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Frank Brown, P.E., CFM 
Senior Civil Engineer 
Flood Control District Maricopa County 
2801 West Durango Street 
Phoenix, Arizona 85009 

Dear Mr. Brown: 

June 5, 2012 

U.S. Department or Homeland Serurit:v 
1111 Broadway, Suite 1200 

Oakland, CA 94607-4052 

FEMA 

This correspondence is in reference to the June 22,2011, and May 10,2012, letters and data submissions 
to the U.S. Department of Homeland Security's Federal Emergency Management Agency (FEMA) 
regarding certification of city of Phoenix, city of Tempe, and the Unincorporated Areas of Maricopa 
County portions of the Salt River Levee System within Maricopa County in order to meet the criteria of 
the Code of Federal Regulations, Title 44, Section 65.10 { 44 CFR 65.1 0). The pertinent information 
regarding the specific levees is listed below. 

Identifier: Salt River Levee System (Levee ID No. 33) 

Flooding Source: Salt River 

September 30, 2005 Effective 
FIRM panels affected: 040l3C2155G & 04013C2165H 

December 3, 2010 Preliminary 
FIRM panels affected: 04013C2230L & 040IJC2240L 

In support of the Salt River Levee System segment certifications the following information was 
submitted: 

l. A report prepared by JE Fuller Hydrology & Geomorphology, Inc., "Levee Certification Report
Salt River Levee System ID #33 between Tempe Town Lake and State Route 143, June 2011." 

2. Addendum No. 1 prepared by JE Fuller Hydrology & Geomorphology, Inc. in response to 
FEMA's review comments, May 3, 2012. 

All of the above documentation and data have been reviewed to verify 44 CFR 65.10 compliance and 
based on receipt of this information the Salt River Levee System {Levee ID No. 33), as shown on the 
attached Salt River Levee System Map, was determined to meet the minimum certification criteria 
outlined in 44 CFR 65.10. Therefore, we plan to continue to accredit this levee system on the new Digital 
Flood Insurance Rate Map (FIRM) as providing protection from the 1-percent-annual-chance (base) 
flood. The area protected from the base flood by this levee system wilt continue to be mapped as a shaded 
Zone X and a note will be placed in that area warning of the flood risk that still exists . 



~r.Frank BroVv:n 
June 5, 2012 
Page 2 of3 

Please be advised that levee systems and the estimated level of protection provided by these systems can 
and do change with time. Future map updates may require the levee system to be certified again at the 
time of update. Also, design, construction, operation, and/or maintenance documents may be requested at 
any time. Deviations from the documentation and data submitted to FE~A could result in the levee 
system no longer being mapped as providing protection from the base flood on future FIR~s. If at any 
point additional infom1ation is provided to FE~A that shows the levee system no longer meets 
certification criteria as outlined in 44 CFR 65.1 0, we will contact the levee owner and community about 
the possibility of de-accrediting the levee system. 

Even though we have mapped the referenced levees as providing protection from the 1-percent-annual
chance flood, it is important to note that levees are only designed to provide a specific level of protection. 
They can be overtopped or fail in larger flood events. Levee systems require regular maintenance and 
periodic upgrades to retain their level of protection. When levees do fail, they fail catastrophically, and 
damage may be more significant than ifthe levee was not there. Therefore, we encourage you to annually 
discuss the status and condition of your levees with your governing body. Additionally, it is highly 
recommended that you consider this risk in your local emergency management plans, including creating 
evacuation plans for this area. 

Everyone should understand the risk to life and property that resides behind levees-risk that even the 
best flood-control system can not completely eliminate. For this reason, FEMA encourages people to 
understand their risk. The National Flood Insurance Program (NFIP) was created to reduce flood damages 
by identifying flood risks, encouraging sound community floodplain management practices, and 
providing flood insurance to lessen the financial impact of flooding. Through the NFIP, property owners 
in participating communities are able to purchase flood insurance that will insure against flood losses. We 
hope that you will encourage property owners to purchase flood insurance. 

If you have additional questions regarding this matter, please contact me, either by telephone at (51 0) 
627-7274, or by email at robert.bezek@dhs.gov. 

Enclosure: 

Salt River Levee System ~ap 

Robert J. Bezek, CF~ 
Regional Engineer 
~itigation Division 
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Mr. Frank Brown 
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Copies Furnished (w/out enclosures): 

Tony Freiman, AMEC Earth & Environmental, Inc. 
Jon T. Ahem, JE FulJer Hydrology & Geomorphology, Inc. 
David Cavazos, City Manager, City of Phoenix 
Hasan Mushtaq, Floodplain Administrator, City of Phoenix 
Charlie Meyer, City Manager, City of Tempe 
Andy Goh, Floodplain Administrator, City of Tempe 
Tim Murphy, Flood Control District of Maricopa County 
Brian Cosson, AZ DWR, NFIP State Coordinator 
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Flood Control District 
of Maricopa County 

Board of Directors 
Fulton Brock, District 1 
Don Stapley, District 2 

Andrew Kunasek, District 3 
Max Wilson, District 4 

Mary Rose Wilcox, District 5 

2801 West Durango Street 
Phoenix, Arizona 85009 
Phone: 602-506-1501 
Fax: 602-506-4601 
TI: 602-505-5897 

May 10,2012 

Robert J. Bezek, CFM 
Regional Engineer 
U.S. Department of Homeland Security 
Mitigation Division, FEMA Region IX 
1111 Broadway, Suite 1200 
Oakland, CA 94607-4052 

Subject: Response to FEMA Review Comments for Levee Certification Package for Salt River Levees, 

PAL ID#33, June 2011 

• Dear Mr. Bezek: 

• 

This letter is in response to your November 2, 2011 review comments letter on the Levee Certification Report, 
Salt River Levee System ID#33, between Tempe Town Lake and State Route 143, June 2011. This Certification 
Report was submitted per the Provisionally Accredited Levee (PAL) agreement which Maricopa County, the City 
of Phoenix and the City of Tempe entered into with the Federal Emergency Management Agency in June 2009 
for the Salt River Levees. 

Enclosed is Addendum No. 1 prepared by JE Fuller Hydrology & Geomorphology, Inc. This responds to 
FEMA comments (Checklist Item No. B.5) by providing an updated Protected Area Map. The enclosed 
addendum explains the methodology and approach for this updated map. The entire addendum is included on 
the enclosed disk, which also contains all of the originally submitted certification documents, such that this one 
updated disk has all ftles for this levee certification package. FEMA could either destroy the original disk, or 
mark it with "superseded" or similar notation. 

We ask that FEMA agree with the Flood Control District of Maricopa County that this map addresses the review 
comment and that these Salt River Levees are in full compliance with 44CFR §65.10 to provide protection from 
flooding during from the 1 percent annual chance flood, and request that these levees be moved from 
Provisionally Accredited to Accredited status on the FIRM Panels . 



Page 2 of May 10, 2012letter to Mr. Bezek 

If you have questions concerning this submittal, please call me at 602-506-4617. 

Sincerely, 

v~ 
Frank Edward Brown, P.E., CFM 
Senior Civil Engineer, Mitigation Planning & Technical Programs Branch, 
Floodplain Management and Services Division 

Enclosures: Paper copy of Addendum No. 1 with Protected Areas Map, 11 by 17 
Disk with Addendum No. 1 added to previous submittal/ certification report disk 

Cc: Sarah Houghland, Michael Baker Corporation (with enclosures) 
Brian Casson, ADWR, NFIP Coordinator 
Jon T. Ahern,JE Fuller Hydrology & Geomorphology, Inc. 
David Cavazos, City Manager, City of Phoenix 
Hasan Mushtaq, Floodplain Administrator, City of Phoenix (with enclosures) 
Charlie Mater, City Manager, City of Tempe 
Andy Goh, Floodplain Administrator, City of Tempe (with enclosures) 
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n Fuller, PE, RG, PH, CFM, DWRE 

Jeff Despain, PE, CFM 
Annette Griffin , AAS 
Brian lserman , PE, CFM 
Mike Kellogg , RG, CFM 
Ted Lehman , PE 
Robert Lyons, PE, CFM 
Dwight Nield, ss 
W . Scott Ogden , PE, CFM 
Patricia Quinn , PE, RLS, AVS 
Ethan Rode 

Tucson 
John Wallace , PE, CFM 
Cyrus Miller, PE, CFM 
Chris Rod, PE 
lan Sharp, PE, CFM 
Robert Shand, PE 

Flagstaff 
Cory Helton , EIT, MS 

Phoenix 
Brian Fry, PE, CFM 
Jon Ahern , PE. CFM 
Nathan Logan , PE, CFM 
Hari Raghavan, PhD, PE, CFM 
Brian Schalk, PE, CFM 
Nate Vaughan, PE 

.yler Witalison , ss. CFM 

DEFINE I COMMUNICATE I SOLVE 

8400 S Kyrene Road , Ste 201 
Tempe Arizona 85284 
480.752 .2124 

40 E Helen Street 
Tucson, Arizona 85705 
520.623.3112 

523 N Beaver Street 
Flagstaff, Arizona 86001 
928.214.0887 

-

W Deer Valley Road , Ste 101 
oenix, Arizona 85027 
3.889.0166 

Date : 

TO: 

FROM : 

May 3, 2012 

Frank E. Brown, P.E. , CFM 
Senior Civil Engineer 

Flood Control District of Maricopa County 

Jon Ahern, P.E ., CFM 
Project Manager 
JE Fuller/Hydrology & Geomorphology, Inc. 

RE : Addendum No 1.- Response to Federal Emergency Managements 
Agency's (FEMA) Review Comments regarding Levee Certification 

Package for Salt River Levees, PAL ID#33, June 2011 

Frank, 

This letter is in response to FEMA's November 2, 2011 review comment 
letter regarding the Levee Certification Report, Salt River Levee System 
ID#33, between Tempe Town Lake and State Route 143 prepared by JE 
Fuller dated June 2011 (Salt River Levee Report) . 

Enclosed is an updated Protected Area Map, requested per the review 
comment letter Checklist Item No. B.S. Within the Salt River Levee 
Report, t here are five pages of maps in Appendix A that was prepared 
with best available data at the time of submittal. Additional data was 
collected subsequent to the June 2011 submittal and is reflected in the 
attached figure . This map is issued as Addendum No. 1 to the Salt River 
Levee Report . 

The add itional data is in the form of As-Built Grading and Drainage Plans 
for the Light Rail Ma intenance Facility (aka MSF Yard) . These plans were 

utilized for a majority of the protected area on the north side of the 
river. Grading and Drainage Plans prepared for the MSF Yard are 
stamped "As-Built " and contained in the file named MSF As-Builts Book 

1 of 2.PDF (which has 424 pages). The sheets 1 to 15 are pdf pages 26 
through 41 out of 424. Within sheets 1 to 15, the 100-yea r water surface 
elevation is called out with a cloud and a number inside of a diamond, 
with the text "100 YEAR APPROX. WATER SURFACE". These pages were 
rectified in ArcView and the limits were digitized and incorporated into 
the attached figure. 

Levee Certifi cat ion Report, Salt River Levee Syst em (10#33) 

Addendum #1 
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Additional Protected Areas to the north and along the south were delineated using the FEMA 
Effective water surface elevations within the Salt River along with topographic data from the 
Salt/Gila River Master Plan (FCD 92-01, December 14, 1991) and Salt River Mapping (FCD 07-38, 
June 21, 2008), both with a vertical datum of NAVD 1929. 

The complete project disk is included with this addendum containing all data from the June 
2011 Certification Report along with a separate folder containing Addendum 1 material. 

Attachment: Exhibit- Area Protected by Salt River levee ID 33, North and South Banks 
DVD- Updated Data Disk from Levee Certification Report, Salt River Levee 

System (ID#33) with Addendum 1 material 

Levee Certification Report, Salt River Levee System (10#33) 
Addendum #1 
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Levee Certification Report, Salt River Levee System (ID#33) 
Addendum #1 

Protected Areas Map 
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LEVEE CERTIFICATION REPORT, 
SALT RIVER LEVEE SYSTEM 10# 33 

BETWEEN TEMPE TOWN LAKE 
AND STATE ROUTE 143 

Legend 
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200 
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AREA PROTECTED BY 
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u:~,~~~~-~ 11 ni:U~I NORTH AND souTH BANKs 
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• Updated Data Disk with Addendum No. 1 Protected Areas Map (PDF), 
complete set of As-Builts and previous submittal disk 

Levee Certification Report, Salt River Levee System (10#33) 
Addendum #1 
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Frank Brown - FCDX 

From: 
Sent: 
To: 
Cc: 
Subject: 
Attachments: 

Frank: 

hasan.mushtaq@phoenix.gov 
Thursday, March 15, 2012 3:55 PM 
Frank Brown - FCDX 
myesha.harris@phoenix.gov 
Re: Salt River Protected Area Map : response to your telephone question 
ID33.pdf 

Thank you very much for your response below. It appears that you have applied a more detailed approach 
to delineate the area protected by the north Levee of the Salt River. While the results from your analysis 
shows a floodplain boundary which is different from an exhibit prepared by HDR in 2009 (see attached) , I 
am confident that results from your analysis is more accurate. 

Therefore, the City does not have any additional comments at this time. Thank you very much for the 
opportunity to review your submittal. 

Sincerely, 

Hasan Mushtaq 

Planning, Design , & Programming Division 
Street Transportation Department 
200 W. Washington Street 
Phoenix, Arizona 85003-1611 
602.262.4026 (W) , 602 .262.7322 (F) 
hasan.mushtag@phoenix.gov 

-----Frank Brown - FCDX < FrankBrown@mail.maricopa.gov> wrote: -----

To: Hasan Mushtaq/STR/PHX@PHXENT, Myesha Harris/STR/PHX@PHXENT 
From: Frank Brown- FCDX <FrankBrown@ma il.maricopa.gov> 
Date: 03/15/2012 02:38PM 
cc: Jon Ahern <jon.ahern @jefu ller. com> 
Subject : Salt River Protected Area Map : response to your telephone question 

Hello Hasan and Myesha, 

In response to your telephone question: To delineate the protected area north of the Salt River at the rail yard, 
which is protected by the Salt River Levee (ID#33), the as-built drawings sent by the light rail yard were 
utilized to portray the 100-year floodplain . 

Enclosed are Sheets 1 to 15 of the Grading and Drainage Plan, stamped "as-built" and contained in the file 

• 
named MSF As-Builts Book 1 of2.PDF (which has 424 pages). The sheets 1 to 15 are pdf pages 26 through 41 
out of 424. Within the enclosed sheets, please look for a cloud and a number inside of a diamond, with the text 
" 100 YEARAPPROX. WATER SURFACE". 

1 



Also enclosed are the sheets fo llowing the above sheets, which are stamped "Record Drawing As-built". The 
two sets of drawings appear to contain the same information for the 100 year water surface, thus the above set 
of As-Builts were used for the actual work. The second pdf fil e enclosed are sheets 42 to 62 of the original 424 
page document, and is named Pages 42-62 from MSF As-Builts Book 1 of2.pdf 

Each sheet was imported into drawing software, the Northings and Basting' s coordinates appearing on each 
sheet were utilized for proper registration and then the 1 00 year water surface was digitized. The fi nal line 
work was compared to and back checked against a set of 11 by 17 plots of the as-built drawings that are taped 
together with the line of interest highlighted in yellow. 

The resulting shape file of the protected area will be sent to FEMA in response to their review comment, please 
let me know if the City would like thi s same shape fi le. 

Sincerely, 

Frank Brown, P.E., CFM 

Senior Civi{'Engineer 

Mitigation Planning & Techn ical Programs Branch I :f{ooc[p{ain :Management ana Serv ices 1Ji.vision I 

Flood Co ntrol Distri ct of Maricopa County 

2801 VV. Durang o Street, Tlioenix, .J\Z 85009 

Direct (602) 506-46 17 I Fax (602) 506-7346 I Main (602) 506-1 50 I 

FrankBrown@mail.maricopa.gov 

htt p :1/www. fcd. mari copa. gov/ 

The Flood Control District strives to provide excellent customer service to residents of Maricopa County. Your participation 
in this survey will help us to ensure that we are achieving our goal. Click here to take our Custom er Service Survey 

[attachment "Pages 26-41 from MSF As-Builts Book 1 of 2.pdf" removed by Hasan Mushtaq/STR/PHX] 
[attachment "Pages 42-62 from MSF As-Builts Book 1 of 2.pdf" removed by Hasan Mushtaq/STR/PHX] 

2 



• 

• 

• 

Frank Brown, P.E., CFM 
Senior Civil Engineer 
Flood Control District Maricopa County 
2801 West Durango Street 
Phoenix, Arizona 85009 

Dear Mr. Brown: 

November 2, 2011 

U.S. Department of Homeland Security 
1111 Broadway, Suite 1200 
Oakland, CA 94607-4052 

FEMA 

This letter is in reference to yom June 22, 2011, submittal of regarding the Code of Federal 
Regulations, Title 44, Section 65.10 (44 CFR 65.10) data submission for the Provisionally 
Accredited Levee system along the Salt River with identification number 33 in the City of 
Tempe, City of Phoenix, and Maricopa County. The following information was submitted in 
support of certification for this levee system: 

• A report prepared by JE Fuller Hydrology & Geomorphology, Inc., "Levee Certification 
Report- Salt River Levee System ID #33 between Tempe Town Lake and State Route 
143." 

We have completed our review of the report. Attached is a checklist identifYing areas that are 
compliant and those areas that still require attention. Please review the deficient areas and submit 
updated information to this office. Once all areas are found to be compliant with 44 CFR 65.10 
the levee can be certified and the maps updated to account for the change in levee status. 

Thank you for your cooperation. If you have any questions or concerns, please contact me either 
by telephone at (510) 627-7274 or by email at robert.bezek@dhs.gov. 

Sincerely, 

. 
. 

' . 
. 

Robert J. Bezek, CFM 
Regional Engineer 
Mitigation Division 

Enclosure: Maricopa, AZ - Levee Certification Review Comments for the Salt River Levee 
system with identification number 33 
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November 2, 2011 
Mr. Frank Brown 
Page 2 of2 

Copies Furnished: 
Brian Casson, AZ DWR, NFIP Coordinator 
Tony Freiman, AMEC Earth & Environmental, Inc. 
Jon T. Ahem, JE Fuller Hydrology & Geomorphology, Inc. 
David Cavazos, City Manager, City of Phoenix 
Hasan Mushtaq, Floodplain Administrator, City of Phoenix 
Charlie Meyer, City Manager, City of Tempe 
Andy Goh, Floodplain Administrator, City of Tempe 

2 
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DATE: 

MEMORANDUM FOR: 

CC: 

FROM : 

SUBJECT: 

November 2, 2011 

Frank Brown, P.E., CFM, Flood Control District of Maricopa County 

Robert Bezek, Senior Engineer, FEMA Region IX 

Sarah Houghland, PE, CFM, BakerAECOM 

Maricopa County, AZ - Levee Accreditation Submittal Review 
Levee System ID 33 along the Salt River 

On June 22, 2011, we received your report, "Levee Certification Report- Salt River Levee System ID 
#33 between Tempe Town Lake and State Route 143", prepared for the Flood Control District of 

Maticopa Cmmty by JE Fuller Hydrology & Geomorphology, Inc. . This study included levee 
certification information for the Salt River Levee ID' 33. Under the direction of the FEMA Region IX 
office, BakerAECOM has completed a review of the submitted report and supporting data. The purpose 
of this memo is to summarize our review comments and provide con-esponding documentation of our 
·review, 

The submitted hydraulic analyses are reasonable and well docwnented. However, there are a few issues 
that must be addressed before this report can be approved. The checklist bel()w is based on guidelines set 
forth in FEMA's Procedure Memorandum 63 . This document can be found at 

http://www.fema.gov/libraty/viewRecord.do?id=4331. Following the checklist is a surnmaty of the items 
that need to be addressed prior to approval of the levee certification. 

REVIEW CHECKLIST: 

A. Tier 1 Review 

Item 1: All Items Signed by a registered P .E. 

Item 2: Freeboard Check 

B. Tier 2 Review 

Item 3: Regulations 

Item 4: Operations and Maintenat1ce Plan 

Item 5: Areas Protected by Levee Analysis 

[X] Yes 

[X] Yes 

[X] Yes 

[X] Yes 

[X] Yes 

[]No 

[]No 

[ J No 

[]No 

[]No 



C. Tier 3 Review 

Item 6: Levee System and Cross Reference Check 

Item 7: Interior Drainage Analysis 

Item 8: Structural Design Requirements 

1) Closure Structure Data 

2) Embankment Protection 

3) Embankment and Fmmdation Stability 

4) Settlement 

5) All Other, as Applicable 

Item 9: Inspection Reports 

D. Mapping the Levee 

Item 10: Final Completeness Check 

[X] Yes 

[X] Yes 

[X] Yes 

[X] Yes 

[].Yes 

[]No 

[]No 

[]No 

[]No 

[X] No 

SPECIFIC COMMENTS ARE REFERENCED TO THE CHECKLIST ITEMS: 

Specific comments related to the checklist items shown above are described in detail below: 

1. Checklist Item No. A.2 (Freeboard Check)- Note. Review of upstream and downstream tie-in to 
high ground for the top of protection indicates that the downstream area is ok and ties into high 
ground near the State 143 Bridge for both the nmih and south levees. Based on review of the 
submitted information, both upstream levees with the extra freeboard to the top of levees will also 
tie-in to high ground along the existing levees, at approximately 1000 feet and 500 feet from the 
upstream end of each levee for the north and south levees respectively. No further infonnation is 

necessary. 

2. Checklist Item No. B.S (Areas Protected 'by Levee)- Please provide a work map to showing the 
areas which are protected by this levee system, or provide reference to where that infoimation is 
shown in the submitted information. 

3. Checklist Item D.-10 (Completeness Check)- When Item 2 is satisfactorily addressed this item 

will be considered complete. 



• 
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We would be happy to discuss our review in fmther detail with you if you are interested. If you have any 
questions or comments regarding this memo, please contact me at slhoughland@mbakercorp.com. Please 
respond to the issues detailed above within 30 days of the date ofthis memo. 

n. '· 
o•; I '· -.. , .. 

'· ; 
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Levee Certification Report, 
Salt River Levee System 10#33 
between Tempe Town Lake and State 
Route 143 

Maricopa County, Arizona 

Prepared for: 

2801 W. Durango Street 
Phoenix, AZ 85009 

Prepared by: 

JE FULLER 
tliDROLCXll d Gt0t\ORPI10.CXll. InC. 

1 West Deer Valley Road , Suite 101 
Phoenix, AZ 85027 

June 2011 

This document, together with the concepts and designs presented herein , as an instrument of service, is intended 
only for the specific purpose and client for which it was prepared. Reuse of and improper reliance on this document 
without written authorization and adaptation by JE Fuller Hydrology & Geomorphology, Inc., sha ll be without liability to 
JE Fuller Hydrology & Geomorphology, Inc. 
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• 1 Introduction 

1.1 Project Objectives 

Levee Certification Report 
Salt River Levee System ID#33, 

Maricopa County, Arizona 
Section 1 Introduction 

This Levee Certification Report has been prepared to document Federal Emergency 
Management Agency (FEMA) accreditation requirements of the Levee Certification Report for 
the Salt River Levee System between Tempe Town Lake and State Route 143 located in 
Maricopa County, AZ. The objectives of the Levee Certification Report are as follows: 

1. Collect and review existing studies and design/construction documentation pertaining 
to the Salt River Levee System (FEMA ID #33). 

2. Document compliance with the requirements put forth in Title 44 Code of Federal 
Regulations Section 65.10 (44CFR65.1 0). 

The Salt River Levee System is currently shown on effective FEMA Federal Insurance Rate 
Map (FIRM) Panel 04013C2165H, however, the levees are not presently certified via 
44CFR65.1 0 requirements. At the time of this report, FEMA has classified the Salt River Levee 
System via a Provisionally Accredited Levee (PAL) based on the understanding that the Flood 
Control District of Maricopa County (FCDMC) will have the systems certified within a two-year 
time frame. The PAL is schedule expired June 25, 2011. The assessment discussed in this 
report is intended to aid in the FEMA accreditation process. 

1.2 Authority for the Study 

• Study team contact information is presented below: 

• 

JE Fuller Hydrology & Geomorphology, Inc. Flood Control District of Maricopa County. 

Address: 1 W. Deer Valley Rd , Suite 101 
Phoenix, Arizona 85027 

Phone: (623) 889-01688 

Project 
Manager: Jon Ahern, P.E., CFM 

1.3 Site Location and Description 

Address: 2801 W. Durango Street 
Phoenix, AZ 85009 

Phone: (602) 506-1501 

Project 
Manager: Frank Brown P. E. CFM. 

The study area is located within Maricopa County along the boundary between the Cities of 
Phoenix and Tempe. The study area includes Sections 7, 8, 9, 16, 17, and 18 of Township 
01 N, Range 04E of the Salt River Baseline and Meridian. (See Figure 1-1 and Figure 1-2) 
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Levee Certification Report 
Salt River Levee System 10#33, 

Maricopa County, Arizona 
Section 1 Introduction 

• 1.4 General Discussion of the Levee System 

• 

• 

The Salt River Levee System ID#33 extends along the north and south banks of the Salt River 
between State Route 143 at the west to Tempe Town Lake to the east (and upstream). Both 
embankments contain long stretches where the lowest adjacent grade on the landside is higher 
than the computed base flood elevation. This condition is shown as "non-levee" on Figure 1-2. 
The north embankment extends a length of approximately 9,400 feet, however the total length 
of levee condition is 3,500 feet. Similarly, the south embankment extends a length of 
approximately 9,200 feet but the levee condition extends 6,300 feet. 

This system was originally constructed as a part of a channelization project of a larger reach of 
the Salt River. The channelization project was done by the Arizona Department of 
Transportation and was "As-built" in January 1993 (ADOT, 1993). The original channel was 
designed for a discharge of 283,000 cfs ; defined as the Standard Project Flood. At that time the 
1 00-year discharge was 215,000 cfs. 

Following the channelization project, the United States Army Corps of Engineers completed 
improvements to Roosevelt Dam to increase its storage (USACE, 1996). With these 
modifications completed in 1996, the 1 00-year discharge was reduced to 169,000 cfs (USACE, 
1996). The effective FEMA model for this reach was prepared by Michael Baker, Jr., Inc. for a 
Letter of Map Revision (Baker, 1999). The effective model uses the 169,000 cfs discharge. 

The most recent hydraulic model prepared for this reach is a HEC-RAS model prepared by 
Stantec Consulting Inc. for the Flood Control District of Maricopa County as a part of their Salt 
River Hydraulic Master Plan (SRHMP). This model uses the effective model cross section 
alignments and discharge, but updates the channel topography and Manning's roughness 
values (Stantec, 2009). 

1.5 Report Format 

As noted above , this report discusses the Salt River Levee System (ID#33) compliance with the 
requirements put forth in 44CFR65.1 0. This compliance is documented in the following 
sections: 

Section 2: 44CFR65.1 0 Requirements 

Section 3: FEMA MT-2 Forms 

Section 4: Certification Statement 

Section 5: Limitations 

1.6 Document Under Separate Cover 

Geotechnical elements assessed for compliance with 44CFR65.1 0 are documented within the 
Geotechnical Study for Federal Emergency Management Agency (FEMA) Partial Certification, 
PAL ID No. 33, Salt River Levee, Tempe, Arizona, June 2011. 

Operation and Maintenance Elements are documented in FCDMC, Operations and 
Maintenance Division, Standard Operating Procedures (SOP's) Deficiency Levels, Maintenance 
Standards, and Standard Drawings, Revised 2005. 
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Levee Certification Report 
Salt River Levee System 10#33, 

Maricopa County, Arizona 
Section 2 44CFR65.1 0 Requirements 

• 2 44CFR65.1 0 Requirements 

• 

• 

2.1 General 

Section 2 contains excerpts in "italics" from 44CFR65.1 0. Below the excerpt, within each 
subsection , is a discussion on compliance of the Salt River Levee System. Sections of code are 
reproduced in their entirety. Subsections that do not apply to this evaluation are so noted. In 
addition , Table 2-1 lists 44CFR65.1 0 criteria cross referenced with the location of supporting 
documentation. 

Table 2-1: Levee Compliance Summary for 44CFR65.1 0 

Criteria 
Comment and Location of 
Supporting Documentation 

65.1 O.b Design Criteria 
65.1 O.b.1 Minimum freeboard 

• 3' above BFE all along length 

• Additional 1' within 1 00' of structures 
and at constrictions Discussed in Section 2.2.1 

• Additional 0.5' at the upstream end of 
levee (tie-in) 

65.10.b.2 All openings protected with 
Discussed in Section 2.2.2 

closure devices 
65.10.b.3 Embankment erosion protection Discussed in Section 2.2.3 

analysis 
Discussed in Section 2.2.4 with detailed 
documentation presented in Geotechnical 

65.1 O.b.4 Embankment and foundation Study for Federal Emergency Management 
stability analysis Agency (FEMA) Partial Certification, PAL 

10 No. 33, Salt River Levee, Tempe, 
Arizona, June 2011 under separate cover 
Discussed in Section 2.2.5 with detailed 
documentation presented in Geotechnical 

65.10.b.5 Settlement analysis 
Study for Federal Emergency Management 
Agency (FEMA) Partial Certification, PAL 
10 No. 33, Salt River Levee, Tempe, 
Arizona, June 2011 under separate cover 

65 .10.b.6 Interior drainage analysis 

• Identify Flooding Source 

• Identify extents of flooding greater than 
1 foot Discussed in Section 2.2.6 

• Analysis based on the joint probability 
of interior and exterior flooding 

65.10.b.7 Other design criteria may be 
None Applicable 

required at FEMA's discretion 
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Levee Certifi cation Report 
Salt River Levee System 10#33, 

Maricopa County, Arizona 
Section 2 44CFR65.1 0 Requirements 

Table 2-1: Levee Compliance Summary for 44CFR65.1 0 (Continued) 

Comment and Location of Criteria 
Supporting Documentation 

65.1 O.c Operation 
Discussed in Section 2.3.1 
• FCDMC, Operations and Maintenance 

Division, Standard Operating 
Procedures (SOP's) Deficiency Levels, 
Maintenance Standards, and Standard • Officially adopted manual 
Drawings, Revised 2005 

• Under jurisdiction of a recognized (hereafter referred to as FCD O&M 
Agency Manual) under separate cover 

• Flood Control District of Maricopa 
County, Arizona 
2801 W. Durango Street 
Phoenix, AZ 85009 

65.10.c.1 Closure Devices 

Documentation of flood warning 
Flood Emergency Operations and 

65.1 O.c.1.i 
Assignment responsibilities are noted in system 
SOP #18. 

65.1 O.c.1.ii Formal plan of operation with 
FCD O&M Manual , SOP #14 

specific assignments 
65 .1 O.c.1.iii Provisions for periodic (annual or 

FCD O&M Manual , Standard Operating 
more often) operation (testing 

Procedure #9 (SOP #9) 
and training) 

65.10.c.2 Interior Draina_g_e Systems 
65.1 O.c.2 .i Documentation of interior Flood Emergency Operations and 

drainage flood warning system Assignment responsibilities are noted in 
with specific assignments SOP #18. 

