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1 Introduction

1.1 Purpose of study

This study is titled the Lower Salt River (LSR) Floodplain Delineation Study (FDS). The primary purpose of
this study is to delineate approximately 15 linear miles of Zone AE floodplain and floodway along the
Salt River within the metropolitan Phoenix area and unincorporated Maricopa County. The study reach
stretches from just upstream of 91*" Avenue in Phoenix to upstream of the Interstate 10 (I-10) Bridge.
Tributary tie-ins, such as Cave Creek, are also located within this reach. This study covers five existing
Flood Insurance Rate Map (FIRM) Panels, including the following (listed in order from downstream to
upstream): 04013C2190L, 04013C2195L, 04013C2215L, 04013C2220L, and 04013C2240L. All FIRM
panels have an effective date of October 16, 2013.

The Flood Control District of Maricopa County (District) initiated this study to update flood hazard
boundaries considering the significant changes in topography that have occurred in the study reach due
to the active sand and gravel mining operations in the channel and overbanks since the effective study,
which was completed in 1999 (Michael Baker, Jr., Inc., 1999). Other changes within the study reach
included the construction of the Rio Salado Project by the U.S. Army Corp of Engineers (USACE) in 2004.
This project includes a low flow channel and environmental restoration features. The Maricopa County
Department of Transportation and the City of Phoenix have also funded several bridge improvement
projects since the effective study, resulting in several Letters of Map Revision (LOMRs) along the study
reach. The hydrology used in this study has not been changed from the hydrology used in previously
approved Federal Emergency Management Agency (FEMA) studies of the reach (Michael Baker, Jr., Inc.,
1999) and a re-delineation of the Salt/Gila River near the Tres Rios North Levee (WEST Consultants, Inc.,
2012).

The effective Special Flood Hazard Area (SFHA) for the study reach was determined by the study entitled
Salt-Gila River Floodplain Delineation Restudy (FCD 92-01), by Michael Baker Jr., Inc. (1999), but has
been updated through LOMRs and Physical Map Revisions (PMR) in several locations. In addition, the
area where Cave Creek confluences with the Salt River near 51° Avenue was analyzed in a study entitled
Cave Creek Wash Flood Insurance Re-studies, Maricopa County, Arizona (FIS), (FCD 88-04), by Cella Barr
Associates(1989).

For this study, the 1-percent-annual-chance flood was re-delineated based on the updated topography
to replace the effective SFHA for the study reach of the LSR; Cave Creek was not studied or re-delineated
under this scope of study. The 10-percent, 2-percent, and 0.2 percent-annual chance floods were also
modeled for the LSR in this study as well. The LSR was modeled with HEC-RAS version 4.1.0 (Hydrologic
Engineering Center, 2010).

FCD 2013C013 1



1.2 Authority for study

WEST Consultants, Inc. (WEST) prepared this FDS for the Lower Salt River under contract with the
District. This study was commissioned under contract FCD 2013C013. District personnel affiliated with
the project include Mr. Richard Harris, P.E., CFM (Project Manager) and Mr. Jeffery Shelton, P.E.,
(Assistant Project Manager). As some of the study area falls within the Phoenix boundaries, Dr. Hasan
Mushtaq, Ph.D., P.E. from the City of Phoenix (COP) was also involved. WEST personnel involved
included Dr. Brian Wahlin, Ph.D., P.E., D.WRE (Project Manager, Engineer of Record); Mr. Chuck Davis,
P.E., CFM; Mr. Jesse Piotrowski, P.E., CFM; Ms. Suzie Monk, CFM; Dr. Om Prakash, Ph.D., P.E.; Mr.
Kayson Shurtz, P.E.; and Ms. Sarah Bengtson. The project began in February 2014. WEST would also like
to acknowledge the work done by our internal quality assurance team; Tom Lute, RLS, who performed
subcontracted field survey work with David Evans and Associates (DEA); John Stock, RLS, who performed
field survey work with the District; and the review performed internally by District and COP 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 FEMA Guidelines and Specifications for Flood Hazard Mapping Partners (Federal Emergency
Management Agency, 2009).

1.3 Location of study reach

The study covers a section of the Lower Salt River located in central Maricopa County, some of which
falls within City of Phoenix boundaries. The affected communities are the City of Phoenix and
unincorporated areas of Maricopa County (FEMA NFIP Community Numbers 040051 and 040037,
respectively). The study area covers the following Townships and Ranges: TINR1E, TINR2E, TINR3E,
and T1SR1E. A full listing of all Township, Range, and Section Numbers intersecting the topographic data
collected for this study by the District can be found in Table 1-1. A vicinity map showing the study reach
is shown in Figure 1-1.

FCD 2013C013 2
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Figure 1-1. Vicinity map

Table 1-1. Township, Range, and Section numbers intersecting the topography data collected for this
study

FCD 2013C013

TIN-R1E-S25

TIN-R2E-S16

T1N-R2E-S29

TIN-R3E-S19

TIN-R1E-S26

T1IN-R2E-S20

TIN-R2E-S30

T1N-R3E-S20

TIN-R1E-S27

T1N-R2E-S21

T1N-R2E-S31

T1N-R3E-S21

TIN-R1E-S28

T1N-R2E-S22

TIN-R2E-S32

T1N-R3E-S22

T1N-R1E-S33

T1N-R2E-S23

T1N-R2E-S33

T1N-R3E-S23

T1N-R1E-S34

T1N-R2E-524

T1N-R3E-S14

T1N-R3E-S24

T1N-R1E-S35

TIN-R2E-S25

TIN-R3E-S15

TIN-R3E-S30

T1N-R1E-S36

TIN-R2E-S26

T1N-R3E-S16

T1S-R1E-S2

T1N-R2E-S14

TIN-R2E-S27

T1N-R3E-S17

T1S-R1E-S3

T1N-R2E-S15

T1N-R2E-S28

T1N-R3E-S18

T1S-R1E-S4




1.4 Methodology used for hydrology and hydraulics

Hydrologic analysis was not included as part of this study. HEC-RAS Version 4.1.0 was utilized for
floodplain and floodway delineation (Hydrologic Engineering Center, 2010). The floodway boundaries
are based upon previous floodway stationing and refined where possible using the set floodway
locations (Encroachment Method 1), which is the floodway encroachment modeling criteria accepted by
FEMA. In general, cross-sections are placed at approximately 500-foot intervals, similar to the effective
modeling in the reach. Incorporation of spatial data into the HEC-RAS environment was achieved in a
Geographic Information System (GIS) framework using ESRI’s ArcGIS software suite, v. 10.1, and HEC-
GeoRAS (Environmental Systems Research Institute, 2011). The details of the hydraulic analysis are
described further in Section 5 below.

1.5 Acknowledgments

The District and the City of Phoenix were the primary suppliers of data needed for the study and
provided technical guidance for the final product. The bulk of this study can be attributed to the ready
communication and input of these two agencies. In addition, the project team would also like to
acknowledge the USACE whose previous work on the Rio Salado and Rio Salado Oeste reaches were
invaluable for input to the current modeling effort. Also, the project team would like to acknowledge
Jim Bob Hudson, Plant Manager for the CEMEX facility just west of 19" Avenue, for his help in
coordinating site survey for the 27" Avenue Bridge. Finally, the project team would like to acknowledge
Mr. Tony Beuche of the District and Mr. Steve Trussell of the Arizona Rock Products Association for their
invaluable input regarding the mining operations in the reach, both current and future.

1.6 Study Results

The proposed floodplains from this study are designated as Zone AE. The final proposed floodplain and
floodway boundaries are shown on hydraulic work maps contained in the Exhibits section of this TSDN.
Proposed Base Flood Elevations (BFEs) are lower in the study reach compared to the effective BFEs, with
the exception of the most downstream 9,500 feet of the study. Proposed increases in the 1% annual-
chance floodplain extent are primarily at sand and gravel mining operations (backfills), and proposed
decreases in the 1% annual-chance floodplain extent are due to lower BFEs and changes in topography
due to riparian restoration projects such as the Rio Salado low-flow channel, urban development, and
sand and gravel operations (extractions). Internal review by the District concluded that none of the
current sand and gravel mining permits in the study reach will be negatively impacted based on the
results of this study.

A public meeting was held on January 15, 2015, to present the study results. In order to inform the
public about the meeting ahead of time, property owners within the study reach were contacted via
mailers and public notification in a local newspaper. Documentation regarding these meetings can be
found in Appendix B.1 of this TSDN.
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2 FEMA Forms
FEMA MT-2 Forms are provided on the following pages.
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U.S. DEPARTMENT OF HOMELAND SECURITY
FEDERAL EMERGENCY MANAGEMENT AGENCY O.M.B No. 1660-0016

OVERVIEW & CONCURRENCE FORM s by 3, TOR

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 regarding 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
040051 & 040037 City of Phoenix & Maricopa County, respectively AZ 04013C 2240L 10/16/2013
040051 City of Phoenix AZ 04013C 2220L 10/16/2013
040051 & 040037 City of Phoenix & Maricopa County, respectively AZ 04013C 2215L 10/16/2013
040051 & 040037 City of Phoenix & Maricopa County, respectively AZ 04013C 2195L 10/16/2013
040051 & 040037 City of Phoenix & Maricopa County, respectively AZ 04013C 2190L 10/16/2013

2.  a. Flooding Source: Salt River

b. Types of Flooding: [X] Riverine [ Coastal [] Shallow Flooding (e.g., Zones AO and AH)

[ Alluvial fan  [] Lakes [] Other (Attach Description)
3.  Project Name/ldentifier: Lower Salt River Floodplain Delineation Study
4. FEMA zone designations affected: AE, A, X (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)

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

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

Structures: X Channelization [] Levee/Floodwall X Bridge/Culvert
[ Dam I Fill [] Other (Attach Description)
6 1 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? yYes Fee amount: § g 2 S$O
”\g" No, Attach Explanation

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

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: Richard Harris, P.E., CFM Company: Flood Control District of Maricopa County

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

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

Signature of Requester (required): W% Date: 5/1/2015

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

r sary Federal, State, and local pemmits have been, or in the case of a conditional LOMR, will be obtained. For Conditional LOMR requests, the
appucant 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: Mr. William D. Wiley, P.E., Chief Engineer and General | Community Name: Maricopa County
Manager

Mailing Address: Daytime Telephone No.: (602) 506-1501 Fax No.: (602) 506-4601
2801 W. Durango St.
Phoenix, AZ 85009 E-Mail Address: williamwiley@mail.maricopa.gov

Community Official's Signature (requireméj/ﬁ:a 'Sé Date: 5/1/201 5

)
CERTIFICATION BY REGISTERED PROFESSIONAL ENGINEER AND/OR LAND SURVEYOR

This certification is to be signed and sealed by a licensed land surveyor, registered professional engineer, or architect authorized by law to certify
elevation information 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: Brian Wahlin, P.E. License No.: AZ P.E. 41980 Expiration Date: 3/31/2017

Company Name: WEST Consultants, Inc. Telephone No.: (480) 345-2155 Fax No.: (480) 345-2156

Signature: &é&) Date: 5/1/2015 E-Mail Address: bwahlin@westconsultants.com
o
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Ensure the forms that are appropriate to your revision request are included in your submittal.

Form Name and (Number)

X Riverine Hydrology and Hydraulics Form (Form 2)

X Riverine Structures Form (Form 3)

LI Coastal Analysis Form (Form 4)
[J Coastal Structures Form (Form 5)

[ Alluvial Fan Flooding Form (Form 6)

Required if ...

New or revised discharges or water-surface elevations

Channel is modified, addition/revision of bridge/culverts,
addition/revision of levee/floodwall, addition/revision of dam

New or revised coastal elevations
Addition/revision of coastal structure

Flood control measures on alluvial fans

41960 2
& BRIAN THOMAS

\\ WAHLIN
\\

A 22
NG TR
g

4

Expiras 3/31/2017
22
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. " O.M.B No. 1660-0016
Explres February 28, 2014

U.8. DEPARTMENT OF HOMELAND SECURITY
FEDERAL EMERGENCY MANAGEMENT AGENCY

OVERVIEW & CONCURRENCE FORM

PAPERWORK BURDEN DISCLOSURE NOTICE

Publlc reporting burden for this form'ls eslimated to avarage 1 hours per response. The burden estimate Includes the ime for raviewing Instructions, *
searching exisling data sources, galhering and melntalning the nseded dala, and completing, reviewing, and submilling the form. You are not required
to respond to this collection of Information undess it displays a valld OMB contro) numbsr. Sond comments ragarding the accuracy of the burden
estimate and any suggsstions for reducing this burden to: Information Collecllons Management, Depariment of Homsland Securily, Fedaral Emergency
Management Agency, 1800 South Bell Sireel, Ariington, VA 20958-3005, Papenwork Reduction Project (1680-0018). Submission of the form Is required

to obtain or retain benefils under the National Flood Insuranco Pﬁmm. Please.do not send your comglulod Survay 1o the above addross. . K

PRIVACY ACT STATEMENT -
gJ.‘THORlTY: The Nallonal Flood Insurance Act of 1868, Public Law 80-448, as amended by the Flood Disaster Prolection Act of 1873, Public Law 83-

PRINCIPAL PURPOSE(S): This informatlon Is being collecled for the purpose of determining an applicant's ellgibiilty to request changes {o National
Flood Insurance Program (NFIF) Flood Insurance Rate Maps (FIRM). ‘

ROUTINE USE(S): The Information on this form may be disclosed as generelly pemitied undar § U.B.C § 562a(b) of the Privacy Act of 1974, as
amended. This Includes using this Information as necessary end aulharized by the routine uses published in DHS/FEMA/NFIP/LOMA-1 Nallonal Flood
.1 Insurance Program (NFIP); Letter of Map Amondment (LOMA) February 15, 2008, 71 FR 7880.

DISCLOSURE: The disclosure of informatlon on fhis form is voluntary; howevar, fallure to provide the [nformallon requested may delay or pravent
FEMA from processing a deleminaiion regarding a requested change to a (NFIP) Flood Insurance Rate Maps (FIRM). ‘

A. REQUESTED RESPONSE FROM DHS-FEMA

This requost Is for a {check ane):

[0 CLOMR: A latter from DHS-FEMA commeniing on whathor a proposed project, If bulll as proposed, would justify @ map revision, or
proposed hydrolegy changes (See 44 CFR Ch. 1, Parls 60, 85 & 72)., ;

X1 LOMR:  Alslter from DHS-FEMA officially rovising the current NFIP map to show tho changes to floedplains, regulatory floodway or flood
elevalions. (Soe 44 CFR Ch, 1, Paris 80, 85 & 72)

B. OVERVIEW

1, The NFiP map panel(s) affecied for alf Impacted communities Is (aro):

Community No. Community Name Stale Map No. Pansl No. Effective Date
040051 & 040037 ‘City of Phosnix & Maricopa County, respectively AZ 04013C 2240L 10/16/2013
040051 Clty of Phosnix _ AZ 04013C 2220L - 10/16/2013
040051 & 040037 City of Phosnix & Maricopa County, respectively AZ 04013C 2216L 10/18/2013
040051 & 040037 | Cily of Phosnix & Maricopa County, respactively AZ 04013C 21861 1101672013
040051 & 040037 Clty of Phoenix & Maricopa County, respectively AZ 04013C 2180L 10/16/2013
2. a, Flooding Source: Salt Rivar % - K
b. Types of Flooding: "B Riverine a Coastal U Shallow Flooding (e.g. Zones A and AH)
OAlluvial fan  [J Lekes [ Other (Atlach Desoription)
3. Project Name/identftor: Lower Sall River Fioodplain Delineation Study
4. FEMA zone designations affeclad: AE, A, X (cholces: A, AH, AO, A1-A30, A99, AE, AR, V, V1-V30, VE, B, C, D, X)
5. Basls for Raquest and Typs of Rovislori:
a. The basis for this revision request Is (check all that apply)
Physical Change * [0 Improved Methodology/Data Regulatory Floodway Revision [ Base Map Changes
[ Coastal Anolys!s & Hydraulic Analysis [ Hydrologic Analysis {0 Corrections

[ Weir-Dam Changes . [ Leves Cerlification [ Alluvial Fan Analysis . & Natural Changes =

B New Tapographic Data  [J Other (Attach Dascription) ‘ ) *
Note: A pholograph and narrative description of the area of concem Is nat required, but Is very helpful durdng review.

FEMA Form 086-0-27, (2/2011) Praviously FEMA Form 81-89 : ] 2 MT-2Form1 Page1o0f3




b. The area of revision encompasses the following slructures {check ail that apply)
Slruclures: 4 Channelizalion [ LeveaiFioodwall R Bridge/Culvert
] Dam gOFm [ Other (Attach Descsipticn)

8. 0O Dacumenlatlon'ol ESA compiiance Is submitted (required o Iniliale CLOMR reviaw), Please refer to Lhe Insiuctions for more information.

C. REVIEW FEE -

Has the review fee for the appropriate request calégory been Included? {d Yes Feeamount: $_____
’ B No, Attach Explanation  *.

Please see tho DHS-FEMA Wal; gito at Mfg:llmw.!ama.gleaNgtevenllﬂwer feas.shim for Fas Amounts and Exemgﬂons.

D. SIGNATURE

All documents submilted In support of this requast are correct to the bast of my knowledge. 1 understand that any faise statement may be punishable by
fine or imprisonmant under Tille 18 of the Uniled Siates Code, Seclion 1001, 5

Name: Richard Hars, P.E., CFM . Company: Flood Conirol District of Maricopa County

Maillng Address: Daytime Telsphone No.: (602) 608-1501 | Fex No.: (802) 508-4601
2801 W. Durango SL ;

Phoenlx, AZ 85008 . E-Mall Address: rph@mall.maricope.gov

Signalure of Requsster (required): W%’g/ et $/s2/15

As the community official responsible for floodpiain management, | heraby acknowledge that we have recelved and reviewed this Letier of Map Revision
(LOMR) or conditional LOMR request. Based upon the community's review, we find the compieled or proposed project maets or Is designed to meol &ll
of the community floodpialn managoment requiroments, Inciuding the requiremants for when fill Is placed in the regulatory floodway, and that all
necessary Federa, Stats, and local permits have been, or In the case of a conditiong! LOMR, will be oblalned, For Conditional LOMR requests, the
applicant has documented Endangered Specles Act (ESA)} compliance to FEMA prior to FEMA's review of the Condltional LOMR application. For
LOMR requests, | acknowledge that compliance with Sectlons 9 and 10 of the ESA has been achieved Independently of FEMA’s process. For actions
authorized, funded, or being carrled out%y Federal or State agencies, documentation from the agency showling its complianca with Section ?{a)(2)
of the ESA will be submitted. In addition, we have doterminod that the land and any existing or proposed struclures lo be removad from the SFHA are
or will be reasonably safe from flooding as defined In 44CFR 86.2(c), and that we have avallable upon request by FEMA, zll analyses end

documentelion ussed to make this determination.

‘Communlty Offlcla’'s Name and Tille: Hasan Mushlaq, P.E., Ph.D, CFM. Floodplain Community Neme: City of Phoanix
Manager Yo : . :

Mailing Address: . ) - | Daytime Telephone No.: (602) 262-4028 Fax No.:
200 W. Washington Street, &lh Floor ) - :

Phoenix, AZ 85003

E-Mall Address: hasan,mushlag@phoenix.gov

Community Official’s Signature (requifed):

e ©OS/es/is

CERTJIFICATION BY REGI SIONAL EN D, LA V!

This cartification Is lo be signed and sealud by a licansed land surveyor, reglstered prolessional engineer, or archilact authorizad by law to cartify *
elevatlon [nformatlon data, hydrologto and hydrauflc analysts, and any olher supporiing Information as per NFIP regulations paragraph 86.2(b) and as
describad In the MT-2 Forms Insiructions. ANl documonts submitted In suppoert of thls request are correct to the best of my knowlgdge. | understand that
any false stalement may be punishable by fino or iImptisonment under Tlile 18 of tho United States Codp, Section 1001,

Certiflers Name: Brian Wehiln, P.E. Uiconse No.: AZP.E. 41880 Expiration Dale: 3/31/2017
Company Name: WEST Consullants, Inc. . Telephone No.: {480) 345-2165 " | FaxNo.: {480) 345-2158
Signature: M: ' Date: 5/1/2016 E-Mall Address: bwahlin@wesiconsullanis.com
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Ensuro the forms that are appropriate to your revislon request ara included In your submittal.

Fi d e

& Riverine Hydrology and Hydraulles Form (Form 2)  New or revised discharges or water-surfaca elsvations

X Riverina Structuras Form (Form 3)

[0 Coastal Analysts Fom (Form 4)
O Coastal Structures Form {Fom &)
O Alluvial Fan Flooding Form (Form 6)

Requlred If ..

