the District will proceed to map the results as they are shown currently
based on incorporating the as-built data into the HEC-RAS model.

In fact, ARCADIS mentioned that the site was designed to have up to six inches of water without
any problems at all. If needed, LS Power could avoid costly flood insurance by elevating the
electrical equipment for the panels by putting the panel control boards up higher on the post,
or by putting the entire post/panel assembly on an elevated metal box. Finally, the nature of
solar panels not being “inhabitable buildings” may mean that there is no flood insurance
requirement regardless of flood inundation extent. Corey will inquire with his client about this
flood insurance requirement.

Finalization of the LOMR process for LS Power and ARCADIS

Based on the conversation during the first portion of the meeting, the District began to outline
the best course of action moving forward for ARCADIS to complete the LOMR for LS Power. First
and foremost, it was decided that ARCADIS should continue to update the effective model. In
other words, ARCADIS should not be required to take WEST’s updated model and verify the
incorporation of the as-built information into the model. Since the WEST model will not be
effective for some time (as the PMR process tends to take a significantly greater amount of
time than the LOMR process to update the effective information), there is no reason for
ARCADIS to provide their LOMR updates based on that model.

Regarding the timing of the submittals for ARCADIS and WEST, Jeff mentioned the idea of
intentionally holding WEST’s submittal until well after the ARCADIS submittal to not cause
confusion with FEMA. ARCADIS will be submitting their LOMR to the District on November 1 or
shortly thereafter. The District then has a 90-day review window to comment on this submittal
before it is sent to FEMA. WEST will be turning in their final product on October 31. The
District will have approximately a 2-week window of review for this submittal at which time Tim
Phillips will sign this study (making it “enforceable” for the District from a regulatory
perspective) and send it to FEMA as a PMR. Jeff mentioned holding the WEST package until
after the ARCADIS package goes to FEMA. However, the project team discussed that due to the
significant differences between the PMR process and the LOMR process, a lagged delivery likely
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would not provide much benefit to FEMA or to the District in terms of reduced confusion of

submittals. Therefore, all of the submittals will proceed based on the previously planned

schedules.

Action items deriving from this meeting:

1. WEST to move forward with the incorporation of the AVSE Phase Il data into the final
model as planned, with mapping continuing as planned as well.

2. ARCADIS to complete their LOMR based on the effective model as originally planned.

3. Corey to inquire whether or not LS Power actually pays flood insurance.
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CONTRACT FCD 2012C004

. CENTENNIAL WASH FLOODPLAIN DELINEATION STUDY:
GILA RIVER TO LA PAZ COUNTY

Pursuant to the provisions of the Arizona Revised Statutes §48-3603, the Board of Directors of the Flood
Control District of Maricopa County has the authority to enter into contracts.

The Flood Control District of Maricopa County, Arizona, hereinafter called “District”, is desirous of
having certain professional services performed in connection with Contract FCD 2012C004, Centennial
Wash Floodplain Delineation Study: Gila River to La Paz County, hereinafter called the “Project”
and as more fully described in Exhibit A, Scope of Work, and in accordance with Exhibit B, Fee
Proposal, attached; and WEST Consultants, Inc., hereinafter called “Consultant”, with its principal
offices located at 8950 S. 52" Street, Suite 210, Tempe, Arizona 85284-1043, is desirous of performing

said services;

THEREFORE, the parties hereto mutually agree as follows:

SECTION I—SERVICES OF THE CONSULTANT

The Consultant, under the general supervision of the District Engineering Division Manager, shall prepare
studies, reports, surveys, plans, drawings, specifications, and cost estimates as are necessary for the
Project according to the directions and designated standards of the District, and in accordance with
Exhibit A, Scope of Work. It is understood and agreed that the District’s authorized representative shall
be the Engineering Division Manager or his duly authorized representative, hereinafter called the

. “Agent”. For purposes of this contract, the Agent’s duly authorized representative shall be the Project
Manager and he/she shall be the sole contact for administering this contract.

The Consultant shall meet periodically with the Agent so as to keep the District informed of the progress |
of the work in accordance with the schedule defined in Exhibit A, Scope of Work.

The Consultant shall promptly advise the Agent of any factors which develop during the Project that
would likely result in construction or design costs in excess of budgetary constraints. |

SECTION II—PERIOD OF SERVICE |

The Consultant shall complete all work including optional tasks within seven hundred ninety (790) ‘
calendar days from the Notice to Proceed (NTP). The Consultant shall have the final study results ready
for submittal to FEMA within four hundred twenty five (425) calendar days from the Notice to Proceed

(NTP).