65.1 O.c.2.ii Formal plan of operation for 
FCD O&M Manual , SOP #14 

interior drainage 
65.1 O.c.2.iii Provisions for manual backup for 

Not Applicable. No Automated Systems 
activation of automatic systems 

65.1 O.c.2.iv Provisions for periodic (annual or 
more often) inspection and 

FCD O&M Manual , SOP #9 operation of mechanized systems 
(testing and training) 

65.10.c.3 Other operation plans may be 
Not Applicable re_g_uired at FEMA's discretion 
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Salt River Levee System 10#33, 

Maricopa County, Arizona 
Section 2 44CFR65.1 0 Requirements 

Table 2-1: Levee Compliance Summary for 44CFR65.1 0 (Continued) 

Criteria Comment and Location of 
Supporting Documentation 

65.1 O.d Maintenance plan 
Discussed in Section 2.4.1 
• FCDMC, Operations and Maintenance 

Division, Standard Operating 
Procedures (SOP's) Deficiency Levels, 

• Officially adopted manual 
Maintenance Standards, and Standard 
Drawings, Revised 2005 

• Under jurisdiction of a recognized (hereafter referred to as FCD O&M 
Agency Manual) under separate cover 

• Flood Control District of Maricopa 
County, Arizona 
2801 W. Durango Street 

Phoenix, AZ 85009 
65.1 O.e Certification 

• Certification by a Registered Section 4 
Engineered 

Hard copy contained in Appendix E and 

• Certified As-built plans electronic copy in pdf format on CD in 
Appendix H . 
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Maricopa County, Arizona 
Section 2 44CFR65.1 0 Requirements 

• 2.2 Design Criteria 

2.2.1 Freeboard 

• 

• 

"(1) Freeboard. (i) Riverine levees must provide a minimum freeboard of three feet above the water
surface level of the base flood. An additional one foot above the minimum is required within 100 feet in 
either side of structures (such as bridges) riverward of the levee or wherever the flow is constricted. An 
additional one-half foot above the minimum at the upstream end of the levee, tapering to not less than the 
minimum at the downstream end of the levee, is also required." 

2.2.1.1 Existing Conditions Evaluation of the Levee Freeboard 

Hydrology for the Salt River 

The effective 1 00-year peak discharge is 169,000 cfs for this reach per the Effective 
FEMA Flood Insurance Study (FIS) at Mill Avenue Bridge. (See portions of the Effective 
FIS in Appendix A). 

Revised Levee Limits based on Water Surface Elevations 

The limits of the levee to be certified were determined by comparing the Effective FEMA 
Base Flood Elevation (BFE) against the landside elevation (the point where the back of 
levee embankment meets natural grade and elevations begin to rise again). Plate 1 in 
Appendix B shows the locations where the BFE exceeds the landside ground elevation 
as "Levee condition ". Those areas where the landside elevation exceeds the BFE are 
shown on Plate 1 as "Non-levee condition". These terms are defined in Figure B-2 . 

The landside ground elevations were obtained from topography and the RLS Sealed 
ground survey performed for this project. This elevation is listed in Table B-1 through 
Table B-4 in Appendix B along with the BFE, for both the north and south levee and for 
both NGVD 29 and NAVD 88 datums. The following criteria were used to define the 
levee limits for Certification : 

• For the locations defined as "Non-levee condition", the landside elevation exceeds 
both the effective FEMA BFE and the WSE defined in the project HEC-RAS model. 

• The north levee extends from centerline station 160+00 to 193+00 (as superimposed 
on the north levee). This includes RM 219.15 to 219.70. Areas outside of this , within 
the project limits, are in a non-levee condition . 

• The south levee extends from centerline station 156+20 to 220+00 (as superimposed 
on the south levee). This includes RM 219.15 to 220.26. Areas outside these 
extents, within the project limits, are in a non-levee condition . 

Levee limits discussed in this report and presented for certification , refer to the revised 
levee limits discussed above and displayed on Plate 1. "Non-Levee condition" segments 
between SR143 and Tempe Town Lake were not evaluated further. 

Freeboard Calculations for the Salt River Levee System 10#33 

Water surface elevations along the Salt River Levees were computed using HEC-RAS, 
version 4.1 .0 (SR_Levee_ID33.prj) and updated topographic mapping (2007). A 
detailed discussion on modeling methodology and results is contained in Appendix B . 

• Along the Salt River Levee North between levee stations 160+00 to 193+00 the 
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minimum freeboard elevation is 9.6 feet. 

Levee Certification Report 
Salt River Levee System 10#33, 

Maricopa County, Arizona 
Section 2 44CFR65.1 0 Requirements 

• Along the Salt River Levee South between levee stations 156+20 to 220+00 the 
minimum freeboard is 8.8 feet. 

2.2.1.2 Certification note for 44CFR65.1 0 (b)(1) 

As shown in Table D-1 though Table D-4 in Appendix B, the Salt River Levee North 
between Stations 160+00 to 193+00 and the Salt River Levee South between and 
Stations. 156+20 to 220+00, meet 44CFR65.1 0 (b )(1) freeboard requirements . 
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2.2.2 Closures 

Levee Certification Report 
Salt River Levee System 10#33, 

Maricopa County, Arizona 
Section 2 44CFR65.1 0 Requirements 

"(2) Closures. All openings must be provided with closure devices that are structural parts of the system 
during operation and design according to sound engineering practice. " 

2.2.2.1 Structures, Closures, and Tributaries 

Bridge 

There are three bridge crossings within the study area: SR153, SR143, and Priest Drive . 
Both SR 143 and SR 153 are downstream of the levee but are included in the HEC-RAS 
model. 

Closures 

There are a total of 4 openings in the south levee (See Figure 2-1 ). All of the south 
bank openings have closure structures. Table 2-2 summarizes the closures found along 
the levee with stationing relative to the as-built plans. Figure 2-1 below and Plate 2 in 
Appendix B show the openings through the two levees. 

Table 2-2: Levee Openings 

Levee Station HEC-RAS RM 
Opening size 

[ft] 
165+00 (SL) 219.20 72 inch 

210+25 (SL) 220.04 42inch 

218+15 (SL) 220.19 36 inch 

222+05 (SL) 220.27 36 inch 

460+10 (NL) 219.37 3 barrel 16 ftx14ft 

Abbrev1at1ons : NL- Salt R1ver Levee North 
SL - Salt River Levee South 
RM- River Mile 
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Concrete Pipe 

Concrete Pipe 

Concrete Pipe 

Concrete Pipe 

Box Culvert 

Closure Type 

Flap Gate 

Flap Gate 

Flap Gate 

Flap Gate 
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Field Observations 

Levee Certification Report 
Salt River Levee System 10#33, 

Maricopa County, Arizona 
Section 2 44CFR65.1 0 Requirements 

In addition , Photographs 2-1 through 2-6 provided below show various culvert 
headwalls along the Salt River Levees. 

Photo 2-1: Opening with closure at RM 
219.20. Levee Station 165+00 

~~-~~~~~~r:~ 

Photo 2-3: Opening with closure at RM 
220.19. (Levee Station 218+15) 

Photo 2-2: Opening with closure at RM 
220.04. (Levee Station 21 0+25). ... 

Photo 2-4: Opening with closure at RM 
220.27. (Levee Station 222+05) 

All closures have been inspected during a field visit conducted on May 3rd, 2011 and are 
currently in place and operable. (See Appendix G for additional site photographs and 
photograph location map). 

Old Cross Cut Canal Tributary 

A tributary (Old Cross Cut Canal) comes into the Salt River along the north bank at RM 
219.37. The soil cement embankment is formed around this tributary and extends to the 
higher ground of Sky Harbor Blvd . The Old Cross Cut Canal is a large, constructed 
channel which conveys flow under Sky Harbor Blvd via a 3 barrel 16'x14' CBC. The 
peak discharge in this channel is 6,502 cfs (1 00-year, 6-hour) per the "Hydrologic Study 
Report for Metro Phoenix Area Drainage Master Study/Plan" . 
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Photo 2-5: Facing south (downstream) towards 
CBC for Old Cross Cut Cana l. 
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Photo 2-6: Facing north towards CBC for Old 
Cross Cut Canal. Levee ties into road 
embankment on either side . 
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Ponded area 

Levee Certification Report 
Salt River Levee System 10#33 
SR143 to Tempe Town Lake 

Figure 2-2: Salt River Ponding in Old Cross Cut Canal 
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Levee Certification Report 
Salt River Levee System 10#33, 

Maricopa County, Arizona 
Section 2 44CFR65.1 0 Requirements 

A floodpla in has been delineated for the Old Cross Cut Canal due to the lack of closures 
at the culvert. This is shown on Plate 1 and Figure 2-4. The topography available for 
this study extends just a short distance up the channel , so the floodplain is only 
extended to the limit of the study. The floodplain was del ineated to the water surface 
elevation for RM 219.42 (1130.4). 

2.2.2.2 Certification note for 44CFR65.1 0 (b)(2) 

Based on visual observations the closure devices associated with Salt River Levee 
System, meet the requirements of 44CFR65.1 0 (b )(2) . 
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Levee Certification Report 
Salt River Levee System 10#33, 

Maricopa County, Arizona 
Section 2 44CFR65.1 0 Requirements 

• 2.2.3 Embankment Protection for North and South Levees 

• 

• 

"(3) Embankment protection. Engineering analyses must be submitted that demonstrate that no 
appreciable erosion of the levee embankment can be expected during the base flood, as a result of either 
currents or waves, and that anticipated erosion will not result in failure of the levee embankment or 
foundation directly or indirectly through reduction of the seepage path and subsequent instability. The 
factors to be addressed in such analyses include, but are not limited to: Expected flow velocities 
(especially in constricted areas); expected wind and wave action; ice loading; impact of debris; slope 
protection techniques; duration of flooding at various stages and velocities; embankment and foundation 
materials; levee alignment, bends, and transitions; and levee side slopes." 

2.2.3.1 Existing Conditions Evaluation of the Embankment Protection 

As discussed in Section 2.2.1.2, a HEC-RAS hydraulic model was prepared to assess 
the existing hydraulic conditions within the Salt River. The expected velocities 
adjacent to levees range from 10.7 fps to 12.6 fps . 

Throughout the reach , the flows adjacent to the levee are within the lower soil cement 
portion of the levee and as such the upper gabion portion of the levee was not assessed 
for resistance to flow (See Photos 2-7 and 2-8). 

Gabions 

Photo 2-7: Typical Gabion fill material Photo 2-8: Typical composite levee section . 

During site visits conducted on May 3rd , 2011 , the embankment protection appeared to 
be in satisfactory condition with no visible general scouring along the toe of the levee 
embankment. Local erosion of the North Levee embankment was seen near Station 
160+00 (See Photo 2-9) . 
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Minor Bank 
Erosion in 
Soil Cement 
near SR 143 

Levee Certification Report 
Salt River Levee System 10#33, 

Maricopa County, Arizona 
Section 2 44CFR65.1 0 Requirements 

Photo 2-9: Minor Soil Cement Bank Erosion, SRL North Levee Station 160+00. 

Scour Evaluation for Embankment Toe Down 

The as-built toe-down elevations are documented on the plans prepared by DMJM 
Consulting Engineers for the Arizona Department of Transportation (RAM-600-3-511) 
dated 4/1989, as-built 1/25/1993 and 1/27/1993. It should be noted that during 
construction , bedrock was encountered along portions of the study reach. Per the 
construction plans, the toe-down was founded on bedrock when encountered. The 
revised toe-down elevations are documented on the as-built plans. 

An evaluation was conducted as part of this assessment to evaluate the existing depth 
of the toe protection. A detailed evaluation using existing FCDMC methodology was 
conducted and is presented in Appendix C. The total scour potential is computed as the 
sum of six individual components: long term degradation , general scour, bend scour, 
bedform scour, local scour and low-flow incisement. Scour potential was evaluated 
along the entire length of the revised levee limits. 

The results indicate that the computed toe-down elevations based on scour estimates 
are above the design toe elevations for both the North and South levees along the Salt 
River with a minimum safety factor of 1.1. Based on discussions with FCDMC, a safety 
factor above 1.1 is acceptable for this levee toe down assessment. 

2.2.3.2 Certification note for 44CFR65.1 0 (b)(3) 

Based on the calculations and engineering judgment the embankment protection for the 
Salt River Levee (North and South) meet the 44CFR65.10 (b)(3) requirements . 
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Levee Certification Report 
Salt River Levee System 10#33, 

Maricopa County, Arizona 
Section 2 44CFR65.1 0 Requirements 

• 2.2.4 Embankment and Foundation Stability 

• 

• 

"(4) Embankment and foundation stability. Engineering analyses that evaluate levee embankment stability 
must be submitted. The analyses provided shall evaluate expected seepage during loading conditions 
associated with the base flood and shall demonstrate that seepage into or through the levee foundation 
and embankment will not jeopardize embankment or foundation stability. An alternative analysis 
demonstrating that the levee is designed and constructed for stability against loading conditions for Case 
IV as defined in the U.S. Army Corps of Engineers (COE) manual, "Design and Construction of Levees" 
(EM 1110-2-1913, Chapter 6, Section II) , may be used. The factors that shall be addressed in the 
analyses include: Depth of flooding, duration of flooding, embankment geometry and length of seepage 
path at critical locations, embankment and foundation materials, embankment compaction, penetrations, 
other design factors affecting seepage (such as drainage layers) , and other design factors affecting 
embankment and foundation stability (such as berms). " 

2.2.4.1 Certification note for 44CFR65.1 0 (b)( 4) 

Geotechnical analysis and review of design documentation, was conducted and 
documented by AMEC Earth & Environmental , Inc. (AMEC). Documentation is 
presented under separate cover (Geotechnical Study for Federal Emergency 
Management Agency (FEMA) Partial Certification, PAL 10 No. 33, Salt River Levee, 
Tempe, Arizona, June 2011) . 

2.2.5 Settlement 

"(5) Settlement. Engineering analyses must be submitted that assess the potential and magnitude of 
future losses of freeboard as a result of levee settlement and demonstrate that freeboard will be 
maintained within the minimum standards set forth in paragraph (b}(1) of this section. This analysis must 
address embankment loads, compressibility of embankment soils, compressibility of foundation soils, age 
of the levee system, and construction compaction methods. In addition, detailed settlement analysis using 
procedures such as those described in the COE manual, "Soil Mechanics Design- Settlement Analysis " 
(EM 11 00-2-1904) must be submitted. " 

2.2.5.1 Certification note for 44CFR65.1 0 (b)(S) 

Geotechnical analysis and review of design documentation, was conducted and 
documented by AMEC Earth & Environmental, Inc. (AMEC). Documentation is 
presented under separate cover (Geotechnical Study for Federal Emergency 
Management Agency (FEMA) Partial Certification, PAL ID No. 33, Salt River Levee, 
Tempe, Arizona, June 2011) . 
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Levee Certi fication Report 
Salt River Levee System 10#33, 

Maricopa County, Arizona 
Section 2 44CFR65.1 0 Requi rements 

• 2.2.6 Interior Drainage 

• 

• 

"(6) Interior drainage. An analysis must be submitted that identifies the source(s) of such flooding, the 
extent of the flooded area, and, if the average depth is greater than one foot, the water-surface 
elevation(s) of the base flood. This analysis must be based on the join t probability of interior and exterior 
flooding and the capacity of facilities (such as drainage lines and pumps) for evacuating interior 
floodwaters." 

2.2.6.1 Existing Conditions Evaluation of the Interior Drainage 

A hydrologic evaluation model was created for this levee certification effort to assess the 
interior drainage. The hydrologic modeling is detailed in Appendix D. The contributing 
areas are detailed in Plate 1 in Appendix B with water surface elevations noted at each 
location based on delineation of contributing areas from available topo and simplified 
method for determine volume using FCD standards. Figure 2-2 shows the general 
contributing areas . 
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Figure 2-3: Interior Drainage 

Levee Certification Report 
Salt River Levee System 10#33, 

Maricopa County, Arizona 
Section 2 44CFR65.1 0 Requirements 

48th St 

Levee Certification Report 
Salt River Levee System 10#33 
SR143 to Tempe Town Lake 

Interior areas delineated along the north and south levees do not have outlets and will 
infiltrate based on the percolation rate associated with the basin soil type. 
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Levee Certification Report 
Salt River Levee System 10#33, 

Maricopa County, Arizona 
Section 2 44CFR65.1 0 Requirements 

Final pending depths (maximum) for the interior drainage areas behind the north and 
south levees range from 1 foot for sub basin S300 to 9 feet for sub basin N200. Average 
ponding depths range from 6 inches to 3.5 feet (N200). Details of the interior drainage 
analysis are contained in Appendix D. 

2.2.6.2 Certification note for 44CFR65.1 0 (b)(6) 

Interior drainage areas for the Salt River Levee System (North and South) meet the 
requirements of 44CFR65.1 0 (b )(6) . 
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2.3 Operation Plans and Criteria 

Levee Certification Report 
Salt River Levee System 10#33, 

Maricopa County, Arizona 
Section 2 44CFR65.1 0 Requirements 

"(c) Operation plans and criteria. For a levee system to be recognized, the operational criteria must be as 
described below. All closure devices or mechanical systems for internal drainage, whether manual or 
automatic, must be operated in accordance with an officially adopted operation manual, a copy of which 
must be provided to FEMA by the operator when levee or drainage system recognition is being sought or 
when the manual for a previously recognized system is revised in any manner. All operations must be 
under the jurisdiction of a Federal or State agency, an agency created by Federal or State law, or an 
agency of a community participating in the NFIP. 

(1) Closures. Operation plans for closures must include the following: 
(i) Documentation of the flood warning system, under the jurisdiction of Federal, State, or 
community officials, that will be used to trigger emergency operation activities and demonstration 
that sufficient flood warning time exists for the completed operation of all closure structures, 
including necessary sealing, before floodwaters reach the base of the closure. 
(ii) A formal plan of operation including specific actions and assignments of responsibility by 
individual name or title. 
(iii) Provisions for periodic operation, at not less than one-year intervals, of the closure structure 
for testing and training purposes. 

(2) Interior drainage systems. Interior drainage systems associated with levee systems usually 
include storage areas, gravity outlets, pumping stations, or a combination thereof. These drainage 
systems will be recognized by FEMA on NFIP maps for flood protection purposes only if the following 
minimum criteria are included in the operation plan: 

(i) Documentation of the flood warning system, under the jurisdiction of Federal, State, or 
community officials, that will be used to trigger emergency operation activities and demonstration 
that sufficient flood warning time exists to permit activation of mechanized portions of the 
drainage system. 
(ii) A formal plan of operation including specific actions and assignments of responsibility by 
individual name or title. 
(iii) Provision for manual backup for the activation of automatic systems. 
(iv) Provisions for periodic inspection of interior drainage systems and periodic operation of any 
mechanized portions for testing and training purposes. No more than one year shall elapse 
between either the inspections or the operations. 

(3) Other operation plans and criteria. Other operating plans and criteria may be required by FEMA to 
ensure that adequate protection is provided in specific situations. In such cases, sound emergency 
management practice will be the standard upon which FEMA determinations will be based." 

2.3.1 Salt River Levee System Operation Plan 

Operation Responsibility 

FCDMC operates and maintains the County structures under the Standard Operating 
Procedures (SOP's) , Deficiency Levels, Maintenance Standards, and Standard 
Drawings (O&M Manual) under separate cover. 

Within this document Flood Emergency Operations and Assignment responsibilities are 
noted in SOP #18. 

Closures Devices and Interior Drainage Plan 

Provisions for periodic operation of closure structures are noted in SOP #9 . 

JE Fuller Hydrology & Geomorphology, Inc. Page 2-18 



• 

• 

2.4 Maintenance Plans and Criteria 

Levee Certification Report 
Salt River Levee System 10#33, 

Maricopa County, Arizona 
Section 2 44CFR65.1 0 Requirements 

" (d) Maintenance plans and criteria. For levee systems to be recognized as providing protection from the 
base flood, the maintenance criteria must be as described herein. Levee systems must be maintained in 
accordance with an officially adopted maintenance plan, and a copy of this plan must be provided to 
FEMA by the owner of the levee system when recognition is being sought or when the plan for a 
previously recognized system is revised in any manner. All maintenance activities must be under the 
jurisdiction of a Federal or State agency, an agency created by Federal or State law, or an agency of a 
community participating in the NFIP that must assume ultimate responsibility for maintenance. This plan 
must document the formal procedure that ensures that the stability, height, and overall integrity of the 
levee and its associated structures and systems are maintained. At a minimum, maintenance plans shall 
specify the maintenance activities to be performed, the frequency of their performance, and the person by 
name or title responsible for their performance. " 

2.4.1 Levee System Maintenance Plan 

As noted above the FCDMC utilizes the O&M Manual for County structures. Under SOP 
#14, specific yearly inspection/maintenance intervals are outlined as well as a general 
list of priority maintenance items. Origination charts are included on pages 148 and 149. 

Annual Inspection and Maintenance Inspection Reports for Salt River Levees (Part of 
Rio Salado) are included on the data disk in Appendix H. 

2.5 Certification Requirements 

"(e) Certification requirements. Data submitted to support that a given levee system complies with the 
structural requirements set forth in paragraphs (b)(1) through (7) of this section must be certified by a 
registered professional engineer. Also, certified as-built plans of the levee must be submitted. 
Certifications are subject to the definition given at § 65.2 of this subchapter. In lieu of these structural 
requirements, a Federal agency with responsibility for levee design may certify that the levee has been 
adequately designed and constructed to provide protection against the base flood. " 

Certification Language is included in Section 4 and portions of the As-Built plans are 
included in Appendix E with a full electronic copy in pdf format included on the data disk 
in Appendix H . 
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3 FEMA Forms 

Salt River Levee System, MT-2 Form 3, Pages 1 through 10 
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U.S. DEPARTMENT OF HOMELAND SECURITY- FEDERAL EMERGENCY MANAGEMENT AGENCY O.M.B No. 1660-0016 

• RIVERINE STRUCTURES FORM Expires: 12/31/2010 

PAPERWORK REDUCTION ACT 

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 
requ ired to respond to th is 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 th is burden to: Information Collections Management. U.S. 
Department of Homeland Security, Federal Emergency Management Agency, 500 C Street, SW, Washington DC 20472, 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. 

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 
Dam/Basin ... ..... .... .. ........ complete Section D 
Levee/Fioodwall .... complete Section E 
Sediment Transport .... .... complete Section F (if required) 

Description Of Structure 

1. Name of Structure: Salt River Levee System 10#33 

Type (check one): 0 Channelization 0 Bridge/Culvert [8J Levee/Fioodwall 0 Dam/Basin 

• Location of Structure: Maricopa County, Arizona 

Downstream LimiUCross Section: RM 219.15 (North and South Levee) 

Upstream LimiUCross Section: RM219 .70 North Levee and RM220.26 South Levee 

2. Name of Structure: 

Type (check one): 0 Channelization 0 Bridge/Culvert 0 Levee/Fioodwall 0 Dam/Basin 

Location of Structure: 

Downstream LimiUCross Section: 

Upstream LimiUCross Section: 

3. Name of Structure: 

Type (check one) 0 Channelization 0 Bridge/Culvert D Levee/Fioodwall 0 Dam/Basin 

Location of Structure: 

Downstream LimiUCross Section: 

Upstream LimiUCross Section: 

NOTE: For more structures, attach additional pages as needed . 
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B. CHANNELIZATION 
Flooding Source: • Name of Structure: 

1. Accessory Structures 

D Levees [Attach Section E (Levee/Fioodwal ~o uct s 
D Superelevated sect1ons r s1 cross sect1onal geometry 
D Debns basin/detention basm [Attac Ctl (D rsasin)] diSSipator 
D Other (Describe) 

Drawing Checklist 2. 

Hydraulic Considerations "' 

The channel was designed to carry (cfs) and/or t' -y~od . 

The design elevation in the channel is based on (ce~):v 

0 Subcritical flow 0 Criti lo D Supercritical flow 0 Energy grade line 

If there is the potential for a hydraulic jump he lowin ocations, check all that apply and attach an explanation of how the hydraulic jump 

3. 

is controlled without affecting the stability oft anne I. 

D Inlet to channel 0 Outlet of c~ Drop Structures D At Transitions 
D Other locations (specify): 

Sediment Transport Considerations 4 . 

Was sediment transport considered? DYes D No If Yes, then fill out Section F (Sediment Transport) . 
If No, then attach your explanation for why sediment transport was not considered . 

•.-----------------------------------C···B•R•I•D•G•E-/C•U•L•V•E•R•T-----------------------------------. 

• 

Flooding Source: 

Name of Structure: 

3. 

4 . 

1. This revision reflects (check one): 

0 Bridge/culvert not modeled in the FIS 
0 Modified bridge/culvert previously mod 
D Revised analysis of bridge/culvert 

2. Hydraulic model used to analyze 
If different than hydraulic analysis for the 
structures. Attach justification. 

DHS- FEMA Form 81-8gB, DEC 07 

alys1s used for the flood1ng source could not analyze the 
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D. DAM/BASIN 

Flooding Source: 

Name of Structure: 

1. This request is for (check one): D Existing dam D New dam 

2. The dam was designed by (check one): 0 Federal agency 0 State agency 

Name of the agency or organization : 

3. The Dam was permitted as (check one): 

a. D Federal Dam 0 State Dam 

Provide the permit or identification number (I D) for the d 

Permit or ID number 

b. 0 Local Government Dam 

Provided related drawings, specification an 

4. Does the project involve revised hydrol 

5 . 

6 . 

If Yes , complete the Riverine Hydrology & 

D 

D 

Does the submittal Include debns/sediment yield a 

If yes , then fill out Section F (Sediment Transp 
If No, then attach your explanation for why a.ll""-a 

Does the Base Flood Elevation behind t 

0 Yes D No ydrology & Hydraulics Form (Form 2) and complete the table below. 

Stillwater Elevation Behind the Dam 

FIS REVISED 

7. Please attach a copy of the formal Operation and Maintenance Plan 

DHS- FEMA Form 81 -89B, DEC 07 Riverine Structures Form MT-2 Form 3 Page 3 of 10 
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1 . 

E. LEVEE/FLOODWALL 

System Elements 

a. This Levee/Fioodwall analysis is based on (check one): 

0 upgrading of an existing levee/floodwall system 
D a newly constructed levee/fioodwall system 
~ reanalysis of an existing leveelfloodwall system 

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

~ earthen embankment, dike, berm, etc. 
D structural floodwall 
D Other (describe): 

c. Structural Type (check one): 

D monolithic cast-in place reinforced concrete 
D reinforced concrete masonry block 
D sheet piling 

North Levee Limits (160+00 to 195+00) 
South Levee Limits (156+20 to 220.26) 
*(Construction beginning and end Statio s) 

~ Other (describe): Earthen Embankment (Levee section is comprised of lower soil cement section with upper section of gabion mattress 
on Earthen embankment. 

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

DYes ~No 

If Yes, by which agency? 

e. Attach certified drawings containing the following information (indicate drawing sheet numbers): 
A portion of the As-Built drawings are included in Appendix E (8 Y, x 11) with electronic copy included on data disk in Ap end ix H. 
Profile plots do not include BFE . 

1. Plan of the levee embankment and floodwall structures. 

2. A profi le of the levee/floodwall system showing the 
Base Flood Elevation (BFE), levee and/or wall crest and 
foundation , and closure locations for the total levee system. 

3. A profi le of the BFE, closure opening outlet and inlet 
invert elevations, type and size of opening, and 
kind of closure. 

4. A layout detai l for the embankment protection measures. 

5. Location , layout, and size and shape of the levee 
embankment features, foundation treatment, floodwall 
structure, closure structures, and pump stations. 

Sheet Numbers: Sheets 2.1 thru 2.14 

Sheet Numbers: Sheets 2.1 thru 2.14 

Sheet Numbers: Sheets 9.1 thru 9.6 and 8.1 

Sheet Numbers: Sheets 1.4 thru 1.7 and 7.1 thru 7.2 

Sheet Numbers: Sheets 2.1 thru 2.14 
*As-Built Drawings do not include BFE Profile . 

2. Freeboard 

a. The minimum freeboard provided above the BFE is: 

3.0 feet or more at the downstream end and throughout 
3.5 feet or more at the upstream end 
4.0 feet within 100 feet upstream of all structures and/or constrictions 

1.0 foot above the height of the one percent wave associated with the 1 %-annual-chance 
stillwater surge elevation or maximum wave runup (whichever is greater). Not Applicable 

2.0 feet above the 1 %-annual-chance stillwater surge elevation Not Applicable 

E. LEVEE/FLOODWALL (CONTINUED) 

DHS- FEMA Form 81-89B, DEC 07 Riverine Structures Form 

~Yes 
~Yes 
~Yes 

DYes 

DYes 

D No 
D No 
0 No 

0 No 

0 No 

MT-2 Form 3 Page 4 of 10 



2 . Freeboard (continued) 

• Please note, occasionally exceptions are made to the minimum freeboard requirement. If an exception is requested , attach documentation 
addressing Paragraph 65.1 O(b)(1 )(ii) of the NFIP Regulations. 

If No is answered to any of the above, please attach an explanation. 

b. Is there an indication from historical records that ice-jamming can affect the BFE? DYes [8J No 

If Yes, provide ice-jam analysis profile and evidence that the minimum freeboard discussed above still exists . 

3. Closures 

a. Openings through the levee system (check one): [8J exists D does not exist 

If opening exists, list all closures: 

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

(NGVD 29) 
South Levee 165+00 Left 72" RCP Outlet Invert= 1119.6 ft. Flap Gate 
South Levee 210+25 ~eft 42" RCP Outlet Invert= 1133.7 ft. Flap Gate 
South Levee 218+15 Left 36" RCP Outlet Invert = 1131.5 ft. Flap Gate 
South Levee 222+05 Left 36" RCP Outlet Invert = 1133.3 ft. Flap Gate 
North Levee 175+25 Right 3 barrel16'x14' CBC Outlet Invert = 1120.6 ft . None 

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

Note: Geotechnica l and geologic data 

In addition to the required detailed analysis reports , data obtained during field and laboratory investigations and used in the 
design ana lysis for the followi ng system features should be submitted in a tabulated summary form . (Reference U.S. Army 
Corps of Engineers [USACE] EM-111 0-2-1906 Form 2086.) • 4. Em bankment Protection 

a. The maximum levee slope landside is: 3H:1 V 

b. The maximum levee slope floodside is : 1.5H :1V 

c. The range of velocities along the levee during the base flood is: 10.7 fUsee (min .) to 12.6 fUsee (max.) 

d. Embankment material is protected by (describe what kind): Soil CemenUGabion Mattresses 

e. Riprap Design Parameters (check one): [3:1 Velocity D Tractive stress 
Attach references 
Soil Cement used to withstand velocities greater than 10 fps . See embankment scour assessment in Appendix C. 

Reach Sideslope 
**Flow 

**Velocity Curve or Stone Riprap Depth of 
Depth Straight D1oO Dso Thickness Toed own 

Sta: to 

Sta to 

Sta to 

Hydraulic data from SRHMP Model (LI LCOL.dat). Electronic copy in Appendix H 

(Extend table on an added sheet as needed and reference each entry) 
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E. LEVEE/FLOODWALL (CONTINUED) 

4 . Embankment Protection (continued ) • f. Is a bedding/filter analysis and design attached? 0 Yes ~ No 

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

Attach engineering analysis to support construction plans. 

5. Embankment And Foundation Stability 

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

r~ease refer to Geotechnical SW:dJ:fOr Feaeral Emergency Mana~§!JPY..(EEMAJ.&utiaLCectification PA, .ID No ..33 Salt...Bi!Le.E 
Levee Temoe. Arizona June 2011 for items in a. through h. belo 

0 Overal l height: Sta . ; height ft . 

0 Limiting foundation soil strength : 

Sta . , depth to 

strength = degrees , c = psf 

slope: SS = (h) to (v) 

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

b. Specify the embankment stabil ity analysis methodology used (e.g., circular arc, sl iding block, infinite slope, etc.): 

• c . Summary of stability analys is results: 

Case Loading Conditions Critica l Safety Factor Criteria (Min .) 

I End of construction ~ 1.3 

II Sudden drawdown ~ 1.0 

Ill Steady seepage at flood stage ~ 1.4 

IV Earthquake (Case I) ~ 1.0 

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

d. Was a seepage analysis for the embankment performed? -- e 0No 

If Yes , describe methodology used: lXXX. 

e. Was a seepage analysis for the foundation performed? D No 

f. Were uplift pressures at the embankment landside toe checked? . - y 0 No 

g. Were seepage exit gradients checked for piping potential? ~y 0No 

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

Attach engineering analysis to support construction plans . 
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6 . Floodwall And Foundation Stability 

a. Describe analysis submittal based on Code (check one): 

0 UBC (1988) or D Other (specify): 

b. Stability analysis submitted provides for: 

0 Overturning D Sliding If not, explain: 

c. Loading included in the analyses were: 

psf; '';,, L 
0Wind@Pw= psf e~' 
D Seepage (Uplift); 0 E quake @ q = 

0 1 %-annual-chance significant wave 1ght: ft. 

0 1 %-annual-chance significant wave pe sec. 