Channel Is modifled, addition/revision of bridge/culverts,
addition/revision of leves/ftoodwall, addmunlrevislon of dam
New or revised coastal elevations

Addition/revision of coastal structure

Flood control measures on alluvial fans

BRIAM THONAS

WAHL'N 5
\@/%1 J;K r/
w/
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U.S. DEPARTMENT OF HOMELAND SECURITY
FEDERAL EMERGENCY MANAGEMENT AGENCY O.M.B No. 1660-0016

RIVERINE HYDROLOGY & HYDRAULICS FORM Expiras February 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: Salt River

Note: Fill out one form for each flooding source studied

A. HYDROLOGY

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

X1 Not revised (skip to section B) [ No existing analysis [ Improved data
[ Alternative methodology [J Proposed Conditions (CLOMR) [ 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* 4,000 feet u/s of 91% Ave. RS 203.08 974.43 974.43
Upstream Limit* 6.500 feet u/s of I-10 Bridge AP (RS 96296) 1,112.07 1,111.93

*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 v 4.1.0

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

Duplicate Effective Model* FiIeNr>lAame: Plar,lul'\iame: Filc?\lr/\lp?me: Plar’ll/l'\ll\ame: -
. * File Name: Plan Name: File Name: Plan Name:

Corrected Effective Model N/A N/A N/A N/A N/A
Existing or Pre-Project File Name: Plan Name: File Name: Plan Name:
Conditions Model LowerSaltRiver_FDS *.p01 (profile 1) LowerSaltRiver_FDS *.p01 (profile 2) 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___
Other - (attach description) FiIeNsl:me: Plarw\lp‘::)me: FlleNEJ:me: Plarll\‘;\lilme: "

* For details, refer to the corresponding section of the instructions.

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.).

Xl Digital Mapping (GIS/CADD) Data Submitted (preferred)
Topographic Information: 2-foot interval contour mapping & ground survey

Source: RBF Consulting (contours), DEA, and FCDMC Date: Various, refer to Section 3 of the TSDN

Accuracy: Various, but within +/- 1 foot for 2-ft C.I. maps

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.

Xl Annotated FIRM and/or FBFM (Required)

MT-2 Form 2 Page 2 of 3
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D. COMMON REGULATORY REQUIREMENTS*

1. For LOMR/CLOMR requests, do Base Flood Elevations (BFEs) increase? X Yes [] 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:
. 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.

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 [ 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.)

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

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.

O.M.B. NO. 1660-0016
Expires February 28, 2014

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: Salt River

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

....complete Section D

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

Sediment Transport........ complete Section F (if required)

Description Of Modeled Structure

1 Name of Structure: Interstate 10 (I-10) Bridge

Type (check one): [ Channelization X1 Bridge/Culvert [ Levee/Floodwall [ Dam
Location of Structure:

Downstream Limit/Cross Section: RS 89,582

Upstream Limit/Cross Section: RS 89,791

2. Name of Structure: 24" Street Bridge
Type (check one): [ Channelization X Bridge/Culvert [ Levee/Floodwall [J bam
Location of Structure:

Downstream Limit/Cross Section: RS 85,951

Upstream Limit/Cross Section: RS 86,076

3. Name of Structure: 16" Street Bridge
Type (check one): [] Channelization X Bridge/Culvert [ Levee/Floodwall [J bam
Location of Structure:

Downstream Limit/Cross Section: RS 80,512

Upstream Limit/Cross Section: RS 80,635

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

FEMA Form 086-0-27B, (2/2011) Previously FEMA Form 81-89B MT-2 Form 3 Page 1 of 3



A. GENERAL

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

Channelization............... complete Section B
Bridge/Culvert.. ....complete Section C
Dam e mensn ....complete Section D
Levee/Floodwall............. complete Section E

Sediment Transport........ complete Section F (if required)

Description Of Modeled Structure

4, Name of Structure: 7" Street Bridge
Type (check one): [J Channelization X Bridge/Culvert [ Levee/Floodwall [] Dam
Location of Structure:
Downstream Limit/Cross Section: RS 75,060
Upstream Limit/Cross Section: RS 75,210

5. Name of Structure: Central Avenue Bridge

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

Downstream Limit/Cross Section: RS 72,455

Upstream Limit/Cross Section: RS 72,602

6. Name of Structure: 7" Avenue Bridge
Type (check one): [J Channelization X Bridge/Culvert [ Levee/Floodwall [] Dam
Location of Structure:

Downstream Limit/Cross Section: RS 69,403

Upstream Limit/Cross Section: RS 69,557

7. Name of Structure: 19" Avenue Bridge
Type (check one): [] Channelization X Bridge/Culvert [ Levee/Floodwall [] Dam
Location of Structure:
Downstream Limit/Cross Section: RS 63,356

Upstream Limit/Cross Section: RS 63,478

8. Name of Structure: 27" Avenue Conveyor Belt Bridge

Type (check one): [] Channelization X Bridge/Culvert [ Levee/Floodwall [ Dam
Location of Structure:
Downstream Limit/Cross Section: RS 57,683

Upstream Limit/Cross Section: RS 57,722

9. Name of Structure: 35" Avenue Bridge
Type (check one): [] Channelization X Bridge/Culvert [ Levee/Floodwall [] Dam
Location of Structure:

Downstream Limit/Cross Section: RS 52,864

Upstream Limit/Cross Section: RS 53,001
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A. GENERAL
Complete the appropriate section(s) for each Structure listed below:

Channelization............... complete Section B
Bridge/Culvert................ complete Section C
Dam...coooeeeeiieeiiiieees complete Section D
Levee/Floodwall............. complete Section E

Sediment Transport........ complete Section F (if required)

Description Of Modeled Structure

10.  Name of Structure: 51% Avenue Bridge

Type (check one): [ Channelization X1 Bridge/Culvert [J Levee/Floodwall [] Dam

Location of Structure:

Downstream Limit/Cross Section: RS 42,126

Upstream Limit/Cross Section: RS 42,278
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B. CHANNELIZATION

Flooding Source: Salt River

Name of Structure: Rio Salado Low Flow Channel

1. Hydraulic Considerations

The channel was designed to carry 12,200 (cfs) and/or the -year flood.

The design elevation in the channel is based on (check one):
X Subcritical flow [ Critical flow [0 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.

[ Inletto channel [] Outlet of channel [] At Drop Structures [ At Transitions
[ 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):
[0 Levees [Attach Section E (Levee/Floodwall)] X Drop structures [ Superelevated sections
[J Transitions in cross sectional geometry [] Debris basin/detention basin [Attach Section D (Dam/Basin)]  [] Energy dissipator

[0 weir [J Other (Describe):

Sediment Transport Considerations

Are the hydraulics of the channel affected by sediment transport? [] Yes [X 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.

Channelization study and design was not part of the current PMR, but was performed as part of the Rio
Salado Low Flow Channel Design. That report and the resulting as-builts are included as Exhibit C of this
TSDN.
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C. BRIDGE/CULVERT
Flooding Source: Salt River

Name of Structure: 1-10 Bridge

1. This revision reflects (check one):
[] Bridge/culvert not modeled in the FIS
[J Modified bridge/culvert previously modeled in the FIS
X Revised analysis of bridge/culvert previously modeled in the FIS

Hydraulic model used to analyze the structure (e.g., HEC-2 with special bridge routine, WSPRO, HY8):
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):

X1 Dimensions (height, width, span, radius, length) [] Distances Between Cross Sections

[J Shape (culverts only) [ Erosion Protection

X Material X Low Chord Elevations — Upstream and Downstream

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

[J Cross-Section Locations

Sediment Transport Considerations

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

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

Flooding Source: Salt River

Name of Structure: 24" Street Bridge

1. This revision reflects (check one):
[] Bridge/culvert not modeled in the FIS
[0 Modified bridge/culvert previously modeled in the FIS
X Revised analysis of bridge/culvert previously modeled in the FIS

Hydraulic model used to analyze the structure (e.g., HEC-2 with special bridge routine, WSPRO, HY8):
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

[ 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 [ Structure Invert Elevations — Upstream and Downstream
[ Skew Angle [ Stream Invert Elevations — Upstream and Downstream

[ Cross-Section Locations

4. Sediment Transport Considerations
Are the hydraulics of the structure affected by sediment transport? [ Yes [X] No

If Yes, then fill out Section F (Sediment Transport) of Form 3. If no, then attach an explanation.
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C. BRIDGE/CULVERT
Flooding Source: Salt River

Name of Structure: 16" Street Bridge

1. This revision reflects (check one):
[] Bridge/culvert not modeled in the FIS
X1 Modified bridge/culvert previously modeled in the FIS
[ Revised analysis of bridge/culvert previously modeled in the FIS

Hydraulic model used to analyze the structure (e.g., HEC-2 with special bridge routine, WSPRO, HY8):
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):

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

[ Shape (culverts only) [J Erosion Protection

X Material X Low Chord Elevations — Upstream and Downstream

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

[J Cross-Section Locations

Sediment Transport Considerations
Are the hydraulics of the structure affected by sediment transport? [ Yes [X] No

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

Flooding Source: Salt River

Name of Structure: 7" Street Bridge

1. This revision reflects (check one):
[J Bridge/culvert not modeled in the FIS
XI Modified bridge/culvert previously modeled in the FIS
[ Revised analysis of bridge/culvert previously modeled in the FIS

Hydraulic model used to analyze the structure (e.g., HEC-2 with special bridge routine, WSPRO, HY8):
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

[ Shape (culverts only) [ Erosion Protection

X Material X Low Chord Elevations — Upstream and Downstream

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

[ Cross-Section Locations

Sediment Transport Considerations
Are the hydraulics of the structure affected by sediment transport? [] Yes [X] No

If Yes, then fill out Section F (Sediment Transport) of Form 3. If no, then attach an explanation.
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C. BRIDGE/CULVERT
Flooding Source: Salt River

Name of Structure: Central Avenue Bridge

1. This revision reflects (check one):
[] Bridge/culvert not modeled in the FIS
[J Modified bridge/culvert previously modeled in the FIS
X Revised analysis of bridge/culvert previously modeled in the FIS

Hydraulic model used to analyze the structure (e.g., HEC-2 with special bridge routine, WSPRO, HY8):
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):

X Dimensions (height, width, span, radius, length) [] Distances Between Cross Sections
[ Shape (culverts only) [J Erosion Protection
X Material X Low Chord Elevations — Upstream and Downstream

[J Beveling or Rounding Top of Road Elevations — Upstream and Downstream

[J Wing Wall Angle [ Structure Invert Elevations — Upstream and Downstream

[ Skew Angle [ Stream Invert Elevations — Upstream and Downstream

[J Cross-Section Locations

Sediment Transport Considerations
Are the hydraulics of the structure affected by sediment transport? [] Yes [X] No

If Yes, then fill out Section F (Sediment Transport) of Form 3. If no, then attach an explanation.
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C. BRIDGE/CULVERT
Flooding Source: Salt River

Name of Structure: 7" Avenue Bridge

1. This revision reflects (check one):
[ Bridge/culvert not modeled in the FIS
[ Modified bridge/culvert previously modeled in the FIS
X Revised analysis of bridge/culvert previously modeled in the FIS

Hydraulic model used to analyze the structure (e.g., HEC-2 with special bridge routine, WSPRO, HY8):
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

[J Shape (culverts only) [ Erosion Protection

X Material X Low Chord Elevations — Upstream and Downstream

[] Beveling or Rounding X1 Top of Road Elevations — Upstream and Downstream
[J Wing Wall Angle [ Structure Invert Elevations — Upstream and Downstream
[J Skew Angle [J Stream Invert Elevations — Upstream and Downstream

[J Cross-Section Locations

Sediment Transport Considerations
Are the hydraulics of the structure affected by sediment transport? [] Yes [X] No

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

Flooding Source: Salt River

Name of Structure: 19" Avenue Bridge

1. This revision reflects (check one):
[ Bridge/culvert not modeled in the FIS
[J Modified bridge/culvert previously modeled in the FIS
[XI Revised analysis of bridge/culvert previously modeled in the FIS

Hydraulic model used to analyze the structure (e.g., HEC-2 with special bridge routine, WSPRO, HY8):
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):

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

[J Shape (culverts only) [] Erosion Protection

X Material [XI Low Chord Elevations — Upstream and Downstream

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

[J Cross-Section Locations

4. Sediment Transport Considerations
Are the hydraulics of the structure affected by sediment transport? [] Yes [X] No

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

Flooding Source: Salt River

Name of Structure: 27" Avenue Conveyor Belt Bridge

1. This revision reflects (check one):
Bridge/culvert not modeled in the FIS
[ Modified bridge/culvert previously modeled in the FIS
[J Revised analysis of bridge/culvert previously modeled in the FIS

Hydraulic model used to analyze the structure (e.g., HEC-2 with special bridge routine, WSPRO, HY8):
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):

X Dimensions (height, width, span, radius, length) [] Distances Between Cross Sections
[J Shape (culverts only) [ Erosion Protection

X Material X Low Chord Elevations — Upstream and Downstream

[ Beveling or Rounding X Top of Road Elevations — Upstream and Downstream

[J Wing Wall Angle [ Structure Invert Elevations — Upstream and Downstream
[ Skew Angle [J Stream Invert Elevations — Upstream and Downstream

[J Cross-Section Locations

Note that only surveyed information has been provided for this bridge as no plans, conceptual or as-built, were available.
Sediment Transport Considerations
Are the hydraulics of the structure affected by sediment transport? [] Yes [X] No

If Yes, then fill out Section F (Sediment Transport) of Form 3. If no, then attach an explanation.
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C. BRIDGE/CULVERT
Flooding Source: Salt River

Name of Structure: 35" Avenue Bridge

1. This revision reflects (check one):
[J Bridge/culvert not modeled in the FIS
[J Modified bridge/culvert previously modeled in the FIS
X Revised analysis of bridge/culvert previously modeled in the FIS

Hydraulic model used to analyze the structure (e.g., HEC-2 with special bridge routine, WSPRO, HY8):
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

[J Shape (culverts only) [J Erosion Protection

X Material X Low Chord Elevations — Upstream and Downstream

[J Beveling or Rounding [XI Top of Road Elevations — Upstream and Downstream
[0 Wing Wall Angle [ Structure Invert Elevations — Upstream and Downstream
[] Skew Angle [0 Stream Invert Elevations — Upstream and Downstream

[ Cross-Section Locations

Sediment Transport Considerations
Are the hydraulics of the structure affected by sediment transport? [] Yes [X No

If Yes, then fill out Section F (Sediment Transport) of Form 3. If no, then attach an explanation.
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C. BRIDGE/CULVERT
Flooding Source: Salt River

Name of Structure: 51% Avenue Bridge

1. This revision reflects (check one):
[ Bridge/culvert not modeled in the FIS
[J Modified bridge/culvert previously modeled in the FIS
X Revised analysis of bridge/culvert previously modeled in the FIS

Hydraulic model used to analyze the structure (e.g., HEC-2 with special bridge routine, WSPRO, HY8):
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):

X1 Dimensions (height, width, span, radius, length) [ Distances Between Cross Sections

[J Shape (culverts only) [J 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 [0 Structure Invert Elevations — Upstream and Downstream
[J Skew Angle [ Stream Invert Elevations — Upstream and Downstream

[ Cross-Section Locations

Sediment Transport Considerations
Are the hydraulics of the structure affected by sediment transport? [] Yes [X] No

If Yes, then fill out Section F (Sediment Transport) of Form 3. If no, then attach an explanation.
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The following provides clarification regarding FEMA MT-2 forms.

MT-2 Form 1, Section C (Review Fee)

This study is a Physical Map Revision (PMR) based solely on the submission of more detailed, Best
Available Data (BAD). Therefore, this study is exempt from review fees.

MT-2 Form 3, Section B (Channelization)

The channelization included within the boundaries of this study was designed by the United States Army
Corps of Engineers, Los Angeles District, the City of Phoenix, and the City of Tempe. WEST's current
study of the Lower Salt River did not include channelization design or analysis.



3 Surveying and Mapping Information

The final topography used for floodplain mapping in this study was developed from a number of
sources, the primary source being topographic survey data provided directly by the District (contract
FCD 2012C015, Salt River Mapping, flight date 4/13/2013). This topographic survey was performed to
provide accurate elevation data for this study. The topography extended from 91* Avenue to upstream
of the I-10 Bridge on the Lower Salt River.

Other sources of topographic data used for final floodplain delineation included record drawings from
the City of Phoenix for the area upstream of the I-10 Bridge; field survey of three bridges crossing the
Salt River in the study reach; and field survey of the ground surface beyond the topographic survey data
extent for floodplain inundation mapping in two locations. Each of these will be discussed in greater
detail below.

Two sources of topographic data were considered during preliminary mapping but were ultimately not
included in the final floodplain delineation (see Section 3.3 below for discussion of Laveen Farms Ground
Survey and Rio Salado Oeste Topography).

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. 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 Sections 3.2 and 3.3 below. These files are included electronically as
Exhibit C.

Aerial photogrammetry used to produce topographic mapping on the work maps was provided by the
District. Topographic mapping flights for this product downstream of Interstate 10 were collected in
April 2013. Topographic mapping flights for the area upstream of Interstate 10 were performed in June
2006 and April 2007. Aerial photographic images for the project were provided by the District in MrSID
format at 0.8-foot resolution, and the ﬂight dates for the imagery spanned over the years of 2013 and
2014. Aerial photographic images cover the entire study reach. 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 Section 5.2) 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

This section will discuss the following three major sources of field survey used to supplement the
topographic survey data collected by the District:

1) field survey of three bridges crossing the Lower Salt River in the study reach;

2) field survey of the ground surface beyond the initial topographic survey data extent for
floodplain inundation (backwater) mapping within the Laveen Area Conveyance Channel; and

3) field survey of the ground surface beyond the initial topographic survey data extent for
floodplain inundation mapping within an existing sand and gravel mining pit located just west of
the 55" Avenue alignment on the south bank of the river.

Each of these field survey sources are explained in greater detail below.

Field survey of three bridges crossing the Lower Salt River

Several bridges cross the Lower Salt River within the study reach. WEST was able to utilize as-built plans
for most of these structures to input the necessary data into the HEC-RAS model to accurately represent
these bridges in the hydraulic computations. For more information on each of the bridges in the study
reach, please see Section 5.5.2 below.

However, three bridges were selected to be surveyed in the field in order that they might be more
accurately represented in the hydraulic model: the 16" Street Bridge, 7" Street Bridge, and the
conveyer belt bridge located at 27" Avenue. As noted in a technical memorandum provided to the
District on April 4, 2014, the project team decided to survey the 16™ Street and 7" Street Bridges
because several of the piers for these bridges had exposed pier bases, the dimensions of which were not
available from as-built information. As noted in the same technical memorandum, the project team
decided to survey the conveyor belt bridge at 27" Avenue because no as-built information was available
for this bridge. A copy of this technical memorandum can be found in Appendix E.5. Bridge surveys
included pier centerlines, pier dimensions, deck high chord, deck low chord, and natural ground surveys
upstream and downstream of the bridges. David Evans and Associates, Inc. (DEA) provided all three of
these field surveys under sub-contract with WEST. The survey data provided by DEA, including field
notes and digital data deliverables, can be found electronically in Appendix C.4 as PDFs, spreadsheets,
and text files. Survey procedures were performed using a Leica GPS instrument. Observations were
conducted on the NAVD datum of 1988. All coordinates are displayed in NAD 83/92 State Plane
Coordinates, Arizona Central Zone. The DEA project number was WSTC0014, and the surveys of these
structures were performed in April and May of 2014.

Laveen Area Conveyance Channel Field Survey

On June 26, 2014, the District's Chief Surveyor, John R. Stock, RLS, oversaw field survey collection of
channel observations for the Laveen Area Conveyance Channel near Baseline Road. This channel fell
outside of the extent of the original topographic mapping collected by the District, and backwater from
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the Lower Salt River inundated this channel up to Baseline Road. Therefore, additional survey was
collected to map inundation extents properly in the channel up to Baseline Road. Survey procedures
were performed using a Trimble R8 Rover connected to the AZGPS radio system. Reduction and
checking were performed by Trimble Business Center software and results were provided by an Excel
format spreadsheet. Field accuracy is plus or minus 0.10 at the 95% confidence level. The control used
for the work was a portion of the Maricopa County Geodetic Densification and Cadastral Survey (GDACS)
control network. Observations were conducted on the NAVD datum of 1988. All coordinates are
displayed in NAD 83/92 State Plane Coordinates, Arizona Central Zone. A survey certification statement
for this survey can be found in Appendix C.4 of this TSDN.