Should extension of this contract period be necessary, and any such extension(s) continue the date of
contract performance for a time period of more than one (1) year from the original date of contract
expiration, adjustment(s) of the Consultant’s fee(s) may be made, upon agreement by both the District
and the Consultant. Any such fee adjustment shall only apply to the extended contract time period. !
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SECTION HI—PAYMENTS TO THE CONSULTANT

The Consultant shall be iaid for work under this contract a lump sum fee of $ [ ] plus 2 fee

not-to-exceed for optional tasks as identified below and in accordance with the Scope of
Work. A written authorization from the Agent will be required prior to initiating any optional task.

OPTIONAL

TASK NUMBER DESCRIPTION TOTAL
2.0 Public Involvement

5.0 Field Survey

7.0 Floodplain/Floodway Delineation

9.0 FEMA Submittal

Direct and Outside Expenses

The total contract amount will not exceed
plus any adjustments that have been approved in writing in

accordance with the Maricopa County Procurement Code.

The District shall pay the Consultant upon completion of the work as accepted by the District, except that
progress payments may be made as billed by the Consultant based on approved monthly progress reports
subject to the limitations set forth in Exhibit A, Scope of Work.

With each request for payment, the Contractor shall complete and provide the “Maricopa County Small

Business Enterprise Program Participation Reporting Form” which is included with this contract
document.

SECTION IV—THE DISTRICT’S RESPONSIBILITIES

The District shall furnish the Consultant, at no cost to the Consultant, the following information or
services for this Project:

A. One copy of on-hand maps, records, survey ties, benchmarks, or other data pertinent to the Project.
This does not, however, relieve the Consultant of the responsibility of searching records for additional
information, for requesting specific information, or for verification of that information provided. The
District does not warrant the accuracy or comprehensiveness of any such information.

B. All available information and data relative to policies, standards, criteria, and studies, etc. impacting
the Project as identified by the Consultant.

C. Available staff for consultation with the Consultant during the performance of studies and plan
development in order to identify the problems, needs, and other functional aspects of the Project.

D. Prompt examination of documents submitted by the Consultant and rendering of decisions pertaining

thereto in order to avoid unreasonable delay in the progress of the work by the Consultant. The
District will keep the Consultant advised concerning the progress of the District’s review of work.

SECTION V—AMENDMENTS

This contract may be amended by mutual agreement of the District and the Consultant.
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. Any alteration in the Scope of Work that will result in a substantial change in the nature of the Project so
as to materially increase or decrease the contract fee will require negotiation of an amendment to the
contract to be executed by the District and the Consultant. No work shall commence on the change until
the contract amendment has been approved by the District and the Agent has notified the Consultant to
proceed. It is distinctly understood and agreed that no claim for extra work performed or materials
furnished by the Consultant will be allowed by the District except as provided herein, nor shall the
Consultant do any work or furnish any materials not covered by this agreement unless such work is first
authorized in writing by the District in accordance with the Maricopa County Procurement Code. Any
such work or materials furnished by the Consultant without such written authorization first being given
shall be at Consultant’s own risk, cost, and expense. The Consultant hereby agrees to make no claim for
such work or materials furnished without such written authorization.

SECTION VI—RECORDS

Records of the Consultant’s expenses pertaining to this contract and records of accounts between the
District and the Consultant shall be kept on a generally recognized accounting basis and shall be available
upon request to the District or its authorized representative for audit during normal business hours.

All Consultant and District procurement records shall be retained for a period of one (1) year and
disposed of in accordance with the records retention guidelines and schedules approved by the State of
Arizona Department of Library, Archives, and Public Records unless applicable Federal regulations

require a longer period of retention.

SECTION VII—PROJECT COMPLETION

If, during the course of this contract, situations arise which prevent completion within the allotted time,
the Agent may grant an extension.

SECTION VIII—TERMINATION

The District may terminate this contract at any time upon reimbursement to the Consultant of expenses
that include reasonable charges for time and material for the percentage of work satisfactorily completed

and provided to the District.

The District reserves the right to postpone, terminate, or abandon this contract for the Consultant’s failure
to complete the Project on time or failure to comply with the provisions of the contract. The District also \
reserves the right to terminate any or all parts of this contract for its own convenience as the District may

determine at it’s sole discretion.

The District hereby gives notice that pursuant to AR.S. § 38-511 “A” this contract may be canceled
without penalty or further obligation within three (3) years after execution if any person significantly
involved in initiating, negotiating, securing, drafting, or creating a contract on behalf of the District is, at
any time while the contract or any extension of the contract is in effect, an employee or agent of any other
party to the contract in any capacity or a consultant to any other party of the contract with respect to the
subject matter of the contract. Cancellation under this section shall be effective when written notice from
‘ the District Chief Engineer and General Manager is received by all of the parties to the contract. In
addition, the District may recoup any fee or commission paid or due to any person significantly involved
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in initiating, negotiating, securing, drafting, or creating the contract on behalf of the District from any
other party to the contract arising as a result of the contract.

The Consultant may terminate this contract in the event of nonpayment of fees as specified in SECTION
III, PAYMENTS TO THE CONSULTANT.