D Lateral earth@ PA = 

0 Surcharge-Slope @ . D surface 

d. Summary of Stability Analysis 

Loading Condition 
Overturn 

Dead & Wind 1.5 

Dead & Soil 

Dead, Soil , Flood, & 
lm act 

Dead, Soil , & Seismic 

(Ref: 

1.5 

1.5 

1.3 

%g 

sheet as needed and reference) 

e. 

Sustained Load psf) 

Maximum allowable 

Sta To 

Overturn Slidin 

Short Term Load (psf 

f. Foundation scour protection 0 is, 0 is not provided. If provided , attach explanation and supporting documentation: 

Attach engineering analysis to support construction plans . 

DHS- FEMA Form 81-898, DEC 07 Riverine Structures Form MT-2 Form 3 Page 7 of 10 
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7. Settlement 

a. Has anticipated potential settlement been determined and incorporated into the specified construction elevations to maintain the 
established freeboard margin? Y D No 

c. Settlement of the levee crest is determined to be primaril y from : 

·o 
D Embankment compression 
D Other (Describe): 

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

Attach engineering analysis to support construction plans. 

8. Interior Drainage 

a. Specify size of each interior watershed: 

Draining to pressure conduit: 0.0 sq. mi. 
Draining to ponding area: 155 acres . 

b. Relationships Established 

Ponding elevation vs . storage 
Ponding elevation vs. gravity flow 
Differential head vs. gravity flow 

c. The river flow duration curve is enclosed: 

l25l Yes 
D Yes 
D Yes 

D Yes 

D No 
l25l No 
l25l No 

C8l No 

d. Specify the discharge capacity of the head pressure conduit: (Not applicable) 

e. Which flooding conditions were analyzed? 

Gravity flow (Inte rior Watershed) 
Common storm (River Watershed) 
Historical ponding probability 
Coastal wave overtopping 

If No for any of the above , attach explanation. 

l25l Yes 
0 Yes 
0 Yes 
D Yes 

D No 
0 No (Not applicable) 
D No (Not applicable) 
0 No (Not applicable 

f. Interior drainage has been analyzed based on joint probability of interior and exterior flooding and the capacities of pumping and outlet 
facil ities to provide the established level of flood protection. DYes D No (Not applicable 

If No, attach explanation. 

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

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

DHS- FEMA Form 81-898, DEC 07 Riverine Structures Form MT-2 Form 3 Page 8 of 10 
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E. LEVEE/FLOODWALL 

8 . Interior Drainage (continued) 

Will pumping plants be used for interior drainage? 

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

How much time is available between warning 
and floodin ? 

Will the operation be automatic? 

If the pumps are electric, are there backup power sources? 

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

Plant #2 

DYes 0 No 

DYes D No 

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

9 . Other Design Criteria 

a. The following items have been addressed as stated : 

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

Attach supporting documentation 

c. If the levee/floodwall is new or enlarged, will the structure adversely impact flood levels and/or flow velocities floodside of the structure? 
0 Yes 0 No Not Applicable 

Attach supporting documentation 

d. Sediment Transport Considerations : 

Was sediment transport considered? DYes 1:8] No If Yes , then fill out Section F (Sediment Transport) . 
If No, then attach your explanation for why sediment transport was not considered . 

See e.Ppendix C for discussion on Channel/Embankment Scour 

DHS- FEMA Form 81-898, DEC 07 Riverine Structures Form MT-2 Form 3 Page 9 of 10 
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E. LEVEE/FLOODWALL (CONTINUED) 

1 0. Operational Plan And Criteria 

a. Are the planned/installed works in full compliance with Part 65.10 of the NFIP Regulations? ~Yes 0 No 

b. Does the operation plan incorporate all the provisions for closure devices as required in Paragraph 65.10(c)(1) of the NFIP regulations? 
[8J Yes D No 

c. Does the operation plan incorporate all the provisions for interior drainage as required in Paragraph 65 .1 O(c)(2) of the NFIP regulations? 
[8J Yes 0 No 

If the answer is No to any of the above, please attach supporting documentation. 

11. Maintenance Plan 

a. Are the planned/installed works in full compliance with Part 65.10 of the NFIP Regulations? ~Yes 0 No 
If No, please attach supporting documentation. 

12. Operations and Maintenance Plan 

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

See Operation and Maintenance Elements documented in FCDMC Operations and Maintenance Division, Standard Operating Procedures 
(SOP's Deficiency Levels, Maintenance Standards, and Standard Drawings, Revised 2005 under separate Cover. 

F. SEDIMENT TRANSPORT 

Flooding Source: 

Name of Structure : 

See Appendix C for discussion on Channel/Embankment Scour 

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

Sediment load associated with the base flood discharge: Volume acre-feet 

Debris load associated with the base flood discharge: Volume acre-feet 

Sediment transport rate (percent concentration by volume) 

Method used to estimate sediment transport : 

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

Method used to estimate scour and/or deposition: 

Method used to revise hydraulic or hydrologic analysis (model) to account for sediment transport : 
Please note that bulked flows are used to evaluate the performance of a structure during the base flood ; however, FEMA does not map BFEs based 
on bulked flows . 

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

DHS - FEMA Form 81-898, DEC 07 Riverine Structures Form MT-2 Form 3 Page 10 of 10 
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4 Certification Statement 

Levee Certification Report 
Salt River Levee System 10#33, 

Maricopa County, Arizona 
Section 4 Certification Statement 

I, Jon Ahern , a registered Professional Civil Engineer in the State of Arizona (Certificate No. 
34141 ), certify that based on my review of both the current on-site conditions of the Salt River 
Levee System ID#33 (North and South levee limits as defined in Section 2) , that th is levee 
system does, as of the date of this certification , meet the minimum design criteria to provide 
protection from the base flood as set forth in the Code of Federal Regulations, 44CFR 65.10. 
The specific paragraphs of 44CFR65.1 0 that I certify are indicated directly below. 

• (b)(1) Freeboard 
• (b )(2) Closures 
• (b)(3) Embankment protection related to adequate scour depth of levee toe down. 
• (b)(6) Interior Drainage 

No Other Design Criteria ((b) (7)) were identified for Certification . 

Certification Statement for Embankment, Foundation Stability, and Settlement ((b)(3), (b)(4) and 
(b)(S)) are included in the Geotechnical analysis and review of design documentation , was 
conducted and documented by AMEC Earth & Environmental , Inc. (AMEC). Documentation is 
presented under separate cover (Geotechnical Study for Federal Emergency Management 
Agency (FEMA) Partial Certification, PAL 10 No. 33, Salt River Levee, Tempe, Arizona, June 
2011) . 

JE Fuller Hydrology & Geomorphology, Inc. Page 4-1 
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5 Limitations 

Levee Certification Report 
Salt River Levee System 10#33, 

Maricopa County, Arizona 
Section 5 Limitations 

According to FEMA and USACE documents, levee certification is a technical finding that, for the 
floodplain in question, there is a certainty that the levee system protecting the area will contain 
the base (1% annual exceedance) flood. The sole purpose of levee certification is to validate 
that areas protected from flooding by the levee in question may be shown on Flood Insurance 
Rate Maps (FIRMS) as protected from the 1% chance exceedance flood. Levee certification 
findings do not address, nor are the findings concerned , with public safety, performance of the 
levee system for floods other than the 1% event, or risk to floodpla in residents from floods that 
will exceed system capacity. Recommendations contained in this report are based on our field 
observations, hydrologic/hydraulic assessments, and our present knowledge of the proposed 
construction. 

We have prepared this report in substantial accordance with the generally accepted engineering 
practice as it exists in the site area at the time of our study. No warranty, either expressed or 
implied , is made. 

Other standards or documents referenced in this report, or otherwise relied upon by the author 
of this report , are only mentioned in the given standard ; they are not incorporated into th is report 
body or "included by reference" , as that latter term is used relative to contracts or other matters 
of law. This report may be used only by FCDMC for the purposes stated within a reasonable 
time from its issuance. The Salt River Levee System ID #33 Certification (Section 4) is valid 
within ten (1 0) years from the date of this report. It is recommended that the FCDMC re
evaluate the certification requirements of the Levee System following the 1 0-year date. Land or 
facility use, on and off-site conditions, regulations , or other factors may change over time, and 
additional work may be required with the passage of time . 

JE Fuller Hydrology & Geomorphology, Inc. Page 5-1 
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FLOODING SOURCE FLOODWAY 

BASE FLOOD 
WATER SURFACE ELEVATION 

SECTION MEAN REGULATORY I WITHOUT I WITH I INCREASE 

DISTANCE' 
WIDTH AREA VELOCITY FLOODWAY FLOODWAY 

CROSS SECTION 
(FEET) (SQUARE (FEET PER 

FEET) SECOND) (FEET NGVO) 

Salt River 
(Cont'd) 

AA 12.105 526 10,619 15.6 1,043.7 1,043.7 1,043.9 0.2 
AB 12.556 550 11 ,613 14.3 1,048.6 1,048.6 1,048.7 0.1 
AC 13.031 558 9,738 17.1 1,056.2 1,056.2 1,056.3 0.1 
AD 13.409 636 11 ,740 14.1 1,063.5 1,063.5 1,063.6 0.1 
AE 13.809 880 19,319 8.8 1,068.0 1,068.0 1,068.0 0.0 
AF 14.141 852 13,541 12.5 1,069.2 1,069.2 1,069.2 0.0 
AG 14.520 745 15,305 11 .0 1,074.2 1,074.2 1,074.2 0.0 
AH 14.900 900 22,831 7.4 1,076.9 1,076.9 1,076.9 0.0 
AI 15.337 1,054 17,199 9.8 1 ,078.1 1 ,078.1 1,078.1 0.0 
AJ 15.750 594 9,383 18.0 1,081 .9 1,081 .9 1,081.9 0.0 
AK 16.223 890 14,237 11.9 1,088.3 1,088.3 1,088.3 0.0 
AL 16.515 907 11,465 14.7 1,093.7 1,093.7 1,093.7 0.0 
AM 16.990 947 14,614 11.6 1,098.9 1,098.9 1,098.9 0.0 
AN 17.328 897 16,768 10.1 1,103.1 1,103.1 1,103 .1 0.0 
AO 17.802 999 14,340 11 .8 1 '1 07.2 1 ' 107.2 1,107.2 0.0 
AP 18.273 824 11 ,392 14.8 1,111 .7 1,111.7 1,111.7 0.0 
AQ 18.750 1,035 14,553 11.6 1,118.2 1 '1 18.2 1,118.2 0.0 
AR 19.224 987 14,890 11.4 1,123.6 1 ' 123.6 1,123.6 0.0 
AS 19.553 1,027 14,367 11 .8 1 '127 .8 1 ' 127.8 1,127.8 0.0 
AT 20.026 1,006 14,993 11 .3 1,132.9 1 ' 132.9 1,132.9 0.0 
AU 20.547 907 13,097 12.9 1,139.7 1,139.7 1,139.7 0.0 
AV 20.960 912 14,837 11.4 1,145.0 1 '1 45.0 1,145.0 0.0 
AW 21.435 906 15,058 11 .2 1,149.4 1 '149.4 1,149.4 0.0 
AX 21 .719 973 17,696 9.6 1,152 .2 1 ' 152.2 1,152 .2 0.0 
AY 22.015 929 13,822 12.4 1 '154.6 1 ' 154.6 1,1 54.6 0.0 
AZ 22.503 1,012 16,481 10.4 1,159.0 1,1 59.0 1,159.0 0.0 

1 Miles above confluence with Gila River 

T 
FEDERALEMERGENCYMANAGEMENTAGENCY 

A FLOODWAY DATA 
B 

L MARICOPA COUNTY, AZ 
E AND INCORPORATED AREAS SALT RIVER 
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• 1. HEC-RAS Modeling and Freeboard Analysis 

• 

• 

1.1 Overview 

A hydraulic model based on current channel conditions was used to evaluate Salt River Levee 
System ID#33 to determine levee limits, levee freeboard and provide hydraulic input data for 
embankment scour depth determination. The study area, as originally defi ned by FEMA, 
extends along the Salt River from State Route (SR) 143 at the west limit to Tempe Town Lake 
to the east limit. Specifically this project is from River Mile (RM) 219.04 (equating to FEMA 
Cross Section AS) to RM 220.78 (between FEMA Cross Sections AV and AW ). This appendix 
discusses the levee freeboard evaluation and delineates the extent of the levee system based 
on land side ground elevations. 

1.2 Workmaps 

1.3 

• 

• 

• 

• 
!'""":l 

• ,....., 

• 

Plate 1 in Appendix 8.4 shows the cross section alignments and project topography 
along with other relevant features. 

Plate 2 in Appendix 8.4 shows the levee as-built information along with cross section 
alignments superimposed . 

Horizontal and Vertical Definitions 

All elevations referenced in the hydraulic model , report, and on the exhibits are NGVD 
29 unless otherwise indicated. 

Conversion to NAVD88 from NGVD29 was based upon an adjustment of 2.1 feet per 
application of the NGS Vertcon program. (NAVD88=NGVD29+2.1) 

NAD 1983 HARN StatePiane Arizona Central FIPS 0202 Feet Inti was used as the - - - --- -
horizontal coordinate system. 

River stationing is in miles and consistent with the Salt River Hydraulic Master Plan 
HEC-RAS model. 

• Plate 1 shows centerline stations with reference to as-built plans for the Salt River 
..... channelization . 

1.4 Referenced As-Built Plans 

As-built plans referenced in this study are as follows: 

• "Salt River Channel ization, Hohokam (University-Sky Harbor)", State of Arizona 
"""' Department of Transportation Highways Division , RAM-600-3-511 , as-built 1/25/1993. 

This set of as-built plans document the levee as it was originally constructed. These 
plans pre-date the Tempe Town Lake and the bridges (SR143, SR153, and Priest 
Drive), however they do show the bridge alignments as all three were planned at that 
time. A set of annotated as-builts are included to show the HEC-RAS cross section 
alignments superimposed onto the as-builts in both plan and profile (Plate 2). PDF of 
plan set version is included on data disk in Appendix H. 

• "Plans for the Construction of Priest Drive Bridge - Rio Salado Parkway to Washington 
Street" Maricopa County Highway Department, Project No. 68456, as-built 9/6/1991 . 
The Priest Drive Bridge over the Salt River is shown on these plans. Stantec referenced 
these plans in developing the RAS model. PDF version of plan set is included on data 
disk in Appendix H . 
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"Phoenix Urbanized Area Hohokam Expressway (SR143)", State of Arizona Department 
of Transportation Highway Division, HDP-920-5(001 ), as-built 12/201992. Stantec 
referenced these plans in developing the RAS model. PDF version of plan set is 
included on data disk in Appendix H. 

• 

• 

• 

1.5 

"State Highway Sky Harbor Expressway (SR153)", State of Arizona Department of 
Transportation Highway Division , HDP-920-5(001), as-built 5/1/1997. The SR143 Bridge 
over the Salt River is shown on these plans. Stantec referenced these plans in 
developing the RAS model. PDF version of plan set is included on data disk in 
Appendix H. 

Topographic Mapping 

Topography shown on Plate 1 and used in the HEC-RAS model was originally developed for 
use in the "Salt River Hydraulic Master Plan" (SRHMP), dated August 2009 prepared by Stantec 
Consulting , Inc. The original data sources include: 

1. Aerial mapping performed in October and November of 2007. Topographic data was 
obtained June 21 , 2008 with horizontal coordinates being on NAD-83, State Plane, 
Central Zone 0202 (NAD-83) and NGVD 29 used for vertical control. 

2. Cross-sectional field surveys, top-of-levee surveys, and bridge field surveys. Surveys 
were conducted using NAD-83 and NGVD 29. 

1.6 Project Survey 

Cross sectional ground survey of both levees was conducted in May 2011 to verify the 
elevations in the model. At most locations the ground survey indicates a slightly higher (-6 
inches or so) top of levee. RLS Sealed Survey report is included in Appendix F. 

1. 7 Effective Base Flood Elevations 

The effective FEMA model is documented in a report entitled "Salt-Gila River Floodplain 
Delineation Restudy" by Baker (Baker Report) and dated May 1999. Water surface elevations 
obtained in shape file format and plotted on Plate 1. Plate 1 also shows lettered cross section 
alignments. Figure B-1 shows applicable FIRM information . 

1.8 Project HEC-RAS Model 

The project specific model , submitted with this report, represents a portion of a recent HEC-RAS 
model prepared from the SRHMP. The SRHMP model appears to have used the same cross 
section alignments as the effective model with updated topography and current conditions 
vegetation characteristics (mannings 'n'). Plate 1 shows the cross section alignments and 
water surface elevations for the project model. The analyses described in Sections 1.9 and 
1.10 and a scour analysis described separately are based upon this model. Based on field 
observations, the mannings n values in the SRHMP are consistent with existing vegetation in 
the Salt River. 

1.8.1 Overview ofSRHMP Model 

The SRHMP report is included on data disk in Appendix H, for reference, but the following is an 
overview of the methodology used in preparing the model and how it was applied to the current 
study. 

• The model is georeferenced. Stations and elevations were developed from digital terrain 
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model data provided by FCD. This data references NAD 83 and NGVD 29. 

• A host of scenarios were included in the SRHMP model including existing conditions 
:,-, which represents the river as it exists today, and several encroachment analyses for 

future scenarios. The current study uses the existing conditions geometry file . 

• The SRHMP model included a number of peak discharges for multiple events and for 
different scenarios of the upstream Roosevelt Dam. The current study uses the 1 DO
year discharge with Roosevelt Dam modifications in-place, as discussed in below 
Section 1.8.2. 

• Manning 's n values were determined on a reach-by-reach basis following locally 
accepted methodology. This methodology references the US Geological Survey 
(USGS) publication "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", 2007. 

• In general the effective water surface elevations are 1 to 2 feet higher than the more 
recent model predicts. 

1.8.2 Steady Flow Data 

The study reach has a design discharge of 289,000 cfs (standard project flood) as shown on the 
as-built plans. At the time of the design the 1 00-year discharge was 215,000 cfs. However 
recent modifications to the Roosevelt Dam (upstream) have increased its storage and reduced 
the peak discharge through the study location. These modifications were completed in 1996 
and are reported by the USACE in a 1996 report entitled "Section 7 Study for Modified 
Roosevelt Dam, Arizona Theodore Roosevelt Dam - Hydrologic Evaluation of Water Control 
Plans - Salt River Project to Gila River at Gillespie Dam" (TRD Report). The effective 1 00-year 
peak discharge is 169,000 cfs at this location per the Effective FEMA Flood Insurance Study 
(FIS) at Mill Avenue Bridge. This discharge was originally documented on Table 2-4 of the TRD 
Report at CP-11 0. 

1.8.3 Current Conditions HEC-RAS Model 

The SRHMP model originally extended from 1-10 (RM 216.34, -3 miles downstream of SR 143) 
to Alma School Road (226.63, -6 miles upstream of Tempe Town Lake). This model was 
trimmed to include a reach from RM 218.24 to RM 220.83. The starting constraint at RM 218.24 
was set to the water surface elevation at the corresponding cross section from the SRHMP 
model at this location. 

The model used for the freeboard evaluation and submitted along with this report is as follows: 

~ Project: SR_Levee_ID33 
~ File: SR_Levee_ID33.prj 
~ BFE Plan : BaseFiood, SR_Levee_ID33.p01 

o Geometry File: Salt River-For ID33, SR_Levee_ID33.g01 
o Steady Flow File : EffectiveQ for ID 33, SR_Levee_ID33.f01 

1.9 Definition of Levee-Condition 

The original levee limits were reduced (See Figure 8-1) based on the landside ground 
elevations and the levee freeboard as illustrated in Figure 8-2. Plate 1 shows the locations 
where the BFE exceeds the landside ground elevation as "Levee condition" . 
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Figure B-1. Levee Limits with Effective FEMA Map 
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Those areas where the landside elevation exceeds the BFE are shown on Plate 1 as "Non
levee condition". 

The landside ground elevations were obtained from topography (see Section 1.5) and the 
survey performed for this project. This elevation is listed in Table B-1 through Table B-4 along 
with the BFE, for both the north and south levee and for both NGVD 29 and NAVD 88 datums. 
The following defines the areas which are true levees: 

)> For the locations defined as "Non-levee condition", the landside elevation exceeds both 
the effective FEMA BFE and the WSE defined in the project HEC-RAS model. 

)> The north levee extends from centerl ine station 160+00 to 193+00 (as superimposed on 
the north levee). This includes RM 219 .15 to 219.70. Areas outside of th is, within the 
project limits, are in a non-levee condition. 

)> The south levee extends from centerline station 156+20 to 220+00 (as superimposed on 
the south levee). This includes RM 219.15 to 220.26. Areas outside of th is, within the 
project limits, are in a non-levee condition. 

1.10 Freeboard Evaluation 

The water surface profile from the HEC-RAS model was compared to the top-of-levee profiles 
(both north and south levees) from the HEC-RAS model. The project model , representing the 
current hydraulic cond itions, was used as the primary base flood elevation source. For 
comparison to Effective FEMA model was also compared to the levee elevations. The minimum 
freeboard provided is 9.0 feet for the north levee and 8.3 for the south levee. Comparing the 
BFE from the effective model to the top of levee shows that the minimum freeboard provided is 
7.1 feet. 
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• Table B-1 -Available North Levee Freeboard on NGVD 29 

River SRHM P Water North Levee Effective Freeboard Landside 
As-bu ilt Plan 

Mile Surface Elevation Base Flood Ground 
Elevation Elev.1 Elev.3 Station 

ft 
(at levee) 

219.02 1125.87 N/A 157+42 
219.04 1126.36 1147.0 158+86 

Levee condition: 219.15 - 219.7 
219.15 1127.22 1136.97 1129.2 9.8 1127.3 162+33 
219.24 11 28.35 1138.81 1130.2 10.5 1123.5 167+29 
219.33 11 29.37 1140.41 1131 .2 11.0 1127 .1 172+31 
219.42 11 30.41 11 39.97 1132 9.6 1130.4 177+25 
219.52 11 31 .52 1141.92 1133 10.4 1132.4 182+54 
219.61 11 32.59 1143.14 1133.9 10.6 1130 .2 187+40 
219 .7 11 33.64 1144.51 1134.7 10.9 1130 .0 192+26 

Non-levee condition : 219.79-220.78 
219.79 1134.69 1145.51 1136 10.8 1136.4 197+36 
219.89 1135.91 1145.63 1137.5 9.7 N/A 202+16 
220.05 1138.08 1147.06 1140 9.0 N/A 209+80 
220.06 1138.43 1147.54 1140.2 9.1 N/A 210+42 

220.063 1138.44 1148.09 11 40.3 9.6 N/A 210+67 
220.07 1138.77 11 50.09 1140.5 11 .3 N/A 211+38 
220.17 1139.78 1149.95 1141 .8 10.2 N/A 216+57 
220.26 1140.87 11 50.96 1143.1 10.1 N/A 221+55 
220.35 1141 .85 1152.24 1144.2 10.4 N/A 226+70 

• 220.45 1142.86 1153.75 1144.9 10.9 N/A 231+69 
220.54 1143.85 1154.92 1145.9 11 .1 N/A 236+75 
220.64 1144.80 11 55.75 1146.8 11 .0 N/A 241 +78 
220.73 1145.75 1157.1 6 1147.7 11.4 N/A 246+74 
220.78 1145.30 1156.73 1148.1 11.4 N/A 249+24 

Note 1: Effective BFE obtained from FIRM panels. DFIRM references NGVD 29, no vertical adjustment 
made to elevations. 
Note 2: Freeboard relative to current HEC-RAS model. NIA shown if levee condition does not exist. 
Note 3: Landside ground elevation listed as N/A where top of levee ties into grade with no back slope . 

• 
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• Table B-2 - Available South Levee Freeboard on NGVD 29 

River SRHMP Water North Levee Effective Freeboard Landside As-bu ilt Plan 
Mile Surface Elevation Base Flood Ground Station 

Elevation Elev.
1 Elev.3 (at levee) 

ft , NGVD 29 ft 
Non-levee cond ition: 219.02- 219.04 

219.02 1125.87 1134.20 1127.1 8.3 N/A 153+76 
219.04 1126.36 1135.28 1127.6 8.9 1142.8 155+20 

Levee condition : 219.15- 220.17 
219.15 11 27.22 1137.24 1129.2 10.0 1122.8 162+20 
219.24 11 28.35 1137.42 1130.2 9.1 1121.0 167+45 
219.33 11 29.37 1138.71 1131.2 9.3 11 20.5 172+04 
219.42 11 30.41 1139.57 1132 9.2 1118.0 176+79 
219.52 1131.52 1140.59 1133 9.1 1180.2 181+68 
219.61 11 32.59 1141 .37 1133.9 8.8 1129.3 186+82 
219.7 11 33.64 11 42.93 1134.7 9.3 1128.1 191+88 

219.79 11 34.69 11 43.63 1136 8.9 1130.2 196+91 
219.89 11 35.91 1145.77 1137.5 9.9 1131.0 201 +93 
220.05 11 38.08 1148.41 1140 10.3 1153 .7 210+87 
220.06 11 38.43 1148.32 1140.2 9.9 11 55.8 211+47 

220.063 1138.44 1148.32 1140 .3 9.9 1156.0 211 +51 
220.07 11 38.77 1147.94 1140.5 9.2 11 54.8 212+09 
220.17 1139.78 11 50.54 1141 .8 10.8 1134.8 216+95 

Non-levee condition : 220.26-220.78 
220.26 1140.87 1151.48 1143.1 10.6 1145.5 221+97 
220.35 1141 .85 1152.56 1144.2 10.7 N/A 226+92 

• 220.45 1142.86 1153.75 1144.9 10.9 N/A 232+00 
220.54 1143.85 1154.68 1145.9 10.8 N/A 236+88 
220.64 1144.80 1155.38 1146.8 10.6 N/A 241+89 
220.73 1145.75 1155.77 1147.7 10.0 N/A 246+94 
220.78 1145.30 1157.14 1148.1 11 .8 N/A 249+27 

Note 1: Effective BFE obtained from FIRM panels. DFIRM references NGVD 29, no vertical adjustment 
made to elevations. 
Note 2: Freeboard relative to current HEC-RAS model. NIA shown if levee condition does not exist. 
Note 3: Landside ground elevation listed as NIA where top of levee ties into rade with no back slope . 

• 
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• Table B-3- Available North Levee Freeboard on NAVD 88 

River SRHMP Water North Levee Effective Freeboard Landside 
As-bui lt Plan 

Mile Surface Elevation Base Flood Ground 
Elevation Elev.1 Elev.3 Station 

ft , NAVD 88 ft 
(at levee) 

Non-levee condition : 219 .02-219.04 
219.02 1127.97 1138.47 1129.20 10.5 N/A 157+42 
219.04 11 28.46 1138.62 1129.70 10.2 1149.1 158+86 

Levee condition: 219 .15-219.7 
219.1 5 1129.32 1139.07 1131.30 9.8 1129.4 162+33 
219.24 1130.45 1140.91 1132.30 10.5 1125.6 167+29 
219.33 1131.47 11 42.51 1133.30 11 .0 1129.2 172+31 
21 9.42 1132.51 1142.07 1134.1 0 9.6 1132.5 177+25 
219.52 1133.62 1144.02 11 35.1 0 10.4 1134.5 182+54 
219.61 1134.69 1145.24 1136.00 10.6 1132.3 187+40 
219.7 1135.74 1146.61 1136.80 10.9 1132.1 192+26 

Non-levee cond ition : 219.79-220.78 
219.79 1136.79 1147.61 1138.10 10.8 1138.5 197+36 
219.89 1138.01 1147.73 1139.60 9.7 N/A 202+16 
220.05 1140.18 1149.16 1142.10 9.0 N/A 209+80 
220.06 1140.53 1149.64 1142.30 9.1 N/A 210+42 
220.063 1140.54 1150.19 1142.40 9.6 N/A 210+67 
220.07 1140.87 1152.19 1142.60 11.3 N/A 211+38 
220.17 1141.88 1152.05 1143.90 10.2 N/A 216+57 
220.26 1142.97 1153.06 1145.20 10.1 N/A 221+55 
220.35 1143.95 1154.34 1146.30 10.4 N/A 226+70 

• 220.45 1144.96 1155.85 1147.00 10.9 N/A 231+69 
220.54 1145.95 1157.02 1148.00 11 .1 N/A 236+75 
220.64 1146.90 1157.85 1148.90 11.0 N/A 241+78 
220.73 1147.85 1159.26 1149.80 11.4 N/A 246+74 
220.78 1147.40 1158.83 1150.20 11 .4 N/A 249+24 

Note 1: Effective BFE obtained from FIRM panels. DFIRM references NGVD 29, 2.1 feet added to get to 
NAVD 88. 
Note 2: Freeboard relative to current HEC-RAS model. N/A shown if levee condition does not exist. 
Note 3: Landside round elevation listed as N/A where top of levee ties into grade with no back slo e. 

• 
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• Table B-4- Available South Levee Freeboard on NAVD 88 

River SRHMP Water North Levee Effective Freeboard Landside As-bu ilt Plan 
Mile Surface Elevation Base Flood Ground Station 

Elevation Elev.1 Elev.3 (at levee) 
ft 

219.02 1127.97 N/A 153+76 
219.04 1128.46 1144.9 155+20 

Levee condition: 219.15-220.17 
219.15 1129.32 1139.34 1131 .30 10.0 1124.9 162+20 
219.24 11 30 .45 1139.52 1132.30 9.1 11 23. 1 167+45 
219.33 1131.47 1140.81 1133.30 9.3 11 22.6 172+04 
219.42 1132.51 1141 .67 1134.10 9.2 11 20.1 176+79 
219.52 1133.62 1142.69 1135.10 9.1 1182 .3 181+68 
219.61 1134.69 1143.47 1136.00 8.8 1131 .4 186+82 
219.7 1135.74 1145.03 1136.80 9 .3 1130.2 191+88 

219.79 1136.79 1145.73 1138.10 8.9 1132.3 196+91 
219.89 11 38.01 1147.87 1139.60 9.9 1133 .1 201+93 
220.05 1140.18 1150.51 1142.10 10.3 1155 .8 210+87 
220.06 1140.53 11 50.42 1142.30 9.9 1157.9 211+47 

220.063 1140.54 1150.42 1142.40 9.9 11 58 .1 211+51 
220.07 1140.87 1150.04 1142.60 9.2 11 56.9 212+09 
220.17 11 41 .88 1152.64 1143.90 10.8 1136.9 216+95 

Non-levee condition : 220.26 - 220.78 
220.26 1142.97 1153.58 1145.20 10.6 1147.6 221+97 
220.35 1143.95 1154.66 1146.30 10.7 N/A 226+92 

• 220.45 1144.96 1155.85 1147.00 10.9 N/A 232+00 
220.54 1145.95 1156.78 1148.00 10.8 N/A 236+88 
220.64 1146.90 1157.48 1148.90 10.6 N/A 241+89 
220.73 1147.85 1157.87 1149.80 10.0 N/A 246+94 
220.78 1147.40 1159.24 1150.20 11 .8 N/A 249+27 

Note 1: Effective BFE obtained from FIRM panels. DFIRM references NGVD 29, 2.1 feet added to get to 
NA VD 88. 
Note 2: Freeboard relative to current HEC-RAS model. N/A shown if levee condition does not exist. 
Note 3: Landside ground elevation listed as N/A where top of levee ties into grade with no back slope . 

• 
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Included on data disk in Appendix H under "As-Built and Design Plans" 

SRHMP Field Reconnaissance Memo (digitally submitted) 
SRHMP Salt River Hydraulic Master Plan report (digitally submitted) 
Salt River Channelization As-Built Plans 
Priest Drive As-Built Plans 
SR143 As-Bui lt Plans 
SR153 As-Bu ilt Plans 

8.2 HEC-RAS Plots 

HEC-RAS cross sections 

HEC-RAS profile 

8.3 HEC-RAS Summary Tables 

Standard Table 1 

8.4 

**HEC-RAS Report on data disk in Appendix H 

Plates 

Plate 1. Cross Section Workmap (3 sheets, 24x36) 
Plate 2. Annotated As-builts (2 sheets) 
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JE Fuller Hyd rology & Geomorphology, Inc. 

