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

FEMA
March 16,2012

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

RE: Floodplain Delineations in Support of Levee Celiification Packages for Agua Fria River
Levees with IDs #8, 11, 16 and 18

Dear Mr. Brown:

This letter is in reference to your submittal of a Technical Data Notebook prepared by Stanley
Consultants, Inc. and WEST Consultants, Inc. to update the floodplain delineations along the
Agua Fria River, generally from the Salt/Gila River to New River in August 20 II. The study was
submitted in suppoli of the Provisionally Accredited Agua Fria River Levees (IDs 8, 11, 16 and
18) that were determined to meet the levee certification requirements outlined in the Code of
Federal Regulation, Title 44, Section 65.10 (44 CFR 65.10).

We have completed our review and have approved the submitted data. The revised floodplain
delineations for the Agua Fria River will be incorporated into a future Physical Map Revision
(PMR) for Maricopa County.

If you have any questions regarding this matter, please contact me, either by telephone at
(510) 627-7274, or by email at robelt.bezek@fema.dhs.gov.

Sincerely,

ttL
Robert J. Bezek, CFM
Regional Engineer
Mitigation Division

cc: Brian Cosson, AZ DWR, NFIP State Coordinator
Scott Buchanan, Stanley Consultants, Inc.
Brian T. Wahl in, WEST Consultants, Inc.
Charlie McClendon, City Manager, City of Avondale
Sue McDermott, Floodplain Administrator, City of Avondale
Charles Andrews, Senior Project Manager, City of Avondale
David Cavazos, City Manager, City of Phoenix
Hasan Mushtaq, Floodplain Administrator, City of Phoenix
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I III Broadway, Suite 1200
Oakland, CA 94607-4052

FEMA
November 23,2011

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

Dear Mr. Brown:

This correspondence is in reference to the June 23, 2011, and August 25, 2011, letters and data
submissions to the U.S. Department of Homeland Security's Federal Emergency Management Agency
(FEMA) regarding certification ofthe city of Avondale, the city of Phoenix, and Maricopa County
portions of the Agua Fria River Levee System in order to meet the criteria of the Code of Federal
Regulations, Title 44, Section 65.10 (44 CFR 65.10). The submitted data has been approved, and the
levees are considered accredited. The pertinent information regarding the specific levees is listed below.

•
Identifier:

Flooding Source:

Agua Fria Levee System (Levee ID Nos. 8, 11, 16, and 18)

Agua Fria River

•

September 30, 2005 Effective
FIRM panels affected: 04013C1620H, 04013C2080J, 04013C2085G & 04013C2090H

December 3,2010 Preliminary
FIRM panels affected: 04013C1695L, 04013C2l55L, 04013C2l60L & 04013C2165L

In support ofthe Agua Fria Levee System segment certifications the following information was
submitted:

1. A report prepared by West Consultants, Inc., "Agua Fria River FEMA Levee Certification
Package for Levee ID #8."

2. A report prepared by JE Fuller Hydrology & Geomorphology, Inc., "Certification Report for
Camelback Ranch Levee South (ID #11) - Camelback Road to 3600 feet south along the east
bank of the Agua Fria River - Maricopa County, Arizona."

3. A report prepared by West Consultants, Inc., "Agua Fria River FEMA Levee Certification
Package for Levee ID #16."

4. A report prepared by West Consultants, Inc., "Agua Fria River FEMA Levee Certification
Package for Levee ID #18."

The Technical Data Notebooks prepared by JE Fuller Hydrology & Geomorphology, Inc. and West
Consultants, Inc., were reviewed to verify 44 CFR 65.10 compliance. The following is a summary of the
review:
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1. Freeboard: Analysis and Supporting Documentation was reviewed and found to be in compliance
with 44 CFR 65.l0(b)(1).

2. Closures: Analysis and Supporting Documentation was reviewed and found to be in compliance
with 44 CFR 65.1O(b)(2).

3. Embankment Protection: Analysis and Supporting Documentation was reviewed and found to be
in compliance with 44 CFR 65.1O(b)(3).

4. Embankment and Foundation Stability: Analysis and Supporting Documentation was reviewed
and found to be in compliance with 44 CFR 65.10(b)(4).

5. Settlement: Analysis and Supporting Documentation was reviewed and found to be in compliance
with 44 CFR 65.1O(b)(5).

6. Maintenance Plans and Criteria: Supporting Documentation was reviewed and found to be in
compliance with 44 CFR 65.l0(d).

All of the above documentation and data, along with the previously submitted documentation, have been
reviewed and based on receipt of this information the Agua Fria River Levee System (Levee ID Nos. 8,
11, 16 and 18) as shown on the attached Agua Fria River Levee System Map, meets 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 I-percent­
annual-chance (base) flood. The area protected from the base flood by this levee will 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.

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 ofupdate. Also, design, construction, operation, and/or maintenance documents may be requested at
any time. Deviations from the documentation and data submitted to FEMA could result in the levee
system no longer being mapped as providing protection from the base flood on future FIRMs. If at any
point additional information is provided to FEMA that shows the levee system no longer meets
certification criteria as outlined in 44 CFR 65.10, 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 I-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 ofprotection. When levees do fail, they fail catastrophically, and
damage may be more significant than if the levee was not there. Therefore, we encourage you to annually
discuss the status and condition ofyour 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
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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 (510)
627-7274, or by email at robert.bezek@fema.dhs.gov.

Sincerely,

•

•

Robert J. Bezek, CFM
Regional Engineer
Mitigation Division

Enclosure:

Agua Fria River Levee System Map

Copies Furnished (w/out enclosures):

Brian Cosson, AZ DWR, NFIP Coordinator
Tony Freiman, AMEC Earth & Environmental, Inc.
Steve Nowaczyk, Ninyo and Moore
Jon T. Ahem, JE Fuller Hydrology & Geomorphology, Inc.
Scott Buchanan, Stanley Consultants, Inc.
Brian T. Wahlin, WEST Consultants, Inc.
Charlie McClendon, City Manager, City ofAvondale
Sue McDermott, Floodplain Administrator, City of Avondale
David Cavazos, City Manager, City of Phoenix
Hasan Mushtaq, Floodplain Administrator, City ofPhoenix
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February 1, 2012

Charles Andrews, P.E.
Senior Project Manager, Engineering Department
City of Avondale
11465 W. Civic Center Dr., Ste. 120
Avondale, AZ 85323

Subject: Floodplains for the Agua Fria River from the Salt / Gila River to New River

Dear Mr. Andrews:

•
This letter is in response to a recent data request from an outside engineer, which the City will
fulfill. In reviewing previous data that the District sent to the City, it appears some mes were not
sent to the City of Avondale. The District previously received a signed Public Records request for
this data and some of the enclosed data should have been on that disk. For the City's convenience,
the previous Oanuary 11, 2012 and others) data is repeated here, so that the City has all applicable
floodplain data on one disk. The City's GIS data request, fulfilled per the District's letter dated
December 15,2011, is not repeated on this disk.

As stated in the January 11 letter to you, this update to the lower 10 miles of the Agua Fria River
floodplain andfloodway presents new BFE's and ponded water surface elevations from the Salt /
Gila River to New River, based on recent topographic mapping much newer than the current
FCD95-05 study. About 6 miles of the 10 mile study reach were flown in January 2011.

Although the levees adjacent to this floodplain are now accredited by FEMA, which included a
review of the HEC-RAS hydraulic model, this floodplain information is currently being reviewed by
FEMA for any outstanding floodplain mapping issues. FEMA has not yet asked the District to
provide a City of Avondale Community Acknowledgment Form. After FEMA's final approval, the
District would like to borrow your copy of the TDN in order to finalize it.

It is important that the City of Avondale understand this floodplain information is pending FEMA
review and could be revised by review comments. Everyone at the City of Avondale obtaining or
using this data should be made aware of this fact and use appropriate caution. If you have
questions concerning this information, please call me at 602-506-4617.

Sincerely,

Technical

Linda Mendenhall, FCDMC
Charlie McClendon, City Manager
Wayne Janis, Floodplain Administrator
Sue McDermott, City Engineer, City of Avondale

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

C:•
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-2801 West Durango Street
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December 22, 2011

•

•

Thomas W. Smith, P.E.
Engineering Technical Services Group
FEMA PTS Contractor
Michael Baker,]r., Inc.
3601 Eisenhower Avenue
Alexandria, VA 22304

Subject: Floodplains Review for Agua Fda River Levees, Data Request

Dear Mr. Smith:

The Federal Emergency Management Agency, via Sarah Houghland, P.E., CFM, at BaketAECOM,
ha~ requested the digital floodplain information, recent aerial photographs and recent topographic
mapping (contours and DiM) for the lower Agua Fria River. Enclosed is aDVD disk with the
requested data in the appropriate format files. The District does not require a signed .Public Records .
request for this data, because this data is in support of documents previously submitted to FEMA
for levee accreditation. The data disk contains the data described in the attached File Inventory
Report.

It is iinportant to note that the topographic information has not been edge-matched for this project,
therefore a map, from the interior Drainage Report (ID#8&16), listing the data sources for the·
contours is sent to assist you in loading/viewing the co.rrect shape flie, depending on which
floodplain area you are reviewing. .

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

Sihcerdy,

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

C: Bob Bezek, FEMA Region IX
Sarah Houghland, BakerAECOM
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.-\.ugust 25, 2011

•

•

Robert J. Bezek, CFM
Regional Engineer
U.S. Department of Homeland Security
r-.-1itigation Division, FEMA Region IX
1111 Broadway, Suite 1200
Oakland, CA 94607·4052

Subject: Floodplain Delineations in support of Levee Certification Packages for Agua Fria
River Levees,PALID#8-11-16-18

Dear Mr. Bezek:

'Illis letter is in response to the Provisionally Accredited Levee (PAL) agreements which the
District, tbe City of.:\vondale and the City of Phoenix entered into with the Federal Emergency
l\InnagementAgcncy in June 2009 for the Agua Fda R.i\'er Levees, generally between the New River
and the Salt / Gila River. The Levee Certification Reports for each ofPAL ID#8, 1D#11, ID#16,
and ID #18 were submitted in June 2011.

Provided in this submittal is an update to the Agua Fda River Floodplain work maps from the Salt
/ Gila River to New River. As discus~ed with you, the District directed Stanley Consultants to
correct some graphic presentation items on the new work maps, and added the Zone AH
delineations prepared by WEST Consultants for the interior drainage analysis. TIle work maps also
dcpict the floodplain delineation adjacent to PAL 1D#11 prepared by .IE Fuller. On August 4 we
met with the City oL\\'ondalc to coordinate some floodplain issues for proper depiction of certain
areas on the work maps.

Submitted are 1 hard copy Agua Fda River Floodplain Rc-Delineation Technical Data Notebook, 2
hard copy Interior Drainage Reports (one for each river side), work maps and annotated FIIUvl
Panels. ;\s stated in past conversations and stated in a one page TDN addendum, the IIEC-R.;\S
models are unchanged and are the same as the June 2011 submittal. The encloscd disks contain
PDF format fUes of the submitted data along with the HEC-RAS models prcviously submitted.

Shipped arc one box -..vith the reports and disks and one ,tube with the floodplain / floodway work
maps. Please replace the previously submitted information with this update information. A minor
update is made to the levee certification reports to document the revised reference report dates.
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FEIviA now has all applicable information to begin revicw of the Agua Fria Rivcr levees.Wc ask
that FEMA agree with the District that these Agua Fria River Levees are in full compliance with
44CFR §65.10 to provide protection from flooding during from the 1 percent annual chance £load,
and request that all four of these levees be moved from Provisionally Accredited to Accredited
status on the FIRM: Panels.

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

Sincerely,

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

Cc: Sarah Houghland, !vlichael Baker Corporation (1 CD/DVD disk for each report, and 1 roll
of floodplain work maps)
Brian Cosson, ADWR, NFIP Coordinator
Jon 1'. Ahern,JE Fuller Hydrology & Geomorphology, Inc.
Scott Buchanan, Stanley Consultants, Inc.
Brian T. Wahlin, WEST Consultants, Inc.
Charlic McClendon, City Manager, City of Avondale
\,!ayne Janis, floodplain Administrator, City of ,\\'ondale
Sue McDermott, City Engineer, City of Avondale
Charles Andrews, Senior Project Manager, Engineering Dept., City ofAvondale
David Cavazos, City Manager, City ofPboenix
Hasan Mushtaq, Floodplain Administrator, Cit)' of Phoenix
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Ed Curtis, P.E., CFM
Senior Civil Engineer
Risk Analysis Branch, FEMA Region IX
U.S. Department of Homeland Security
1111 Broadway, Suite 1200
Oakland, CA 94607-4052

Subject: Levee Certification Packages for Agua Fda River Levees, PAL ID#8:-11~16~18

•

•

Dear Mr. Curtis:

This letter is in response to the Provisionally Accredited Levee (pAL) agreements (attached) which
Maricopa County, the City of Avondale and the City of Phoenix entered into with the Federal
Emergency Management Agency in June 2009 for the Agua Fria River Levees, generally between
the New River and the Salt / Gila River. The submittal package is separate Levee Certification
Reports for each ofPAL ID#8, ID#l1, ID#16, and ill #18, dated June 2011.

In addition, we ate providing an update to the Agua Fria River floodplain and floodway with new
BFE's from the Salt / Gila River to New River, based on ):ecent topographic mapping. The Agua
Pria River Floodplain Re-Delineation Technical Data Notebook is being sent to you on disk (only),
along with the HEC-RAS models. As recendy agreed, Maricopa County will correct some graphic
presentation items on the new work maps, add Zone AH delineations prepared by others for the
new interior drainage analysis and submit a paper TDN with updated disks and updated work maps

, byJuly 18, 2011. The HEC-RAS models will be unchanged with this update.

You ar~ receiving two boxes with the reports and disks and one tube with the floodplain /
floodway work maps. As previously agreed, you are receiving the survey disks, with sealed report
scan without a paper copy of each survey report.
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We ask that FEMA agree with Maricopa County that these Agua Fria 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 all four of these levees be moved from Provisionally
Accredited to Accredited status on the FIRM Panels.

Ifyou have questions concerning this submittal, please call me at (102-506-4617.

Sincerely,

F=k~ro~~
Senior Civil Engineer, :Mitigation Planning & Technical Programs Branch,
Floodplain Management and Services Division

Cc: Sarah Houghland, :Michael Baker Corporation (1 CD/DVD disk for each levee report, and
1 toll of floodplain work maps)
Brian Cosson, AZ DWR, NFIP Coordinator
Tony Freiman, AMEC Earth & Environmental, Inc.
Steve Nowaczyk, Ninyo and Moore
Jon T. Ahern,JE Fuller Hydrology & Geomorphology, Inc.
Scott Buchanan, Stanley Consultants, Inc.
Brian T. Wahlin, WEST Consultants, Inc.
Chatlie McClendon, City Manager, City ofAvondille
Wayne Janis, Floodplain Administrator, City ofAvondale
David Cavazos, City Manager, City ofPhoenix
Hasan Mushtaq, Floodplain Administrator, City ofPhoenix
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This document, together with the concepts and designs presented herein, as an instrument of service, is intended
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without written authorization and adaptation by JE Fuller Hydrology & Geomorphology, Inc., shall be without liability to
JE Fuller Hydrology & Geomorphology, Inc.
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44CFR65.10

ADOT
cfs
DEM
DFIRM
DTM
FEMA
FCDMC
fps
ft
H&H
H:V
HEC-1
HEC-2
HEC-GeoRAS
HEC-RAS
Hr
Hrs
in
mins
NAD 83
NFIP
NAVD88
NGVD 29
P.E.
PAL
RGRCP
SPF
USACE

Title 44 of the Code of Federal Regulations, Section 65.10, Mapping of Areas Protected
by Levees
Arizona Department of Transportation
cubic feet per second
digital elevation model
Digital Flood Insurance Rate Map
Digital Terrain Model
Federal Emergency Management Agency
Flood Control District of Maricopa County
feet per second
feet
Hydrology and Hydraulics
Horizontal:Vertical
U.S. Army Corps of Engineers hydrologic modeling program
U.S. Army Corps of Engineers hydraulic modeling program
An extension for support of HEC-RAS using ArcGIS
Hydrologic Engineering Centers River Analysis System (USACE, Hydraulic Model)
Hour
Hours
Inches
Minutes
North American Datum of 1983
National Flood Insurance Program
North American Vertical Datum of 1988
National Geodetic Vertical Datum of 1929
Professional Engineer
Provisionally Accredited Levees
Rubber Gasket Reinforced Concrete Pipe
Standard Project Flood
U.S. Army Corps of Engineers
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Certification Report for
Camelback Ranch Levee South

Maricopa County, Arizona
Section 1 Introduction

1 Introduction

1.1 Project Objectives

This Levee Certification Report has been prepared to document Federal Emergency
Management Agency (FEMA) accreditation requirements for the Levee Certification Report for
the Camelback Ranch Levee South from Camelback Road to 3600 feet south along the Agua
Fria River 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 Camelback Ranch Levee South System (FEMA 10 #11).

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

The Camelback Ranch Levee South System is currently shown on effective FEMA Federal
Insurance Rate Map (FIRM) Panels 04013C1620F and 04013C2085E, reflecting the Camelback
Ranch Levee South Project which was accepted by FEMA April 16, 1998 per LOMR Case
Number 98-09-226P.

FEMA's LOMR acceptance letter and effective FIRM Panels (in a FIRMette format) are provided
in Appendix A.

At the time of this report, FEMA has classified the Camelback Ranch Levee South System via a
Provisionally Accredited Levee (PAL) letter 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 agreement is scheduled to expire 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

Address: 2801 W. Durango Street
Phoenix, AZ 85009

Phone: (623) 889-01688 Phone: (602) 506-1501

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

Project
Manager: Frank E. Brown P.E. CFM.

•

1.3 Site Location and Description

The Camelback Ranch Levee South System is owned, maintained, and operated by FCDMC,
and is located within a portion of Sections 24 of T02N, R01 W, and Section 19 of T02N, R01 E,of
the Salt River Baseline and Meridian, within Maricopa County, Arizona (see Figure 1-1).

JE Fuller Hydrology & Geomorphology, Inc. Page 1-1
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Figure 1-1: Project Location

Certification Report for
Camelback Ranch Levee South

Maricopa County, Arizona
Section 1 Introduction

JE Fuller Hydrology & Geomorphology, Inc. Page 1-2



•

•

•

Certification Report for
Camelback Ranch Levee South

Maricopa County, Arizona
Section 1 Introduction

1.4 General Discussion of the Levee System

The Camelback Ranch Levee South System was designed and constructed from 1997 to 1998.
This flood control facility, located within an arid geographic region that experiences an annual
average precipitation of less than 7.7 inches, was built to protect low lying developed areas from
flows in the Agua Fria River near the confluence with the New River.

The Camelback Ranch Levee South System extends in a northerly direction from the terminus
of an existing soil cement diversion structure to the downstream end of the east abutment of the
Camelback Road Bridge over the Agua Fria River. Typical levee characteristics, based on as­
built plans, are provided in Table 1-1. In addition, Camelback Ranch Levee South as-built
drawings are provided in Appendix E with an electronic (pdf) copy in the data disk in Appendix
H.

Table 1-1: Typical Camelback Ranch Levee South System Characteristics

Levee Characteristic Description

Cross-Section Trapezoidal
Lenqth Approximately 3775 feet
Height Approx. 10 to 20 feet

Approximately 16 feet (includes 9 foot soil cement top and a 7 foot
Levee Top Width aqqregate base path)

Side Slope (Iandside) 3H:1V
Side Slope (waterside) 1H:1Vto 1.8H:1V
Embankment Armoring Soil Cement

1.5 Report Format

As noted above, this report discusses the Camelback Ranch Levee South (10#11) compliance
with the requirements put forth in 44CFR65.1 O. This compliance is documented in the following
sections:

Section 2: 44CFR65.10 Requirements

Section 3: FEMA MT-2 Forms

Section 4: Certification Statement

Section 5: Limitations

1.6 Documents Under Separate Cover

Geotechnical elements assessed for compliance with 44CFR65.10 are documented within the
Geotechnical Study for Federal Emergency Management Agency (FEMA) Partial Certification,
Camelback Ranch Levee South, Maricopa County, March 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.

Floodplain Delineation Study for a portion of the Agua Fria River, Agua Fria River from 1800
feet upstream (north) of Camelback Road Bridge to 1700 feet upstream (north) of Indian School
Road Bridge, June 2011.

JE Fuller Hydrology & Geomorphology, Inc. Page 1-3
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2 44CFR65.10 Requirements

2.1 Levee Overview

The Camelback Ranch Levee South is a soil cement levee constructed along the east bank of
the Agua Fria River from Camelback Road to the south for a distance of approximately 3600
feet. The southern section ties into a soil cement transverse diversion structures upstream of
Indian School Road. The levee soil cement is approximately 9 feet wide at the base with side
slopes of 1.8:1 below the foundation line and 1:1 above the foundation line (see Figure 2-1).
The existing riprap spur dike at the southeast abutment of Camelback Road Bridge was
removed, and replaced as shown on the Record Drawings in Appendix E. In addition, a storm
drain connection through the levee was added by the City of Phoenix in 2008 that included the
addition of an access ramp to facilitate maintenance and inspections activities for the outlet
headwall and flap gate.

•
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Figure 2-1: Typical Levee Cross-section

According to the Final Interior Drainage Report, 1998 the general overview of the Camelback
Ranch Levee project area is:

"During the 1980's development was accelerating in west Phoenix. Camelback Ranch was
investigated and conceptually planned by several developers during the 1980's before the
Willden-Red River Joint Venture filed an application with the City of Phoenix (COP) for Planned
Community District (PCD) zoning in April 1988, case #108-88-4. See Figure 1 on page 2 for the
boundaries of the Camelback Ranch property. This PCD application was approved by the
Phoenix City Council, with stipulations, on November 1, 1988, with subsequent amendments.
The PCD called for commercial and office uses at the northwest and southwest corners of
Camelback Road and 101 st Avenue, a major park on approximately 90 acres along the north
edge of the property, and a variety of residential densities throughout the balance of the
property. The City of Phoenix purchased the 90 acre park site along the north edge of the
property. The plan also required that the developer to construct a levee along the north and
west edges of the property to remove it from the floodplain. The basic design concept for the
levee was approved by the Flood Control District of Maricopa County (FCDMC). Another key
zoning stipulation was that construction on the project must begin within three (3) years of
adoption of the PCD.

JE Fuller Hydrology & Geomorphology, Inc. Page 2-1
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including the levees, was never started. The original developer obtained several time
extensions from the City of Phoenix. Ultimately, the property reverted to the lender and then to
the Resolution Trust Corporation (RTC). During this time the FCDMC was under pressure to
construct the levees or acquire flood control easements over the entire Camelback Ranch
property plus a number of the existing homes east of 101 sl Avenue and north of Camelback
Road which were now in the Standard Project Flood (SPF) zone. Due to the depressed real
estate prices at the time, the FCDMC determined that it could purchase the entire Camelback
Ranch property for about the same cost as the flood control easements. When the property was
made available by the RTC the FCDMC purchased it. The levee on the north portion of
Camelback Ranch, in the original PCD, required its construction across two areas of property
not owned by the developer. One of these areas is owned by the City of Glendale who is not
inclined to allow the levee to be constructed there and result in the development of additional
residential uses in the flight path of the Glendale Municipal Airport. Therefore this portion of the
levee was moved further south, to within the City of Phoenix's corporate boundary, when the
FCDMC performed their alternative levee analysis. The FCDMC purchased the Camelback
Ranch property in order to fulfill its obligation to provide flood protection to property that was
brought under the SPF designation due to the increased flow in the New River resulting from the
construction of the ACDC. Provision for this additional flood protection was a condition of the
CaE's approval of the ACDC."

•
Camelback
Road Bridge

Access
Ramp

•

Photo 2-1: Camelback Ranch Levee South looking North at Camelback Road Bridge

2.2 Without Levee Evaluation

As part of the Federal Emergency Management Agency (FEMA) Procedure Memorandums 34
& 43 (PM 34/43), an analysis of embankments in Maricopa County, AZ that are potentially
providing protection from the 1% annual chance flood has been conducted by HDR. In this
analysis, HDR identified these embankments, determined their status as flood control
structures, and delineated approximate floodplains, assuming a "without levee" scenario,
downstream of and adjacent to the embankments where applicable.

JE Fuller Hydrology & Geomorphology, Inc. Page 2-2
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A procedure memorandum along with the delineation figure is included in Appendix A

2.3 General

Section 2.3, 2.4 and 2.5 contains excerpts in "italics" from 44CFR65.10. Below the excerpt,
within each subsection, is a discussion on compliance of the Camelback Ranch Levee South
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 44CFR65.10

Criteria Comment and Location of
Supporting Documentation

65.10.b Design Criteria
65.10.b.1 Minimum freeboard

• 3' above BFE all along length

• Additional l' within 100' of structures
and at constrictions Discussed in Section 2.4.1

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

65.10.b.2 All openings protected with
Discussed in Section 2.4.2

closure devices
65.10.b.3 Embankment erosion protection

Discussed in Section 2.4.3analysis
Discussed in Section 2.4.4 with detailed
documentation presented in Geotechnical

65.10.bA Embankment and foundation Study for Federal Emergency Management
stability analysis Agency (FEMA) Partial Certification,

Camelback Ranch Levee South, Maricopa
County, March 2011 under separate cover
Discussed in Section 2.4.5 with detailed
documentation presented in Geotechnical

65.10.b.5 Settlement analysis Study for Federal Emergency Management
Agency (FEMA) Partial Certification,
Camelback Ranch Levee South, Maricopa
County, March 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 2.4.6

• 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

JE Fuller Hydrology & Geomorphology, Inc. Page 2-3
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Table 2-1: Levee Compliance Summary for 44CFR65.1 0 (Continued)

IComment and Location ofCriteria Supporting Documentation
65.10.c Operation

Discussed in Section 2.5.1
• 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

65.10.c.1.i Documentation of flood warning
Flood Emergency Operations and
Assignment responsibilities are noted insystem
SOP #18.

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

65.10.c.1.iii Provisions for periodic (annual or
FCD O&M Manual, Standard Operatingmore often) operation (testing
Procedure #9 (SOP #9)and traininq)

65.10.c.2 Interior Drainage Systems
65.10.c.2.i Documentation of interior Flood Emergency Operations and

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

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

65.10.c.2.iii Provisions for manual backup for
Not Applicable. No Automated Systemsactivation of automatic systems

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

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

65.10.c.3 Other operation plans may be Not Applicablerequired at FEMA's discretion
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Table 2-1: Levee Compliance Summary for 44CFR65.1 0 (Continued)

Criteria
Comment and Location of
Supporting Documentation

65.10.d Maintenance plan
Discussed in Section 2.6.1

FCD O&M Manual) under separate
• Officially adopted manual cover

• Under jurisdiction of a recognized • Flood Control District of Maricopa
Agency County, Arizona

2801 W. Durango Street
Phoenix, AZ 85009

65.10.e Certification

• Certification by a Registered Section 4
Enqineered

Hard copy contained in Appendix E and
• Certified As-built plans electronic copy in pdf format on the data

disk in Appendix H.
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2.4 Design Criteria

2.4.1 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. "

2.4.1.1 Camelback Ranch Levee South Freeboard

Design Freeboard

According to letter Report by Simons, Li and Associates, Inc. dated December 4, 1996
(SLA 96 Letter Report); the top of levee elevation has been set at 3-feet above the SPF
(142,000 cfs) water surface elevation. See Table 2-2 (Table 5 contained within the letter
report).

Table 2-2: Levee Design Elevations

TABLE 5

CAMELBACK RANCH LEVEE DESIGN

Phase 1

Recommended Design Elevations

Section Channel Rec. Rec. Bank Height Remancs
Number Inven Toedown WaI« Surf. Topol Bank

Elevation BevaUon Elevation

(Feet) (Feet) (Feet) (Feel) (Feel)

13.0 1002.0 " ~.o 1016.6 1019.6 27.6 Begin Phase 1 Levee (Mining section)

14.0 1002.0 1992..0 1017.• 1020.4 28.4 Mining section

15.0 1002.0 f~~.o 1017.9 1040.9. 26.9 Mining section
t'

~,,' 986.2 1019.1 11022.1 36.0 M' 'ng section16.0 1004.0
~ .

1023.4 32.3 M ng SllCllon17.0 1004.0 .:, 991.1 1020.4

18.0 1004.0 " 988.1 1021.6 1024.6 36.5

18.5 1012.0 .11~'/1000.6 1023.6 1026.6 26.1 End PIlase 1 Levee

According to notes within the Final Calculations, Camelback Ranch levee - South,
Revised February 24, 1997, Preliminary 30% Submittal Package included the following
statement regarding the design top of Levee elevation:

"Top of levee elevation has been set at 3' above the SPF water surface elevation from
the preliminary Hydraulic analysis. Elevation at north end set 4' above SPF at bridge
opening. Elevation at south end was set to match existing top of transverse dike
elevation and run level until 3" above SPF water surface elevation."

Within the original document ".... Ievel until 3" above.." more than likely refers to "feet"

JE Fuller Hydrology & Geomorphology, Inc. Page 2-6
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and not "inches".

In Summary, the design discharge of 142,000 cfs (SPF) was used to determine the
design levee freeboard as noted above. The effective FEMA discharge of 54,400 cfs,
which reflects the reduced discharge from the New Waddell Dam, was used to map the
revised floodplain limits displayed in the floodplain work maps in Appendix B.

Effective FEMA Hydraulics for the Agua Fria River

According to documentation provided by FEMA for the LOMR Number 98-09-226P,
Agua Fria River floodplain data accompanying the levee certification documentation
included a hard copy of two HEC-2 models. Noted within the documentation, Exhibit 6
contains the Duplicate Effective HEC-2 Model input (aguafria.dat) and Exhibit 7 contains
the Revised Hydraulic Model (cblp1.dat) input and output. Electronic versions of the
HEC-2 models were collected from the FCDMC. A review of the cross section water
surface elevations of both the hard copy and electronic model for the Revised Hydraulic
Model compared favorably. See Table 2-3 and the HEC-2 floodplain work maps in
Appendix B.

Table 2-3: Water Surface Elevation Comparison

(li)FEMA
(1)Levee (2)Cross (3)LOMR (4)FCDMC Floodway
Station Section cblp1.dat cblp1.dat Data Table 5

(ft) Station (ft) (ft) (ft)

10+00 8.534 1014.38 1014.38 1014.4

16+12 8.646 1015.75 1015.75

22+50 8.768 1017.22 1017.22 1017.2

28+43 8.875 1019.66 1019.66

35+31 8.992 1021.66 1021.66 1021.7

41+41 9.098 1022.48 1022.48

45+85 9.177 1023.06 1023.06 1023.1
Notes. 1. Levee stations approximated uSing data from As BUilt plans.

2. Cross section location from floodplain work maps in Appendix A.
3. Water surface elevations hard copy of cblp1.out in LOMR Report.
4. Water surface elevations electronic HEC-2 model output cblp1.out.
5. Water surface elevations Floodway Data Table 5 in LOMR in Appendix A.

The Revised Hydraulic Model (cblp1.dat) submitted as part of the LOMR is a truncated
portion of the previous Effective FEMA Model. The Revised Hydraulic Model was
truncated at HEC-2 model station 6.430 approximately 8000 feet downstream of Indian
School Road Bridge. The starting water surface elevation of 989.0 ft was selected from
the duplicate effective model.

Manning's n-values ranging from 0.035 to 0.040 within the study reach. Typical flow
velocities were subcritical, ranging from 5.16 to 8.80 fps adjacent to the levee.

Comparison of Design and Effective FEMA Water Surface Elevations

For preliminary freeboard assessment per 44 CFR 65.10 criteria, the top of levee
elevations from the record drawings and HEC-2 model computed water surface
elevation profile were plotted. This comparison is provided graphically in Figure 2-2.
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Even though the design document states that the levee freeboard was designed for the
SPF plus three feet, a comparison of the design top of levee elevations and the effective
FEMA water surface elevations show that the Camelback Ranch Levee South does not
meet the required freeboard elevations between levee station~ 25+70 to 40+20.

Results of this comparison indicate the levee does not meet the overall 3 feet of
freeboard criteria, but does meet the 3.5 feet of freeboard required at the upstream levee
limit. See Table 2-4.

Table 2-4: Camelback Ranch Levee South Freeboard with Effective FEMA Model

I;lJCross
Peak

13JWater (4)Levee Levee
Meets

(1)Levee Section Surface 44CFR65.10
Station Station

Discharge
Elevation

Elevation Freeboard
Minimum

(HEC-2) (cfs) (ft) (ft) (ft)
Criteria

10+00 8.534 54,400 1014.38 1021 6.62 Yes
16+12 8.646 54,400 1015.75 1021 5.25 Yes

22+50 8.768 54,400 1017.22 1021 3.78 Yes
28+43 8.875 54,400 1019.66 1021.97 2.31 No
35+31 8.992 54,400 1021.66 1023.52 1.86 No
41+41 9.098 54,400 1022.48 1025.79 3.31 Yes
45+85 9.177 54,400 1023.06 1027.6 4.54 Yes

Note: 1. Levee stations from Camelback Ranch Levee Plans.
2. Cross sections per Effective FEMA HEC-2 model. Work maps in Appendix A.
3. 1DO-year water surface elevation from FEMA Effective Model (chlp1.Qut).
4. Levee elevations from Camelback Ranch Levee South Plans.

Based on these findings a Letter of Map Revision (LOMR) was prepared. The LOMR
referenced in Section 1.6 is submitted under separate cover. The HEC-RAS model
included in Appendix B is consistent with the LOMR model except for the removal of the
Floodway encroachments/plan and the addition of the 1O-year flow added for use in the
embankment scour evaluation discussed below and documented in Appendix C.

Current Conditions Hydraulic Evaluation and LOMR

A current conditions model was created using new topographic data (provided by
FCDMC) and Geo-RAS/HEC-RAS. As noted previously, a LOMR is submitted
concurrently with this levee assessment to revise the effective water surface elevations
and document the available freeboard along the Camelback Ranch Levee South
System.

Based upon the current conditions hydraulic evaluation and surveyed top of the levee,
the available freeboard ranges from 6.2 feet to 10.9 feet. See Table B-1 in Appendix B
for freeboard determination at each HEC-RAS cross section along the levee.

2.4.1.2 Certification note for 44CFR65.10 (b)(1)

As shown in Table B-1 in Appendix B, the Camelback Ranch Levee South between
Stations 8+50 to 46+25, meet 44CFR65.1 0 (b)(1) freeboard requirements .

JE Fuller Hydrology & Geomorphology, Inc. Page 2-9
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2.4.2 Closures

"(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. "

2.4.2.1 Structures and Closures

Bridge

Camelback Road Bridge is upstream of the Camelback Ranch Levee South System.
Both Camelback Road and Indian School Road Bridge are included in the current
conditions HEC-RAS model.

Closures

Visual inspection of the culverts was conducted during site visits on December 11, 2009
(See Appendix G for additional site photographs and photograph location map). At that
time the culvert flap gate appeared to be in operational condition. See Camelback Road
Storm Drain plans, provided in Appendix E.