SECTION IX—OWNERSHIP OF DOCUMENTS

A. All original documents including, but not limited to studies, reports, tracings, drawings, physical and
computer models, estimates, field notes, investigations, design analysis, calculations, computer
software, and specifications, prepared in the performance of this contract are to be and remain the
property of the District and are to be delivered to the Agent before final payment is made to the
Consultant. The District will not reuse, alter or modify these documents without noting such
modifications, alterations, or intent of their reuse, and will hold the Consultant harmless from any
claims arising from such reuse, modifications, or alterations of the documents. The Consultant may
retain reproducible copies of all such documents delivered to the District.

B. If the Consultant retains reproducible copies of all such documents delivered to the District, the
Consultant may not use those documents in regard to current or future claims or litigation against the
District brought by another party or parties unless the documents are independently produced in
accordance with a court order or procedural rules and notice of such production is given to the
District immediately and prior to their production.

C. Copies retained by the Consultant, sub-consultant(s), or any related entities are governed by Arizona
Law regarding the use of public records and may not be used for commercial purpose without
additional written permission from the District and the payment of all applicable fees.

D. The District reserves the right to reuse the documents as it sees fit.

SECTION X—COMPLIANCE WITH LAWS

The Consultant is required to comply with all Federal, State, and local laws, local ordinances and
regulations. The Consultant’s signature on this contract certifies compliance with the provisions of the I-
9 requirements of the Immigration Reform and Control Act of 1986 for all personnel that the Consultant
and any subconsultants employ to complete any Project. It is understood that the District shall conduct
itself in accordance with the provisions of the Maricopa County Procurement Code.

The consultant warrants that it is in compliance with A.R.S. §41-4401 and further acknowledges:

(1) That the consultant and its sub-consultants, if any, warrant their compliance with all federal
immigration laws and regulations that relate to their employees and their compliance with
A.R.S. §23-214, subsection A; After December 31, 2007, every employer, after hiring an
employee, shall verify the employment eligibility of the employee through the e-verify program
and shall keep a record of the verification for the duration of the employee's employment or at
least three years, whichever is longer.

(2) That a breach of a warranty under subsection 1 above, shall be deemed a material breach of the
contract that is subject to penalties up to and including termination of the contracts;
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(3) That the contracting government entity retains the legal right to inspect the papers of any
consultant or sub-consultant employee who works on the contract to ensure that the consultant
or sub-consultant is complying with the warranty provided under subsection 1 above and that
the consultant agrees to make all papers and employment records of said employee(s) available
during normal working hours in order to facilitate such an inspection.

(4) That nothing herein shall make any consultant or sub-consultant an agent or employee of the
contracting government entity.

Verification regarding compliance with A.R.S. §35-391.06 and §35-393.06 Business Relations with
Sudan and Iran:

(1) By entering into the Contract, the Contractor certifies it does not have scrutinized business
operations in Sudan or Iran. The contractor shall obtain statements from its subcontractors
certifying compliance and shall furnish the statements to the Procurement Officer upon request.
These warranties shall remain in effect through the term of the Contract.

(2) The District may request verification of compliance for any contractor or subcontractor
performing work under the Contract. Should the District suspect or find that the Contractor or
any of its subcontractors are not in compliance, the District may pursue any and all remedies
allowed by law, including, but not limited to: suspension of work, termination of the Contract
for default, and suspension and/or debarment of the Contractor. All costs necessary to verify
compliance are the responsibility of the Contractor.

SECTION XI—GENERAL CONSIDERATIONS

A. The Consultant shall furnish to the District for approval, the names of its key employees, and of its
subconsultants and their key employees, to be used on this Project prior to beginning the work under
this contract. Any subsequent changes are subject to the written approval of the District.

B. The Consultant shall perform, with its own firm, work amounting to fifty percent (50%) or more of
the total amount of the contract value. Any deviation may be approved, in writing, at the discretion of

the Agent.

C. The failure of either party to enforce any of the provisions of this contract or to require performance
of the other party of any of the provisions hereof shall not be construed to be a waiver of such
provisions, nor shall it affect the validity of this contract or any part thereof, or the right of either

party to thereafter enforce each and every provision.

D. The Consultant shall be responsible for the cost of any additional design, field layout, testing,
construction and supervision necessary to correct those errors or omissions attributable to the
Consultant, and for any damage incurred by the District as a result of additional construction costs
caused by such consultant errors or omissions.

E. The fact that the District has accepted or approved the Consultant’s work shall in no way relieve the
Consultant’s responsibility.

F. It is mutually understood and agreed that this contract shall be governed by the laws of the State of
Arizona, both as to interpretation and performance. Any action at law, suit in equity, or judicial

Contract FCD 2012C004 Page 7 of 16



proceeding for the enforcement of this contract, or any provision thereof, shall be instituted only in
the courts of the State of Arizona.