Sand and Gravel Mining Pit Field Survey near 55 Avenue

On December 8, 2014, John R. Stock, RLS, oversaw field survey collection of perimeter wall and ground
observations for the southeast corner of an active sand and gravel mining pit operated by CEMEX near
55" Avenue and Grove Street. A small portion of this pit fell outside of the extent of the original
topographic mapping collected by the District, and the modeling and mapping procedure outlined in
Section 5 of this TSDN required that the pit be mapped as filled with water (ineffective flow areas).
Therefore, additional survey was collected to map inundation extents properly within the pit. Survey
procedures were performed using a Trimble R8 Rover connected to the AZGPS radio system. Reduction
and checking were performed by Trimble Business Center software and results were provided by an
excel format spreadsheet. Field accuracy is plus or minus 0.10 at the 95% confidence level. The control
used for the work was a portion of the Maricopa County Geodetic Densification and Cadastral Survey
(GDACS) control network. Observations were conducted on the NAVD datum of 1988. All coordinates
are displayed in NAD 83/92 State Plane Coordinates, Arizona Central Zone. A survey certification
statement for this survey can be found in Appendix C.4 of this TSDN.

3.3 Mapping

Primary topographic data

The primary topographic survey data used for floodplain modeling and mapping in the study reach was
developed for the District by RBF Consulting, a Baker Company (Michael Baker Jr., 2013). RBF
completed this work under Contract FCD 2012C015. The data delivered to the District for this work
included 2-foot contour interval topographic mapping over approximately 14.5 square miles of the
Lower Salt River, aerial photography, aerial control survey, and field survey of 15 cross-sections of the
river bottom at approximately 1 mile intervals for aerial mapping quality control checks. The flight date
was April 13, 2013. The final mapping meets both the American Society of Photogrammetry and
Remote Sensing and FEMA standards for mapping at a two-foot contour interval. This dataset was
based on the NAVD88 vertical datum and the NAD83 HARN Arizona State Plane Central Zone horizontal
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datum, international feet. A survey report for this topographic dataset can be found electronically in
Exhibit C of this TSDN.

Supplemental topographic data

Record Drawings from the City of Phoenix and Topographic Data from PACE CLOMR

Originally, this study was intended to end at the I-10 Bridge. As such, the District directed topographic
survey data collection only up to the I-10 Bridge during the April 2013 photogrammetric flights. During
the course of the study, it was determined that the upstream limit of the model would have to be
extended beyond the I-10 Bridge to meet FEMA’s requirements to vertically tie-in to effective data. This
was due primarily to the significant stream bed degradation that has occurred in the Lower Salt River
since the effective study was completed, but also partially due to the Rio Salado low-flow channel
construction. The low-flow channel project included a grade control structure just downstream of the I-
10 Bridge, which likely produces a local hydraulic draw-down effect. As a result, the proposed BFEs from
this study are much lower than the effective BFEs at the I-10 Bridge. The upstream tie-in is discussed in
greater detail in Section 5.7.1 of this report.

To augment the topographic data collected by the District in order to extend the modeling and
delineations upstream of the 1-10 Bridge, WEST utilized technical documentation and topographic data
from a recent LOMR in the study reach completed by the City of Phoenix’s Aviation Department for
improvements to Sky Harbor International Airport (TY Lin International, 2011a). The FEMA Case No is
13-09-3108P, with an effective date of October 17, 2013. This LOMR was re-issued from FEMA Case No
12-09-0762P. The technical documentation for this LOMR included record drawings for the channel
bottom and final constructed channel bank modification information for the Phoenix Sky Harbor
International Airport. The topographic dataset used in the Sky Harbor LOMR was developed for the
Conditional Letter of Map Revision (CLOMR) that was originally filed for the Sky Harbor Improvements
(developed for the City of Phoenix by Pacific Advanced Civil Engineering, Inc. (PACE) as a sub-consultant
to Huitt-Zollars, Inc.). The PACE report (Pacific Advanced Civil Engineering, Inc., 2009), including
certification of the survey data, is included electronically in Exhibit C as supplemental files to Appendix
CA4.

Laveen Farms Ground Survey

On June 17, 2014, the District collected observations of curb and gutter elevation in the Laveen Farms
area. This survey was conducted to determine the best mapping approach at 75" Avenue. As discussed
in Section 5.7.1, the project team determined that floodplain mapping should be truncated at the
northern end of the Laveen Farms area (see technical memorandum replicated in Appendix E.5 for more
details). Therefore, this survey data was not used for floodplain mapping.
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Rio Salado Oeste Topography

Topographic data from the Rio Salado Oeste study (WEST Consultants, Inc., 2002) — extending from 91%
Avenue upstream to 19" Avenue — was used during preliminary mapping of the Laveen Area
Conveyance Channel, the Laveen Farms development, and the sand and gravel mining pit near 55"
Avenue. After collection of the other topographic sources mentioned above, the topographic data from
the Rio Salado Oeste study was not necessary for floodplain mapping.

Elevation Reference Marks

ERMs shown on the work study maps (see Section 5.2 below) were provided by the District. Further
details regarding the final selection of 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
Hydrologic modeling was not performed as part of this study; effective hydrology was used.
Discussion of effective flows is presented from downstream to upstream.

The flows used for hydraulic modeling near the lower limit of this study agree with the flows for the
downstream Tres Rios North Levee PMR (WEST Consultants, Inc., 2012). As was documented
thoroughly in that report, a slight discrepancy was found between published discharge values and
the previously effective Flood Insurance Study (FIS) discharge values, as discussed below.

The 1% annual-chance-flood discharge for the Lower Salt River reach from 67" Avenue downstream
to the confluence with the Gila River is 164,000 cfs with a drainage area of 12,962 square miles at
the confluence according to the effective study (Michael Baker, Jr., Inc., 1999). The current version
of the Maricopa County FIS also states the same (Federal Emergency Management Agency, 2005).
However, the Tres Rios North Levee PMR includes a flow change location downstream of 67"
Avenue. At the 83" Avenue alignment, the Tres Rios North Levee PMR adjusted the flow down to
162,000 cfs, and that value persists to the confluence of the Gila River. It should be noted that
Section 4 of the Tres Rios North Levee report (WEST Consultants, Inc., 2012) mentions that FEMA
Region IX provided approval to use the final flows listed for the Tres Rios North Levee study.
Appendix B.1 of this TSDN includes a copy of the email referenced in Section 4 of the Tres Rios
North Levee report, confirming approval from FEMA Region IX.

Both the Michael Baker study and WEST's Tres Rios North Levee PMR study are based upon an older
USACE, Los Angeles District, report titled Section 7 Study for Modified Roosevelt Dam, Arizona:
Hydrologic Evaluation of Water Control Plans, Salt River Project to Gila River at Gillespie Dam as the
basis for the hydrology (U.S. Army Corps of Engineers, 1996). An electronic copy of the USACE Los
Angeles District, report in its entirety can be found in the electronic data in Exhibit C. Additional
flow change locations and values upstream of 67" Avenue from the Section 7 Study (U.S. Army
Corps of Engineers, 1996) were used for the study herein. Table 4-1 lists all the flows used for this
study.

Table 4-1. 1% annual-chance-flood discharges for the Lower Salt River

Flooding Source Location FEMA-approved discharge
(cfs)
Lower Salt River, RS 96296 Upstream limit of study 169,000
Lower Salt River, RS 72602 Central Avenue 166,000
Lower Salt River, RS 31349 67" Avenue low flow crossing 164,000
Lower Salt River, RS 20821 83" Avenue alignment 162,000
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5 Hydraulics

5.1 Method Description

Floodplain limits and floodway boundaries are defined herein for the Lower Salt River from
approximately 4,000 feet above the 91° Avenue low flow crossing in Maricopa County upstream to a
point approximately 6,500 feet upstream of the I-10 Bridge in Phoenix. Throughout the project and in
this project report, this reach is referred to as the "Lower Salt River." The Lower Salt River is a sand bed
channel with a significant percentage of gravels and larger cobbles/boulders. The Lower Salt River flows
through mostly developed areas in the study reach. The Lower Salt River is channelized from 19"
Avenue to the upstream limit of the study reach.

The USACE’s Hydrologic Engineering Center’s River Analysis System (HEC-RAS) version 4.1.0 (Hydrologic
Engineering Center, 2010) was the 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 flood
profiles in the study reach for the 10%, 2%, 1%, and 0.2% annual-chance-flood hydrologic events. The
1% annual-chance-flood hydrologic event was the only computed water surface profile that was mapped
for floodplain inundation limits or analyzed for floodway boundaries (see Chapter 4 above for more
detailed discussion of the hydrologic data utilized for the hydraulic 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 report) using the HEC-GeoRAS Version 10.1 extension (Hydrologic
Engineering Center, 2012) in ArcMap 10.1 (Environmental Systems Research Institute, 2011).

The downstream end of this model utilized three cross-sections from the Tres Rios North Levee
Floodplain and Floodway Re-Delineation Study for the Salt and Gila Rivers (WEST Consultants, Inc.,
2012), which was recently submitted to FEMA as a Physical Map Revision (PMR). The three cross-
sections copied from the Tres Rios North Levee PMR HEC-RAS model were RM 202.82, 202.94 and
203.08. Note that the Tres Rios North Levee PMR river stations were used in the Lower Salt River FDS
model to highlight that they were taken from the Tres Rios model. At RM 202.82, the most downstream
cross-section in this study, the water surface elevation from the Tres Rios North Levee HEC-RAS model
(which tied in to the effective FEMA Water Surface Elevation (WSEL) at the same location) was used as a
known water surface elevation boundary condition for the 1% annual-chance floodplain simulation for
the current study, a value of 972.30 feet (NAVD88). Similarly, the downstream boundary condition for
the floodway profile for the 1% annual-chance event was set equal to the floodway profile computed
from the Tres Rios North Levee HEC-RAS model at RM 202.82, a value of 972.65 feet (NAVD88). Note
that the Tres Rios North Levee HEC-RAS model datum is in NGVD29. As part of the Tres Rios North
Levee model development, the offset to convert from NGVD29 to NAVDS88 vertical datum was
calculated. At the location of the three cross-sections copied from the Tres Rios North Levee model, the
offset is a positive 2.10 feet; this increase in elevation was applied to the Tres Rios North Levee cross-
sections and to the boundary conditions for the floodway and floodway simulations.
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The effective study for the majority of this reach downstream of the I-10 Bridge was completed in 1999
by Michael Baker Jr., Inc (Michael Baker, Jr., Inc., 1999). The FIRM panels from that study were
published in 2001. Following that study, the FIRM panels were revised in 2005. Also in 2005, several
Letter of Map Change revalidations occurred (FEMA Case No 04-09-1791V). In 2011, the City of Phoenix
developed a Letter of Map Revision (LOMR) for the portion of the reach upstream of the I-10 Bridge
(FEMA Case No. 12-09-0762P). In 2013, the FIRM panels were revised once again; these are the
currently effective FIRM panels (effective date October 16, 2013). At that time, additional Letter of Map
Change revalidations occurred (FEMA Case No 10-09-0832V). Also at that time, the City of Phoenix
LOMR at and upstream of the I-10 Bridge was reissued as FEMA Case No. 13-09-3108P. Additionally, the
51° Avenue Bridge was reconstructed in 2000 and the 35" Avenue Bridge was reconstructed in 2005.
The Rio Salado stream restoration project (described below) was completed in 2005.

While the model presented in this study extends to approximately 6,500 feet upstream of the I-10
Bridge, the original intent of this study was to tie in to the effective FEMA model just downstream from
the 1-10 Bridge. However, this was not possible because preliminary model results showed a significant
decrease in WSEL at the 1-10 Bridge compared to the effective study. This was primarily due to
significant channel degradation and stream restoration activities in the reach between the I-10 Bridge
and Central Avenue. The completion of the Rio Salado Project in 2005 for this area included a low-flow
channel and grade control structures with channel excavations in the range of 8-15 feet (see design
report and as-built plans, included in Exhibit C). Section 5.5.1 also includes more details on the grade
control structures. The grade control structures were completed after the effective study (Michael
Baker, Jr., Inc., 1999) with the intention to mitigate future degradation of the river bed. Following
construction, the grade control structures were backfilled either completely or to allow for 3 foot drops,
depending on the location. However, this significant change in topography created issues with regards
to tying in vertically to the effective study at the I-10 Bridge. WEST needed additional geometric data
above the I-10 Bridge to be able to extend the model upstream and tie in to the effective FEMA
floodplain boundaries and WSEL profile.

At the upstream boundary of the LSR study, an HEC-RAS model was developed on behalf of the City of
Phoenix in support of a LOMR and is the currently effective FEMA model (TY Lin International, 2011a).
The City of Phoenix LOMR model extended from approximately 450 feet downstream of I-10 to
approximately 2,530 feet upstream of the Hohokam Expressway (i.e., State Route 143). The FEMA Case
No is 13-09-3108P, with an effective date of October 17, 2013. While the LOMR data was reported in
NGVD29, the HEC-RAS model was developed referencing the NAVD88 vertical datum, so no vertical
datum adjustment was required to import data into this study model. The City of Phoenix LOMR model
did not include encroachments for the floodway profile. The revised floodway data table in the City of
Phoenix’s LOMR shows that the floodway is exactly the same elevation as the floodplain, and the line
work for the floodplain and floodway in the LOMR is coincident at the lettered cross-sections. Within
this reach, the 1% annual-chance WSEL floodplain boundaries are confined to the channel. Cross-
sections above RS 89238 (see discussion of model stationing in the following paragraph) were copied
from the City of Phoenix HEC-RAS model into the Lower Salt River FDS model. The HEC-RAS model name
for this study is "LowerSaltRiver_FDS.prj".
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Based on instructions from the District, River Stations (RS) were calculated for the Lower Salt HEC-RAS
model in river feet as opposed to river mile. For the remainder of this report, River Station will be used
to refer to stationing in feet, and River Mile (RM) will be used to refer to stationing in miles. As specified
by the District, effective FEMA cross-section “A” was located at river station 1,499.52 ft along the Lower
Salt River hydraulic baseline above the confluence with the Gila River. All modeled distances for this
study were determined with respect to the effective hydraulic baseline and profile from the Countywide
2013 FIS Update. The distance from cross-section "A" upstream to the most-downstream cross-section
in the Lower Salt River HEC-RAS model at RM 202.82 (which were stationed off the Gila River baseline
from the 1999 Michael Baker Jr., Inc. study) was measured in ArcGIS. River stations in feet were
assigned to all cross-sections in the LSR model except for the three cross-sections copied from the Tres
Rios North Levee model which retained their original RM stations. If these cross-sections (RM 202.82,
202.94 and 203.08) were to be stationed in feet, their stationing would be 17393, 18038, and 18750,
respectively. The City of Phoenix LOMR model (TY Lin International, 2011a) had to be re-stationed in
river feet because HEC-RAS requires increasing numeric values for all cross-sections in the upstream
direction.

It should be noted that the draft FIS profile from the Maricopa County PMR of 2015 shows an increase in
the distance from the confluence with the Gila River to cross-section “A” by approximately 500 feet (at
the lower end of the profile), which includes a 100-foot shift of cross-section “A” upstream due to the
Tres Rios North Levee Study element of the PMR. Thus, the distance of cross-section “A” from the
confluence with the Gila River in the PMR differs from what was applied when this study began. Again,
this study based river stationing distances upon the effective date of the 2013 Countywide FIS Update.
The hydraulic baseline developed by WEST for the current study and the effective hydraulic baseline are
both included as shapefiles in Exhibit C.

5.1.1 Effective Models

Several effective studies and other pertinent studies are relevant to the current FDS, as listed below. All
the HEC-RAS models listed below are included electronically in Exhibit C, except for the 75" Avenue
Bridge CLOMR model (J2 Engineering and Environmental Design, 2014). That model is not included
because it was not finalized as of the date of this TSDN.

1. An HEC-RAS model was developed by Michael Baker, Jr. as part of an FDS of the Salt and Gila
Rivers (Michael Baker, Jr., Inc., 1999). The Michael Baker model extent exceeds the extent of
the study herein.

2. The aforementioned Tres Rios North Levee Floodplain and Floodway Re-Delineation Study for
the Salt and Gila Rivers (WEST Consultants, Inc., 2012) is not currently effective because it is still
in the FEMA PMR process. However, the upstream end of the Tres Rios North Levee model is
used for the downstream boundary condition of the current study, and that model ties in to the
effective model (Michael Baker, Jr., Inc., 1999) at that location. Therefore, either of these
models could have been used for the downstream tie in of the current study. WEST chose to use
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the Tres Rios North Levee model because the topography supporting that analysis was more
recent than the topography supporting the effective study.

3. The aforementioned HEC-RAS model developed on behalf of the City of Phoenix in support of a
LOMR overlaps the upstream boundary of this FDS (TY Lin International, 2011a). WEST
imported the cross-sections from the City of Phoenix model exactly from the I-10 Bridge
upstream in the current model.

4. Other HEC-RAS models used in support of LOMRs or CLOMRs were considered during the
development of the model as well. For example, the reconstruction of the 35" Avenue Bridge
resulted in a LOMR (FEMA Case No. 08-09-1412P) with a corresponding HEC-RAS model. The
Rio Salado project at 24" Street resulted in a LOMR (FEMA Case No. 09-09-1453P). Also, the
Maricopa County Department of Transportation has an ongoing 75" Avenue Bridge CLOMR
model (J2 Engineering and Environmental Design, 2014) under development; this model was
used for updates to cross-section alignments near 75" Avenue (see Section 5.4 below). The
Maricopa County Department of Transportation CLOMR study for the 75" Avenue Bridge has
not been submitted to FEMA at this time; as such, no FEMA Case No. is available for the CLOMR.

WEST reviewed the effective model from Michael Baker and from LOMRs, as well as other models from
PMRs and CLOMRs. All data input for this model downstream of the 1-10 Bridge was based on as-built
structure data (or surveyed data) and updated topography. The portion of the model upstream of the I-
10 Bridge was imported directly from the City of Phoenix LOMR model (TY Lin International, 2011a). The
bottom three cross-sections of the model were imported directly from the Tres Rios North Levee PMR
Model (WEST Consultants, Inc., 2012).

5.1.2 Duplicate Effective Models
The duplicate effective models are included electronically in Exhibit C. The duplicate effective models
are:

e The Michael Baker, Jr. model (Michael Baker, Jr., Inc., 1999);
e The Sky Harbor LOMR model (TY Lin International, 2011a); and
e The Tres Rios North Levee model (WEST Consultants, Inc., 2012).

Entellus developed a CLOMR for the 35" Avenue Bridge for the City of Phoenix (Entellus, 2008). The
HEC-RAS for that CLOMR is also included in Exhibit C, even though data from that study was not used in
this study. The WSELs from all duplicate effective models matched WSELs from the effective models
within 0.1 feet.

5.1.3 Corrected Effective Models
No corrected effective models are submitted with this request because the existing conditions modeling
addresses both updated topography and constructed features built since the effective modeling.
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5.1.4 Existing or Pre-Project Conditions Models

A single HEC-RAS model was developed for this study reflecting existing conditions. As previously
mentioned, cross-sections at the upstream and downstream end of the model were copied from the
City of Phoenix LOMR (TY Lin International, 2011a) and Tres Rios North Levee PMR (WEST Consultants,
Inc., 2012) models, respectively. Along the remainder of the reach, cross-section alighments were
determined by WEST. Typically, the effective FEMA cross-section alignments were used. Near the 75"
Avenue alignment, Maricopa County Department of Transportation's ongoing 75™ Avenue Bridge
CLOMR model cross-section alignments were used (J2 Engineering and Environmental Design, 2014).
Station and elevation data were extracted from the most recent topographic data (discussed in Section
3 of this report).

5.1.5 Post-Project Conditions Models
No post-project conditions model was developed for this study, as only the existing conditions
hydraulics were modeled and mapped.

5.2 Work Study Maps

Topographic work study maps (presented as Exhibit A) were developed at a scale of 1” = 400’ to provide
sufficient detail of the revised detailed Zone AE Floodplain and Floodway mapping along the Lower Salt
River. 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 reference the NAVD88 vertical datum. Each work map includes the
following (when applicable): cross-section alignments, floodplain and floodway water surface
elevations, 1% annual-chance-flood peak discharges, proposed floodplain/floodway boundaries,
hydraulic baseline, stream/flooding source names, zone designations, elevation reference marks, road
names, coordinate grid tic marks, section lines, and corporate boundaries and names. The work study
maps included "Proposed Zone X" areas. In the digital files included in Exhibit C, the polygon shape files
representing Proposed Zone X areas are named "X1" in the attribute table. The X1 designation is a
District data deliverable standard.

The HEC-RAS geometry information for the existing conditions models is consistent with the contour
mapping as it appears on the work study sheets throughout the study area, except for within the bounds
of the bottom three cross-sections copied from the Tres Rios North Levee PMR model, which were
developed using a different topographic surface which is presented on the Tres Rios work maps included
in Appendix C.4 and Exhibit C.
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5.3 Parameter Estimation

5.3.1 Roughness Coefficients

To estimate Manning’s roughness coefficients for the Lower Salt River Floodplain Delineation Study,
aerial photography was used to delineate areas that differed in roughness characteristics (e.g., land use,
presence/density of vegetation), and this information was digitized into a polygon shapefile. The aerial
photographs used to complete this delineation were obtained in April 2013 and provided to WEST by
the District. The delineation was corroborated with site visits by WEST and the District.