•
Photo 3-1: Looking at headwall with flap
gate for storm drain outlet Levee Station
±42+85.

Photo 3-2: Looking at headwall with flap
gate for storm drain outlet Levee Station
±42+85.

•

Table 2-5: Levee Openings

Levee Station HEC-RAS RM
Opening size Structure type Closure Type[tt]

42+85 9.654 60 inch RGRCP Flap Gate

JE Fuller Hydrology & Geomorphology, Inc. Page 2-10
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Figure 2-3: Levee Opening
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2.4.2.2 Certification note for 44CFR65.1 0 (b)(2)

Based on visual observations the closure device at levee 42+85 along Camelback
Ranch Levee South, meet the requirements of 44CFR65.1 0 (b)(2).
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2.4.3 Embankment Protection for levee

"(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. "

2.4.3.1 Existing Conditions Evaluation of the Embankment Protection

Design Scour Computations used for Embankment Toe-Down.

The toe-down elevations and top of levee elevations were documented in the SLA 1996
Letter Report. The report documented the calculations used to determine the total scour
as the sum of four individual components: general scour, long term degradation,
bedform scour and low-flow Incisement.

• General scour represents the general lowering of the channel bed during high
flow events (SPF flows). General scour was calculated using guidance in the US
Bureau of Reclamation report "Computing Degradation and Local Scour," 1984.

• 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-2 model. These variables included Froude number,
channel velocity, and channel hydraulic depth. The generally low flow velocities
and Froude numbers caused dune, rather than anti-dune, scour conditions to
dominate through the project area. Bedform scour depths were generally less
than one foot but as high as 2.5 feet at some cross sections.

• Long-term scour describes the gradual lowering of a watercourse through
multiple events and longer periods of time. Long-term scour was determined
using a stable channel slope methodology combined with a depth to armoring
determination. Depth to armoring limited the long term scour to a maximum or
2.5 feet. These methods are also in "Computing Degradation and Local Scour",
USBR.

• Low-flow incisement results from the persistence of low flows within the
channel. Low flow incisement was estimate at 1.5 feet for areas where mining
was not occurring and 0.0 ft where in-stream mining has occurred.

A safety factor was applied by increasing the calculated scour depth by an additional
30%.

Current Conditions Scour Assessment for Embankment Toe-Down

As discussed in Section 2.4.1, a HEC-RAS hydraulic model was prepared to assess the
current hydraulic conditions within the Agua Fria River. The expected velocities adjacent
to levees range from 2.3 fps to 11.6 fps.

During site visits conducted on December 11, 2009, the embankment protection
appeared to be in satisfactory condition with minor general scouring visible along the toe
of the levee embankment near levee station 42+00. (See Photo 2-2).
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Certification Report for
Camelback Ranch Levee South

Maricopa County, Arizona
Section 2 44CFR65.10 Requirements

Photo 2-2: Minor Soil Cement Bank Erosion, Approximate Levee Station 42+00.

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 levee.

The results indicate that the computed toe-down elevations based on scour estimates
are above the design toe elevations along the Camelback Ranch Levee South
embankment from levee 10+00 to 42+80 (Interpolated between stations 42+43 and
43+53) with a minimum safety factor of 1.3.

However, at Levee Stations 44+81, the calculated scour elevation is below the design
toe elevation by 0.7 ft with no applied safety factor. This segment of the levee is within
an area where the soil cement is plated by salvaged riprap material from a spur dike
removed during levee construction. In addition a thickened toe protection was included
as part of the original design of Camelback Ranch Levee South. See Figure 2-4 and
Photo 2-3.
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Certification Report for
Camelback Ranch Levee South

Maricopa County, Arizona
Section 2 44CFR65.10 Requirements

The riprap is part of the bridge protection that extends from the upstream guide bank
through the bridge abutment continuing south to levee station 43+60. As designed, this
additional riprap (050=16 in from Camelback Bridge Design Plans) material will provide
enough volume of rock to mitigate the calculated deficit in toe protection depth from the
soil cement embankment. In addition, riprap, placed on the 1H:1V slope of the soil
cement embankment has sufficient volume to launch into a scour hole from levee station
45+04 (end of the levee toe) to levee station 43+35 (estimated in the field) See Photo 2­
3 below.

At levee station 43+53 the calculated scour is at the design toe elevation with no
calculated safety factor. To mitigate, the FCDMC will maintain a minimum channel
elevation invert elevation of 1008.0 ft. and initiate a Levee Toe Monitoring Plan that
includes the segment from levee station 45+03 (end of levee toe) to 42+80 (end of levee
maintenance ramp) where calculated safety factor is greater than 1.3. The Levee Toe
Monitoring Plan will be included as part of the annual levee inspection with supplemental
monitoring after flow events greater or equivalent to 5,000 cfs (approximately the 2-year
event). At a future date, in lieu of the Levee Toe Monitoring Plan, FCDMC may consider
the design and installation of additional levee toe protection to bring the levee up to a 1.3
safety factor.

Salvaged Riprap
placed on Soil
Cement slope.
End of riprap at
levee station
43+35

Photo 2-3: Minor Soil Cement Bank Erosion, Approximate Levee Station 42+00.

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

Based on the calculations, initiation of a Levee Toe Monitoring Plan, and engineering
judgment the embankment protection for the Camelback Ranch Levee South meets the
44CFR65.10 (b)(3) requirements.
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Certification Report for
Camelback Ranch Levee South

Maricopa County, Arizona
Section 2 44CFR65.10 Requirements

2.4.4 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). "

2.4.4.1 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, Camelback Ranch Levee South,
Maricopa County, March 2011.).

2.4.5 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 1100-2-1904) must be submitted. "

2.4.5.1 Certification note for 44CFR65.10 (b)(5)

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, Camelback Ranch Levee South,
Maricopa County, March 2011.).
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Certification Report for
Camelback Ranch Levee South

Maricopa County, Arizona
Section 2 44CFR65.10 Requirements

2.4.6 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 joint probability of interior and exterior
flooding and the capacity of facilities (such as drainage lines and pumps) for evacuating interior
floodwaters. "

2.4.6.1 Design Conditions for Interior Drainage

An evaluation was conducted for this levee certification effort to assess the interior
drainage. The existing documentation and review of existing field conditions is detailed
in Appendix D.

In general interior areas drain, via overland flow and small channels to the south.
Several mining pits are located directly east of the levee. Minor ponding is expected
within the mining pits due to rain falling directly on the pit area. No offsite flows
contribute to the mining pits.

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

Interior drainage areas for the Camelback Ranch Levee South meet the requirements of
44CFR65.10 (b)(6).
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Certification Report for
Camelback Ranch Levee South

Maricopa County, Arizona
Section 2 44CFR65.10 Requirements

2.5 Operation Plans and Criteria

nrc) 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 titte.
(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 titte.
(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. n

2.5.1 Levee System Operation Plan

Operation Responsibility

FCDMC operates and maintains County structures such as the Camelback Ranch Levee
South 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.
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2.6 Maintenance Plans and Criteria

" (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."

•

2.6.1

2.7

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 Reports for Camelback Ranch Levee South from 2001 to 2011 are
included on the data disk in Appendix H.

Maintenance Inspection Reports for Camelback Ranch Levee South from 2001 to 2010
are included on the data disk in Appendix H. Inspections are combined with other
structure inspections along the Agua Fria River. Camelback Ranch Levee South is in
Reach 4 of the Agua Fria River.

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. U

Certification Language is included in Section 4 and the Record Drawings 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

Camelback Ranch Levee South, MT-2 Form 3, Pages 1 through 10

Certification Report for
Camelback Ranch Levee South

Maricopa County, Arizona
Section 3 FEMA Forms
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U.S. DEPARTMENT OF HOMELAND SECURITY - FEDERAL EMERGENCY MANAGEMENT AGENCY O.M.B No. 1660-0016

RIVERINE STRUCTURES FORM Expffes:1Z/31/Z010

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 submitling the form. You are not
required to respond to this collection of information unless a valid OMB control number appears in the upper right corner of this form. Send
comments regarding the accuracy of the burden estimate and any suggestions for reducing this burden to: Information Collections Management, 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: Agua Fria River
Note: Fill out one form for each flood in 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/Floodwall complete Section E
Sediment Transport complete Section F (if required)

Description Of Structure

1. Name of Structure: Camelback Ranch Levee South
Type (check one): D Channelization D Bridge/Culvert [gI Levee/Floodwall D Dam/Basin

Location of Structure: Maricopa County, Arizona

Downstream Limit/Cross Section: 1746 feet North of Indian School Road (Sta. 8+50)

Upstream Limit/Cross Section: East Abutment of Camelback Road Bridge (Sta. 45+58)

2. Name of Structure:

Type (check one):

Location of Structure:

D Channelization D Bridge/Culvert [gI Levee/Floodwall D Dam/Basin

Downstream Limit/Cross Section:

Upstream Limit/Cross Section:

3. Name of Structure:

Type (check one)

Location of Structure:

D Channelization D Bridge/Culvert D Levee/Floodwall D Dam/Basin

Downstream Limit/Cross Section:

Upstream Limit/Cross Section:

NOTE: For more structures, attach additional pages as needed.

•
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2.

3

4.

B. CHANNELIZATION

Flooding Source:

Name of Structure:

1. Accessory Structures

o Levees [Attach Section E (Levee/Floodwal ~o uct so Superelevated sections si cross sectional geometry
o Debris basin/detention basin [AttacH ctl (0 Basin)] dlssipator
o Other (Describe):

Drawing Checklist

Hydraulic Considerations "-,

The channel was designed to carry (cfs) and/ort' -~Od.

The design elevation in the channel is based on(g'):v
o Subcritical flow 0 Criti 10 0 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
is controlled without affecting the stability of t anne!.

o Inlet to channel 0 Outlet ofc~ Drop Structures 0 At Transitions
o Other locations (specify):

Sediment Transport Considerations

Was sediment transport considered? 0 Yes 0 No If Yes, then fill out Section F (Sediment Transport).
If No, then attach your explanation for why sediment transport was not considered.

C. BRIDGE/CULVERT

Flooding Source:

Name of Structure:

1. This revision reflects (check one):

o Bridge/culvert not modeled in the FIS
o Modified bridge/culvert previously mod
o Revised analysis of bridge/culvert eviou

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

3.

4.

alysls used for the flooding source could not analyze the

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



D. DAM/BASIN

Flooding Source:

Name of Structure:

This request is for (check one): o Existing dam o New dam o Modification of existing dam

Does the submittal include debris/sediment yielda~

If yes, then fill out Section F (Sediment Transport)
If No, then attach your explanation for why debris/sedl analySIS was not conSidered.

Does the Base Flood Elevation behind~r downstream of the dam change?

DYes 0 No If Yes, complete theR~Hydrology & Hydraulics Form (Form 2) and complete the table below.

~
Stillwater Elevation Behind the Dam

FREQUENCY (% annual e) FIS REVISED

10-year (10%)
50-year (2%)
100-year (1%)
500-year (0.2%)
Normal Pool Elevation

The dam was designed by (check one): 0 Federal agency 0 State agency 0 Local government agency 0 private~rization

Name of the agency or organization:

The Dam was permitted as (check one):

a. 0 Federal Dam 0 State Dam

Permit or 10 number Permitting Agency0otion

b. 0 Local Government Dam 0 Private Dam

Provided related drawings, speCification nd suppo Ign Information. ~
Does the project Involve reVised hydrol 0 No l" -
If Yes, complete the Riverine Hydrology orm (Form 2) r

Was the dam/baSin designed uSing Critical dura n storm? ~v
o Yes, proVide supporting documentation with your completed Form 2.

o No, proVide a written explanation and Justification for not g the critical uratlon storm.

6.

5.

4.

3.

2.

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



E. LEVEE/FLOODWALL

1. System Elements

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

o upgrading of an existing levee/f1oodwall system
o a newly constructed levee/f1oodwall system
[8] reanalysis of an existing levee/floodwall system

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

[8] earthen embankment, dike, berm, etc.
o structural f100dwall
o Other (describe):

c. Structural Type (check one):

Upstream Levee Limit (Sta. 45+58)
Downstream Levee Limits (Sta. 8+50)
*(Construction beginning and end Stations)

o monolithic cast-in place reinforced concrete
o reinforced concrete masonry block
o sheet piling
[8] Other (describe): Earthen Embankment (Levee section is comprised of soil cement streamside facing over an 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 Appendix H.
Profile plots do not include BFE.

1. Plan of the levee embankment and f100dwall structures.

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

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

4. A layout detail 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.

2. Freeboard

a. The minimum freeboard provided above the BFE is:

Sheet Numbers: Sheets 9 & 10

Sheet Numbers: Sheets 9 &10

Sheet Numbers: Sheets 59 & 60
Camelback Road Storm Drain Project
City of Phoenix

Sheet Numbers: Sheets 3 thru 6, Typical Sections

Sheet Numbers: Sheets 1 thru 34
*As-Built Drawings do not include BFE Profile.

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).

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

[8] Yes
[8] Yes
[8] Yes

DYes

DYes

ONo
ONo
ONo

ONo

DNa

DHS - FEMA Form 81-89B, DEC 07 Riverine Structures Form MT-2 Form 3 Page 4 of 10



E. LEVEE/FLOODWALL (CONTINUED)

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 ~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): ~ 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

(NAVD 88)
Levee Station 46+85 Left 60" RGRCP Outlet Invert = 1006.02ft. Flap Gate

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

Note: Geotechnical and geologic data

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

4. Embankment Protection

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

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

c. The range of velocities along the levee during the base flood is: 2.3 ftlsec (min.) to 11.6 ftlsec (max.)

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

e. Riprap Design Parameters (check one): r8J Velocity 0 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 0100 0 50 Thickness Toedown

Sta: to

Sta to

Sta to

Hydraulic data from HEC-RAS model (AguaFriaRiver_CBRLS.prj). 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? DYes

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

Attach engineering analysis to support construction plans.

5. Embankment And Foundation Stability

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

Overall Heig~ BaSIS for Selection

1518.15+00

IS18.41+40

S18::::42+00

rwical Section

aximum HeighJ

rvnical section

Overall height: S18. 41 +40 . height 21 ft.

Limiting foundation soil strength

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

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

c. Summary of stability analysis results:

Case Loadin Conditions Critical Safe Factor Criteria Min.

1.3

1.0

1.4

1.0

=

=

+

+

S18. 41 +40, FOS = 3.4

End of construction

Earthquake (Case I)

Sudden drawdownII

III

IV

Reference: USACE EM-111 0-2-1913 Table 6-1

d. Was a seepage analysis for the embankment performed? Yes D No

If Yes, describe methodology used:

e. Was a seepage analysis for the foundation performed? Ye DNo

1. Were uplift pressures at the embankment landside toe checked? Yes D No

g. Were seepage exit gradients checked for piping potential? Y DNo

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

Attach engineering analysis to support construction plans.

DHS - FEMA Form 81-89B, DEC 07 Riverine Structures Form MT-2 Form 3 Page 6 of 10



E. LEVEE/FLOODWALL CONTINUED

6. Floodwall And Foundation Stability

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

o UBC (1988) or o Other (specify):

b. Stability analysis submitted provides for:

o Overturning o Sliding If not, explain:

c. Loading included in the analyses were:

To

Slidin

Short Term Load psf)

Sta

Overturn

%g

limitation for each respective reach.

Sustained Load psf

psf ~

psf ... "

d sheet as needed and reference)

psf;

, 0 surface

1.5

1.5

1.3

1.5

'",~m"llIi>:'lchsoil type:

Overturn

o Lateral earth @ PA =

o Surcharge-Slope @

o Wind@ Pw = psf

o Seepage (Uplift); 0 ECU Peq =

o 1%-annual-chance significant wave heigh fl.

o 1%-annual-chance significant wa eriod: ec.

d. Summary of Stability Analysis

e.

(Ref:

Loading Condition

Dead & Wind

Dead & Soil

Dead, Soil, & Seismic

Maximum allowable

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

Attach engineering analysis to support construction plans .

•
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E. LEVEE/FLOODWALL CONTINUED

7. Settlement

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

b. The computed range of settlement is 0.6 inches

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

D

D

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

Attach engineering analysis to support construction plans.

8. Interior Drainage

a. Specify size of each interior watershed:

Draining to pressure conduit: (Not applicable)
Draining to ponding area: (Not applicable)

b. Relationships Established

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

DYes
DYes
DYes

~No

~No

~No

c. The river flow duration curve is enclosed: DYes ~No

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

e. Which flooding conditions were analyzed?

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

If No for any of the above, attach explanation.

~Yes

DYes
DYes
DYes

D No (See interior drainage discussion in Appendix D)
D No (Not applicable)
D No (Not applicable)
D 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
facilities 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 81-89B, DEC 07 Riverine Structures Form MT-2 Form 3 Page 8 of 10



E. LEVEE/FLOODWALL CONTINUED

8. Interior Drainage (continued)

Plant #2

DNo

DNo

DYes

DYes

DYes

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

Will pumping plants be used for interior drainage?i.

How much time is available between warning
and f100din ?

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)

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:

D is is not a Rroblem

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

Not~ Iicable

Attach supporting documentation

c. If the leveelfloodwall is new or enlarged, will the structure adversely impact flood levels and/or flow velocities floodside of the structure?
DYes D No Not Applicable

Attach supporting documentation

d. Sediment Transport Considerations:

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

See Appendix C for discussion on Channel/Embankment Scour

•
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E. LEVEE/FLOODWALL CONTINUED

10. Operational Plan And Criteria

a. Are the plannedlinstalled works in full compliance with Part 65.10 of the NFIP Regulations? 1:8:1 Yes 0 No

b. Does the operation plan incorporate all the provisions for closure devices as required in Paragraph 65.1 0(c)(1) of the NFIP regulations?
1:8:1 Yes 0 No

c. Does the operation plan incorporate all the provisions for interior drainage as required in Paragraph 65.1 0(c)(2) of the NFIP regulations?
1:8:1 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?
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.

1:8:1 Yes 0 No

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

f 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

Debris load associated with the base flood discharge: Volume

acre-feet

acre-feet

Sediment transport rate (percent concentration by volume)

Method used to estimate sediment transport:

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

Method used to estimate scour and/or deposition:

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

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

•
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Certification Report for
Camelback Ranch Levee South

Maricopa County, Arizona
Section 4 Certification Statement

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 Camelback
Ranch Levee South System (10#11), that this 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)(5)) are included in the Geotechnical analysis and review of design documentation, was
conducted and documented AMEC Earth & Environmental, Inc. (AMEC). Documentation is
presented under separate cover (Geotechnical Study for Federal Emergency Management
Agency (FEMA) Partial Certification, Camelback Ranch Levee South, Maricopa County, March
2011.).

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



•

•

•



•

•

•

Certification Report for
Camelback Ranch Levee South

Maricopa County, Arizona
Section 5 Limitations

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 (FI RMS) 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 floodplain 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 this 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 Camelback Ranch Levee South System Certification (Section 4) is
valid within ten (10) years from the date of this report. It is recommended that the FCDMC re­
evaluate the certification requirements of the Levee System following the 1a-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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A. References

A.1 References and Data Collection
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Floodplain Work Maps

HDR 'Without Levee" Assessment
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• 1. Data Collection and Reference Documents

1.1 Summary of Collected Data

Available Camelback Ranch Levee South data has been collected and assessed to determine
its applicability for evaluation of compliance per 44 CFR 65.10 criteria. Discussion regarding
collected documentation and data relevant to levee certification is provided below. In addition, a
summary of relevant documents and data is listed in Table 1-1.

1.1.1 FEMA Data Request

A data request was submitted to the FEMA Library on 12/18/09. FEMA delivered, via ftp site, a
compressed file containing several documents and FEMA forms associated with the FEMA
approved LOMR request (Case Number 98-09-229P).

98-09-226P (98-09-226P.pdf)

This electronic file contains correspondence and support documentation for the LOMR
98-09-226P. The file contains the following items:

• LOMR Acceptance Letter (City of Phoenix)
• General project correspondence
• FEMA Internal review comment

•

•

Technical Support Data Notebook (TSDN.pdf)

This electronic file contains correspondence and support documentation for the CLOMR
98-09-226R (converted to LOMR 98-09-226P). The file contains the following items:

• General correspondence
• Exhibit A - USACE 404 Permit
• Exhibit B - Public Notice to of Study to Johnson-Stewart Materials, LLC
• Exhibit C - Bank Protection Agreement, Johnson-Stewart Materials, LLC
• FEMA MT-2 Form 1
• FCDMC O&M Procedures for Camelback Ranch Levee South
• Exhibit 2 - Affidavit of Publication
• Exhibit 3 - FEMA Form 2, Form 4, Form 5, Form 8
• Exhibit 4 - Flood Profiles
• Exhibit 5 - Annotated FIRM
• Exhibit 6 - HEC-2 model input file
• Exhibit 7 - HEC-2 model output file
• Exhibit 8 - Floodplain Work Maps

Levee Backup (Levee Backup.pdf)

This electronic file contains support documentation for the LOMR 98-09-226P. The file
contains the following items:

• In-place density tests results
• Construction Special Provisions for Camelback Ranch Levee - South
• Simons, Li and Associates, Inc. - Letter report, Phase 1 Design Submittal
• Earthwork calculations
• 100% response to comments (FCDMC/DMJM)
• Calculations and Analysis, Geotechnical Investigation, Camelback Ranch Levee



•

•

•

• Final Calculations, Camelback Ranch Levee - South

Interior Drainage Report (Interior Drainage Report.pdf)

"Draft" Interior Drainage Report, Camelback Ranch Levee Design Project, April 1996
evaluating the interior drainage behind the Levee.

Geotechnical Investigation Report (Geotechnical Investigation Report.pdf)

Geotechnical Investigation Report, Camelback Ranch levee, By ATl, Inc September
18, 1996.

Miscellaneous

• AutoCAD Files of Profiles 11 P, 12P and 13P.
• CBR.zip file containing AutoCAD files of four floodplain work maps (zip file

corrupt)

1.1.2 Other Data

Additional data collection efforts were conducted with a search of the FCDMC Library
and City of Phoenix.

Table 1-1: Summary List of Relevant Collected Data

Document Title Prepared By Date

FCDMC, Operations and Maintenance Division, Standard
Operating Procedures (SOP's) Deficiency Levels, FCDMC Revised 2005
Maintenance Standards, and Standard Drawings.

Annual Inspection Report - Camelback Ranch Levee FCDMC March 4, 2009

Flood Control District of Maricopa County, Maintenance FCDMC
February 29,

Inspection Report, Camelback Ranch Levee 2008

Flood Control District of Maricopa County, Plans for the
February 5,

Construction of Camelback Ranch Levee - South (FCD 97- FCDMC
18)

1997

Final Interior Drainage Report, Camelback Ranch Levee DMJM Arizona,
April 1, 1998

Design Project, (FCD 95-15) Inc.

Construction Special Provisions for Camelback Ranch
DMJM Arizona,

Levee - South, Indian School Road to Camelback Road Inc.
May 1, 1997

(FCD 97-18)

Final Calculations, Camelback Ranch Levee South, Indian DMJM Arizona, February 24,
School Road to Camelback Road (FCD 95-15) Inc. 1997

Agua Fria River Floodplain Delineation Re-study, prepared Coe &Van Loo September 24,
for the Flood Control District of Maricopa County (FCD 95- Consultants,

1997
05), Agua Fria River, Gila river to the New Waddell Dam Inc.
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Table 1-1: Summary List of Relevant Collected Data (Continued)

Document Title Prepared By Date

Camelback Ranch Levee - South Conditional Letter of Map
FCDMC 1997

Revision (CLOMR/LOMR Submittal, FCD A 400.916)

Flood Control District of Maricopa County, Permit to use
FCDMC

October 29,
Flood Control District Right-of-way, 2007

Camelback Road, Agua Fria River to 99th Avenue, Project
Tetra Tech, Inc

November 11,
No. ST83110057, Storm Drain. Design Drawings 2006

Camelback Road, Agua Fria River to 99th Avenue, Project August 23,
No. ST83110057, Storm Drain. Hydrologic and Hydraulic Tetra Tech, Inc
Design Report.

2005



• 2. Reference Documents

•

•



•
Data Collection and Levee Categorization Report for
Camelback Ranch Levee South

• •
Flood Control District of Maricopa County

Printed on 5/12/2010

- Camelback Ranch Levee South
Data Collection Summary I

Abbreviation Descriptions-
ADEM = Arizona Oepanmenl of Emergency Management
ADEQ = Arizona Department of Environmental Quality
ADOT = Arizona Department of Transportation
AOWR = Arizona Department or Waler Resources
ARiA • Arizona Regional Image Att:hive
FEMA = Federal Emergency Management Agency
NRCS = Natural Resource Conservation Service
USGS = United Stales Geological Survey
FCDMC • Flood Control District of Maricopa County

Project Document DOCUMENT TRACKING

Ubrery
Reference No. Title Description Author Date Source Format

Date Collected
File Name/Not..

No. Collected By
System Analysis and Conceptual Design of Simons, Li and Assoc. for Flood

Review. May need 2nd
AF11001 A109.902 Channelization in the Agua Fria River, Final Report Control District of Maricopa 1983

Revised October 1983 County-FCD
Priority

Hydraulic and Geomorphic Analysis of the Agua
Simons, Li and Assoc. for Flood

Review. May need 2ndAF11oo2 A109.903 AZ-MC-D5 Control District of Maricopa 1983
Fria River, Revised 1983

CountY-FCD
Priority

Agua Fria River Channelization, Thomas Road to
Review. May need 2ndAF11oo3 A109.912 Indian School Road, Maricopa County, Arizona, LT83-3753 Consulting Geotechnical Eng. 1983

Report NO.2- Final Report Priority

Geotechnical Engineering Investigation on Agua
Consulting Geotechnical Eng. Review. May need 2ndAF11OO4 A109.914 Fria River Channelization, Grade Control Structure 84-208 1984

at Indian School Road Bridoe
for Simons. Li, and Assoc., Inc. Priority

AF11oo5 A109.939
Final Sediment Transport Report, Draft (A9ua Fria

PAZ-COE-03 RDN/R439
Simons, Li and Assoc. Inc. for U.

1984
Review. May need 2nd

River) S. Corps of Engineers-COE Priority

Standard Project Flood Analysis and Conceptual
AZ-MC-D5

Simons, Li and Assoc. Inc. for
Review. May need 2nd

AF11oo6 A109.602 Design of Channelization in the Agua Fria River, Flood Control District of 1984
Final Reoort, Revised Mav, 1984

(R347/RDF168/RDF170)
Maricopa County-FCD Priority

Agua Fria River Improvement Project, Thomas Western Technologies Inc. for
Review. May need 2ndAF11oo7 A109.921 Road North to Indian School Road, Geotechnical 85-1085-12 Flood Control District of 1985

Investigation Maricopa County-FCD Priority

AF11oo8 A109.917 Agua Fria River Side Drainage Analysis Simons, Li and Assoc. 1985 Review. May need 2nd
Priority

Agua Fria River Side Drainage Analysis: Section - I
Simons, Li and Assoc. for Flood

AF11OO9 A109.301
Buckeye Road to 1500 Feet' South of Interstate 10,

LAF 3.2 Control District of Maricopa 1985
Review. May need 1st

Section -II Interstate 10 to McDowell Road and
County-FCD

Priority
Thomas Road to Camelback Road
Contract Documents and Special Provisions for
Agua Fria River Improvements Phase I: Roosevelt

Flood Control District of Review. May need 2nd
AF11010 A109.502 Irrigation District Canal Reconstruction and Siphon, FCD 85-10 1985

Phase II: Agua Fria River Channelization and Bank
Maricopa County-FCD Priority

Protection (RIDl
Skunk Creek and the New and Agua Fria Rivers
(Arizona Canal Diversion Channel to the Gila River)

AF11011 A400.602S
Design Memorandum No.3, General Design

U. S. Corps of Engineers-COE 1986
Review. May need 2nd

Memorandum - Phase II, Project Design - Part 4, Priority
Final (ACDC) (Draft Report is Archived in Box 96-
650/2,98-12411\
Memo for the Record, Skunk Creek, New and Agua

AF11012 A400.61OS
Fria Rivers, Phase II, General Design

U. S. Corps of Engineers-COE 1986 Review. May need 2nd
Memorandum, Depth of Toe Protection for Bank Priority
Stabilization and Levee Oesian

JE Fuller Hydrology/Geomorphology, Inc.
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•
Data Collection and Levee Categorization Report for
Camelback Ranch Levee South

• •Flood Control District of Maricopa County
Printed on 5/12/2010

Camelback Ranch Levee South --
Data Collection Summary I

Abbreviation Descriptions~

ADEM = Arizona Department of Emergency Management
ADEQ = Arizona Department of Environmental Quality
ADOT = Arizona Department of Transportation
ADWR .. Arizona Department of Waler Resources
ARIA = Arizona Regional Image Archive
FEMA = Federal Emergency Management Agency
NRCS = Natural Resource Cons8rvalon Service
USGS = United Stales Geological Survey
FCDMC =Flood Control District of Maricopa County

Project Document DOCUMENT TRACKING

Ubrary
Reference No. TItle Description Author DBle Source Format

Date Collected
File NamelNotes

No. Collected By

Flood Insurance Study, Town of Surprise Request

AF11013 A037.015.oo2
for Letter of Map Revision, Agua Fria River Willdan Assoc. for Town of

1987
Review. May need 2nd

Floodway Coyote Lakes a.k.a. Brookvlew Country Surprise Priority
Club lLOMR, FIS\

AF11014 A109.504
Specifications for Agua Fria River Levees, Maricopa

DACW09-R-0010 U. S. Corps of Engineers-COE 1987
Review. May need 2nd

County, Arizona Priority

Skunk Creek and the New and A9ua Fria Rivers
(Arizona Canal Diversion Channel to the Gila River)

Review. May need 2nd
AF11015 A400.604S Supplement to Design Memorandum No.3, General U. S. Corps of En9ineers-COE 1987

Design Memorandum - Phase II, Project Design -
Priority

Part 4, Final (ACDC\
New Waddell Dam Study, Hydrology for Evaluation

AF11016 A888.701S
of Flood Reduction by New Waddell Dam, Agua Fria

U. S. Corps of Engineers-COE 1988
Review. May need 2nd

River below New Waddell Dam to the New River Priority
Confluence
Geotechnical Investigation Report, Camelback

AF11017 A400.920
Ranch Levee Design - Agua Fria River and New

SHB Job No. E88-36
Sergent, Hauskins and Beckwith

1988
Review. May need 2nd

River, 113th Avenue and Camelback Road Consult. Geotechnical Eng. Priority
Maricooa Countv, Arizona
Skunk Creek and the New and Agua Fria Rivers
(Arizona Canal Diversion Channel to the Gila River)

Review. May need 2ndAF11018 A400.603S LeUer Report to Design Memorandum No.3, U. S. Corps of En9ineers-COE 1989
General Design Memorandum - Phase II, Project

Priority

Desion • Part 4, Final lACDCl

AF11019 A109.929 AQua Fria River Cross Sections Jerry R. Jones and Assoc. 1989
Review. Probably
Outdated 2nd Priority

Standard Project Flood, Agua Fria River Between
Review. Probably

AF11020 A109.901 the New River Confluence and the Gila River with U. S. Corps of Engineers-COE 1989
New Waddell Dam in Place. Preliminary

Outdated 2nd Priority

Flood Insurance Study A9ua Fria River, Maricopa
Jerry R. Jones and Assoc. for

Review. Probably
AF11021 A109.015.001 FCD 87-2 Flood Control District of 1989

County, Arizona (FIS)
Maricooa Countv-FCD

Outdated 2nd Priority

AF11022 A109.802S
Agua Fria River Exhibit 4 HEC II Computer Model,

Jerry R. Jones and Assoc. 1989
Review. Probably

South Half, Preliminary Outdated 2nd Priority

AF11023 A109.803S
Agua Fria River Exhibit 4 HEC II Computer Model

Jerry R. Jones and Assoc. 1989
Review. Probably

Floodway, Preliminary Outdated 2nd Priority

AF11024 A109.804
Agua Fria River Exhibit 4 HEC I Computer Model

Jerry R. Jones and Assoc. 1989
Review. Probably

Floodway. Preliminary Outdated 2nd Priority

Agua Fria River, New River, and Skunk Creek
Coe and Van Leo Consult. Eng.

Review. ProbablyAF11025 A109.920 Job 1090-04 CVL-4-1284-7- Inc. for Flood Control District of 1990
Standard Project Flood Evaluation

Maricooa Countv-FCD Outdated 2nd Priority

JE Fuller Hydrology/Geomorphology, Inc.
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•
Data Collection and Levee Categorization Report for
Camelback Ranch Levee South

• •
Flood Control District of Maricopa County

Printed on 5/12/2010

Camelback Ranch Levee South IData Collection SummarY
AbbreviatIon Descriptions-
ADEM:s Arizona Department of Emergency Management
ADEQ = Arizona Department of Environmental Quamy
AOOT = Arizona Department of Transportation
ADWR = Arizona Department of Water Resources
ARLA = Arizona Regional Image Archive
FEMA "" Federal Emergency Management Agency
NRCS = Natural Resource Conservation Service
USGS"" United Stales Geological Survey
FCDMC = Flood Conlrol District of Maricopa County

Project Document DOCUMENT TRACKING

LlbrlIry
Reference No. TItle Description Author Date Source Format

Date Collected
File NamelNotes

No. Collected By

AF11026 603.052S Agua Fria River FIS Survey Notes Jerry R. Jones and Assoc., Inc. 1990
Review. Probably
Outdated 2nd Priority

Arizona State University-ASU,

AF11027 A109.947
Agua Fria River Sediment Transport StudY, Final Dept. of Civil Engineering for

1992
Review. May need 2nd

Report Flood Control District of Priority
Maricooa Countv·FCD
Arizona State University-ASU,

AF11028 A109.948
Agua Fria River Sediment Transport Study, Dept. of Civil Engineering for

1992
Review. May need 2nd

Appendices Flood Control District of Priority
Maricooa Countv·FCD

Economic Optimization of the Agua Fria River
Flood Control District of

Review. May need 2nd
AF11029 A109.910 Maricopa County·FCD: 1992

Levees
Svechovskv, John

Priority

Development of Potential Mine Plans for the Barkley
Simons, Li and Assoc. Inc. for

AF11030 A109.932
Estes Property within the Agua Fria River between

Flood Control District of 1993
Review. May need 2nd

Indian School Road and Camelback Road,
Maricopa County.FCD

Priority
Summarv Reoort
Camelback Road Channel· Litchfield Road to Agua WLB Group for Maricopa

Review. May need 2nd
AF11031 A109,605S Fria River, Concept Design Report (100·Year, 24· County Dept. of Transportation· 1993

Hour and 5-Year, 24-Hour Interim) MCDOT
Priority

Arizona State University·ASU,

AF11032 A109.951
Agua Fria River Sediment Transport Sludy : Dept. of Civil Engineering for

1994
Review. May need 2nd

Appendix J, HEC·6 Output Files Fiood Control District of Priority
Maricooa Countv·FCD
Arizona State University·ASU,

AF11033 A109.950
Agua Fria River Sediment Transport Study: Dept. of Civil Engineering for

1994
Review. May need 2nd

Appendix I, HEC·6 Input Files Flood Control District of Priority
Maricooa Countv·FCD
Arizona State University·ASU,

Review. May need 2nd
AF11034 A109.949 Agua Fria River Sediment Transport Study Dept. of Civil Engineering for 1994

Flood Control District of
Priority

Agua Fria River Study, New Waddell Dam to Gila

AF11035 A109.935
River Confluence. Arizona: Hydrologic Evaluation of

U. S. Corps of Engineers·COE 1995
Review. May need 2nd

Impacts of New Waddell Dam on Downstream Peak Priority
Oischaroes in the Aaua Fria River
Horizontal and Vertical Control Tabulation for the Aerial Mapping CD. for Flood

Review. May need 1st
AF11036 A260,014.007S Agua Fria River Study Aerial Mapping Project, FCD 94·25 Control District of Maricopa 1995

Maricooa Countv, Arizona, Vol. 4 of 4 Countv·FCD
Priority

Agua Fria River Floodplain Delineation Re·Study,
Cae and Van Loa Consult. Eng.