G. When this contract requires the Consultant to study specific geographic areas of Maricopa County
(including but not limited to floodplain delineations, watercourse master plans, area drainage master
studies, or any other site specific assignment) the Consultant agrees during the term of this contract
and any extensions thereof that Consultant will not perform similar services for any clients other than
the District within that specific geographic area without the written authorization and approval of the
Chief Engineer and General Manager of the District.

H. The Consultant shall incorporate stormwater quality best management practices (BMPs) in the design
of the project and comply with the Maricopa County Stormwater Quality Management and Discharge
Control Regulation, the Maricopa County Drainage Policies and Standards, and the Maricopa County
Drainage Regulations, using guidance from the Maricopa County Drainage Design Manual, Vol. III,
Erosion Control

I.  The Consultant agrees that it, its principals, employees, sub-consultants, agents and assigns, shall not
accept employment as consultants, expert witnesses or otherwise in any pending or contemplated
litigation against the District during the term of this contract and any extensions thereof without the
written authorization and approval of the Chief Engineer and General Manager of the District.

J. The Consultant agrees that it, its principals, employees, sub-consultants, agents and assigns, shall not
accept employment as consultants, expert witnesses or otherwise in any future litigation against the
District in regard to the subject matter of this contract without the written authorization and approval
of the Chief Engineer and General Manager of the District.

K. It is understood that the District shall have the right to seek and obtain in any court of competent
jurisdiction an injunction to restrain a violation or alleged violation by the Consultant, its principals,
employees, sub-consultants, agents or assigns, of the provisions of G., I., and J. of this section or of
the provisions of B. of Section IX, and the right of action for full damages at law, in addition to any
other remedies provided by this contract. In no case shall a waiver by the District of the right to seek
relief under this provision constitute a waiver of any other or further violation.

SECTION XII—SUCCESSORS AND ASSIGNS

This contract shall not be assigned by either party without prior written approval of the other except that
the Consultant may use in the performance of this contract without prior approval of the District,
personnel or services of its related entities and affiliated companies as if they were an integral part of the
Consultant; and it shall extend to and be binding upon the heirs, executors, administrators, successors and

assigns of the parties hereto.

SECTION XITI—NO KICK-BACK CERTIFICATION

The Consultant warrants that no person has been employed or retained to solicit or secure this contract
upon any agreement or understanding for a commission, percentage, brokerage, or contingent fee; and
that no member of the Board of Directors or any employee of the District has any interest, financially or
otherwise, in the Consultant’s firm.
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For breach or violation of this warranty, the District shall have the right to annul this contract without
liability, or at its discretion, to deduct from the contract price or consideration, the full amount of such
commission, percentage, brokerage, or contingent fee.

SECTION X1V - INFLUENCE

As prescribed in MC1-1202 of the Maricopa County Procurement Code, any effort to influence an
employee or agent to breach the Maricopa County Ethical Code of Conduct or any ethical conduct, may
be grounds for Disbarment or Suspension under MC1-902.

An attempt to influence includes, but is not limited to:
1. A Person offering or providing a gratuity, gift, tip, present, donation, money, entertainment or
educational passes or tickets, or any type valuable contribution or subsidy;
2. That is offered or given with the intent to influence a decision, obtain a contract, garner favorable

treatment, or gain favorable consideration of any kind.
If a Person attempts to influence any employee or agent of Maricopa County, the Chief Procurement
Officer, or his designee, reserves the right to seek any remedy provided by the Maricopa County
Procurement Code, any remedy in equity or in the law, or any remedy provided by this contract

SECTION XV—ANTI-DISCRIMINATION PROVISION

The Consultant agrees not to discriminate against any employee or applicant for employment because of
race, religion, gender, age, disability, or national origin, and further agrees not to engage in any unlawful
employment practices. The Consultant further agrees to insert the foregoing provisions in all subcontracts

hereunder.

ARTICLE XVI - SMALL BUSINESS ENTERPRISE (SBE) PROGRAM

The Maricopa County Small Business Enterprise (SBE) Program is incorporated by reference. It is
Maricopa County’s policy to provide small businesses the opportunity to participate in the District’s
solicitation process and to be considered to fulfill the requirement for various commodities and services.
No specific SBE participation percentage goal or dollar amount has been established for this contract.

SECTION XVII—INDEMNIFICATION

To the fullest extent permitted by law, the Consultant shall defend, indemnify, and hold harmless the
Flood Control District of Maricopa County, Maricopa County, and their agents, representatives, officers,
directors, officials, and employees from and against all claims, damages, losses, and expenses including,
but not limited to, attorney fees, court costs, expert witness fees, and the cost of appellate proceedings,
relating to, arising out of, or alleged to have resulted from the negligent acts, errors, omissions or
mistakes relating to the performance of this Contract. The Consultant’s duty to defend, indemnify, and
hold harmless the Flood Control District of Maricopa County, Maricopa County, and their agents,
representatives, officers, directors, officials, and employees shall arise in connection with any claim,
damage, loss or expense that is attributable to bodily injury, sickness, disease, death, or injury to,
impairment, or destruction of property, including loss of use resulting there from, caused by any negligent
acts, errors, omissions, or mistakes in the performance of this Contract including any person for whose
negligent acts, errors, omissions, or mistakes the Consultant may be legally liable.