Levee Certification Report 
Salt River Levee System 10 #33, 

Maricopa County, Arizona 
Appendix B. Freeboard Evaluation 

8.3 HEC-RAS Summary Tables 
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HEC-RAS Standard Table 1 

HEC· AAS Plan· BaseFiood River· Salt River Reach· Salt River Profile· Base Flood 

Reach River Sta Profile _ Q Total MinCh El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl FJow Area Top Width Froude #Chi 

(sq ft) (ft ) = · fc-- (cfs) (ft) (ft) (ft) (ft ) (ftlft) (ftls) 

SaftRiver ~ -~lood 169000.00 ~ ~ -~ 111 8.8 1 0.001923 11 .11 1~ -~ 0.51 

~er 218.33 --f.:B"a,se'=:::Fiood=::._+_~.:.16:'90::7oo:-:·::oo:+-_.:.1 0:'9':9':.80::5+-_1::1.:.1-::7.":'82'+_ .:.1.:.11:.;2.:..8"6+-_ 1::1c:1:-:9.":'84:f-- ":'o":'.OO:C2:0:1"'4"-5f---'-11.:..4:"1+---'1"48"'1'-'1". 7":'5+-_.:.1 o~so::::-:.4:::61- o:54 
~ River _ ~~-43 ~a-Flood 169000.00 1099.50 111 8.84 111 3.91 11 20.96 0.00221 1 ~ 14451.88 1009~ 0.54 
~er 218.52 _ Base_Fiood 169000.00 1100.27 111 9.92 111 5.00 11 22.07 0.002239 11 .76 14365.48 1004.48 ~ 

SaftRiver '2i8.62 Base Flood 169000.00 1100.72 ~ 1116.14 11 23.22 0.002260 11 .85 14~ 992.74 r-- ___ 0:::·:::55"1 

SaftRrver 218 71 -~seJiood 169000.00 ~ -c-11:.;2:;:2:;:.2:;:31--'1-'-1 .0:1 7:'-.1':5:1-·~ 0.002147 11.661 14494.21 9=~ ~ 
~Rrver -~881 -~-Flood 169000.00 1104.63 ~ 11 18.17 11 25.38 0.002119 11 .60 14563.19 996.05 ~ 
SaftRrve r 21896 Base Flood 169000.00 1105.11 1125.29 1119.37 1126.98 0.001682 10.46 16164.29 1089:~~ 0.48 

~er ~.965 ~ = ---:-:-== 
~er ~= ~se_Fiood ~ ~ ~ 11i9.6a _1_12_7._42 0.001668 ~ ~ 1051 .27 ~ 
~er -t-::2.::1 9C'.o:02:---fB:::a:::s::,e ,:.F.::Iood=-f--'1"'6"'90:0o"'o:".o"of--'1.:.1 .:::05:::.5:::3't-_.:.1 .:.:1 2o::5::o.8.:.7+----+--'-1 .:.:1 2:..:7.:.::.6:.:.7+---'o"'.o"'o"-1 7:.:9:::21----'1 "'0._,_79;-__.15660.~1- 1055.46 _ ~ 
~er ~ Bridge _ 
'Sa-. R - · ' - ·- - · ::-- -- .::-::: --- . -:-:- 0 .-:::_49 ft iver ~4 BaseJiood 16900000 ~ ~ ~ 1128.14 ~ 10.70 15792.!l_7 1056.04 

'-·- ·- - ~169000 .. 00 · ·-- ·' ' .ccc-:c -: ;·cc-- ~ - c-::-:c;; .__ · -' -:-::-: ~er -~·1 5 Base Flood 1109.49 1127.22 1122.25 1129.32 0 .002186 11 .62 14549.60 1018.90 0.54 