AF11037 A260.014.004S
Between the Gila River Confluence and the New

FCD 95·05 Inc. for Flood Control District of 1996
Review. May need 1st

Waddell Dam, Technical Data Notebook, Vol. 1 of 4 Priority
FDS, TON)

Maricopa County·FCD

JE Fuller Hydrology/Geomorphology, Inc.
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•
Data Collection and Levee Categorization Report for
Camelback Ranch Levee South

• •
Flood Control District of Maricopa County

Printed on 5/12/2010

CamelbaCkRanch Levee South
Data Collection Summary

Abbreviation Descriptions-
ADEM = Arizona Depar1menl of Emergency Management
ADEQ = Arizona Department or Environmental Quality
ADOT = Arizona Department of Transportation
ADWR = Arizona Department of Waler Resources
ARIA· Arizona Regional Image Archive
FEMA = Federal Emergency Management Agency
NRCS = Natural Resource Conservation Service
USGS = United Slates Geological Survey
FCDMC = Flood Control District of Maocopa County

Project Document DOCUMENT TRACKING

Ubrary
Reference No. TItle Description Author Dele Source Format

Dale Collected
File Name/Notes

No. Collected By

Agua Fria River Floodplain Delineation Re-Study,
Between the Gila River Confluence and the New Coe and Van Loo Consult. Eng.

Review. May need 1st
AF11038 A260.014.005S Waddell Dam, Hydraulic Analysis, Technical Data FCD 95-05 Inc. for Flood Control District of 1996

Priority
Notebook Section 4, Part 1 of 2, Vol. 2 of 4 (FDS, Maricopa County-FCD
TON)
Agua Fria River Floodplain Delineation Re-Study,
Between the Gila River Confluence and the New Coe and Van Loo Consult. Eng.

Review. May need 1st
AF11039 A260.014.006S Waddell Dam, Hydraulic Analysis, Technical Data FCD 95-05 Inc. for Flood Control District of 1996

Priority
Notebook Section 4, Part 2 of 2, Vol. 3 of 4 (FDS, Maricopa County-FCD
TON)

Bridge Scour Investigation and Design of Corrective Michael Baker Jr., Inc. for
Review. May need 2nd

AF11040 A109.909 Measures, Final Report, Structure Number 9145, Work Order No. 80407 Maricopa County Dept. of 1997
Priority

Indian School Road Bridge over the Agua Fria River Transportation-MCDOT

Technical Data Notebook, Agua Fria River Reaches
WLB Group for Flood Control Review. May need 15t

AF11041 A109.942 1,2, and 3, Levee Monitoring for Bank Stabilization, FCD 98-20 1999
Assignment #2 (TDN)

District of Maricopa County-FCD Priority

Technical Data Notebook, Agua Fria River Reach 4,
WLB Group for Flood Control Review. May need 1st

AF11042 A109.941 Levee Monitoring for Bank Stabilization, Assignment FCD 98-20 1999
#1 (TON)

District of Maricopa County-FCD Priority

Surveyin9 for the Land Subsidence Evaluation of 603_056SurveyingfortheLa
the Upper Agua Fria River Levees and for Levee

Premier Eng. Corp. for Flood
Electronic ndSubsidenceEvaluationofl

AF11043 603.056S
Monitoring Cameiback Ranch South Levee,

FCD 1999C067 Control District of Maricopa 2000 FCOMC
File

10/27109 Mark Mayer
heUpperAguafriaRiverLev

Camelback Ranch North Levee. Glendale Airport
County-FCD

delivered eesandforLeveeMonitoring
Levee. New River Levees, and for Skunk Creek on CD C.pdf
Levee

Surveying for the Land Subsidence Evaluation of
Premier Eng. Corp. for Flood

Review. May need 1st
AF11044 603.055S FCD 1999C067 Control District of Maricopa 2000

the AQua Fria River, Assignment 1
Countv-FCD

Priority

JE Fuller Hydrology and

AF11045 A109.959
Agua Fria River Conceptual Channelization Plan,

FCD 2001 C005
Geomorphology, Inc. for Flood

2002 Have in-house. 2nd Priority
Task Order No. 11 Control District of Maricopa

Countv-FCD

FCD 1999C048, Assignment #
WEST Consult., Inc. for Flood

Review. May need 2nd
AF11046 A260.901 Modeling Sediment Transport in the Agua Fria River Control District of Maricopa 2002

6
Countv-FCD

Priority

AF11047
FCDMC Agua Fria River Reach 1,2, and 3 Levees

FCD 93-20. Drawer 319 None Given
Review. May need 1st

Flat Files Monitoring Priority

AF11048
FCDMC AQua Fria RiverfGila River to Pinnacle Peak Road

Drawer 403
Flood Control District of

1975
Review. May need 2nd

Flat Files FDS Maricopa County-FCD Priority

AF11049
FCDMC Agua Fria River, New River and Skunk Creek S. P.

FCD 89-30. Drawer 303 Coe & Van Loo 1989
Review. May need 15t

Flat Files F. Delineation Maps Priority

JE Fuller Hydrology/Geomorphology, Inc.
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•
Data Collection and Levee Categorization Report for
Camelback Ranch Levee South

Abbreviation Descriptions-
ADEM = Arizona Department of Emergency Management
ADEQ = Arizona Department of Environmental Quality
ADOT = Arizona Department of Transportation
ADWR = Arizona Department of Water Resources
ARIA = Arizona Regional Image Archive
FEMA = Federal Emergency Management Agency
NRCS = Natural Resource Conservation Service
USGS = United Slales Geological Survey
FCDMC '" Flood Control District of Maricopa County

•
'CamelbackRanctl LeveeSoutti

Data Collection Summary

•
Flood Control District of Maricopa County

Printed on 5/12/2010

Project Document DOCUMENT TRACKING

Ubrery
No.

Reference No, ntle Description Author Date Source Format
Date

Collected
Collected

By
File NamelNotes

AF11056I
IAnnuallnspeclion Report - Camelback Ranch ILevee Inspection Report IFCDMC
Levee

Flood Control District of Maricopa Counly,

AF11057I IMaintenance Inspection Report. Camelback Ranch IL I f R rt IFCDMCLevee evee nspec Jon epe

Flood Control District of Maricopa County. Plans for
AF110581 Ithe Construction of Camelback Ranch Levee- IRecord Drawings IFCDMC

South (FCD 97-18)

AF110591 Moo.307
IFinal Interior Drainage Report. Camelback Ranch

I Interior Drainage Report IDMJM Arizona. Inc.
Levee Design Project, (FCD 95-15)

Construction Special Provisions for Camelback
AF11060 I A4oo.504 IRanch Levee - South. Indian School Road to IConstruction Specifications IDMJM Arizona, Inc.

Camelback Road (FCD 97-18)

AF110501
FCDMC
Flat Files

AF11051I
FCDMC
As-Built
----

AF11052I
FCDMC
As-Built
--

AF110531
FCDMC
As-Built
---

AF11054
FCDMC
As-Built

AF11055
FCDMC, Operations and Maintenance Division, IStandard O&M Manual for the
Standard Operating Procedures (SOP's) Deficiency District. Scanned from hard
Levels, Maintenance Standards, and Standard copy

AF11061 Moo.803

Agua Fria River FDS Restudy Between the Gila
River Confluence and the New Waddell Dam

Skunk Creek and New and Agua Fria Rivers

Agua Fria River Channel

Agua Fria River Proposed Channelization (1984)

Agua Fria River Improvements Phase 1, 2

Final Calculations, Camelback Ranch Levee South,
Indian School Road to Camelback Road (FCD 95­
15)

FCD 95-05. Drawer 303

Drawer 216

850439. Drawer 204

AZ-MC-05. Drawer 11

FCD 85-10. Drawer 11

Final Design Calculations

Coe & Van Loo

FCDMC

DMJM Arizona, Inc.

1996

Revised 2005 FCDMC

3/4/09 FCDMC

2129/08 FCDMC

2/5/97 FCDMC

4/1/98 FCDMC

5/1/97 FCDMC

2124/97 FCDMC

Hardcopy
scanned
to PDF

Electronic
File

delivered
via Email
Electronic

File
delivered
via Email
Electronic

File
delivered
via Email
Electronic

File
delivered

via ft.p
Electronic

File
delivered

via flp
Electronic

File
delivered

via flp

01/21/10

01/21/10

01/21/10

02109110

02/09/10

02109/10

Review. May need 1st
Priority
----
Review. May need 1st
Priority

Review. May need 2nd
Priority

Review. May need 2nd
Priority

Review. May need 1st
Priority

FCDMC_SOPsDeficiencyL
Mark Mayer levelsMaintenanceStandard

sandStandardDrawings.pdf

200g·Annual Inspection
Mark Mayer !Camelback Ranch

Levee. pdf

Camelback Ranch Levee

M k M

'

Maintenance Inspection
ar ayer 2oo8.pdf

M k M I
Camelback Ranch Levee

ar ayer South.pdf

MOO 307Final InteriorDrai
Mark Mayer !nageReport_C';:-melbackRa

nchLeveeDesignProject.pdf

MOO 504Speciai
Mark Mayer IProvi;ions.pdf

A400_803Final
Mark Mayer ICalculations.pdf

AF11062

Agua Fria River Floodplain Delineation Re-study,
prepared for the Flood Control District of Maricopa
County (FCD 95-05), Agua Fria River, Gila river to
the New Waddell Dam

HEC-2 input and output files Coe & Van Loo Consultants, Inc. 9/24/97 FCDMC

Electronic
File

delivered
via fto

02109/10
AGUAFRIA.DAT,

Mark Mayer IAGUAFRIA.OUT,
AGUAFRIA.T95

JE Fuller Hydrology/Geomorphology, Inc.
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•
Data Collection and Levee Categorization Report for
Camelback Ranch Levee South

• •
Flood Control District of Maricopa County

Printed on 5/12/2010

Camelback Ranch Levee South
Data Collection Summary

Abbreviation Descriptions-
ADEM = Arizona Department of Emergency Management
ADEQ = Arizona Department of Environmental Quality
ADOT = Arizona Department of Transportation
ADWR = Arizona Department of Water Resources
ARlA = Arizonl'l Regional Image Archive

FEMA = Federal Emergency Management Agency
NRCS =Natural Resource Conservation Service
USGS = United States Geological Survey
FCOMC = Flood Control District of Maricopa County

Project Document DOCUMENT TRACKING

Llbrery
Reference No. Title Description Author Dele Source Format

Date Collected
File Neme/Notes

No. Collected By

Electronic
A400_916CamelbackRanc

Camelback Ranch Levee - South CLOMRILOMR TDN for CLOMRILOMR with File
hLevee_South_LetterofMap

AF11063 A400.916
Submittal backup files

FCDMC 1997 FCDMC
delivered

02122/10 Mark Mayer Revision_LOMR.pdf and

via ftp
backup HEC-2 and
AutoCAD files

Electronic

AF11064
Flood Control District of Maricopa County, Permit to Permit to install storm drain

FCDMC 10/29/07 FCDMC
File

04/20110 Mark Mayer 2006P039.pdf
use Flood Control District Right-of-way, through levee delivered

via ftp

Geotechnical Investigation
Report.pdf

Electronic Interior Drainage Report.pd

AF11065 98-09-226P FEMA Data Request
Documents provided by FEMA

Various 4/16/98 FEMA
File

08/17/09 Jon Ahern
Levee Backup.pdf

in responce to a data Request delivered TSDN.pdf
via ftp FEMAFORM.doc

CBR.ZIP
98-09-226P.pdf

JE Fuller Hydrology/Geomorphology, Inc.
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Certification Report for
Camelback Ranch Levee South

Maricopa County, Arizona
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FLOOD C":- JI: i i:LT

Federal Emergency Management Ag n-cyJ
Washington, D.C. 20472 ~ N\ ') f) '''''j

CERTIFIED MAIL
RETURN RECEIPT REQUESTED

IN REPLY REFER TO:
Case No.: 98-09-226P -/

The Honorable Janice K. Brewer
Chairman, Maricopa County Board

of Supervisors
301 Jefferson Street
Phoenix, Arizona 85003

Dear Ms. Brewer:

Community: Maricopa County, Arizona ~
Community No.: 040037 _.~

Panels Affected: 04013C1620 P"md'-----­
04013C2085 E

Effective Date of APR 16 1998
This Revision:

102-I-A-C

•

••

This responds to a request that the Federal Emergency Management Agency (FEMA) revise the effective
Flood Insurance Rate 1'1ap (FIRM) and Flood Insurance Study (FIS) report for Maricopa County, Arizona
and Incorporated Areas (the effective FIRM and FIS report for your community), in accordance with
Part 65 of the National Flood Insurance Program (NFIP) regulations. In a letter dated November 14, 1997,
Mr. Hasan Mushtaq, P.E., Engineering Division, Flood Control District of Maricopa County, requested
that FEMA revise the FIRM and FIS report to show the effects of construction of a levee along the left
overbank (looking downstream) of the Agua Fria River from approximately 2,800 feet upstream of Indian
School Road to just downstream of Camelback Road.

All data required to complete our review of this request were submitted with letters from Mr. Mushtaq.

We have completed our review of the submitted data and the flood data shown on the effective FIRM and
PIS report. We have revi ed the FIRM and FIS report to modify the elevations, floodplain and floodway
boundary delineations, and zone designations of the flood having a I-percent chance of being equaled or
exceeded in any given year (base flood) along the Agua Fria River from approximately 400 feet upstream
of Indian School Road to approximately 400 feet upstream of Camelback Road. As a result of the
modifications, the base flood elevations (BFEs) for the Agua Fria River increased; the width of the Special
Flood Hazard Area (SFHA), the area that would be inundated by the base flood, decreased; and the width
of the regulatory floodway increased. The increase in floodway width is contained within the constructed
levee. The modifications are shown on the enclosed annotated copies of FIRM Panel(s) 04013C1620 F
and 04013C2085 E, Profile Panel(s) 12P and 13P, and affected portions of the Floodway Data Table. This
Letter of Map Revision (LOMR) hereby revises the above-referenced panel(s) of the effective FIRM dated
September 4, 1991, and the affected portions of the FIS report dated September 30, 1995.

Because this revision request al 0 affects the City of Phoenix, a separate LOMR for that community wa
issued on the same date as this LOMR.

The modifications are effective as of the date shown above. The map panel(s) as listed above and a
modified by this letter will be used for all flood insurance policie and renewals issued for your cornn1Unity .
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The following table is a partial listing of existing and modified BFEs:

Existing BFE
Location (feet)*

Approximately 1,000 feet downstream of Camelback Road 1,021

Modified BFE
(feet)*

1,022

•

*Referenced to the National Geodetic Vertical Datum, rounded to the nearest whole foot

Public notification of the proposed modified BFEs will be given in the Arizona Republic on or about
May 14 and May 21, 1998. A copy of this notification is enclosed. In addition, a notice of changes will
be published in the Federal Register. Within 90 days of the second publication in the Arizona Republic,
a citizen may request that FEMA reconsider the detennination made by this LOMR. Any request for
reconsideration must be based on scientific or technical data. All interested parties are on notice that, until
the 90-day period elapses, the detennination to modify the BFEs presented in this LOMR may itself be
modified.

Because this LOMR will not be printed and distributed to primary users, such as local insurance agents and
mortgage lenders, youL community will serve as a repository for these new data. We encourage you to
dis eminate the infonnation reflected by this LOMR throughout the community, so that interested persons,
such as property owners, local insurance agents, and mortgage lenders, may benefit from the infonnation.
We also encourage you to prepare a related article for publication in your community's local newspaper.
This article should describe the assistance that officials of your community will give to interested persons
by providing these data and interpreting the NFIP maps.

We are processing a revised FIRM and FIS report for Maricopa County; therefore, we will not physically
revise and republish the FIRM and FIS report for your community to incorporate the modifications made
by this LOMR at this time. Preliminary copies of the FIRM and FIS report were submitted to your
community for review on December 24, 1997. We will incorporate the modifications made by this LOMR
into the FIRM and FIS report before they become effective.

The floodway is provided to your community as a tool to regulate floodplain development. Therefore, t~e

flood way modifications described in this LOMR, while acceptable to FEMA, must also be acceptable to
your community and adopted by appropriate community action, as specified in Paragraph 60.3(d) of the
NFIP regulations.

This LOMR is based on minimum floodplain management criteria established under the NFIP. Your
community is responsible for approving all floodplain development, and for ensuring all necessary permits
required by Federal or State law have been received. State, county, and community officials, based on
knowledge of local conditions and in the interest of safety, may set higher standards for construction in the
SFHA. If the State, county, or community ha adopted more restrictive or comprehensive floodplain
management criteria, these criteria take precedence over the minimum FIP criteria.

This detennination has been made pur uant to Section 206 of the Flood Disaster Protection Act of 1973
(Public Law 93-234) and is in accordance with the ational Flood Insurance Act of 1968, as amended
(Title XIII of the Housing and Urban Development Act of 1968, Public Law 90-448), 42 U.S.c.
4001-4128, and 44 CFR Part 65. Pursuant to Section 1361 of the National Flood Insurance Act of 1968,I

1 ___
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as amended, commUnIties participating in the NFIP are required to adopt and enforce floodplain
management regulations that meet or exceed minimum FIP criteria. These criteria are the minimum and
do not supersede any State or local requirements of a more stringent nature. This includes adoption of the
effective FIRM to which the regulations apply and the modifications described in this LOMR. Our records
show that your community has met this requirement.

A Consultation Coordination Officer (CCO) has been designated to assist your community. The CCO will
be the primary liaison between your community and FEMA. For information regarding your CCO, please
contact:

Ms. Dorothy M. Lacey
Director, Mitigation Division

Federal Emergency Management Agency, Region IX
The Presidio of San Francisco, Building 105

San Francisco, California 94129-1250
(415) 923-7177

If you have any questions regarding floodplain management regulations for your community or the NFIP
in general, please con~t the CCO for your community at the telephone number cited above. If you have
any technical questions regarding this LOMR, please contact Mr. Mike Grimm of our staff in Washington,
DC, either by telephone at (202) 646-2878 or by facsimile at (202) 646-4596.

Sincerely,

Matthew B. Miller, P.E., Chief
Hazards Study Branch
Mitigation Directorate

Enclosure(s)

cc: The Honorable Skip Rimsza
Mayor, City of Phoenix

Mr. Raymond U. Acuna, P.E.
Floodplain Manager
City of Phoenix Street

Transportation Department

e•

Mr. Hasan Mushtaq, P.E.
Engineering Divi ion
Flood Control District

of Maricopa County

J
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CHANGES ARE MADE IN DETERMINATIONS OF BASE FLOOD ELEVATIONS FOR THE CITY
OF PHOENIX AND THE UNINCORPORATED AREAS OF MARICOPA COUNTY, ARIZONA,
UNDER THE NATIONAL FLOOD INSURANCE PROGRAM

On September 4, 1991, the Federal Emergency Management Agency identified Special Flood Hazard
Areas (SFHAs) in the City of Phoenix and the unincorporated areas of Maricopa County, Arizona, through
issuance of a Flood Insurance Rate Map (FIRM). The Mitigation Directorate has determined that
modification of the elevations of the flood having a I-percent chance of being equaled or exceeded in any
given year (base flood) for certain locations in these communities is appropriate. The modified base flood
elevations (BFEs) revise the FIRMs for the communities.

The changes are being made pursuant CO Section 206 of the Flood Disaster Protection Act of 1973 (Public
Law 93-234) and are in accordance with the National Flood Insurance Act of 1968, as amended (Title XIII
of the Housing and Urban Development Act of 1968, Public Law 90-448), 42 U.S.c. 4001-4128, and 44
CFR Part 65.

A hydraulic analysis was performed to incorporate construction of a levee along the left overbank (looking
downstream) of the Agua Fria River from approximately 2,800 feet upstream of Indian School Road to just
downstream of Camell)ack Road and has resulted in a revised delineation of the regulatory floodway, a
decrease in SFHA width, and increased BFEs for the Agua Fria River. The table below indicates existing
and modified BFEs for selected locations along the affected lengths of the flooding source(s) cited above .

• Location

I Approximately 1,000 feet downstream of Camelback Road

Existing BFE
(feet)*

1,021

Modified BFE
(feet)*

1,022

:

ILocated within City of Phoenix and unincorporated areas of Maricopa County
*National Geodetic Vertical Datum, rounded to nearest whole foot

Under the above-mentioned Acts of 1968 and 1973, the Mitigation Directorate must develop criteria for
floodplain management. To participate in the National Flood Insurance Program (NFIP), the community
must use the modified BFEs to administer the floodplain management measures of the NFIP. These
modified BFEs will also be used to calculate the appropriate flood insurance premium rates for new
buildings and their contents and for the second layer of insurance on existing buildings and contents.

Upon the second publication of notice of these changes in this newspaper, any person has 90 days in which
he or she can request, through the Chief Executive Officer of the community, that the Mitigation
Directorate reconsider the determination. Any request for reconsideration must be based on knowledge
of changed conditions or new scientific or technical data. All interested parties are on notice that until the
90-day period elapses, the Mitigation Directorate's determination to modify the BFEs may itself be
changed.
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Any person having knowledge or wishing to comment on these changes hould immediately notify:

The Honorable Skip Rimsza
Mayor, City of Phoenix
200 West Washington Street, 11 th Floor
Phoenix, Arizona 85003-1611

OR

The Honorable Janice K. Brewer
Chairman, Maricopa County Board

of Supervisors
301 Jefferson Street
Phoenix, Arizona 85003
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AA
AB
AC
AD
AE
AF
AG
AH
AI
AJ

AK
AL
AM
AN
AO
AP
AQ
AR
AS
AT
AU
AV
AW
AX
AY
AZ

4.760
4.936
5.031
5.256
5.385
5.508
5.567
5.723
5.887
5.997
6.177
6.349
6.539
6.718
6.938
7.093
7.290
7.472
7.66
7.848
8.04
8.223
8.365
8.585
8.794
9.027 I

1,107
1,107
1,115
1,282
1,389
1,330
1,387
1,256
1,127
1,119
1,113
1,112
1,116
1,067
1,112
1,106
1,115
1,063
1,002

966
1,032
1,315
1.501
\ ,507
2,452
2,040

8,872
8,580
6,687
7,891
5,712
5,734
7,518
7,613
7,882
8,113
7,701
7,853
6,806
6,188
7,434
7,359
7,493
7,770
7,106
7,454
8,204
9,309
8,089
7,593
9,655
7,829

5.9
6.1
7.8
6.6
9.1
9.1
7.2
7.1
6.9
6.7
7.1
6.9
8.0
8.8
7.3
7.4
7.3
7.0
7.7
7.3
6.6
5.8

"'6.7
7.2
5.6
fi.9

967.6
968.4
968.7
971.1
972.5
976.0
977.5
979.6
981.6
982.4
984.0
985.4
986.9
989.0
991.6
993.7
997.6
999.8

1,001.7
1,003.6
1,004.7
1,006.0
\ ,007.4
1,010.0
1,014.4
1,017.2

967.6
968.4
968.7
971.1
972.5
976.0
977.5
979.6
981.6
982.4
984.0
985.4
986.9
989.0
991.6
993.7
997.6
999.8

\ ,001.7
\,003.6
\,004.7
\,006.0
\ ,007.4
1,010.0
1,014.4
1)017.2

967.6
968.4
968.7
971.1
972.5
976.0
977.5
979.6
981.6
982.4
984.0
985.4
986.9
989.0
991.6
993.7
997.6
999.8

\ ,001.7
1,003.6
\,004.7
1,006.0
1,007.4
\,010.0
1,014.5
1,017.5

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.\ I
0.3

REVISED-DATA/'Miles above confluence with Gila River

FLOODWAY DATI:VI~bU IU
~ ::(r oM
_'_' J l R

T
A
8
L
E

5

FEDERAL EMERGENCY MANAGEMENT AGENCY

MARICOPA COUNTY, AZ
AND INCORPORATED AREAS AGUA FRIA RIVER .. APR 16 I9ge



R

BASE FLOOD
. l

FLOODING SOURCE FLOODWAY WATER-SURFACE ELEVATION

,

REGULATORY I WITHOUT
\

WITH
\ INCREASECROSS SECTION DISTANCE' WIDTH SECTION AREA MEAN VELOCITY FLOODWAY FLOODWAY

(FEET) (SQUARE FEET) (FEET PER
(FEET NGVD)SECOND)

Agua Fria River REVISED DATA
(Cont'd) J.

BA 9.252 I 1,738 10,150 5.4 1,021.7 1,021.7 1,021.7 0.0
BB 9.437 1,694 10 162 5.4 1,023.1 1,023.1 1023.1 0.0
BC 9.6 1,852 9,435 5.8 1,024.4 1,024.4 1,024.5 0.1
BD 9.776 1,660 8,492 6.4 1,026.3 1,026.3 1,026.4 0.1
BE 9.953 1,510 7,156 7.6 1,028.7 1,028.7 1,028.7 0.0
SF 10.142 1,396 5,798 5.2 1,030.4 1,030.4 1,031.0 0.6
BG 10.327 1,231 5,360 5.6 1,032.8 1,032.8 1,033.2 0.4
BH 10.521 740 3,639 8.2 1,034.5 1,034.5 1,034.8 0.3
BI 10.699 749 4,886 6.1 1,038.5 1,038.5 1,039.1 0.6
BJ 10.889 985 6,513 4.6 1,040.5 1,040.5 1,041.1 0.6
BK 11.103 730 4,884 6.1 1,043.2 1,043.2 1,043.4 0.2
BL 11.481 812 5,451 5.5 1,046.8 . 1,046.8 1,047.0 0.2
BM 11.581 620 2,998 10.0 1,048.3 1,048.3 1,048.3 0.0
BN 11.823 892 5,128 6.7 1,054.4 1,054.4 1,054.4 0.0
BO 12.016 1,738 6,858 5.0 1,058.5 1,058.5 1,058.9 0.4
BP 12.164 2,408 6,640 5.2 1,061.1 1,061.1 1,061.4 0.3
BQ 12.307 2,709 17,026 2.0 1,064.0 1,064.0 1,064.5 0.5
BR 12.513 2,786 21,039 1.6 1,065.2 1,065.2 1,066.0 0.8
BS 12.73 2,300 1\,248 3.1 1,065.8 1,065.8 1,066.7 0.9
BT 12.896 938 6,621 5.2 1,066.3 1,066.3 1,067.0 0.7
BU 13.082 1'703 4,849 7.1 1,067.6 1,067.6 1,068.2 0.6
BV 13.273 441 3,297 10.5 1,070.4 1,070.4 1,070.5 0.1
BW 13.465 551 5,555 .• 6.2 1,073.6 1,073.6 1,073.7 0.1
BX 13.716 1,385 8,159 4.2 1,075.5 1,075.5 \,075.6 0.1
BY 13.929 1,334 5,387 6.4 1,079.2 1,079.2 1,079.4 0.2
BZ 14.123 1040 5776 6.0 1082.2 1 082.2 1082.5 0.3

d ~
THESE DATA WERE REVISED BY

'Miles above confluence with Gila River LOMR DATED AUGUST 5,1997-

T

FLOODWA,Y DAT~~Y,'~~ TOA FEDERAL EMERGENCY MANAGEMENT AGENCY
B c

InL MARICOPA COUNTY, AZ ~E .~L.J LL\' I LUJ
5

AND INCORPORATED ARE!\S AGUA FRIA RIVER_lLATED,l.PR 16 ~.~
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• SUMMARY OF PM 34/43 WORK MAPS AND EMBANKMENT

INVENTORY FOR MARICOPA COUNTY, AZ

Maricopa County PM 34/43 November 21, 2008

Prepared by: HDR Engineering Inc.

•

•

As part of the Federal Emergency Management Agency (FEMA) Procedure Memorandums 34 &
43 (PM 34/43), an analysis of embankments in Maricopa County, AZ that are potentially
providing protection from the 1% annual chance flood has been conducted by HDR. In this
analysis, HDR identified these embankments, determined their status as flood control structures,
and delineated approximate floodplains downstream of the embankments where applicable. The
draft work maps and preliminary embankment inventory have been provided in this package for
your review. Please feel free to mark up the draft work maps and provide any comments to HDR
within 30 days (December 22, 2008). If you have any questions please contact Renato Espinoza
Torres, EIT at (916) 817-4929 or Omar Sencion, EIT (916) 817-4992.

Source of Data

• Shapefiles used to create the work maps were provided to HDR by the Flood Control

District of Maricopa County (FCDMC) on March 31, 2008. These shapefiles include:

o Currently effective information as shown on the Flood Insurance Rate Maps

(FIRMs) for Maricopa County, AZ.

o Special Flood Hazard Area (SFHA), Letter of Map Revision (LOMR), and Best

Available Data (BAD) information, which contain data not shown in the effective

FIRMs for Maricopa County.

o Topographic data and elevation contours based on the North American Vertical

Datum of 1988 (NAVD 88).

• Shapefiles were provided by the City of Scottsdale to aid in determining the locations,

limits, and floodplain delineations for potentially failed embankments.

• A Letter of Map Change (LOMC) Revision Tracking Information spreadsheet was

provided by the FCDMC. The spreadsheet contained a list of LOMRs and BAD Letters

approved by FEMA to be included in the next edition of FIRMs.

FEMA
TO 31 - Maricopa County PM 34/43



•

•

•

• Information regarding a number of specific embankments was obtained by HDR from

various communities via telephone and email.

• Conversion factors to convert from the National Geodetic Vertical Datum of 1929
(NGVD 29) to NAVD 88 were obtained for various locations within Maricopa County.

An average conversion factor for the City of Scottsdale was provided by the City of

Scottsdale. Conversion factors for other locations were calculated by HDR using

Corpscon6 software and other methods. All conversion factors rounded to +2 ft.

Assumptions

• GIS data contained in the effective FIRM shapefiles provided by the FCDMC was

current, except where the LOMC Revision Tracking Information spreadsheet provided

by the FCDMC indicated otherwise.

• Data provided via telephone or by email by communities regarding specific

embankments was accurate and current.

• A conversion factor of +2 ft was used where converting NGVD 29 elevations to NAVD
88 elevations. The topographic data provided by the FCDMC had elevations listed in
NAVD 88 while base flood elevations (BFE) were listed in NGVD 29. A conversion
factor of +2 it must be added to all BFEs shown on the work maps.

Methodology

• Approximate floodplain delineation methods listed below were employed on the work
maps enclosed:

o Projecting BFEs to landward side of levees.

o Extending floodplains down a grade based on topographic information.

o Connecting upstream and downstream floodplains.

o Delineating downstream floodplains based on other studies in the area.

• Work maps depicting floodplain delineations under failed conditions are not to scale.

• Floodplains under failed conditions were delineated for Category 2 embankments

(Levees that meet the 44 CFR Section 65.10 criteria but need time to submit necessary
documentation by signing a PAL Agreement). The work maps associated with these

FEMA
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embankments show Zone A designations downstream of the failed structures. If PAL
Agreement is signed and appropriate levee certification procedure is followed these areas
will not be designated Zone A, they will be designated shaded Zone X.

• No floodplains under failed conditions were delineated for Category 1 embankments
(Levees that meet the 44 CFR Section 65.10 criteria and have necessary documentation).
Certification documents submitted to FEMA by the parties responsible for these
embankments will be verified. The levee embankment will be accredited on the DFIRM
if all certification documents meet 44 CFR Section 65.10 requirements.

• Delineations for embankments listed under ID numbers 51, 59, 66, 67a, 67b, and 68 were
provided to HDR by the City of Scottsdale.

• Information regarding any specific embankment received by HDR from community
floodplain managers was considered in delineations of associated floodplains .
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1. HEC-RAS Modeling

1.1 Method Description

A HEC-RAS model was developed for hydraulic analysis (AguaFriaRiver_CBRLS_Eval.prj) of
the Agua Fria River from Camelback Road to 3500 feet south. The analysis was completed
using the U.S. Army Corps of Engineers HEC-RAS River Analysis System, Version 4.1.0
(January 2010). The subcritical steady-state flow regime option was selected. A hydraulic
profile was computed for the 10- and 100-year peak discharge and the results were used in the
freeboard and the embankment scour evaluation documented in Appendix C.

1.2 HEC-RAS Model Development

The Agua Fria River was modeled using the steady-flow routine in HEC-RAS. For the purpose
of this evaluation, only an existing condition HEC-RAS model was created. To aid in HEC-RAS
modeling, ArcView procedures, tools and utilities were used to process topographic data and
incorporated into the HEC-RAS model.

Additional discussion pertaining to HEC-RAS model development is provided below and in
Floodplain Delineation Study for a portion of the Agua Fria River, Agua Fria River from 1800
feet upstream (north) of Camelback Road Bridge to 1700 feet upstream (north) of Indian School
Road Bridge, June 2011, (Agua Fria LOMR) under separate cover. In addition, HEC-RAS
existing condition work map from the Agua Fria LOMR are shown in Figure E-3 provided in
Appendix 8.4.

1.2.1 Steady Flow Data

The 1OO-year discharge of 54,400 cfs was applied based on the values used in the existing FIS
HEC-2 model. The 1O-year discharge was estimated at 19,040 cfs using a ratio of 0.35 to 100­
year event. The value of 0.35 for the ratio was obtained from the guidelines presented in the
FCDMC Hydrology Manual for computing the 10-year discharge using the 100-year discharge.
It may be noted that the 1996 SLA report incorporated a 10-year discharge value of 23,000 cfs
in their calculations. However, the source for the value of 23,000 cfs could not be confirmed.
Therefore, it was deemed appropriate to use the FCDMC guidelines to determine the value of
the 1O-year discharge.