The amount and type of insurance coverage requirements set forth herein will in no way be construed as
limiting the scope of the indemnity in this paragraph.
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The scope of this indemnification does not extend to the sole negligence of the Flood Control District of
Maricopa County.

SECTION XVIII—INSURANCE REQUIREMENTS

The Consultant, at the Consultant’s own expense, shall purchase and maintain the herein stipulated
minimum insurance from a company or companies duly licensed by the State of Arizona and possessing a
current A.M. Best, Inc. rating of A7. In lieu of State of Arizona licensing, the stipulated insurance may
be purchased from a company or companies, which are authorized to do business in the State of Arizona,
provided that said insurance companies meet the approval of the Flood Control District of Maricopa
County. The form of any insurance policies and forms must be acceptable to the Flood Control District of

Maricopa County.

All insurance required herein shall be maintained in full force and effect until all work or service required
to be performed under the terms of the Contract is satisfactorily completed and formally accepted.
Failure to do so may, at the sole discretion of the Flood Control District of Maricopa County, constitute a
material breach of this Contract.

The Consultant’s insurance shall be primary insurance as respects the Flood Control District of Maricopa
County and Maricopa County, and any insurance or self-insurance maintained by the Flood Control
District of Maricopa County or Maricopa County shall not contribute to it.

Any failure to comply with the claim reporting provisions of the insurance policies or any breach of an
insurance policy warranty shall not affect the Flood Control District of Maricopa County’s right to
coverage afforded under the insurance policies.

The insurance policies may provide coverage that contains deductibles or self-insured retentions. Such
deductible and/or self-insured retentions shall not be applicable with respect to the coverage provided to
the Flood Control District of Maricopa County under such policies. The Consultant shall be solely
responsible for the deductible and/or self-insured retention and the Flood Control District of Maricopa
County, at its option, may require the Consultant to secure payment of such deductibles or self-insured
retentions by a surety bond or an irrevocable and unconditional letter of credit.

The Flood Control District of Maricopa County reserves the right to request and to receive, within ten
(10) working days, certified copies of any or all of the herein required insurance policies and/or
endorsements. The Flood Control District of Maricopa County shall not be obligated, however, to review
such policies and/or endorsements or to advise the Consultant of any deficiencies in such policies and
endorsements, and such receipt shall not relieve the Consultant from, or be deemed a waiver of the Flood
Control District of Maricopa County’s right to insist on strict fulfillment of the Consultant’s obligations

under this Contract.

The insurance policies required by this Contract, except Workers’ Compensation and Errors and
Omissions, shall name the Flood Control District of Maricopa County, Maricopa County, and their
agents, representatives, officers, directors, officials, and employees as Additional Insureds.

The policies required hereunder, except Workers” Compensation and Errors and Omissions, shall contain
a waiver of transfer of rights of recovery (subrogation) against the Flood Control District of Maricopa
County, Maricopa County and their agents, representatives, officers, directors, officials, and employees
for any claims arising out of the Consultant’s work or service.
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REQUIRED INSURANCE COVERAGES

Commercial General Liability
Commercial General Liability insurance and, when necessary, Commercial Umbrella insurance with a

limit of not less than $2,000,000 for each occurrence, $2,000,000 Products/Completed Operations
Aggregate, and $4,000,000 General Aggregate Limit. The policy shall include coverage for bodily injury,
broad form property damage, personal injury, products, and completed operations and blanket contractual
coverage, and shall not contain any provision that would serve to limit third party action over claims.
There shall be no endorsement or modification of the CGL limiting the scope of coverage for liability
arising from explosion, collapse, or underground property damage.

Automobile Liability
Commercial/Business Automobile Liability insurance and, if necessary, Commercial Umbrella insurance

with a combined single limit for bodily injury and property damage of not less than $2,000,000 each
occurrence with respect to any of the Consultant’s owned, hired, and non-owned vehicles assigned to or
used in performance of the Consultant’s work or services under this Contract.

Workers’ Compensation
Workers” Compensation insurance to cover obligations imposed by federal and state statutes having

jurisdiction of the Consultant’s employees engaged in the performance of the work or services under this
Contract; and Employer’s Liability insurance of not less than $1,000,000 for each accident, $1,000,000
disease for each employee, and $1,000,000 disease policy limit. The Consultant waives all rights against
the Flood Control District of Maricopa County, Maricopa County, and their agents, officers, directors,
and employees for recovery of damages to the extent these damages are covered by the Workers’
Compensation and Employer’s Liability or commercial umbrella liability insurance obtained by the
Consultant pursuant to this contract.