To select the Manning’s roughness coefficient for each of the delineated roughness areas, 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 District. In this methodology,
components of the n-value estimated for each roughness area include 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 A correction to Manning’s roughness coefficient value for the effect of obstructions;

e A correction 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.

Table 5-1 below provides the final nine (9) 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 shape file can be found on the disc in Exhibit C of this document.

For verification of the selected n-values, two different reports were utilized. The first report was
“Estimated Manning’s Roughness Coefficients for Stream Channels and Flood Plains in Maricopa County,
Arizona” (Thomsen & Hjalmarson, 1991), and the second report was “Verification of Roughness
Coefficients for Selected Natural and Constructed Stream Channels in Arizona” (Phillips & Ingersoll,
1998). Both of these reports were prepared in association with the District.

A more detailed report titled “Lower Salt River Floodplain Delineation Study: Selection of Manning’s
Roughness Coefficients” was developed by WEST for this study and approved by the District in July 2014.
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.
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Table 5-1. Summary of the Manning’s n categories identified for Lower Salt River

Channel Areas Overbank Areas .
Category Manning’s n-value
(acres) (%) (acres) (%)

Bare Land 1401 74% 2516 24% 0.031
Heavy Vegetation 107 5.6% 67 0.6% 0.081
Medium Vegetation 142 7% 187 1.8% 0.053
Light Vegetation 238 12% 388 3.7% 0.037
Mining Areas 13 0.7% 1787 17% 0.043
Industrial/Commercial 2.6 0.14% 3271 32% 0.059
Residential (High Density) 0 0% 1023 10% 0.080
Residential (Low Density) 0.62 0.033% 354 3.4% 0.064
Agricultural Areas 0.0067 | 0.00035% 779 7.5% 0.045

5.3.2 Expansion and Contraction Coefficients

As recommended by HEC’s “Hydraulic Reference Manual” (Hydrologic Engineering Center, 2010), the
expansion and contraction coefficients were set equal to 0.1 and 0.3 along the entire study reach due to
the small variation in velocity and cross-sectional area from one cross-section to the next throughout
the modeled reach. HEC recommends increasing the contraction and expansion coefficients to 0.3 and
0.5, respectively, for two cross-sections upstream of bridges and one cross-section downstream of the
bridge. These increased values account for the energy loss as the top width of the river is often
significantly reduced at bridge entrances and enlarged at bridge exits. However, in the study reach, very
little contraction and expansion occurs at the following bridges:

e 24" Street Bridge (RS 86014)

e 16" Street Bridge (RS 80576)

e 7" Street Bridge (RS 75127)

e Central Avenue Bridge (RS 72521)

e 7" Avenue Bridge (RS 69501)

e 19" Avenue Bridge (RS 63420)

e 27" Avenue Conveyor Belt Bridge (RS 57704)

At the two cross-sections immediately upstream of these bridges and the one cross-section immediately
downstream, the contraction and expansion coefficients were set to 0.15 and 0.35, respectively.
Significant contraction and expansion occurs at the 35" Avenue Bridge (RS 52932) and the 51° Avenue
Bridge (RS 42207). At these two bridges, the contraction and expansion coefficients were set to 0.3 and
0.5, respectively. The I-10 Bridge is located within the geometry copied from the City of Phoenix LOMR
HEC-RAS model. In the City of Phoenix LOMR model, the contraction and expansion coefficients were
set to 0.1 and 0.3, respectively. These coefficients were not modified in the HEC-RAS model for the
current study.
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5.4 Cross-Section Descriptions

Typical convention was used for cross-section horizontal 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). All
cross-sections in the model reflect a centerline stationing (i.e., the intersection of the cross-section with
the hydraulic baseline) of 20,000 feet except for the three cross-sections copied from the Tres Rios
North Levee PMR. Cross-section spacing varies throughout the study area on a reach-by-reach basis
depending on cross-sectional channel geometry, bed slope breaks, and location of bridges. On average,
a typical cross-section spacing of 420 feet was used throughout the study reach for HEC-RAS cross-
section spacing. Within the reach copied from the City of Phoenix LOMR model, cross-section spacing
was 260 feet on average.

Cross-sections were generally placed at effective FEMA cross-sections. Adjustments were made to
cross-section alignments at bridges. The cross-sections from RS 20821 upstream to 31826 were re-
aligned in order to reflect the cross-section alignments in Maricopa County Department of
Transportation’s ongoing 75" Avenue Bridge CLOMR model (J2 Engineering and Environmental Design,
2014). In the left overbank, these cross-sections are re-aligned primarily south-to-north, while the
effective FEMA cross-sections were aligned southeast-to-northwest. This re-alignment issue became
important for mapping in the left overbank during this study (see Section 5.7.1 of this report for more
detail).

The cross-section ground elevations were extracted from the final topographic data provided by the
District using HEC-GeoRAS (Hydrologic Engineering Center, 2012) everywhere in the model except the
three Tres Rios PMR cross-sections at the downstream end of the model and the City of Phoenix LOMR
cross-sections upstream of the |-10 Bridge.

5.5 Modeling Considerations

5.5.1 Hydraulic Jump and Drop Analysis

At RS 41817 — just downstream of 51* Avenue — the 1% annual-chance WSEL profile defaulted to critical
depth. The cross-section spacing in the area ranges from 300 to 500 feet. Just downstream, the bed
slope is very steep (0.05 ft/ft). In a separate version of the HEC-RAS model, WEST cut new cross-sections
at approximately 100 foot spacing and ran the model in mixed flow mode in an attempt to find a valid
subcritical or supercritical profile. However, the model still defaulted to critical depth. WEST then
removed the broken pipeline — represented as blocked obstructions as discussed in Section 5.7.1 of this
report — and confirmed supercritical flow in this area. To calculate a conservative WSEL profile in this
reach, the existing conditions HEC-RAS model is run in subcritical mode with the broken pipeline
represented as blocked obstructions. Therefore, this default to critical depth remains in the model;
however, the project team feels this is justifiable given the argument above.

As mentioned in Section 5.1, there are multiple grade control structures within the study reach. These
structures were constructed as part of the Rio Salado restoration project in 2005 (see the design report
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and as-built plans, included in Exhibit C). The constructed features of the grade control structures were
backfilled at the downstream faces either completely or to allow 3 foot drops, depending on the
location. To examine the sensitivity of the WSEL to the modeling approach at grade control structures
and low flow road crossings throughout the study reach, WEST made a copy of the HEC-RAS model and
included an inline structure at the 67 Avenue low flow road crossing (see technical memorandum titled
"Inline Structures", dated March 23, 2015 in Appendix E.4 for details). Results of this sensitivity analysis
did not suggest the need to model drops — such as low flow crossings and backfilled grade control
structures — using inline structures in HEC-RAS.

At RS 63356 — the downstream face of the 19" Avenue Bridge — the 1% annual-chance WSEL profile
defaulted to critical depth at a grade control structure. Per the contour data (described in Section 3) the
total drop at the grade control structure is 6 feet. The cross-section spacing is approximately 570 feet in
this area and the channel slope is 0.015 ft/ft. In a separate version of the HEC-RAS model, WEST cut
additional cross-sections at a reduced spacing of approximately 200 feet. The model still defaulted to
critical depth, so WEST ran the model in mixed flow regime mode and confirmed that a valid
supercritical profile exists through the bridge deck, with a mild hydraulic jump just downstream of the
bridge. To calculate a conservative WSEL profile the existing conditions HEC-RAS model is run in
subcritical mode. Therefore, this default to critical depth remains in the model; however, the project
team feels this is justifiable given the argument above.

5.5.2 Bridges and Culverts

Ten bridges are located within the study reach. Table 5-2 lists the bridges within the study area. The
District provided WEST with plans and as-built plans for most of the bridges within the study reach.
These files were provided by the District on behalf of the City of Phoenix, except for the 51 Avenue
Bridge plans which were provided by the Maricopa County Department of Transportation. DEA
surveyed the 16" Street Bridge, 7" Street Bridge, and the 27" Avenue conveyor belt bridge due to one
or more of the following reasons:

e The lack of available as-built plans (27" Avenue conveyor belt bridge);

e Poor quality of available as-built plans (7" Street Bridge); or

e Changes in the existing conditions of the bridges compared to the as-built plans (7" Street
Bridge and 16" Street Bridge).

Specifically, the 7" Street Bridge and 16™ Street Bridge have grouted portions of the pier foundations
that were constructed below original grade. At some piers, the grouted portions have been exposed to
flow due to channel bed degradation over time. These exposed foundation sections are much wider
than the original piers and irregular in cross-sectional diameter. Because all piers at the 7" Avenue
Bridge, the 7" Street Bridge, and the 16" Street have grouted foundations, the grouted diameter was
coded into HEC-RAS for the piers with exposed foundations.

The information from the bridge plans and as-built plans were compared to existing hydraulic models,
aerials, and the information in the National Bridge Inventory (NBI). The models used for comparison
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were the effective models (Reach 3 and Reach 4) completed in 1999 as part of the Salt-Gila River
Floodplain Delineation Restudy (Michael Baker, Jr., Inc., 1999), the Rio Salado Oeste model prepared by
WEST for the USACE, Los Angeles District (WEST Consultants, Inc., 2002), and the model for the Salt
River between 51° and 35" Avenue used to support the CLOMR for the Avenida Rio Salado submitted to
FEMA in 2013 by AZTEC (AZTEC Engineering Group, 2013). The aerials used were provided by the
District as well as publicly available aerials from Bing and Google maps. The NBI database listed, among
other information, the location of the bridge and its most recent construction date. This date was
compared to the date of the plans to ensure that the most recent bridge plans were used.

Table 5-2. Bridge data source and datum adjustment

Bridge Name Data Source Increase from NGVD29
to NAVDS8S (feet)
Interstate 10 (RS 89661) Bridge as-built plans provided N/A
by the District, dated 1987
24" Street (RS 86014) Bridge as-built plans provided 2.140
by the District, dated 1982
16" Street (RS 80576) Surveyed by DEA N/A
7" Street (RS 75127) Surveyed by DEA N/A
Central Avenue (RS 72521) Bridge as-built plans provided 2.155
by the District, dated 1974
7" Avenue (RS 69501) Surveyed by DEA 2.145
19" Avenue (RS 63420) Bridge as-built plans provided 2.135
by the District, dated 1985
27" Avenue Conveyor Belt Surveyed by DEA N/A
(57704)
35" Avenue (RS 52932) Bridge as-built plans provided 2.105
by the District, dated 2006
51 Avenue (RS 42207) Bridge as-built plans provided 2.090
by Maricopa County
Department of Transportation,
dated 2001

5.5.3 Levees and Dikes

From RS 91062 upstream to RS 96296 (the upstream limit of the study), there is a levee on the left bank
of the Lower Salt River. In 2011, the City of Phoenix submitted a LOMR (TY Lin International, 2011a) and
a levee certification package (TY Lin International, 2011b) to FEMA for review. The LOMR Case No. is 12-
09-0762P, following Conditional Case No. 09-09-1309R. This study is the aforementioned City of
Phoenix LOMR (re-issued as Case No. 13-09-'3108P, effective date of October 17, 2013). The certification
package was approved by FEMA on August 26, 2011, and the levee was accredited. For the study
herein, the BFEs decreased at every cross-section within the levee extent. Therefore, WEST's study
should not affect the levee accreditation status. See email correspondence from FEMA and memo titled
"Comparison of Levee Freeboard and Flow Velocities Upstream of the I-10 Bridge" in Appendix E.4 for
further details.
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5.5.4 Non-Levee Embankments

During the study data collection phase, it was observed there are numerous embankments in or near
the main channel, separating the channel from lower-lying lands such as mining pits. Analysis of these
embankments was performed to consider a modeling approach that would have addressed both “with”
and “without” the embankments using two model plans (see memo within Appendix E.5 entitled
“Embankment Identification”, May 27, 2014; note the stationing reported in the memo is based upon
the effective modeling). However, the final modeling approach used a single plan that defined
ineffective flow areas for the low-lying areas behind the embankments. The floodplain was mapped
beyond the embankments using the in-channel base flood elevations. This approach provides
conservative estimates of base flood elevations as well as conservative estimates of floodplain extents in
the event of embankment failures. For more details regarding this approach see Section 5.5.6 below.

Below the Rio Salado environmental restoration portion of the study reach (ending approximately one-
half mile downstream of 7" Avenue) and near the 19" Avenue Bridge, large embankments were built to
separate the river from two former landfill sites (one on the north side of the river and one on the south
side of the river). As these embankments have never been certified by FEMA, the project team
determined the need to map floodplain boundaries along low-lying areas on the landward side of these
embankments. Small areas on the landward side of both of these embankments have been mapped
into the floodplain; these areas do not significantly impact property owners at either location (private
property mapped into the floodplain on the south side of the river and City of Phoenix property
associated with a landfill on the north side of the river). Low-lying areas (detention basins) were also
mapped at the City of Phoenix Driver Training Academy which is separated from the Salt River by high
ground just east of 35" Avenue on the north bank of the river. The approach to modeling and mapping
in the Driver Training Academy area is discussed in Section 5.7.1.

5.5.5 Islands and Flow Splits
The study reach does not contain any significant islands or flow splits.

5.5.6 Ineffective Flow Areas

Numerous gravel pits and mines exist within the study area. The majority of these areas do not actively
convey flow, and gravel/mining pits are the primary reason for setting Ineffective Flow Areas (IFAs) in
the HEC-RAS model. Discussion of the application of ineffective flow areas and blocked obstructions at
individual locations throughout the study reach is presented in Appendix E.4.

In-channel pits and pits that are hydraulically connected to the main channel were defined using blocked
obstructions in the bottom of the pits to account for the likelihood they would fill up with sediment
during a flood event. The use of permanent IFAs was considered to model hydraulically connected pits.
However, blocked obstructions better represent the possible future condition of pits filled in by
sediment by increasing the hydraulic radius, while permanent IFAs do not increase the hydraulic radius.
In addition, using permanent IFAs to represent in-channel pits caused the water surface elevation
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(WSEL) output in the hydraulic model to default to critical at some pit locations; this is unrealistic and
undesirable in the model. Blocked obstructions avoided this problem, and the hydraulic model does not
default to critical depth due to the use of blocked obstructions (the model still includes defaults to
critical depth not related to sand/gravel mining pits as discussed in Section 5.5.1).

In regards to mapping areas behind ineffective flow areas, or areas excluded by blocked obstructions,
mining pits that are not hydraulically connected to the main channel were mapped as part of the
floodplain if the mining pit was protected by an embankment. The floodplain included these types of
embankments even though it may be claimed that they protect these pits from inundation by the Lower
Salt River. This approach to mapping is conservative because it recognizes the possible failure of these
embankments during a flood event; this approach is also commensurate with the previous mapping
approach in the currently effective study (Michael Baker, Jr., Inc., 1999). If ground elevations between
the Lower Salt River and the mining pit were significantly higher than the simulated water surface
elevation and the distance between the mining pit and the Lower Salt River was also significant, the
mining pit was not mapped as part of the floodplain. In these cases, the significant size of the land area
between the river and the pit excluded the use of the term “embankment” for the land separating the
river from the pit. For example, there was a mining pit in the left overbank at river station (RS) 41575.
The land surface between the pit and the Lower Salt River ranged from 9 feet to 12 feet higher than the
1% annual-chance-flood water surface elevation, and the pit was approximately 500 feet away from the
Lower Salt River channel. This area was not mapped as part of the floodplain because the land surface
was not defined as an embankment. WEST and the District reviewed every mining pit throughout the
study reach to determine if the land surface that prevents hydraulic connectivity between the Lower Salt
River and the mining pit should have been considered an embankment.

Typically in other FEMA modeling studies, the floodplain is not mapped in areas where blocked
obstructions are defined in the model and the top elevation of the blocked obstruction is higher than
the water surface. The floodplain is typically not mapped in these areas because the obstruction
represents an area where inundation would not occur. However, the current study included one area
where a blocked obstruction was defined and the top elevation was higher than the water surface (see
detailed description in Appendix E.4); this area was mapped into the floodplain because it represented a
mining pit. The reason for mapping floodplain behind this blocked obstruction was similar to the
reasoning for mapping floodplain in mining pits behind ineffective flow areas.

For detailed descriptions of how ineffective flow area modeling was applied to individual locations,
please see Appendix E.4 for WEST's memo, “Modeling of In-Stream Pits”, September 2014, and
supplemental discussion, including ineffective flow area and blocked obstruction applications in
Appendices E.4 and E.5. All information in Appendix E.4 regarding property ownership and floodplain
use permitting is as of the date of this study.
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5.5.7 Supercritical Flow

Subcritical flow regime was used in HEC-RAS for the Lower Salt River. With regard to ADWR modeling
standards, no supercritical condition was simulated (Arizona Department of Water Resources, 1994).
The two locations for which the profiles default to critical depth are discussed in Section 5.5.1 above,
and these isolated locations are not indicative of supercritical flow in the study reach.

5.6 Floodway Modeling

The original floodway boundary for the Lower Salt River was determined as part of the effective study
(Michael Baker, Jr., Inc., 1999) so that the encroached water surface elevations would not be more than
one foot higher than the un-encroached elevations, per FEMA regulations. For this study’s existing
conditions model of the Lower Salt River, the effective floodway encroachments were considered when
developing proposed encroachment stations; WEST attempted to not exceed the effective floodway
stations at any given cross-section, if possible.

The increase in the proposed encroached water surface elevations compared to the proposed existing
conditions water surface elevations was less than or equal to one foot everywhere in the study reach.
There are a few cross-sections where the computed floodway water surface profile dips slightly below
the un-encroached flood profile (i.e., there is a negative surcharge condition). Multiple attempts were
made to eliminate these small negatives surcharges; however, they could not be eliminated. These
negative surcharges become zero when rounded to the nearest one tenth of a foot and were therefore
ignored. Summary output tables of the floodplain and floodway water surface elevations for the
proposed existing condition model are provided in Appendix E.5.

5.7 Issues Encountered During the Study

5.7.1 Special Issues and Solutions

This section discusses several special issues considered by the project team throughout the
development of the final modeling and floodplain mapping. Throughout the model, ineffective flow
areas were used in the overbanks to represent disconnected areas that would not actively convey flow.
Also, small islands were present within the proposed floodway. These islands were not significant in size
and therefore were mapped within the floodway. These two issues cause differences between the HEC-
RAS reported top width and the mapped top width. A complete table of differences greater than 5
percent, along with justifications for the difference, is included in Appendix E.5.

Floodplain mapping in the Laveen Farms Area (south bank near 75 Avenue)

During model development, WEST altered the effective cross-section alignment from RS 20821
upstream to 31826 to match cross-section alignments from the Maricopa County Department of
Transportation's ongoing 75" Avenue Bridge CLOMR model (J2 Engineering and Environmental Design,
2014). In the left overbank, these cross-sections are aligned primarily south-to-north, while the

FCD 2013C013 24



effective FEMA cross-sections are aligned southeast-to-northwest. This change in alignment increased
the WSEL in the left overbank because the WSEL at a higher RS (i.e., further upstream) along the main
channel is used to map the left overbank floodplain along 75" Avenue.

However, overall flooding depths in the extreme left overbank were shallow, leading to further
investigation of the most defensible approach to floodplain inundation mapping in this area. To address
this issue, the project team eventually decided to draw a Limit of Study (LOS) line along 75" Avenue
north of the Laveen Farms development due to the shallow flooding depths south of this LOS line. This
section describes the analysis steps to reach this conclusion, including lateral overbank flow analysis and
simplified channel routing.

WEST conducted a lateral structure analysis near 75" Avenue to determine the flow entering the left
overbank from the main channel. Lateral structures were digitized between each pair of cross-sections
from RS 27828 downstream to RS 26015 (RS 26015 corresponds to the western edge of pavement along
75" Avenue). All of the lateral structures were digitized along natural high ground elevations to
properly simulate flow leaving the main channel and entering the left overbank in this area. Based on
guidance from the Hydrologic Engineering Center, a lateral weir discharge coefficient of 0.5 was used for
these non-elevated overbank terrain over which lateral flow occurs (Hydrologic Engineering Center,
2014). This lateral weir discharge coefficient was selected for all lateral structures in this analysis.

Based on lateral structure analyses, there is approximately 47.1 cfs moving from the main channel to the
south along 75™ Avenue, a negligible amount compared to the 1% annual-chance peak flow value of
164,000 cfs at this location (0.03%). The 47.1 cfs all spills over a single lateral structure at 75" Avenue
(between RS 26149 and 26015); no lateral structure flow is occurring over any of the lateral structures
east of 75" Avenue. Because of the small flow rate leaving the HEC-RAS model via the lateral structure,
the project team decided to use an LOS line coincident with the lateral structure location between RS
26149 and 26015. More information regarding this analysis can be found in the technical memorandum
dated April 30, 2015, in Appendix E.5 of this document. As-built plans for the Laveen Farms
development are included electronically in Exhibit C. Note that the Laveen Farms as-built plans are in
the City of Phoenix datum. This is reported by the City of Phoenix as being equivalent to the NGVD29
datum. Elevations in the Laveen Farms as-built plans were adjusted to NAVD88 during this study.