1.2.2 Boundary Conditions

The HEC-RAS downstream boundary condition for the 100-year discharge was provided in
Agua Fria River Floodplain Re-delineation, Salt/Gila River to New River, LOMR, by Stanley
Consultants, Inc. June 2011 (concurrently submitted for review) for the segment of the Agua
Fria River located immediately downstream of the Camelback Ranch Levee South study reach.
The water surface elevation of 1012.88 (NAVD88) was applied at cross-section 8.850 using the
"Known WS" option. For the 1O-year event the normal depth option was used. The channel
slope in the vicinity of the cross section was estimated to be 0.0006 ft/ft.

1.2.3 Flow Regime

A subcritical flow regime was used for HEC-RAS modeling per FEMA Standards.

JE Fuller Hydrology & Geomorphology, Inc. Page 1
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1.2.4 Development of the Hydraulic Modeling Parameters

HEC-RAS modeling parameters were developed and incorporated into the current conditions
model. The following elements were developed:

Stream Centerline

The stream centerline was provided by FCDMC and no modifications were made.

Cross-Section Cut Lines

Based on the Existing HEC-2 cross section locations with supplemental cross sections
added between each HEC-2 cross section location below Camelback Road Bridge.

Bank Stations

Bank stations are located at the hinge point along the top of the soil cement bank
protection and at locations along the western pit limits to adequately model the
ineffective areas.

Flow Path Centerlines

Flow path centerlines are used to identify the hydraulic flow path in the left overbank,
main channel, and right overbank by identifying the center-of-mass of flow. Downstream
reach lengths are calculated for each cut line based on the distance between cut lines
along the flow path centerlines.

Cross-Sectional Roughness Coefficients

Roughness coefficients represent the resistance to flow in channels and overbank areas.
HEC-RAS accounts for this roughness by use of the Manning's "n" value. The "n" value
is determined from the values of the factors that affect the roughness, such as
vegetation type and density, bed material and channel irregularities.

Manning's "n" value categories used in the current conditions model are consistent with
the existing HEC-2 model although the existing limits were adjusted due to the changes
in geometry since the HEC-2 model was created.

Ineffective flow areas

Ineffective flow areas were added for the dry-side of the Camelback Levee, Ineffective
areas were used to represent ponded conditions with the sand and gravel mining pits.
Ineffective areas were also used on the eastern end of the cross-sections located
between river-stations 9.059 and 9.225. This was implemented to represent a low­
conveyance zone due to sharp turn of the levee alignment.

Additional discussion of the Agua Fria River Hydraulic model is included in Floodplain
Delineation for a Portion of the Agua Fria River, JE Fuller Hydrology/Geomorphology, Inc. June
2011 under separate cover.

1.3 Freeboard Evaluation

The water surface profile from the HEC-RAS model was compared to the top-of-Ievee profiles
from the HEC-RAS model. The evaluation model, representing the current hydraulic conditions,
was used as the primary base flood elevation source. The minimum freeboard provided is 6.0
feet.

JE Fuller Hydrology & Geomorphology, Inc. Page 2
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In addition to the summary table below, Standard Table 1 results are located in Appendix B.3.
The HEC-RAS output report is included on the data disk in Appendix H. HEC-RAS cross­
sections plots are provided in Appendix B.2.

Table B-1: Freeboard Results for AQua River

(1'HEC- 100-year
(2)Top of Is the

(1)Levee RAS
Water Available Required

available
Station Cross

Surface Levee Freeboard Freeboard
freeboard

Section
Elevation (ft) (ft) (ft) adequate?

(ft)

44+81 9.686 1023.07 1029.27 6.2 3.5 Yes

43+53 9.663 1022.73 1028.77 6.04 3 Yes

42+43 9.643 1022.1 1028.37 6.27 3 Yes

41+39 9.624 1021 1027.50 6.5 3 Yes

40+16 9.602 1020.01 1026.92 6.91 3 Yes

38+35 9.569 1017.83 1026.27 8.44 3 Yes

37+02 9.546 1014.64 1025.53 10.89 3 Yes

35+38 9.518 1014.21 1024.55 10.34 3 Yes

33+59 9.487 1014.14 1024.71 10.57 3 Yes

32+39 9.467 1014.08 1024.24 10.16 3 Yes

31+04 9.445 1014 1023.71 9.71 3 Yes

29+69 9.422 1013.94 1023.49 9.55 3 Yes

28+49 9.4 1013.9 1023.29 9.39 3 Yes

27+40 9.379 1013.86 1023.28 9.42 3 Yes

25+95 9.353 1013.8 1022.94 9.14 3 Yes

24+33 9.324 1013.73 1022.28 8.55 3 Yes

22+51 9.292 1013.65 1022.27 8.62 3 Yes

21+19 9.267 1013.6 1022.31 8.71 3 Yes

18+97 9.225 1013.55 1022.38 8.83 3 Yes

17+05 9.193 1013.52 1022.21 8.69 3 Yes

16+12 9.172 1013.51 1022.28 8.77 3 Yes

14+24 9.131 1013.48 1022.64 9.16 3 Yes

13+03 9.109 1013.46 1022.42 8.96 3 Yes

11+27 9.082 1013.44 1022.23 8.79 3 Yes

09+82 9.059 1013.42 1022.37 8.95 4 Yes
Note: 1. Levee Stations and HEC-RAS cross sections were denved uSing HEC-RAS cross section line crossing Levee

Alignment Stationing.
2. Levee elevation from HEC-RAS model.
All elevations NAVD 1988.

1.4 Summary

The results for the HEC-RAS model were utilized to evaluate the Camelback Ranch Levee
South freeboard and for the embankment scour evaluation documented in Appendix C. The
results indicate that Camelback Ranch Levee South has adequate freeboard.

JE Fuller Hydrology & Geomorphology, Inc. Page 3
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B Hydraulic Evaluation for Levee Freeboard Determination

8.1 Roughness Coefficient Estimation

Main Channel Only

8.2 Cross Section Plots

Agua Fria River HEC-RAS cross sections 9.059 to 9.686

(Only cross sections adjacent to Camelback Ranch Levee South were plotted)

8.3 HEC-RAS Summary Tables

Standard Table 1 for 10-year

Standard Table 1 for 1DO-year

**HEC-RAS Report (AguaFriaRiver_CBRLS_Eval.prj) on data disk in Appendix H

8.4 Figure

Figure E-3: Floodplain Work map (Sheets 1 and 2)
**Floodplain work map from Floodplain Delineation Study for a portion of the Agua Fria
River, Agua Fria River from 1800 feet upstream (north) of Camelback Road Bridge to
1700 feet upstream (north) of Indian School Road Bridge, June 2011 under separate
cover.

JE Fuller Hydrology & Geomorphology, Inc.
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B.1 Roughness Coefficient Estimation



• Project:
Stream:
Location:

Camelback Ranch Levee South
Agua Fria River
Maricopa County, Arizona

Photo B I : Typical photo of Agua Fria River Main Channel
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Channel Conditions Manning's n Adjustment n Value

Concrete 0.012-0.018
Firm Soil 0.025-0.032

Channel Material
Coarse Sand 0.026-0.035

Gravel
nb

0.028-0.035 0.03
Cobble 0.030-0.050
Boulder 0.040-0.070

Smooth 0.000

Degree of Irregularity
Minor 0.001 -0.005

Moderate
n,

0.006-0.010
Severe 0.011-0.020

Negligible 0.000-0.004 0.002

Effects of Obstruction
Minor 0.005-0.015

Appreciable
n2

0.020-0.030
Severe 0.040-0.060

Small 0.002-0.0 I0 0.003

Vegetation
Medium 0.010-0.025
Large

n)
0.025-0.050

Very Large 0.050-0.100

Gradual 0.000
Variations in Channel Cross Section Occ. Alt. n4 0.001-0.005

Frequently All. 0.0 I0-0.0 15

Intermediate Sum 0.035

Minor I I
Degree of Meandering Appreciable m J.15

Severe 1.3

n=(nb+n,+n2+n3+n4)m 0.035

Main Channel
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B.2 Cross Section Plots
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B.3 HEC-RAS Summary Tables



Standard Table 1 - 10-Year

HEC RAS Plan" LeveeCert River: Agua Foa Reach'Reach Profile" 10YR

Reach RiverSta Profile o Tetal Min Ch EI W.S. Elev CritW.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # ChI

(cis) (ft) (ft) (ft) (ft) (ftIft) (ltIs) (sq ft) (ft)

Reach 10.046 10YR 19040.00 1016.43 1025.66 102424 1026.00 0.003022 4.66 4086.92 3342.001 0.49

Reach 9.961 10YR 19040.00 1014.64 1024.53 1022.29 1024.81 0.002311 4.22 4513.38 3279.50 0.43

Reach 9.869 10YR 19040.00 1013.18 1022.53 1021.52 1023.18 0.005013 6.46 2947.36 402023 0.64

Reach 9.792 10YR 19040.00 1011.61 1021.61 1018.67 1021.94 0.001765 4.65 4092.38 3321.66 0.40

Reach 9.725 10YR 19040.00 1009.19 1021.08 1016.83 1021.34 0.001513 4.11 4636.53 2720.52 0.36

Reach 9.71 Bridge

Reach 9.704 10YR 19040.00 1008.21 1020.78 1016.49 1021.04 0.002265 4.05 4712.21 1661.30 0.42

Reach 9.686 10YR 19040.00 1008.12 1020.55 1015.91 1020.82 0.0023941 4.11 4635.41 1660.14 0.43

Reach 9.663 10YR 19040.00 1008.00 102028 1015.25 1020.55 0.001949 4.21 4518.97 1326.11 0.40

Reach 9.643 10YR 19040.00 1007.74 1019.78 1016.36 1020.23 0.004729 5.40 3527.99 1394.49 0.60

Reach 9.624 10YR 19040.00 1007.39 1016.44 1016.44 1019.31 0.010331 13.59 1400.90 243.80 1.00

Reach 9.602 10YR 19040.00 1007.83 1016.41 1014.07 1017.24 0.002800 7.30 2608.83 436.38 0.53

Reach 9.569 10YR 19040.00 1007.57 1015.11 1015.11 1016.30 0.013441 8.75 2175.57 907.90 1.00

Reach 9.546 10YR 19040.00 1007.38 1012.50 1012.50 1013.54 0.013901 8.19 2324.77 1102.66 0.99

Reach 9.518 10YR 19040.00 1007.15 1010.96 1010.50 1011.58 0.007049 6.32 301223 1272.75 0.72

Reach 9.487 10YR 19040.00 1006.90 1010.50 1009.23 1010.82 0.002748 4.51 4226.23 1464.79 0.47

Reach 9.467 10YR 19040.00 1006.73 1010.29 1008.72 1010.54 0.002031 4.00 4755.54 1568.88 0.41

Reach 9.445 10YR 19040.00 1006.55 1010.11 1008.47 1010.32 0.00159' 3.65 5218.06 1648.07 0.36

Reach 9.422 10YR 19040.00 1006.37 1009.99 1008.09 1010.15 0.001096 3.22 5916.46 1705.47 0.30

Reach 9.400 10YR 19040.00 1006.19 1009.90 1007.76 1010.03 0.000827 2.89 659722 1813.76 0.27

Reach 9.379 10YR 19040.00 1006.02 1009.83 1007.51 1009.95 0.000682 2.69 7086.32 1877.16 0.24
Reach 9.353 10YR 19040.00 1005.81 1009.75 1007.29 1009.85 0.000596 2.57 7412.36 1898.46 0.23

Reach 9.324 10YR 19040.00 1005.57 1009.67 1007.07 1009.77 0.000546 2.52 7549.04 1859.83 0.22

Reach 9.292 10YR 19040.00 1005.31 1009.58 1006.85 1009.68 0.000515 2.51 7596.27 1809.23 0.22

Reach 9.267 10YR 19040.00 1005.11 1009.51 1006.68 1009.61 0.000490 2.48 7664.58 1783.96 0.21

Reach 9.225 10YR 19040.00 1004.76 1009.45 1006.19 1009.52 0.000302 2.06 9306.44 2226.95 0.17

Reach 9.193 10YR 19040.00 1004.50 1009.41 1005.93 1009.47 0.000246 1.90 10047.63 2431.45 0.15

Reach 9.172 110YR 19040.00 1004.33 1009.40 1005.68 1009.44 0.000187 1.70 11233.34 2570.90 0.13

Reach 9.131 10YR 19040.00 1004.00 1009.36 1005.37 1009.40 0.000147 1.56 12242.69 2671.43 0.12

Reach 9.109 10YR 19040.00 1003.97 1009.35 1005.39 1009.39 0.000150 1.55 12260.38 2660.07 0.12

Reach 9.082 10YR 19040.00 1004.03 1009.33 1005.34 1009.36 0.000136 1.48 12857.62 2676.77 0.11

Reach 9.059 10YR 19040.00 1004.00 1009.31 1005.30 1009.35 0.000132 1.47 13037.93 2672.62 0.11

Reach 9.038 10YR 19040.00 1003.97 1009.30 1005.31 1009.33 0.000140 1.51 12665.77 2463.88 0.12

Reach 9.004 10YR 19040.00 1003.97 1009.26 1005.38 1009.30 0.000165 1.63 11809.84 2395.43 0.13

Reach 8.982 10YR 19040.00 1003.97 1009.23 1005.45 1009.281 0.000195 1.76 10913.50 2238.62 0.14

Reach 8.959 lOYR 19040.00 1003.97 1009.20 1005.49 1009.26 0.000220 1.66 10348.04 2126.81 0.15

Reach 8.932 10YR 19040.00 1003.95 1009.17 1005.52 1009.22 0.000243 1.95 9914.13 2052.73 0.15

Reach 8.904 10YR 19040.00 1003.93 1009.10 1005.67 1009.18 0.000348 2.34 8532.05 1971.53 0.18

Reach 8.878 10YR 19040.00 1003.91 1009.02 1005.77 1009.12 0.000443 2.60 7614.12 1845.59 0.21

Reach 8.850 10YR 19040.00 1003.94 1008.91 1005.96 1009.04 0.000601 2.96 6623.82 1533.98 0.24

•

•

•
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Standard Table 1 - 1DO-Year

HEC RAS Plan'LeveeCert River' Agua Fria Reach" Reach Profile' FP100

Reach RiverSla Profile Q Total Min Ch EI W.S. Elev CritW.S. E.G. Elev E.G. Slope Vel Chnl Flow Area TopWidlh Froude # Chi
(cts) (ft) (ft) (ft) (ft) (ftIft) (ftls) (sq ft) (ft)

Reach 10.046 FP100 54400.00 1016.43 1028.19 1026.38 1028.94 0.002947 6.94 7847.98 4517.20 0.53
Reach 9.961 FP100 54400.00 1014.64 1027.05 1024.98 1027.70 0.002499 6.46 8425.94 5214.58 0.49
Reach 9.869 FP100 54400.00 1013.18 1025.77 1024.12 1026.40 0.002880 6.38 8615.02 5935.00 0.52
Reach 9.792 FP100 54400.00 1011.61 1024.66 1022.05 1025.26 0.002808 6.21 8784.70 806222 0.50
Reach 9.725 FP100 54400.00 1009.19 1023.88 1021.50 1024.43 0.002059 5.94 9161.39 5302.00 0.45

Reach 9.71 Bridge

Reach 9.704 FP100 54400.00 1008.21 1023.29 1021.17 1023.87 0.002240 6.13 8919.58 1686.95 0.47
Reach 9.686 FP100 54400.00 1008.12 1023.07 1020.96 1023.66 0.002302 6.17 6830.52 1679.88 0.47
Reach 9.663 FP100 54400.00 1008.00 1022.73 1020.86 1023.36 0.002669 6.35 8567.93 1727.52 0.50
Reach 9.643 FP100 54400.00 1007.74 1022.10 1020.95 1022.97 0.004542 7.49 7272.44 1714.41 0.64
Reach 9.624 FP100 54400.00 1007.39 1021.00 1020.55 1022.32 0.008185 9.23 5903.46 1584.68 0.84
Reach 9.802 FP100 54400.00 1007.83 1020.01 1019.43 1021.39 0.007620 9.46 5809.75 1471.36 0.82

Reach 9.569 FP100 54400.00 1007.57 1017.83 1017.83 1019.76 0.011479 11.16 4888.25 1313.15 1.00
Reach 9.546 FP100 54400.00 1007.38 1014.64 1014.64 1016.72 0.011150 11.59 4696.03 1121.44 1.00
Reach 9.518 FP100 54400.00 1007.15 101421 1012.45 1015.09 0.003263 7.55 7213.23 1326.87 0.57
Reach 9.487 FP100 54400.00 1006.90 1014.14 1011.11 1014.64 0.001483 5.67 9807.22 1495.00 0.39
Reach 9.467 FP100 54400.00 1006.73 1014.08 1010.63 1014.47 0.001108 5.02 10849.48 1623.54 0.34
Reach 9.445 FP100 54400.00 1006.55 1014.00 1010.18 1014.33 0.000902 4.67 11663.77 1672.43 0.31
Reach 9.422 FP100 54400.00 1006.37 1013.94 1009.66 1014.22 0.000712 4.28 12700.88 1731.27 0.28
Reach 9.400 FP100 54400.00 1006.19 1013.90 1009.30 1014.13 0.000572 3.91 13918.53 1856.05 0.25
Reach 9.379 FP100 54400.00 1006.02 1013.86 1009.01 1014.07 0.000495 3.70 14729.68 1922.55 0.23
Reach 9.353 FP100 54400.00 1005.81 1013.80 1008.78 1014.00 0.000455 3.58 15212.56 1979.91 0.23

Reach 9.324 FP100 54400.00 1005.57 1013.73 1008.59 1013.93 0.000444 3.58 15213.72 1955.41 0.22

Reach 9.292 FP100 54400.00 1005.31 1013.65 1008.41 1013.86 0.000440 3.62 15031.01 1968.48 0.22
Reach 9.267 FP100 54400.00 1005.11 1013.60 1008.26 1013.80 0.000439 3.56 15297.17 2078.35 0.22
Reach 9.225 FP100 54400.00 1004.76 1013.55 1007.62 1013.70 0.000302 3.12 17512.19 2361.60 0.19

Reach 9.193 FP100 54400.00 1004.50 1013.52 1007.35 1013.65 0.000258 2.93 18648.25 2491.18 0.17
Reach 9.172 FP100 54400.00 1004.33 1013.51 1007.01 1013.62 0.000208 2.67 20490.61 2686.81 0.16

Reach 9.131 FP100 54400.00 1004.00 1013.48 1006.67 1013.57 0.000175 2.49 21916.49 2780.10 0.14

Reach 9.109 FP100 54400.00 1003.97 1013.46 1006.69 1013.55 0.000174 2.47 22132.58 2786.01 0.14
Reach 9.082 FP100 54400.00 1004.03 1013.44 1006.60 1013.52 0.000157 2.35 23287.07 2785.09 0.14

Reach 9.059 FP100 54400.00 1004.00 1013.42 1006.54 1013.51 0.000154 2.33 23528.09 2770.57 0.13
Reach 9.038 FP100 54400.00 1003.97 1013.40 1006.58 1013.49 0.000162 2.39 22967.03 2580.84 0.14
Reach 9.004 FP100 54400.00 1003.97 1013.36 1006.71 1013.45 0.000186 2.55 21667.88 2419.41 0.15
Reach 8.982 FP100 54400.00 1003.97 1013.31 1006.85 1013.43 0.000219 2.75 20106.991 2270.63 0.16
Reach 8.959 FP100 54400.00 1003.97 1013.27 1006.94 1013.40 0.000245 2.90 19032.17 2144.51 0.17
Reach 8.932 FP100 54400.00 1003.95 1013.22 1007.01 1013.36 0.000269 3.02 18283.47 2071.29 0.18

Reach 8.904 FP100 54400.00 1003.93 1013.13 1007.42 1013.31 0.000362 3.50 16448.33 2252.20 0.20
Reach 8.878 FP100 54400.00 1003.91 1013.04 1007.58 1013.26 0.000438 3.84 15036.03 2263.09 0.23
Reach 8.850 FP100 54400.00 1003.94 1012.88 1007.92 1013.17 0.000604 4.42 12797.10 1561.72 0.26
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8.4 Figure