Errors and Omissions Insurance
Errors and Omissions insurance and, when necessary, Commercial Umbrella insurance, which will insure

and provide coverage for errors or omissions of the Consultant, with limits of no less than $1,000,000 for
each claim.

Certificates of Insurance
Prior to commencing work or services under this Contract, the Consultant shall furnish the Flood Control

District of Maricopa County with Certificates of Insurance in a form acceptable to the Flood Control
District of Maricopa County, or formal endorsements as required by the Contract in the form provided by
the Flood Control District of Maricopa County, issued by the Consultant’s insurer(s), as evidence that
policies providing the required coverage’s, conditions, and limits required by this Contract are in full
force and effect. Such certificates shall identify this contract number and contract title.

In"the event any insurance policy(ies) required by this Contract is(are) written on a “claims made™ basis,
coverage shall extend for two (2) years past completion and acceptance of the Consultant’s work or
services and as evidenced by annual Certificates of Insurance.

If a policy does expire during the life of the Contract, a renewal certificate must be sent to the Flood
Control District of Maricopa County fifteen (15) days prior to the expiration date.

Cancellation and Expiration Notice
Insurance required herein shall not expire, be canceled, or materially changed without thirty (30) days

prior written notice to the Flood Control District of Maricopa County.
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SIGNATURE PAGE
IN WITNESS WHEREQF, the parties herein have executed this contract.

WEST CONSULTANTS, INC.

e e
Pripeipal (${ghatufe) e

Jeffrey B. Bradley

Printed Name

President
Title

6/8/2012
Date

33-0303017
Federal Tax Identiﬁcation Number

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
RECOMMENDED BY: ACCEPTED AND APPROVED:
WD) A

— (2 olzoliz VW\m; AUG 0 6 2017
Timothy S. Phillips, P.E. Date Chairman, Board of Directors Date

Chief Engineer and General Manager

ATTEST:
/f}f/? u@w// | AUG 0 6 101
\_ Clerk of the Board 0725/ 3- Date
LEGAL REVIEW
Approved as to form and within the powers and
authority granted under the laws of the State of
Arizona to the Flood Control District of
Maricopa County.
N v
(4 Céo% 71l (// WL
ﬁoéd Control District /General Counsel Date
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Attachment 1

Certificate of Performance and Payment of All Claims

CONSULTANT CONTRACT

hereby certifies to the Flood Control District of Maricopa County

(Name of Signer)
(District) that all lawful claims for labor, rental of equipment, material used, and any other claims by

WEST Consultants, Inc., or subcontractors in connection with the Project described in District contract
FCD 2012C004 for Centennial Wash Floodplain Delineation Study: Gila River to La Paz County

have been paid.

WEST Consultants, Inc., understands that with receipt of payment for previously invoiced amounts plus
any retained monies, that this is a settlement of all claims of every nature and kind against the District
arising out of the performance of the District’s contract FCD 2012C004, relating to the material,
equipment, and work covered in and required by the contract.

The undersigned hereby certifies that to his/her knowledge, no contractual disputes exist in regard to this
contract and that he/she has no knowledge of any pending or potential claims in regard to this contract.

Upon submission of this document and a separate invoice for any retained funds to the District, invoice
processing will be completed within forty-five (45) calendar days.

State of Arizona )
)§
County of Maricopa )
Signed this day of ,201_
Signature
Title
SUBSCRIBED AND SWORN TO before me this day of ;201
Notary Public

My Commission Expires:
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Attachment 2
FLoop ConTROL DISTRICT OF MARICOPA COUNTY

CERTIFICATE OF INSURANCE
PROJECT TITLE: Centennial Wash FDS: Gila River to La Paz County

AME AND ADDRESS OF INSURANCE AGENCY:

*COMPANIES AFFORDING COVERAGES:
Company | A
Letter

Company
Letter

Company
Letter

NAME AND ADDRESS OF INSURED:

Company
Letter

Company
Letter

m o m O O w

Company
Letter

This certificate of insurance certifies that policies of insurance listed below have been issued to the insured named above and are in full force at this time.