In the final HEC-RAS model, lateral structures were not included and ineffective flow areas are defined in
the left overbank. Top widths reported by HEC-RAS include ineffective areas. Therefore, in this area of
the study, the top width reported by HEC-RAS does not match the mapped top width.

Exposed Pipeline downstream of 512 Avenue

Just downstream of the 51* Avenue Bridge, an exposed pipeline crosses the Lower Salt River. The
pipeline is supported by reinforced concrete piers, and there is a break in the pipeline within the banks
of the river. Representing this structure with blocked obstructions caused the profile to default to
critical depth at this location; however, this modeling approach was considered the most accurate and
was used. See Section 5.5.1 for more information regarding the modeling in this area. Also, a technical
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memo titled "Sensitivity Analysis for the Broken Pipeline Near 51* Avenue" is included in Appendix E.5
of this report and explains the final modeling approach for this area.

Cave Creek Confluence

Near the confluence of Cave Creek and the Lower Salt River, from RS 42278 upstream to RS 44320,
preliminary mapping based on topography indicated that the proposed LSR Zone AE floodplain overlaps
the Cave Creek effective Zone AE floodplain. However, at this location, the effective BFEs for Cave Creek
are greater than the proposed BFEs for LSR. Therefore, the LSR proposed floodplain was truncated at
the boundary of Cave Creek effective Zone AE. Because the LSR mapped width was truncated, the HEC-
RAS reported top width does not match the mapped top width at this location. Cave Creek was not
restudied as part of this analysis.

City of Phoenix Driver Training Academy

The City of Phoenix Driver Training Academy is located in the right overbank from RS 53248 (WSEL is
1032.3 feet) upstream to RS 54242 (WSEL is 1034.4). There is high ground that separates the Driver
Training Academy from the Lower Salt River, which existed prior to the construction of the Driver
Training Academy. The elevation on top of the high ground is 1040.0 feet. There are four detention
basins within the Driver Training Academy (see site and maintenance plans, included electronically in
Exhibit C). The Public Works Department of the City of Phoenix is responsible for maintaining these
basins; the basins are inspected and maintained on an annual basis and after significant storm events
(see correspondence in Appendix B.1). The average depth of water in the four basins exceeded one
foot. The average depth in the Training Academy excluding the detention basins did not exceed one
foot. Therefore, only the detention basins were mapped in the proposed floodplain. Because HEC-RAS
calculated shallow depths at this location but no floodplain was mapped, the HEC-RAS reported top
width does not match the mapped top width for these cross-sections. Also, it should be noted that no
hydraulic connectivity is shown in HEC-RAS between the flow in the main channel and the flow in the
overbank; the high ground discussed above completely separates these two areas in the cross-section.
HEC-RAS shows the low-lying areas in the far overbank as wetted due to the single water surface
elevation computed at each cross-section, a result of a one-dimensional modeling assumption.

Upstream Tie In

As previously discussed in Section 5.1, upstream tie in to the effective FIS was not possible at the I-10
Bridge due to significant channel lowering downstream of the I-10 Bridge by approximately 10 to 15 feet
since the effective Michael Baker study (1999). For additional information on the Rio Salado Low Flow
Channel Design (WEST Consultants, Inc., 2000) and the City of Phoenix LOMR at the I-10 Bridge (TY Lin
International, 2011a) used to extend the current model upstream for tie-in purposes, see the technical
memorandums included in Appendix E.5. As-built plans for the Rio Salado Low Flow Channel Design and
Record Drawings for the City of Phoenix LOMR are included electronically in Exhibit C.
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5.7.2 Modeling Warning and Error Messages
The CHECKRAS results for the Lower Salt River model and explanations of these messages are provided

in Appendix E.5.

5.8 Calibration

No measured field data was available for model calibration.

5.9 Final Results

5.9.1 Hydraulic Analysis Results

Table 5-3 lists a brief summary of hydraulic parameters at bridge locations within the study reach.
Summary tables of the existing conditions hydraulic modeling results for the Lower Salt River for the 1%
annual-chance flood are presented in two tables in Appendix E.5 (one table with no encroachments, one
table with encroachments). The first table summarizes the following variables by cross-section: peak
discharge, water surface elevation, critical water surface elevation, average channel velocity, top width,
hydraulic depth, and Froude number. The second table summarizes the encroached WSEL, increase in
WSEL as compared to the non-encroached WSEL, the energy grade, top width, discharge, encroachment
stations and channel stations.

Table 5-3. Summary of hydraulic parameters at bridges for 1% chance annual flood

Location River Discharge | Discharge | Velocity | Energy | WSEL (ft) | Friction | Contraction
Station through | over Weir Head Grade Loss (ft) and
Structure (cfs) (ft) (ft) Expansion
(cfs) Coefficients
I-10 89661 169,000 0 2.32 1101.39 | 1099.06 0.00 0.1/0.3
24th St 86014 169,000 0 2.67 1090.15 | 1087.49 0.06 0.15/0.35
16th St 80576 169,000 0 1.33 1077.41 | 1076.08 0.02 0.3/0.5
7th St 75127 169,000 0 1.74 1072.39 | 1070.65 0.00 0.3/0.5
Central Ave 72521 166,000 0 0.98 1068.16 1067.18 0.09 0.3/0.5
7th Ave 69501 166,000 0 1.63 1062.15 | 1060.52 0.00 0.3/0.5
19th Ave 63420 166,000 0 4.17 1046.37 | 1042.20 0.00 0.3/0.5
27th Ave 57704 166,000 0 1,51 1035.99 | 1034.48 0.00 0.3/0.5
35th Ave 52932 166,000 0 1.51 1033.51 | 1031.99 0.03 0.3/0.5
51st Ave 42207 166,000 0 1.49 1013.45 1011.96 0.07 0.3/0.5

5.9.2 Verification or Comparison of Results

The input parameters for each of the HEC-RAS models were applied in a manner consistent with
standard engineering practices for floodplain delineation studies. The floodplain study results appear to
be reasonable for flooding sources of this nature. For comparative purposes, the floodplain water
surface elevations of the effective models and those calculated for this analysis referencing the NAVD88
vertical datum are presented in graphical form in Figure 5-1 through Figure 5-4 and in tabular format in
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Table 5-4. Additionally, the minimum channel elevations of the effective models and those used for this
analysis referencing the NAVDS88 vertical datum are also presented in graphical form in Figure 5-1
through Figure 5-4. It should be noted that some of the discrepancy in the plotted thalweg between the
effective model and the proposed model can be explained by the different techniques employed to
model in-stream sand and gravel mining pits (e.g., below 19" Avenue) while some of the discrepancy
can be attributed to channel degradation and channelization projects (e.g., above 19" Avenue).

As mentioned in Section 5.7.1, a number of modeling issues cause differences between the HEC-RAS
reported top width and the mapped top width, primarily the significant use of ineffective flow areas to
represent wetted overbank areas that are not actively conveying flow (e.g., sand and gravel mining pits
and the Laveen Farms subdivision area). These discrepancies remain in the model primarily for the
following two reasons:

1. The project team decided to represent the areas of sand and gravel mining operations within
and adjacent to the river in the model cross-sections for regulatory purposes; these cross-
sections were not trimmed at the boundary between the river and the mining pits to be able to
accurately map the areas within the pits as special flood hazard areas. The effective model
(Michael Baker, Jr., Inc., 1999) adjusted ground points within these mining pits to the grade
adjacent to the corresponding mining pit, thereby removing all representation of the mining pit
from the cross-sections in the model (although these areas were mapped as floodplain in the
effective study). The current study chose to maintain the representation of the mining pits
within the ground points and exclude this area from active flow conveyance using ineffective
flow areas.

2. The 500-year profile was computed using this model; trimming cross-sections would reduce the
accuracy of the 500-year profile using this model.

These two reasons were used as justification for many areas of ineffective flow that remain in the model
and cause differences between the HEC-RAS reported top width and the mapped top width. Additional
reasons for differences between HEC-RAS top width and mapped top width are discussed in Section
5.7.1. A complete table of differences, along with justifications for differences greater than 5 percent, is
included in Appendix E.5.
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Figure 5-1. Comparison of water surface elevations for the Lower Salt River from the downstream
limit of the study to upstream of 67" Avenue
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Figure 5-2. Comparison of water surface elevations for the Lower Salt River from downstream of 51°
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Figure 5-3. Comparison of water surface elevations for the Lower Salt River from downstream of 27"

Avenue to upstream of Central Avenue

1120
| & s | l I
. D =] . . . - .
1110 —I = = | : ’gﬂ/‘
1100 + S £ o
™ (=]
% | gl e
8 1000 S—. ;__M.J*ﬂ
=
) a® ¢ L
Z 1080 l ,.,.J_-.' - :
£ o un® - ve? s g
S il B L S
£ 1070 == | .
.‘3 ; csew® ve® :
3 1060 b Pl :
= . o - | —+— Proposed 100-yr profile
1050 _| I TP, /[ g | # | |——Proposed Min Ch Elev
4 ;"é : s - = - Effective 100-yr Profile
1040 | | £ 1 S 4|+ - Effective Min Ch Elev
;,/"ff & - ~ - |=—_: Structures
1030 - , ] ] . !
75,000 80,000 85,000 90,000 95,000 100,000
Feet above confluence with Gila River

Figure 5-4. Comparison of water surface elevations for the Lower Salt River from downstream of 7"
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Table 5-4. Comparison of water surface elevations at FEMA lettered cross-sections

FEMA River River Effective WSEL | Proposed WSEL Change in
XS Mile Station | (feet, NAVDS88) | (feet, NAVDS8S8) BFE (feet)
Letter
AP 217.76 96296 1112.1 1111.9 -0.1
AO 217.29 93818 1107.8 1107.0 -0.7
AN 216.81 91312 1104.4 1102.6 -1.8
AM 216.42 89238 1100.9 1095.4 -5.6
AL 215.94 86730 1095.8 1090.2 -5.6
AK 215.65 85191 1090.4 1083.9 -6.5
Al 215.18 82695 1084.0 1077.8 -6.2
Al 214.78 | 80512 1080.2 1075.7 -4.5
AH 214.33 78208 1079.0 1073.7 -5.3
AG 213.95 76205 1076.2 1071.9 -4.3
AF 213.57 74197 1071.3 1068.0 -3.3
AE 213.21 72333 1070.1 1066.7 -3.4
AD 212.84 | 70329 1065.6 1062.4 -3.3
AC 212.46 68341 1058.3 1056.0 -2.3
AB 211.99 65844 1050.7 1047.8 -2.9
AA 211.54 63478 1045.8 1042.2 -3.6
Z 211.12 61261 1042.7 1037.0 -5.7
Y 210.55 58233 1039.9 1035.4 -4.6
X 210.17 56237 1039.5 1035.1 -4.5
W 209.69 53742 1038.0 1033.3 -4.7
\ 209.33 51804 1034.1 1030.3 -3.8
U 208.85 49296 1027.9 1026.5 -1.4
T 208.39 46829 1022.5 1021.0 -1.5
S 207.9 44320 1018.5 1016.1 -24
R 207.49 | 42278 1014.2 1012.0 -2.2
Q 207.16 | 40311 1009.7 1002.6 -7.1
P 206.7 37836 1005.4 1002.4 -3.0
0 206.22 35329 1001.9 999.9 -2.0
N 205.75 32831 997.2 995.9 -1.3
M 205.34 30850 995.7 991.8 -3.9
L 204.87 28335 992.3 990.6 -1.7
K 204.42 25595 988.5 986.5 -2.0
J 203.96 23335 979.8 980.6 0.8
I 203.48 20821 978.0 978.1 0.1
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6 Erosion, Sediment Transport, and Geomorphic Analysis

No erosion, sediment transport, or geomorphic analysis was performed for this study, as several
previous studies have assessed the impact of erosion and sediment aggradation and/or degradation on
the study reach. These studies include the Rio Salado Low Flow Channel Design (WEST Consultants, Inc.,
2000), the Rio Salado Oeste study (WEST Consultants, Inc., 2002), and a study titled "Sand and Gravel
Mining Impacts on Local Rivers — Historical Data Review and Analysis (River Research and Design, Inc.,
2011).
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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 the USACE, Los
Angeles District's report (U.S. Army Corps of Engineers, 1996) as reported in the Tres Rios North Levee
PMR (WEST Consultants, Inc., 2012). Table 7-1 below provides a summary of discharges for Lower Salt
River. Note that FEMA Region IX provided written consent to use these flows (documented in the
Tres Rios North Levee PMR, included in Appendix D), even though the effective FIS for Maricopa
County does not include the flow change at RS 20821 (Federal Emergency Management Agency,

2005).

*Estimated

Table 7-1. 1% annual-chance flood discharges for the Lower Salt River

Flooding Source and Location | Drainage Area Effective FEMA
(sg. mi.) Discharge (cfs)
Lower Salt River, RS 96296 12,783 169,000
Lower Salt River, RS 72602 12,831 166,000
Lower Salt River, RS 31349 12,962 164,000
Lower Salt River, RS 20821 13,000* 162,000

7.2 Floodway Data

Table 7-2 below is the proposed floodway data table for the current study, which includes proposed
regulatory floodplain and floodway WSEL values.