Sah River ~~ _ ~e.,flood ~ 1110.33 11 28.35 1123.37 11 30.44 0.002200 1~ -~ 14574.13 1029.15 ----o:54 
SahRiver ~~-33 _ Base_Fiood 169000.00 ~ ~ 1124.49 11 31.49 o:oo22Js 11 .67 14482.11 1025E . o:55 
SaftRiver 219.42 Base Flood ~ 11 12.78 1130.41 1125.57 1132.55 0.002237 11 .75 14383.54 r-- 1ii08.46 oSs 
~~~-E~~-~~~~+-~~~r--~~-~~~~~~-~~~~~~~-~~-~~~-~~~~ 
Sah River 2 19.52 Base_Fiood 169000.00 111 3 .36 11 31 52 11 2658 1133.65 0.002 1 ~ 11 .71 14432.91 1~r-- ~ 

M River ~1 Base Flood 169000.00 111 4.26 ~ 1127.74 1134.79 0.002274 11 .91+- 14 186:62 r-- 986 . 4_1~ ~ 
SahRive r 21970 _B- - F -,- ~ 
SaftRiver m79 -~F= :::~ ~ ::~~ ::~~~~ ::~~~~ ~~~: :~: :~99~ ~: 96~~f-~ 
~er _ ~ ~~ . ~ -~'-1:..:1~1-,8::.=·.::4.:.2=i_-_-_-...:1~1 .:.3:.:5~.9t11~~~1~1i3.::1:;. . .:.4:.;'-11'1_-_-_-...:-1 .::1...:3;;8;;.3;;8t~~~o2.oo~i2.:.5:C3~o!~~~~~1i2:.:.-=-6.:.o~---_-...:1...:34;;.:.1-'-0;; . .::1...:9~.:_--"::...:~...::...:5+r-- ~~: 
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The as-built toe-down elevations are documented on the plans prepared by DMJM Consulting 
Engineers for the Arizona Department of Transportation (RAM-600-3-511 ) dated 4/1989, as
built 1/25/1993 and 1/27/1993. It should be noted that duri ng construction bedrock was 
encountered along portions of the study reach. Per the construction plans, the toe-down was 
founded on bedrock when encountered . The revised toe-down elevations are documented on 
the as-built plans. Portions of the As Built plans are included in Appendix E with a full set in pdf 
format included on data disk in Appendix H . 
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2. Current Conditions Topography and Hydraulics 

2.1 Topographic Changes 

Updated topographic data was obtained from FCDMC for the study reach as part of the Salt 
River Hydraulic Master Plan (SRHMP, FCD 2007C017). Additional survey data was also 
obtained and provided by the FCDMC at selected locations along the levees to supplement the 
mapping. See Appendix F for RLS Sealed Survey Report. 

2.2 Hydraulic Modeling 

A new steady-state HEC-RAS model was also developed as part of the SRHMP. The new 
hydraulic model is provided by the FCDMC for use in this evaluation and trimmed down as 
discussed in Appendix B . 
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3. Current Conditions Scour Assessment 

3.1 Total Scour Equation 

The scour computations used to evaluate the adequacy of the levee toe-downs are presented in 
th is section. The total scour potential is computed as the sum of six individual components: long 
term degradation , general scour, bend scour, bedform scour, local scour and low-flow 
lncisement. Scour potential was evaluated along the entire length of the revised levee limits . 

The scour potential for both the north and south bank levees that make up Salt River Levee 
ID#33 were estimated using the procedures outlined in the Arizona Department of Water 
Resources report, "Engineering Analysis of Fluvial Systems" (1985), Flood Control District of 
Maricopa County "Drainage Design Manual - Hydraulics" (draft June 201 0), the U.S. Bureau of 
Reclamation report on "Computing Degradation and Local Scour" by Pemberton and Lara 
(1984) and the FHWA Publication . Hydraulic Engineering Circular No. 18, Evaluating Scour at 
Bridges, Fourth Edition, May 2001 (HEC-18). The total scour equation is: 

Zt = SF (Zdeg + Z9s + "Y:! Za + Z1s + Zbs + Z1ft ) 
where : 

Z1 = Design scour depth, (ft) 
SF = Safety factor (1.0 - 1.5) 
Zdeg= Long-term degradation , (ft) 
Z9s = General scour depth , (ft) 
Za = Bed-form depth , (ft) 
Z1s = Local scour depth , (ft) 
Zbs = Bend scour depth, (ft) 
Z1ft =Low-flow thalweg depth , {ft) 

The total scour depth is applied downwards starting from the Applied Invert (See discussion in 
Section 3.2.8) elevation, which was taken from the cross-sectional geometry of the channel. 

3.2 Scour Components 

3.2.1 Long-Term Channel Degradation 

Long-term scour describes the gradual lowering of a watercourse through multiple events and 
longer periods of time, (1 0-year flows) . Long-term scour was determined using a stable channel 
slope methodology. 

The long-term scour component is determined based on the potential lowering of the channel 
bed within the project reach in the long-term. There can be a variety of causes leading to the 
wide scale lowering of the channel. Any significant disruption in sediment continuity could result 
in bed changes over the long-term. 

The presence of a soil cement grade control structure approximately 1300 feet downstream of 
SR 143 provides a control point for applying long-term scour based on stable channel 
methodology. This grade control protects against long-term lowering of the bed elevations at 
the location of the grade control. The locations upstream of the grade control could be subject 
to long-term lowering with the constraint that bed elevations at the grade control are fixed by the 
grade control elevation . 

JE Fuller Hydrology & Geomorphology, Inc. Page 3 
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Another phenomenon influencing the long-term channel bed variations is armoring . The 
channel bed within the study reach consists of sediment ranging from fine sand to large cobbles 
(Reference 5). The overall channel bed conditions indicate the presence of an armored layer 
consisting of gravels and cobbles. This is also an indication of limited sediment supply to the 
study reach and a low probabil ity of channel aggradation. 

The procedures adopted for determining the long term potential for channel degradation are 
discussed below. 

3.2.1.1 Equilibrium Slope 

Equilibrium slope computations are performed to determine the long-term stable slope. 
The equilibrium slope can be viewed as the slope that the channel would tend to move 
towards over a long period of time. The grade control located approximately 1300 feet 
downstream of SR 143, at an elevation of 11 07.5ft (NGVD29), provides a hard point and 
was used as the downstream starting point in determining stable channel bed elevations. 

Equilibrium slope 1 is defined as the slope which causes the channel 's sediment transport 
capacity to equal the incoming sediment supply (ADWR, 1985). If the slope is too steep, 
channel velocities will be high and net degradation will occur. If the slope is too flat, 
channel velocities will be low and net aggradation will occur. The equilibrium slope is 
the slope that the undisturbed, natural channel will tend towards over the long term . 

Methodology 

Most equilibrium slope equations are based on the mean annual flood , the "channel
forming ," or "bankfull" discharge. On many perennial alluvial streams, particularly in 
humid climates, the mean annual flood and the channel-forming and bankfull discharges 
are nearly equivalent. However, on ephemeral streams where flow events are rare , the 
channel-forming discharge is often difficult to determine. It is assumed that the 1 0-year 
event better approximates bankfull conditions in the study reach . 

The 1 0-year hydraulic results from the HEC-RAS model have been used in the 
application of equilibrium slope equations for the study area 

Guidelines provided in the USBR (Pemberton and Lara , 1984) Manual for computing 
scour and channel degradation downstream of dams or other structures that interrupt the 
natural sediment supply to the downstream channel describe three equations that can 
be used in the estimation of the equilibrium slope. All three equations are zero bed 
sediment discharge (clear water) equations, and represent minimum slopes that would 
occur if sediment supply were disrupted. Clear water conditions can be expected to 
occur in the lower flow events due to the presence of the Tempe Town Lake upstream of 
the Study Reach. Of the three, the Schoklitsch equation was used, since it provided the 
most conservative estimate. The Schoklitsch equation is given by: 

1 Equilibrium slope is also referred to as stable slope or limiting slope . 
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The Schoklitsch (Shulits , 1935) equation is based on the concept of zero bedload 
transport. 

Where SL = Stable slope (ft/ft) 

Ks = 0.00174 
Wbr = Bankfull width (ft) 
D =Mean bed sediment diameter (mm) 
Q = Dominant discharge (cfs) 

3.2.1.2 Long-term Results 

The equilibrium slope computations were performed to determine the potential overall 
lowering of the channel going upstream from the grade control structure located 
approximately 1300 feet downstream of SR 143. The computed equilibrium is 0.22%, 
which is equal to the average energy slope (0 .22%) and approximately equal to the 
overall bed slope (0.23%). After the levee/channel improvements were completed, as 
documented on the 1993 as-built plans, the study reach was impacted by two significant 
flow events - one event that measured approximately 129,000 cfs and one that 
measured approximately 44,000 cfs. In addition, the U.S. Army Corps of Engineers, in 
cooperation with the Town of Tempe constructed a small , approximately 20 to 40-foot
wide, secondary low-flow channel as part of the Rio Salado Environmental Restoration 
Project. Collectively, these natural and man-made changes have resulted in a low-flow 
channel profile , with an overall slope that is approximately equal to 0.23%, which is 
approximately three feet lower than the design profile for the 400-foot-wide low-flow 
channel (0 .236%), which is controlled by a grade-control structure. Since the existing 
low-flow channel profile is lower than the equilibrium profile and the overall slope 
approximates the minimum equilibrium slope computed using the Schoklitsch equation , 
the long-term degradation depth is zero (i .e., the bed profile can be assumed to be at 
equilibrium). See results in Table C-11 . 

3.2.2 General Scour 

General scour, Z95 , is the component of scour that represents the mobile portion of the bed
material of the channel bottom during a specified flow event. General scour was computed 
using the Lacey method as described in the US Bureau of Reclamation's "Computing 
Degradation and Local Scour" (Pemberton and Lara, 1984 ). The Lacey equation is well suited 
to channels in which live-bed scour occurs. It is anticipated that the Lacey equation provides a 
realistic value and is appropriate for the conditions encountered in the Salt River for higher flow 
events. 

Lacey's equation for general scour is applicable to natural streams where the sediment is not 
captured upstream. Although Tempe Town Lake acts as a sediment trap for all flood flows less 
than 36,000 cfs , the inflatable dams are designed with an automated control system that will 
fully deflate the dams for all flow inexcess of 36,000 cfs . Therefore, it is reasonable to assume 
that during the 1 00-year event, sediments stored behind the dam will be conveyed downstream 
and the channel will behave like a natural stream with no upstream controls . 

JE Fuller Hydrology & Geomorphology, Inc. Page 5 
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The Lacey equation is given by: 

Lacey Equation 

Z95 = Z (0.50 [Q/f] 113
) 

where 
Z gs = general scour depth (ft); 
Q = design discharge (cfs) ; 
f= Lacey's si lt factor= 1.76(Dm)1 i2 
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Om = mean grain size which is taken as Dso. (mm); 
Dso = defined as the diameter where 50% is finer by weight, (mm); 
Z = multiplying factor (0.25 for straight reach , 0.5 for moderate bend, 0.75 for severe 

bend , 1.0 for right angle bends, 1.25 for a vertical rock bank or wall ). 

For the 1 00-year event, the general scour component was estimated to be 5.2 feet for the North 
Levee and 2.6 feet for the South Levee. See results in Tables C-8 and C-9. 

3.2.3 Bend Scour 

Bend scour, Zbs. occurs on the outside of bends in a stream channel. The general scour 
component described above using the Lacey Equation incorporates the bend scour component; 
therefore, a separate calculation was not requ ired. The curvature of the Salt River within the 
study reach is considered moderate (Z = 0.50) and is applied to the North Levee along the 
outside of the gradual curve. For the South Levee, on the inside of the gradual curve, the Lacey 
Z factor is set to 0.25 . 

3.2.4 Bedform Scour 

Bedform scour describes the development of dunes and troughs along the channel bottom 
during high flow events; this form of scour is particularly prevalent in sand-bed watercourses. 
Bedform scour was calculated based upon the methodology presented in the Flood Control 
District of Maricopa County "Drainage Design Manual - Hydraulics". Variables for the 
calculations were derived from the project HEC-RAS model. These variables included Froude 
number, channel velocity, and channel hydraulic depth. 

The dune height for lower regime flow where Froude numbers are less than 0.7 is given by (Gyr 
and Hoyer, 2006, Zanke, 1976) as 

where dh is the dune height and Yh is the hydraulic radius. 

Since a range is given for dune height in above equation , the ratio dh/yh is assumed to be 0.2 
due to the presence of larger size sediment within the study reach . 

Anti-dune trough depth , Za. is the component of scour caused by movement of dune shaped 
bed forms along the bottom of the channel. The anti-dune trough depth was estimated using 
the following equation: 

Za 
where: 

= 0.0273 V2
m 
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=Average velocity of flow at design discharge (ft/sec) 

The anti-dune trough depth is limited to a maximum of ~ the flow depth (since Za cannot be 
greater than the flow depth , ADWR Manual p. 24). 

The results indicate that the bedform scour component is approximately 1.5 feet. See results in 
Table C-10. 

3.2.5 Low-flow/Thalweg Scour 

Low-flow thalweg scour, Z1tt , occurs if a small channel forms to convey minor flows with in the 
main channel of a stream. Normally, the low-flow thalweg component of scour is not considered 
for a natural channel , since the natural channel minimum elevation already reflects the elevation 
of the thalweg . The low-flow channel within the study reach is represented in the cross
sectional geometry. Consequently, the low-flow thalweg scour component is zero . 

3.2.6 Local Scour 

Local scour, Z15, occurs where there is an abrupt change in the direction of flow caused by 
obstructions such as bridge piers, abutments, or other structures such as grade control 
structures. The SR 143 Bridge and the Priest Road Bridge are the only structures along the 
study reach that could introduce a local-scour component. Since the abutments for both bridges 
are on the landside of the embankment protection , local scour at the bridge piers is the only 
applicable component that was analyzed for the local scour component. 

Based on the results of the analysis, the local scour potential associated with the SR 143 piers 
and the Priest Road piers was determined to be 15.94 feet and 13.98 feet , respectively. See 
results in Tables C-12 and C-13. To determine if the scour holes could impact the levee 
protection , the top width of the scour hole was estimated by assuming that the bottom width of 
the scour hole was equal to one pier diameter and the angle of repose for the bed sediments 
was 3:1 (horizontal to vertical) . Based on this assumption, only the north pier set associated 
with the SR 143 Bridge was close enough to the levee protection to introduce a local-scour 
component. The local scour component of less than 3.5 feet was added to the overall scour 
calculations at HEC-RAS station 219.04 . General guidelines for determining scour hole top 
width is given in HEC-18. 

3.2.7 Factor of Safety 

The ADWR Manual states that the safety factor generally varies between 1.0 and 1.5, but 
should be selected based on risk, consequence of failure, incremental construction cost, and 
regulatory factors. For the purpose of this toe-down evaluation, a resultant safety factor was 
determine by comparing the calculated scour elevation to the design toe of soil cement from the 
As Built drawings for Salt River Channelization, Hohokam (University-Sky Harbor) , OMJM, 1989 
for both the North and South levees. 

3.2.8 Applied Invert 

The applied invert varied along the channel reach for both the North and South Levees. As 
illustrated in Figure C-1 , the applied invert for each levee (North and South) was taken from the 
minimum channel elevation within 500 feet of the levee embankment protection . Table C-1 
provides the station/elevation of the north and south levee along with the station/elevation for 
the minimum channel elevation for each of the HEC-RAS model cross section within the levee 
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Figure C-1: Example of Applied Invert Determination 
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Table C-1: Applied Invert- North Levee 

121Applied Invert 
111HEC-

Toe of Embankment 
HEC-RAS Min 

RAS Elevation within 500 
Cross ft of Embankment 

Section 
Station Elevation 

(ft) (ft) (ft) (ft) 

219.04 20482.67 1112.28 19980.69 1111.27 

21 9.15 20456.25 1112.57 20450.05 1112.52 

219.24 20443.2 111 3.82 19953.13 1112.59 

21 9.33 20401 .91 1115.2 20182.21 11 12.61 

21 9.42 20497.57 1117.2 20360.82 1112.78 
219.52 20497.69 1113.36 20497.69 11 13.36 

219.61 20453.18 1114.67 20388.55 11 14.26 

219.7 20452.35 1119.88 20333.08 1115.35 
1. Levee Stat1ons and HEC-RAS cross sections were denved usmg HEC-RAS cross sect1on line crossing 
Levee Alignment Stationing . 
2. Applied invert from HEC-RAS model 
A ll elevations NAVD 1929. 

Table C-2: Applied Invert- South Levee 

121 Applied Invert 
111Levee 

111HEC- Toe of Embankment 
HEC-RAS Min 

RAS Elevation within 500 ft 
Station 

Cross of Embankment 
(South) 

Section Station Elevation 
(ft) (ft) (ft) (ft) 

155+20 219.04 19485.53 1110.51 19587.43 1106.59 

162+20 219.15 195113.5 1115.02 19677.09 1109.49 

167+45 219.24 19496.88 1118.48 19889.03 1110.33 

172+04 219.33 19456.87 1119.01 19805.87 1111 .69 

176+79 219.42 19536.25 1120.01 19901.44 1113.09 
181+68 219.52 19586.1 1120.93 20029.3 1113.88 
186+82 219.61 19604.66 1121 .34 20078.54 1115.23 
191+88 21 9.7 19586.03 1122.54 19989.61 1116.46 

196+91 219.79 19541.39 1120.11 19924.7 1118.06 

201+93 219.89 19591 .86 1120.18 19880.15 1118.42 

210+87 220.05 19602.9 1123.37 19691 .53 1121.14 

21 1+47 220.06 19594.79 1124.72 19694.11 11 21.11 

211+51 220.063 19595.33 1124.75 19695.43 11 21.11 

21 2+09 220.07 19593.4 1125.14 19701.06 1120.97 

216+95 220.17 19580.53 1130.04 19961 .54 1121 .5 

221 +97 220.26 19602.16 1126.72 20011 .66 1122.15 
Note: 1. Levee Stat1ons and HEC-RAS cross sect1ons were denved us1ng HEC-RAS cross sect1on line crossing 

Levee Alignment Stationing. 
2. Applied invert from HEC-RAS model 
A ll elevations NAVD 1929 . 
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Levee Certification Report 
Salt River Levee System 10 #33, 

Maricopa County, Arizona 
Appendix C. Scour Evaluation for Embankment Toe Down 

4. Results 
The scour calculations for each of the scour components were performed using the procedures 
discussed in Section 3. The hydraulic parameters were obtained from the 10- and 1 00-year 
HEC-RAS hydrau lic modeling results . The details of the computations and results are 
presented in Appendix C.2. Table C-3 lists the summary of calcu lated scour depths estimated 
using the methodology presented in this evaluation for the North Levee protection and Table C-
4 lists the values for the South Levee protection. The results ind icate that the computed toe
down elevations based on scour estimates are above the design toe elevations for both the 
North and South levees along the Salt River with a minimum safety factor of 1.1. 

Table C-3: Scour Calculation Summary- North Levee 

111HEC- Total 121Applied Calculated 
131Design Calculated 111Levee Toe of Adequate 

RAS Scour Scour Safety 
Station Invert Soil Toe-down? 

Cross Depth Elevation Factor 
(North) Cement 

Section 

(ft) (ft) (ft) (ft) 

158+86 219.04 10.2 1111.3 1101 .1 1096.5 1.5 Yes 

162+33 219.15 6.6 1112.5 1105.9 1103.5 1.4 Yes 

167+29 219.24 6.6 1112.6 1106.0 1101 .7 1.6 Yes 

172+31 219.33 6.6 1112.6 1106.0 1102.2 1.6 Yes 

177+25 219.42 6.6 1112.8 1106.2 1102.7 1.5 Yes 
182+54 219.52 6.6 1113.4 1106.7 1103.1 1.5 Yes 
187+40 219.61 6.6 1114.3 1107.6 1103.4 1.6 Yes 

192+26 219.7 6.6 1115.4 1108.7 1103.8 1.7 Yes 
Note: 1. Levee Stat1ons and HEC-RAS cross sections were denved us1ng HEC-RAS cross sect1on line cross1ng 

Levee Alignment Stationing. 
2. Applied invert from HEC-RAS model. See Section 3.2.8 
3. Levee elevations from Salt River Channelization , Hohokam (University-Sky Harbor) Plans. 
All elevations NAVD 1929 . 
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111Levee 
Station 
(South) 

155+20 
162+20 
167+45 
172+04 
176+79 
181+68 

186+82 
191+88 
196+91 
201+93 
210+87 
211+47 
211+51 
212+09 
216+95 
221+97 

Levee Certification Report 
Sa lt River Levee System 10#33, 

Maricopa County, Arizona 
Appendix C. Scour Evaluation for Embankment Toe Down 

Table C-4: Scour Calculation Summary- South Levee 

111HEC- Total 121Applied 
Calculated Design 

Calculated 141Adequate Toe of 
RAS Scour Scour Safety 

Invert Soil Toe-down? 
Cross Depth Elevation Cement 

Factor 
Section 

(ft) (ft) (ft) (ft) 
219.04 4.1 1106.6 1102.5 1092.2 3.5 Yes 

219.15 4.0 1109.5 1105.5 1103.9 1.4 Yes 

219.24 4.0 1110.3 1106.3 1104.4 1.5 Yes 
219.33 6.0 1111 .7 1105.7 1104.9 1.1 Yes 
219.42 4.0 1113.1 1109.1 1105.4 1.9 Yes 
219.52 4.0 1113.9 1109.8 1105.7 2.0 Yes 

219.61 4.0 1115.2 1111.2 1106.2 2.3 Yes 
219.7 4.0 1116.5 1112.4 1106.8 2.4 Yes 

219.79 4.0 1118.1 1114.0 1107.8 2.5 Yes 

219.89 4.0 1118.4 1114.4 1107.6 2.7 Yes 

220.05 4.1 1121 .1 1117.0 1111 .7 2.3 Yes 

220.06 4.1 1121 .1 1117.0 1113.9 1.8 Yes 
220.063 4.1 1121.1 1117.0 1114.0 1.7 Yes 

220.07 4.2 1121 .0 1116.8 1115.8 1.2 Yes 
220.17 4.2 1121 .5 1117.3 1123.5 NA BR 
220.26 4.2 1122.2 1118.0 1120.6 NA BR 

Note: 1. Levee Stations and HEC-RAS cross sect1ons were denved us1ng HEC-RAS cross sect1on line cross1ng 
Levee Alignment Stationing. 
2. Applied invert from HEC-RAS model. See Section 3.2.8 
3. Levee elevations from Salt River Channelization , Hohokam (University-Sky Harbor) Plans. 
4. BR denotes toe-down founded on bedrock. 
All elevations NAVD 1929 . 
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C.1 HEC-RAS Summary Table 
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• • 
Project: Salt River Levee 10 #33 

Location : M aricopa County, Arizona 

Table C-5: Summary of Hydrau lic Properties used in Scour Analysis 

Studv Reach 1 00 - - · 
As-Built River Sta QTota l Q Channel Area Channel TopW Chnl 
Station (cfs) (cfs) (sq ft) (ft) 

219.03 Bridge SR 143 Northbound) 
Q) 
Q) 

219.04 169000 169000 15793.0 1058.0 
> 219. 15 169000 169000 14549.6 1018.9 Q) 
_j 219.24 169000 169000 14574.1 1029.2 
-"' c 219.33 169000 169000 14482.1 1025.9 
"' en 219.42 169000 169000 14383.5 1008.5 

.<:: 
Q) 219.52 169000 169000 14432.9 1001.9 t 
Q) 0 
> z 219.61 169000 169000 14186.6 986.4 Q) 
_j 

193+00 219.70 169000 169000 13999.7 962.5 
-"' c 219.79 169000 169000 13460.4 945.9 
"' en 219.89 169000 
.<:: 

169000 13410.2 927.0 
::; 220.05 169000 169000 13857.1 908.6 
0 

220.06 Bridge (Priest Southbound) (f) 

220.06 169000 1 169000 I 14053.4 910.1 
220.06 169000 169000 13996.3 908.8 
220.07 Bridge (Priest Northbound) 
220.07 16900

11
169000 I 14163.3 908.5 

220.17 169000 169000 14134.6 902.1 
222+00 220.26 169000 169000 14381.5 915.9 

average: 169000 14241 .1 963.6 

Distance from Grade-Control Structu re (North Bank) : 
Distance from Grade-Contro l Structure (South Bank) : 

_ .......... .. _ ......... .......... 
As-Built River Sta Q Tota l Q Channel Area Channel TopW Chnl 
Station (cfs) (cfs) (sq ft) (It) 

157+00 157+00 219.03 Bridge SR 143 Northbound) 
Q) 219.04 55000 
Q) 

55000 7730.5 1031 .1 
> 219.15 55000 55000 7098.3 978.8 Q) 
_j 219.24 55000 55000 7194.9 973.8 
-"' c 219.33 55000 55000 7142.1 976.7 
"' en 219.42 55000 55000 7156.5 975.9 

.<:: 
7284.8 968.6 Q) t 219.52 55000 55000 

Q) 0 > z 219.61 55000 55000 7170.4 952.9 Q) 
_j 

193+00 219.70 55000 55000 7163.5 924.7 -"' c 219.79 55000 55000 6738.4 907.5 "' en 
.<:: 219.89 55000 55000 6827.3 894.5 
::; 220.05 55000 55000 7200.0 876.4 
0 

220.06 Bridge rriest Southbound) (f) 

220.06 55000 55000 I 7249.9 877.5 
220.06 55000 55000 7207 .5 875.8 
220.07 Bridge (Priest Northbound) 
220.Q7 55000 1 550001 7256.0 876.7 
220.17 55000 55000 7167.0 881.4 

222+00 220.26 55000 55000 7381.2 872.1 
average. 55000 7185.5 927.8 

JE Fuller Hydrology and Geomorphology, Inc. 

Max Chi Dpth E.G . Slope 
(ft) 

19.77 
17.73 
18.02 
17.68 
17.63 
18.16 
18.33 
18.28 
17.19 
17.49 
16.94 

17.32 
17.33 

17.80 
18.28 
18.72 
17.92 

4779.4 ft 
7618.4 ft 

(ft/ft) 

0.0017 
0.0022 
0.0022 
0.0022 
0.0022 
0.0022 
0.0023 
0.0023 
0.0026 
0.0025 
0.0022 

0.0021 
0.0021 

0.0021 
0.0020 
0.0020 

0.00219 

Max Chi Dpth E.G. Slope 
(ft) (tUft) 

12.04 0.0019 
10.23 0.0024 
10.61 0.0023 
10.31 0.0023 
10.32 0.0023 
10.89 0.0022 
11 .06 0.0022 
11 .01 0.0021 
9.92 0.0026 
10.23 0.0024 
9.46 0.0020 

9.68 0.0019 
9.70 0.0020 

10.04 0.0019 
10.46 0.0020 
10.82 0.0018 
10.42 0.0021 

Vel Chnl Invert Slope 
(ft/s) 

10.70 0.0000 
11.62 0.0052 
11 .60 0.0016 
11.67 0.0029 
11 .75 0.0023 
11 .71 0.0012 
11 .91 0.0018 
12.07 0.0023 
12.56 0.0044 
12.60 0.0019 
12.20 0.0032 

12.03 0.0000 
12.07 0.0000 

11.93 0.0000 
11 .96 0.0011 
11.75 0.0013 
11 .88 

Existing Slope: 

Vel Chnl Invert Slope 
(ft/s) 

7.11 0.0000 
7.75 0.0052 
7.64 0.0016 
7.70 0.0029 
7.69 0.0023 
7.55 0.0012 
7.67 0.0018 
7.68 0.0023 
8.16 0.0044 
8.06 0.0019 
7.64 0.0032 

7.59 0.0000 
7.63 0.0000 

7.58 0.0000 
7.67 0.0011 
7.45 0.0013 
7.66 

• 
Hydr Depth C Length Chnl Mann Wtd Chnl 

(ft) (ft) 
1293 

14.93 4 .0 0.035 
14.28 558.5 0.035 
14.16 511.3 0.035 
14.12 467.9 0.035 
14.26 470.9 0.035 
14.41 497.5 0.035 
14.38 499.4 0.035 
14.55 477.0 0.035 
14.23 490.5 0.035 
14.47 484.6 0.035 
15.25 843.7 0.035 

15.44 3.0 0.035 
15.40 10.5 0.035 

15.59 10.2 0.035 
15.67 495.8 0.035 
15.70 500.8 0.035 
14.80 0.035 

0.00230 ft/ft 

Hydr Depth C Length Chnl Mann Wtd Chn l 
(It) (It) 

1460.3 
7.50 4.0 0.035 

I 

7.25 558.5 0.035 
7.39 511 .3 0.035 
7.31 467.9 0.035 
7.33 470.9 0.035 
7.52 497.5 0.035 
7.53 499.4 0.035 
7.75 477.0 0.035 
7.43 490.5 0.035 
7.63 484.6 0.035 
8.22 843.7 0.035 

8.26 3.0 0.035 
8.23 10.5 0.035 

8.28 10.2 0.035 
8.13 495.8 0.035 
8.46 500.8 0.035 
7.76 0.035 
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• 
Project: Salt River Levee ID #33 
Location: Maricopa County, Arizona 

Table C-6: Scour Calculation Summary Table - North Levee 

• 
Calc'd by: RLS 

Date: 5/25/2011 

(1)Levee (1)HEC-RAS 
(2llong (J)General (4)Bedform 

(s)Low Flow 
Local 

Total Scour (s)Applied 
Calculated Design Toe 

Term Scour Scour Scour Scour Scour 
Station Cross lncisement Depth 

Depth Invert Elevation 
(North) Section 

(ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) 

158+86 219.04 0.0 5.18 1.49 0.0 3.48 10.2 1111 .3 11 01 .1 

162+33 219.15 0.0 5.18 1.43 0.0 0.0 6.6 1112.5 1105.9 

167+29 219.24 0.0 5.18 1.42 0.0 0.0 6.6 1112.6 1106.0 

172+31 219.33 0.0 5.18 1.41 0.0 0.0 6.6 1112.6 1106.0 

177+25 219.42 0.0 5.18 1.43 0.0 0.0 6.6 1112.8 1106.2 

182+54 219.52 0.0 5.18 1.44 0.0 0.0 6.6 1113.4 1106.7 

187+40 219.61 0.0 5.18 1.44 0.0 0.0 6.6 1114.3 1107.6 
192+26 219.7 0.0 5.18 1.46 0.0 0.0 6.6 1115.4 1108.7 

Notes: 
(1)- Levee Stations and HEC-RAS cross sections were derived using HEC-RAS cross section line crossing Levee Alignment Stationing. 
(2) - Schoklitsch equilibrium slope applied 
(3)- Live bed conditions assumed- Lacey Equation applied for general scour (USBR, "Computing Degradation and Local Scour" , 1984) 
(4)- Bedform scour calculated per Flood Control District of Maricopa County Method (FCDMC, "Hydraulics Design Manual"). 
(5)- Low flow lncisement set to 0. 
(6) -Applied invert from HEC-RAS model. 

All Elevations in NAVD 1929 

JE Fuller Hydrology and Geomorphology, Inc. 

of Soil 
Cement 

(ft) 

1096.5 

1103.5 

1101.7 

1102.2 

1102.7 

1103.1 

1103.4 
1103.8 

• 
Checked: JTA 

Date: 6/5/2011 

Calculated 
Adequate 

Safety 
Factor 

Toe-down? 

1.5 Yes 

1.4 Yes 

1.6 Yes 

1.6 Yes 

1.5 Yes 

1.5 Yes 

1.6 Yes 

1.7 Yes 



.I 
Project: Salt River Levee ID #33 
Location: Maricopa County, Arizona 

Table C-7: Scour Calculations Summary -South Levee 

.I 

Calc'd by: RLS 
Date: 5/22/2011 

(lllevee (llHEC-RAS 
(2llong (JlGeneral (

4lBedform 
(Sllow Flow 

Local 
Total Scour (&)Applied 

Calculated Design Toe 
Term Scour Scour Scour Scour Scour 

Station Cross lncisement Depth 
Depth Invert Elevation 

(South) Section 
(ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) 

155+20 219.04 0.0 2.59 1.49 0.0 0.0 4.1 1106.6 1102.5 

162+20 219.15 0.0 2.59 1.43 0.0 0.0 4.0 1109.5 1105.5 
167+45 219.24 0.0 2.59 1.42 0.0 0.0 4.0 1110.3 1106.3 

172+04 219.33 0.0 2.59 1.41 0.0 2.0 6.0 1111 .7 1105.7 

176+79 219.42 0.0 2.59 1.43 0.0 0.0 4.0 1113.1 1109.1 

181+68 219.52 0.0 2.59 1.44 0.0 0.0 4.0 1113.9 1109.8 
186+82 219.61 0.0 2.59 1.44 0.0 0.0 4.0 1115.2 1111 .2 

191+88 219.7 0.0 2.59 1.46 0.0 0.0 4.0 1116.5 1112.4 

196+91 219.79 0.0 2.59 1.42 0.0 0.0 4.0 1118.1 1114.0 

201+93 219.89 0.0 2.59 1.45 0.0 0.0 4.0 1118.4 1114.4 

210+87 220.05 0.0 2.59 1.53 0.0 0.0 4.1 1121 .1 1117.0 
211+47 220.06 0.0 2.59 1.54 0.0 0.0 4.1 1121 .1 1117.0 

211+51 220.063 0.0 2.59 1.54 0.0 0.0 4.1 1121.1 1117.0 

212+09 220.07 0.0 2.59 1.56 0.0 0.0 4.2 1121 .0 1116.8 

216+95 220.17 0.0 2.59 1.57 0.0 0.0 4.2 1121 .5 1117.3 
221+97 220.26 0.0 2.59 1.57 0.0 0.0 4.2 1122.2 1118.0 

Notes: 
(1)- Levee Stations and HEC-RAS cross sections were derived using HEC-RAS cross section line crossing Levee Alignment Stationing. 
(2) - Schoklitsch equilibrium slope applied - reach at equilibrium 
(3) - Live bed conditions assumed - Lacey Equation applied for general scour (USBR, "Computing Degradation and Local Scour" , 1984) 
(4)- Bedform scour calculated per Flood Control District of Maricopa County Method (FCDMC, "Hydraulics Design Manual"). 
(5) - Low flow lncisement set to 0. 
(6) - Applied invert from HEC-RAS model. 
(7)- BR =Toe-down founded on bedrock. 
All Elevations in NAVD 1929 

JE Fuller Hydrology and Geomorphology, Inc. 

of Soil 
Cement 

(ft) 

1092.2 

1103.9 

1104.4 

1104.9 

1105.4 

1105.7 

1106.2 

1106.8 

1107.8 

1107.6 

1111 .7 

1113.9 

1114.0 

1115.8 

1123.5 
1120.6 

•• 

Checked: JTA 
Date: 6/3/2011 

Calculated 
(r)Adequate 

Safety 
Factor 

Toe-down? 