EFFECTIVE EXPIRATION

*CO. TYPE OF INSURANCE POLICY DATE DATE LIMITS
LTR. NUMBER (MM/DD/YY) | (MM/DD/YY) .
GENERAL LIABILITY:
COMMERCIAL GENERAL LIABILITY GENERAL AGGREGATE $4,000,000
O: Claims Made O: Occur PRODUCTS/COMPLETED $2,000,000

OPERATIONS AGGREGATE

[X: PREMISES OPERATIONS
(X): BLANKET CONTRACTURAL e §2,000,000
X: BROAD FORM PROPERTY

DAMAGE
X: PERSONAL INJURY
XI: PRODUCTS AND COMPLETED

OPERATIONS HAZARD
XI: XCU Hazards
XI: INDEPENDENT CONTRACTORS

AUTOMOBILE LIABILITY:

=: ANY AUTO Combined Single Limit $2,000,000
XI: ALL OWNED AND NON-OWNED Bodily Injury $2,000,000

AUTOS Property Damage $2,000,000

Per person/Per accident $2,000,000
O: EXCESS LIABILITY Each occurrence
O: Umbrella Form Aggregate
[O: Other than Umbrella Form
STATUTORY LIMITS AND

X: WORKERS' COMPENSATION
AND EMPLOYERS’ LIABILITY

EMPLOYER'S LIABILITY:
EACH ACCIDENT $1,000,000
DISEASE: EACH EMPLOYEE | $1.000,000

DISEASE: POLICY LIMIT $1,000,000
[X]: PROFESSIONAL LIABILITY Each Claim $1,000.000
Aggregate §1,000,000

: OTHER:

Except for Workers' Compensation and Professional Liability Insurance, the Flood Control District
of Maricopa County, Maricopa County, and their agents, representatives, officers, Directors,
Officials, and employees are named as Additional Insured'’s.

Except for Workers’ Compensation and Professional Liability Insurance, the Flood Control District of Maricopa County (District), Maricopa County, and, their
agents, representatives, officers, Directors, Officials, and employees are named as Additional Insured’s on those types of policies described herein which are
required to be furnished by this contract entered into between the insured and the District. To the extent provided in this Contract, insured shall hold harmless the
District from liability arising out of any services provided or duty performed by insured as required by statute, law, purchase order or otherwise required, with the
exception of liability for loss or damage resulting from the sole negligence of the District, its agents, employees, or indemnities. It is agreed that any insurance
available to the named insured shall be primary of other sources that may be available. It is further agreed that no policy shall expire, be cancelled, or materially
changed to affect the coverage available to the District without thirty (30) days written notice to the District. THIS CERTIFICATE IS NOT VALID UNLESS

COUNTERSIGNED BY AN AUTHORIZED REPRESENTATIVE OF THE INSURANCE COMPANY.

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY DATE ISSUED-
2801 WEST DURANGO STREET
PHOENIX, ARIZONA 85009

AUTHORIZED REPRESENTATIVE
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Attachment 3

Maricopa County Small Business Enterprise Program
Participation Reporting Form

This form is to be submitted with each pay application or invoice. Any pay application or invoice without this form attached is subject
to rejection as not being a completed pay application or invoice pursuant to the terms of the contract.

Name of Prime Consultant/Contractor Contract No.
Contact Person Project No.
$
Street Address Amount of this Pay Application/Invoice

City, State ZIP

Complete below with information on the SBE firms utilized as subconsultants/subcontractors for this pay application/invoice. If work
was self-performed and your firm, as the prime, is an SBE firm pursuant to A.R.S. § 41-1001, et seq., then you may list your firm as
the SBE firm.

SBE Firm Name SBE Firm Address Type of Work Performed $ Pd to SBE this App/Inv

AN | A || 0| o |m | | en

[ A mark in this box certifies that no SBE firms were utilized as the prime, subconsultant or subcontractor with respect to

this pay application/invoice.

Date:

Signature
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EXHIBIT A

SCOPE OF WORK

CONTRACT FCD 2012C004

Centennial Wash Floodplain Delineation Study:
Gila River to La Paz County




EXHIBIT A

SCOPE OF WORK

This is a re-study of the effective Special Flood Hazard Area, SFHA, for Centennial Wash in western
Maricopa County from its confluence with the Gila River to the boundary between La Paz and Maricopa
counties. The effective SFHA was delineated in 1989 by Cella Barr and Associates. They mapped the
same reach of the wash with a 100-year peak discharge producing a Zone AE floodplain and floodway.
The 100-year discharge was the only return interval calculated. This re-study is being performed because
the hydrology has been updated due to the inclusion of 20 additional years of gage record. A private
citizen submitted a CLOMR to FEMA with updated hydrology, case number 12-09-0043R.

The 1-percent-annual-chance flood will be re-delineated. This will include 40 linear miles of Centennial
Wash and approximately 13 linear miles Centennial Wash Left Overbank. Since the 1-perecent-annual-
chance flood discharge decreased, several tributaries may need to be extended to tie-in to the new

floodplain.

The CONSULTANT will develop hydraulic models using the latest version of HEC-RAS with geo-
referenced cross-sections. A two dimensional model may be used to analyze the area north of Centennial
Road and west of Harquahala Valley Road and other locations in the system as deemed appropriate based
on discussion between the CONSULTANT and the DISTRICT. The CONSULTANT must use sound
engineering judgment in the development of the models. The CONSULTANT must analyze the results of
the models carefully and make refinements to the input parameters in order to obtain the most realistic
results.