•
LEGEND

100·YR FLOODPLAIN BOUNDARY

100·YR FLOODWAY

500·YR FLOODPLAIN

EFFECTIVE 100·YR FLOODPLAIN
BOUNDARY
EFFECTIVE 100-YR FLOODWAY
BOUNDARY

BASE FLOOD ELEATION

HYDRAULIC BASE LINE
WITH RIVER MILE

SECTION BOUNDARY

---1020----

_._- -,,-,--1-,-,---

CROSS SECTION

ZONE DESIGNATION

CORPORATE LIMITS

ELEVATION REFERENCE MARK

TOPOGRAPHIC BOUNDARY

NOTES

ZONE AE

COf'lPORATEUMlTS....- .
<I>

•

rtll\~~'II/P
.....-.-. "'J /' ...-'.r'I'. .,..... 'I' ,

~~~~'Yo2; ~~.~ .-." t'#\~' ', ..~~ ;i' ,:'j, \ ~ ~"~..,,,,"', .'-:- .....,._-::..- p=r...............

1. THE PORTIONS OFAGUA FRIA RIVER BEING STUDIED ARE LOCATED WITHIN SECTIONS 13 AND 24
OF TOWNSHIP0201, RANGE 01G4 AS WELL AS SECTIONS 18 ANO 19 OF TOWNSHIP 0201. RANGE 0102
Of THE SALT RNER SASalNE AND MERIDIAN.

2. HORIZONTAL PROJECTION IS ARIZONA STATE PLANE, CENTRAL ZONE. NORTH AMERICAN DATUM Of 1983.

3. ALL ELEVATIONS ARE BASED ON NORTH AMERICAN VERTICAL CATUM Of 1986.

ELEVATION REFERENCE MARKS
STATION NAD 83 EASTING NAD 83 NORTHING NA.VD 88 ELEVATION

DESIGI'LATION (fEET) IFEETl (FEET

"

20

FLOODPLAIN DELINEATION STUDY
FOR A PORTION OF AGUA FRIA RIVER

FLOODPLAIN WORK MAP

MARICOPA COUNTY, ARIZONA

JUNE,2011

e'·IE FULLER .. ~..
~ "lDROlOO d OfO~ODDIIOl()(jr inC _ ~,,~..

• Q
400 200

Feet

400 80

AERIAL PHOTOGRAPHY FLIGHT DATE: 2009

CONTOUR INTERVAL =2 FEET

FIGURE E-3



•

•

•



•

•

•

Certification Report for
Camelback Ranch Levee South

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

c. Scour Evaluation for Embankment Toe Down

JE Fuller Hydrology & Geomorphology, Inc.



•

•

•

Appendix C

Camelback Ranch Levee South
Maricopa County, Arizona

Scour Evaluation for Embankment Toe Down

JE Fuller Hydrology & Geomorphology, Inc.



•

•

•

Certification Report for
Camelback Ranch Levee South

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

Table of Contents

Section Page
1. Design Toe-down Recommendations 1

1.1 Design Scour Computations used for Embankment Toe-Down 1

2. Current Conditions Topography and Hydraulics 3

2.1 Topographic Changes 3

2.2 Hydraulic Modeling 3

3. Current Conditions Scour Assessment. 4

3.1 Total Scour Equation 4

3.2 Scour Components 4
3.2.1 Long-Term Channel Degradation 4

3.2.1.1 Equilibrium Slope 5

3.2.1.2 Headcut Computations 8
3.2.1.3 Armoring Potential Evaluation 9

3.2.1.4 Long-term Results 11

3.2.2 General Scour 12

3.2.3 Bend Scour 12

3.2.4 Bedform Scour 13

3.2.5 Low-flow/Thalweg Scour 13
3.2.6 Local Scour 13

3.2.7 Applied Invert 14

3.2.8 Factor of Safety 14

4. Results 16

5. References 17

List of Tables:
Table C-1: Recommended Levee Design Elevations 2
Table C-2: Applied Invert 15
Table C-3: Embankment Toe-down Adequacy 16
Table C-4: Scour Calculations Summary Appendix C.3
Table C-5: General Scour Calculations using Lacey Equation Appendix C.3
Table C-6: Bedform Scour Appendix C.3
Table C-7: Equilibrium Slope Differences Appendix C.3
Table C-8: Armoring Appendix C.3
Table C-9: Headcut Method #1 Appendix C.3
Table C-1 0: Headcut Method #2 Appendix C.3
Table C-11: ADOT Method Headcut Profile #1 Appendix C.3
Table C-12: ADOT Method Headcut Profile #2 Appendix C.3
Table C-13: ADOT Method Headcut Profile #3 Appendix C.3
Table C-14: ADOT Method Headcut Profile #4 Appendix C.3
Table C-15: ADOT Method Headcut Profile #5 Appendix C.3

JE Fuller Hydrology & Geomorphology, Inc. Page i



•

•

•

Certification Report for
Camelback Ranch Levee South

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

List of Figures:
Figure C-1: Grade Control Structure below Indian School Road 6
Figure C-2: Approximate Mining Pit Limits Appendix C.4
Figure C-3: Head Cut Profile Locations Appendix CA

List of Appendices:
C.1 SLA 96 Letter Report

C.2 HEC-RAS Summary Table

C.3 Scour Calculations

CA Figures

JE Fuller Hydrology & Geomorphology, Inc. Page ii



Certification Report for
Camelback Ranch Levee South

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

• 1. Design Toe-down Recommendations
1.1 Design Scour Computations used for Embankment Toe-Down.

The toe-down elevations and top of levee elevations were documented in the letter report by
Simons, Li and Associates, Inc. dated December 4, 1996 (SLA 96 Letter Report). The SLA 96
Letter Report documented the calculations used to determine the total scour as the sum of four
individual components: long term degradation, general scour, bedform scour and low-flow
Incisement.

Long-term scour

Long-term scour was determined using a stable channel slope methodology combined
with a depth to armoring determination. Depth to armoring limited the long term scour to
a maximum of 2.5 feet.

General scour

SLA 96 Letter Report mentions a sediment transport model named QUASED in the
scour table title and has 0 general scour for a portion of the cross-section and approx. 2­
3 ft for others. The letter report did not mention of how the general scour was
determined.

•

•

Bedform scour

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-2 model. These variables included
Froude number, channel velocity, and channel hydraulic depth. The generally low flow
velocities and Froude numbers caused dune, rather than anti-dune, scour conditions to
dominate through the project area. Bedform scour depths were generally less than one
foot but as high as 2.5 feet at some cross sections.

Low-flow incisement

Low flow incisement was estimate at 1.5 feet for areas where mining was not occurring
and 0.0 ft where in stream mining was occurring.

A safety factor was applied by increasing the calculated scour depth by an additional 30%.

Table C-1 below lists the calculated scour depths developed from the methodology discussed
above, for cross sections along the levee for the 10-year/SPF flooding events. Additional data
is included in SLA 1996 Letter Report in Appendix C.1. See Table C-1 below (Table 5
contained within the letter report).

JE Fuller Hydrology & Geomorphology, Inc. Page 1
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Table C-1: Recommended Levee Design Elevations

TABLE 5

CAMELBACK RANCH LEVEE DESIGN

Phase 1

Recommended Design Elevations

Section Channel Rec. Roo. Baf1k He/gilt RemlWl<s

Number Inver1 Toedown Watf1lSurf. Top of BaIlk

Elevallon E1e.atiOll Elevation

(Feet) (Feet) (Feet) (Feel} (Feel}

13.0 1002.0 I, 002.0 1018.6 1019.6 27.6 BegIn Phase 1 Levee (Mining sedion)

14.0 1002.0 'lgg2.0 1017.4 1020.4 28.4 MiniIlg sect10n

15.0 1002.0 ~94.0 1017.9 to:lO.9. 26.9 M ng section- / (1022.116.0 1004.0 ~~' 986.2 1019.1 36.0 M'Ang section
>-~

\7.0 1004.0 .~ 991.1 1020.4 1023.4 32,3 M ng soctlon

18.0 1004.0 6 988.1 1021.6 102.04.6 36.5

16.5 1012.0 ! ~'l1000.6 1023.6 1026.6 26.1 End Phase 1 Lewe

Note: Elevations reported in NGVD 1929.

JE Fuller Hydrology & Geomorphology, Inc. Page 2
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• 2. Current Conditions Topography and Hydraulics
2.1 Topographic Changes

Topographic data was obtained from FCDMC for the Agua Fria Mapping, FCD 07-38 (Agua Fria
2009). Mapping limits extend from downstream of Indian School Road to upstream past the
project limits. Additional survey data was also obtained at FIS cross-sections to supplement the
mapping obtained from FCDMC. The topographic mapping from the FCDMC was obtained
when a portion of the sand and gravel mining pits contained water. The FCDMC mapping
captured the surface water elevation instead of the actual pit bottom. The supplemental survey
data was based on actual pit bottom rather than a ponded water surface elevation. This
supplemental survey information was used to provide depth of the pit bottom and minimum
channel elevation (Applied Invert in Table C-2) for the scour calculations.

2.2 Hydraulic Modeling

A new steady-state HEC-RAS model was developed, as described in Appendix B, based on
the recent Agua Fria 2009 Mapping.

•

•
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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-down are presented in
this section. The total scour is computed as the sum of four individual components: long term
degradation, general scour, bedform scour and low-flow Incisement. The scour was evaluated
along the entire length of the levee to reflect changes in the recent channel bed conditions due
to the expansions of the in-stream gravel mining operation adjacent to Camelback Ranch Levee
South. The changes in the in-stream mining limits were outlined from aerial and topographic
information dated 1995 (Agua Fria Mapping FCD 94-25) and 2009 (Agua Fria Mapping FCD 07­
38). See Figure C-2 in Appendix C.4.

The scour analysis for the Camelback Ranch Levee South is estimated using procedures
outlined in the Arizona Department of Water Resources Engineering Analysis of Fluvial Systems
(ADWR, 1985; hereafter, "the ADWR Manual"), USSR report on "Computing Degradation and
Local Scour" by Pemberton and Lara (1984) and Maricopa County Flood Control District, Draft
River Mechanics Manual for DDMSW, 2009. The total scour equation (ADWR Manual) is:

Zt = SF (Zdeg + Zgs + Ii Za + Zis + Zbs + Zift )
where:

Zt = Design scour depth, (ft)
SF =Safety factor (1.0 - 1.5)
Zdeg= Long-term degradation, (ft)
Zgs = General scour depth, (ft)
Za =Anti-dune trough depth, (ft)
Zis = Local scour depth, (ft)
Zbs = Bend scour depth, (ft)
Zift = Low-flow thalweg depth, (ft)

The total scour depth is applied downwards starting from the channel thalweg elevation taken
from the cross-sectional geometry.

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. Long-term scour was determined using a stable channel slope
methodology combined with a depth to armoring determination. Depth to armoring limited the
long term scour to a maximum of 2.5 feet. In addition to the stable channel slope method,
impacts due to headcut development from the in-stream mining pit were also considered.

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 150 ft south (downstream) of Indian
School Road provides a control point for applying long-term scour based on stable channel
slope methodology. This grade control protects against long-term lowering of the bed
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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.

Another factor influencing the long-term degradation adjacent to the levees is the presence of
in-stream sand and gravel mining pit (See Figure C-2 in Appendix C.4.). This mining pit also
contributes to the long-term degradation in terms of a headcut and tailcut which are,
respectively, formed at the upstream and downstream boundaries of the pit. In general, in­
stream mining undermines the stability of the channel. However, the impacts from the in-stream
mining to neighboring structures are usually minimized due to prescribed setbacks of mining
activities from the adjacent structures by FCDMC.

The mining pit within the study reach is located adjacent to most of the levee in the main
channel flow direction. The upstream end of the pit is located approximately 500 ft downstream
of the Camelback Road Bridge. In the channel cross-section, the pit is centrally located. As a
result, the overall long-term lowering of the channel due to change in channel slope could
impact the channel bed adjacent to the pit which includes locations adjacent to the levee.

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. The overall channel bed conditions indicate a presence of armored layer consisting of
gravels and cobbles. This is an indication that the presence of limited sediment supply to the
study reach and a low tendency towards channel aggradation

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

3.2.1.1 Equilibrium Slope

Equilibriu m slope1 is defined as the slope which causes the channel's sediment transport
capacity to equal the incoming sediment supply (ADWR, 1985). If the existing slope is
too steep, channel velocities will be high and net degradation will occur. If the existing
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.

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 in the long-term. Grade control located near Indian School Road (Figure C-1)
provides a hardpoint and is used as the downstream starting point in determining stable
channel bed elevations based upon an equilibrium slope. Aggradation is anticipated in
places where the pit/channel bottom is lower than the stable slope channel elevation and
degradation can be expected to occur elsewhere. This criterion is used to determine the
extent of long-term scour that could result from the overall lowering of the channel bed
caused by the tendency of the river to shift towards an equilibrium slope.

I Equilibrium slope is also referred to as stable slope or limiting slope.
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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 10-year
event better approximates bankfull conditions in the study reach.

The 10-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 BUREC's (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 has been used in the estimation of
the equilibrium slope. Specifically, the following equations are used:

• Schoklitsch Equation

• Meyer-Peter Muller Equation

• Shield's Diagram Method
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These 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 study reach due to the presence of an
in-stream mining pit.

Schoklitsch Equation

The Schoklitsch (Shulits, 1935) equation is based on the concept of zero bedload
transport.

Where SL =Stable slope (ftlft)
Ks =0.00174
Wbf =Bankfull width (ft)
0= Mean bed sediment diameter (mm)
Q = Dominant discharge (cfs)

Meyer-Peter. Muller Equation

The Meyer-Peter, Muller (1948) equation is based on the incipient motion theory, or the
point of initiation of sediment transport, for zero sediment inflow.

Where SL =Stable slope (ftlft)
Kmpm = 0.19
Q/Qbf =Ratio of total flow to flow over the channel
Qbf =Dominant discharge (cfs)
ns =Manning's n for the stream bed
D90 = Bed sediment diameter for which 90 percent is smaller (mm)
D = Mean sediment diameter (mm)
d =Channel depth (ft)

Shields Diagram Method

The Shields diagram (1936) for determining the boundary condition for no sediment
transport can be used to define an equation for stable slope.

R· =U· D / 'U

U. =(SL R g)y.
T· = 'tc / ((Ys - Yw) D )

Where SL =Stable slope (ftlft)
R. = Boundary Reynold's number
U. = Shear velocity = (SL R g)1\05
D =Mean sediment diameter (mm)
'U = Kinematic viscosity of water (ft2/sec)
R = Hydraulic radius for wide channels (ft)
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g = Gravitational constant = 32.2 ftlsec2

T. = Dimensionless shear stress
'tc =Critical shear stress (lb/ft2

)

Ys, Yw = Specific weight of sediment (lb/ft3
) and water (lb/ft3

)

The average slope calculated using all three methods was used to determine the
channel equilibrium slope. See Table C-7.

3.2.1.2 Headcut Computations

Headcut calculations for the sand and gravel mining pit are used to investigate the
lowering of the bed elevations due to the headcut caused by the presence of the pit.
The pit is located within the channel cross-section while the main focus of this evaluation
is the long-term scour adjacent to the levee. To adequately address these scenarios,
five potential headcut alignments have been identified using engineering judgment (See
Figure C-3 in Appendix CA.). These alignments depict the potential paths the headcut
formation can take over the long-term. The headcut computations are performed to
provide bed elevations at the headcut along the alignments. Tailcut is not considered in
this study as the downstream end of the pit is located downstream of the end of the
levee. Hence, tailcut from the mining pit is not expected to have any impact to the levee
toe-down. Three methods were evaluated.

ADOT Procedure

Simons, Li and Associates (Reference 9) investigated the effects of in-stream mining on
channel stability and presented a procedure to compute the headcut and tailcut resulting
from a pit with a simplified rectangular geometry. The Engineering Division of FCDMC
(2007) has developed a computer software tool incorporating this methodology. This
tool was used to investigate the potential impacts of headcut on the levee. The results
of the computations include the profile of headcut which are presented in the Appendix
C.3. The computations were repeated for the five potential headcut paths. The results
indicate that the maximum total impact distance is less than 233 ft. The levee is located
at least 800 ft from the pit boundary while the results using the ADOT procedure
computes a maximum headcut distance of 233 ft. In other words, these results indicate
that there will be no significant impact to Camelback Ranch Levee South due to the
headcut. See Tables C-11, C-12, C-13, C-14 and C-15.

Simplified Headcut Methods

In addition to the ADOT Methodology, two simplified methods were used to compute the
headcut profile. These two methods are summarized as follows:

• The max scour depth is one half of the pit depth at the brink point. The length is =
(PitDepth)/(2 x RiverSlope). This method is based on Williams et a!. (2002).

• The max scour depth is one half of the pit depth at the brink point. The length is =
(PitDepth/2) x 100. This method is based on Boyle Engineering (1980) and
USACE (1987).

These two methods are anticipated to be conservative in nature. The results are
presented in Tables C-9 and C-10 in Appendix C.3. The results computed using the
two procedures indicate that the existing channel thalweg elevations are lower than the
computed headcut elevations. In other words, the results do not show a long-tem impact
to the levee due to headcut.
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3.2.1.3 Armoring Potential Evaluation

The armoring potential is investigated to determine whether any of the degradation
including headcut can be limited by channel bed armoring. The applicability of the
armoring potential is applied to locations outside the mining pit boundary. As mentioned
earlier, five headcut alignments have been identified (See Figure C-2). The
development of the headcut could potentially be restricted by armoring of the channel
bed. Armoring computations are used to estimate the armoring depth which is, in turn,
used to estimate the channel elevation limited by armoring.

When the channel sediment transport capacity exceeds the upstream sediment supply,
the balance of the sediment load may be eroded from the channel bed, causing the
channel to degrade. As the fine sediments can be transported at more frequent, lower
discharges and velocities than coarse sediments, which may require large floods to be
moved, fine sediment tends to be preferentially removed from the channel bed.
Selective removal of fine sediments causes the channel bed material to become
progressively coarser over time, as long as the upstream sediment supply is limited. If
this process continues over a long period, it ultimately creates a surficial layer of coarse
channel sediments, called an armor layer, that the stream is incapable of transporting
(Yang, 1996).

The U.S. Bureau of Reclamation (USBR) recommends the following methodologies for
estimating the minimum sediment size and depth of scour required to form an armor
layer for a given flow rate as found in Pemberton and Lara (Reference 5):

• Meyer-Peter, Muller Bedload Transport Function

• Competent Bottom Velocity

• Shields Diagram

• Yang Incipient Motion

Each of these methodologies was applied to Agua Fria River within the study reach.

Meyer-Peter, Muller Bedload Transport Function

The Meyer-Peter, Muller (Reference 6) bedload sediment transport function for the
beginning of transport of individual grain sizes can be used to estimate the non­
transportable sediment size.

Dc =d S / (Kmpm (n/D90(1/6l)3/2)

Where:

Dc =Non-transportable sediment diameter (mm)
d =Average flow depth (ft)
S = Energy slope (ftlft)
Kmpm =0.19
n =Manning's n for the stream bed
D90 = Particle size for which 90% of the bed material is finer (mm)

Competent Bottom Velocity

This methodology is based on the work of Mavis and Lushey (1948), who developed an
equation for the beginning of sediment movement on a stream bed.
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Where:

Dc =Armor size (mm)
Vm = Average channel velocity (fUs)

Shields Diagram

The Shields (Reference 6) diagram is a standard method used to define the initiation of
motion for various channel bed sediment sizes. The method uses an iterative process to
compute dimensionless shear stress (T*) and the armor diagram from the Shields
diagram.

T· ='tc / ((Ys - Yw) Dc)

Where:

T· =Dimensionless shear stress
Dc =Armor size (mm)
'tc= Critical shear stress (lb/ft2

)

Ys = Specific weight of water = 62.4 Ib/ft3

Yw =Specific weight of sediment =165 Ib/ft3

Note that for gravel sediment sizes and turbulence levels typical in natural streams:

T· = 0.05 for sediment sizes greater than 1 mm and Boundary Reynold's Number
(R.) > 500

Yang Incipient Motion

Yang (1973) developed a relationship between dimensionless critical velocity (Vcr/w,
where w =fall velocity, fUs) and shear velocity Reynold's number R* at incipient motion.
Under natural stream conditions for sediment sizes greater than 2 mm, Yang's equation
can be written as follows:

Dc = 0.00659 Vc/ (For D > 2 mm)

Where:

Dc =Armor size (ft)
Vcr = Critical average velocity at incipient motion (fUs)

Depth to Armor Equation

Once the size of material (Dc) that will form an armor layer is estimated from one or more
of the equations listed above, the depth of scour required to form a stable armor layer
can be estimated from the sediment distribution of the channel bed material. The
equation for the depth to armor is the following:

Yd =Ya (1/~p -1)

Where:

Yd =Depth from original streambed to the bottom of the armor layer (ft)
Ya = Thickness of the armor layer (ft)
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i1p = Decimal percentage of the bed material larger than the armor size

Armoring Results

The armoring calculations were performed using the 10-year discharge as
representative of the dominant discharge. The computations incorporate the HEC-RAS
hydraulic results at cross-sections intersecting the levee. The average critical diameter
computed for the cross-sections upstream of pit where the channel thalweg is above the
equilibrium slope, is approximately 32 mm. General channel conditions immediately
downstream of Camelback Road can be seen in Photo C-1, C-2 and C-3 below. This
value is consistent with the value of 36 mm used in SLA 1996 Letter Report. Based on
the similarity in the computed values, the armoring depth of 2.5 ft computed in the SLA
report has been adopted to evaluate armoring potential within the study reach.

3.2.1.4 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 150 feet
downstream of Indian School Road. The presence of the large in-stream mining pit with
pit depths lower than the stable slope elevations indicated that the long-term potential for
deposition within the pit. This resulted in computation of no long-term scour for levee
stations 9+82 to 29+69 (HEC-RAS cross sections 8.534 to 8.897 respectively). The
headcut computations using three procedures indicated no additional long-term impact
to the levees due to the presence of the headcut. The armoring computations with the
HEC-RAS Evaluation model results indicated similar armoring sediment size of 36 mm
as computed in the SLA 1996 Letter Report. This permitted the use of armoring depth of
2.5 ft as computed in the SLA 1996 Letter Report. A combination of armoring and stable
slope methods were applied between levee stations 31 +04 to 44+81 (HEC-RAS cross
sections 8.92 to 9.161 respectively) to include the overall lowering of the channel
towards stable slope with armoring limiting the degradation. The results indicated a
long-term of 0 to 2.5 ft along the levee between station 31+04 and 44+81 (HEC-RAS
cross sections 8.92 to 9.161 respectively). Long-term scour results are summarized in
Table C-2 and in Appendix C.3.

Photo C-1: Looking downstream along low flow
channel near Levee Station ±42+00.

Photo C-2: Looking upstream along low flow
channel near Levee Station ±42+00.
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Photo C-3: Channel bed material in low flow
channel near Levee Station ±42+00.

3.2.2 General Scour

General scour, Zgs, 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, Reference 5). 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 Agua
Fria River.

Lacey's equation for general scour is applicable to natural streams where the sediment is not
captured upstream. It is given by

Zgs = Z (0.47 [O/f] 1/3)

where
Zgs = general scour depth (ft);
Q =design discharge (cfs);
f= Lacey's silt factor =1.76(Om)1/2
Om = mean grain size which is taken as 050, (mm);
050 = 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 1DO-year event, the general scour component was calculated to be 3.1 ft for the length
of the levee where the existing channel is above the equilibrium slope. General Scour is applied
to the total scour depth from the upstream limits of the levee (HEC-RAS cross section 9.686) to
where the main channel enters the deeper portion of the mining pit (after HEC-RAS cross
section 9.379). For areas within the mining pit, where aggradation is expected, the general
scour component was set to 0.0 ft.

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. Agua Fria
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River flood flows are expected to be parallel to the levee alignment, thus a general scour
component was not computed for bend scour.

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 presence of larger size sediment present in 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:

Vm

= 0.0273 V2
m

=Average velocity of flow at design discharge (fUsee)

•

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

The results indicate that the bedform scour is generally less than one foot. The calculations
indicate formation of anti-dune at the upstream end of the levee with bedform scour of up to 2
feet. Similar to General Scour, Bedform Scour is applied to the total scour depth from the
upstream limits of the levee (HEC-RAS cross section 9.686) to where the main channel enters
the deeper portion of the mining pit (after HEC-RAS cross section 9.379). See Table C-6.

3.2.5 Low-flowlThalweg Scour

Low-flow thalweg scour, Zlft, occurs if a small channel forms to convey minor flows within the
main channel of a stream. 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. Therefore, for this reach of the Agua Fria River, the low-flow thalweg scour
component is set as zero.

3.2.6 Local Scour

Local scour, Zls, 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
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structures. The Camelback Road Bridge is the only structure other than the levee in the vicinity
of the levee. Since the Camelback Road Bridge is located outside the upstream end of the
levee, there is no local scour impact to the levee. Scour impacts at Camelback Road Bridge are
not considered as part of this study.

3.2.7 Applied Invert

The applied invert varied along the channel reach for the levee. The applied invert for the levee
was taken from the minimum channel elevation within 1500 feet of the levee embankment
protection. Table C-2 provides the station/elevation of the levee embankment along with the
station/elevation for the minimum channel elevation (Applied Invert) for each of the HEC-RAS
model cross section within the levee limits.

3.2.8 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
Record Drawing for Camelback Ranch Levee South (FCD 97-18), DMJM, 1989 for the levees.

or

Applied Invert - Design Toe of Soil Cement
Calculated Safety Factor = I h

Tota Scour Dept
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Table C-2: Applied Invert

(1)HEC- (2)Applied Invert
(3)Source for Applied(1)Levee RAS

Toe of Embankment Elevation within 1000

Station Cross
ft of Embankment Invert

Section
Station Elevation Station Elevation

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

44+81 9.686 9914.87 1008.12 9914.87 1008.1 HEC-RAS

43+53 9.663 9894.25 1008.0 9894.25 1008.0 HEC-RAS

42+43 9.643 9856.19 1007.74 9856.19 1007.7 HEC-RAS

41+39 9.624 9856.94 1007.39 9860 1004.7 Survey
40+16 9.602 9847.83 1007.8 9847.83 1007.0 HEC-RAS

38+35 9.569 9818.37 1007.6 9818.37 1007.0 HEC-RAS

37+02 9.546 9785.45 1007.4 10071.17 1006.5 HEC-RAS
35+38 9.518 9779.55 1007.2 10025.71 1006.2 HEC-RAS

33+59 9.487 9630.08 1016.42 NA 1005.4 Interpolated

32+39 9.467 9571.36 1015.36 NA 1004.6 Interpolated
31+04 9.445 9507.34 1015.03 NA 1003.6 Interpolated

29+69 9.422 9447.36 1014.95 NA 1002.7 Interpolated

28+49 9.4 9380.43 1014.54 10400 1001.8 Survey

27+40 9.379 9314.63 1014.66 NA 1000.5 Interpolated

25+95 9.353 9234.65 1014.72 NA 998.7 Interpolated

24+33 9.324 9143.48 1014.39 NA 996.7 Interpolated
22+51 9.292 9045.88 1014.93 10465 994.5 Survey
21+19 9.267 8970.40 1014.93 NA 994.7 Interpolated
18+97 9.225 8865.70 1014.57 NA 995.2 Interpolated
17+05 9.193 8789.04 1014.43 NA 995.7 Interpolated

16+12 9.172 8754.07 1013.51 10120 995.9 Survey

14+24 9.131 8662.99 1012.46 NA 995.8 Interpolated
13+03 9.109 8605.81 1011.18 NA 995.7 Interpolated
11+27 9.082 8533.06 1011.32 NA 995.6 Interpolated

09+82 9.059 8544.87 1011.09 9944 995.6 Survey
Note: 1. Levee Stations and HEC-RAS cross sections were denved uSing HEC-RAS cross section line crossing

Levee Alignment Stationing.
2. Applied invert from HEC-RAS model or survey point at equivalent station.
3. HEC-RAS minimum channel invert, Field Survey point in the vicinity of the cross section line or interpolated
elevations from bounding survey points.
All elevations NAVD 1988.
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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 1DO-year
HEC-RAS hydraulic modeling results. The details of the computations and results are
presented in Appendix B. Table C-3 lists the summary of calculated scour depths estimated
using the methodology presented in this evaluation.

Table C-3: Embankment Toe-down Adequacy

(1IHEC_ Total (2lApplied Calculated
(3lDesign
Toe of (4lCalculated(1lLevee RAS Scour Scour (5lAdequateInvert Soil Safety

Station Cross Depth Elevation Cement Toe-down?
Section

Factor

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

44+81 9.686 6.1 1008.1 1002.0 1002.7 0.9 See Further
Discussion in

43+53 9.663 6.1 1008.0 1001.9 1001.9 1.0 Section 2.4.3
42+43 9.643 5.4 1007.7 1000.7 999.0 1.6 Yes

41+39 9.624 3.1 1004.7 1000.7 996.2 2.8 Yes

40+16 9.602 6.4 1007.8 999.8 992.9 2.4 Yes
38+35 9.569 7.0 1007.6 998.8 990.3 2.6 Yes
37+02 9.546 7.2 1007.4 999.0 990.4 2.6 Yes

35+38 9.518 5.4 1007.2 1000.6 990.6 3.3 Yes

33+59 9.487 4.4 1005.4 999.7 990.3 3.4 Yes

32+39 9.467 3.1 1004.6 1000.6 989.8 4.8 Yes

31+04 9.445 3.1 1003.6 999.6 989.2 4.7 Yes

29+69 9.422 3.1 1002.7 998.7 988.7 4.6 Yes

28+49 9.4 3.1 1001.8 997.9 988.5 4.3 Yes

27+40 9.379 3.1 1000.5 996.5 989.5 3.6 Yes

25+95 9.353 0.0 998.7 998.7 990.9 NA Yes

24+33 9.324 0.0 996.7 996.7 992.4 NA Yes
22+51 9.292 0.0 994.5 994.5 994.1 NA Yes
21+19 9.267 0.0 994.7 994.7 994.1 NA Yes
18+97 9.225 0.0 995.2 995.2 994.1 NA Yes

17+05 9.193 0.0 995.7 995.7 994.1 NA Yes

16+12 9.172 0.0 995.9 995.9 994.1 NA Yes

14+24 9.131 0.0 995.8 995.8 994.1 NA Yes
13+03 9.109 0.0 995.7 995.7 994.1 NA Yes
11+27 9.082 0.0 995.6 995.6 994.1 NA Yes
09+82 9.059 0.0 995.6 995.6 994.1 NA Yes

Note: 1. Levee Stations and HEC-RAS cross sections were derived uSing HEC-RAS cross section line crossing
Levee Alignment Stationing.

2. Applied invert from HEC-RAS model. See Section 3.2.7
3. Levee elevations from Camelback Ranch Levee - South, Indian School Rd. - Camelback Rd., FCD 97-12,

January 1997.
4. NA. Total Scour = 0 for gravel mining area. Levee toe elevation lower than Applied Invert at each cross

section in this area.
5. See Additional discussions for levee stations 42+43 to 45+04.
All elevations NAVD 1929.

JE Fuller Hydrology & Geomorphology, Inc. Page 16



•

•

•

Certification Report for
Camelback Ranch Levee South
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Certification Report for
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Maricopa County, Arizona
Appendix C. Scour Evaluation for Embankment Toe Down

Hydraulic Data for Levee Freeboard Evaluation

•

•

C.1 SLA 96 Letter Report

C.2 HEC-RAS Summary Table

See Appendix B.3 for Standard Table 1, 10-Year Flows and Standard Table 1, 100­
Year Flows

**HEC-RAS Report (AguaFriaRiver_CBRLS_Eval.pdf) on data disk in Appendix H

C.3 Scour Calculations

Table C-4: Scour Calculations Summary

Table C-5: General Scour Calculations using Lacey Equation

Table C-6: Bedform Scour
Table C-7: Equilibrium Slope Differences

Table C-8: Armoring

Table C-9: Headcut Method #1

Table C-10: Headcut Method #2

Table C-11: ADOT Method Headcut Profile #1

Table C-12: ADOT Method Headcut Profile #2

Table C-13: ADOT Method Headcut Profile #3

Table C-14: ADOT Method Headcut Profile #4
Table C-15: ADOT Method Headcut Profile #5

C.4 Figures

Figure C-2: Approximate Mining Pit Limits

Figure C-3: Head Cut Profile Locations

JE Fuller Hydrology & Geomorphology, Inc.
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December 4, 1996

Michael Shapiro, P.E.
. Project Manager
Daniel, Mann~ Johnson & Mendenhall
300 West Clarendon Avenue - Suite #400
Phoenix, AZ 85013

" .

RE: CAMELBACK RANCH LEVEE DESIGN, PHASE 1 DESIGN SuBMITTAL

Dear Michael:

.Enclosed for the above submittal to the Flood .Control·District,of Maric9pa .County· is the
.following support information for the top-of-bank and toe-downelevatioM recommended by
Simons, Li '& Associates, Inc.: .

• . Table 1 - .Sediment transport and scour analysis for existing conditions

\,

.' .Table 2 - Sediment transport and scour analysis for proposed conditions

• Table 3 - Sediment transport and scour analysis for proposed conditions with mining.

• Table 4 - Comparison of HEC-2 and QUASED water-surface elevations

• Table 5 - Recommended design elevations

• Table 6 - Calculated average equilibrium slope and annoring sediment size
.... 'o,

• Table 7 - Cross-section stations

• Figure 1 -Cross-section locations

• Example hand calculations for long-term scour, bed-form scour, and factor of safety

• Disk (3.5") containing eight (8) HEC-2 inputand output files, and.six (6) QUASED output·
files. .

e.,
The .Standard-· Project Flood (SPF) of 142,000 cis was use4 to determine all levee design
elevations and scour components, except for long-term scour. The lO-year discharge 0[23,000
cfs was used to estimate long-term scour. .

4600 South Mill Avenue. Suite 200 • Tempe. AZ 85282· Phone: (602) 491-1393 • Fax: (602) 491-1396
An Equal Opportunity'Employer .

-;;.-. -,.:,.-",



• Camelback Ranch Levee Design
Phase I Design Submittal

2 Decembr 4, 1996

•

•

,This information is being provided with the understanding that it will be modifi,ed, as necessary,
during the Phase 2 design analysis. If you have any questions or needad~itionalinformation,
,please do not hesitate to call me. ' '

,Sincerely,

Enclosures

BSBfDLRfad

[PAZ-DMJM"llj
rwpdos6:1etOO1

.' '. ",