Table 7-2. Floodway data table for the Lower Salt River

River River Floodway 1-Percent-Annual-Chance Flood Water Surface
Sta Width Section Mean Regulatory | Without With Increase
(ft) Area (sq ft) Velocity (ft) Floodway | Floodway (ft)
(ft/s) (ft) (ft)
Salt 96296 684 10,030 16.9 1111.93 1111.93 1111.94 0.0
Salt 96067 734 10,623 15.9 1111.36 1111.36 1111.36 0.0
Salt 95798 788 10,626 15.9 1110.30 1110.30 1110.31 0.0
Salt 95560 853 12,818 13.2 1110.40 1110.40 1110.41 0.0
Salt 95282 950 13,428 12.6 1109.86 1109.86 1109.87 0.0
Salt 95078 1,037 15,011 11.3 1109.75 1109.75 1109.77 0.0
Salt 94827 1,088 15,140 11.2 1109.28 1109.28 1109.30 0.0
Salt 94586 1,094 14,618 11.6 1108.63 1108.63 1108.64 0.0
Salt 94316 1,080 14,925 11.3 1108.11 1108.11 1108.13 0.0
Salt 94061 1,076 14,866 11.4 1107.57 1107.57 1107.59 0.0
Salt 93818 1,059 14,750 11.5 1107.04 1107.04 1107.06 0.0
Salt 93568 1,017 14,755 11.5 1106.53 1106.53 1106.56 0.0
Salt 93311 993 14,281 11.8 1105.85 1105.85 1105.88 0.0
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River River Floodway 1-Percent-Annual-Chance Flood Water Surface
Sta Width Section Mean Regulatory | Without With Increase
(ft) Area (sq ft) | Velocity (ft) Floodway | Floodway (ft)
(ft/s) (ft) (ft)
Salt 93084 973 15,452 10.9 1105.65 1105.65 1105.69 0.0
Salt 92805 955 15,374 11.0 1105.18 1105.18 1105.22 0.0
Salt 92571 956 14,810 11.4 1104.63 1104.63 1104.67 0.0
Salt 92326 949 14,273 11.8 1103.99 1103.99 1104.04 0.1
Salt 92076 944 15,072 112 1103.69 1103.69 1103.75 0.1
Salt 91812 946 14,950 11.3 1103.20 1103.20 1103.27 0.1
Salt 91562 945 15,492 10.9 1102.90 1102.90 1102.97 0.1
Salt 91312 938 15,787 10.7 1102.58 1102.58 1102.65 0.1
Salt 91062 938 16,131 10.5 1102.29 1102.29 1102.37 0.1
Salt 90819 936 15,779 10:7 1101.87 1101.87 1101.95 0.1
Salt 90563 943 14,198 11.9 1100.96 1100.96 1101.07 0.1
Salt 90313 931 13,498 12.5 1100.15 1100.15 1100.28 0.1
Salt 89791 915 13,983 12.1 1099.06 1099.06 1099.25 0.2
Salt 89582 914 12,795 13.2 1097.01 1097.01 1097.31 0.3
Salt 89238 846 11,578 14.6 1095.35 1095.35 1095.57 0.2
Salt 88744 959 15,073 11.2 1095.06 1095.06 1095.33 0.3
Salt 88257 892 14,817 114 1094.23 1094.23 1094.42 0.2
Salt 87738 1,032 16,478 10.3 1093.61 1093.61 1093.87 0.3
Salt 87231 950 15,468 10.9 1092.40 1092.40 1092.57 0.2
Salt 86730 832 13,611 12.4 1090.17 1090.17 1090.45 0.3
Salt 86196 832 12,709 13.3 1087.63 1087.63 1088.26 0.6
Salt 86076 820 13,437 12.6 1087.49 1087.49 1088.14 0.7
Salt 85951 805 12,572 13.4 1086.41 1086.41 1087.19 0.8
Salt 85694 779 13,663 12.4 1085.92 1085.92 1086.81 0.9
Salt 85191 755 12,336 13.7 1083.89 1083.89 1084.54 0.6
Salt 84693 728 12,959 13.0 1083.06 1083.06 1083.58 0.5
Salt 84201 730 13,572 12.5 1082.56 1082.56 1082.94 0.4
Salt 83678 714 14,240 11.9 1082.08 1082.08 1082.39 0.3
Salt 83187 686 13,791 12.3 1081.30 1081.30 1081.58 0.3
Salt 82695 516 10,371 16.3 1077.82 1077.82 1078.54 0.7
Salt 82213 536 10,904 15.5 1076.59 1076.59 1077.48 0.9
Salt 81706 687 13,319 12.7 1076.39 1076.39 1077.38 1.0
Salt 81199 727 14,818 11.4 1076.13 1076.13 1077.05 0.9
Salt 80635 855 17,385 9.7 1076.08 1076.08 1076.88 0.8
Salt 80512 818 16,173 10.5 1075.67 1075.67 1076.36 0.7
Salt 80207 596 11,113 15.2 1073.35 1073.35 1073.44 0.1
Salt 79694 680 16,729 10.1 1073.95 1073.95 1074.52 0.6
Salt 79202 691 17,556 9.6 1073.89 1073.89 1074.31 0.4
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River River Floodway 1-Percent-Annual-Chance Flood Water Surface
Sta Width Section Mean Regulatory | Without With Increase
(ft) Area (sq ft) Velocity (ft) Floodway | Floodway (ft)
(ft/s) (ft) (ft)
Salt 78704 925 23,911 7.4 1074.02 1074.02 1074.57 0.6
Salt 78208 780 21,948 7.7 1073.69 1073.69 1074.25 0.6
Salt 77706 624 18,005 9.4 1072.99 1072.99 1073.54 0.6
Salt 77208 622 16,938 10.0 1072.51 1072.51 1073.07 0.6
Salt 76695 620 16,811 10.1 1072.21 1072.21 1072.73 0.5
Salt 76205 598 16,911 10.0 1071.94 1071.94 1072.47 0.5
Salt 75692 424 13,432 12.6 1070.68 1070.68 1071.14 0.5
Salt 75210 546 15,602 10.8 1070.65 1070.65 1071.05 0.4
Salt 75060 546 15,682 10.8 1069.74 1069.74 1070.59 0.9
Salt 74675 432 13,130 12.9 1068.11 1068.11 1068.92 0.8
Salt 74197 540 15,230 11.1 1067.96 1067.96 1068.77 0.8
Salt 73698 542 15,270 11.1 1067.54 1067.54 1068.28 0.7
Salt 73205 668 16,929 10.0 1067.36 1067.36 1068.01 0.7
Salt 72915 781 20,435 8.3 1067.51 1067.51 1068.21 0.7
Salt 72602 723 20,053 83 1067.18 1067.18 1067.84 0.7
Salt 72455 723 19,450 8.5 1066.69 1066.69 1067.30 0.6
Salt 72333 818 21,882 7.6 1066.73 1066.73 1067.28 0.6
Salt 71781 849 22,809 7.3 1066.05 1066.05 1066.69 0.6
Salt 71336 814 21,646 7.7 1065.51 1065.51 1066.16 0.7
Salt 70830 704 18,751 8.9 1064.61 1064.61 1065.21 0.6
Salt 70329 504 13,927 11.9 1062.36 1062.36 1062.90 0.5
Salt 69789 575 15,134 11.0 1060.93 1060.93 1061.44 0.5
Salt 69557 618 16,047 10.3 1060.52 1060.52 1061.00 0.5
Salt 69403 586 15,511 10.7 1059.26 1059.26 1060.19 0.9
Salt 68843 543 12,476 13.3 1057.11 1057.11 1057.17 0.1
Salt 68341 600 13,484 12.3 1056.03 1056.03 1055.99 0.0
Salt 67844 554 12,710 13.1 1054.18 1054.18 1054.48 0.3
Salt 67348 594 13,273 12.5 1053.04 1053.04 1053.32 0.3
Salt 66866 610 13,939 11.9 1052.11 1052.11 1052.38 0.3
Salt 66361 546 12,027 13.8 1050.13 1050.13 1050.35 0.2
Salt 65844 516 10,565 15.7 1047.81 1047.81 1048.17 0.4
Salt 65352 534 10,936 15.2 1047.02 1047.02 1047.39 0.4
Salt 64832 544 10,714 15.5 1045.72 1045.72 1046.21 0.5
Salt 64362 536 10,580 15.7 1044.55 1044.55 1045.12 0.6
Salt 63964 513 9,868 16.8 1043.25 1043.25 1043.56 0.3
Salt 63478 530 10,265 16.2 1042.20 1042.20 1042.59 0.4
Salt 63356 502 7,556 22.0 1037.37 1037.37 1037.46 0.1
Salt 63159 506 8,377 19.8 1037.05 1037.05 1037.17 0.1
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River River Floodway 1-Percent-Annual-Chance Flood Water Surface
Sta Width Section Mean Regulatory | Without With Increase
(ft) Area (sq ft) Velocity (ft) Floodway | Floodway (ft)
(ft/s) (ft) (ft)
Salt 62965 528 8,961 18.5 1036.86 1036.86 1037.02 0.2
Salt 62771 526 9,148 18.2 1035.79 1035.79 1036.56 0.8
Salt 62483 603 10,378 16.0 1035.61 1035.61 1036.52 0.9
Salt 62193 792 14,251 11.7 1036.51 1036.51 1037.31 0.8
Salt 61747 933 22,093 7.5 1037.04 1037.04 1037.78 0.7
Salt 61261 948 26,011 6.4 1036.96 1036.96 1037.69 0.7
Salt 60755 876 20,330 8.2 1036.23 1036.23 1036.99 0.8
Salt 60262 908 26,479 63 1036.37 1036.37 1037.12 0.8
Salt 59757 946 28,545 5.8 1036.30 1036.30 1037.07 0.8
Salt 59251 998 24,317 6.8 1035.91 1035.91 1036.72 0.8
Salt 58748 954 27,762 6.0 1035.91 1035.91 1036.71 0.8
Salt 58233 873 21,815 7.6 . 1035.37 1035.37 1036.19 0.8
Salt 57759 802 18,820 8.8 1034.72 1034.72 1035.63 0.9
Salt 57722 821 17,696 9.4 1034.48 1034.48 1035.43 1.0
Salt 57683 873 18,691 8.9 1034.42 1034.42 1035.37 0.9
Salt 57238 1,000 32,086 5.2 1034.88 1034.88 1035.79 0.9
Salt 56750 1,799 60,915 2.7 1035.07 1035.07 1035.98 0.9
Salt 56237 1,868 62,014 2.7 1035.06 1035.06 1035.97 0.9
Salt 55740 1,993 67,927 2.4 1035.07 1035.07 1035.97 0.9
Salt 55250 1,810 32,773 5.1 1034.72 1034.72 1035.60 0.9
Salt 54747 1,611 28,964 5.7 1034.44 1034.44 1035.32 0.9
Salt 54242 1,629 30,213 5.5 1034.35 1034.35 1035.21 0.9
Salt 53742 1,613 20,131 8.3 1033.31 1033.31 1034.30 1.0
Salt 53248 1,160 14,536 11.4 1032.29 1032.29 1032.67 0.4
Salt 53001 958 16,284 10.2 1031.99 1031.99 1032.52 0.5
Salt 52864 949 15,296 10.9 1031.43 1031.43 1031.87 0.4
Salt 52784 1,007 15,962 10.4 1031.21 1031.21 1031.83 0.6
Salt 52315 1,228 16,440 10.1 1030.43 1030.43 1031.24 0.8
Salt 51804 1,398 21,200 7.8 1030.34 1030.34 1031.17 0.8
Salt 51316 1,334 16,985 9.8 1029.21 1029.21 1029.77 0.6
Salt 50800 1,474 21,294 7.8 1029.26 1029.26 1029.79 0.5
Salt 50296 1,358 18,310 9.1 1028.60 1028.60 1028.91 0.3
Salt 49803 1,495 20,308 8.2 1028.26 1028.26 1028.58 0.3
Salt 49296 1,498 14,212 1.7 1026.50 1026.50 1026.56 0.1
Salt 48775 1,500 17,016 9.8 1025.83 1025.83 1025.85 0.0
Salt 48330 1,378 16,658 10.0 1024.91 1024.91 1025.02 0.1
Salt 47809 1,223 12,171 13.6 1022.05 1022.05 1022.13 0.1
Salt 47301 2,062 18,329 9.1 1021.74 1021.74 1021.77 0.0
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River River Floodway 1-Percent-Annual-Chance Flood Water Surface
Sta Width Section Mean Regulatory | Without With Increase
(ft) Area (sq ft) Velocity (ft) Floodway | Floodway (ft)
(ft/s) (ft) (ft)
Salt 46829 2,185 20,010 8.3 1020.99 1020.99 1021.04 0.0
Salt 46317 2,306 20,629 8.1 1020.11 1020.11 1020.19 0.1
Salt 45806 2,599 21,292 7.8 1019.20 1019.20 1019.30 0.1
Salt 45308 2,828 21,756 7.6 1018.29 1018.29 1018.45 0.2
Salt 44806 2,633 18,894 8.8 1016.93 1016.93 1017.12 0.2
Salt 44320 2,718 20,586 8.1 1016.10 1016.10 1016.22 0.1
Salt 43805 2,322 18,701 8.9 1014.95 1014.95 1014.98 0.0
Salt 43310 2,064 19,066 8.7 1013.99 1013.99 1014.11 0.1
Salt 42821 1,858 20,155 8.2 1013.37 1013.37 1013.48 0.1
Salt 42552 1,645 18,281 9.1 1012.78 1012.78 1012.86 0.1
Salt 42278 1,567 17,238 9.6 1011.96 1011.96 1012.16 0.2
Salt 42126 1,548 16,884 9.8 1011.26 1011.26 1011.51 0.3
Salt 41817 1,392 10,624 15.6 1007.33 1007.33 1007.37 0.0
Salt 41575 1,314 11,673 14.2 1004.52 1004.52 1004.98 0.5
Salt 41330 1,200 11,670 14.2 1003.18 1003.18 1003.79 0.6
Salt 41089 1,213 13,211 12.6 1002.37 1002.37 1003.35 1.0
Salt 40865 992 13,950 11.9 1002.07 1002.07 1003.05 1.0
Salt 40590 1,077 21,016 7.9 1002.82 1002.82 1003.67 0.9
Salt 40311 1,078 21,646 7.7 1002.62 1002.62 1003.57 1.0
Salt 40074 1,096 20,541 8.1 1002.32 1002.32 1003.32 1.0
Salt 39836 1,155 23,249 7.1 1002.37 1002.37 1003.37 1.0
Salt 39315 1,185 23,436 71 1002.29 1002.29 1003.16 0.9
Salt 38832 1,961 40,916 4.1 1002.53 1002.53 1003.40 0.9
Salt 38333 2,072 43,013 3.9 1002.45 1002.45 1003.34 0.9
Salt 37836 2,301 47,591 3.5 1002.39 1002.39 1003.30 0.9
Salt 37337 2,371 50,118 33 1002.34 1002.34 1003.25 0.9
Salt 36832 1,960 38,916 4.3 1002.14 1002.14 1003.04 0.9
Salt 36333 2,038 31,264 53 1001.77 1001.77 1002.71 0.9
Salt 35841 1,817 20,206 8.2 1000.80 1000.80 1001.65 0.9
Salt 35329 1,842 18,028 9.2 999.88 999.88 1000.78 0.9
Salt 34831 2,143 22,411 7.4 999.47 999.47 1000.38 0.9
Salt 34334 2,007 19,748 8.4 998.74 998.74 999.41 0.7
Salt 33824 1,915 16,673 10.0 997.71 997.71 998.02 0.3
Salt 33318 2,037 18,336 9.1 996.91 996.91 997.21 0.3
Salt 32831 2,261 20,447 8.1 995.88 995.88 996.53 0.6
Salt 32330 1,982 19,925 8.3 995.00 995.00 995.69 0.7
Salt 31826 1,648 19,869 8.4 994.09 994.09 994.96 0.9
Salt 31349 1,378 16,739 9.8 993.62 993.62 993.83 0.2
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River River Floodway 1-Percent-Annual-Chance Flood Water Surface
Sta Width Section Mean Regulatory | Without With Increase
(ft) Area (sq ft) Velocity (ft) Floodway | Floodway (ft)
(ft/s) (ft) (ft)
Salt 31186 1,293 14,383 114 992.20 992.20 992.95 0.8
Salt 31020 1,209 15,763 10.4 992.04 992.04 992.86 0.8
Salt 30850 1,123 15,778 10.4 991.80 991.80 992.59 0.8
Salt 30357 1,150 17,414 9.4 991.23 991.23 992.13 0.9
Salt 29847 920 18,462 8.9 990.93 990.93 991.80 0.9
Salt 29350 1,001 20,460 8.0 990.69 990.69 991.68 1.0
Salt 28840 1,153 23,687 6.9 990.73 990.73 991.62 0.9
Salt 28335 1,445 25,923 6.3 990.58 990.58 991.50 0.9
Salt 27828 1,382 24,779 6.6 990.51 990.51 991.23 0.7
Salt 27329 1,165 18,963 8.7 989.69 989.69 990.37 0.7
Salt 26883 1,057 14,550 11.3 988.68 988.68 988.88 0.2
Salt 26435 1,171 16,709 9.8 988.18 988.18 988.49 Q3
Salt 26149 1,145 16,969 9.7 987.79 987.79 988.10 0.3
Salt 26015 1,106 15,440 10.6 987.30 987.30 987.54 0.2
Salt 25595 1,308 14,980 11.0 986.50 986.50 986.65 0.2
Salt 25217 1,432 13,241 12.4 984.54 984.54 985.09 0.6
Salt 24863 1,492 11,856 13.8 983.21 983.21 983.17 0.0
Salt 24693 1,556 12,437 132 982.69 982.69 982.68 0.0
Salt 24524 1,607 15,841 10.4 982.81 982.81 982.89 0.1
Salt 24354 1,802 18,560 8.8 982.80 982.80 982.89 0.1
Salt 23840 1,910 17,408 9.4 981.50 981.50 981.77 0.3
Salt 23335 1,993 18,769 8.7 980.58 980.58 980.97 0.4
Salt 22828 1,969 28,822 5.7 980.51 980.51 980.90 0.4
Salt 22330 2,233 28,952 5.7 980.05 980.05 980.47 0.4
Salt 21828 2,159 30,275 5.4 979.64 979.64 980.08 0.4
Salt 21332 2,317 30,546 5.4 979.19 979.19 979.66 0.5
Salt 20821 2,375 21,988 7.4 978.13 978.13 978.63 0.5
Salt 20311 2,400 20,480 7.9 977.22 977.22 977.74 0.5
Salt 19804 2,354 20,222 8.0 976.36 976.36 976.80 0.4
Salt 19266 2,419 21,246 7.6 975.29 975.29 975.77 0.5
Salt 203.08" 2,442 21,916 7.4 974.43 974.43 974.87 0.4
Salt 202.94" 2,475 21,557 7.5 973.28 973.28 973.59 0.3
Salt 202.82" 2,560 23,270 7.0 972.30 972.30 972.65 0.4
" Tres Rios North Levee PMR stationing
FCD 2013C013 38



7.3 Annotated Flood Insurance Rate Maps

Annotated FIRMs are included in Exhibit B. The initial intent of the study team per meeting minutes for
the December 17, 2014 monthly coordination meeting was to include the TY Lin LOMR information on
the Annotated FIRM panels for this study. However, the TY Lin LOMR information did not appear in the
2013 FIS panel for the area; the LOMR was shown on a partial-panel only, FEMA will likely re-publish the
entire panel in the future. The Annotated FIRM Panels created for this study are based upon the 2013
FIS publication and are noted with reference to the TY Lin LOMR.

7.4 Flood Profiles

The 100-year flood profile is included electronically in DXF file format in Exhibit C.

FCD 2013C013 39






Appendix A — References

Contents:
A.1 Data Collection Summary

A.2 Referenced Documents






A.1 Data Collection Summary

The Data Collection Report is included on the following pages.



LOWER SALT RIVER FLOODPLAIN DELINEATION STUDY
91°" AVENUE TO THE I-10 BRIDGE

CoNTRACT FCD 2013C013

DATA COLLECTION TECHNICAL MEMORANDUM

Date: February 23, 2015 QT
To: Richard Harris, Project Manager — FCDMC % v

From: Brian Wahlin, Project Manager — WEST Consultants, Inc.
Chuck Davis — WEST Consultants, Inc.
Jesse Piotrowski — WEST Consultants, Inc.

Consultants, Inc.

The purpose of this technical memorandum is to describe data collected for the Lower Salt
floodplain delineation study and the process used to review the data. Data was collected
regarding:

- Previous studies in the area

- FEMA Letters of Map Change for the area

- Existing and previous bridges in the reach

- Existing and previous sand and gravel mines

- Spatial data, including aerials and topographic data
- Existing hydrologic data for the Salt River

Much of the data collected was provided by the FCDMC. Most bridge plans were collected from
the City of Phoenix.

Additionally, an annotated bibliography has been provided along with this technical
memorandum outlining all of the reports received for this study (Contract FCD 2013C013
WA#1) including the author, date of publication, document format, etc.

Previous Studies Regarding Flooding

Several studies regarding flooding have been performed for this reach of the Salt River and the
surrounding areas that may be of use during this study. The reports and models for most of these
studies have been obtained and were provided to WEST by the FCDMC. The studies included
two studies for Cave Creek, one floodplain delineation study, and reports and models used for
CLOMRs and LOMRs. Each of the studies will be discussed briefly in the following sections.



Cave Creek floodplain delineation study, 1989

The earliest pertinent report found for the Lower Salt River area was a flood insurance re-study
performed on Cave Creek in 1989. This study was performed by Cella Barr Associates for the
FCDMC. The model used for this study was HEC-2. The result of the study was to revise the
special flood hazard areas on Cave Creek. Since the area was limited to Cave Creek and there
have been subsequent studies for this area, it is likely that this study will not impact the current
study.

WWTP Protection, 1995

A study of flood mitigation for the wastewater treatment plant at 91* Avenue was completed in
1995 by Simons, Li & Associates, Inc. for the City of Phoenix (Index No. S-931105). HEC-2
was used to model the existing conditions and proposed bank protection. The study also
predicted future topographic changes due to sand and gravel operations in the Salt River.
Channel stability and sediment transport were analyzed. Mobile bed analysis was conducted
using QUASED.

Salt-Gila River FDS, 1999

A floodplain re-delineation study (FDS) on the Salt-Gila River was performed in 1999. This
study was performed by Michael Baker, Jr. for the FCDMC and the model used for the study
was HEC-RAS. The result of this study is the current effective floodplains for the Lower Salt
River project area. This study will be useful during the current project to determine modeling

assumptions and approach for the currently effective model.

Cave Creek, 2006

Cave Creek was studied again as part of the Metro Phoenix Area Drainage Master Study
(ADMS) in 2006. The study was performed by Wood/Patel and Engineering and Environmental
Consultants, Inc. for the FCDMC and City of Phoenix. Wood/Patel performed the hydrologic
analysis, and Engineering and Environmental Consultants, Inc. performed the hydraulic analysis.
The study area was bounded by the Salt River on the south, so the Salt River was not included in |
the hydrologic and hydraulic models. Because the study is limited to Cave Creek and other areas

further north, the study will have no impact on the current study along the Salt River.




FEMA Letters of Map Change (LOMC) prior to the currently effective FIRM
Panels

LOMC’s include Letters of Map Revision (LOMR), Letters of Map Revision based on Fill
(LOMR-F), Letters of Map Amendment (LOMA), Letters of Map Amendment based on Fill
(LOMA-F), Conditional Letters of Map Revision (CLOMR), and others. This section will
discuss pertinent LOMC’s for the Lower Salt River FDS study reach. This section will discuss
pertinent LOMC’s impacting the FIRM panels that were effective prior to October 16, 2013 (i.e.,
the date that the current FIRM panels were made effective).

River Walk Phase 24 LOMR, 2001 (FEMA case number 01-09-867R)

David Evans and Associates performed a study on the Salt River in 2004 for the City of Phoenix.
The resulting LOMR affects FIRM panel 04013C2120F. Fill was placed along the south bank of
the Salt River from approximately 500 feet downstream to approximately 250 feet downstream
of 51% Avenue.

LOMR for the Salt River Bridge at 35th Avenue, 2008 (FEMA case number 08-09-1412P)

The LOMR for FEMA Case No. 08-09-1412P was prepared for the City of Phoenix. This LOMR
covered the area from approximately 1,100 feet downstream of 35th Avenue to approximately
1,200 feet downstream of 7th Avenue and focused on hydraulic analysis of the portion of the Salt
River affected by the 35th Avenue Bridge construction. The supporting CLOMR was prepared
by Entellus for the City of Phoenix.

Sunland Materials CLOMR, 2011 (FEMA case number 12-09-2513R)

Erie and Associates, Inc. completed a study for Sunland Materials, LLC. This study was to create
a plan of operation for the sand and gravel mining operation near 69™ Avenue on the Salt River
owned by Sunland Materials. The models used in this study include an HEC-RAS model, an
HEC-6T model, and a DDMSW (HEC-1) model.

Sky Harbor LOMR, 2013 (FEMA case number 13-09-3108P)

In 2011, TY Lin International developed a HEC-RAS model in support of a Letter of Map
Revision, which extended “from approximately 450 feet downstream of Interstate 10 to
approximately 2,530 feet upstream of Hohokam Expressway” (T.Y. Lin International, 2012).
The LOMR, which is FEMA Case No. 13-09-3108P, has an effective date of October 17, 2013.
This LOMR was re-issued from FEMA Case No. 12-09-0762P. The LOMR revised WSELs
from FEMA cross section AM upstream to cross section AT, and from cross section BA
upstream to cross section BH. The HEC-RAS model used in the LOMR included geometry of
the I-10 Bridge.



Avenida Rio Salado CLOMR, 2013 (FEMA case number 14-09-0164R)

AZTEC performed a study on the Salt River in 2013 for the City of Phoenix. The study was
performed on the reach between the 35™ Avenue Bridge and the 51% Avenue Bridge based on
new topographic mapping of the river, a proposed road along the south bank, the Avenida Rio
Salado/Broadway Road, and a new maintenance ramp along the 31% Avenue alignment on the
river bottom. An HEC-RAS model was created for the study and the results were submitted to
FEMA in order to revise the current effective floodplain delineation. This study will need to be

taken into account when creating the new model for the Lower Salt River.

Other LOMR'’s and LOMCs

Information for several other LOMRs and LOMC’s were obtained from FEMA. The current

LOMRs and CLOMRs for the study reach are shown below in Table 1. The current FIRM panels

in the study reach were made effective on October 16, 2013, so LOMRs that were accepted
before the most recent effective date are not included in this table. Most of these previous
LOMRs were either applied to the line work on the FIRM or revalidated by FEMA with the new
maps. None of the LOMC:s listed in Table 1 below have been reflected in the line work of the

currently effective FIRM panels.

Table 1. Current or open LOMRs and CLOMRs for the study reach.

CLOMR/LOMR
LOMC Case Map Panel Status or

Location Type Number Number Jurisdiction Effective Date
Laveen Farms Phase 1 LOMR-F | 14-09-0200A | 04013C2190L | City of Phoenix 11/26/2013
Avenida Rio Salado CLOMR | 14-09-0164R | 04013C2120G | Maricopa County* | Process Request

City of Phoenix
Sunland Materials — 69" CLOMR | 12-09-2513R | 04013C2115G | Maricopa County* | 03/21/2013
Avenue — Sand & Gravel City of Phoenix
Operations in Salt River
Riverbend III; 5405, LOMR-F | 14-09-0203A | 04013C195L City of Phoenix 11/19/2013
5409 West Atlantis
Avenue
Salt River 450 ft LOMR 13-09-3108P | 04013C2220L, | City of Phoenix 10/17/2013
downstream of I-10 to 04013C2240L

2530 ft upstream of
Hohokam Expressway




Other Pertinent Reports

EPA Superfund Record of Decision: 1 9" Ave Landfill (1989)

This report, dated September 1989, describes action taken at the abandoned landfill at 19"
Avenue. The landfill was located on both the north and south banks of the River. The landfill
was capped and embankments were built between the river channel and the landfill to prevent
pollutants from entering the channel.