All work must meet the requirements of the DISTRICT’s Consultant Guidelines most current edition. All
work must also meet the latest versions of the Arizona Department of Water Resources (ADWR)
Standards and the Federal Emergency Management Agency (FEMA) Guidelines and Specifications for
floodplain delineations. Prior to the finalization of this contract, FEMA and the DISTRICT must review
and accept the results of this study, and all items called for in this Scope of Work must be delivered to the

DISTRICT.

All work including optional tasks must be completed within seven hundred ninety (790) calendar
days from the Notice to Proceed (NTP). The CONSULTANT shall have the final study results
ready for submittal to FEMA within four hundred twenty-five (425) calendar days from the Notice
to Proceed (NTP).

TASK 1- COORDINATION

1.1  Within fourteen (14) days of the NTP the CONSULTANT will submit a project schedule to the
DISTRICT’s Project Manager showing coordination meetings and completion dates for each task
identified in the Scope of Work (SOW). The CONSULTANT will update this project schedule

when appropriate.

The CONSULTANT will submit an estimate of the monthly billing within fourteen (14) days of
the NTP. Thereafter, this estimate will be updated and submitted to the DISTRICT's Project

Manager as necessary.

1.3 The CONSULTANT will participate in regular coordination meetings (at least monthly) with the
DISTRICT's Project Manager and in milestone coordination meetings in the development of the
hydrologic and hydraulic analyses. The CONSULTANT is responsible for the minutes of any
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1.4

1.5

meetings. Coordination and milestone meetings should be combined whenever possible. Draft
meeting minutes must be prepared and delivered to the DISTRICT within 7 working days of all

meetings.

The CONSULTANT will submit monthly progress reports with monthly invoices. The report
shall be brief and should be no longer than two (2) typed pages. Earned Value reporting is
recommended to track progress throughout the project. At a minimum, the monthly progress

report shall contain the following:

1.4.1 A short description of the work accomplished by task during the reporting month.

1.4.2 Percent (%) completed for the month and percent (%) cumulative completed for each task.
1.4.3 A brief description of the work to be accomplished in the following month.

1.4.4 A description of any problems encountered.

Performance Evaluations will be performed by both the DISTRICT and the CONSULTANT at the
completion of the project.

TASK 2 - PUBLIC INVOLVEMENT

2.1

2.2

2.3

24

25

The DISTRICT has prepared a set of guidelines for CONSULTANTS to follow when conducting
public involvement and public information activities for the DISTRICT. A copy of these
guidelines is available from the DISTRICT Public Information Office and shall be used by the
CONSULTANT if or when preparing public information related materials.

The DISTRICT will be responsible for placing the legal advertising at the beginning of the study.
The advertisement will be run in a widely circulated newspaper. A display advertisement will also
be published twice in a local newspaper that serves the area being studied (if such newspaper
exists), with approximately one (1) week between runs. The DISTRICT also will be responsible

for placing any legal advertisements for public open house meetings.

The DISTRICT Public Information Officer will create a critical path calendar for planning one
public open house meeting. A critical path calendar will be developed by the DISTRICT Public
Information Officer for the second (OPTIONAL) public open house meeting if this meeting is
deemed necessary by the DISTRICT and the CONSULTANT.

The DISTRICT will generate mailing lists of the residents and property owners located within the
study area boundary and which have properties that will be affected by the study results once the

results become available.

The CONSULTANT shall plan and conduct public involvement and prepare information as
required in the following public involvement activities and in accordance with the DISTRICT

Public Involvement and Information Guidelines.

2.5.1 The CONSULTANT shall provide the preliminary language for inclusion in the two
mailings that will be developed by the DISTRICT. The first mailing will be a letter to notify
property owners within the study area of the Intent of Study and will include text for the
right-of-entry for survey notice. The second mailing will be a tri-fold brochure to notify
affected property owners of the study results and provide an invitation to the open house

meetings.

2.5.2 The DISTRICT will prepare (design) two mailings to include the text of the two mailings
described in task 2.5.1. The Intent of Study letter will be mailed out after the Notice to
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2.6

2.7

2.8

2.9

2.10

Proceed of the study has been sent to the CONSULTANT. The Notification of Study
Results brochure will be mailed out after the DISTRICT has approved draft floodplains. The
DISTRICT will be responsible for printing and mailing the letter and brochure.

2.5.3 The CONSULTANT shall also be responsible for providing images (PDF) of the study area
for the DISTRICT to post to the Centennial Wash Floodplain Delineation Study project page
within the Projects and Structures section of the DISTRICT Web site.

2.5.4 The CONSULTANT shall be responsible for producing approximately four (4) study area
display images for the public open house meetings. The DISTRICT will use these images to
design and print exhibits for display at the public open house meetings.

2.5.5 The CONSULTANT shall provide simple snack refreshments at the open house meetings.

The DISTRICT will develop PDFs of the Notification of<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>