3.5 Yes 
1.4 Yes 
1.5 Yes 
1.1 Yes 
1.9 Yes 
2.0 Yes 
2.3 Yes 
2.4 Yes 
2.5 Yes 
2.7 Yes 
2.3 Yes 
1.8 Yes 
1.7 Yes 
1.2 Yes 
NA BR 
NA BR 



I. 
Project: 
Location: 

Salt River Levee ID #33 
Maricopa County, Arizona 

Table C-8: General Scour Calculations - North Levee 

(11Levee (11HEC-2 
Station Cross Section 

158+86 219.04 

162+33 219.15 

167+29 219.24 

172+31 219.33 

177+25 219.42 

182+54 219.52 

187+40 219.61 

192+26 219.7 

Notes: 

(2)Q 

cfs 

169000 

169000 

169000 

169000 

169000 

169000 

169000 

169000 

Calc'd by: RLS 
Date: 5/25/2011 

(Jloso Z Factor 
mm 

80.000 0.5 

80.000 0.5 

80.000 0.5 

80.000 0.5 

80.000 0.5 

80.000 0.5 

80.000 0.5 

80.000 0.5 

• 

Checked : JTA 
Date: 5/25/2011 

General 
Scour Depth Comments 

(ft) 

5.18 

5.18 

5.18 

5.18 

5.18 

5.18 

5.18 

5.18 

(1)- Levee Stations and HEC-RAS cross sections were derived using HEC-RAS cross section line crossing Levee 
Alignment Stationing . 
(2) - 0 100 per SRHMP 
(3) - D50 per SRHMP 

JE Fuller Hydrology and Geomorphology, Inc. 

• 



., 
Project: 
Location: 

Salt River Levee ID #33 
Maricopa County, Arizona 

Table C-9: General Scour Calculations -South Levee 

(1)Levee (1)HEC-2 

Station Cross Section 

158+86 219.04 

162+33 219.15 

167+29 219.24 

172+31 219.33 

177+25 219.42 

182+54 219.52 

187+40 219.61 

192+26 219.7 

197+36 219.79 

202+16 219.89 

209+80 220.05 

210+42 220.06 

210+67 220.063 

211+38 220.07 

216+57 220.17 

221+55 220.26 

Notes: 

(2)0 

cfs 

169000 

169000 

169000 

169000 

169000 

169000 

169000 

169000 

169000 

169000 

169000 

169000 

169000 

169000 

169000 

169000 

Calc'd by: RLS 
Date: 5/22/2011 

(Jloso Z Factor 
mm 

80.000 0.25 

80.000 0.25 

80.000 0.25 

80.000 0.25 

80.000 0.25 

80.000 0.25 

80.000 0.25 

80.000 0.25 

80.000 0.25 

80.000 0.25 

80.000 0.25 

80.000 0.25 

80.000 0.25 

80.000 0.25 

80.000 0.25 

80.000 0.25 

.! 

Checked: JTA 
Date: 6/3/2011 

General 
Scour Depth Comments 

(ft) 

2.59 

2.59 

2.59 

2.59 

2.59 

2.59 

2.59 

2.59 

2.59 

2.59 

2.59 

2.59 

2.59 

2.59 

2.59 

2.59 

(1) - Levee Stations and HEC-RAS cross sections were derived using HEC-RAS cross section line crossing Levee 
Alignment Stationing . 
(2) - 0 100 per SRHMP 
(3) - D50 per SRHMP 

JE Fuller Hydrology and Geomorphology, Inc. 
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• 
Project: Salt River Levee 10 #33 
Location: Maricopa County, Arizona 

Table C-10: Bedform Scour Calculations- North and South Levees 

Levee 
HEC-RAS Hydraulic Channel 

Station 
Cross Depth Froude No. Velocity Controlling: 

Section (ft) ft/s 

158+86 219.04 14.93 0.49 10.7 Dune 

162+33 219.15 14.28 0.54 11 .62 Dune 

167+29 219.24 14.16 0.54 11 .6 Dune 

172+31 219.33 14.12 0.55 11 .67 Dune 

177+25 219.42 14.26 0.55 11 .75 Dune 

182+54 219.52 14.41 0.54 11 .71 Dune 

187+40 219.61 14.38 0.55 11 .91 Dune 

192+26 219.7 14.55 0.56 12.07 Dune 

197+36 219.79 14.23 0.59 12.56 Dune 

202+16 219.89 14.47 0.58 12.6 Dune 

209+80 220.05 15.25 0.55 12.2 Dune 

210+42 220.06 15.44 0.54 12.03 Dune 

210+67 220.063 15.4 0.54 12.07 Dune 
211+38 220.07 15.59 0.53 11 .93 Dune 

216+57 220.17 15.67 0.53 11 .96 Dune 

221+55 220.26 15.7 0.52 11 .75 Dune 

Note: 

• 
Calc'd by: RLS 

Date: 522/2011 

Dune Height 
Anti-Dune 

HeiQht 
(ft) (ft) 

2.99 3.09 

2.86 3.65 

2.83 3.63 

2.82 3.68 

2.85 3.73 

2.88 3.70 

2.88 3.83 

2.91 3.93 

2.85 4.26 

2.89 4.29 

3.05 4.02 

3.09 3.91 

3.08 3.93 

3.12 3.84 

3.13 3.86 

3.14 3.73 

Checked: JTA 
Date: 6/3/2011 

Scour 
Notes 

Component 
(ft) 

1.49 

1.43 

1.42 

1.41 

1.43 

1.44 

1.44 

1.46 

1.42 

1.45 

1.53 

1.54 

1.54 

1.56 

1.57 

1.57 

From Equations 10.13 and 10.14 in Draft Flood Control District of Maricopa County Drainage Design Manual Hydraulics 
- Yh is channel hydraulic depth from HEC-RAS model. 

JE Fuller Hydrology and Geomorphology, Inc. 
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• 
Project: Salt River Levee ID #33 
Location: Maricopa County, Arizona 

Table C-11: Equilibrium Slope Difference - North and South Levees 

Cumulative 
(1lLevee 

(1lHEC-
Distance 

RAS Cross from GCS Station 
Section 

(ft) 

158+86 219.04 1110.00 

162+33 219.15 1810.00 

167+29 219.24 2335.00 

172+31 219.33 2794.00 

177+25 219.42 3269.00 

182+54 219.52 3758.00 

187+40 219.61 4272.00 

192+26 219.7 4778.00 

197+36 219.79 5281 .00 

202+16 219.89 5783.00 

209+80 220.05 6677.00 

210+42 220.06 6737.00 

210+67 220.063 6741 .00 

211+38 220.07 6799.00 

216+57 220.17 7285.00 
221+55 220.26 7787.00 

(Z)Applied 
Average 

Equilibrium 
Slope 

ft/ft 

0.0022 

0.0022 

0.0022 

0.0022 

0.0022 

0.0022 

0.0022 

0.0022 

0.0022 

0.0022 

0.0022 

0.0022 

0.0022 

0.0022 

0.0022 
0.0022 

Calc'd by: RLS 
Date: 5/22/2011 

Existing Low 

Elevation from Flow 

Equilibrium Channel 
Elevation Slope 

(ft) (ft) 

1109.92 1106.59 

1111.44 1109.49 

1112.59 1110.33 

1113.59 1111 .69 

1114.62 1112.78 

1115.68 1113.36 

1116.80 1114.26 

1117.91 1115.35 

1119.00 1117.50 

1120.10 1118.42 

1122.04 1121 .14 

1122.17 1121 .11 

1122.18 1121 .11 

1122.31 1120.97 

1123.37 1121 .50 
1124.46 1122.15 

• 
Checked: JTA 

Date: 6/3/2011 

Existing Low Flow 
'"·Long Term 

Sour 
Channel below Component 
Elevation from Applied to 

Equilibrium Slope Channel 

(Yes/No) (ft) 

Yes 0.00 

Yes 0.00 

Yes 0.00 

Yes 0.00 

Yes 0.00 

Yes 0.00 

Yes 0.00 

Yes 0.00 

Yes 0.00 

Yes 0.00 

Yes 0.00 

Yes 0.00 

Yes 0.00 

Yes 0.00 

Yes 0.00 
Yes 0.00 

(1)- Levee Stations and HEC-RAS cross sections were derived using HEC-RAS cross section line crossing Levee 
Alignment Stationing. 
(2) - Schoklitsch equilibrium = 0.0022 ft/ft 
(3)- Scour Component added to total scour if applied invert (North/South) above calculated elevation from 
equilibrium slope 
(4) - Elevation at top of Grade Control Structure = 1107.5 (NGVD29) 
GCS -Grade Control Structure 

JE Fuller Hydrology and Geomorphology, Inc. 
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Table C-12: Local Scour Calculations- Priest Road Bridge 

LOCAL-SCOUR DEPTH FOR BRIDGE PIERS AND SIMILAR OBSTRUCTIONS 
(scour depth using CSU's equation, Y5 = Y1 (2.0 K1 K2 K3 K4 (a/Y1)

065 Fr043
) , HEC-18, 2001 , Eq . 6.1 ,Pg 6.2] 

Y1 , upstream flow depth= 
Fr, froude no. = 

a, width of obstruction = 
K1 , pier shape coefficient or correction factor (Table 6.1) = 

K2 , correction factor fo r angle of attack (Eq. 6.4 or Table 6.2) = 
K3 , correction factor for bed condition (Table 6.3) = 

K4, correction factor for armoring (Eq . 6.5) = 
composite coefficient (2.0*K1 *K2*K3*K4) = 

Ys, local-scour depth = 

Table 6.1 

15.59 ft . 
0.53 
4.50 ft. 
1.00 
2.35 
1.10 
0.51 
2.64 

13 .98 ft. 

Table 6.2 
Pier Nose 

Shape 
Coefficient 

(K1) 
AngIe of Attack f--:-:-'-P:...:ie.:.,.r -=Le.::..:n,.:>g'-"th7/W.,...;-:.id.::..:t7h-'-R.:..:;a.:._ti..:,o_,( K'""2:;J.n'-7-::,--

(degrees) Lla = 4 Lla = 8 Lla = 12 
square nose 
round nose 
cylinder 
sharp nose 

1.1 
1.0 
1.0 
0.9 
1.0 

0 1.0 1.0 1.0 

group of cylinders 

15 
30 
45 
90 

1.5 
2.0 
2. 3 
2.5 

2.0 2.5 
2.75 3.5 
3.3 4.3 
3.9 5.0 

Equation 6.4 angle= 15.0 degrees 
L= 48.0 ft 

K2 = 2.35 

Comments 
a) If the obstruction width incl udes debris accumulation , use a pier shape coefficient (K1) 
of 1.1; otherwise use the appropriate coefficient listed above. 

b) As a rule-of-thumb, the maximum scour depth for round nose piers aligned with the flow is: 

Ys :5. 2.4 times the pier width (a) for Fr :5. 0.8 
Ys :5. 3.0 times the pier width (a) for Fr ~ 0.8 

2.4 * a= 
3.0 * a= 

10.80 ft . 
13.50 ft . 

c) CSU's equation , as outlined above, was obtained from HEC-18. It is the same procedure 
used by ADWR and the City of Tucson. However, the ADWR and COT procedures are 
approached in a slightly different manner. A composite coefficient of 2.2 is the default condition. 
It is based on K1 and K2 only, with K1 = 1.1 and K2 = 2. Reduction factors are then applied 
to adjust for different pier nose shapes. The reduction factor is as follows : 

Pier Nose 
Shape 

square nose 
round nose 
cylinder 
sharp nose 
group of cylinders 

JE Fuller/Hydrology and Geomorphology, Inc. 

Reduction 
Factor 

1.0 
0.9 
0.9 
0.8 
0.9 
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d) K3- correction factor to account for variations in bed form and sediment transport. 

Bed Condition 

clear-water scour 
plane bed and antidune flow 
small dunes 
medium dunes 
large dunes 

e) K4- correction factor for armoring 

Table 6.3 
Dune Height, H 

(ft) 
n/a 
n/a 

10 > H ~ 2 
30 > H ~ 10 

H > 30 

K4<1 applicable ? 

Eq . 6.5 K4 = 

particle diameter (mm) 

050 = 80 
095 = 280 

Note: Vc and Vic per Laursen's 

Vr = 
V1 = 

Vicd50 = 
Vcd50 = 
Vicd95 = 
Vcd95 = 

Limits for Bed Material Size and K4 values 
Factor Mininum Size Min . K4 value 

K4 050 ~ 0.006 ft 0.4 
095 > 0.06 ft 

Coefficient 
(K3) 

Yes 

1.1 
1.1 
1.1 

1.2 to 1.1 
1.3 

0.51 

5.02 
11 .93 
6.27 

11 .30 
10.18 
17.16 

Particle Size (ft) 
0.262 
0.92 

Note: The local scour depth at the bridge piers was determined to be 13.98 feet. Assuming the toe of the 
local scour hole is one width of the obstruction (4.5 feet) from the pier and projecting upwards at a 
3:1 angle of repose for the side slope of the scour hole, the width of the local scour hole at the bed 
will be appproximately 46.4 feet. If the distance between the pier and the toe of the bank is less 
than 46.4 feet, a portion of the computed local scour depth at the pier must be included as a 
component in the total scour depth at the toe of the bank protection. 

The distance between the toe of the south bank and the first pier set is approximately 62.9 feet and 
the distance between the north bank and the first pier set is approximately 66.21 feet. Therefore, 
local scour is not a factor relative to the toe protection for either the south bank or the north bank . 
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Table C-13: Local Scour Calculations- SR 143 Bridge 

LOCAL-SCOUR DEPTH FOR BRIDGE PIERS AND SIMILAR OBSTRUCTIONS 
(scour depth using CSU's equation, Y5 = Y1 (2.0 K1 K2 K3 K4 (a/Y1)

065 Fr043
) , HEC-18, 2001 , Eq. 6.1 ,Pg 6.2] 

Y1 , upstream flow depth = 
Fr, froude no. = 

a, width of obstruction = 
K1 , pier shape coefficient or correction factor (Table 6.1) = 

K2, correction factor for angle of attack (Eq . 6.4 or Table 6.2) = 
K3 , correction factor for bed condition (Table 6.3) = 

K4, correction factor for armoring (Eq. 6.5) = 
composite coefficient (2.0*K1 *K2*K3*K4) = 

Ys , local-scour depth = 

Table 6.1 

14.93 ft . 
0.49 
6.00 ft. 
1.00 
2.49 
1.10 
0.48 
2.63 

15.94 ft . 

Table 6.2 
Pier Nose 

Shape 
Coefficient 

(K1) 
Angle of Attack 1--...,...,--P_ie...,r_L_e .... ng"'-t_,h...,/W_id...,th,...--R,.a_tio....,..., (IK_2-'~)...,.....,._ 

(degrees) L/a = 4 L/a = 8 L/a = 12 
square nose 
round nose 
cylinder 
sharp nose 
group of cylinders 

1.1 
1.0 
1.0 
0.9 
1.0 

0 1.0 1.0 1.0 
15 1.5 2.0 2.5 
30 2.0 2.75 3.5 
45 2.3 3.3 4.3 
90 2.5 3.9 5.0 

Equation 6.4 

Comments 

angle= 
L= 

K2 = 

15.0 
72 .0 
2.49 

degrees 
ft 

a) If the obstruction width includes debris accumulation, use a pier shape coefficient (K1) 
of 1.1; otherwise use the appropriate coefficient listed above. 

b) As a rule-of-thumb, the maximum scour depth for round nose piers aligned with the flow is: 

Ys ~ 2.4 times the pier width (a) for Fr ~ 0.8 
Ys ~ 3.0 times the pier width (a) for Fr ~ 0.8 

2.4 *a = 
3.0 *a= 

14.40 ft . 
18.00 ft. 

c) CSU's equation, as outlined above, was obtained from HEC-18. It is the same procedure 
used by ADWR and the City of Tucson. However, the ADWR and COT procedures are 
approached in a slightly different manner. A composite coefficient of 2.2 is the default condition. 
It is based on K1 and K2 only, with K1 = 1.1 and K2 = 2. Reduction factors are then applied 
to adjust for different pier nose shapes. The reduction factor is as follows : 

Pier Nose 
Shape 

square nose 
round nose 
cylinder 
sharp nose 
group of cylinders 

JE Fuller/Hydrology and Geomorphology, Inc . 

Reduction 
Factor 

1.0 
0.9 
0.9 
0.8 
0.9 
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d) K3 -correction factor to account for variations in bed form and sediment transport. 

Bed Condition 

clear-water scour 
plane bed and antidune flow 
small dunes 
medium dunes 
large dunes 

e) K4- correction factor for armoring 

Table 6.3 
Dune Height, H 

(ft) 
n/a 
n/a 

10 > H ~ 2 
30 > H ~ 10 

H > 30 

K4<1 applicable ? 

Eq. 6.5 K4 = 

particle diameter (mm) 

050 = 
095:: 

80 
280 

Note: Vc and Vic per Laursen's 

Vr = 
V1 = 

Vicd50 = 

Vcd50 = 
Vicd95 = 
Vcd95 = 

Limits for Bed Material Size and K4 values 
Factor 

K4 
Mininum Size 
050 ~ 0.006 ft 
095 > 0.06 ft 

Min. K4 value 
0.4 

Coefficient 
(K3) 

Yes 

1.1 
1.1 
1.1 

1.2 to 1.1 
1.3 

0.48 

3.59 
10.70 
6.13 

11.22 
9.95 

17.04 

Particle Size (ft) 
0.262 
0.92 

Note: The local scour depth at the bridge piers was determined to be 15.94 feet. Assuming the toe of the 
local scour hole is one width of the obstruction (6.0 feet) from the pier and projecting upwards at a 
3:1 angle of repose for the side slope of the scour hole, the width of the local scour hole at the bed 
will be appproximately 53.8 feet. If the distance between the pier and the toe of the bank is less 
than 53.8 feet, a portion of the computed local scour depth at the pier must be included as a 
component in the total scour depth at the toe of the bank protection. 

The distance between the toe of the south bank and the first pier set is approximately 55.4 feet. 
Therefore , local scour is not a factor relative to the toe protection for the south bank. However, it is 
a factor for the toe protection for the north bank, since the distance is limited to approximately 42.5 
feet. Consequently, an additional 3.93 feet must be added to the scour depth associated with the 
north bank to account for local scour at the adjacent pier . 
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1. Interior Drainage 

1.1 Overview 

Levee Certification Report 
Salt River Levee System ID#33, 

Maricopa County, Arizona 
Appendix D. Interior Drainage 

This appendix discusses the interior drainage and summarizes the drainage structures with in 
the project. The limits of the Salt River Levee System ID#33 which are tru ly in levee condition 
(explained in a separate appendix) are shown on Plate 1 (in Appendix B) and summarized as 
follows: 

• The north levee extends from centerline station 160+00 to 193+00 (as superimposed on 
the north levee). This includes RM 219.15 to 219.70. 

• The south levee extends from centerline station 156+20 to 220+00 (as superimposed on 
the south levee). This includes RM 219.15 to 220.26. 

1.2 Workmaps 

• Plate 1 (in Appendix B) is the project workmap with interior drainage areas shown in 
detail. 

• Plate 2 (in Appendix B) shows the levee as-built information including locations of 
several of the structures (openings and closures). 

1.3 Referenced As-Built Plans, Topography, and Survey 

The discussion in this appendix references the following as-built plans, reports , and survey: 

• "Salt River Channelization , Hohokam (University-Sky Harbor)", State of Arizona 
Department of Transportation Highways Division , RAM-600-3-511 , as-built 1/25/1993. 
Plate 1 (in Appendix B) shows centerline stationing interpolated from this as-built set. 
Stations for the various structures reference this centerline. Also , this set of as-built 
plans document the levee as it was originally constructed with portions annotated on 
Plate 2 (in Appendix B) . 

• "Salt River Hydraulic Master Plan", Stantec Consulting, 2009. This study shows the 
most recent topographic information and also shows several of the structures. 
Topography from this study and shown on Plate 1 is NGVD29. 

• "Preliminary Grading, Drainage, and Utility Plans for East Valley Maintenance Yard", 
2005. This set of plans shows a storm drain which was constructed after the levee (RM 
219.20, as-built Sta. 165+00). 

• "Survey Report- Salt River Levee Survey", Wilson & Company, May 2011 . This report 
was prepared for FCDMC for this project. The survey identified the openings and 
closures in this project and also provided cross sectional survey of the levee. 

1.4 Methodology 

The levees in question are not ring levees, but there are limited areas located on the landside of 
each levee that could be considered interior drainage. These areas are represented on Figure 
D-1 and Plate 1 (in Appendix B) and discussed below. Peak discharge and runoff volume for 
the 1 00-year event (6 hour duration) were determined using the rational equation per Maricopa 
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Levee Certification Report 
Salt River Levee System ID#33, 

Maricopa County, Arizona 
Appendix D. Interior Drainage 

County methodology. All of the interior drainage areas are impoundments with no positive 
drainage. Therefore the ponded water surface elevation was estimated with a stage-storage 
table for each sub-basin. This water surface is represented on Plate 1 (in Appendix B). Table 
D-1 summarizes the peak discharge and runoff volume along with the maximum 1 00-year 
ponded water surface elevation. Average depth is also listed and is a function of ponded volume 
and maximum wetted area. 

1.5 Northern Drainage Areas 

There are two interior drainage areas along the north levee: N1 00 and N200. Both drain to 
isolated low points near the toe along the backside of the levee. These sub-basins are located 
along either side of a tributary which pierces the levee. 

1.6 Southern Drainage Areas 

There are eight sub-basins along the south levee between SR143 and Priest Drive. Most of 
these are retention-like areas with ponding occurring over a relatively large and flat area . All of 
these are contained to the south by higher natural grade and/or Rio Salado Parkway. In general 
the sub-basins are divided by small ridgelines. All of the area represented by these sub-basins 
has been highly disturbed and is irregular. 

Sub-basins S100 and S200 are located along the east side of SR143. Sub-basin S100 drains 
to a low point along the levee while sub-basin S200 drains away from the levee. S200 was 
modeled to determine if it had any contribution to S100, which it does not. 

Sub-basin S300 is a retention area with flow ponding along a broad area at the bottom . 

S500 extends to the east up a manmade hill for a radio tower and drains to a local low point 
which , when it overtops, will spill into S400. The combined runoff of the two areas spreads over 
a relatively large area within S400. 

Sub-basin S600 is another retention-like area which drains to a low point along the levee. 

S700 and S800 are separated by a ridgeline that is overtopped by S800 runoff which spills into 
S700. 

There is one sub-basin along the south levee to the east of Priest Drive: sub-basin S900. This 
area bounded on the west by Priest Drive, along the east by a small ridgeline, and the south by 
a road and elevated commercial area. This sub-basin drains to a low point along the levee . 

JE Fuller Hydrology & Geomorphology, Inc. Page 2 
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• Table D-1 ·Interior Drainage Areas 

Sub- Area Q-100 
Runoff 

Invert 
Ponded 

basin 
Volume ws 

(acres) (cfs) (ac-ft) (ft) (ft) 

N100 14.21 67 2.47 1122.8 1125.1 

N200 17.28 68 3.00 1122.4 1131 .4 

S100 3.93 18 0.68 1118.3 1122.2 

S200 6.18 29 1.07 1117.1 1122.1 

S300 2.75 13 0.48 1120.4 1121.4 

S400 9.74 46 1.69 1120.1 1121 .3 

S500 6.50 31 1.13 1117.8 1121 .3 

S400&500 16.24 76 2.82 n/a n/a 

S600 5.67 27 0.98 1118.0 1120.5 

S700 23.08 108 4.01 1128.0 1130.3 

S800 45.42 208 7.88 1129.0 1130.5 

S700&800 68.51 285 11 .89 n/a n/a 

S900 3.69 17 0.64 1134.2 1137.4 

• 

• 
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Maximum Average 
Depth Depth 

(ft) (ft) 

2.3 1.0 

9.0 3.5 

3.9 1.6 

5.0 1.0 

1.0 0.5 

1.2 0.5 

3.5 0.5 

n/a 0.5 

2.5 1.2 

2.3 0.8 

1.5 0.8 

n/a 0.8 

3.2 1.6 
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D. Data for Interior Drainage 

0.1 Hydrology Calculations 

FCDMC Procedure computation sheets 

Basin volume computation sheets 
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Project: Salt River Levee 

Summary Table 

Sub-bas in Area Flowpath 

length 

(acres) (miles) 

N100 14.21 0 .223 

N200 17.28 0.674 

S100 3.93 0.113 

S200 6.18 0 .132 

5300 2.75 0.100 

5400 9.74 0 .132 

5500 6.50 0 .203 

5400&500 16.24 0.203 

5600 5.67 0.121 

5700 23 .08 0.269 

5800 45.42 0.333 

5700&800 68.51 0.453 

5900 3.69 0.195 

Sub-basin Invert Ponded 

ws 
(ft) (ft) 

N100 1122.8 1125.1 

N200 1122.4 1131.4 

5100 1118.3 1122.2 

5200 1117.1 1122.1 

5300 1120.4 1121.4 

5400 1120.1 1121.3 

5500 1117.8 1121.3 

5600 1118.0 1120.5 

5700 1128.0 1130.3 

5800 1129.0 1130.5 

5900 1134.2 1137.4 

Return Period: 100-yr 

Flowpath Time of c i Q-100 Runoff Unit 

slope Cone. Volume runoff 

(ft/mile) (hours) (in/hr) (cfs) (a e-ft) (cfs/ac) 

67 0.13 0.85 5.52 67 2.47 27 

68 0.24 0 .85 4.60 68 3.00 23 

230 0 .07 0 .85 5.52 18 0 .68 27 

121 0 .09 0.85 5.52 29 1.07 27 

110 0.08 0 .85 5.52 13 0.48 27 

91 0.09 0 .85 5.52 46 1.69 27 

315 0 .08 0.85 5.52 31 1.13 27 

315 0 .08 0.85 5 .52 76 2.82 27 

521 0.05 0 .85 5.52 27 0.98 27 

193 0.10 0.85 5.52 108 4.01 27 

42 0 .17 0 .85 5.40 208 7.88 26 

38 0 .21 0.85 4 .90 285 11.89 24 

133 0.10 0 .85 5.52 17 0.64 27 

Depth 

(ft) 

2.3 

9.0 

3.9 

5 .0 

1.0 

1.2 

3.5 

2.5 

2.3 

1.5 

3.2 



• 
ARI* 

(years) Smin 10min 15 min 30min 60min 120 min 

1 0.18 0.27 0.33 0.45 0.55 0.64 

2 0.23 0.35 0.43 0.58 0.72 0.82 

5 0.31 0.48 0.59 0.8 0.99 1.11 

10 0.38 0.57 0.71 0.96 1.19 1.33 

25 0.47 0.71 0.88 1.18 1.46 1.62 

so 0.53 0.81 1.01 1.35 1.68 1.85 

100 0.6 0.92 1.13 1.53 1.89 2.09 

200 0.67 1.02 1.27 1.71 2.11 2.33 

500 0.77 1.17 1.45 1.95 2.41 2.65 

1000 0.84 1.28 1.58 2.13 2.64 2.9 

Min utes 5 10 15 30 60 120 

Hours 0.083 0.167 0.25 0.5 1 2 

ARI* 

(years) Smin 10min 15min 30min 60min 120 min 

1 2.16 1.62 1.32 0.90 0.55 0.32 

2 2.76 2.10 1.72 1.16 0.72 0.41 

5 3.72 2.88 2.36 1.60 0.99 0.56 

10 4.56 3.42 2.84 1.92 1.19 0.67 

25 5.64 4.26 3.52 2.36 1.46 0.81 

50 6.36 4.86 4.04 2.70 1.68 0.93 

100 7.20 5.52 4.52 3.06 1.89 1.05 

200 8.04 6.12 5.08 3.42 2.11 1.17 

500 9.24 7.02 5.80 3.90 2.41 1.33 

1000 10.08 7.68 6.32 4.26 2.64 1.45 

Reference: NOAA Atlas 14 « http:/ /hdsc.nws.noaa .gov» 

• 
Arizona 33.434 N 111.966 W 1184 feet 

Precipitat ion Frequency Estimates (inches) 

3 hr 6 hr 12 hr 24 hr 

0.69 0.83 0.93 1.12 

0.88 1.05 1.18 1.43 

1.17 1.35 1.5 1.85 

1.39 1.59 1.75 2.19 

1.7 1.92 2.09 2.65 

1.95 2.18 2.35 3.02 

2.21 2.45 2.62 3.4 

2.49 2.73 2.89 3.79 

2.87 3.11 3.26 4.34 

3.17 3.41 3.54 4.77 

180 360 720 1,440 

3 6 12 24 

Precipitation Intensity (inches/hou r) 

3 hr 6 hr 12 hr 24 hr 

0.23 0.14 O.D78 0.047 

0.29 0.18 0.098 0.060 

0.39 0.23 0.125 0.077 

0.46 0.27 0.146 0.091 

0.57 0.32 0.174 0.110 

0.65 0.36 0.196 0.126 

0.74 0.41 0.218 0.142 

0.83 0.46 0.241 0.158 

0.96 0.52 0.272 0.181 

1.06 0.57 0.295 0.199 

• 
48 hr 4 day 7 day 10 day 20 day 30 day 45 day 60 day 

1.23 1.36 1.5 1.63 2 2.33 2.71 3.01 

1.57 1.74 1.91 2.08 2.57 3 3.49 3.88 

2.06 2.29 2.52 2.75 3.39 3.95 4.6 5.1 

2.46 2.73 3.01 3.28 4.01 4.67 5.41 5.99 

3 3.37 3.71 4 .02 4.84 5.64 6.48 7.14 ! 

3.44 3.88 4 .26 4 .62 5.48 6.38 7.29 7.99 

3.9 4.42 4.86 5.25 6.13 7.14 8.1 8 .84 

4.38 5 5.49 5.92 6.79 7.91 8.91 9.67 

5.05 5.81 6.38 6.84 7.67 8.95 9.97 10.76 

5.59 6.47 7.09 7.59 8.36 9.74 10.77 11.56 

2,880 5,760 10,080 14,400 28,800 43,200 64,800 86,400 

48 96 168 240 480 720 1080 1440 

48 hr 4day 7 day 10day 20day 30 day 45 day 60 day 

0.026 0.014 0.009 0.0068 0.0042 0.0032 0.0025 0.0021 

0.033 0.018 0.011 0.0087 0.0054 0.0042 0.0032 0.0027 

0.043 0.024 0 .015 0.0115 0.0071 0.0055 0.0043 0 .0035 

0.051 0.028 0.018 0.0137 0.0084 0.0065 0.0050 0.0042 

0.063 0.035 0 .022 0.0168 0.0101 0.0078 0.0060 0.0050 

0.072 0.040 0 .025 0.0193 0.0114 0.0089 0.0068 0.0055 

0.081 0.046 0 .029 0.0219 0.0128 0.0099 0.0075 0 .0061 

0.091 0.052 0 .033 0.0247 0.0141 0.0110 0.0083 0.0067 

0.105 0.061 0 .038 0.0285 0.0160 0.0124 0.0092 0.0075 

0.116 0.067 0 .042 0.0316 0.0174 0.0135 0.0100 0.0080 
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• Hydrologic Data Sheet for Computing Peak Discharge per FCDMC Method 

Project: Salt River Levee CP: NlOO Return Period: 100-yr 

Eq. 1.0: Q=CiA 
where : Q=peak discharge, cfs 

C=runoff coefficient, unitless 

i=average rainfall intensity, inches/hour, last ing for a T0 (per Eq . 2) 

A=drainage area, acres 

A= 14.21 

C= 0.85 ... Q=12.07 * i 

Eq . 1.1: Tc=11.4*L o.s*Kb o.s2*s·0.31*ro.3s 

where : Tc=time of concentration, hours 

Kb=watershed resistance coefficient, (per Eq . 3) 

L=length of the longest fl ow path, miles 
S=watercourse slope, feet/mile 

i=average rainfa ll intensity, inches/hour, lasting for a Tc 

Eq. 1.2: Kb=m* log1oA+b 
where : m and bare defined by Table 3.1 of Reference 1 

m= -0.00625 
b= 0.04 ... Kb=0.033 

L= 0.223 

5= 67.3 ... Tc=0.247 * r0
.
38 

Iteration Tc Tc i per IDF Eq . 3 Tc Delta Tc Accept? 

(min) (hr) (in/hr) (hr) (hr) • 1 15 0.25 4.5 0.14 0.11 No 

2 8.4 0.14 7.2 0.12 0.02 No Tc<10! 

3 10 0.17 5.5 0.13 0.04 No Tc=10 applied 

.. . Tc= 0.13 and 0=67 cfs 
10.00 

~ .. ····· 
5 - .... 

·- ·- - ·- -~: _ : ······· · 
0 --- --- -. ·- - . ------· ::.············ · ~ -- ·-·-· -.. - r-- ---- --- -·- - - - - --- _-:__··::..·: "' r--- r-- --- -- -- .:.: :····· 
"' ~ -1-r- --======= -- ---- --~ = ~--- ~ --- -:.:·.::·::.:,:-
u t::--- -·-·-. ·-:_: ~:.:·. c - ---- ~ = - - · .::-: ·-, 1.00 

.~ - -"' 1-c g -yea 
~ 

- -- ----- : :rea -·- ---·-· ~ea .5 

~ 
······ ········ 1~¥-year 

5{,}-yea 
c - I-- i at ~c 
~ 0.10 

1 10 100 
Duration, minutes 

Eq. 2.0: V=C* (P/12)*A 

where : V=calculated volume, acre-feet 

P=rainfall depth, inches 

C and A already defined above 

P= 2.45 (in.) (6 hour) 

V=2.47 ac-ft 

Ref. 1: "Drainage Des ign Manual for Maricopa County, Arizona, Hydrology", Flood Control Distri ct of Maricopa County, Nov. 2009 

• I!IIIIIIIJ-.:::~ JEFULJ-ER 
111( 

Prepared by IPS 

Date 05/2011 
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Hydrologic Data Sheet for Computing Peak Discharge per FCDMC Method 

Project: Salt River Levee CP: N200 Return Period: 100-yr 

Eq. 1.0: Q=CiA 
where : 

where: 

Q=peak discharge, cfs 

C=runoff coefficient, unitless 

i=average rainfall intensity, inches/hour, lasting for a T0 (per Eq . 2) 

A=drainage area, acres 

A= 17.28 

C= 0.85 ... Q=14.69 * i 

Tc=time of concentration, hours 

Kb=watershed resistance coefficient, (per Eq . 3) 

L=length of the longest flow path, miles 
S=watercourse slope, feet/mile 

i=average rainfall intensity, inches/hour, lasting for a Tc 

Eq. 1.2: Kb=m*log10A+b 

where: m and bare defined by Table 3.1 of Reference 1 

Iteration Tc 
(min) 

1 20 
2 15.3 
3 12.1 

... Tc= 0.24 
10.00 

m= -0.00625 
b= 0.04 ... Kb=0.032 

L= 0.674 

S= 68.2 

(hr) 
0.33 
0.26 
0 .20 

and 

-~··· 

... Tc=0.424 * i"0
"
38 

i per IDF Eq . 3 Tc Delta Tc 

(in/hr) (hr) (hr) 
3.9 0.25 0 .08 
7.2 0.20 0 .05 
4.6 0.24 -0.04 

0=68 cfs 

.... . . . -.. 
-

······ ... 

Accept? 

No 
No 
No 

_g --- --- . ·- .. ·-·-· ---- -::.. :.::.-.- ········· 
~ -~---r-=..: --- ---.:::·:::·-- · ~~~:.: :f:.:-::· .- :.:·: :.::····· 

···· ·· ··· 

Ill f LOO ~~~§~~~~~~~-y~a!~r---!t-~t--~~r-----=::=~==---~~,t::--~--~--~- -!-~·: :~:-~::!:~·~~:~_.~~· ·~~··:~··~t·· ·-~::_:~:.::~.- -~·· 
c ----- --- ~ - ea -·- -·-·-· tn- ea'I-H-t--1----+---1---+-+-+-+-+-H 
~ +-----~~~~~-r--~~5~ea~~~-+---r---+--+-+-~~+-~ 

c ·· ··· ········· 10 ~-year -r-- i at c 
~ 0.10 -'-------l.--'-----'--....I----1-.I...-.I...-L.......l.-L---L---.I...-----L_---L_..!...._...J.._....L_.J._LJ 

1 10 
Duration, minutes 

Eq. 2.0: V=C*(P/12)*A 

where : V=calculated volume, acre-feet 

P=rainfall depth, inches 

C and A already defined above 

P= 2.45 (in.) (6 hour) 

V=3.00 ac-ft 

100 

Ref. 1: "Dra inage Design Manual for Maricopa County, Arizona, Hyd rology" , Flood Control District of Maricopa County, Nov. 2009 

IIIC. 
Prepared by 

Date 

IPS 

05/2011 
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• 

Hydrologic Data Sheet for Computing Peak Discharge per FCDMC Method 

Project: Salt River Levee CP: 5100 Return Period: 100-yr 

Eq. 1.0: Q=CiA 
where : Q=peak discharge, cfs 

C=runoff coefficient, unitless 

i=average rainfall intensity, inches/hour, lasting for a T0 (per Eq . 2) 

A=drainage area, acres 

~ 

:l 
0 

.r:. ..., 

where: 

A= 3.93 -----
C= 0.85 ... Q=3.34 * i 

Tc=time of concentration, hours 

Kb=watershed resistance coefficient, (per Eq . 3) 

L=length of the longest flow path, miles 
S=watercourse slope, feet/mile 

i=average rainfall intensity, inches/hour, lasting for a Tc 

Eq. 1.2: Kb=m*log1oA+b 

where: m and bare defined by Table 3.1 of Reference 1 
m= -0.00625 
b= 0.04 ... Kb=0.036 
==== 

L= 0.113 -----
5= 230.1 ... Tc=0.127 * i'0'

38 

Iteration i per IOF Eq . 3 Tc Delta Tc 

(min) (hr) (in/hr) (hr) (hr) 
1 10 0.17 5.5 0.07 0.10 
2 4 0.07 7.2 0.06 0.01 
3 10 0.17 5.5 0.07 0.10 

... Tc= 0.07 and 0=18 cfs 
10.00 

... 
~--· : -- :-: ·- ::-: · -·· -~:-::..~::.:::::.:.:·-=~ :.:.·········· 

r--r-- - --------=------ ::---:.: .:::_.:. ....... :.: ...... 

Accept? 

No 
No 
No 

QJ 

! 1.00 ~~~~~~~~~~~~~~r---====::~~=--~~~==---~--~--~--~---~·=~~-.::!:~·::;: ~:~~::.·§· ···~1:· :-~::.:~::;m:.:·. 
'Vi -
c: a y a 
~ .= -- ------ '- a"--' -l~-=--'-!'·=--=-- ·'!-1-0- ea'I--+--1-1-----+---+--+-+--+--+-+-H 

-

~ +------.,2-& 1(ea !iG- eai)-H -1-----+---+--+-+--+--+-+-t-1 
c: ...... ........ 10 1-year -- i at c 
~ 0.10 "--------L-'----'---'----'--'--.1........J'-'--'-----'---'-'---'--'---'---'--"--LJ 

1 10 
Duration, minutes 

Eq. 2.0: V=C*(P/12)*A 

where: V=calculated volume, acre-feet 

P=rainfall depth, inches 

C and A already defined above 

P= 2.45 (in .) (6 hour) 

V=0.68 ac-ft 

100 

Tc<10! 
Tc=10 applied 

Ref. 1: "Drainage Design Manual for Maricopa County, Arizona, Hydrology", Flood Control District of Maricopa County, Nov. 2009 

ll1C. 
Prepared by 

Date 

IPS 

05/2011 



• Hydrologic Data Sheet for Computing Peak Discharge per FCDMC Method 

Project: Sa lt River Levee CP: 5200 Return Period: 100-yr 

Eq. 1.0: Q=CiA 
where : Q=peak discharge, cfs 

C=runoff coefficient , unitless 

i=average rainfa ll intensity, inches/hour, lasting for a T0 (per Eq . 2) 

A=drainage area, acres 

A= 6.18 

C= 0.85 .. . Q=5.25 * i 