i !!iiili.iiliiiiiiiiiii ca"'·I'u'Simons, Li &. Associates,Inc; iiilii.iiiiiilii.iiiiiii
". ,,", Walt'r.Rt'~ourrt'!'& Civil Enji(tn<tt'~l.n~.<;~':'.':llt.nt•..

'. 'I .•.•
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TABLE 7- Cross.,section stations

.',

"

, Cross-:Section No. 'SectionNo~ "
, "

13 10+10
14 16+50
15 - 22+60

-

16 28+80
17 34+50
18 39+25

18.5 ,"43+90

. -'"

, I
-'1

...•

•
, ,

10-...:.;....--"------'-"'''-'-''--....=..:.::'. ..:..:..-'---'-"-""".... .:..c..,'.:..c..'-,--,-""",,"-:;',,:.,;.,:,-.,"-...:.,--,--,-----,,--,-,-,-,-,-,", """~..",,,,"'"-----"'-----''----'-'-'...::_._...;. ..;-.~_~-:.:•. ~ ,~:.;. ... •.~~....• : ...,: ':'to ..;
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Figure 1 - cross~section locations
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LONG-TERM BEDFORM SCOUR

Section Dislance Channel Computed Maximum Channel Energy General Low Flow Fador of Total calc. Total calc.

Number upslream Invert W.S. Depth Velocity Slope Scour Stable Slope Armorlng Scour Dune Antidune· . Safely loe doWn· toe down
,

from g.c.s Elevation (30%) . elev.

(Feet) (Feet) (Feel) (Feet) (FeeUsec.) ( FtlFI) (Feet) (Feet) (Feet) (Feel) (Feet) (Feet) (Feel) (Feet) (Feet)

[1] (1J (11 [1] [2] (2]
,

13.00 2959 1002.0 1016.54 14.54 7.04 0.00135 0.00 0.88 2.50 1.5 0.83 0.67 0.51 3.72 998.28

14.00 3468 1002.0 1017.26 15.26 6.63 0.00112 0.00 0.68 2.50 1.5 0.88 0.59 0.47 3.54 998.48

15.00 3959 1002.0 1017.90 15.90 6.99 0.00180 0.00 0.50 2.50 1.5 0.93 0.66 0.43 3.35 998.65

16.00 4463 1004.0 1018.88 14.88 8.07 0.00295
I

2.20 2.30 2.50 1.5 0.86 0.88 1.61 8.50 995.50

17.00 5013 1004.0 1020.29 16.29 9.26 0.00255 3.00 2.10 2.50 1.5 0.96 1.16 1.88 9.63 994.37

18.00 5444 1004.0 1021.54 17.54 6.15 0.00128 1.60 1.93 2.50 1.5 1.05 0.51 1.37 7.45 998.55

18.50 5914 1012.0 1022.60 10.60 13.99 0.00661 2.50 9.75 2.50 1.5 0.57 2.84 2.29 11.43 1000.57

;.:

;;

'~'':''

•

IIJ SPF Hydraulics

[2]10-year Hydraulics

O:J ':

•
TABLE 1

CAMELBACK RANCH LEVEE DESIGN

Sediment Transport and Scour Analysis

.Existing Conditions (QUASED)

.' :.
'..

•
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TABLE 2

CAMELBACK RANCH LEVEEOESIGN

Sediment Transport and Scolir Analysis

Proposed Conditions w/o Mining (QUASED)

-
i

,., ....,; ....

LONG·TERM BEDFORM SCOUR

Section Distance Channel Computed Maximum Channel Energy General Low Flow Factor of Total calc. Total calc,

Number upstream Invert W.S. Depth Vetocity Siopa Scour Stable Slope Armorlng Scour Dune Antidune Safety toe down toe doWn

from g.c.s Elevation (30%) elev,

(Feet) (Feat) (Feet) (Feel) (Feet/sec.) ( Ft/Ft) (Feet) (Feel) (Feel) (Feel) (Feet) (Feel) (Feet) (Feel) (Feet) .'

[1[ (1) [1] (1) (2} [2}

13.00 2959 1002.0 1016.64 14.64 6.93 0.00132 0,00 0.88 2.50 1.5 0.84 0.65 0.51 3.73 998.27

14.00 3468 1002.0 1017.42 15.42 4.10 0.00114 0.00 0.68 2,50 1.5 0.89 0.23 0.47 3.55 998.45

15.00 3959 1002.0 1017.34 15.34 7.39 0.00161 0.00 0.50 2.50 1.5 0.89 0.74 0.42 3.30 998.70

16.00 4463 1004.0 1019.06 15.06 8.33 0.00302 2.10 2.30 2.50 1.5 0.87 0.94 1.60 6.44 995.56

17.00 5013 1004.0 1020.38 16.38 9.02 0.00235 2.50 2.10 2.50 1.5 0.96 1.10 1.71 8.90 995.10

18.00 5444 1004.0 1021.56 17.56 6.23 0.00147 0.00 1.93 2.50 1.5 1.05 0.52 0.89 5.37 998.63

18.50 5914 1012.0 1023.58 11.58 11.99 0.00636 2.00 9.75 2.50 1.5 0.63 1.94 1.93 9.87 1002.13

11 JSPF Hydraulics

1211 O-year Hydraulics

\".

. :r;~

.;
'.~.

d·

'~.,. , ,..,.. ';

. .~/!

.' ::~. ~ ,/>.;'.:'
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TABLE 3

CAMELBACK RANCH LEVEE DESIG,N

Sediment Transport and Scour Analysis,

Proposed Conditions With Mining (QUASED)

•

LONG-TERM BEDFORM SCOUR

Section Distance Mining Computed Maximum Channel Energy General Low Flow Factor of Total calc. Total calc.

Number upslream Invert W.S, Depth Veloc~y Slope Scour Stable Slope Armorlng Scour Dune Antidune Safety toe down toe doWn

from g.c,s Elevation (30%) elev.

(Feel) (Feet) (Feel) (Feet) (FeeVsec.) ( FVFt) (Feet) (Feet) (Feet) (Feel) (Feet) (Feel) (Feel) .(Feet) (Feet)

[1) (1) [1) [1) [2] (2J

13.00 2959 992.0 1016.62 24.62 4.04 0.00022 0.00 0.00 0.00 0,0 0.00 0.00 0.00 0.00 992.00

14.00 3468 992.0 1016.72 24.72 4.37 0.00029 0.00 0.00 0,00 0.0 0.00 0.00 0.00 0.00 992,00

15,qO 3959 994.0 1016.83 22,83 4.72 0,00032 0.00 0,00 0.00 0,0 0.00 0,00 0,60 0.00 994'00
16.00 4463 996,0 1016,66 20.66 8.33 0.00211 3.80 0.00 2.50 0.0 1.27 0.94 2.27 9.85 986,15

17.00 5013 1000.0 1017.71 17,71 7.26 0.00094 3.30 0.00 2.50 0.0 1.06 0.71 2.06 8.91 991.09

18.00 5444 1004.0 1019.01 15.01 11.60 0.00816 7.30 1.93 2.50 1.5 0.87 1.82 3.31 15.86 9.88.14

18.50 5914 1012.0 1022.66 10.66 13.85 0.00639 0.00 9.75 2.50 .1.5 0.57 .2.59 1.53 8.12 1003.88

I) SPF Hydraulics

1)1 a-year Hydraulics

r.;,;' ,~ {-i,
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TABLE 4

CAMELBACK RANCH LEVEE DESIGN

COMPARISON OF HEC-2 AND QUASED WATER-SURFACE ELEVATIONS

•

(,

EXISTING PROPOSED WIO MINING PROPOSED WITH MINING

QUASED HEC-2 QUASED HEC-2 QUASED HEC-2

Section Computed Computed Computed Computed Computed Computed
Number W.S, W.S. W.S, W,S, W,S, W.S,

Elevation Elevation Elevation Elevation Elevation Elevation
(Feet) (Feet) (Feet) (Feet) (Fe?t) (Feet)

, .

13.00 1015.96 1016,54 1015.97 '101~:~4: : I 1015.52 1016,62
14,00 1016.68 1017,26 1016.70 ,;. Hijf,:4Z" .,:' 1015.77 1016,72" ,"" """"',,, , ,,' d,>."
15,00 1017,31 1017,99 '; 1017.23 1017.34 1015,99 ,1016.83 .
16,00 1018.32 1018,88 1018,07 ," 'i~;q~;~~!9.:6, ;',';l:" 1016.21 1016.66
17,00 1019.43 1020,29 1019,26 1016,84

.
1017,71, "j,02o.M, , ,,< .t

", ''d:Q'?1:t:~6:!::,?j::~
I

18.00 1020,68 1021.54 1020.47 1017.77 1019.01
.. 18,50 1021.20 1022.60 1021.33 1023.58 I ;;;j02~;p4 i ,,::, 1022.66.

:~! .~

.:'.

i
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TABLE 5

CAMELBACK RANCH LEVEE DESIGN

Phase 1

Recommended Design Elevations

• •

1 ' \"')-', ' ...

t ... ·..

..
Section Channel Rec. Rec. Bank Height Remarks

Number Invert Toedown Water Surf. Top of Bank

Elevation Elevation Elevation

(Feel) (Feet) (Feet) (Feet) (Feet)
:

13.0 1002.0 . ,) ~92.0 1016.6 1019.6 27.6 Begin Phase 1 Levee (Mining section)

14.0 1002.0 .' ..,' \992.0 1017.4 1020.4 28.4 Mining section

15.0 1002.0 -'''.~94.0 1017.9 ).020,-9.. 26.9 Mining section
. ('

,

:16.0 1004.0' );}.' 986.2 1019.1 (~022.1 , 36.0 Mining section

17.0 1004.0 '; ~:'5' 991: 1 1020.4 1023.4 32.3 Mining section

18.0 1004.0 :. ·6 988.1 1021.6 1024.6 36.5

18.5 1012.0 ~ 11-'/1000.6 1023.6 1026.6 26.1 End Phase 1 Levee
'-

\.

11/23/96



0.00036AF Average Slope36.29AF Average Size (mm)

• • •TABLE 6
Average Equilibrium and Ai"morizing Sediment Size

<

10-YR HYDRAULICS ARMORING SIZE
; ... ,'J~

EQUILIBRIUM SLOPE
I

Section I Mannlng's I 050 I DOO I Hydraulic Channel Energy Top Width Meyer.Peter Compelent Shields Yang ,ncIP'1 ISchoklllsch IMeyer.re,erl Shleld's
Number n Depth velocily Slope Muller BoUom Diagram moUon Method Muler Oiaoram

Dc Dc Dc Dc

(mm.) (mm) (Fe.t) (FecVsoc.) ( FUFI) (Feet) (mm) . (mml (Feet) (mm) (Feet) (mm)

100 0.025 3.00 35.00 4,4. 5.21 0.001054 994.4 15.18 51.03 0.05 15.71 0.18 54.52 0.00036 0.00021 000020
200 0.025 3.00 35.00 3.7" 6.00 0.001125 1011.4 21.21 67.68 0.07 20.-\" 0.24 72.31 0.00038 0.0002-4 000026
3.00 0.025 3.00 35.00 3.0\ 6.92 0.003124 .'02.5 30.51 130,03 0.\0 29.0. 0.32 96.19 0.000",1 0.00031 0.00032
4.00 0025 3.00 35.00 3.32 5.30 0.001&.2 \201.5 11,89 54.01 0.06 17,42 019 57.11 0.00046 0.00026 0.00028
5.00 0.025 3.00 35.qO 4.22 3.96 0.000650 \380.2 9.02 29.78 0.03 9.9\ 0.\0 31.82 0.00048 0.00022 0.00020
6.00 0.022 3.00 35.60 3.50 4.77 0.000860 1318.8 11.83 <C2.78 0.03 '0.52 0.15 .5.70 0.00048 0.00022 0.00024
1.00 0025 3.00 35.00 3.13 5.20 0.001176 1410.6 11.94 50.8. 0.04 12.83 0.18 54.31 O.OQ04g 0,00030 0,00028
8.00 0.025 3.00 35.00 3.57 4.52 0.001000 1424,1 12.20 36.41 0.0. 12.99 0.13 41.04 0.000.9 0.00020 0.00024
9.00 0.025 3.00 35.00 3.34 ".55 0.001176 1511.0 12.74 38.92 0.04 t3.46 0.14 41.56 0.0005 \ 9·00028 000026
1000 0.025 3.00 35.00 2.87 5.35 0.001988 1498.1 18.49 53.8\ 0.00 18.21 0.19 51.49 0.00051 6.00032 0.00033
11.00 0.028 3.00 35.00 288 5.32 0.00270. 1611.5 19.64 53.21 0.07 22.38 0.'9 58.85 0.0005. 0.00041 0.00030
12.00 0.028 300 35.00 2.00 0.28 0_005315 1782.0 29.97 73.87 0.11 33.02 0.26 78.71 0.00058 0.00053 0.00047

~--
__.._0.028 _ _....L°.2-_ --~~-- ._.1.:~~ ..__ f-~Q?-.... - _O"~'y~_. __!~w'!·w~. _. ... _~ -~-_..- __ . 1Q.6} ..__ 30.08 0.0. 13.13 0.11 .. -~~.:.~~.~. .Jl.OOO~~ _~o.£~~~ ~_I '·'1----- ...-._._.- ._---- _ ••~ •• •~.~. ~H' ........... --_ ... -

1•.00 0028 3.00 35.00 4.01 3.51 0.000689 1033.8 1.58 23.16 0.03 9.85 0.08 24.75 0.00055 0.00027 0.00021
15.00 0.026 3.00 35.00 "'.17 3.96 0.000840 1365.7 9.59 29.78 0.0. 12.02 0.10 31.82 0.00048 0.00026 0.0002\
1600 0.028 3.00 3500 2048 7.55 0.0060-40 1226.0 41.00 107.10 0.18 46.27 0.38 114.50 000044 0.00044 0.00039
17.00 0.028 3.00 35.00 4.45 8.28 0.001916 823.1 23.3. 7U4 0.09 28.33 0.28 79.22 0.00033 0.00025 0.00022
18.00 0.028 3.00 35.00 \.87 8.17 0.010335 1500.2 52.90 125.49 0.20 59.80 0.4-4 134.07 0.0005 t 0.00059 000052
18.50 0.028 3.00 35.00 3.02 us 0.001517 1713.0 13.37 37.23 0.05 \5.80 0.13 39,78 0.00057 0.00030 0.0003\
19.00 0.022 3.00 35.00 ? 97 4.64 0.001116 1567.6 13.03 40.48 0.04 11 37 0.14 '3.25 0.00085 000026 0.00029
2000 0022 3.00 35.00 3.08 4047 0.000985 1665.0 t 1.92 37.56 0.03 10.61 0.13 .0.13 0.00085 0.00025 0.00026
20.50 0.022 3.00 35.00 3.33 •. \4 0.001225 1887.0 16.03 32.22 0.05 14.00 0.11 34.43 0.00055 0.00023 0.00026
21.00 0028 3.00 35.00 3.14 4.38 0.001479 1671.5 12.71 36.07 0.05 15.65 0.13 36.53 0.00056 0.000~5 0.00028
22.00 0.028 3.00 35.00 2.81 4.19 0.001533 1964.7 12.04 33.01 0.05 15.10 0.12 35.28 0.00063 0.00038 0.00030
23.00 0.028 3.00 35.00 2.01 5.63 0.003028 1592.7 21.83 67.49 0.08 24.82 0.20 61.43 0.0005. 0.00042 0.00037
24.00 0.028 3.00 35.00 3.20 3.35 0.0008.6 2142.9 7.41 2\.10 0.03 9.8. 0.07 22.5' 0.00087 0.00034 0.00026

0.028 3.00 35.00 2.88 3.10 0.001198 2170.0 0.38 25.74 0.04 11.78 0.09 27.50 a.oooes 0.00038 00003 t

26.00 0.Q28 3.00 35.00 3.53 3.19 0.000879 2043.0 8.68 19.13 0.03 8.88 0.07 20.44 0.00085 0.00031 0.00023
21.00 0.030 300 35.00 2.17 8.38 0.010162 128B.l 54.'2 131.39 0.22 88.11 0.'6 140.38 0.000'5 0.00056 0.00045
28.00 0.030 3.00 35.00 3.37 4.8. O.OOH4I lH2.8 14.48 40.'8 0.06 18.75 0.14 .3.25 0.00050 0.00036 0.00028
29.00 0.035 3.00 35.00 2.14 8.38 0.006198 72'0.1 34.38 132.02 0.18 5'.19 0.48 141.05 0.00283 0.00072 0.00045
30.00 0.035 3.00 35.00 2.06 8.40 0.001018 7207.3 7.61 77 .00 0.0. 13.89 0.27 82.27 0.00284 0.00074 0.00042
31.00 0.035 3.00 35.00 2.32 5.21 0.002327 7122.2 \0.57 51.03 0.08 17.25 0.18 5'.52 0.00200 0.00000 0.00040
32.00 0.035 3.00 35.00 1.89 4.97 0.002795 7032.9 9.25 40.44 0.05 15.92 0,18 .9.62 0.00258 0.00091 O.OOO~J

33.00 0.035 3.00 35.00 1.76 '.32 0.001896 7105.2 8.61 35.09 0.04 11.58 0.12 37.40 0.0028\ 0.00086 0.00040

34.00 0.035 3.00 35.00 1.75 5.3. 0.001470 8935.9 5.0' 28.00 0.03 9.35 0.\0 30.08 0.00255 0.00088 o 00047

35.00 0.035 3.00 35.00 2.27 4.49 0.001975 7656.3 6.78 37.90 0.05 15.39 0.13 40.'9 0.00275 0.00060 0.00038

38.00 0.035 3.00 35.00 2.71 5.01 0.002183 7442.8 11.48 05.80 0.08 18.73 0.23 70.10 0.00289 0.00057 0.00035

37.00 0.035 3.00 35.00 3.18 7.05 0.005409 7825.3 33.48 93 ..... 0.17 52.19 0.33 99.03 0.00203 0.00049 0.00031

3800 0035 3.00 35.00 3.53 5.85 0.003210 8189.3 22.19 64.34 0,11 35.00 1 0.23 68.7. 0.00273 o 00043 0.00027

30.00 0.035 3.00 35.00 4.13 3.68 0.004081 8678.0 32.85 28.30 0.17 51.80 0.10 30.24 0.00285 0.00037 0.00023

40.00 0.035 3.00 35.00 4.11 2.93 0.002670 8557.9 21.49 18.14 0.11 33.89 0.05 H.24 0.00262 0.00037 0.00024-

AF aver. 18.29 51.53 O.or 20.20 0.16 55.05 0.00052 0.00033 0.00030

Percent Ceruser 0.09
.. ':;
:/;;

,.'
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Certification Report for
Camelback Ranch Levee South

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

C.2 HEC-RAS Summary Table
See Appendix B.3 for Standard Table 1, 10-Year Flows and Standard Table 1, 100­
Year Flows

JE Fuller Hydrology & Geomorphology, Inc.



•

•

•
JE Fuller Hydrology & Geomorphology, Inc.

Certification Report for
Camelback Ranch Levee South

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

C.3 Scour Calculations



•
Project:

Location:

Camelback Ranch Levee South

Maricopa County, Arizona

• •
Table C-4: Scour Calculations Summary

Calc'd by: HR
Date: 6/12/2011

Checked: JTA
Date: 6/12/2011

(2)Long
(3)General (4)Bedform Calculated Design Toe

(1)Levee
(1)HEC-RAS Term (5)Low Flow Total Scour (6)Applied

Scour of Soil (7)Safety
Adequate Toe-

Cross Scour
Scour Scour

Incisement Depth Invert down?
Station Elevation Cement Factor

Section

(ftl (ftl (ftl (ftl (ftl (ftl (ftl (ftl
44+81 9.686 2.5 3.07 0.53 0.0 6.1 1008.1 1002.0 1002.7 0.9 See Section
43+53 9.663 2.5 3.07 0.50 0.0 6.1 1008.0 1001.9 1001.9 1.0 2.4.3
42+43 9.643 1.9 3.07 0.42 0.0 5.4 1007.7 1000.7 999.0 1.6 Yes
41+39 9.624 0.0 307 1.15 0.0 4.2 1004.7 999.2 996.2 2.0 Yes
40+16 9.602 1.9 3.07 1.21 0.0 6.2 1007.0 998.9 992.9 2.3 Yes
38+35 9.569 2.0 3.07 1.68 0.0 6.8 1007.0 998.2 990.3 2.5 Yes
37+02 9.546 1.6 3.07 1.81 0.0 6.5 1006.5 998.1 990.4 2.5 Yes
35+38 9.518 1.4 3.07 0.54 0.0 5.0 1006.2 999.6 990.6 3.1 Yes
33+59 9.487 0.7 3.07 0.64 0.0 4.4 1005.4 999.7 990.3 3.4 Yes
32+39 9.467 0.0 3.07 0.67 0.0 3.7 1004.6 999.7 989.8 4.0 Yes
31+04 9.445 0.0 3.07 0.70 0.0 3.8 1003.6 998.7 989.2 3.8 Yes
29+69 9.422 0.0 3.07 0.73 0.0 3.8 1002.7 997.7 988.7 3.7 Yes
28+49 9.4 0.0 3.07 0.75 0.0 3.8 1001.8 996.9 988.5 3.5 Yes
27+40 9.379 0.0 3.07 0.77 0.0 3.8 1000.5 995.5 989.5 2.9 Yes
25+95 9.353 0.0 0.00 0.00 0.0 0.0 998.7 998.7 990.9 NA Yes
24+33 9.324 0.0 000 0.00 0.0 0.0 996.7 996.7 992.4 NA Yes
22+51 9.292 0.0 0.00 0.00 0.0 0.0 994.5 994.5 994.1 NA Yes
21+19 9.267 0.0 0.00 0.00 0.0 0.0 994.7 994.7 994.1 NA Yes
18+97 9.225 0.0 0.00 0.00 0.0 0.0 995.2 995.2 994.1 NA Yes
17+05 9.193 0.0 0.00 0.00 0.0 0.0 995.7 995.7 994.1 NA Yes
16+12 9.172 0.0 0.00 0.00 0.0 0.0 995.9 995.9 994.1 NA Yes
14+24 9.131 0.0 0.00 0.00 0.0 0.0 995.8 995.8 994.1 NA Yes
13+03 9.109 0.0 0.00 0.00 0.0 0.0 995.7 995.7 994.1 NA Yes
11+27 9.082 0.0 0.00 0.00 0.0 0.0 995.6 995.6 994.1 NA Yes
09+82 9.059 0.0 0.00 0.00 0.0 0.0 995.6 995.6 994.1 NA Yes

Notes:
(1) - Levee Stations and HEC-RAS cross sections were derived using HEC-RAS cross section line crossing Levee Alignment Stationing.
(2) - Long Term Scour from Equilibrium slope in SLA Dec. 4 1996 Letter Report. Long Term scour applies only to cross sections where minimum channel invert
above the equilibrium Slope

(3) - General Scour applied to cross sections upstream of low flow channel enters the mining pit, 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 Incisement set to O.
(6) - Applied invert from HEC-RAS model except cross sections with supplemental field survey points.
(7) - NA for cross sections with 0.0 ft of calculated scour
All Elevations in NAVD 1988

Camelback Ranch Levee South Scour_V2.xls



•
Project:
Location:

Camelback Ranch Levee South
Maricopa County, Arizona

• •
Table C-5: General Scour Calculations using Lacey Equation

Calc'd by: HR
Date: 5/9/2011

Checked: JTA
Date: 6/12/2011

(1)Levee (1)HEC-2 General

Cross
(2)Q (3)050 Z Factor Scour Depth Comments

Station
~"rt;nn cfs mm (ftl

44+81 9.686 54400 3.000 0.25 3.07
43+53 9.663 54400 3.000 0.25 3.07
42+43 9.643 54400 3000 0.25 3.07
41+39 9.624 54400 3000 0.25 3.07
40+16 9.602 54400 3.000 0.25 3.07
38+35 9.569 54400 3.000 0.25 3.07
37+02 9.546 54400 3000 0.25 3.07
35+38 9.518 54400 3.000 0.25 3.07
33+59 9.487 54400 3000 0.25 3.07
32+39 9.467 54400 3.000 0.25 3.07
31+04 9.445 54400 3000 0.25 3.07
29+69 9.422 54400 3.000 0.25 3.07
28+49 9.4 54400 3.000 0.25 3.07
27+40 9.379 54400 3.000 0.25 3.07
25+95 9.353 54400 3.000 0.25 3.07
24+33 9.324 54400 3.000 0.25 3.07
22+51 9.292 54400 3000 0.25 3.07
21+19 9.267 54400 3.000 0.25 3.07
18+97 9.225 54400 3.000 0.25 3.07
17+05 9.193 54400 3.000 0.25 3.07
16+12 9.172 54400 3.000 0.25 3.07
14+24 9.131 54400 3.000 0.25 3.07
13+03 9.109 54400 3.000 0.25 3.07
11+27 9.082 54400 3.000 0.25 3.07
09+82 9.059 54400 3.000 0.25 3.07

Notes:
(1) - Levee Stations and HEC-2 cross sections were derived using HEC-2 cross section line crossing Levee Alignment
Stationing.
(2) - Q100 per FCDMC Hydrology Manual
(3) - D50 from SLA Dec. 4,1996 Letter Report

Camelback Ranch Levee South Scour_V2.xls



•
Project: Camelback Ranch Levee South
Location: Maricopa County, Arizona

Table C-6: Bedform Scour

•
Calc'd by: HR

Date: 5/9/2011
Checked: JTA

Date: 6/12/2011

•

Levee
HEC-RAS Hydraulic Channel Anti-Dune Scour

Station
Cross Depth Froude No. Velocity Controlling: Dune Height Height Component Notes

Section (ft) ftls (ft) (ft) (ft)

44+81 9.686 5.26 0.47 6.17 Dune 1.05 1.03 0.53
43+53 9663 4.96 0.50 6.35 Dune 0.99 1.09 0.50
42+43 9.643 4.24 0.64 7.49 Dune 0.85 1.51 0.42
41+39 9.624 3.73 0.84 9.23 Anti-Dune 0.75 2.30 1.15
40+16 9.602 3.95 0.82 9.46 Anti-Dune 0.79 2.42 1.21
38+35 9.569 3.72 1.00 11.16 Anti-Dune 0.74 3.36 1.68
37+02 9.546 4.19 1.00 11.59 Anti-Dune 0.84 3.63 1.81
35+38 9.518 5.44 0.57 7.55 Dune 1.09 1.54 0.54
33+59 9.487 6.43 0.39 5.67 Dune 1.29 0.87 0.64
32+39 9.467 668 0.34 5.02 Dune 1.34 0.68 0.67
31+04 9.445 6.97 0.31 4.67 Dune 1.39 0.59 0.70
29+69 9.422 7.34 0.28 4.28 Dune 1.47 0.49 0.73
28+49 9.4 7.5 0.25 3.91 Dune 1.50 0.41 0.75
27+40 9.379 7.66 0.23 3.7 Dune 1.53 0.37 0.77
25+95 9.353 7.68 0.23 3.58 Dune 1.54 0.35 0.77
24+33 9.324 7.78 0.22 3.58 Dune 1.56 0.35 0.78
22+51 9.292 8.14 0.22 3.62 Dune 1.63 035 0.81
21+19 9.267 7.92 0.22 3.56 Dune 1.58 0.34 0.79
18+97 9.225 8.72 0.19 3.12 Dune 1.74 0.26 0.87
17+05 9.193 8.85 0.17 2.93 Dune 1.77 0.23 0.89
16+12 9.172 8.88 0.16 2.67 Dune 1.78 0.19 0.89
14+24 9.131 9.09 0.14 2.49 Dune 1.82 0.17 0.91
13+03 9.109 8.99 0.14 2.47 Dune 1.80 0.16 0.90
11+27 9.082 9.07 0.14 2.35 Dune 1.81 0.15 0.91
09+82 9.059 9.09 0.13 2.33 Dune 1.82 0.15 0.91

Note:
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 the cblp1_a.dat HEC-2 model.

Camelback Ranch Levee South Scour_V2.xls



•
Project: Camelback Ranch Levee South
Location: Maricopa County, Arizona

Table C-7: Equilibrium Slope Difference

Calc'd by: HR
Date: 5/9/2011

Checked: JTA
Date: 6/12/2011

• •
Minimum Cumulative

Elevation
(1)HEC- Average from Depth below

Levee
RAS Cross

Channel Distance Equilibrium Equilibrium Equilibrium
Station

Section
Invert from GCS Slope slope Slope

(ft) (ft) ttltt (ft) 1ft)

1008.12 8902.08
44+81 9.686 0.0006 1005.34 2.8
43+53 9.663 1008.00 8780.64 0.0006 1005.27 2.7
42+43 9.643 1007.06 8675.04 0.0006 1005.21 1.9
41+39 9.624 1004.67 8574.72 0.0006 1005.14 0.0
40+16 9.602 1007.20 8458.56 0.0006 1005.08 2.1
38+35 9.569 1007.22 8284.32 0.0006 1004.97 2.2
37+02 9.546 1007.23 8162.88 0.0006 1004.90 2.3
35+38 9.518 1006.66 8015.04 0.0006 1004.81 1.8
33+59 9.487 1005.39 7851.36 00006 1004.71 0.7
32+39 9.467 1004.55 7745.76 0.0006 1004.65 0.0
31+04 9.445 1003.60 7629.60 0.0006 1004.58 0.0
29+69 9.422 1002.64 7508.16 00006 1004.50 0.0
28+49 9.4 1001.80 7392.00 0.0006 1004.44 0.0
27+40 9.379 1000.46 7281.12 0.0006 1004.37 0.0
25+95 9.353 998.68 7143.84 0.0006 1004.29 0.0
24+33 9.324 996.69 6990.72 0.0006 1004.19 0.0
22+51 9.292 994.46 6821.76 0.0006 1004.09 0.0
21+19 9.267 994.75 6689.76 0.0006 1004.01 0.0
18+97 9.225 995.24 6468.00 0.0006 1003.88 0.0
17+05 9.193 995.66 6299.04 0.0006 1003.78 0.0
16+12 9.172 995.86 6188.16 0.0006 1003.71 0.0
14+24 9.131 995.77 5971.68 0.0006 1003.58 0.0
13+03 9.109 995.71 5855.52 0.0006 1003.51 0.0
11+27 9.082 995.63 5712.96 0.0006 1003.43 0.0
09+82 9.059 995.56 5591.52 0.0006 1003.35 0.0

GC~ 1000.00 0.00 1000.00

GCS - Grade Control Structure

Camelback Ranch Levee South Scour_V2.xls



•
Project: Camelback Ranch Levee South
Location: Maricopa County, Arizona

Table C-8: Armoring

Calc'd by: HR
Date: 5/9/2011

Checked: JTA
Date: 6/12/2011

- •
HEC-RAS

MPM Competant Yang
Shield

Levee
Cross

Bedload Bottom incipient
Diagram

Average
Station Transport Velocitv motion

Section
Dc (mm) Dc (mm) Dc (mm) Dc (mm) Dc (mm)

44+81 9.686 15 32 34 23 26
43+53 9.663 15 33 36 22 27
42+43 9.643 27 55 59 40 45
41+39 9.624 136 347 371 199 263
40+16 9.602 38 100 107 56 75
38+35 9.569 74 144 154 108 120
37+02 9546 67 126 135 98 107
35+38 9518 38 75 80 56 62
33+59 9.487 18 38 41 27 31
32+39 9.467 14 30 32 21 24
31 +04 9.445 12 25 27 17 20
29+69 9.422 9 19 21 13 15
28+49 9.4 7 16 17 10 12
27+40 9.379 6 14 15 9 11
25+95 9.353 5 12 13 8 10
24+33 9.324 5 12 13 7 9
22+51 9.292 5 12 13 7 9
21 +19 9.267 5 12 12 7 9
18+97 9.225 3 8 9 5 6
17+05 9193 3 7 7 4 5
16+12 9.172 2 5 6 3 4
14+24 9.131 2 5 5 3 3
13+03 9.109 2 5 5 3 3
11 +27 9.082 2 4 4 2 3
09+82 9.059 2 4 4 2 3

Notes:
Methodology from US Bureau of Reclamation, "Computing Degradation and Local Scour", 1984



•
Project:
Location:

Camelback Ranch Levee South
Maricopa County, Arizona

• •
Table C-9: Headcut Method #1

Calc'd by: HR
Date: 5/9/2011

Checked: JTA
Date: 6/12/2011

Profile #1 Profile #2 Profile #3 Profile #4 Profile #5
Pit Bottom ft 1004 1001.71 1002.58 1003.91 998.61

PitToD ft 1018 1019 1010 1009 1003.67
Headcut Elevation at Pit ft 1011 1010.36 1006.29 1006.46 1001.14

Headcut Pit Depth (ft) 14 17.29 7.42 5.09 5.06

Profile #1 Profile #2 Profile #3 Profile #4 Profile #5

(l)HEC- Distance Headcut Distance Headcut Distance Headcut Distance Headcut Distance Headcut
Minimum Design Headcut

(1)Levee
RAS Cross from Pit Elevation from Pit Elevation from Pit Elevation from Pit Elevation from Pit Elevation

Headcut Toe-Down Scour
Station

Section
Elevation Elevation Depth

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

44+81 9.686 1679 1027.79 1866 102902 1638 1022.67 1652 1022.98 2390 1025.04 1022.67 1009.09 0
43+53 9.663 1546 1026.46 1740 1027.76 1513 1021.42 1527 1021.73 2264 1023.78 1021.42 1008.61 0
42+43 9.643 1237 1023.37 1595 1026.31 1403 1020.32 1412 1020.58 2153 1022.67 1020.32 1007.06 0
41+39 9.624 940 1020.40 1417 1024.53 1295 1019.24 1293 1019.39 2048 1021.62 1019.24 1004.67 0
40+16 9.602 731 1018.31 1227 1022.63 1163 1017.92 1166 1018.12 1924 1020.38 1017.92 1007.20 0
38+35 9.569 539 1016.39 988 1020.24 978 1016.07 973 1016.19 1743 1018.57 1016.07 1007.22 0
37+02 9.546 424 1015.24 845 1018.81 848 1014.77 825 1014.71 1613 1017.27 1014.71 1007.23 0
35+38 9.518 311 1014.11 696 1017.32 689 1013.18 661 1013.07 1454 1015.68 1013.07 1006.66 0
33+59 9.487 159 1012.59 523 1015.59 514 1011.43 488 1011.34 1285 1013.99 1011.34 1005.39 0
32+39 9.467 59 1011.59 412 1014.48 401 1010.30 381 1010.27 1173 1012.87 1010.27 1004.55 0
31+04 9.445 0 294 1013.30 278 1009.07 259 1009.05 1041 1011.55 1009.05 1003.60 0
29+69 9.422 0 164 1012.00 142 1007.71 135 1007.81 904 1010.18 1007.71 1002.64 0
28+49 9.4 0 8 1010.44 3 1006.32 2 1006.48 766 1008.80 1006.32 1001.80 0
27+40 9.379 0 0 0 0 640 1007.54 1007.54 1000.46 0
25+95 9353 0 0 0 0 451 1005.65 1005.65 99868 0
24+33 9.324 0 0 0 0 234 1003.48 1003.48 996.69 0
22+51 9.292 0 0 0 0 0 1001.14 994.46
21+19 9.267 0 0 0 0 0 994.75
18+97 9.225 0 0 0 0 0 995.24
17+05 9.193 0 0 0 0 0 995.66
16+12 9.172 0 0 0 0 0 995.86
14+24 9.131 0 0 0 0 0 995.77
13+03 9.109 0 0 0 0 0 995.71
11+27 9.082 0 0 0 0 0 995.63
09+82 9.059 0 0 0 0 0 995.56
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Project:
Location:

Camelback Ranch Levee South
Maricopa County, Arizona

• •
Table C-10: Headcut Method #2

Calc'd by: HR
Date: 5/9/2011

Checked: JTA
Date: 6/12/2011

Profile #1 Profile #2 Profile #3 Profile #4 Profile #5
Pit Bottom (ft) 1004 1001.71 1002.58 1003.91 998.61

PitToD (ft) 1018 1019 1010 1009 1007.6
Headcut Elevation at Pit (ft) 1011 1010.36 1006.29 1006.46 1003.11

Headcut Pit Depth (ft) 14 17.29 7.42 5.09 8.99
Channel Slope 0.0024

Profile #1 Profile #2 Profile #3 Profile #4 Profile #5

(l)HEC- Distance Headcut Distance Headcut Distance Headcut Distance Headcut Distance Headcut
Minimum Design Headcut

(l)Levee
RAS Cross from Pit Elevation from Pit Elevation from Pit Elevation from Pit Elevation from Pit Elevation

Headcut Toe-Down Scour
Station Elevation Elevation Depth

Section

(ft) (ft) (ft) (ft) (ft) (ft)
44+81 9.686 1679 1015.03 1866 1015.48 1638 1014.93 1652 1014.96 2390 1016.74 1014.93 1009.09 0
43+53 9.663 1546 1014.71 1740 1015.18 1513 1014.63 1527 1014.66 2264 1016.43 1014.63 1008.61 0
42+43 9.643 1237 1013.97 1595 1014.83 1403 1014.37 1412 1014.39 2153 1016.17 1013.97 1007.06 0
41+39 9.624 940 1013.26 1417 1014.40 1295 1014.11 1293 1014.10 2048 1015.92 1013.26 1004.67 0
40+16 9.602 731 1012.75 1227 1013.94 1163 1013.79 1166 1013.80 1924 1015.62 1012.75 1007.20 0
38+35 9.569 539 1012.29 988 1013.37 978 1013.35 973 1013.34 1743 1015.18 1012.29 1007.22 0
37+02 9.546 424 1012.02 845 1013.03 848 1013.04 825 1012.98 1613 1014.87 1012.02 1007.23 0
35+38 9.518 311 1011.75 696 1012.67 689 1012.65 661 1012.59 1454 1014.49 1011.75 1006.66 0
33+59 9.487 159 1011.38 523 1012.26 514 1012.23 488 1012.17 1285 1014.08 1011.38 1005.39 0
32+39 9.467 59 1011.14 412 1011.99 401 1011.96 381 1011.91 1173 1013.82 1011.14 1004.55 0
31+04 9.445 0 294 1011.71 278 1011.67 259 1011.62 1041 1013.50 1011.62 1003.60 0
29+69 9.422 0 164 1011.39 142 1011.34 135 1011.32 904 1013.17 1011.32 1002.64 0
28+49 9.4 0 8 1011.02 3 1011.01 2 1011.00 766 1012.84 1011.00 1001.80 0
27+40 9.379 0 0 0 0 640 1012.54 1012.54 1000.46 0
25+95 9.353 0 0 0 0 451 1012.08 1012.08 998.68 0
24+33 9.324 0 0 0 0 234 1011.56 1011.56 996.69 0
22+51 9.292 0 0 0 0 0 1003.11 994.46
21+19 9.267 0 0 0 0 0 994.75
18+97 9.225 0 0 0 0 0 995.24
17+05 9.193 0 0 0 0 0 995.66
16+12 9.172 0 0 0 0 0 995.86
14+24 9.131 0 0 0 0 0 995.77
13+03 9.109 0 0 0 0 0 995.71
11+27 9.082 0 0 0 0 0 995.63
09+82 9059 0 0 0 0 0 995.56



-
Project: Camelback Ranch Levee South
Location: Maricopa County, Arizona

Table D-11: ADOT Method Headcut Profile #1

-

Gravel Bed Headcut Profiles

Calc'd by: HR

Date: 5/9/2011
Checked: JTA

Date: 5/9/2011

•

Pit Information Summary
Hydrograph File hydrograph.txt

Time Unit Hour

Alluvial Material Gravel Bed

Pit Length 3,500.00 (tt)

Pit Width 1,600.00 (tt)

Pit Depth 14.00 (tt)

Effective Pit Depth 14.00 (tt)

GroundWater Depth 0.00 (tt)
DrownoutWater Depth 0.00 (tt)

Pit Volume 78,400,000.00 (cubic tt)

Pits ide Slope 0

Channel Slope 0.005
Fill Time 6.21 (hr)

Dimensionless Scour Profile

YslYsbrink

0.05

0.25
0.50
0.75

1.00

Headcut Profile

Ys (ft) Ls (ft)

0.07 217.68

0.33 130.61
0.65 65.30
0.98 32.65

1.31 0.00
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•
Project: Camelback Ranch Levee South
Location: Maricopa County, Arizona

Table 0-12: AOOT Method Headcut Profile #2

e

Gravel Bed Headcut Profiles

Calc'd by: HR

Date: 5/9/2011
Checked: JTA

Date: 5/9/2011

•

Pit Information Summary
Hydrograph File hydrograph.txt

Time Unit Hour

Alluvial Material Gravel Bed

Pit Length 3,500.00 (tt)

Pit Width 1,600.00 (tt)

Pit Depth 17.29 (tt)

Effective Pit Depth 17.29 (tt)

GroundWater Depth 0.00 (tt)

DrownoutWater Depth 0.00 (tt)

Pit Volume 96,824,000.00 (cubic tt)

Pitside Slope 0
Channel Slope 0.005
Fill Time 6.63 (hr)

Dimensionless Scour Profile

YslYsbrink Ls/Ls5

0.05 1.00
0.25 0.60
0.50 0.30
0.75 0.15

1.00 0.00

Headcut Profile

Ys (tt) Ls (tt)

0.09 233.26
0.43 139.96
0.86 69.98
1.28 34.99

1.71 0.00
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•
Project: Camelback Ranch Levee South
Location: Maricopa County, Arizona

Table 0-13: AOOT Method Headcut Profile #3

e

Gravel Bed Headcut Profiles

Calc'd by: HR

Date: 5/9/2011

Checked: JTA

Date: 5/9/2011

•

Pit Information Summary
Hydrograph File hydrograph.txt

Time Unit Hour

Alluvial Material Gravel Bed

Pit Length 3,500.00 (tt)

Pit Width 1,600.00 (tt)

Pit Depth 7.40 (tt)

Effective Pit Depth 7.40 (tt)

GroundWater Depth 0.00 (tt)

DrownoutWater Depth 0.00 (tt)

Pit Volume 41,440,000.00 (cubic tt)

Pitside Slope 0
Channel Slope 0.005
Fill Time 5.06 (hr)

Dimensionless Scour Profile

YslYsbrink LsILs5
0.05 1.00

0.25 0.60

0.50 0.30

0.75 0.15

1.00 0.00

Headcut Profile

Ys (ft) Ls (ft)

0.03 177.12

0.14 106.27

0.29 53.14

0.43 26.57

0.58 0.00
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•
Project: Camelback Ranch Levee South
Location: Maricopa County, Arizona

Table 0-14: AOOT Method Headcut Profile #4

•

Gravel Bed Headcut Profiles

Calc'd by: HR

Date: 5/9/2011
Checked: JTA

Date: 5/9/2011

•

Pit Information Summary
Hydrograph File hydrograph.txt

Time Unit Hour

Alluvial Material Gravel Bed

Pit Length 3,500.00 (tt)

Pit Width 1,600.00 (tt)

Pit Depth 5.00 (tt)

Effective Pit Depth 5.00 (tt)

GroundWater Depth 0.00 (tt)

DrownoutWater Depth 0.00 (tt)

Pit Volume 28,000,000.00 (cubic tt)

Pitside Slope 0
Channel Slope 0.005
Fill Time 4.42 (hr)

Dimensionless Scour Profile

YslYsbrink Ls/Ls5

0.05 1.00

0.25 0.60

0.50 0.30

0.75 0.15

1.00 0.00

Headcut Profile

Ys (ft) Ls (ft)

0.02 160.13

0.09 96.08

0.18 48.04

0.26 24.02

0.35 0.00
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•
Project: Camelback Ranch Levee South
Location: Maricopa County, Arizona

Table 0-15: AOOT Method Headcut Profile #5

•

Gravel Bed Headcut Profiles

Calc'd by: HR
Date: 5/9/2011

Checked: JTA
Date: 5/9/2011

•

Dimensionless Scour ProfilePit Information Summary
Hydrograph File hydrograph.txt

Time Unit Hour

Alluvial Material Gravel Bed

Pit Length 3,500.00 (ft)

Pit Width 1,600.00 (ft)

Pit Depth 9.00 (ft)

Effective Pit Depth 9.00 (ft)

GroundWater Depth 0.00 (ft)

DrownoutWater Depth 0.00 (ft)

Pit Volume 50,400,000.00 (cubic ft)

Pitside Slope 0
Channel Slope 0.005
Fill Time 5.41 (hr)

Ys/Ysbrink

0.05

0.25

0.50

0.75

1.00

LsILs5

1.00

0.60
0.30

0.15

0.00

Headcut Profile

Ys (ft) Ls (ft)

0.04 189.00

0.19 113.40

0.37 56.70

0.56 28.35

0.75 0.00
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Certification Report for
Camelback Ranch Levee South

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

C.4 Figures
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• 1. Interior Drainage

Certification Report for
Camelback Ranch Levee South

Maricopa County, Arizona
Appendix D. Interior Drainage

•

•

1.1 Overview

This appendix discusses the interior drainage and summarizes the drainage structures within
the project.

1.2 Final Interior Drainage Report, Camelback Ranch Levee Design Project
(April 1998)

Interior drainage methods and assumptions were documented in "Final Interior Drainage
Report, Camelback Ranch Levee Design Project", Apri/1998 (CBR Interior Drainage Report).
The document includes the analysis of Camelback Ranch Levee North (North of Camelback
Road) and Camelback Ranch Levee South (South of Camelback Road). This assessment
pertains to Camelback Ranch Levee South interior drainage only.

The interior drainage area for the Camelback Ranch Levee South includes the contributing
areas and peak runoff flows identified as DA3 and DA4. The areas associated with these
basins are included in Table 0-1.

Table 0-1: Camelback Ranch Levee South Interior Drainage Sub Basin Summary

SOUTH. AREA
, Q ;Jeak icf.{;,~ i ':l! peak (cis)

SUBBA.$IN ARS;AA~L(:,l EXISTIN,u I FUTURE
DA3 2:-!.6..67 1:1.1 Nih
DA4 38.91 14 N/A

TOTAL PEAK FLO'.',' (eta) = '145 158

According to the CBR Interior Drainage Report, the total on-site drainage area for the
Camelback Ranch Levee South Property is 275.6 acres. The southern area's on-site drainage
sub basins (referred to as sub basin area DA3 and DA4) are bounded by Camelback Road to
the north, Campbell Avenue to the south, 107lh Avenue to the east and the levee alignment to
the west. These two sub basins drain to the south. The two subbasins in the south area, DA3
and DA4, have a 100-yr, 6-hr existing-condition peak runoff of 131 cfs and 14 cfs respectively.
These two subbasins will continue to drain to the south per existing conditions. Based on
normal depth calculations, the depth of flow behind the levee will not exceed 0.39 feet in the
south area. Therefore, the impoundment criteria set by the committee on "A Levee Policy for the
National Flood Insurance Program" will be met i.e. interior flood depths less than 1 ft are
acceptable per 44 CFR 65.1 0(b)(6). Portions of CBR Interior Drainage Report are included in
Appendix 0.1 with the full report included on data disk in Appendix H.

JE Fuller Hydrology & Geomorphology, Inc. Page 1
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Certification Report for
Camelback Ranch Levee South

Maricopa County, Arizona
Appendix D. Interior Drainage

The joint probability of interior and river side flow peaks were not analyzed because the interior
drainage areas will be drained through property to the south and discharge into the Agua Fria
River behind the existing Transverse Diversion Dike north of Indian School Road. The southern
limits of the interior drainage analysis terminate at the Campbell Avenue alignment, 1000 feet
upslope of the southern terminus of the levee. A review of the FCD 1994 and 2009 topography
shows a general southern flow direction (see Figure 0-2) and should not be considered as
contributing to the interior drainage for the Camelback Ranch Levee South.

Figure 0-2: Drainage Area South of Campbell Avenue

JE Fuller Hydrology & Geomorphology, Inc. Page 3



Certification Report for
Camelback Ranch Levee South

Maricopa County, Arizona
Appendix D. Interior Drainage

• 1.3 Camelback Road Storm Drain Design, City of Phoenix (August 2005)

The Camelback Road Storm Drain project included the design of a parallel storm drain pipe
within Camelback Road between 99th Avenue and the Agua Fria River. The existing 54-inch
RCP storm drain pipe conveyed offsite and onsite flows north and east of the intersection of
Camelback Road and 10th Avenue. The existing 54-inch storm drain conveyed flows to the
Roosevelt Irrigation District (RID) Canal. With the combination of the existing 54-inch storm
drain system and the new 50-inch storm drain system, the outlet at RID was eliminated.

The Camelback Road Storm Drain system conveys existing storm drain flows plus the street
drainage within the southern half of Camelback Road, between 99th Avenue and 107th avenue,
to the new outfall along the Agua Fria River at approximate levee station 42+85. As noted in
Section 2 a flap gate is installed in the headwall at the storm drain outlet into the Agua Fria
River. The storm drain system was analyzed and designed for the 2-year storm event.

Table 0-2 includes storm drain manhole and catch basin information from the Camelback Road
Storm Drain project to an elevation where the storm drain inverts are above the projected 100­
year water surface elevation from the Agua Fria River.

Note that the projected 1OO-year water surface elevation is more than 4.5 feet below the
rim/inlet elevation for all structures on the new and existing storm drain.

•

•
JE Fuller Hydrology & Geomorphology, Inc. Page 4
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Appendix D. Interior Drainage

Table 0-2: Camelback Road Storm Drain Structure Elevations

Storm (2)100-Year Rimlinlet

(1)Location Drain Floodplain Rim/Inlet Elevation Lowest Notes
Elevation Above Invert

Station Elevation Floodplain
(ft) (ft) (ft) (ft) (ft)

Outlet 6+25 1022.1 NA NA 1008.01 60-inch RCP
SDMH#32 6+77 1022.1 1027.04 4.7 1008.05 60-inch RCP
SDMH#31 9+73 1022.1 1031.29 9.0 1008.61 60-inch RCP
SDMH#30 14+00 1022.1 1031.47 9.1 1011.84 60-inch RCP