Hydrologic Evaluation of Water Control Plans: Salt River Project to Gila River at Gillespie

Dam (1996)

In 1996, the U.S. Army Corps of Engineers, Los Angeles District, performed a hydrologic study
of the Salt River, which includes the current study extents. This report was used to establish
flow change locations in the effective Baker Study (1999).

Lower Cave Creek Floodplain Concept Study (1996)

Completed by Z & H Engineering in 1996 for the City of Phoenix (no contract number, FCDMC
call number A026.949), this concept study discusses the potential for reducing or eliminating
flooding from less than 100-year events in developed portions of Cave Creek. Detention in
storage basins, additional storm drains, storm canals and infusion wells for infiltration were all
considered. Because this study was an alternatives analysis, the report does not include any
construction of flood control measures.

51’ Avenue Bridge Scour Evaluation (1997)

Parsons Brinckerhoff evaluated scour potential at the 51% Avenue Bridge in 1997. It was found
that the 51* Avenue Bridge over the Salt River is Scour Critical. HEC-2 and HEC-RAS version
1.2 were used in the analysis. The report includes historical photographs of the 51% Avenue
Bridge and the broken pipeline just downstream. Photos indicate that significant deposition has
occurred at the broken pipeline since 1997.

INCA Engineers, Inc. also reviewed the 51% Avenue Bridge in 1997 that focused on the effects
of active gravel mines in the area and studied corrective measures for bridge scour. HEC-2 and
HEC-RAS version 2.0 were used.

It should be noted that the 51% Avenue Bridge was rebuilt in 2000 due to the scour of the
previous bridge being critical. This new bridge is not subject to scour and has significantly more
freeboard over the Salt River.

Rio Salado Low-Flow Channel Design Reports (2000)

The reports titled “A Stable Channel Design Approach for the Rio Salado, Salt River, AZ” and
“Low Flow Channel Design Analysis for Rio Salado (Salt River), Arizona” completed by WEST



Consultants in 2000 for the U.S. Army Corps of Engineers, Los Angeles District, (LACOE) were
provided by the FCDMC. These reports could be useful for comparing the current status of this ‘
reach of river to the design and previous conditions. Existing hydraulic conditions were

compared to the effective Baker model, sediment transport analysis was conducted, and design

of the low flow channel, grade control structures and guide dikes was performed. These reports

are also accompanied by LACOE’s reports, summarizing WEST’s findings. In 2004, the Phase

2 Final Design Submittal was completed by McGann & Associates and Novak Environmental.

Historic Aerial Imagery Comparison (2001)

JE Fuller prepared a comparison of historic and modern aerial images of the Salt River —
including the current study reach — in 2001 for the Flood Control District of Maricopa County.
The comparison shows the degrees of urban development and channelization of the Salt River.

75th Avenue Storm Drain Project (2005)

In 2005, Stantec performed an alternatives analysis for connecting Durango Regional
Conveyance Channel (DRCC) and other related constructed drainage features to the proposed
City of Phoenix 75" Avenue Storm Drain. Six alternatives were considered and it was
concluded that the Santa Maria Basin should be constructed. Because this study was an
alternatives analysis, the report does not include any construction of flood control measures.

Floodplains, Floodways & Aerial Photography for the Salt/Gila River (2005)

In 2005 the District created a 35 panel set of aerial photographs, including the floodway and
floodplain extents. The panels extend from Granite Reef Dam to Gillespie Dam.

Salt River Hydraulic Master Plan (2009 —2010)

Stantec developed a Hydraulic Master Plan for the Salt River in June 2010 for the FCDMC
(Contract No. FCD 2007C017 Work Assignment 6). The report determined the maximum flow
that can be conveyed between the Salt River levees from the Alma School Road Bridge
downstream to the I-10 Bridge. The study included an analysis of the impact of variations in
Manning’s roughness coefficients on water surface elevations along the Salt River (Aug. 2009).
The effects of vegetation on conveyance were also studied (June 2010).

Sand and Gravel Mining Impact Analysis (2011)

This July 2011 report by River Research and Design, Inc. was prepared for the FCDMC (no
contract number, FCDMC call number 116.009S). The study reviewed historical data of rivers
in the Phoenix area, including the Salt River. The impact of sand and gravel mining operations
on sediment transport was analyzed. The report found that mining, in conjunction with
channelization, has lowered the Salt River profile by 10 to 15 feet in most locations and by 20 to




26 feet in a few specific locations. The lowered channel has decreased the risk of flooding in
some areas, but scour at bridges and other infrastructure has become problematic.

Survey Report Manual for Lower Salt River Delineation Study (2013)

In March 2013, RBF Consulting performed 2-foot contour interval mapping of the Lower Salt
River from 24th Street to 91st Avenue for the FCDMC (Contract No.FCD 2012C015, Work
Assignment No. 1). Aerial photo acquisition was conducted, along with field survey of 15 cross
sections of the river bottom at approximately 1-mile intervals.

Natural Resources of Concern (2013)

A document from Arizona Fish and Wildlife was received listing “Natural Resources of
Concern.” This lists endangered species that may be affected by a project in this arca. The list
includes several birds, fishes, mammals, and reptiles. Since this project does not involve any
physical changes to the river, there will be no effects on these endangered species (as stated by
City of Phoenix staff in an email to WEST Consultants, which will be include in the final
Technical Support Data Notebook for this study, FCD 2013C013).

Gila River Manning’s n-Value Report (2014)

A report was provided by the FCDMC for the Manning’s n-value assignment in the recent Lower
Gila River flood delineation study (contract FCD2012C017). The report was written by Stantec
in January 2014 and may be useful in determining roughness types and Manning’s n-values in
the Lower Salt River reach being modeled in this study.

Bridge Data Collection and Review

The FCDMC provided WEST with plans and as-builts for most of the bridges within the study
reach. These files were provided by the District on-behalf of the City of Phoenix, except for the
51% avenue bridge plans which was provided by MCDOT.

The plans were reviewed to determine if the plans were readable, whether or not they had the
necessary information to be able to model a bridge in HEC-RAS, and if the files had the most
recent bridge construction plans, as most of the bridges have undergone some sort of
maintenance or reconstruction since their original build date. A byproduct of this process was
determining which bridges would have top priority for new surveys and then if any of those
surveys would actually be necessary.

Once these steps were completed, the information from the bridge plans and as-builts were
compared to existing hydraulic models, aerials, and the information in the National Bridge
Inventory (NBI). The models used for comparison were the Effective models (Reach 3 and
Reach 4) completed in 1999 as part of the Salt-Gila River Floodplain Delineation Restudy, the



Rio Salado Oeste model completed in 2001 for the L.A. District Corps of Engineers, and the
model for the Salt River between 51 and 35" Avenue used to support the CLOMR for the
Avenida Rio Salado submitted in 2013. The aerials used were publicly available from Bing and
Google maps. The NBI database listed, among other information, the location of the bridge and
its most recent construction date. This date was compared to the date of the plans to ensure that
the most recent bridge plans were being used.

24" Street Bridge

Based on the plans received from the FCDMC, the original construction date was 1980 for the
24™ Street Bridge. The bridge was originally constructed to replace a small double barrel box
culvert located in the thalweg of the channel. It was replaced with a 12-span pre-stressed box
beam bridge in 1980 and the as-builts are dated September 1982.

The plans were compared to the effective model for Reach 4 and the NBI. The bridge
specifications in HEC-RAS matched the as-built plans acceptably well and the date of most
recent construction listed in the NBI was 1980, which also matches the as-builts. The number of
piers also matches the aerials from Bing maps, which is shown below in Figure 1.

Figure 1. 24th Street bridge crossing, looking downstream

The main difference between the HEC-RAS bridge and bridge plans is the pier width: the pier
width is listed as 2.5 feet in the as-builts and 3 ft in HEC-RAS. On March 19, 2014, WEST
measured the bridge piers and confirmed the as-built diameter of 2.5 feet.

16™ Street Bridge

The original plans for the 16™ Street Bridge received from the FCDMC were of questionable
quality. Some of the numbers on the plan are difficult to read and the plans are not labeled as as-




builts. The 9-span bridge, like the 24™ Street Bridge, was originally constructed to replace the
existing box culvert located within the channel. The plans were dated 1986.

The plans were compared to the effective model for Reach 4 and the NBI. The bridge
specifications in the HEC-RAS model match the bridge plans reasonably well. The date of
construction for the bridge in the NBI is 1982, which is, again, reasonably close to the plans’
date of 1986. The number of piers in the plans and in the HEC-RAS model also matches the
number of visible piers in the aerials from Bing maps, as shown in Figure 2.

Figure 2. 16th Street bridge crossing, looking downstream

The main difference between the bridge plans and the bridge in the HEC-RAS model is the pier
diameter, which is 5 feet in the plans and 4.83 feet in the model. David Evans and Associates,
Inc. (DEA) surveyed this bridge for the District on May 5, 2014 and confirmed the pier diameter
of 5 feet. Rough grout is exposed around the base of piers 4 through 6, increasing the pier width
to 7 feet.

7" Street Bridee

Plans for the 7" Street Bridge from 1969 and 1985 were included in the data received from the
FCDMC. The 1985 plans for the 7" Street Bridge seemed to be of fairly good quality. The 1985
bridge specifications were used in comparison with the existing HEC-RAS model, aerial photos,
and the NBI. The 1985 plans are for a 5-span bridge.

These plans were compared to the effective model for Reach 3 and the NBI. The bridge
specifications and the HEC-RAS bridge match almost exactly. The NBI date of construction is
1983, which agrees with the 1985 bridge plan date. The number of piers in the model and in the
plans is four, which matches the number of piers observed in the Bing maps aerials, as shown in
Figure 3. DEA surveyed this bridge for the District on May 5, 2014 and measured a pier



diameter of 5 feet. Rough grout is exposed around the base of piers 2 and 3, increasing the pier
width to 7 feet.

Figure 3. 7th Street bridge crossing, looking downstream

Central Avenue Bridge

Bridge plans for the Central Avenue Bridge were provided by the FCDMC. There were bridge
plans dated 1966 and 1974. The 1974 plans were used in these comparisons and will likely be
used in defining the bridge data in the new HEC-RAS model. These plans were for a 9-span pre-
stressed concrete girder bridge.

These plans were compared to the effective model for Reach 3 and the NBI. The bridge
specifications and HEC-RAS bridge match acceptably well. The NBI date of construction is
1975, which agrees with the plan date of 1974. The number of piers, eight, also agrees with the
number found in the Bing map aerials, which are shown below in Figure 4.




Figure 4. Central Avenue bridge crossing, looking downstream

The only major discrepancy between the HEC-RAS model and bridge plans is the pier diameter.
The modeled diameter is 2.5 feet and the bridge plans state a diameter of 2 feet. WEST
determined that the bridge pier diameter is 2.7 feet during a site visit on March 19, 2014.

7" Avenue Bridge

Bridge plans for the 7" Avenue Bridge were provided by the FCDMC dated 1976 and 1992. The
1992 bridge plans were compared to the HEC-RAS model, aerials, and the NBI and will likely
be used in defining the bridge in the new HEC-RAS model.

The plans were compared to the effective model for Reach 3 and the NBI. The bridge
specifications and the HEC-RAS bridge match acceptably well. The NBI date of construction is
1987, which is several years before the plan date, but at least supports the claim that the 1992
plans are the most recent construction plans for the bridge. In the model and in the plans, the
bridge has 5 piers, which can be verified by the aerials as shown in Figure 5.



Figure 5. 7th Avenue bridge crossing, looking downstream

The only major difference between the bridge plans and the bridge as it is currently modeled is

the pier diameter—4.8 ft in HEC-RAS and 5 ft in the plans. On March 19, 2014, WEST

inspected the bridge piers and confirmed the 5 foot pier diameter. Rough grout is exposed around

the base of piers 3 and 4, increasing the pier width to 7 feet. '

Conveyer Belt Bridge at 21°' Avenue

The conveyer belt bridge located at 21% Avenue was completely removed during Rio Salado
environmental restoration construction (as noted in physical plans). There is no structure or
remnant of a structure (i.e., pier footings) remaining as far as WEST is aware. This was verified
during the site visit on March 19, 2014.

19" Avenue Bridge

Bridge plans for the 19™ Avenue Bridge were provided by the FCDMC dated 1966, 1981, and
1995. The most recent plans were used to compare to the effective HEC-RAS model and the NBI
and will likely be used to define the bridge specifications in the new HEC-RAS model.

The 1995 bridge plans were compared to the effective model for Reach 3 and the NBI. The
bridge specifications in the model and the plans seem to match reasonably well. The NBI date of
construction is 1982 which, again, is older than the 1995 plans, but supports the claim that the
1995 plans are the most recent construction on the 19" Avenue Bridge. This is also supported by
the number of piers observed in the aerials. The earlier plans only show three bridge piers and
there are at least four, possibly seven, piers in the Bing map aerials, as shown in Figure 6.




Figure 6. 19th Avenue bridge crossing, looking downstream

Unfortunately, no pier diameter was explicitly stated in the 1995 bridge plans, but the pier size
was 5.8 feet in the HEC-RAS model. During the March 19, 2014 site visit, WEST measured a
pier diameter of 6 feet.

Conveyer Belt Bridge at 2 7" Avenue

WEST does not currently have any plans for the conveyer belt bridge crossing at 27" Avenue
and the bridge is not in the NBI. Based on the Rio Salado Oeste model report, plans for the
conveyer belt bridge were obtained from United Metro Materials. Since those plans could not be
obtained again, the District authorized DEA to resurvey the bridge. Pier diameter is 2.5 feet on
the base and transitions to 2 feet higher up on the pier.

Figure 7. Conveyer belt bridge crossing, looking downstream

35" Avenue Bridee

The FCDMC provided bridge plans for the 35™ Avenue Bridge dated 1974, 1982, 1989, 1992,
2004, 2005, and 2006. The 2004 plans were used in this comparison since they matched the



specifications in the 2005 and 2006 plans and were more legible. These are likely the plans that
will be used to define the bridge in the new HEC-RAS model.

The 2004 bridge plans were compared to the HEC-RAS model created by AZTEC for a CLOMR
in 2013 and the NBI. The bridge plans appear to match the bridge in the AZTEC CLOMR model
reasonably well. The NBI construction date is 2008, which is after the latest bridge plans that
WEST has, but may still be within reason. This is supported by the fact that there are eight piers
in the bridge plans, AZTEC CLOMR model, and in the Bing map aerials, as shown in Figure 8.

Figure 8. 35th Avenue bridge crossing, looking downstream

In addition to the NBI construction date discrepancy, the pier size is different in the plans and in
the HEC-RAS model. The AZTEC CLOMR model has bridge piers with a 10-ft diameter while
the plans state that the piers are 5-ft in diameter. During WEST’s site visit on March 19, 2014,
the number of piers (8) and the pier diameter (5 feet) were confirmed.

51I°" Avenue Bridee

Bridge plans for the 51% Avenue Bridge from 1972, 1999, and 2001were provided by the
FCDMC. Based on the 1972 and 2001 plans, it appears that the bridge was rebuilt completely in
2000. The 2001 plans were used in this comparison and will likely be used to define the bridge in
the new HEC-RAS model.

The 2001 bridge plans were compared to the bridge in the Rio Salado Oeste HEC-RAS model,
the bridge in the AZTEC CLOMR model, and the effective model for Reach 3. The AZTEC
CLOMR model and the effective model each had bridges with 15 4-ft wide piers spaced 100 ft
on center while the plans and the bridge from the Rio Salado Oeste model had 12 5-ft wide piers
spaced 123 feet on center. Therefore, the AZTEC CLOMR and effective models each were
representing the previous 1972 bridge, and the Rio Salado Oeste model and the bridge plans
were representing the newer 2000 bridge. The NBI construction date is 2000, which matches the
date of the bridge plans used in this comparison. The number of piers shown in the aerials
appears to match the Rio Salado Oeste model and the bridge plans, as seen in Figure 9.




Figure 9. 51st Avenue bridge crossing, looking downstream

Due to the discrepancy in the models, the study team gave specific attention during the site visit,
specifically in the number and diameter of piers. As a result, the bridge is modeled in the new
HEC-RAS model using data from the 2001 bridge plans. On March 19, 2014, WEST confirmed
the pier diameter of 5 feet. Rough grout is exposed around the base of the piers, increasing the
pier width to 7 feet in the channel thalweg.

Proposed 75" Avenue Bridee

J2 Engineering is continuing work on a Concept Design Report for a bridge crossing the Salt
River at 75" Avenue (preliminary report dated April 2013) for the MCDOT. The current draft of
the report and HEC-RAS models were provided by the FCDMC. The time-frame for the design
and construction of this bridge will be monitored during this study, but based upon the project
status provided by the MCDOT, it is likely they will occur after this study is completed.

Sand and Gravel Mines

Lists of mine locations based on parcel and permit number within Maricopa County and the City
of Phoenix were compiled by the FCDMC and given to WEST. Shapefiles representing these
lists were created to facilitate future analysis.

Mines in Maricopa County

There have been eight permits granted for sand and gravel mining within the study area in
unincorporated areas of Maricopa County. Six of these are active permits while one is pending
and one is expired. The pending permit is for the same permittee as the expired permit, but not
for the same land parcel.

Mines in City of Phoenix

There are currently seven areas within City of Phoenix jurisdiction and the Salt River floodplain
where there are sand and gravel mines. These seven areas are grouped by parcel owner as the
permit numbers for these areas have not been provided to WEST at this time.



Spatial Data

Topographic Data

Topographic data was provided by the FCDMC in order to make a surface for the new HEC-
RAS model. The data was collected on April 13, 2013 for the project “Salt River Mapping.” It
has 2-ft contour intervals and a vertical datum of NAVD 88. The horizontal datum was
Stateplane NAD83, HARN, Arizona Central, International Feet, as is customary for FCDMC
data. The data was delivered as DTM data in ArcInfo GENERATE format (i.e., *.If and *.pf
files). Other data, including elevation lines and points as well as bridge locations, river
centerlines, soils information, were included in *.dxf and *.shp format.

FDCMC Survey Data

Survey data was collected by the FCDMC and provided to WEST to augment topographic data.
On June 26, 2014, FCDMC collected channel observations for the Laveen Area Conveyance
Channel near Baseline Road. This channel fell outside of the extent of the original topographic
mapping collected by the District, and backwater from the Salt River inundated this channel up
to Baseline Road. Therefore, additional survey was collected to map inundation extents properly
in the channel up to Baseline Road.

On June 17, 2014, FCDMC collected observations of curb and gutter elevation in the Laveen
Farms area. This survey was conducted to determine the best mapping approach at 75th Avenue.

On December 8, 2014, FCDMC collected wall and ground observations for the southeast corner
of an active sand and gravel mining pit operated by CEMEX near 55th Avenue and Grove Street.
A small portion of this pit fell outside of the extent of the original topographic mapping collected
by the District. Therefore, additional survey was collected to map inundation extents properly in
the pit.

Aerials

Recent aerials were provided to WEST by the FCDMC to aid in the modeling process. The
aerials were flown in 2013 and represent nearly current conditions. The aerials were provided as
71 geo-referenced MrSid files that cover the entire project area.

Elevation Reference Marks (ERMs)

Several datasets were provided showing possible ERMs that could be used in the mapping
process. These were provided by the FCDMC as five point shapefiles from MCDOT, NGS and
FCDMC. The datasets are called:

- Survey Point Corner
- Survey Point Corner Recorded MCDOT
- Survey Point Mapping FCDMC




- Survey Point Misc MCDOT
- Survey Point NGS

The points within each mapping panel determined to be of the highest quality will be used as
ERMs on the final hydraulic work maps for this study (FCD 2013C013).

National Land Cover Database (NLCD)

Data from the National Land Cover Database was obtained to supplement data used in
determining land use types and Manning’s n-values. The land cover and percent impervious
datasets from the 2006 survey were downloaded.

Hydrology

Hydrology for this reach of the Salt River was last studied by the LACOE in 1996 (see “Other
Pertinent Reports™ section). The effective FIS used the LACOE study to define flow change
locations but did not use the flow change at RM 203.48 (the 83" Avenue alignment). However,
the floodplain redelineation in support of the Tres Rios North Levee Physical Map Revision did
incorporate this flow change location into the final modeling. The LACOE hydrology study, the
Tres Rios North Levee Physical Map Revision Study, and the effective FIS will be considered
when setting flow change locations for the current study. LOMRs for the study area will also be
consulted for any changes to the effective hydrology.
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Appendix B — General Documentation and Correspondence

Due to significant length, this appendix is included electronically as a PDF in Exhibit C.