Eq . 1.1: T,=11.4* Lo.s* Kbo.s2*s·D.31*ro.3s 

where: T,=time of concentration, hours 

Kb=watershed resistance coefficient, (per Eq. 3) 

L= length of the longest flow path, miles 
S=watercourse slope, feet/ mile 

i=average rainfall intensity, inches/hour, lasting for aT, 

Eq. 1.2: Kb=m* log1oA+b 
where: m and bare defined by Table 3.1 of Reference 1 

m= -0.00625 
b= 0.04 ... Kb=0.035 

L= 0.132 

S= 121.2 ... Tc=0.164 * i'0'
38 

Iterati on T, T, i per IDF Eq. 3 T, Delta T, Accept? 

(min) (h r) (in/hr) (hr) (h r) • 1 10 0.17 5.5 0.09 0.08 No 
2 5.2 0.09 7.1 0.08 0.01 No Tc<10 ! 

3 10 0.17 5.5 0.09 0.08 No Tc=10 applied 

... Tc= 0.09 and 0=29 cfs 
10.00 .. .... 

~ - ··· .. .:::· ::J ·- - - ······ ... 0 -- . ·-- . ·- -. --- - -:- ····· ·········· ..c: -- · ~ .. . 
',;;- - - ---~ .. - . ... - :-:-: - ..:.:~ ·.:...:_··:.:.· ... .. t- - --- ---- - :·· ··· 
..c: - --==:::::::::: -- ---- .·::~--· : --- - :: ·::.:..:: 
u t:::::-- :·:~: · -- ·-:_:~:::. c: ·-·-. 
·-:. 1.00 
~ . 
'iii 

'l:-ya c: a 
21 -------- ,_ a ... -·-·-· o~ ea 
-= 
~ 5 year- ,SQ.. ea 
c: .......... .... 10 -year - - i at c 
~ 0.10 

1 10 100 
Duration, minutes 

Eq. 2.0: V=C* (P/12)* A 

where : V=calculated volume, acre-feet 

P=rainfal l depth, inches 

C and A already defined above 

P= 2.45 (in .) (6 hour) 

V=l.07 ac-ft 

Ref. 1: "Drainage Design Manual for Maricopa County, Arizona, Hydrology", Flood Control District of Maricopa County, Nov. 2009 

• ~ ....._~ JEFUL~ 
IOC 

Prepared by IPS 

Date 05/2011 



• Hydrologic Data Sheet for Computing Peak Discharge per FCDMC Method 

Project: Salt River Levee CP: 5300 Return Period: 100-yr 

Eq. 1.0: Q=CiA 
where : Q=peak discharge, cfs 

C=runoff coefficient, unitless 

i=average rainfall intensity, inches/hour, lasting for a T0 (per Eq . 2) 

A=drainage area, acres 

A= 2.75 

C= 0.85 ... Q=2.34 * i 

Eq. 1.1: Tc=11.4*Lo.s*Kbo.sz*S-o.31*ro.3s 

where : Tc=t ime of concentration, hours 

Kb=watershed resistance coefficient, (per Eq. 3) 

L=length of the longest flow path, miles 
S=watercourse slope, feet/m ile 

i=average rainfa ll intensity, inches/hour, lasting for a Tc 

Eq. 1.2: Kb=m*log1aA+b 
where: m and bare defined by Table 3.1 of Reference 1 

m= -0.00625 
b= 0.04 ... Kb=0.037 

L= 0.100 

S= 110.0 ... Tc=0.152 * r0
.
38 

Iteration Tc Tc i per IDF Eq . 3 Tc Delta Tc Accept? 

(min) (hr) (in/hr) (hr) (hr) • 1 10 0.17 5.5 0.08 0.09 No 

2 4.8 0.08 7.2 0.07 0.01 No Tc<10! 
3 10 0.17 5.5 0.08 0.09 No Tc=10 applied 

... Tc= 0.08 and 0=13 cfs 
10.00 

-· .... 
5 - ... ... . _ - ·· - . ....... ·· ........ ~. 0 --- --- -· ·- -· ·- --- :.:.············ .s::; --
';;; - - 1-

~ - -- --- -·- -. ---- ·.:..-:..:·.·::.·: 
Ql 

--- -- -- - .:.::····· 
.s::; r-r-i--=====::: ~ --~=~--· : -- -.. ·::::.. · 
v :· .. -~: · -- ·-:_: ~ -:~:. c: ~: . - . 
·-- 1.00 
~ 
"iii 
c: - ea -y a 
~ ---- --- - ~- -- - -·-·- · 

l c~}~ .E 

~ ' S ea 
c: .. ....... ..... 10 -year - r-- i at c 
~ 0.10 

1 10 100 
Duration, minutes 

Eq. 2.0: V=C*(P/12)*A 

where: V=calculated volume, acre-feet 

P=rainfall depth, inches 

C and A already defined above 

P= 2.45 (in .) (6 hour) 

V=0.48 ac-ft 

Ref. 1: " Drainage Des ign Manua l for Maricopa County, Arizona, Hydrology", Flood Control Dist rict of Maricopa County, Nov. 2009 

• 1J111J-::: ~ JE FUlfER 
IOC. 

Prepared by IPS 

Date 05/2011 



• Hydrologic Data Sheet for Computing Peak Discharge per FCDMC Method 

Project: Salt River Levee CP: 5400 Return Period: 100-yr 

Eq. 1.0: Q=CiA 
where : Q=peak discharge, cfs 

C=runoff coefficient, unitless 

i=average rainfall intensity, inches/hour, lasting for a T0 (per Eq . 2) 

A=dra inage area, acres 

A= 9.74 

C= 0.85 ... Q=8.28 * i 

Eq. l.l: T,=ll.4* L o.s*Kb o.sz.5.o.31*i"o.3s 

where : T,=time of concentration, hours 

Kb=watershed res istance coefficient, (per Eq. 3) 

L=length of the longest flow path, miles 
S=watercourse slope, feet/mile 

i=average rainfall intensity, inches/hour, lasting for aT, 

Eq. 1.2: Kb=m*log10A+b 

where : m and bare defined by Table 3.1 of Reference 1 

m= -0.00625 
b= 0.04 .. . Kb=0.034 

L= 0.132 

S= 90.9 ... Tc=0.176 * r0
"
38 

Iteration T, T, i per IDF Eq . 3 T, Delta T, Accept? 

(min) (hr) (in/hr) (hr) (hr) • 1 10 0.17 5.5 0.09 0.07 No 
2 5.6 0.09 6.9 0.08 0.01 No Tc<10! 
3 10 0.17 5.5 0.09 0.07 No Tc=10 applied 

... Tc= 0.09 and 0=46 cfs 
10.00 .. .... 

~ ~ ...... 
::J ·-·- - ·· - . - ···· ·· · · u... .... 0 ·-- . ·- -· --- ::.······· ..t: --- -- ·-·-· -- ····· 

";;; - --- --- . . . . . -.:--- - --~··:.:· · .:;· .. -- -- ·-- . ... . . 
..t: -~ ~ --:: ~--- = --- -- ·:::.:.· 
u :·:~: · ·::: ~ ::.:: :.:· 1: t-- ·-·-
·-. 1.00 

-~ ·- . 
1: a Y a 
~ . ..... .. ~- ea• . .. -·-·-· 

5~:: 
.= 
:1'! 

2,5 ~ear 
1: ······ ······· · 10~-year - --- 1 at c 
~ 0.10 

1 10 100 
Duration, minutes 

Eq. 2.0: V=C*(P/12)*A 

where : V=calculated volu me, acre-feet 

P=rainfall depth, inches 

C and A already defined above 

P= 2.45 (in. ) {6 hour) 

V=1.69 ac-ft 

Ref. 1: "Drainage Design Manual for Maricopa County, Arizona, Hydrology", Flood Control District of Maricopa County, Nov. 2009 

• P"'r~~ IE FUlfER 
lllC 

Prepared by IPS 

Date 05/2011 



• Hydrologic Data Sheet for Computing Peak Discharge per FCDMC Method 

Project: Salt River Levee CP: 5500 Return Period: 100-yr 

Eq. 1.0: Q=CiA 
where: Q=peak discharge, cfs 

C=runoff coefficient, unitless 

i=average ra infall intensity, inches/hour, last ing for a T0 (per Eq . 2) 

A=drainage area, acres 

A= 6.50 

C= 0.85 ... Q=5.53 * i 

Eq. 1.1: Tc=11.4*Lo.s*Kbo.s2*s·0.31*ro.3s 

where: Tc=time of concentration, hours 

Kb=watershed resistance coeffici ent, (per Eq . 3) 

L=length of the longest flow path, miles 
S=watercourse slope, feet/mile 

i=average rainfa ll intensity, inches/hour, lasting for a Tc 

Eq. 1.2: Kb=m*log10A+b 

where : m and b are defined by Table 3.1 of Reference 1 
m= -0.00625 
b= 0.04 ... Kb=0.035 

L= 0.203 

S= 315.3 ... Tc=O.lSl * r0
-
38 

Iteration Tc Tc i per IDF Eq. 3 Tc Delta Tc Accept? 

(min) (hr) (in/hr) (hr) (hr) • 1 10 0.17 5.5 0.08 0.09 No 
2 4.8 0.08 7.2 0.07 0.01 No Tc<10! 
3 10 0.17 5.5 0.08 0.09 No Tc=lO applied 

... Tc= 0.08 and Q=31 cfs 
10.00 

' -·- ..... 
5 

.. 
·· : . .::: ·- - - ········ 0 --- --- . ·- -. --- -.:.:- ·· ···· ····· .s::. -- ·-·-· ... ....... - --- --- - - - ---- ·:_~·: :..::: "' -- ---- - .:..:· ····· .. · ·-.s::. '---

~ 
----- - --~ =~--- : -- -.. ·:::.:.· ... ::::-- :---~ : · -- ·~:~ .:.::. " ·---. 

·-:. 1.00 
~ 

. 
·;;;; . 
" ea -yea 
2l --- - -- -- c;_ ear -·- ---·-· "'-~ea ..: 

0--f ea iii ;g; )Yea ..... 
" ........ ...... 10 ' -year - - i at ~c 
~ 0.10 

1 10 100 
Duration, minutes 

Eq. 2.0: V=C*(P/12)*A 

where : V=calcu lat ed volume, acre-feet 

P=rainfall depth, inches 

C and A already defined above 

P= 2.45 (in .) (6 hour) 

V=1.13 ac-ft 

Ref. 1: "Drainage Des ign Manual for Maricopa County, Arizona, Hydrology", Flood Control Dist rict of Maricopa County, Nov. 2009 

• ~ ........... ~ IE FUL!-ER 
lllC 

Prepared by IPS 

Date 05/2011 
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• 

• 

Hydrologic Data Sheet for Computing Peak Discharge per FCDMC Method 

Project: Salt River Levee CP: 5400 WITH 500 Return Period: 100-yr 

Eq. 1.0: Q=CiA 
where : Q=peak discharge, cfs 

C=runoff coefficient, unitless 

i=average rainfall intensity, inches/hour, lasting for a Tc, (per Eq . 2) 

A=drainage area, acres 

where: 

A= 16.24 -----
(= 0.85 ... Q=l3.81 * i -----

Tc=time of concentration, hours 

Kb=watershed resistance coefficient, (per Eq. 3) 

L=length of the longest flow path, miles 
$=watercourse slope, feet/mile 

i=average rainfall intensity, inches/hour, lasting for a Tc 

Eq. 1.2: Kb=m*log1oA+b 

where: m and bare defined by Table 3.1 of Reference 1 
m= -0.00625 

b= ==0=·=04=== ... Kb=0.032 

L= 0.203 

S= 315 .3 ... Tc=0.145 * i"0
'
38 

Iteration 

(min) (hr) 
1 10 0.17 
2 4.6 0.08 
3 10 0.17 

... Tc= 0.08 and 
10.00 

~ ~:· : --- -. ·- :-: ~ -~. : -::":-:::_::~·~-~~ ::··· ···· ····· 
~ -r-- -1--- ------ - -__ - :---- -_.:_ .. :: .. :: ...... 

~ 1.00 t~~§~~~~~~~~~~-!r--!i-=====~~=---~~:::::--~--~--~--,--~~ = ~~---=i:~-::~~ ~-;f~:-.·~· ···~~-1~:_:~:.::~· ::·. -~ 
c 1-~~a '2-y ar 
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~ ,c eaF--t---+---tSG-yeaJt-H -t-----+---t--t-+--t--t--t-H 
c .............. 10 -year -f-- iat ~c 
~ 0.10 .J.._ ___ __._ __ ....~.... _ _.____,_..__.L.......J'--'--'-----.I...----'---'--.1...--'--'--'--L.J 

1 10 
Duration, minutes 

Eq. 2.0: V=C*(P/12)*A 

where: V=calculated volume, acre-feet 

P=rainfall depth, inches 

C and A already defined above 

P= 2.45 (in .) (6 hour) 

V=2.82 ac-ft 
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• Hydrologic Data Sheet for Computing Peak Discharge per FCDMC Method 

Project: Sal t River Levee CP: 5600 Return Period : 100-yr 

Eq. 1.0: Q=CiA 
where: Q=peak discharge, cfs 

C=runoff coefficient, unitless 

i=average rainfall intensity, inches/hour, lasting for a T0 (per Eq. 2) 

A=drainage area, acres 

A= 5.67 

C= 0.85 ... Q=4.82 * i 

Eq. 1.1: Tc=11.4*Lo.s*Kbo.s2*s·0.31* ro.3s 

where: Tc=time of concent ration, hours 

Kb=watershed resistance coefficient, (per Eq . 3) 

L=length of the longest fl ow path, mi les 
S=watercourse slope, feet/m ile 

i=average rainfall intensity, inches/hour, lasting for a Tc 

Eq. 1.2: Kb=m* log1oA+b 
where : m and bare defined by Table 3.1 of Reference 1 

m= -0.00625 
b= 0.04 ... Kb=0.035 

L= 0.121 

S= 520.7 ... Tc=O.lOO * i'0'
38 

Iteration Tc Tc i per IDF Eq. 3 Tc Delta Tc Accept? 

(min) (hr) (i n/ hr) (hr) (hr) • 1 10 0.17 5.5 0.05 0.11 No 
2 3.2 0.05 7.2 0.05 0.01 No Tc<10! 
3 10 0.17 5.5 0.05 0.11 No Tc=10 applied 

... Tc= 0.05 and 0=27 cfs 
10.00 •. ···-· ..... ... 

~ 
· · : ·. ~:· ::J ·-·- - ········· 0 --- -- . ·- -· ---- :.: :.::······ ~ -- ·-·-· - ····· ...... - --- --- - - -- - ---- _..:_··::..··.:.:· "' ---- --- -- -- .... 

<II 
~ '--

~ ~ --~ =~--·: 
--- -- ·:::.:.. · 

u -... _-~ : - ·-:.: ::._:::.::. c: - ·-·-. 
·-. 1.00 
~ -
·;;; . 
c: a 2-y a 
~ -------- c_ ·~r. --- ---··· fu ea 
-= 
'iii 2,1; [yea §9-' ea ... 
c: .. ............ 10 -year & 0.10 

- ,_____ i at c 

1 10 100 
Duration, minutes 

Eq . 2.0: V=C* (P/12)*A 

where : V=calculated volume, acre-feet 

P=rainfall depth, inches 

C and A already defined above 

P= 2.45 (in .) (6 hour) 

V=0.98 ac-ft 

Ref. 1 : "Dra inage Design Manual for Maricopa County, Arizona, Hydrology", Flood Control District of Maricopa County, Nov. 2009 
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• Hydrologic Data Sheet for Comput ing Peak Discharge per FCDMC Method 

Project: Salt River Levee CP: 5700 Return Period : 100-yr 

Eq. 1.0: Q=CiA 
where: Q=peak discharge, cfs 

C=runoff coefficient, unitless 

i=average rainfa ll intensity, inches/hour, lasting for a T0 (per Eq . 2) 

A=drainage area, acres 

A= 23.08 

C= 0.85 ... Q=19.62 * i 

Eq. 1.1: T,=11.4* Lo.s* Kbo.s2*s·0.31* ro.3s 

where: T,=time of concentration, hours 

Kb=watershed resista nce coefficient, (per Eq . 3) 

L= length of t he longest f low path, miles 
S=wat ercourse slope, feet/mile 

i=average rai nfall intensit y, inches/hour, lasting for aT, 

Eq . 1.2: Kb=m* log1oA+b 

where : m and ba re defined by Table 3.1 of Reference 1 
m= -0.00625 
b= 0.04 ... Kb=0.031 

L= 0.269 

S= 193.3 ... Tc=0.191 * i"0
"
38 

Iteration T, T, i per IDF Eq. 3 T, Delta T, Accept? 

(min) (hr) (in/h r) (hr) (hr) • 1 10 0.17 5.5 0.10 0.07 No 
2 6.1 0.10 6.7 0.09 0.01 No Tc<10! 
3 10 0.17 5.5 0.10 0.07 No Tc=10 applied 

... Tc= 0.10 and 0=108 cfs 
10.00 

--- ······ :; - ~-·--- - ·· - -- - ~ · ··· · · ·· 0 --- .... -· ----....: - ····· ········· .r:: --- -- ·-·- · ....... - ------... -=-~:·:~ : - - - - ~::-:::-:..:.:{.: ... ~·::.:·: "' .:.:. :····· Q/ 
.r:: -

-------======== 
~ --~ =~--· : :.~~ ~~~ ·:::.:: ·-:.: ~·· ·. u 

c: I-·-, 1.00 
~ -
·;;; 

- ea '2:-y c: ar 
Q/ 

£ --- ----- ~ - >or -·- ... . ... . ... . 0- ea 

~ 
············· · ~~~~:ar 

!>G- ea 
c: - - i at c 
~ 0.10 

1 10 100 
Duration, minutes 

Eq. 2.0: V=C* (P/12) *A 

where: V=calculated volume, acre-feet 

P=rainfa ll depth, inches 

C and A alrea dy defined above 

P= 2.45 (in.) (6 hour) 

V=4.01 ac-ft 

Ref. 1: " Drainage Design Manual fo r M ari copa County, Arizona, Hydrology" , Flood Cont rol Distri ct of M aricopa County, Nov. 2009 

• ~IE FUlfER 
1/lC 

Prepared by IPS 

Date 05/2011 



• Hydrologic Data Sheet for Computing Peak Discharge per FCDMC Method 

Project: Salt River Levee CP: 5800 Return Period: 100-yr 

Eq. 1.0: Q=CiA 
where: Q=peak discharge, cfs 

C=runoff coefficient, unitless 

i=average rainfall intensity, inches/hour, lasting for a T0 (per Eq. 2) 

A=d rainage area, acres 

A= 45.42 

C= 0 .85 ... Q=38.61 * i 

Eq. 1.1: Tc=11.4*Lo.s*Kbo.s2*S-o.31* i"o.3s 

where: Tc=time of concentration, hours 

Kb=watershed resistance coefficient, (per Eq . 3) 

L= length of the longest flow path, miles 
$=watercourse slope, feet/ mile 

i=average rainfall intensity, inches/hour, lasting for a Tc 

Eq. 1.2: Kb=m* log1oA+b 

where : m and bare defined by Table 3.1 of Reference 1 
m= -0.00625 
b= 0.04 ... Kb=0.030 

L= 0.333 

S= 42.0 ... Tc=0.331 * r0
'
38 

Iteration Tc Tc i per IDF Eq. 3 Tc Delta Tc Accept? 

(min ) (hr) (in/h r) (hr) (hr) • 1 10 0.17 5.5 0.17 -0.01 No 
2 10.4 0.17 5.4 0.17 0.00 Yes 
3 10.5 0.18 5.4 0.17 0.00 Yes 

... Tc= 0.17 and 0=208 cfs 
10.00 

~ 

····· 
~ .. 
:l ·-·- - ··- . ········· 0 --- -- - -· ·- -. --- --.:- ········ .r:. . ·--- --;;;- - - -------:: :·:~ : . - -.::-:::-::- :.:.1 ·..:_-::·:::·: ..:.:······ · ., 

.r:. - --==::::::::::: ~ --~=~--· : --- -.. ·:::.:.· 
u :·:~ : - -- ·-:.: ::.:=.::. c: ·-·-. 
·-- 1.00 
~ -
·u; . 
c: a Y a 
~ 

- ----- - - ~~~ ~a -·- ---·-· 

§~1:: 
c: 

Jj! 6S ~ea 
c: ...... .... .... 10 ' -year - - 'at c 
~ 0.10 

1 10 100 
Duration, minutes 

Eq. 2.0: V=C* (P/12) *A 

where: V=calculated vo lume, acre-feet 

P=rainfa ll depth, inches 

C and A already defined above 

P= 2.45 (in .) (6 hour) 

V=7 .88 a e-ft 

Ref. 1: "Drainage Design Manual for Maricopa County, Arizona, Hydrology", Flood Control District of Maricopa County, Nov. 2009 
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• Hydrologic Data Sheet for Computing Peak Discharge per FCDMC Method 

Project: Salt River Levee CP: 5700 WITH 800 Return Period: 100-yr 

Eq.1.0: Q=CiA 
where: Q=peak discharge, cfs 

C=runoff coefficient, unitless 

i=average rainfall intensity, inches/hour, lasting for a T0 (per Eq . 2) 

A=drainage area, acres 

A= 68 .51 

C= 0.85 ... Q=S8.23 * i 

Eq. 1.1: Tc=11.4* Lo.s* Kbo.sz*s·0.31*ro.3s 

where: Tc=time of concentration, hours 

Kb=watershed resistance coefficient, (per Eq. 3) 

L=length of the longest flow path, miles 
S=watercourse slope, feet/mil e 

i=average rainfall intensity, inches/hour, lasting for a Tc 

Eq. 1.2: Kb=m* log1oA+b 
where: m and b are defined by Table 3.1 of Reference 1 

m= -0.00625 
b= 0.04 ... Kb=0.029 

L= 0.453 

S= 37.8 ... Tc=0.391 * r0
-
38 

Iteration Tc Tc i per IDF Eq . 3 Tc Delta Tc Accept? 

(min) (hr) (in/hr) (hr) (hr) • 1 10 0.17 5.5 0.20 -0.04 No 
2 12.3 0.21 5.0 0.21 -0.01 No 
3 12.8 0.21 4.9 0.21 0.00 Yes 

... Tc= 0.21 and 0=285 cfs 
10.00 ...... ..... 

~ - . -.. ··· ·· ·· :::J ·-·- - ·- .. :········ 0 --- --- . ·- -· ·- --- .:: ::..······· .s: -- ····· -. 1--I- --- -- --=--::_: - :-:---,~-:.· ·:.:·· "' .:.::····· Ql 

~:; : ~·:: --- :...·~- ·:::.:. · .s: :-r-r----~ u -·-·-. -- ·-:.: :::_: ... _ c ---- ·-·-. 
·-, 1.00 
i!" -
·;;; -c a -y ar 
~ ----- - - - " - ea -·- -·-·- · 10- ea 
-= 
~ 

;g; 
1veaF 51;}-r a 

c .. ............ 10 ~-yea r - r-- i at c 
~ 0.10 

1 10 100 
Duration, minutes 

Eq. 2.0: V=C*(P/12) *A 

where: V=calculated volume, acre-feet 

P=rainfall depth, inches 

C and A already defined above 

P= 2.45 (in.) (6 hour) 

V=ll.89 ac-ft 

Ref. 1: "Drainage Design Manual for Maricopa County, Arizona, Hydrology", Flood Control District of Maricopa County, Nov. 2009 
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• Hydrologic Data Sheet for Computing Peak Discharge per FCDMC Method 

Project: Salt River Levee CP: S900 Return Period : 100-yr 

Eq. 1.0: Q=CiA 
where : Q=peak discharge, cfs 

C=runoff coefficient, unitless 

i=average rainfall intensity, inches/hour, lasting for a T0 (per Eq. 2) 

A=drainage area, acres 

A= 3 .69 

C= 0 .85 .. . Q=3.14 * i 

Eq . 1.1: T,=11.4* L o.s*Kb o.s2*s·0.31*ro.3s 

where: T,=time of concentration, hours 

Kb=watershed resistance coefficient, (per Eq . 3) 

L=length of t he longest flow path, mi les 
S=wat ercourse slope, feet/mi le 

i=average rainfall intensity, inches/hour, lasting for aT, 

Eq. 1.2: Kb=m * log1oA+b 
where : m and bare defined by Tab le 3.1 of Reference 1 

m= -0.00625 
b= 0.04 ... Kb=0.036 

L= 0.195 

S= 133.3 ... Tc=0.197 * r0
-
38 

Iterat ion T, T, i per IOF Eq. 3 T, Delta T, Accept? 

• (min) (hr) (in/h r) (hr) (hr) 
1 10 0.17 5.5 0.10 0.06 No 
2 6.2 0.10 6.6 0.10 0.01 No Tc<10! 
3 10 0.17 5.5 0.10 0.06 No Tc=10 applied 

... Tc= 0.10 and Q=17 cfs 
10.00 . . ····· ~ ... 

:I 
· ~ - - - _:-·:... ········ . ·-· 0 --- -. ·- -. ---- ::.:::·········· ~ --- ·-·-. -

~ - r--- ---- ---- - - --- -----=-··:.:.·· ., r-- f--.. --- --- .:.::.····· 
~ - r--r---~ ------ --~=~-·.: : --- - :: ·:::.:.: 
u ::-- :-.-~: - -- ·-:.::::_: .... 
"' - ~= - - · ·-- 1.00 
?: -
·;;; -
"' l:-~ea -y ar 
21 -- -- ---- ~- a• -·- - ·- ·- · 

§~fe: .: 

'" 
,5 ~ear-..... 

"' .......... .... 10 -year - ,___ i at ~c 
~ 0.10 

1 10 100 
Duration, minutes 

Eq . 2.0: V=C* (P/12) *A 

where: V=calculated volume, acre-feet 

P=rainfa ll depth, inches 

C and A already defined above 

P= 2.45 (in.) (6 hour) 

V=0.64 ac-ft 

Ref. 1: "Drainage Design M anual for Maricopa County, Arizona, Hydrology", Flood Control District of Maricopa County, Nov. 2009 • ~~IE FUlfER 
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• Basin ID N100 - WSE 1125.1 
-Depth 2.3 

Goal V 2.47 

173 0.067 12 12 0.000 
1123.5 22198 0.167 24331 4055 4067 0.093 
1124 60730 0.167 119644 19941 24007 0.551 

1124.5 82738 0.167 214353 35725 59733 1.371 
1125 103162 0.167 278287 46381 106114 2.436 

1125.5 121433 0.167 336520 56087 162201 3.724 

• 

• 



• Basin ID N200 Goal V 3.00 -WSE 1131.4 
-Depth 9.0 

1122.5 40 40 0.000 
1125 7006 0.833 7575 6313 6314 0.145 

1127.5 15109 0.833 32404 27003 33317 0.765 
1130 28503 0.833 64364 53637 86954 1.996 
1131 34874 0.333 94905 31635 118589 2.722 

1131 .5 38621 0.167 110195 18366 136955 3.144 

• 

• 



• Basin ID -WSE 1122.2 
-Depth 3.9 

5100 Goal V 0.68 

1118.5 1184 0.067 1184 79 79 0.002 
1120 6749 0.500 10760 5380 5459 0.125 

1121.5 12875 0.500 28946 14473 19932 0.458 
1122 16376 0.167 43771 7295 27227 0.625 

1122.5 22058 0.167 57440 9573 36800 0.845 

• 

• 



• Basin ID 5200 Goal V 1.07 -WSE 1122.1 
-Depth 5.0 

1117.5 707 707 94 94 0.002 

1120 8395 0.833 11538 9615 9709 0.223 

1121 13977 0.333 33204 11068 20778 0.477 

1121 .5 17790 0.167 47536 7923 28700 0.659 

1122 41302 0.167 86199 14366 43067 0.989 

1122.5 63478 0.167 155983 25997 69064 1.585 

• 

• 



• 

• 

• 

Basin ID 

1120.5 
1121 

1121 .5 

S300 

4142 
27271 
47604 

Goal V 0.48 

0.033 
0.167 
0.167 

4142 
42041 
110906 

-WSE 1121.4 
-Depth 1.0 

138 
7007 
18484 

138 
7145 

25629 

0.003 
0.164 
0.588 



• 

• 

• 

Basin ID 5400&500 Goal V 2.82 

1118 698 
1120 5584 

1120.5 46312 
1121 204283 

1121 .5 259892 

0.667 
0.167 
0.167 
0.167 

8256 
67977 

347861 
694591 

-WSE 1121.3 
- Depth 3.5 

47 
5504 
11330 
57977 
115765 

47 
5551 
16880 
74857 

190622 

0.001 
0.127 
0.388 
1.718 
4.376 



• 

• 

• 

Basin ID 

1119 
1119.5 
1120 

1120.5 

5600 

13552 
24935 
30196 
34490 

Goal V 0.98 

0.167 
0.167 
0.167 
0.167 

21302 
56870 
82571 
96958 

-WSE 1120.5 
- Depth 2.5 

3550 
9478 
13762 
16160 

373 
3924 
13402 
27164 
43323 

0.009 
0.090 
0.308 
0.624 
0.995 



• 

• 

• 

Basin ID S700 S700 V 4.01 
Goal V (with S800) 9.99 

16542 
1129 92876 

1129.5 247506 
1130 498483 

1130.5 520963 

0.167 
0.167 
0.167 
0.167 
0.167 

16542 
148614 
491998 
1097240 
1529045 

-WSE 1130.3 
- Depth 2.3 

2757 
24769 
82000 
182873 
254841 

2757 
27526 
109526 
292399 
547240 

0.063 
0.632 
2.514 
6.713 
12.563 



• Basin ID S8oo 

7530 
1130 122345 

1130.5 102513 

• 

• 

Goal V 7.88 
Stored 1.90 

0.067 
0.167 
0.167 

7530 
160227 
336849 

-WSE 1130.5 
-Depth 1.2 

502 
26705 
56141 

502 
27207 
83348 

0.625 
1.913 



• Basin ID 5700&800 Goal V 11.89 - WSE 1130.3 
-Depth 2.3 

1128.5 16542 0.167 16542 2757 2757 0.063 
1129 92876 0.167 148614 24769 27526 0.632 

1129.5 255036 0.167 501817 83636 111162 2.552 
1130 620828 0.167 1273775 212296 323458 7.426 

1130.5 698276 0.167 1977518 329586 653044 14.992 

• 

• 



• Basin ID 5900 Goal V 0.64 -WSE 1137.4 
-Depth 3.2 

1134.5 942 0.100 942 94 94 0.002 
1135 5605 0.167 8845 1474 1568 0.036 

1135.5 8880 0.167 21540 3590 5158 0.118 
1136 5998 0.167 22176 3696 8854 0.203 

1136.5 14420 0.167 29718 4953 13807 0.317 
1137 16494 0.167 46336 7723 21530 0.494 

1137.5 18249 0.167 52092 8682 30212 0.694 

• 

•• 



• 

• 

• 



• 

• 

• 

E. As-Built Drawings 

JE Fuller Hydrology & Geomorphology, Inc. 

Levee Certification Report 
Salt River Levee System 10#33, 

Maricopa County, Arizona 
Appendix E. Record Drawings 
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NOTES, 
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NOT SHOWN, SEE DRAWING NO. CH-3. 1 
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ALLUVIUM PROTECTION AT STATION 116+00. 
3, BEGIN SOUTH LEVEE CEMENT STABILIZED 
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CTYPICALJ 
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136+oo 552.4 '131.6 54!.5 1131.8 --- ----- -- so8.6 ••2o.e 500.6 1120.8 452.3 '109,6 473.0 TT00.6 461.2 10S'4.5 o :108.5 1094.5 ----- -- 11oa.s 112o.a 112o.8 ----- ---- ---- --- 135400 
138+00 552.1 "132.2 54'.3 1132.2 ---- ----- ----- ------- soa.3 1121.2 500.3 1121.2 482.1 '105.1 473.0 1109.1 ~so.? 1094.6 o :·o9.1 1094.8 ----- --- 1109.1 "121.2 1121.2 ------ --- ----- 138+00 
140+00 11~.8 1132.5 ----- ------ ---- ------ 4BT.B 1109.5 4?3.0 :Jos.5 ~60.5 1css.1 o •:os.5 1095.1 ----- --- TTo9.s •121.6 1121.6 ---- 140+00 
140+57 1132.7 11:32.'1' ---- ----- 492.0 1109,7 473.0 1109.7 450." J09S.1 0 ''09,7 1095.: ----- ------ 110g,7 1121.? 112:.7 ---- ------ -- -- 140+5'1' 
141+75 1133.0 1133.0 ---~- --- ---- --- ~92.0 1110.0 473.0 11:0.0 430.; 1075.4 0 11iC.O 1075.~ 1110.0 1122,0 1122.0 H1+75 
142+oo 1133.0 1133.0 -~--- ---- ----- 482.0 111o.o 473.0 1110.0 430.' 1o15.4 ~ 1110.0 430.1 1075.4 ~73.o 1110.0 482.o 111o.o soo.a 1122.0 5oa.o 1122.0 54LO 1133.0 sst.9 1133,0 H2+00 
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144+3C 551.6 1133,6 541.0 1133.6 ----- ------ ----- --- 508.0 1122.6 500.0 :122.6 482.0 1!10.6 ~73,0 '110.!i 468.5 1101.6 0 1110.6 468.5 110!.6 473.0 1110.5 482.0 1110.G -~- ------ ----- --- 516.5 1133.5 551.8 :13~.6 1~4+30 
144+98 SS1.7 1139.7 5~0.9 1'33.? ~---- ------ ------ 507.9 1122.1 499.9 '122.? 461.9 1110.7 473.0 1110.7 468.5 1101.6 0 !110.? 451.3 1090.3 473.0 1110.7 491.9 1110.7 ---- ------ ----- -- 5!5.4 !133.? 551.7 '133,7 144+98 
146+00 551.5 1133.9 1133.9 ----- ---- ----- -~ ------ 499.7 '122.9 461.9 1111.0 473.0 1111.0 468.6" 1102.' o 1111.0 ~50,9 1090.3 473.o 1111.0 491.9 1111.0 -- --- 516.2 1133.9 551.5 1133.9 1~6+00 
145+18 551.6 1134.0 1134.0 ---~- ------ ----- ------ ---- ---- ---- <482.0 1111.0 ~?3.0 1111.0 468.7 1102.1 0 1111.0 451.0 1090.3 4?3.0 1111.0 462.0 1111.0 ---- 516.5 1134.0 551.!1 1134.0 146419 
145~41 SS1.7 1134.0 1134.0 ----- ----- ------ ---- --- 482.0 1111.· 473.0 1111.1 468.5 1102.1 0 1111.1 457.3 109-f.S 4"13.0 1111.1 482.0 1111.1 --- ----- ---- ----- 516.4 JT34.0 551.7 1134.0 146441 
146+6g SS1.? 1134.1 516.4 1134.1 ------ ---- ------ --- ------ ----- ----- 462.0 1111.2 473.0 111L2 456.2 109-4,0 0 1111.2 468.4 1102.1 473.0 1111.2 492.0 1111.2 -- ----- ----- 516.4 1134.1 551.? 1134.1 146+89 
147+08 551.5 1134.: 515.3 1134.1 ~---- ------ ---- ------ ---- ------ 481.9 1111.2 473.0 1111.2 451.3 1090.8 0 1111.2 469.3 ;102.1 473.() ll11.2 46T.g :111.2 1134.1 551.5 1134.1 147+08 
146+00 551.5 1134.3 516.2 1134.3 ------ ----- ---- ------ 481.6 1111.~ 413.0 1111.4 450.9 1090.1! 0 1111.4 468.2 1102.3 473.0 1111.4 481.6 1111.4 499.7 1123.3 507.7 1123.3 54C.7 113-'.3 551.5 1134.3 146+00 
148+38 551.4 1134.4 5!6.1 1134.4 ----- ------ ----- ------ ----- ----- ----- ---- 481.7 1111.5 473.0 1111.5 450.7 1090.8 0 1111.5 458,1 '!02,4 473.0 1111.5 491.? •111.5 499.6 1123.4 507.6 1123.4 540.5 1134.4 551.~ 1134.4 148+38 
149~09 ss1.3 1134.5 1134.5 ---- ----- 461.8 1111.1 473.o 1111.1 46e.o 1102.5 o 1111.1 46B.o no2.5 473.o 1111.7 481.9 1111.1 499.~ 1123.5 5o1.s 1!23.5 5~0.5 i134.s 551.3 n34.5 149~oe 
150+00 551.2 1134.7 540.4 1134.7 ---- ------ ---- ------ 507.4 1:23.7 499.~ 1123.7 481.7 1111.9 ~73.0 1111.9 45?.8 :102.6 o 1li:.9 ~6?.6 1102.6 4?3.C 1111.9 481.7 1111.9 499.~ 1123.? 507.4 1123.7 540.4 1~3-'.7 551.2 1134.7 150+00 
152+00 551.2 1135.:< 5~0.4 1135.2 --- ------ ----- ----- 50'1'.4 1'24.~ 499.4 112•.2 481.7 1112.4 473.0 111:>A 467.5 '102.9 o 1112.4 •57.5 1102.3 473.c 1112.4 ~91.7 1112.4 i99.4 1>24.2 507.4 1124.2 540.4 ;135,2 551.2 1135.2 152+00 
153+25 551.~ '135.$ 540.4 113S.5 ·--- 50'1'.~ 1124.5 499.4 1124.5 461.7 11'2.7 473.0 11!2.7 ~5'1'.2 1103.0 0 1112.7 467.2 1103.0 4?3.0 11;2.7 461.? 1112.? ---- --- ~--- ------ 515.9 il35.5 $51.2 113$,5 1S3-t2S 
153+90 55!.2 1'35.5 5~0.4 1135,6 --- ----- ---~- --~-- 507.~ '124.6 ~99.4 112~.6 481.4 1112.9 473.0 1112.8 451.0 1103.2 0 1112.6 451, 1092.4 473.0 1112.9 ~81.7 1112.8 -- 515.9 1135.6 551.2 1135.6 153+90 
154+00 SST.2 1T3S.s 540.4 113$.5 -- ---- ---- 507.4 "24.6 499.4 1124.5 481.? ll12.a 473.0 1112.8 467.3 1103.2 o n12.8 451.· 1092.~ 473.o rn2.a 461.7 1112.9 ---- ---- -- ----- 515.9 '135.5 ss1.2 1135.6 154+00 
155+20 551.0 1135.8 540.2 1135.8 ---- ----- 507.2 1124.8 499.2 112-1.8 461.6 1113,1 413.0 1!13.' ~66.9 1103.3 c 1:13.1 450.6 1092.4 473.0 1~13.1 491.6 1113.1 ---- --- ----- 515.7 1135.9 551.0 1135.8 155+20 
155+63 5S0.9 1135.0 540.1 1136.0 -- ----- ---- ------ 507.1 1125.0 499.1 1125.0 481.5 1113.3 473.0 1113.3 465.5 1103.3 0 '113.3 466.5 1103.3 473.0 1113.3 461.5 1113.3 ----- ----- --- ---- 515.5 1135.0 550.9 1135.0 155+93 
156'+00 550.9 1135.0 ~0.1 11$.0 ---- --- --·- ----- S07.1 1125.0 499.1 1125.0 461.5 1113,3 ~?3.0 1113.3 ~55.5 1103.3 0 '113.3 4GS,5 1103.3 473.0 1'13.3 461.5 1113.3 515.6 1135.0 550.9 11$.0 !SS+OO 
1S?+01 550 .6 113G.2 1136'.2 ---- ---- ---- ------ --- 4a1A 1113,5 473.o 1113.5 466.1 1103.4 o 1113,5 466.1 1103.4 ~73.o 1113.s 461.4 1113.6 498.a 1125-2 50S.a 1125.2 sJS.a 1136.2 550.6 113!i.2 1S?+01 
157+62 sso.6 1136.3 STS.3 1136.3 --- ---- ---~ ------ ----- -- 491.4 1113.7 473.0 1113.7 450.8 1093.3 o 1113.7 456.1 1103.5 473.0 1113.7 -481.4 1113.7 498.6 1125.3 sos.6 1125.3 539.8 1135.3 550.6 1136.3 1S7+62 
158+00 sso.G 1136.4 515.3 1136.4 ---- -- --- ----- ------ ----- -- 481.4 IIT3.a 473,0 1'13.6 45o.'l' 10!'13.3 o 1113.a 4SS.o 11o3.s 473.0 1!13.a 491.4 1113.8 499.8 1125.4 sos.a 1125,4 539.6 1136.4 550.6 1136.4 158+00 
!59~92 550.9 1136.9 ••• 1136.9 ------ ----- ----- ----- ------ ----- - 481.5 1114.2 473.0 1114.2 450.2 1093.3 0 1114.2 4G5.8 1103.7 473.0 111~.2 481.5 1114.2 ----- -·---- ---- -- 1136.9 1136,9 159+92 
160+00 550.9 113!;.9 ••• 1136.9 ---- ---- --- ------ ----- ----- ------ 461.5 1114.3 473.0 1114.3 452.1 10!'14.6 o 1114.3 455.6 1103.7 473.0 11H,3 461,5 1114.3 ---- ----- --- ----- •••• 1135.!'1 n•• 11$.9 160+00 
TYPICAL SECTION N0.3- STATION 160+00 TO STATION 174+00 

160454 548.8 113?.0 532.!1 1131.0 511.9 '123.0 Sli.3 1123.0 50S.B 1!.<!8.0 498.8 1128.0 481.~ 1114.4 473.0 1TH,4 4!i"S.~ 1103.7 o 11H.4 465,4 !103.7 473.0 1114.4 ~81.4 111~.4 1137.0 113?.0 150~54 
162+00 546.8 113?.3 532.!1 113'1'.3 511.8 1123,3 5~1.3 1123.3 505.8 1125.3 496.8 1126.3 481.~ 1114.? ~73.0 1114.? ~55.2 1103.9 0 1114.? 455.2 1103.9 413.0 1114.? ~91.4 11H.7 1111 .UII 111• 1137,3 113?.3 182+00 
164~00 541A 1138,3 533.4 1136.3 511.5 1123.1 51'.0 1123.? 5~6.5 1126.7 498.5 1126,? 481.2 1115.2 ~73.0 1115.2 460,7 1101.5" 0 1115.2 464.9 1104.1 4"1"3.0 1115.2 481.2 1115.2 496.5 1126.7 506.5 1126.? 539.5 113?.7 550.3 1137.'1' 164+00 
166+00 548.1 11$.7 534.1 1138.7 512.2 112~.1 511.7 1124.1 507.2 112?.1 499.2 112'1'.1 492.1 1115.7 47~.0 1115.? 461.2 1101.8 0 1115.? ~55.5 1104.5 4?~.3 1115.?' 462.4 1115.7 499.5 1127.1 507.5 112?.1 540.5 1138.1 551.3 1138.1 156+00 
168+00 54!'1.2 1139.2 535.2 1139.2 513.3 1124.5 512.e 1124.6 506.3 112?.5 500.3 112'1'.5 493.2 1118.2 475".1 1115.2 ~6?. 1 1101.9 0 ll15.2 468.0 1104,6 475.3 1115.2 ~83.~ 1115.2 SOO.S 112?.5 508.5 112?.5 541.5 1139.!i 552.3 1136.5 168+00 
170+00 549.!'1 1139.6 535.9 1139.S 514.0 1125.0 513.5 1125.0 509.0 1126.0 501.0 1128.0 493.9 1116.5 475.8 111S.6 462.2 11:)2.1 o· 11!5.S 465.3 1104.6 4'1'5.8 1116.6 484.0 1716.6 501,1 1129.0 509.1 1128.0 542.1 1139.0 552.9 1139.0 1?0+00 
172-+00 549.9 1140.0 535.9 !140.0 514.0 1125.4 513.5 1125.4 509.0 1128.4 501.0 1128.4 484.0 111?.1 476.1 1117.1 46?.0 1102,4 0 :11?, I 466,0 1105,1 ~76.1 111?.1 ~84.0 111'1'.1 501.0 1128.4 S09.0 1128.4 542.0 1139,4 552.6 1139.4 1?2<-00 

II 
174+00 •u 1'~0-4 .,.. 1140,4 ----~ --- -- ---- 493.8 1117.5 475.0 !!1?.5 481.2 1102.5 0 111?.6 485.2 1105.2 H6.0 111?,!; 483.8 1117.8 500.S 1128.9 506.6 1128.6 541.6 1139,8 552.4 •r39.8 1?4+00 

II •HATCHEXISTINGCHANNELBOTTOH, SEEDRAJ.r!NG "O.CH-1.4. NOTf,ALL5TATI:JNINGREFER£NCES~NNEL 
,... ,.., PL~CE CE,.f'-'T o;T~E"!I 17.-n .1.1 1 UY1IJM r FVEE PROTECTlON OVER CCNT~ LINE LINLESS OTHERWISE NOTED. 

~ 
O:XISTJNGGABJONLEVEEPROTECT!O.'I. 

••• ~:~T~!~~~-;~~~E TRANSJT10N, SEE DETAILS ON CRAi!'!NGS NO. ~ 

•••• LOCATED 11/Tii!N ACCESS RAMP, SEE DETAilS ON DRAWINGS NO. r~.\&: 
CH-S.lANDCH-6.2. 
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TYPICAL SECTION NO. 4 TYPICAL SECTION NO. 5 
STA 176+00 TO STA 206+00 S! cl•v,lionstow•r .<2!el•vnhansto..,r STA 206+00 TO STA 249+73.1 

'/!J.o~'%/fsftJ.f;/: 
Grode Ct?nlrtJ/ Sir. 11-4-

143 MA 1 

SOUTH LEVEE 

STATION ~1 L2 L3 L4 Cl -C2~ C6 C'7 LS LS L7 !.8 STATION 
OffSET ELi::VAT!ON OFfSfT SLEVATION OffSfT ELE~~T/.1'11 OffSET ELEVATION OFFSET ELEI'ATJON CFFSCT ELEVAT/01\ OF"SET S.EVAT/0,~ OFFSET ELEVATION OffSET ElEVATlON CfFSET ELEVATJON OFFSET El.E\'.H/ON Of"Sff ELEVATION OffSET ElEVATIO.'i ilOfSCT ELEVATION OFFSET 

H Gl M H H 

TYPICAL SECTION NO. 4 - STATION 176.f00 TO STATION ?05•00 

171;+00 S31.7 •H0.9 517.7 JHO.S ---- --- ------ ~!!l.J 1!16,0 475.4 11:8.0 ~50.4 1102.7 0.0 1118,0 45~.5 1105.4 475.5 1l'o8.0 493.4 11!8.0 500.4 "29.3 508.4 0129.3 5~1.4 1140.3 552.2 1!40.3 1'16+00 
178+00 530,4 '141.3 516.4 1141.3 ---- --- -- ------ 482.2 1!18.S 474.4 1118.5 458.5 1102.7 0.0 1118.5 452.9 1105.• 474." 111!'1.5 492.5 111!1.5 ~S9.3 "29,7 507.3 1129.7 S"!0.3 1140.7 551,; 1140.7 179+00 