SDMH#29 19+00 1022.1 1031.88 9.5 1012.34 60-inch RCP
SDMH#28 25+00 1022.1 1032.57 10.2 1013.04 60-inch RCP
SDMH#27 31+00 1022.1 1033.09 10.8 1013.73 60-inch RCP
SDMH#26 37+00 1022.1 1032.73 10.4 1014.43 60-inch RCP
SDMH#25 43+00 1022.1 1033.2 10.9 1015.13 60-inch RCP
SDMH#24 47+00 1022.1 1033.99 11.7 1015.77 60-inch RCP

CB#16 47+41 1022.1 1033.58 11.2 1028.88 18-inch RCP

SDMH#23 49+57 1022.1 1034.5 1016.00
Camelback and 107th

12.2 Avenue
SDMH#22 52+35 1022.1 1035.1 12.8 1018.02 24-inch RCP

CB#15 52+35 1022.1 1034.12 11.8 1031.12 18-inch RCP
SDMH#21 55+50 1022.1 1035.91 13.6 1018.75 24-inch RCP

CB#14 55+50 1022.1 1036.36 14.0 1032.16 18-inch RCP
SDMH#20 57+49 1022.1 1036.18 13.8 1019.24 24-inch RCP
SDMH#19 60+25 1022.1 1036.49 14.2 1019.90 24-inch RCP

CB#13 60+25 1022.1 1035.91 13.6 1028.71 18-inch RCP
SDMH#18 61+00 1022.1 1036.45 14.1 1020.16 24-inch RCP
SDMH#17 62+25 1022.1 1036.56 14.2 1020.51 24-inch RCP

CB#12 62+25 1022.1 1036.18 13.8 1029.95 18-inch RCP
SDMH#16 64+25 1022.1 1036.85 14.5 1021.01 24-inch RCP
SDMH#15 67+50 1022.1 1036.74 14.4 1021.76 24-inch RCP

CB#11 67+50 10221 1036.26 13.9 1030.16 18-inch RCP
SDMH#14 70+74 1022.1 1035.8 13.5 1022.51 24-inch RCP

CB#10 70+74 1022.1 1036.48 14.1 1029.49 18-inch RCP
SDMH#13 74+04 1022.1 1036.58 14.2 1023.27 24-inch RCP

CB#9 74+04 1022.1 1035.48 13.1 1029.98 18-inch RCP

SDMH#13 49+97 1022.1 1034.8 1020.12
Tie into Existing 54-inch

12.5 Storm Drain
SDMH#35 49+97 1022.1 1035.2 12.9 1027.88 54-inch RCP

Note: 1. Storm Drain Stations from Camelback Road Storm Dram Plans.
2. 1DO-year water surface elevation interpolated from elevations between cross sections 9.643 and 9.662.
3. Lowest invert elevation refers to lowest pipe invert int%ut of structure.
4. Rim elevations for mainline laterals north and south along 107'h street are all well above the projected 100­
year water surface elevation. See Design plans in Appendix B. Plan sheets showing rim elevation are located
on CD.
"All elevations are NAVD88

Based on the discussion above, drainage areas identified in the Came/back Road Drainage
Report are not co-mingled with interior drainage areas identified in Final/nterior Drainage
Report for Camelback Ranch Levee thus will not be considered as interior drainage for the
Camelback Ranch Levee South.

JE Fuller Hydrology & Geomorphology, Inc. Page 5
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• D. Data for Interior Drainage

0.1 Portions of Final Interior Drainage Report, Camelback Ranch Levee

0.2 Portions of Camelback Road Drainage Report

•

•
JE Fuller Hydrology & Geomorphology, Inc.
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Appendix D. Interior Drainage

D.1 Portions of Final Interior Drainage Report, Camelback Ranch
Levee

JE Fuller Hydrology & Geomorphology, Inc.
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III. INTRODUCTION

DMJM has been engaged by the Flood Control District of Maricopa County,

(Contract No. FCD 95-15) to design soil cement levee improvements for the

following locations:

• East bank of Agua Fria River, from the transverse diversion spur dike north of

Indian School Road to the Agua Fria-New River Junction.

• East bank of New River, from the Agua Fria-New River Junction to the Bethany

Home Road alignment.

The proposed improvements are shown on Figure 1 on page 2 and are located in

Township 2 North, Range 1 East, in Sections 18 and 19 of the Salt River Gila Base

and Meridian, Maricopa County, Arizona.

The goals and objectives for the Camelback Ranch Levee Design project is to

produce plans, specification and estimate for the construction of a new soil cement

levee, in two construction phases, to prepare the necessary documentation for

obtaining a Conditional Letter of Map Revision (CLOMR) from the Federal

Emergency Management Agency (FEMA) and to meet the conditions agreed to with

the U.S. Army Corps of Engineers (COE) for the construction of the Arizona Canal

Diversion Channel (ACOC).

The South Phase consists of a soil cement levee that runs along the east bank of

the Agua Fria River connecting from the southeast spur dike at the Camelback Road

bridge to the existing transverse diversion dike, north of Indian School Road.
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The North Phase consists of a soil cement levee from the embankment of

Camelback Road, north, along the west property line of Camelback Ranch, along

the east side of the Agua Fria River to the existing soil cement levee embankment

along the Bethany Home Road alignment, along the east side of the New River.

The levee runs along the east bank of Agua Fria River to the New River junction

where it turns to the northeast and runs along the east bank of New River. The

North Phase is scheduled to begin construction after the South Phase is completed.

See Figure 1 on page 2 for the proposed levee alignment.

A. PURPOSE OF REPORT

The purpose of this report is to evaluate and document the existing on-site drainage

conditions for the Camelback Ranch Levee Design project and make

recommendations for incorporating drainage improvements into the design. In

addition this report will be incorporated into the CLOMR to remove the flood plain

delineation from the subject property.

B. BACKGROUND AND OVERVIEW

During the 1980's development was accelerating in west Phoenix. Camelback

Ranch was investigated and conceptually planned by several developers during the

1980's before the Willden-Red River Joint Venture filed an application with the City

of Phoenix (COP) for Planned Community District (PCD) zoning in April 1988, case

#108-88-4. See Figure 1 on page 2 for the boundaries of the Camelback Ranch

property. This PCD application was approved by the Phoenix City Council, with

stipulations, on November 1, 1988, with subsequent amendments.

The PCD called for commercial and office uses at the northwest and southwest

corners of Camelback Road and 107'h Avenue, a major park on approximately 90

acres along the north edge of the property, and a variety of residential densities

throughout the balance of the property. The City of Phoenix purchased the 90 acre
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park site along the north edge of the property. The plan also required that the

developer to construct a levee along the north and west edges of the property to

remove it from the floodplain. The basic design concept for the levee was

approved by the Flood Control District of Maricopa County (FCDMC). Another key

zoning stipulation was that construction on the project must begin within three (3)

years of adoption of the PCD. Due to the economic climate in the late 1980's and

early 1990's, construction on the project including the levees, was never started.

The original developer obtained several time extensions from the City of Phoenix.

Ultimately, the property reverted to the lender and then to the Resolution Trust

Corporation (RTC). During this time the FCDMC was under pressure to construct

the levees or acquire flood control easements over the entire Camelback Ranch

property plus a number of the existing homes east of 1oih Avenue and north of

Camelback Road which were now in the Standard Project Flood (SPF) zone. Due

to the depressed real estate prices at the time, the FCDMC determined that it could

purchase the entire Camelback Ranch property for about the same cost as the flood

control easements. When the property was made available by the RTC the FCDMC

purchased it. The levee on the north portion of Camelback Ranch, in the original

PCD, required its construction across two areas of property not owned by the

developer. One of these areas is owned by the City of Glendale who is not inclined

to allow the levee to be constructed there and result in the development of additional

residential uses in the flight path of the Glendale Municipal Airport. Therefore this

portion of the levee was moved further south, to within the City of Phoenix's

corporate boundary, when the FCDMC performed their alternative levee analysis.

The FCDMC purchased the Camelback Ranch property in order to fulfill its

obligation to provide flood protection to property that was brought under the SPF

designation due to the increased flow in the New River resulting from the

construction of the ACDC. Provision for this additional flood protection was a

condition of the COE's approval of the ACDC.

FCDMC's goals for Camelback Ranch are:

• Sell all available land after the levees are designed and constructed.
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• Sell this available land at the highest price based on a land use plan and zoning

approved by the City of Phoenix.

• Sell this available land in the shortest time possible consistent with receiving the

best reasonable price.

• Construct the South Phase (south of Camelback Road), sell that portion of the

property and use the proceeds of the sale to construct the levee for the North

Phase (north of Camelback Road).

The width of the Agua Fria River within the project limits ranges from approximately

1ADO-feet where it is channelized, south of Indian School Road to approximately

2,700-feet between Indian School Road and Camelback Road. The FEMA 100-year

flood boundary for the Agua Fria River, shows a flood boundary that ranges from

approximately 1ADO-feet in the channelized portion, south of Indian School Road, to

approximately 11 ,ODD-feet in width south of the confluence of the Agua Fria and

New Rivers. Along the east side of the 1DO-year flood boundary approximately 457­

,acres of the 584 -acre Camelback Ranch property is within the 1DO-year flood

boundary. In addition, approximately 15-acres of partially developed residential

land, lying east of 1Oyth Avenue between Camelback Road and the Bethany Home

Road alignment are within the 1DO-year flood boundary.

There is a sand and gravel mining operation owned by Johnson-Stewart Materials

L.L.C. within the project limits. For the south parcel of the Camelback Ranch

Property an agreement between Johnson-Stewart and the FCD has been made for

a right-of-way easement for the proposed levee. The easement is 100 feet wide

and it extends from the northern most transverse diversion dike north of Indian

School Road to the southeast spur dike at Camelback Road bridge.

c. INTERIOR DRAINAGE

The total on-site drainage area for the Camelback Ranch Property is 517.12 acres

and it is bound by the Bethany Home Road alignment to the north, Campbell
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Avenue to the south, 10ih Avenue to the east and the proposed levee along the

Agua Fria River-New River to the west. Refer to Figure 2, Subbasin Map, on

page 7.

Camelback Road is elevated above the adjacent properties, and therefore divides

the watershed into two areas. The north area on-site drainage subbasin (referred to

as subbasin area DA2) is bound by the Bethany Home Road alignment to the north,

Camelback Road to the south, 10ih Avenue to the east and the proposed soil

cement levee to the west.

The south area on-site drainage subbasin (referred to as subbasin area DA3) is

bound by Camelback Road to the north, Campbell Avenue to the south, 10i
h

Avenue to the east and the 113th Avenue alignment to the west.
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There are two off-site drainage areas that impact the on-site areas and are located

adjacent to both the north and south areas. The off-site area contributing to the

north area (subbasin area DA1) is located east of the Camelback Ranch Property

and is bound by the Bethany Home Alignment to the north, Camelback Road to the

south, 10ih Avenue to the west and the Roosevelt Irrigation District (RID) Canal to

the east. The off-site drainage area in the south area (subbasin area DA4) is

located west of the Camelback Ranch Property and is bound by Camelback Road to

the north, Campbell Avenue to the south, 113th Avenue alignment to the east and

the proposed levee along the Agua Fria River on the west. See Figure 2 on the

previous page for the drainage areas and subbasin boundaries.

Both drainage areas drain towards the southwest with the slope for the north area

being 0.273 percent and the south area 0.316 percent. The vegetative cover for the

developed subbasin DA1 is five percent for the land use type Light Density

Residential (L.D.R.) and 15.0 percent for Very Light Density Residential (V.L.D.R.).

The remaining existing land use is agricultural with a vegetative cover of 50~O

percent.

Runoff from the north area will concentrate along the north embankment of the

Camelback Road and the proposed levee. Since the proposed levee could prevent

the north area from draining into the Agua Fria River, a detention basin with a levee

penetration pipe is proposed to be constructed at the southwest corner of the north

area. The detention basin will allow for the metered release of storm water once

the flows in the Agua Fria River has subsided. The south area will continue to drain

as per existing conditions.

"FINAL" INTERIOR DRAINAGE REPORT 8
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IV. OBJECTIVES

The objectives of the Interior Drainage Report are as follows:

• Determine the peak runoff flows from the 100-yr, 6-hr event for both the north

and south area for existing conditions.

• Determine the existing condition peak runoff volume from the 100-yr, 6-hr storm

for sizing a detention basin in the north area.

• Determine the peak runoff volume from the 100-yr, 2-hr (City of Phoenix

requirement) event for the north area future conditions to size a levee

penetration pipe to drain the detention basin within 36 hours after the flows have

subsided in the Agua Fria River.

• To ensure that back water from penetrations through the levee will not impact

interior drainage behind the levee.

• To meet FEMA requirements of section 65.10 and therefore not impound more

than one foot of stormwater behind the levee.
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V. CONCLUSIONS

For the north area, the 100-yr, 6-hr existing condition peak runoff from subbasin area

(referred as DA) DA1 is 199 cubic feet per second (cfs) and DA2 is 192 cfs. These

two subbasins combine and therefore, the 100-yr, 6-hr existing peak runoff is 366 cfs

and require 54 acre feet (ac-ft) of detention storage. For the 100-yr, 2-hr future

conditions (PCD), the north area will generate a peak runoff flow of 507 cfs and

require 67 ac-ft of detention storage. A 36-inch concrete penetration pipe with a

drop inlet structure will be required to drain the detention basin. Results from the

HEC-1 models show that the 54 ac-ft detention basin for existing conditions, with the

36-inch concrete pipe will drain the basin in 22 hours, once the flows in the Agua

Fria River has subsided. It also shows that the detention basin can be increased in

storage to 67 ac-ft for future PCD conditions and the same 36-inch concrete pipe

will drain within 27 hours, once the flows in the Agua Fria River has subsided. It is

recommended that the right-of-way for the 54 ac-ft basin be reserved so that the

basin can be maintained by the FCDMC until the basin is expanded for its post

development configuration. The expansion of the detention basin from 54 ac-ft to 67

ac-ft can be easily accomplished by widening the basin to the north and east. At the

time the basin is expanded an agreement can be made between the FCDMC and

the new owner to take over the maintenance of the basin. A flapgate will be required

on the outlet of the penetration pipe that will drain the detention basin into the Agua

Fria River. The f1apgate will prevent backwater from flows in the river from impacting

interior drainage behind the levee.

The two subbasins in the south area, DA3 and DA4, have a 100-yr, 6-hr existing

condition peak runoff of 131 cfs and 14 cfs respectively. These two subbasins will

continue to drain to the south as per existing conditions. Table 1, on page 11,

summarizes the subbasin areas and peak runoff flows.

Based on normal depth calculations, the depth of flow behind the levee will not

exceed 0.37 feet in the north area and 0.39 feet in the south area. Therefore, the
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impoundment criteria set by the committee on "A Levee Policy For The National

Flood Insurance Program" will be met.

SUBBASIN AREAS, PEAK RUNOFF FLOWS AND VOLUMES FOR
THE 100-YR, 6-HR STORM EVENT EXISTING CONDITION AND 100­

YR, 2-HR STORM EVENT FUTURE CONDITION

NORTH AREA
I. ..... .. .... ....} I····:·.:'" ··/·Q.p~ak:(cf~)Qpeak(cis)
I········· ..• S~I3BASIN·· •.. 3:: It:AR~~(~6h. .:.: .. ·••• {EXISTING:-·Fl.,h7.U~E

DA1 193.47 199 *N/A
DA2 280.45 192 N/A

TOTAL PEAK FLOW (cis) = 366 663
TOTAL STORAGE VOLUME (ac-ft) = 54 67

SOUTH AREA

l<isJ:~BA§IN:::!:h> "cc r/·:<~~i~~i~~i~ :!i#~¥ili!~§)),
DA3 236.67 131 N/A
DA4 38.91 14 N/A

TOTAL PEAK FLOW (cfs) = 145 158

TABLE 1

*N/A - not applicable sub basins were sub divided for future developed conditions.
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VI. PROCEDURES AND METHODOLOGIES

This section documents the procedures and methodologies used for hydrology,

detention basin sizing and hydraulics within this report.

The FCD controls the Camelback Ranch property. The City of Phoenix (COP)

through its drainage policies, ordinances, and retention basin requirements for

proposed developments will require that the proposed development retain the 100­

yr, 2-hr event for proposed conditions. Therefore, the interior drainage system

behind the proposed levees were designed and analyzed using existing conditions.

The only exception to the above was for the design of the outlet penetration pipe

through the soil cement levee in the north area. Both the existing and proposed

PCD hydrologic conditions were evaluated to size the outlet pipe. The existing

conditions hydrology was used to develop a runoff hydrograph of the north area so

that a detention basin can be designed to retain the 1DO-yr. 6-hr runoff. When the

area is developed, the detention storage requirements will increase. subsequently,

the outlet pipe will have to be increased to drain the detention basin within 36 hours.

To avoid reconstructing the pipe, which would require removal of a portion of the

levee, when the area is developed, the future condition hydrology was developed to

compute a runoff hydrograph for the north area so that a penetration pipe can be

sized to drain the future detention basin within 36 hours.

"FINAL" INTERIOR DRAINAGE REPORT 12
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A. HYDROLOGY

The following lists the procedures, methodologies and standards that were used to

develop the hydrologic model (HEC-1) for the interior drainage on the Camelback

Ranch Levee Design project.

1. Standards Used

• Drainage Design Manual for Maricopa County, Arizona - Volume 1, Hydrology

was used to develop the hydrological parameters.

• HEC-1 was used for the hydrological computations.

• Drainage Design Menu System (DDMS) version 1.1 was used to develop the

HEC-1 model.

• Rainfall loss parameters were calculated using the Green and Ampt infiltration

equation. Loss parameters were obtained from the Soil Conservation Service's

soil survey of Maricopa County Central Part II supplied by the FCD's ,Geographic

Information Systems (GIS) group in digital format.

• Land use types were derived based on present usage for the existing conditions

model.

• Land use types for the future development conditions model were derived from

the existing PCD.

• The Clark Unit Hydrograph method was used to calculate the peak runoff flows.

2. HEC-1 Parameters

a. Watershed Delineation

The overall watershed was delineated using topographic mapping provided by the

FCD GIS group, for Maryvale Area Drainage Master Study (ADMS), reviews of

previous reports including the Coe and Van Loo Engineering Inc. Camelback Ranch

Floodplain and Interior Drainage Report and field reconnaissance to verify their

overall delineation.
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The watershed was divided into two areas, called the north and south area, at

Camelback Road because it's raised high enough in elevation that it prevents the

storm water runoff from crossing the roadway. The north and south areas were

divided into two subbasins, DA1 and DA2 for the north area, DA3 and DA4 for the

south area. Subbasin DA2 and DA3 are the Camelback Ranch Property owned by

the FCD and DA1 and DA4 are owned by private parties. Once the areas were

subdivided Microstation was used to determine the areas of each subbasin.

b. Time of Concentration

The flow paths for obtaining the time of concentrations were determined by: 1)

taking into account variables such as, the longest flow paths and the flow paths that

appear to carry the majority of the runoff flows; 2) making field visits to approximate

actual flow paths adjacent to and through the Camelback Ranch property and 3)

using topographic mapping. Using the these three components subbasin

concentration points were determined to be at the lowest elevation where the flow

path outlets the subbasin. Flow path, elevation, length and slope were estimated

from the topographic mapping.

c. Routing

The Muskingum-Cunge routing was used in the north area for routing runoff from

subbasin DA1 through DA2. The routing flow path was modeled as a V-ditch with

6:1 side slopes. It traverses along the north embankment of Camelback Road from

the concentration point of subbasin DA1 (10th Avenue and Camelback Road) to

where the proposed levee ties into the north embankment at Camelback Road.

Other parameters used for Muskingum-Cunge routing are shown in Figure 2 on

page 7 and in the HEC-1 model.
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CAMELBACK RANCH LEVEE DESIGN PROJECT



I,
I'
I
I
'I
I
I
I

•
I
I·
I,.
·1
-I
I'

•
I

d. Rainfall

The precipitation depths were estimated using the NOAA ATLAS II isopluvial maps.

The PREFRE program provided with DDMS was used to calculate the return year

rainfall depths. The 100 year 6-hour rainfall depth was determined by using the

storm distribution pattern number 1.4 with an aerial reduction factor of .987. The

rainfall depth for the 100-yr, 6-hr storm is 2.96 inches. The 100-yr, 2-hr precipitation

depth is 2.64 inches.

e. Soils Type

The soil types found in the four subbasins are shown in Figure 3 on page 16. Soil

types were identified by merging of the Soil Conservation Service's soil survey of

Maricopa County Central Part II with the topographic mapping digital files. The soil

type areas were calculated by using area measurement in Microstation. The soils

types and the corresponding loss rate parameters were identified within the DDMS

software and determined from default lookup tables included within the software. A

breakdown of the soils types per subbasin and the Green Ampt Loss rates

associated with the soils type are listed in Table 2 on page 17.

f. Land Use

The land use for the subbasins were determined by their present use for the existing

condition model. For subbasins DA2, DA3 and DA4 the land use is agricultural even

though it is zoned for residential. Subbasin DA1 is partially developed and classified

as Very Light Density Residential (V.L.D.R., zoned as RE-43) and Light Density

Residential (L.D.R., zoned RE-35). Figure 4 on page 18 shows the land usage per

subbasin for existing conditions and Table 2 on page 17 shows the associated

Green Ampt loss rates. Land use used for the future conditions model is described

in subsection C.1., Outlet Design.
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3. HEC-1 Data Input

The HEC-1 data input was created by DDMS and the default lookup tables. Table 2

on page 17 lists the area weighted loss rates associated with the soil types and land

usage calculated by the DDMS program that was input into HEC-1 model. Located

in the appendix are printouts of the HEC-1 data input and output. Printout

CBRANCH.OUT reflects the existing conditions. Printout CBR-PCDA.OUT is the

HEC-1 model used to determine the future detention volume requirements of the

north area PCD so that the penetration pipe could be sized.

B. DETENTION BASIN SIZING

The detention basin located in the north area is sized based on combining

subbasins DA1 and DA2 and calculating the area under the hydrograph from the

HEC-1 existing condition model. The existing condition outflow volume for the 100­

yr, 6-hr storm event was used to size the detention basin. The detention basin was

sized to retain the full amount of storm water runoff volume in the event that the

Agua Fria River is flowing and there may be a time delay before the river subsides

and the outlet can begin to discharge. The detention basin does not include

freeboard due to the desire to maximize the amount of land to be developed. Figure

5 on page 20 shows the predeveloped detention basin size and location. Detention

was also determined for the post developed (100-yr, 2-hr storm) conditions. The

ultimate developer can add the additional storage to the basin by widening it when

development occurs.
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C. HYDRAULICS

1. Outlet Design

The outlet (Le. penetration pipe) was designed to drain the future developed PCD

conditions. As previously discussed, when the area is developed, the detention

storage requirements will increase. This in tum will increase the penetration pipe

diameter to increase the discharge rate required to drain the detention basin within

the 36 hour time requirement. To avoid reconstructing the pipe and levee once the

north area is developed, the future condition hydrology was used, from the Master

Drainage Report For Camelback Ranch Planned Community District Amendment

Case NO.1 08-B-88-05 prepared by DMJM, to develop a runoff hydrograph for the

north area so that the penetration pipe could be sized to drain the detention basin

within 36 hours.

The detention basin will be expanded to detain the full 1DO-year, 2-hour runoff

volume of 67 ac-ft for the north area. The size of the detention basin will be

approximately 18 acres. The basin will have approximate dimensions of 770 feet

(east-west) by 985 feet (north-south), with an average depth of 4.25 feet. The depth

of the basin is controlled by the outlet elevation at the southwest corner of the basin

and may not exceed 4.5 feet. The detention basin will be graded to drain to the

outlet at the southwest comer of the basin. The depth varies from 4.0 feet at

northwest, northeast, and southeast corners of the basin to 4.5 feet deep at the

outlet at the southwest corner of the basin. The basin will have side slopes of 4: 1.

There will be no freeboard incorporated into the design of the detention basin to

allow for maximum land available for development.
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A culvert analysis using FHWA's computer program HY8, for a concrete pipe, was

performed and a stage versus discharge curve was plotted. From the curve, a stage

versus discharge table was computed using increments of 0.50 feet of depth. A

corresponding stage versus storage volume table was tabulated so that the values

could be entered into the Modified Puis routing in the HEC-1 model. The detention

basin being analyzed, by using Modified Puis routing in the HEC-1 model, ensures

that the detention basin will drain within the 36 hour requirement, after the flows in

the Agua Fria River have subsided.

Due to the flat conditions and the need to minimize the detention basin size and

penetration pipe size, a modified drop inlet structure was analyzed to increase the

discharge capacity. The modified drop inlet structure allows for a greater head

above the pipe, in relation to the water surface depth in the detention basin, so that

the pipe can operate in a more efficient manner. To ensure that the modified inlet

will allow enough flow into the pipe a weir flow analysis (Q = CLH3
/
2

) was performed

on the inlet structure to determine if more flow can enter the inlet than the pipe can

discharge. A weir coefficient of 3.0 was used and the length on the inlet opening of

7.75 ft. for the weir length (L).

The pipe was analyzed for two conditions. The first condition assumes minimal flow

in the Agua Fria River (flow below f1apgate at the penetration pipe outlet) while the

penetration pipe discharges as the detention basin begins to fill. The second

condition assumes that the Agua Fria River is flowing full, the f1apgate is closed, the

detention basin fills up completely before the river subsides and then the detention

basin begins to drain. The detention basin was sized for the worse case scenario

where the basin fills (due to the river flowing full) and then drains.
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2. Impoundment Behind the Levee
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Normal depth calculations were performed at two locations behind the levee using

the modified Manning's equation to verify the depth of flow.

The modified Manning's equation is:

See Figure 5 on page 19 for the cross section locations. One calculation was

performed for the north area and one for the south area. To be conservative, the

total 100-yr, 6-hr peak runoff flow was used to calculate the depth of flow behind the

levee. The modified Manning's equation was used due to the shallow depth of flow

and the wide width of flow. A Manning roughness coefficient "n" value of 0.040 was

used to simulate post grading condition behind the levee with minimal vegetative

growth.

= O.S6/n S/67 SO.5 T2.67

=Manning's coefficient

= the cross slope

=the longitudinal slope

= the width of flow

Q

n

Sx

S

T

where
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VII. DESIGN RECOMMENDATIONS

A. NORTH AREA

1. Detention Basin

The detention basin will be designed to detain the full 100-yr, 6-hr runoff volume of

54 ac-ft in the event the Agua Fria River is flowing full. The detention basin was

assumed to be square, 770 feet wide by 770 feet long, with an average depth of

4.25 feet. The detention basin will be graded at a slope of 0.0007 '1ft so that it can

drain to the outlet. The depth varies from four feet at the upstream end to 4.5 feet

deep at the downstream (outlet) end with side slopes of 4:1. There will be no

freeboard incorporated into the design of the detention basin so that there will be

maximum land available for development. Erosion protection for the inlet to the

detention basin will be incorporated into the final design.

The post developed detention basin will need to be 780 feet by 985 feet (assumed

square), it will have 4:1 side slopes and have an average depth of 4.25 feet.

2. Outlet to the Agua Fria River

A 36-inch concrete pipe will be used to drain the detention basin for the existing and

future conditions within the 36-hr requirement. A headwall and flap gate will be

designed at the 36-inch outlet to the Agua Fria River to prevent backwater into the

interior drainage system. A modified drop inlet structure [modified Maricopa

Association of Governments (M.A.G.) Standard Detail No. 501-5] will be required at

the entrance to the pipe. The modified drop inlet structure will add an additional one

half foot of head at the pipe entrance to optimize the pipe performance. It will also

have an access barrier for safety. Since the detention basin will store more than

three feet of water, safety fencing will be placed around the entire detention basin.
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In addition, a 15 foot wide maintenance road, with ramps down to the floor of the

basin, will be included.

B. SOUTH AREA

The south area will be drained through the Johnson-Stewart property and discharge

into the Agua Fria River behind the north Indian School Road transverse spur dike

by means of a swale.
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A. INTERIOR DRAINAGE CALCULATIONS

The following lists the HEC-1 models included in Appendix A:

VIII. HYDROLOGIC AND HYDRAULIC CALCULATIONS
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Models the existing 100-yr, 6-hr conditions.

Analyzes detention basin for existing 100-yr, 6-hr

conditions where the basin drains as the basin fills.

Analyzes detention basin for existing 100-yr, 6-hr

conditions where the basin drains after the basin

reaches the maximum storage capacity.

Analyzes detention basin for PCD 100-yr, 2-hr

conditions where the basin drains as the basin fills.

Analyzes detention basin for PCD 100-yr, 2-hr

conditions where the basin drains after the basin

reaches the maximum storage capacity.

The interior drainage calculations are shown in Appendix A and in the HEC-1

computer output hardcopies.

CBRANCHDAT

CBRANCH2.DAT

CBR-PCDA.DAT

CBR-EXTB.DAT

CBR-PCDB.DAT

:1
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Stage/Storage/Discharge PCD Conditions

Stage Volume Calculations PCD Conditions

Stage/Storage/Discharge Existing Conditions

Stage Volume Calculations Existing Conditions

Culvert Analysis

Detention Basin Sizing

The hydraulic calculations are included in Appendix B. The following lists the

calculations performed and the methods used.

FHWA's HY8 see file: 1-36.

Excel spreadsheet. file:DET­

SZXLS.

Existing Conditions Excel

spreadsheet. file: STG­

VOL1.XLS.

Excel spreadsheet. file: STG­

VOL2XLS.

Analyzes 36" concrete pipe for

stage vs. discharge curve for

existing conditions file: 1­

36EXT.XLS.

Analyzes 36-inch concrete pipe

for stage versus discharge and

defines curve for PCD conditions

file: 1-36PCDXLS.

Modified Inlet Analysis Analyzes modified inlet capacity

using the weir flow equation File:

WEIRXLS.

Depth of Impoundment Behind Levee Calculates the depth of flow

behind levee utilizing modified

Manning equation file:

LEVEEEQXLS.
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B. HYDRAULIC CALCULATIONS
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X. APPENDIX

A. INTERIOR DRAINAGE CALCULATIONS

B. HYDRAULIC CALCULATIONS
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Certification Report for
Camelback Ranch Levee South

Maricopa County, Arizona
Appendix D. Interior Drainage

0.2 Portions of Camelback Road Drainage Report

JE Fuller Hydrology & Geomorphology, Inc.
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I. STORM DRAIN CHECKLIST

STORM DRAIN DESIGN REpORT - CAMELBACK RD. 99TH
TO AGUA FRIA

NO. STATUS

Page 1

ITEM

b.

a.

d,·

c.

e.

f.

g,

h.

i.

a.

j.

A complete drainage report, sealed by a Civil Engineer licensed to
________ practice in Arizona containing the following:

______ A drainage area map at an appropriate scale.

Each sub-basin area delineated in different colors and labeled with
______ an alpha-numeric character on the Drainage Area Map,

Directional drainage arrows on all streets, parking lots, paved areas,
and vacant land.------

______ Zoning shown on each parcel.

Catch basins shown (eXisting catch basins shown with dashed·
______ lines). .

Each catch basin number corresponding to the number of the sub­