Appendix C — Survey Field Notes

Contents:

C.1 Digital Projection Information

C.2 Survey Field Notes For Aerial Mapping Control
C.3 Survey Field Notes For Hydrologic Modeling

C.4 Survey Field Notes For Hydraulic Modeling






C.1 Digital Projection Information

All survey data was collected using vertical datum of NAVDS8S, feet, and horizontal datum of
NADS83, HARN State Plane Coordinates, Arizona Central Zone, FIPS 0202, International feet.

Survey data is enclosed in electronic form in Exhibit C of this TSDN.






C.2 Survey Field Notes For Aerial Mapping Control

Survey field notes for aerial mapping control are presented as a digital copy of the report
developed by RBF' Consulting titled Survey Report Manual for Lower Salt River Delineation
Study Contract FCD 2012C015 Assignment No. 1, dated March 2013. RBF's report is included
electronically in Exhibit C of this TSDN.






C.3 Survey Field Notes For Hydrologic Modeling

This study did not include any Hydrologic Modeling.






C.4 Survey Field Notes For Hydraulic Modeling

The following pages include survey field notes for hydraulic modeling and bridge-as-builts.
Sealed drawings for bridge surveys are included on the electronic disk. This appendix also
includes work maps from the Tres Rios North Levee FDS that overlap the current study.

In addition to these notes, Record Drawings from TY LIN's LOMR, Bridge As-builts, As-builts
from the Rio Salado low flow channel restoration project, and As-builts from the Laveen Farms
residential development are included electronically in Exhibit C of this TSDN.
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POINT R G G
| POINT | NORTHING | EASTING | ELEVATION |  CODE POINT | NORTHING | EASTING | ELEVATION | CODE | POINT | NORTHING | EASTING [ ELEVATON | CODE "
5041 | 879,702.42 | 660, 1103.07 BARR_JER 5057 | 879,841.34 | 660,119.82 1093.55 BROG_LC 5073 | 880,076.83 | 660,097.05 10041 BARR _JER PROJECTION: ARIZONA STATE PLANE — CENTRAL ZONE
5042 | 879,695.26 | 660,136.59 | 1100.00 | BRDG_DCK 5062 | 879,885.00 | 660,120.56 | 1099.32 | BROG_DCK 5074 | BBO068.69 | 660,104.79 | 109744 | BROG_DCK NS INTERNATIONAL:-FOOT
VERTICAL DATUM: NAVD 88
5043 | 879,700.08 | 660,131.82 1093.79 BRDG_LC 5063 | 879,885.88 | 660,113.36 1102.42 BARR_JER 5075 | 880,073.69 | 660,100.04 1091.33 BRDG.LC
5048 | 879,714.66 | 660,130.65 1093.89 BROG_LC 5064 | 879,952.56 | 660,107.62 1101.96 BARR_JER 5080 | 830,123.88 | 660,100.05 1096.58 BRDG_DCK
5053 | 879,765.27 | 660,130.85 1099.98 BRDG_DCK 5065 | 879,949.32 | 660,115.02 1098.81 BROG_DCK 5081 | 880,134.39 | 660,092.09 1099.69 BARR_JER
5054 | B79,760.38 | 660,124.00 1103.02 BARR_JER 5066 | 879,951.34 | 660,110.40 1092.79 BROG_LC 5082 | B80,261.07 | 660,081.24 1097.33 BARR_JER
5055 | 879,840.87 | 660,117.16 102.77 BARR_JER 5071 | 880,004.35 | 660,110.30 1098.23 BROG_DCK 5083 | 880,248.71 | 660,089.39 109447 BRDG_DCK
5056 | 879,842.1C | 680,124.15 109962 BROG_DCK 5072 | 880,010.00 | 660,102.78 101.32 BARR_JER 5084 | B80,249.76 | 660,087.22 1087.75 BROG_LC

BY

;
>
:
:
]
¢
E
;
S
g
D>
| §
i
o a
:
£ 5| g
< | w |k

W

AVID EVANS
Phone: _602.678.5151

EXPRES: 6/30/2015

LOWER SALT RIVER
FLOODPLAIN DELINEATION STUDY
FOR WEST CONSULTANTS, INC.
PHOENIX, AZ

SCALE:
AS NOTED

sECON:  VARIES

TWNSHP:  IN

JRance:  2F & 3E

SHEET
6 O 6

JOB NO.
WSTC00000014




P: \W\WSTCO00000! 4\0400CAD\SV\SV~PF - x~WSTC-0014.dwg rchu May 15, 2014 5:56: 24pm

m2 + + + + + + + t t + + + + + + + + + + +
1108 +
TOP OF CONCRETE BARRIER WALL
104 +
100 +
1096 +
1082 4 /_,_’—T/"__—_——'
LOW CHORD
1088 +
1084 +
—| |5 ouaueTER (TvP)
1080 +
1076 +
| coLumn (Tvp)
1072 4+
1068 +
1064 +
~-L 4. Al ls
1080
1056 + + + + + + + + t + + + —+ + + + + + + + +
16TH STREET BRIDGE
HORZ: 17=20
VERT: 1°=4'
POINT TABLE POINT TABLE POINT TABLE COORDINATE DATA
INT m ct 7 [ NoRTHI C NORTH
POINT | NORTHING | EASTING | ELEVATION | CODE POIN ORTHING | EASTING | ELEVATION CODE POINT | NORTHING | EASTING | ELEVATION CODE HORIZONTAL DATUM: NAD B3(HARN)
5002 | 879,152.12 | 660.178.45 | 108819 | BROG_LC 5015 | 879,340.99 | 660,166.91 | 1097.67 | BROG_DCK 5032 | 879,578.66 | 650.139.45 | 110289 | BARR&R PROJECTION: ARIZONA STATE PLANE — CENTRAL ZONE
5003 | 879,150.06 | 660,183.09 | 1094.5¢ | BRDG_DCK 5016 | 879,340.59 | 660,162.51 | 108141 | BROG_LC 5033 | 879,573.69 | 660,147.00 | 1099.60 | BROG_DCK S INTERRATIONAL BT
VERTICAL DATUM: NAVD 88
5004 | 879,144.84 | 660,176.46 | 1097.64 | BARR_SER 5021 | 879,334.65 | 66016230 | 1098.32 | BRDG_DCK 503¢ | 879,576.82 | 660,142.24 | 109355 | BRDG_LC
5005 | 879.221.72 | 660,189.91 | 1099.09 | BARR_JER 5022 | 879,395.17 | 66015512 | 110154 | BARRJER 5039 | 879,636.22 | 660,141.63 | 1099.98 | BRDG_DCK
5006 | §79,225.15 | 660,176.71 | 103593 | BROG_DCK 5023 | 879.459.45 | 66014965 | 110217 | BARRJER 5040 | 879,642.62 | 660,133.97 | 1103.07 | BARR_XR
5007 | 879,223.06 | 560,172.57 | 108959 | BROG_LC 5024 | 879,457.30 | 660,156.92 | 1098.34 | BRDG_DCK 5042 | B79,695.26 | 660.136.59 | 1100.00 | BRDG_DCK
5012 | 879.274.16 | 660,172.58 | 109673 | BROG_DCK 5025 | 879,458.63 | 660,152.41 | 1092.77 | BROG_LC 5043 | 879,700.08 | 66013182 | 109379 | BROG_LC
5013 | 879.271.91 | 660,165.66 | 1099.88 | BARR_JER {5030 | 879,514.85 | 660,152.03 | 1099.45 | BROG_DCK
5014 | 879.340.3¢ | 66015983 | 110082 | BARR_KR [[s0s1 [ e7a518.45 | 660.14457 | viozze | mav_uem
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POINT | NORTHING | EASTING | ELEVATH POINT | NORTHING | EASTING | ELEVATION| CODE
R 1o00g CRTHNGHREASING HORIZONTAL DATUM: NAD B3(HARN)
5124 | 880,.821.09 | 65480908 | 1089.80 | BARR_R 5136 | 881,001.56 | 654.805.25 | 1077.53 | BROGLC PROECTION: ARIZONA STATE PLANE — CENTRAL ZONE
5125 | B80,82221 | 65481500 | 1086.68 | BROG_DCK 5137 | 88100579 | 654,809.86 | 108304 | BROG_DCK B R NATIONAL £ OO
VERTICAL DATUM: NAVD 88
5126 | 880,821.33 | 6581032 | 108085 | BROG_LC 5138 | 881.009.70 | 654,806 | 108614 | BARRER
5131 | B60,869.19 | 65481368 | 108615 | BROG_DOK
5132 | 880.869.33 | 654.807.73 | 1089.24 | BARR_ER
5133 | 88093301 | 654.805.94 | 1088.05 | BARRER
5134 | 8093120 | 65481194 | 1084.88 | BROG_DOK
5135 | 880.93262 | 654807.19 | 107888 | BROG_LC
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POINT | NORTHING | EASTING | ELEVATI POINT ING | EASTING | ELEVATI c POINT | NORTHI ASTI VATION
G | EASTING | ELE ON CODE 0l NORTHI T B ON 0DE OINT | NORTHING | EASTING | ELEVATIO! CODE HORIZONTAL DATUM: NAD B3(HARN)
5088 | 880.333.0¢ | 65482377 | 1077.33 | BROG_LC 5100 | 880,527.64 | 654817.22 | 1090.20 | BARR_ER 5122 | 880,757.07 | 654,817.40 | 108759 | BROG_DCK
5089 | 880,331.29 | 654,828.66 | 108314 | BROG_DCK 5101 | 880,527.43 [ 654,823.22 | 1086.86 | BROG_DCK 5123 | 880,733.66 | 654,811.52 | 109076 | BARR_JER VRIS WTERNATIONAL 00T
VERTICAL DATUM: NAVD 88
5090 | 880,325.36 | 654823.32 | 1086.24 | BARR_JER 5102 | 680,527.60 | 654,818.36 | 1080.99 | BROG_LC
5091 | 880412.74 | 654,82045 | 1088.35 | BARR_JER 5107 | 880.597.13 | 654,821.26 | 1087.55 | BROG_DCK
5032 | 880.416.26 | 654,826.29 | 108510 | BROG_DCK 5108 | 880,599.80 | 654,815.26 | 1090.80 | BARR_JER
5083 | B80,413.35 | 656,821.48 | 1079.20 | BROG_LC 5100 | 880,676.33 | 654,813.08 | 1090.93 | BARR_KR
5098 | 880,465.82 | 654,824.95 | 1086.13 | BRDG_DCK 510 | 880.671.25 | 654.819.17 | 1087.74 | BROG_DCK
5099 | 880,46389 | 654,819.03 | 1089.35 | BARR_JER S | 880,675.28 | 65681434 | 108178 | BROG_LC
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5142 | 877.309.82 | 638,477.96 1049.61 BROG_DCK 5204 | 876,987.99 | 638,491.98 1049.65 BROG_DCK 5220 | 877,260.81 | 638,477.79 1047.22 BRDG_LC PROJECTION: ARIZONA STATE PLANE - CENTRAL ZONE
5143 | 877,312.57 | 63847559 | 104688 | BROG_LC 5205 | 677,104.67 | 636,485.63 | 1049.89 | BROG_DCK 5221 | 877,245.40 | 638.480.78 | 1049.78 | BRDG_DCK UNTS: INTERNATIONAL. £0OT
- — — VERTICAL DATUM: NAVD 88
5152 | 877,305.63 | 638,478.17 1053.34 FNC_CLF 5206 | 877,108.99 | 638,484.42 1047.33 BROG_LC 5222 | 877,251.22 | 638,478.20 1047.14 BRDG_LC
\ 5191 | 876,676.29 | 638,496.82 1049.91 BRDG_DCK 5211 | 877,147.02 | 638,485.08 1049.83 BRDG_DC 5235 | 877,070.04 | 638,486.13 1047.08 BRDG_LC
| 5192 |876,878.15 | 638,494.43 1047.33 BRDG_LC 5212 | B77.184.48 | 638,483.45 1049.91 BRDG_DCK 5236 | 877.066.11 | 638,488.64 1049.66 BRDG_DCK
5197 | B76.909.22 | 638.495.41 | 1048.71 | BROG_DCK 5213 | 677,189.65 | 636,480.90 | 1047.35 | BROG_LC
5198 | 876,950.48 | 638,493.61 1049.88 BRDG_DCK 5218 | 877,226.65 | 638,481.61 1049.61 BROG_DCK
5199 | 876,953.12 | 638,491.19 | 1047.32 | BROG_LC 5219 | 877,254.81 | 63848037 | 104973 | BROG_DCK
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7 [ NORTHING | EASTING | ELEVATION| CODE POINT | NORTHI ING | ELEVATION|  cO! POINT | NORTHING | EASTING vaTION | ©
POIN o 0D OINT | NORTHING | EASTING | &1 CODE s ELEVATIO! ODE o —
5144 | 876,299.04 | 638,522.12 1048.91 BRDG_DCK 5159 | 876,438.30 | 638,515.66 1049.82 BRDG_DCK 5178 | 876,713.62 | 638,501.50 1047.25 BRDG_LC PROJECTION: ARIZONA STATE PLANE — CENTRAL ZONE
5146 | 876,208.85 | 638,519.58 | 1046.20 | BROG_LC 5160 | 876,559.12 | 638,510.46 | 1049.77 | BRDG_DCK 5182 | B76.750.93 | 638,499.87 | 1047.05 | BROG_LC TS IINTERRATIONAL: FOCT
VERTICAL DATUM: NAVD 88
5149 | B876,346.85 | 638,519.50 1056.65 FNC_CLF 5161 | 876,557.61 | 538,508.21 1047.18 BRDG_LC 5183 | 876,750.41 | 638,502.22 1049.62 BRDG_DCK
5150 | 876,379.09 | 638,518.12 1056.87 FNC_CLF 5166 | 876,596.68 | 638,508.82 1049.65 BRDG_DCK 5184 | 876,791.57 | 638,500.45 1049.85 BRDG_DCK
5151 | B76,379.09 | 638,518.09 1053.49 IC_CLF 5167 | 876,639.25 | 638,507.03 1049.86 BRDG_DCK 5185 | 876,792.53 | 638,498.10 1047.27 BRDG_LC
5153 | 876,395.83 | 638,517.48 1049.89 BRDG_DCK 5168 | 876,638.58 | 638,504.71 1047.25 BRDG_LC 5190 | 876,831.06 | 638.498.74 1049.67 BROG_DCK
5154 | B76,392.64 | 638,515.30 1047.32 BROG_LC 5176 | 876,673.84 | 638,505.58 1049.61 BRDG_DCK 5230 | 876,517.97 | 638,509.94 1047.00 BRDG_LC
5158 | B76,435.51 | 638,513.47 1047.25 BRDG_LC 5177 | 876,713.49 | 638,503.84 1049.81 BROG_DCK 5231 | 876,519.90 | 638,512.17 1049.62 BROG_DCK
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FORMULAE FOR SOL VING RIGHT TRIANGLES

B B
/‘ a /\
C A (&
i b b

SinA=2=CosB CotA=L=TunB

CosA =% =Sin B SecA=—% = Cosec B

TanA=%=CotB CosecA=%=SecB
Given  Required Solution

A c B, a b|B=90°"— Aja=csinA, b= c cos A.

A b B ac|B=90"— Aa=btanA c=

cos A.
— o - - a
A a B, b,c|B=90 Ab=acotA c= A
ac |ABb sinA=—‘Cl-=cosB,b=~l(c+a)(c——a)
a b A, B, c tanA=-g-=cotB,c=~la’+b2

FORMULAE FOR SOLVING OBLIOUE TRIANGLES

Given  Required Solution
Aab B, c sinB=bsmA,c=a.smC
a sin A
ABa | elp=2808
sin A

abC 1A c|A+B=180—C c=200C
sin A

a b c | Area sidea+g—+c ,area= N s(s —a) (s—b) (s—c¢)
A b,c | Area | area = bcsZ;nA
o 2
A, B, C al Area | area= G—M
2sinA
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CONSULTING

SURVEYOR’S SUMMARY AND CERTIFICATION

BACKGROUND

This project involved the production of 2 foot contour interval floodplain mapping over
approximately 14.5 square miles of the Lower Salt River Corridor from approximately
the 24™ Street Bridge on I-10 westerly to approximately 91! Avenue, all located in
Phoenix, Arizona.

RBF Consulting performed a field survey to establish 28 aerial control panels prior to
aerial photo acquisition, a field survey of 3 Airborne GPS Base Stations during the aerial
photo acquisition and a field survey of 15 cross sections of the river bottom at
approximately 1 mile intervals throughout the project for aerial mapping quality control

checks.
The post processing of the Airborne GPS Base Stations and Aircraft Onboard GPS data

was compiled by A Team Professional Associates, Inc. while the Digital Terrain Model
(DTM) and mapping was compiled from aerial imagery by AeroTech Mapping, Inc., both
subconsultants to RBF Consulting. The DTM and mapping meets the American Society
of Photogrammetry and Remote Sensing (ASPRS) standards for mapping at a two-foot
contour interval.

Maricopa County Flood Control District provided 9 blind aerial control panels and
random DTM observations for aerial mapping quality control checks.

PROJECT DATUM

The survey is based on the Maricopa County Geodetic Densification and Cadastral
Survey (GDACS) (which is based on the North American Datum of 1983 (1992 epoch)
Arizona Central Zone). The following GDACS control points were held as primary
control for this project:

Name | NGS PID Northing (ft) | Easting (ft) | Ellipse Hgt. (ft)

1BB1 AJ3821 882898.922 | 596287.574 | 896.97
1BC1 | AJ3666 885252.336 | 614851.421 |929.91
1BF1 AJ3668 8791568.133 | 660049.338 |994.52

MDOT | AJ3667 883372.028 |637238.617 |950.46




The vertical datum for the project is the North American Vertical Datum of 1988
(NAVD88). The following National Geodetic Survey (NGS) benchmarks and GDACS
control points were held as primary vertical control for this project (elevations for the
GDACS control points were obtained from Maricopa County Department of
Transportation Approved Primary Control list, updated 3-13-2013). Geoid model
GEOID09 (CONUS) was used in the data processing.

Name | NGS PID | NAVD 88 Elev. (ff)
B519 | DV2291 1110.93

C519 | DV2292 1099.69

D519 | DV2293 1099.89

D521 | DV2337 1039.43

W 519 | DV2311 975.24

1BB1 | AJ3821 996.13

1BC1 | AJ3666 1028.80

1BF1 | AJ3668 1092.37

MDOT | AJ3667 1048.82

SURVEY SUMMARY

RBF Consulting used accepted standard Global Positioning Systems (GPS) fast static
and real-time kinematic (RTK) field surveying procedures to establish the aerial control
panels and to survey the cross sections of the river bottom.

Aerial Control Panel Survey

The first task of this project was to establish the aerial control panels needed to perform
aerial mapping for the project. This was accomplished by collecting static observations
on two GDACS control points (1BC1, 1BF1 or MDOT) with two Trimble 5700 receivers
collecting at a 5 second epoch rate while using two Trimble R8 receivers to collect a
minimum of 8 minute fast static sessions at a 5 second epoch rate on the 28 aerial
control panels and 5 NGS benchmarks. Fixed height tripods/fixed height poles were
used for every occupation to eliminate antenna height errors. Two fast static sessions
were collected on all points with a minimum of a 3 hour time separation between each
session to ensure redundant measurements to all points. All of the GPS data collected
for the aerial control panels was post-processed and ran through network adjustments
in MicroSurvey Star*Net-Pro. A minimally constrained network adjustment was first
performed holding only GDACS control point 1BC1. The results of the remaining
primary control was then checked against published GDACS/NGS values for quality
control. Once it was determined the results showed good agreement with the published
values, a fully constrained network adjustment holding the primary control noted in the



Project Datum section above was performed yielding the final coordinate values for the

aerial control panels.
(See Section 2 of this Survey Report Manual for more information)

Cross Sections Survey

The second task of this project was to survey 15 cross sections of the river bottom at
approximately 1 mile intervals throughout the project for aerial mapping quality control
checks. This was accomplished using GPS RTK survey methods by having a Trimble
5700 receiver base station set on a GDACS control point (or an aerial control panel if
the radio connection between the base station and rover became unreliable) and a
Trimble R8 receiver as a rover unit. Fixed height tripods/fixed height poles were used
for every occupation to eliminate antenna height errors. Additionally check shots were
taken prior to and after completion of each cross section on aerial control panels. All of
the GPS data collected for the cross sections was processed in Trimble Business
Center. Cross section data was checked against a preliminary Digital Terrain Model
prepared by AeroTech and the data checked within the American Society of
Photogrammetry and Remote Sensing (ASPRS) standards for mapping at a two-foot
contour interval

(See Section 3 of this Survey Report Manual for more information)

Airborne GPS Survey |

The third task of this project was to provide three ground base stations on GDACS
control points (1BC1, 1BF1 and MDOT) for airborne GPS post-processing purposes.
These three setups utilized fixed height tripods and two Trimble 5700 receivers along
with one Tri<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>