180+00 S28.8 1141.7 514.9 11"'~.7 -- ~80.7 1119.0 4?3.1 11'9.0 456.4 1102.8 0.0 1119.0 460.9 11CS.S' 473.5 1119.0 491.1 1119.0 "197.9 "30.1 505.9 1130.1 538.8 1141.1 5~9.6 1141.1 190+00 
182+00 526.7 '142.1 512,7 1142.1 ----- ----- ------ 479.9 1119.5' 471.3 11!9.5' 454.2 1103.' 0.0 1119.5' 458.9 1105.8 471.9 1119.5 479.4 1119.5 495.9 ''30.5 503.9 1130.5 538.9 1141.5 547.7 1H1.S 182+00 
184+00 '142.6 1142.6 ------ 476.7 11!9.9 469.1 11:9.9 45!.9 1103.3 0.0 1119.9 456.9 !106.0 470.0 1119.9 "177.6 1119.9 ------ --- 1142.0 1H2.0 194+00 
186+00 1143.0 1143.0 ------ ------ 473.9 1120.4 465.4 1120.4 449.6 1103.5 0.0 1120.4 453.9 11CE.2 467.7 1120.4 "'75'.2 1120.4 1142.4 1142.4 186+00 
198+00 518.5 1143.4 504.£ 1143.4 ----- ------ 470.7 1120.9 463.4 1120.9 "'44.3 1103.3 0.0 1120.9 450.1 1106.1 465.0 1120.9 472.3 11?0.9 488.7 '131.8 496.7 1131.8 529.7 TH2.8 5'40.5 1142.8 189+00 
190+00 SIS.! 11~3.8 501.1 1143.8 ----- --- 467.3 1121.) 460.0 i121.) 440.6 1103.5 0.0 1121.3 446.7 1106.2 462.0 1121.3 409.3 JJ2J.3 485.7 1!32.2 493.7 ,;)2.2 525.7 1143.2 53'/'.5 1143.2 190JOO 
19uoo 511.1 1144.3 497.3 1144.3 ---- ------ +63.5 1121.s 456.2 112•.e 436.s 1103.8 o.o 112r.a 442.9 1106.4 458.? n2:.e 460.0 112!.8 482.4 1132.7 4S0.4 .132.7 523.4 JJ43.7 534.2 1143.7 192+oo 
!94+00 506.8 1144.7 492.8 1144.7 ---- ----- --- ------ 459.2 TJ22.3 452.0 1122.3 431.8 1104.0 :1.0 1!22.3 438.9 1106,7 ~55'.0 1122.3 462.2 !122.3 478.~ 1133.1 486.4 ;133.1 519.4 1H~.1 5'30.2 11~4.1 19~+00 
195+00 504.5 1144.9 490.5 1144.9 ----- - 456.9 1122.5 449.7 1122.5 429.3 1104.1 "::1.0 1!22.5 436.7 1106.8 453.0 1!22.5 460.2 1122.5 476.4 1133.3 484.4 11)3.3 517.4 1144.3 529.2 1144.3 195+00 
196+00 5(11.9 11~5.1 487.9 1145.1 ---- ------ --- ---- 45'4.4 1122.9 447.4 1122.6 426.? 1104.3 o.o 1122.8 434.2 1107.~ 450.9 1122.8 457.9 1122.9 474.0 1133.5 462.0 ::33.5 515,0 1144.5 ~25.9 114~.5 196+00 
198+00 497.2 1145.6 463.2 1145.6 ---- - 449.6 1123.2 442.4 1!23.2 420.7 1103.9 0.0 1123.2 421:1.8 1106.0 446.5 1123.2 453.7 1123.2 469.9 1134.0 477.9 :134.C 510.9 1145.0 52!.7 114~.0 196'+00 
200+00 491.2 1145.6 477.2 1145.6 ----- ------ ---- 4d~.3 1123.1 431.0 ;123.7 415.1 1104.2 0.0 1123.7 ~23.9 1106.3 4~1.8 1123.7 449.~ 1123.? 465.5 1134.6 473.5 ~134.6 506.5 1145.6 517.3 1145.6 200+00 
202+00 1146.1 1146.! ----- ----- ---- 438.5 JJ2d,2 431.2 1124.2 413.2 1107.3 0.0 1124.2 418.1 1107.3 436.7 1124.2 444.0 1124.2 460.4 1135.1 468.4 ~:35.1 50<.4 1146,1 512.2 1146.1 202+00 
204+00 1146.6 1146.6 ----- ----- --- ----- 432.7 7124.6 425.2 1124.6 406.9 1107.4 0.0 112~.6 413.0 1107.4 431.3 1124.6 438,8 1124.6 ----- ----- --- ----- 1146.6 1146.6 204+00 
20H21 1146.7 1146.7 ---- -- 432.5 1124.7 425.0 '124.7 406.6 1107,4 0.0 1124.7 ~12.3 1107.4 430.7 1124.7 4311.2 1124.7 ---·- ----- ----- 1H6.7 1146.7 204+21 
205+39 1146.9' 1H6.9 ---- ---- ----- 430.S 1125,0 423.7 1124.9 347.9 !087.11 0.0 1124.9 379.7 ICII7.9 427.1! 1124.9 435.3 1124.9 1146,9 1146.9 205+39 
206+00 477.5 1147.1 463.5 1147.1 ------ ---- 00.5 1125.1 423.0 C'25.1 374.6 108?.8 0.0 1125'.1 377,2 1C87.9 ~25.E 1125.1 433.' 1125.1 4~9.0 1136.1 451.6 '136.1 490.6 1147.1 5'01.4 1147,1 206+00 

TY?ICAL. SE"::TJON NO. 5 - STATION 206+00 TO ST.H;ON 2<9+73.1 

207+90 ~99.1 1147.7 488.3 1~47.? 4SS.3 1138.7 4~7.3 1136.7 430.5 !125.8 ~.:>3.0 1125.6 414.~ 1114.8 0.0 1125.5 414.4 11H.B 423.C 1!25.6 430.6 1125.6 447.3 113S.7 455.3 "31i.7 488.3 1147.1 ~99.1 1147.7 207+90 
208+00 ~99.1 1147.7 488.3 :147.7 455.3 1136.7 447.3 1136.7 430.6 1125.6 423.0 :•25.6 4!4.4 1114.9 0.0 1125.6 414.4 1114.8 423.0 1125.6 430.6 1125.6" 4~7.3 1136.7 455.3 1136.7 "188.3 1147.7 499.1 1147.7 206+00 
209-1-19 499.1 1148.0 ::49.0 ~---- ----- 430.6 1125.9 423.0 1125.9 414.3 11•5.0 0.0 1125'.9 414.3 1115.0 423.0 1125.9 430.5 1125.9 447.3 1137.0 4SS.3 1137.0 488.3 1148.0 499.1 1149.0 209~19 
209+82 439.1 1148.2 :!49.2 ---- ------ ----- 430.6 1128.0 423.0 '126.0 398.4 1104.5 o.o 11?6.0 414.3 1115.1 423.0 n2S.O 430.6 1126.0 -- 8 ·- ------ ---- ------ 1149.2 499.1 1149.2 209+92 
210+00 499,1 1HB.2 463,8 :148.2 ------ ---- 430.6 1125.1 423.0 ~126.1 398.2 1104.5 0.0 1125.1 414.1 1115.1 423.0 1125.1 430.6 1126.; ------ ---~- ------ 1149.2 499.1 1148.2 210+00 
210+40 499.2 1!46.) 463.9 1148.3 ----- ----- --- ~30.6 1125.1 423.0 1126.0 398.2 1104.5 0.0 1125.1 414.1 1115.1 423.0 1126.1 4:30.6 110/6.; ----- ------ ---- 1148.3 499.2 1149.8 210+40 
211+04 499.7 1148.5 46'4.3 '148.6 ----- ------ -- --- 430.9 1126.3 423.0 1126.3 3S8.1 1104.5 0.0 1128.3 393.1 1104.5 423.0 1126.3 430.8 1126.3 ---·- ------ ----· ---- 1148.6' 499.7 1HS.6 211+04 
211+62 50(1.0 1148.8 464.5 1HS.S ----- - 430.9 1126.4 423.0 '126.4 398.0 1104.5 0.0 1126.4 398.0 1104.5 423.0 1:26.4 430.9 1126.4 ---·- -·---- ----- 1148.8 500.0 11411.8 211+62 
212+00 500.0 1148.9 46'4.6 11~8.9 --··- ----- ---- 430.9 1126'.5 423.0 '126.5 407.5 1110.9 0,0 1126.5 397.9 1104.5 423.0 1026.5 430.9 1126.5 ----- ------ ---·-- 1148.9 500.0 1149.9 212+00 
212+14 500.0 114!1.0 ii4S.O ----- ----- -· ----- 430.9 1126.6 423.0 '126,6 411.0 1113.3 0.0 1126.6 397.8 1104.5 423.0 1126.6 430.9 1126.6' ----- ------ ----- ------ 1149.0 500.0 114!1.0 212+14 
212+26 500.0 1149.0 :149.0 ---- -- ---- 430.9 1126.6 423.0 1126.6 414.0 1115.3 0.0 1125.6 400.9 1106.5 423.0 1126.6 oiJ().9 1126.6 ----8 

------ ----- 1149.0 500.0 1149.0 212+25 
212+79 500.3 1149.2 '149.2 430.9 1126.7 423.0 '126.7 414.0 1115.4 0.0 112S,7 414.0 1115'.4 423.0 1126.7 ol30.9 1126,7 1149.2 500.3 1149.2 212+?9 
214+00 500.6 1149.6 469.8 1149.6' 455.9 1139.3 447.9 1138.3 430.9 1127.0 423,0 1127.0 413.7 1115.5 0.0 1127.0 413,7 1115.5 423.0 1127.0 430.9 1127.0 H7,9 1138.3 455.9 1138.3 489.9 1149.6 500.5 !149.5 214+00 
216+00 1150.0 1150.0 430.9 1127.5 423,0 1127.5 413,4 1115.8 0.0 1127,5 413.4 1115.8 423.0 Jj27.5 430.9 1127.5 1150.0 1150.0 215+00 
218+00 500.6 1150.5 499,9 "150.5 4SS.9 1139.2 447.9 1139.2 430,9 1127.9 423.0 1121,9 413.1 1116.0 0.0 1127.9 413.1 1118,0 423.0 1127.9 430,9 1127.9 447.9 1139,2 455,9 1139.2 469,8 1150.5 500.6 1150.5 218+00 
220+00 500.6 1151.0 489.8 1!5!.0 455.9' 1139.7 447.9 1139.7 430.9 l128.4 423.0 1128.4 ~12.5 1116.1 0.0 1128.4 412.5 1115.1 423.0 1128.4 ~30.9 1128,'f 4<7,9 1139.7 4S5.9 l!39.7 489.8 1151.0 500.6 1151.0 220+00 
222+00 500.3 1151.4 489.5 "51.~ 455.6 1140.1 447.6 11~0. 1 430.8 1129.9 ~23.0 1128.9 412.1 1116.4 0.0 1128.9 412.1 1116.4 4:;3.0 1128.9 430.8 1128.9 447.5 1140.1 1S5.6 1140.1 4119.5 1151.~ 500.3 1151.4 222+00 
22•+00 500.3 1151.9 489.5 '151.9 455.6 1140.6 447.5 1140.6 430.8 1129.4 423.0 1129.4 411.8 1116.7 0.0 1129.4 411.9 1115.7 423.0 1129.4 ~30.8 1129.4 H7.S 1140.6 455.6 1140.5 489.5 1151.9 500.3 1151.9 22~+00 
m+oo soo.3 1152.3 489.5 1152.3 455.6 1141.0 447.5 114;.o 430.e 1129.8 423.0 1129.8 411.5' 1111'1.9 o.a 1129.8 411.5 1116.9 4a.o 1129.8 430.8 1129.8 447.5 1141.0 455.6 1141.0 ~99.5 1152.3 500.3 1152.3 22s~vo 
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TYPICAL SECTION NO. 6 
STA 249+73. i TO STA 263+90 

ce " C9 

SOUTH GUIDE BANK 
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I 

52 C6 C7 L7 L8 
STAT/ON L1 L2 " C2 " OFFSET ELEVATION !JFFSET ELE~ATI0/1 OFFSET ELEVAT/O.V OffSET anATJO-. OFFSET ELEVATION OffSET ELEVATION OFFSET ELEVAT!Ciol. 01'.-=sf~ ELEYJ.TION :lF<OSET ELEVATION ~F-"SET ElEYATION OFFSET ELEVATION OFFSET E!.nAT/0'1 OFFSET ,., ,., 
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TYPICA~ SECTION N0.5 - STHJON 249 .. 73.1 TO STATION 263+90 
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BOTTOM OF UPSTREAM 
lEVEE PROTECT! ON 
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__ _IQP_Qf_~U~U!i2_-'=~~L ____ __ ------------------------------------------

CEMENT STABILIZED ALLUVIUM LEVEE 
/ PROTRCTJ ON IN 9 MAXIMUM LIFTS "-!....L..Y I I I ._I, V 1.1.../\l....J/ ll'l,;> I~Vf"\ !II L..L..VI-1-J 
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END LEVEE PROTECT! ON FINAL EXCAVATION TO 

BOTTOM OF EXISTING CHANNEL 
/ MATCH EXISTING CHANNEL BOTTOM 

CMATCH EXISTING GABIONSJ 
LEAVE TOP OF GRADE ~ 8

' y 
CONTROL STRUCTURE EXPOSED : \ BOTTOM OF UPSTREAM 
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-' LEVEE PROTECT! ON 

~ STA 89+12.S 
ELEV 1094. S ELEV 1090.0 

ELEV 108S.S 

I/ 0 

I 

BOTTOM OF LEVEE 
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fLEV 10S4.0 

SHEAR KEY 
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CEMENT STABILIZED ALLUV TUM 
IN 9 MAXIMUM LIFTS 

BOTTOM OF DOWNSTREAM 
LEVEE PROTECT ION 
ELEV = 1057.2 

NC:iT- TO SCALE 

NOTE, 
I • All STATIONING REFERENCES CHANNEl CONTROL LINE 

UNlESS OTHERWISE NOTED. 
2. VERTICAL FACE OF GRADE CONTROL STRUCTURE SHAll 

BE CONSTRUCTED W !THOUT FORMS • 
3. GRADE CONTROL STRUCTURES SHAlL BE CONSTRUCTED 

DOWN TO DESIGN ElEVATION OR TO BEDROCK, WHICH
EVER IS HIGHER. SHOUlD BEDROCK BE ENCOUNTERED, 
SEE DRAWING NO. CH-4.4 FOR ANCHORING GRADE 
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NOTES, 

BOTTOM OF UPSTREAM 
LEVEE PROTECTION 

1 . ALL STATIONING REFERENCES CHANNEL CONTROL LJ NE 
UNLESS OTHERWISE NOTED. 

I
' 'ff I T ~ X/2 I 2. VERT! CAL FACE OF GRADE CONTROL STRUCTURE SHALL 

i I "=-' :1 BE CONSTRUCTED WITHOUT FORMS. _S , X 3. GRADE CONTROL STRUCTURES SHALL BE CONSTRUCTED 
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UOWN 10 UESJGN ELEVATiON OR TO BEDROCK, WHiCH-
EVER IS HIGHER. SHOULD BEDROCK BE ENCOUNTERED, 

SECTION SEE DRAWING NO. CH-4. 4 FOR ANCHORING GRADE 
, NOT TO SCALE CONTROL STRUCTURE TO BEDROCK. 
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SECTION B-8 
NO-T TO SCALE CH-4.3 

GRADE CONTROL 
STRUCTURE NO.2 

STATION ELEVATION 

14_4+00 1107.5 

144+14 1101.6 

144+08 1075.4 I 

I 
143+68 1075.4 

141+75 1075.4 

140+57 1095.7 
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BOTTOM OF DOWNSTREAM 
LEVEE PROTECT I ON 

SHEAR KEY C IF BEDROCK IS ENCOUNTERED 
BEFORE REACHING DESIGN DEPTH, USE 
SHEAR KEY AS SHOWN ON DRAWING NO. 
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Grot/~ Conlrol Slrut:ltJIJ! 
Vo. 8 €/iminol~d 

Oue To Roat r7rt7d&- ) 

GRADE CONTROL GRADE CONTROL 

I~ STRUCTURE NO. 3 STRUCTURE NO. 4 
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207+82 1122.5 249+55 ~ ' 
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/,{:u.o I! 
~ 

! 
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TYPICAL GRADE CONTROL STRUCTURE 
NOT TO SCALE 
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SECTION A 
NOT TO SCALE 

• 

NOTES: 

1.) EXCAVATE DOWN TO SOUND BEDROCK BASE. 

2.) PLACE SHEAR KEYS IN SOLID BEDROCK. 

3.) TO BE CONSTRUCTED OF CEMENT STABILIZED 
ALLUVIUM PROPORTIONED, MIXED AND PLACED 
AS INDICATED IN THE SPECIAL PROVISIONS TO 
SPECIFICATIONS. COMPACTION SHALL BE BY 
VIBRATORY ROLLER . 

4.) FOR DIMENSIONS SEE DRAWING CH-4.3 

5.) APPLICABLE FOR GRADE CONTROL 
STRUCTURES 3 AND 4 ONLY. 

HIGHWAYS DIVISION 

~ II I . SHEAR KEY DETAIL GRADE CONTROL STRUCTURE ~~~ U] = m ~"- ~'""" "'"" -
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F. Field Survey Data 

Levee Certification Report 
Salt River Levee System 10#33, 

Maricopa County, Arizona 
Append ix F. Field Survey Data 

Electronic terrain data for the Salt River Levee was provided by the Flood Control District of 
Maricopa County. Terrain data included mass points, breaklines, spot elevations, and contour 
lines in Shape file format based on the following control: 

• Horizontal Control: North American Datum 1983 (NAD 83), Arizona State Plane -
Central Zone. 

• Vertical Control : National Geodetic Vertical Datum 1929 (NGVD 29). 

Electronic data is included on the data disk in Appendix H and displayed in various exhibits 
through the Report. 

F.1 Supplemental Field Survey 

Select Pages from Survey Report, Salt River Levee Survey, Wilson & Company 
Engineers & Architects 

Full Survey Report and electronic files included in data disk in Appendix H 

JE Fuller Hydrology & Geomorphology, Inc. 
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JE Fuller Hydrology & Geomorphology, Inc. 

Levee Certification Report 
Salt River Levee System 10#33, 

Maricopa County, Arizona 
Appendix F. Field Survey Data 

F.1 Supplemental Field Survey 
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WIISOIV 
&COMPANY 

.NG/NEERS & ARCHITECTS 

Survey Report 

Salt River Levee Survey 

submitted to: 
Flood Control District of Maricopa County 

submitted by: 
Wilson & Company, Inc., Engineers & Architects 

May, 2011 
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WilSON 
&COMPANY 

410 N. 441
h Street 

Suite 460 
Phoenix, AZ 85008 
602-283-2701 
602-273-1230 Fax 

May 13,2011 

Flood Control District of Maricopa County 
2801 W. Durango Street 
Phoenix, Adzona 85009 

Salt River Levee 

Survey Report 

2011 

Albuquerque 
Colorado Springs 
Denver 
Fort Worth 
Houston 
Kansas City 
Lenexa 
Omaha 
Pasadena 
Phoenix 
Rio Rancho 
Salina 
San Bernardino 
SanD/ego 

Wilson & Company 
Latin America, LLC 

This Survey Report is the result of a survey conducted for Flood Control District 
of Maricopa County to provide on the ground field survey, drainage structure and bridge 
data. 

The survey was conducted during the month of May 2011 . It began with the 
gathering of research data on existing NGS control points in area of the project. These 
points form the basis of the survey control for this project. A Vitiual Reference Station 
(VRS) network was utilized in lieu of standard GPS base stations as a major component 
of the RTK system. GPS data gathered during this survey used this system and standard 
GPS base set up. 

Field work consisting of control checks into existing NGS monuments, setting 
and referencing project control monuments was completed May 13, 2011. Members of 
the field crew were Dane Branfort, Hector Bejarano, and James Flemings. GPS 
equipment used for this survey was Trimble R8 receivers combined with Trimble TSC2 
data collectors . 

WILSON & COMPANY, INC., ENGINEERS & ARCHITECTS 
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WllSOIV 
&COMPANY 

Surveyors Certificate 

Page2 

I, Gregory L Thompson, a Registered Land Surveyor in the State of Arizona, do hereby 
certify that the accompanying survey conducted May, 20 ll was made under my direct 
supervision and the information contained hereon is true and accurate to the best of my 
belief. 

WILSON & COMPANY 
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G. Salt River Levee Photos 

G.1 Field Photos 

G.2 Field Photo Locations 

Figure G-1: Field Photo Locations 

JE Fuller Hydrology & Geomorphology, Inc. 

Levee Certification Report 
Salt River Levee System 10#33, 

Maricopa County, Arizona 
Appendix G. Salt River Levee Photos 
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JE Fuller Hydrology & Geomorphology, Inc. 

Levee Certification Report 
Salt River Levee System 10#33, 

Maricopa County, Arizona 
Appendix G. Salt River Levee Photos 

G.1 Field Photos 
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Photograph #SR_OOl 

Levee Certification Report 

Salt River Levee System 10#33, 

Maricopa County, Arizona 

Photo Location and Descriptions 

May 3, 2011 

Looking South at Tempe Town Lake West Inflatable Dam 

Photograph #SR_004 May 3, 2011 

Looking West along the North Levee 

Page 1 of 44 
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Photograph #SR_009 

Looking East along the North Levee 

Photograph #SR_OlO 

Levee Certif icat ion Report 

Salt River Levee System 10#33, 

Maricopa County, Arizona 

Phot o Locat ion and Descr iptions 

May 3, 2011 

May 3, 2011 

Looking West along the North Levee at top of Soil Cement 

Page 2 of 44 
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Photograph #SR_Oll 

Levee Certification Report 

Salt River Levee System 10#33, 

Maricopa County, Arizona 

Photo Location and Descriptions 

May 3, 2011 

Looking West along the North Levee at top of Gabions 

Photograph #SR_018 May 3, 2011 

Looking East along the North Levee 

Page 3 of 44 



• 

• 

• 

Photograph #SR_019 

Looking West along the North Levee 

Photograph #SR_024 

Levee Cert if ication Report 

Salt River Levee System 10#33, 

Maricopa County, Arizona 

Photo Locat ion an d Descriptions 

May 3, 2011 

May 3, 2011 

Looking West along the North Levee at top of Soil Cement 

Page 4 of 44 
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Photograph #SR_025 

Levee Certification Report 

Salt River Levee System ID#33, 

Maricopa County, Arizona 

Photo Location and Descri ptions 

May 3, 2011 

Looking East along the North Levee at top of Soil Cement 

Photograph #SR_031 May 3, 2011 

Looking East along the North Levee 

Page 5 of 44 
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Photograph #SR_032 

Looking West along the North Levee 

Photograph #SR_039 

Levee Certification Report 

Sa lt River Levee System ID#33, 

Maricopa County, Arizona 

Photo Location and Descriptions 

May 3, 2011 

May 3, 2011 

Looking West along the North Levee at top of Soil Cement 

Page 6 of 44 
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Photograph #SR_040 

Levee Certification Report 

Sa lt River Levee System ID#33, 

Maricopa County, Arizona 

Photo Location and Descriptions 

May 3, 2011 

Looking East along the North Levee at top of Soil Cement 

Photograph #SR_041 May 3, 2011 

Looking East along the North Levee 

Page 7 of 44 
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Levee Certification Report 

Salt River Levee System 10#33, 

Maricopa County, Ari zona 

Photo Locat ion and Descriptions 

• t 
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Photograph #SR_045 May 3, 2011 

Looking West along the North Levee 

Photograph #SR_046 May 3, 2011 

Looki ng at West at upstream face of Priest Drive 

Page 8 of 44 
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Photograph #SR_047 

Looking East along the North Levee 

Photograph #SR_061 

Levee Certification Report 

Sa lt River Levee System 10#33, 

Maricopa County, Arizona 

Photo Location and Descriptions 

May 3, 2011 

May 3, 2011 

Looking at East at downst ream face of Pri est Dri ve 

Page 9 of 44 
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Photograph #SR_062 

Looking West along the North Levee 

Photograph #SR_074 

Levee Certification Report 

Salt River Levee System ID#33, 

Maricopa County, Arizona 

Photo Location and Descriptions 

May 3, 2011 

May 3, 2011 

Looking at landside embankment West of Priest Drive 
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Photograph #SR_081 

• Looking West along the North Levee 

Photograph #SR_082 

• Looking East along the North Levee 

Levee Certi fi ca t ion Report 

Sa lt River Levee System ID#33, 

Maricopa County, Arizona 

Photo Location and Descriptions 

May 3, 2011 

May 3, 2011 
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Photograph #SR_083 

• Looking East along the North Levee 

Photograph #SR_087 

• Looking West along the North Levee 

Levee Certifica t ion Report 

Salt River Levee System 10#33, 

Maricopa County, Arizona 

Photo Location and Description s 

May 3, 2011 

May 3, 2011 
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Photograph #SR_088 

Levee Certification Report 

Sa lt River Levee System 10#33, 

Maricopa County, Arizona 

Photo Location and Descript ions 

May 3, 2011 

Looking at landside embankment West of Priest Drive 

Photograph #SR_091 May 3, 2011 

Looking East along the North Levee 
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Photograph #SR_095 

• Looking West along the North Levee 

Photograph #SR_096 

• Looking East along the North Levee 

Levee Certification Report 

Sa lt River Levee System 10#33, 
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Photo Location and Descriptions 

May 3, 2011 

May 3, 2011 
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Photograph #SR_lOO 

• Looking West along the North Levee 

Photograph #SR_102 

• Looki ng West at landside area 

Levee Certif icat ion Report 

Sa lt River Levee System 10#33, 

Maricopa County, Arizona 

Photo Location and Descriptions 

May 3, 2011 

May 3, 2011 
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Photograph #SR_103 

Looking East at landside area 

Photograph #SR_104 

Levee Certification Report 

Salt River Levee System 10#33, 

Maricopa County, Arizona 

Photo Location and Descriptions 

May 3, 2011 

May 3, 2011 

Looking at box culvert th rough levee (Cross Cut Cana l) 
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Photograph #SR_105 

• Looking West along the North Levee 

Photograph #SR_109 

• Looking West along the North Levee 

Levee Certification Report 

Sa lt River Levee System 10#33, 

Maricopa County, Arizona 

Photo Location and Descriptions 

May 3, 2011 

May 3, 2011 
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Photograph #SR_112 

Levee Certif ication Report 

Sa lt River Levee System ID#33, 

Maricopa County, Ar izona 

Photo Location and Descriptions 

May 3, 2011 

Looking at interior drainage ponding area east of Cross Cut Canal 

Photograph #SR_114 May 3, 2011 

Looking from top of headwall at Cross Cut Canal 
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Photograph #SR_115 

Levee Certification Report 

Salt River Levee System 10#33, 

Maricopa County, Arizona 

Photo Locat ion and Descriptions 

May 3, 2011 

Looking at interior drainage ponding area West of Cross Cut Canal 

Photograph #SR_120 May 3, 2011 

Looking East along the North Levee 
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Photograph #SR_124 

Looking at West at upstream face of SR143 

Levee Certification Report 
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Photo Location and Descriptions 

May 3, 2011 

Photograph #SR_144 May 3, 2011 

Looking East along channel from below SR 143 Bridge 
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Photograph #SR_151 

Looking West along the South Levee • 

Photograph #SR_159 

• Looking West along the South Levee 

Levee Certification Report 

Sa lt River Levee System 10#33, 

Maricopa County, Arizon a 

Photo Location and Descriptions 

May 3, 2011 

May 3, 2011 
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Photograph #SR_163 

Looking Ea st along the South Levee 

Photograph #SR_164 

Levee Certi f ication Report 

Salt River Levee System 10#33, 
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Photo Location and Descriptions 

May 3, 2011 

May 3, 2011 

Looking West at landsi de area (South Levee) 
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Photograph #SR_165 

Looking East at landside area (South Levee) 
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Photo Location and Descriptions 

May 3, 2011 

Photograph #SR_167 May 3, 2011 

Looking West along the South Levee 
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Photograph #SR_173 

Looking East at landside area (South Levee) 

Levee Certification Report 
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Photo Location and Descriptions 

May 3, 2011 

Photograph #SR_174 May 3, 2011 

Looking West along the South Levee 
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Photograph #SR_179 

Looking East along the South Levee 

Photograph #SR_180 

Levee Certification Report 

Sa lt River Levee System 10#33, 

Maricopa County, Arizona 

Photo Location and Descriptions 

May 3, 2011 

May 3, 2011 

Looking West at landside area (South Levee) 
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Photograph #SR_181 

Looking East at landside area (South Levee) 

Levee Certification Report 

Salt River Levee System ID#33, 

Maricopa County, Arizona 

Photo Location and Descriptions 

May 3, 2011 

Photograph #SR_182 May 3, 2011 

Looking at culvert outlet flapgate. Levee Station 222+05 
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Photograph #SR_186 

Levee Certification Report 

Sa lt River Levee System 10#33, 

Maricopa County, Arizona 

Photo Location and Descriptions 

May 3, 2011 

Looking at culvert outlet flapgate . Levee Station 218+15 

Photograph #SR_187 May 3, 2011 

Looking West along the South Levee 
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Photograph #SR_192 

• Looking East along the South Levee 

Photograph #SR_195 

• Looking East at landside area (South Levee) 

Levee Certification Report 

Sa lt River Levee System 10#33, 

Maricopa County, Arizona 

Photo Location and Descriptions 

May 3, 2011 

May 3, 2011 
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Photograph #SR_200 

Levee Cert if ication Report 

Sa lt River Levee System 10#33, 

Maricopa County, Arizona 

Photo Location and Descriptions 

May 3, 2011 

Looking at West at upstream face of Priest Drive 

Photograph #SR_205 May 3, 2011 

Looking East along the South Levee 
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Photograph #SR_206 

Levee Certification Report 

Sa lt River Levee System ID#33, 

Maricopa County, Arizona 

Photo Location and Descriptions 

May 3, 2011 

Looking at West at downstream face of Priest Drive 

Photograph #SR_212 May 3, 2011 

Looking West along the South Levee 
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Photograph #SR_214 

Levee Certification Report 

Salt River Levee System 10#33, 

Maricopa County, Arizona 

Photo Location an d Descriptions 

May 3, 2011 

Looking at c.ulvert outlet flapgate . Levee Station 210+25 

Photograph #SR_219 May 3, 2011 

Looking East along the South Levee 
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Photograph #SR_225 

• Looking West along the South Levee 

Photograph #SR_226 

• Looking West along the South Levee 

Levee Certification Report 

Sa lt River Levee System 10#33, 

Maricopa County, Arizona 

Photo Location and Descriptions 

May 3, 2011 

May 3, 2011 
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Photograph #SR_227 

• Looking East along the South Levee 

Photograph #SR_228 

• Looking at Gabion Mats 
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Photo Location and Descriptions 

May 3, 2011 

May 3, 2011 
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Photograph #SR_229 
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Photo Location and Descriptions 

May 3, 2011 

Looking West at landside area (South Levee) 
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Photograph #SR_230 May 3, 2011 

Looking East at landside area (South Levee) 
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Photograph #SR_231 

• Looking East along the South Levee 

Photograph #SR_236 

• Looking West along the South Levee 
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Salt River Levee System 10#33, 
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Photo Location and Descriptions 

May 3, 2011 

May 3, 2011 
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Photograph #SR_237 

• Looking East along the South Levee 

Photograph #SR_238 

• Looking West along the South Levee 

Levee Certification Report 

Salt River Levee System ID#33, 

Maricopa County, Arizona 

Photo Location and Descript ions 

May 3, 2011 

May 3, 2011 
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Photograph #SR_239 

Levee Certification Report 

Sa lt River Levee System 10#33, 

Maricopa County, Arizona 

Photo Location and Descriptions 

May 3, 2011 

Looki ng West at landside area (South Levee) 

Photograph #SR_240 May 3, 2011 

Looking East at landside area (South Levee) 
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Photograph #SR_242 

• Looking East along the South Levee 

Photograph #SR_246 

• Looking West along the South Levee 

Levee Certification Report 

Sa lt River Levee System 10#33, 
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Photo Location and Descriptions 

May 3, 2011 

May 3, 2011 
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Photograph #SR_247 

• Looking East along the South Levee 

Photograph #SR_248 

• Looking West along the South Levee 
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Photo Location and Description s 

May 3, 2011 

May 3, 2011 
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Photograph #SR_249 

Levee Certification Report 

Salt River Levee System 10#33, 

Maricopa County, Arizona 

Photo Location and Descriptions 

May 3, 2011 

Looking West at landside area (South Levee) 

Photograph #SR_254 May 3, 2011 

Looking East along the South Levee 
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Photograph #SR_259 

Looking West along the South Levee 

Photograph #SR_260 

Levee Certification Report 

Sa lt River Levee System 10#33, 

Maricopa County, Arizona 

Photo Location and Descript ions 

May 3, 2011 

May 3, 2011 

Looking at culvert outlet flapgate . Levee Station 165+00 
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Photograph #SR_262 

• Looking West along the South Levee 

Photograph #SR_263 

• Looking East along the South Levee 
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Photo Locatio n and Descriptions 

May 3, 2011 

May 3, 2011 
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Photograph #SR_264 

Looking East along the South Levee 

Photograph #SR_268 

Levee Certificat ion Report 

Salt River Levee System 10#33, 

Ma ricopa County, Arizona 

Photo Locat ion and Descriptions 

May 3, 2011 

May 3, 2011 

Looking at the upstream face of SR143 Bridge 
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Levee Certification Report 

Salt River Levee System ID#33, 

Maricopa County, Arizona 

Photo Location and Descriptions 

Photograph #SR_269 May 3, 2011 

Looking at the upstream face of SR143 Bridge 

Page 44 of 44 



• 

• 

• 
JE Fuller Hydrology & Geomorphology, Inc. 
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LEVEE CERTIFICATION REPORT, 
T RIVER LEVEE SYSTEM ID#31 

BETWEEN TEMPE TOWN LAKE 
AND STATE ROUTE 143 

lea end * General Photo Locations 

Feet 

200 
:::J 

June, 2011 

FIGURE G-1: 
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PHOTO LOCATIONS 
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Levee Certification Report 
Salt River Levee System ID#33, 

Maricopa County, Arizona 
Appendix H. Data Disk 

• H. Data Disk R.Q_-kr -6 Ar;f(~ d~ :#I Dtsl< 
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As-Built and Design Plans 

Priest Drive Bridge Plans 

Stage Route 143 Bridge Plans 

State rough 153 Bridge Plans 

As Built Plans for Salt River Channelization Hohokam University to Sky Harbor 

Field Photos 

General Support Documents 

SRHMP Hydraul ic Reports and Files 

HECRAS 

HEC-RAS Evaluation Model (SR_Levee_ID33.prj) 

Survey Report and Files 

JE Ful ler Hydrology & Geomorphology, Inc. 
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