basin area which contributes to it.------

Catch basins numbered, beginning with number 1 as the first catch
basin contributing to the storm drain at the upstream end. The next

______ catch basin contributing shall be number 2, etc.

The same catch basin number is used throughout the project - on
the drainage area map, in ·the design report, on the Storm Drain

______ Design Summary Sheet, and on the plans

Minimum catch basin freeboard provided per "Minimum Hydraulic
______ Design Standards" table in Section 6.4 of the Manual.

Completed Storm Drain Design Summary sheet is included in
______ Drainage Report.

Conformance with previous drainage studies checked and
differences discussed. .--------

__---,- Storm Drain Quantity Summary sheet is included in plans,

________ Storm Drain Design Summary sheet is included in plans.

Hydraulic & Energy Grade Line Profile sheet included in Drainage
Report and in plans.

Maximum design HGL meets requirements specified in "Minimum
Hydraulic Design Standards" table in Section 6.4 of the Manual.

Design complies with pipe flow velocity standards shown in
"Minimum Hydraulic Design Standards" table in Section 6.4 ofthe
Manual. .--------
Dry lane requirements are met.

2.

1.

6.

3.

4.

5.

7.
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STORM DRAIN DESIGN REpORT - CAMELBACK RD. 99TH
TO AGUA FRIA

NO. STATUS

Page 2

ITEM

a.

b.

Appropriate drainage runoff was assumed:

No contributing runoff was assumed for properties with existing 100­
year on-site retention, or properties with plans for 1DO-year on-site

______ retention which have been reviewed and approved by the City.

______ Existing condi.tion land-use runoff coefficients were used where
contributory land is vacant or developed prior to storm water stcirqge
requirements.

________ All underground utilities identified in plan & profile. )

Utility potholes requested (as needed) for capital improvement
________ projects. .

___--.,- Water, sewer, and natural gas service taps shown in plan & profile.

All sanitary sewer manhole rim and invert elevations shown on .
___~ plans·.

Existing top of water valve nut elevations noted on storm drain plans.

Storm drain and catch basin connector pipe conflicts with other
utilities identified.--------

________ SRP, RID, and private irrigation facilities checked for conflicts.

Waterline thrust block conflicts shown.--------
Pipe supports for sanitary sewer lines above main storm drain per
MAG Detail 403, are called out.--------

________ Any existing Portland Cement concrete pavement underlay shown.

Existing topography and buildings shown at least 30 feet beyond
________ street R.O.W.

Intersecting side street elevations at least 100 feet beyond curb
________ returns noted on plans. .

Potential ponding behind sidewalks checked and resolved.

Driveway/catch basin conflicts checked and resolved.

Finish floor elevations checked relative to 1OO-Year water surface
elevations (6 inches), top of curb elevations (14 inches low curb, 6
inches high curb), street crown elevations (6 inches), and sump
outfall elevations (6 inches) as appropriate. .

One typical full-street cross-section with storm drain and all other
underground utilities drawn at 1" =10' H & V scale on each storm
drain profile sheet. The section should be taken at a specific station
location on that sheet, and that station location shall be noted on the
cross-section ..--------
Main line storm drain plans shall be 1 inch = 20 feet horizontal and 1

________ inch=2 feet vertical (unless otherwise approved) .

8.

9.

10.

11.

12..

13.

14.

18.

19.

20.

15.

16.

17.

24.

25.

. 21.

22.

.23.
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STORM DRAIN DESIGN REpORT - CAMELBACK RD. 99TH
TO AGUA FRIA

/

Page 3

ITEMSTATUS

b.

a.

c.

e.

f.

d.

Scales for connector pipe/catch basin profiles shall be 1 inch = 5 feet
horizontal and 1 inch=5 feet vertical (unless otherwise approved).--------
Mainline storm drain has minimum 5-foot cover (unless otherwise

________ approved).

Maximum distance that surface drainage is carried in a
collector/arterial is 660 feet before reaohing a catch basin--------
Maximum manhole spacing meets requirements specified in
"Minimum Hydraulic Design Standards" table in Section 6.4 of the
Manual.--------
At mainline storm drain pipe size changes, inside top of pipe (crown)
elevations are matched, unless otherwise approved.--------

Soil boring(s) extending at least 2 feet below proposed storm drain
________ have been taken and shown on the plans.

Soil boring logs and information including pH & resistivity shown on
plans. Alternate pipe materi.als selected are appropriate for soil
conditions.--------
Existing and proposed ground elevation shown for all mainline and
connector pipe profiles.--------
Storm Drain Key Map is included.

-------~

-----,- Completed Alternate Pipe Material sheet is included.

D-Ioads for RGRCP calculated and shown.------
Existing soil conditions suitable for CIPP or concrete-lined CSP

______ alternate mainline pipe materials.

For CIPP and CSP mainline storm drain pipe, Alternate Pipe Chart
shows required oversized pipe diameter (over precast concrete pipe
size).------
Alternate Pipe Chart shows CIPP no smaller than 30 inches in
diameter.------
The calculated pipe wall thickness for CIPP is based on the required
oversized pipe diameter.------

Maximum allowable pipe size for HOPE pipe is 48-inches in
diameter.------
Checked and specified Ductile Iron Pipe replacements for all existing
ACP waterline crossings above hew storm drain mainline pipe per

________ COP Supplement to MAG, Section 601.2.10.

NO.

27.

28.

29.

26.

30.

31.

32.

33.

34.

35.

36.
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2.2 Site and Project Description

The proj ect site is located within the incorporated boundary of the City of Phoenix,
Arizona. The site occupies poliions of Section 17 through 20 of Township 2 North, Range 1
East, Gila and Salt River Meridian, Maricopa County, Arizona (see Figure I).

The project area includes the Camelback Road right-of-way from the 99th Avenue
intersection to just west of the 107th Avenue intersection and a 20-foot drainage easement from
Camelback Road to the Agua Fria River. The Camelback Road street section between 99th Street
and 107th Street consists of two travel lanes in each direction. Curb and gutter exists along the
majority of the north side of the roadway and along the south side between 99th Street and l03rd

Avenue. Between 107th Avenue and the Agua FriaRiver Bridge, the street section consists of
two travel lanes with shoulders but no curbs.

Within the northern half of the right-of-way, there is an existing storm. drain located
beneath the sidewalk and landscaped area. This storm drain extends between 101 st Avenue and
the Roosevelt Irrigation District (RID) canal, which is located just east of the 107th Avenue
intersection." The existing storm drain was constructed primarily to intercept a portion of the
rurioff from the three subdivisions to the north (Larrisa, Camelback Greens and Palisades Park) .
before it entered the Camelback Road street section. However, it also intercepts a portion of the
runoff conveyed in the eastbound (north) lane of Camelback Road. "

Page 4 .

II. INTRODUCTION

STORM DRAIN DESIGN REpORT - CAMELBACK RD. 99TH
TO AGUA FRIA

2.1 Location

Stormwater conveyed in the existing storm drain will be augmented by constructing a
new parallel storm drain with laterals beneath the eastbound (south) lane. The new storm drain
will be used primarily to intercept and convey runoff generated within the southern half of the
Camelback Road right-of-way between 99th Avenue and 107th Avenue. However, it will also
intercept and convey runoff generated within a portion of the northern half of the right-of-way
between 99th Avenue and 101st Avenue. Although the existing storm drain currently outfalls to
the RID, this outfall will be eliminated. The downstream portion of the existing storm drain will
be realigned to provide a connection to the newstortn drain. The new junction structure will be
located beneath the intersection of 107th Avenue, and it will include a stub-out to the north to
accommodate a future storm dr"ain for 107th Avenue. TIle combined·flows from the existing
storm drain, the new Camelback RQad storm drain, and the future 1oih Avenue storm drain will
be convey to the Agua Fria River in a new outfall pipe.
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o In addition to the existing storm drain, the project area is crisscrossed by several large

Salt River Project (SRP) conduits. The location of these conduits will affect both the location
and the profile of the new storm drain.
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m. OFF-SITE J;>RAINAGE

A 10-inch sanitary sewer located beneath the westbound lanes extends from just east 6f
101st Avenue to 1OSth Avenue. However, this sanitary sewer does not have a significant impact
on the design of the new storm drain.

~
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3.1 Background
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The project area receives a small amount of runoff from the three subdivisions to the
.,north via IOlst Avenue, 103rd Avenue, and lOSth Avenue (see Figure 2 and 3). As previously

noted, these subdivisions are Larrisa, which is situated between the RID and 103rd Avenue,
Camelback Greens, which is situated between 103rd Avenue and 101st Avenue, and Palisades
Park, which is located to the nOlih of the Camelback Greens subdivision. The majority of the
runoff from these subdivisions is intercepted by the existing storm drain. The approximate
quantity of runoff from each subdivision was determined by an independent hydrologic analysis,
since the drainage reports for the subdivisions were not available for review. Instead, the paving
and grading plans were used to defme the drainage areas, and the peak discharges were defined
using the rational method as outlined in References 1 and 2. The corresponding hydrologic data
sheets are provided in Appendix A.

The Palisades Park subdivision contributes most of the runoff conveyed in 101st Avenue.
Only a very small portion of the Camelback Greens subdivision contributes to 101st Avenue.
There was a storm drain constructed in 101 st Avenue in conjunction with the development of the
Camelback Greens subdivision; however, only two catch basins and one culvert-type inlet were
provided. The two curb-opening catch basins are located along the northbound and southbound

. curbs just upstream of Carllelback Road.· The culvert-type inlet is located at the northeast comer
of Camelback Road and 101st Avenue. It collects surface runoff from a drainage ditch that
parallels the east side of 101st Avenue.

The majority of the Camelback Greens subdivision drains to a neighborhood detention
basin that outlets into the existing storm drain. However, the timing of the two peak discharges
(i.e., surface runoff intercepted by the catch basins versus attenuated outflows from the detention
basin) is such that.neither contributes to the peak: discharge of the other. Consequently, the two
drainage areas can utilize the same storm drain. The design capacity of the existing storm drain
is a function of the surface hydrology as opposed to the peal< outflow from either the Camelback
Greens detention basin or the Larrisa detention basin, which also outflows to the existing storm
drain. This conclusion was reached after examining the size of the detention 'basinoutflow
pipes. Both detention basins have relatively small outflow pipes (10 to 12inches in diameter),
and the inlets are covered with debris .grates that further limit their· discharge capacity.
Therefore, it was reasonable to assume that the peak outflows from the detention basins would
lag the composite peak discharge from the catch basins.

The majority of the drainage area contributing to 103rd Avenue is the street section itself.
However, the adjacent right-of-way, and the first tier of homes that flank: the street were also

[11:] Tetra Tech, Inc.



Table 3.1 Summary of Offsite Hydrology Concentrating at Camelback Road

[-n:) Tetra Techr Inc..

included in the contributing drainage area.' The majority of runoff conveyed in 103rd Avenue is
intercepted by two curb-opening catch basins that are located along the northbound and
southbound curbs just upstream of Camelback Road.

Offsite Drainage Subbasin Runoff Parameters

Concentration Point Basin ill C Tc I A Qsub

(north side of Camelback Road) (min) (inJbr) (acres) (cfs)
101st D 0.66 34 1.40 .. 13.4 12.4

103rd C 0.67 39 1.27 10.8 9.2

105th B 0.60 26 1.70 24.0 24.4

107th E 0.45 42 1.03 85.0 46.2

Page 6STORM DRAIN DESIGN REpORT - CAMELBACK RD. 99TH
TO AGUA FRIA

The drainage area contributing to losth Avenue is limited to a pOliion of the Larrisa
subdivision. Runoff cOIiveyed along lOSth Avenue concentrates at two curb-opening catch
basins located approximately 300 feet north of Camelback Road. One'basin is located in a surrip
along the northbeund curb and one is located in a sump along the southbound curb.

Under existing conditions, the drainage area contributing to 107th Avenue, between
Camelback Road and Bethany Home Road, does not concentrate flows at the Camelback Road
intersection. Currently, Colter Avenue is the most prom.iIient low point in the existing roadway
profile. However, a secondary concentration point exists at Missouri Avenue. The total
drainage area associated with both concentration points is approximately 197 acres. If the total'
area is. subdivided relative to the two concentration points, approximately 112 acres contributes
to·the Missouri Avenue concentration point and approximately 85 acres contributes to the Colter
Avenue concentration point. Since the Missouri Avenue concentration point closer to the New
River tributary than it is to the Camelback Road intersection, it would probably be more cost
effective to provide an outfall storm drain to the New River tributary than it would be to provide
an outfall to the proposed Camelback Road storm drain. Therefore, it was as'sumed that the
future contribution from 107th Avenue would be limited to the sub-basin runoff concentrating at
the Colter Avenue.

Table 3.1 suInmarizes the hydrology for each individual offsite drainage area. The
composite hydrology, which pr()vides discharges that can be applied to each segment of the
existing storm drain, was determined using the procedure outlined in Reference 3. Table 3.2
summarizes the results of the composite analysis. A schematic of the existing stonn is shown on
Figure 2. It .should be noted that the sub-areas associated with BaSin A (i.e., Camelback Road
between 99th and 10ih), as identified in Table 3.2, includes the entire width of the Camelback .
Road right-of-way (i.e., 110 feet). An anaiy~is of the existing storm' drain was initially
conducted to determiD.e if it had the capacity to accommodate all of Camelback Road and thus
eliminate the need for a separate parallel drain.. However, design constraints related to the
existing utilities and irrigation conduits prevented use of the existing storm drain. Consequently,
portions of Camelback Road are accounted for twice in the [mal composite analysis, which
includes both the existing and the new stonn drains. The results of the final composite analysis
are discussed in Section IV.
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.IV. ON-SITE DRAINAGE

.[1t::) Tetra Tech, Inc.

As previous noted, runoff generated within the northem half of the Camelback Road
right-of-way, between 99th Avenue and the approximate aligmnent of 100th Avenue, and the'

. southem half of the right-of-way, between 99th Avenue and loih Avenue, will be captured by a
series of new catch basins and conveyed to the 1oih Avenue junction structure in a new stonn
drain.' The hydrologic analysis of the roadway and the hydraulic design analysis of the stann
drain network were conducted using the standards and criteria outlined in References 1 through
3. The street drainage design equations and the storm drain design equations and procedures
provided in Reference 3 are consistent with the equations and procedures outlined in Reference

Onsite Drainage Composite Offsite and Onsite RimoffParameters

Concentration Point BasinID Cw SD(J)Tt Total Te I A Qcomposite

(along Camelback Road) (min) (min) . (in/hr) (acres) (cfs)

at _lOOth alignment Al 0.67 -- 13.3 2.51 1.65 2.8

east ofl 01sl AID 0.67 1.0 14.3 2049 3.30 5.5

west of 101st Dcombined 0.66 . -- 33.7 lAO 16.70 15.4

east ofl03rd A2c 0.66 13.0 46.7 1.17 20.03 15.5

w<;st of l03 rd
Ccombined 0.66 -- 46.7 1.27 30.83 26.0

east ofl05tl1 A2B 0.67 9.0 55.7 . 1.01 34.16 22.9

west ofl05tll
. Bcombined 0.64 -- 55.7 1.01 58.16 37.5

east of 107th A2A 0.64 6.0 61.7 0.93 61.49 36.6

Page 7

Table 3.2 Summary of Offsite and Onsite Hydrology for the Existing Storm Drain

STORM DRAIN DESIGN REpORT - CAMELBACK RD. 99TH TO AQUA FRIA

3.2 . Proposed Offsite Flow Management

. Notes: (1) estimated travel time in existing stoml drain.

Offsite flows will be allowed to enter the project area in a manner that is consistent with
existing conditions. The existing storm drain will be used to convey both offsite and onsite'
flows. As previously noted, the existing storm drain outfall at the RID will be eliminated. the
existing 54-inch RCP will be exteIided over the RID to a new manhole/junction structure to be
located beneath the intersection of Camelback Road and 107th Avenue. The new Camelback
Road storm drain, new intersection laterals, and the future loih storm-drain stub-out will also be
connected to this new manhole/junction structure. Offsite and onsite. flows will exit this
.structure t6 the west, in a new storm drain that will extend along Camelback Road for
approximately 4,000 feet before it is redirected to the southwest - exiting the Camelback Road
right-of-way in a 20-foot drainage easement. Approximately 330 feet south of the east abutment
to the Camelback Road bridge at the Agua Fria River, the new storm drain will outfall into the
river. A flap gate will be provided at the outlet to prevent floodwaters in the Agua Fria River
from entering the-storm drain.
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4. An Excel spreadsheet that automates the procedures "from these references was used in the
design analysis of the individual catch basins and the main line of the new storm drain.

Street drainage improvements for this project will include a total of 19 catch basins - ten
(10) Type M basins with 3-foot wings, three (3) Type M basins with 6-foot wings, four (4) Type
N basins with a single grate, and two (2) Type N basins with double grates. Grates were
primarily used when the area behind the curb was limited due to existing utilities or other
conflicts. The allowable spread used in the design of each catch basin was 17 feet. All catch

I

.basins, except those in sumps, were designed to allow some carry-over to the next downstream
basin. Typically, 80 percent interception is the most cost-effective interception ratio or
percentage. Although 80 percent was the initial target value, actual interception efficiencies
range from 45% to 100%. The final interception ratio was based on engineering judgment that
considered the type of basin used, its location, and its design flow rate. At sumps in the roadway
profile, each catch basin was designed to intercept 100percent of the flow; however, if the
design depth exceeded the. downstream high point, the break-over potential was factored into the
design of the next downstream basin. .

The 2-year peak: discharge computation sheets used in the design of each catch basin are
provided in Appendix A. Tables 4..1 and 4.2 summarize the design data for each catch basin.
The individual design data sheets are provided in Appendix B.

. .

The new storm drain network, excluding laterals and stub outs, will consist of 29 standard
manholes, one (1) manhole/junction structure, one (1) box/junction structure, approximately
4450 linear feet of 60~inch reinforced concrete pipe (RCP), approximately 200 linear feet of 54­
inch RCP, approximately 4450 linear feet of24-inch RCP, and approximately 850 linear feet of
18-inch RCP. A manhole summary table with associated catch basins is provided as Table 4.3.
The hydraulic analysis of the proposed network begins at the Agua Fda River. The peak
discharge associated with each segment of the storm drain (i.e., the seginents located between
each contributing catch basin) was determined using the procedure outlined in Reference 3. The
hydrologic routing data and peak discharges applied to the individual segments of the storm
drain, which served as the basis for determination of the hydraulic-grade line (HGL), are
summarized in Table 4.4. The starting hydraulic-grade-line (HGL) elevation at the outlet
corresponds to the crown of the proposed outlet pipe, since the hydraulics of the stonn drain will
not be controlled by flows conveyed in the Agua Fria River.

Three hydraulic-grade line/energy-grade line (HGLIEGL) summary tables were prepared
for the new storm drain network. These tables are provided in Appendix B. The first sheet
summarizes the hydraulic properties of the 60-inch storm drain between the Agua Fria River and· .
manhole number 23 (MH 23), which is the manhole/junction stlUctureat the intersection of
Camelback Road and 107th Avenue, and approximately 50 feet of the 54-inch storm drain
between MH 23 and MH 32. The second sheet summarizes the hydraulic properties of the 24­
inch/18-inch Camelback Road storm drain from 107th Avenue to 99th Avenue (ME 23 to MH 1).
The third sheet summarizes the hydraulic propeliies of the 54-inch connection to the existing
storm drain (MH 32 to the new box/junction structure). Along the majority of the study reach,
the HGL is below the crown or top of the main line of the storm drain network. Under no
circumstances does the HGL extend more than one foot above the crown or top of the main line.

[-n:) Tetra Tech, Inc.
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Table 4.1 Catch Basin Design Data - 107'· Avenu~ to 99'· Avenue

SouUt Cbnnecting 60% Plans Drainage Area 2-year' Roadway Catch Basin Discharge
(eastbound) Manhole Roadwav (ac) Discharge. Grade Type Intercepted

Lane No. Station Distance Length pavement sidewalk (cfs) (cfs)
HP .- 5061.57 177.93 HP

CB 15 22 5239.50 310.50 488.43 0.36 0.26 1.29 sump Mw/3'wing 1.29
CB 14 21 5550.00 199.65 199.65 0.15 0.11 0.54 continuous Mw/3'wing 0.54

HP 20 5749.65 275.35 HP
CB'13 19 6025.00 200.00 . 475.35 0.35 0.25 1.12 sump Nwl single 1.28

18 6100.00 -
CB 12 17 6225.00 214.05 214.05 0.16 O.ll 0.57 continuous N w/double 0.57

16 6425.00 -
'HP - 6439.05 310.95 HP
CB 11 15 6750.00 324.64 310.95 0.23 0.16 0.73 continuous Nw/single 0.54
CB 10 14 7074.64 330.01 654.65 0.48 0.35 1.73 sump (match ext) N wi siugle 2.19
CS 9 13 7404.65 307.35 307.35 0.23 0.16 0.73 continuous N wi double 0.89

l2 7725.00 -
HP(ext) - 7712 -- HP (ext)

CB 8 11 7775.00 570.00 633.00 0.47 0.33 1.33 sump (ext) N wi single 1.33
10 8100.00 -

HP(ext) -- 8345 - HP(ext)
CB 7 9 8425.00 285.50 365.50 0.27 0.19 0.86 sump (ext) Mw/3'wing 1.06

HP(ext) - 8650 -- HP(ext)
CB6 8 87l0.50 443.50 504.00 0.37 0.27 1.14 sump (ext) Mw/3'wing 1.26

7 8909.30 -
CB 5 6 9154.00 546.00 546.00 0.40 0.29 1.14 continuous Mw/6 l wing 1.23

5 9375.00 --
CB3 4 9700.00 505.38 505.38 0.37 0.27 1.51 continuous Mw/6'wing 1.39

3 lOOOO.OO -
2 10050.00 --

CB I I 10205.38 - 120 0.15 0.05 0.51 continuous Mw/3'wing 0.42
HP(ext) -- J0334.0l - HP (ext)

North Connecting 60% Plans Drainage Area 2-year Roadway Catch Basin Discharge
(westbound) Manhole Roadwav (ac) Discharge Grade Type Intercepted

Lane No. Station Distance Length pavement sidewalk (cfs) (cfs)
CB 16 - 4748 252 252 0.21 0.10 continuous Mw/3'wing 0.69

HP - 5000 -
CB ext -- 9043 JJ 1.00 332.00 0.24 0.18 0.78 continuous Mw/3'wing 0.94

6 9154.00 76.00
HP(ext) - 9230 145.00 HP (ext)

CB4 5 9375.00 837.77 982.77 0.90 0.34 2.32 sump (ext) Mw/3'wing 2.52
4 9700.00 -
3 10000.00 -.,..I
2 10050.00 -

CB2 I 10212.77 -- 220 0.24 0.08 0.81 continuous Mw/6'wina 0.61

Table 4.2 Catch Basin Design Data _107'h Avenue at CamebackRoad

East Connecting 60% Plans Drainage Area 2-year Roadway Catch Basin Discharge
(nortltbound) Manhole Roadwav (ac) Discharge Grade . Type Intercepted

Lane No. Station Distance pavement sidewalk (cfs) (cfs)
CB 18 33 1250.00 CB atHP M wi 3' wing 0.53

LP - 1071,60 178.40 '250.00 0.15 0.10 0.53 sump (proposed)
32 1047.48

HP -- 1000 71.60
CB 17 31 750 250 250.00 0.15 0.07 0.49 continuous Mw/3'wing 0.49

West Connecting 60% Plans Drainage Area 2-year Roadway Catch Basin Discharge
(southbound) Manhole Roadwav (ae) Discharge Grade Type Intercepted

Lane No. Station Distance pavement sidewalk (efs) (efs)
HP - 1000 68.45

32 1047.48
LP -- 1068.45 181.55 250.00 0.21 0.10 0.69 sump (proposed)

CS 19 33 1250.00 CB atHP Mw/3'wing 0.69

U [-n:) _Te_t,,-,-ra,,--,T-...ee-...ech'--'.,--,-,In..:...:c-,-"-----------:------------------
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Table 4.3 Manhole Summary - Agua Fria River to 99th Ave.

Manhole 60% Plans Connecting Roadway

No. Roadwav Catch BasinlBend Grade

Station Distance No.ll.oc.tion

outlet 625 0 Done nla

30 1000 375 B7 nla

29 1400 400 none nla

28 2000 600 none nla

27 2600 600 none nla

26 3200 600 none nta

25 3800 600 none nta

24 4400 600 none nta

- 4748 348 CB 16N continuous

23 4957.92 209.92 ITI -
22 5239.5 281.58 CB 15S sump

21 5550 310.5 CB 14S continuous

20 5749.65 199.65 none -
19 6025 275.35 CB 13S,B6 sump

18 6100 75 B5 --
17 6225 125 CB 12S continuous

16 6425 2"00 none --
IS 6150 325 CBnS continuous

14 7074.64 324.64 CB lOS sump (ext)

13 7404.65 330.01 CB 9S continuous

12 7725 320.35 B4 -
II 7775 50 CB 8SB3 sump

10 8100 325 none -
9 8425 325 CB7S sump (ext)

·8 8710.5 285.5 CB 6S sump (ext).

7 8909.3 198.8 none --

6 9154 244.7 CB 5S continuous
5 9375 221 CB4N sump (ext)

4 9700 325 CB 3S continuous

3 10000 300 B2 . -
2 10050 50 BI --
I 10200 150 CB IS. CB2N continuous

Page 10
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Pipe Subbasin Runoff Parameters Pi e Flow. Pron, Flow Time Accumulated Comnosite Runoff Parameters
Diameter MHNo. length Basin No. length C I, A Y/O V Sireet Pipe T, C. Ip A • O~IPO RemaJks

Iftl m; tin/hr acres (fos) (min) (min) (min) 'Inlhr' lacres' cfs
1 1,2 0.00 2.62 0,52 10.00 0.90 0.52 1.32 Compo,ile lor.CB #1 and CB ff2

19-1nch 150
2

18·lnch 50
3

19-1nch 300 0.3~ 2.46 3.35 13.35
<1 3 505.38 0.97 2.72 0.64 0.88 2,80 1.16 2.56 DIRchargo oxilino Manhole

18-lnch 325 0.40 2,97 1.92 15.17
!i 4 838.00 0.81 2.30 1.24 0.95 2,36 2.40 4,67 Dlscharoo o,llIng Manholo

24·lnch 221 0.45 3.41 1.08 16.25
iii 5 546.00 0.74 2.24 0.69 0.92 2,31 3.09 5.69 Dlscha,go a.lllno Manllol.

24·lnch 245
7

24-lnch 159 0.50 3,62 2.04 18.29
6 6 443.50 0.74 2,40 0.64 0.61 2.19 3.73 6.35 Dlschargo exiling Manhole

24-lnch zea 0.53 3.76 1.27 19.56
9 7 265.50 0.74 2.51 0.46 0.90 2.05 4.19 6.65 Discharge exiling Manhole

24-lnch 325

24-lnch
.10

325 0.59 3.45 '3,1~ 22.70
1. 8 570.00 0.74 2,24 0_90 0.79 1.90 4.99 7.25 Dischar{)B exlUng Manhole

24·lnch 50
12

24·lnch 320 0.83 3.49 1.77 24.47
13 9 307.35 0.74 2.51 0.39 0.79 1.85 5.39 7.59 Dlscharo'e exilino Manhole

24-inch '320 0.65 3.51 1.57 26.04
"4 10 330.00 0:74 2.92 0.83 0.79 1.76 6.21 8.24 DIscharge oxitlng Manholo

24-lnch 325 0.68 3.92 1.50 27.54
15 11 310.95 0.74 2.51 0.39 0.78 1.87 6.60 8,29 DI,charg. exiling Manhole

24-lnch 325'
16

24·inch 200 0.09 3.60 2.44 29.99
17 12 214.05 0.75 2.92 0,27 0.79 1.60 6.97 9.16 Dlseharoo ••lIlng Manhole

24·lnch 125
18

24-inch 75 0.0e' 3.60 0.93 30.90
10 13 275.35 0.74 2.51 0,60 0.78 1.55 7.47 9.69 DI,charge oxll[ng Manhol.

24-lnch 275
20

24-inch 200 0_71 3.63 2.19 33.08
2. 14 199.65 0.74 2.92 0.29 0.77 1.48 7.73 9.59 Discharge exitlno Manhole

24-lnch 311 0.71 3.83 1.43 34.51
22 15 310.50 0.74 2.92 0.62 0.77 1.42 9.35 9.84 Dlscllarge exIling Manhole

24·inch 262 0.72 3.65 1.29 35.90
24inch 23 17,111,19 nla 0.7fi 2.82 0.78 0,77 1.39 9.13 9.49 107th Inlerllectlon, north/soulh laterals
54·lnch 23 exisuing' 61.70 0,64 0.03 91.49 35.35 54-Inch Main at MH 1/23

23 0,66 0.93 70.62 41.69 Composite for now 24·inch and exisllng 54-Inch Mains
1071h 23 0.45 1.25 85.00 . 46.20 Future contribution (rom I:m-inch stub-oul Main

60-inch 23 0,54 0.93 155.62 76.05
60-lnch 2'10 1.00 2.12 1.65 63.35

pillC~ 16 252.00 0_79 2.62 0.31 0.54 0_93 155.93 76.27 Comnoslte In 50-Inch Main downstream of CB #16

TobIe 4.4 Composite Hydrology for the Proposed Storm Drain
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2. Maricopa County Flood Control District, Drainage Design Manualfor Maricopa County,
Arizona, Volume 1, Hydrology, 1991 with updates.

3. Maricopa County Flood Control District, Drainage Design Manual for Maricopa County,
Arizona, Volume 11, Hydraulics, 1991 With updates.

4. U.S. Department of Transportation, Federal Highway Administration, Urban Drainage
Design Manual, Hydraulic Engineering Circular No. 22, Secol1d Edition, August 2001.

\

[~) Tetra Tech, Inc.
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1. City of Phoenix, Arizona, Storm Water Policies and Standards, March 2004.
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New 50-Inch Storm Drain from the Aqua Fria River to 107,h Ave. - Hydraulic/Energv Grade~LineCalculation Summary Sheet
Camelback Road Storm Drain Design (99111 Ave. to Agua FrJa River), Cilyof Phoenix Project No. 5T8311057

EGl

1028.02

1020.30

1029.09

1020.32

1019.73

1018.57

1019.71

1019.13

1016.03

1018.02

1019.12

1016.55

1017.52

1017.02

1017.51

1016.68

1017.00

Elevation
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0.00 0.00

0.00 0.00

0.02 0.00

0.02 0.00

0.00 0.00

0.02 0,00

0.00 0.00

0.02 0.00

0.01 0.00

0,00 0.00

0.01 0.00

0.00 0.00

0.00 0.00

0.01 0.00

0.10 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

O.QO

0.90

090

0.00
I

0·09

0.!1"
I

Or'

O·r
O.ojO

0.16

0.00

0.57

0.00

0.00

0.56

0.55

0.52

0.00

0.00

0.00

0.00

0.00

52.00

556.00

600.00

600.00

600.00

0.0030

0.0013

0.0010

0.0010

0.0010

0.0009

0.0009

0.0009

0.0009

0.0016

0.00\5

0.0045

0.0010

0.0010

0.0010

0.0010

0.0009

0.0009

0.0009

0.0009

0.35

0.13

1.14

0.36

0.36

0.34

0.33

0.34

0.31

0.32

0.30

\.52

1.18

1.13

0.50

1.52

usa

1.52

1.52

1.52

1.51

1.52

0.013

0.013

0.013

0.013

0.013

0.013

0.013

0,013

0.013

0.013

0.013

2.86

8.58

4.72

4.81

01.70

4.70

4.81

4,59

<....

4.37

4.45

75 0.54

75

60 0.79

60 0.79

80 0.81

60 O.M

60 0.81

80 0.83

eo 0.66

6.76

3.14

15.90

16.64

16.64

17.04

17.61

17.04

17.42

17.96

2,43

4.50

2.73

3.94

3.93

4.03

4.05

4.21

4.15

4.30

1027.67

1027.95

1020.19

10\9.37

10\9.94

1019.37

1018.79

1016.79

1018.24

1018.25

1034.37

1034.73

1034.37

1032.79

1034.37

1033.12

1033.20

1032.79

1033.12

1033.20

1 -54~RCP
452'/0

1-54"RCP

4.5

4.5

Roadw~v Cumulative Inver1 Section Section Allowable Computed HGl BISIe Flow Paramlters Manning" Hydraulic Velocity Frlcllon Average lenglh head loss h

Station length Elevation Height (H) Description HGl Elev. HGl Elev, Depth Aree (A) Discharge (0) ytD Velocly (V) n-vaNe Radius Heed Slope (51) . Sf L Irlclfon If) ben~ (b) junction 0) Iransltlon~) man-hole (mh) '~~:~~~~I~~'
Pipe Length (rt) (ttl wi ,lope (%) EGl-h.. (n) (sq. ft.) (cfs) (1'IJn) (n) (ttl (IUft) (1\1") In) In) ( ') (It) (n) (1) (n) I
6+25 625.00 1010875.0 l-60"RCP 1027.001015.87 5.00 19.63 80 4.07 0.013 1.25 0.260.0009 .! \1016.13

<\69 fCactl 0.10~10 0.0009 469.00 0.43 O. 0.00 0.00 0.00 0.00
10.,00 1094.00 1011.34 5.0 l·BO"RCP 1031.14 1016.30 4.96 19.60 80 0.99 <\.06 0.013 1.33 0.26 0.0009 qo 1018.55

10+00 0 ~~:.: 1011.4<1 5.0 1.~g~~CP 1031.14 1018,40 4.96 19.60 80 0.99 4.06 0.013 1.33 0.26 0.0009 0.0009 0.00 0.00 OJ>
404 ffl8C/1 0.10% O.OOOS 404.00 0.35 O.~

14+00 1496.00 1011.84 5.0 l·eo"Rep 1031.47 1016.74 4.90 19.54 80 0.98 <109 0.013 1.37 0.26 0.0008 '
a MH 1129 0.00% 0.0006 0.00 0.00 o.qo

14+00 1498.00 1011.94 5.0 1·60-RCP 1031.47 1016.75 4.81 19.37 80 0.96 4.13 0.013 1.41 0.26 0.0008 '
500 'fMCh 0.10% 0.0008 600.00 0.49 o.qo

20+00 2098.00 1012.5<1 5.0 1·5O"RCP 1032.05 1017.24 4.70 19.15 80 0.94 4.18 0.013 1.45 0.27 0.0008 '

20+00 o. ~~~:.: 1012.64 5.0 I.~~CP 1032.05 1017.24 4.60 18.90 eo 0.92 4.23 0.0\3 1.'47 0.28 0.0008 0.0008 0.00 0.00 o·r
600 'filch 0.10% 0.0008 600.00 0.50 0·90

26.o{)Q 2698.00 1013.24 5.0 1- 60" RCP \032.54 1017.73 4.49 18.61 80 0.9 4.30 0.013 1.49 0.29 0.0008 I
o MH P27 0.000/. . 0.0006 0.00 0.00 o.qo

26+00 2696.00 \013.34 5.0 1·60" RCP 1032.54 1017.74 4,40 16.30 60 0.68
600 rBach 0.10eAt

32+00 3296.00 1013.94 5.0 1 - 60" RCP
o MH 1121$ 0.00%

32+00 3296.01 1014.04 5.0 1-GO"RCP
600 reach 0.10%

38+00 3898.01 1014.6" 5.0 1·60" RCP
a MHI125 0.000/,

38.00 3698.01 1014.74 5.0 1 -60"RCP
GOO fUeil 0.10%

44+00 4496.01 \015.34 5.0 1·60" RCP
o MH 1124 0.00%

44.o{)Q 4496.01 10\5.44 5.0' 1 - 60" RCP
~ ~8~ 0.10%

49+57.92 5056.01 1016.00 5.0 1· SO" RCP
o MI/'23 (JSJ 0.00%

49+57.92 5056.01 1017.46 2.0 1·24"RCP
MH#23 (JSJ

49+57.92 5056,01 1023.17
52 leach (dIs ",HIt32)

4S+95 (46'lTl el0B.01 1025.52

[11:] Tetra Tech, Inc.
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New Storm pr,,!n from 10th Ave 1099111 Aye - HydrnulicfEoergy Grade.Ung Catcyl3t!QQ Summary Sheet

Comelbeck Road Slorm Drain DI!l'l1lO 19911l Ave. to Aguo FriEl Rlwr). City 01 PhoenbcProlecl No. ST831 1057
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RCld"M,l)'

SIII\otl

PipeLenglh
49·51.92

'"52039.SO

52+39.50 ".
55+50

'"51+49&5

51.49115

'"
"."

'"

'"10+14.84

10+14.64 ".1.oOoI6S

1"04.115 ".
71>25

ah25 ".81+10.50

81+10.50

'"8!1109.30

">09.30

'"'1.54

93+75 ".
.7tOO

""'00000

1Q(l.50

loot5O

Cu'TUaI/v.

40S0-2
/t~,

5231.92
AIH.a
5Z311,92

"~I'
5So1U2
1.1/1121
'~U20

,.""
'741.92
MH'20
57411.82
fuel,

&024.Q2
MH"i
lIll2U2
,.""

(lIO!l.t2
MM."
IIOUt
Ilxlt

lIZ3U2
MH.t7
U3U2
.~"

(l43t.92
UH,IG
U31.92
tum

"'~,'2MH.rs
115U2
,..'"

1011.92
MIU'4
10lUn
,ueh

141U2
Mil."
141U2
",,/I

H3l.U
MIHI'
1131."

""...
71IJU2
"mlll
7101.12
.~,

el'U2
MIIIIO
1I1lU2

""'''1I441,t2
MH" •
"4U2,,""
'121.'2
Mil"
'121.'2
"~,,

me.•2
"'HIl
'~U2

.""9171.82
UH',

1111.12
In~h

9392.92

"'H"13'2.92
,,""

9117.92
1.111114
9m.02,,""
10017.12
MH'J

10017.92
'nell

10064.12
MHII2

10068.17.
'nell

10214.12
1.41111
021"2

1O'in6

1018.02

1020.18

1021.78

10n.CI

1024.11

1024.98

1025.73

1021.23

1021.95

103UiS

1032.~1

lt1l2.sa

103J.65

HtlgllllH)

'OJ

2.0

2.0'

2.0

'.0

'.0

,..
1.'

...
I.'

S,dOll

eeOC'"",,,"

Yi~.""l

I.2""ReP

"'"''.H"ReP
0.00%

1-7.4-RCP
020%

1_24"RCP

....0"
I·U'ReP

0.20%
1·2~-ReP

0.""
I,U'ReP

0.20%
I·WRCP..""
1.24·ReP0,..
I·U·ReP

0.""
I • 24' ReP..,..
1·24'ReP

0.000""
1.7.4"ReP

0""I,U"RCfl..""
1·24"RCP

020"
, . 24"RCP..""
I . 24'Rep

0.20%
1.24"RCP

0.001lo
"24"RCP

0.20%
!·U"RCP

0.00%
!.24'RCP

0.20%
1.24·ReP

0.00%
'·24"ReP

0.20%
1·2.·RCP

0.""
, ,24" ReP

0.2tnlo
l·24"RCP

0""
'.2."RO'

O.20'Ao
,.2.'RCP

(1.00","
'·2."RCP

0251'0
1·2~"RCP

00,.
'·Z.'RCP

025%
'·2.'Rep

000"
I·2."RCP

o~~%

1·24'RCP

.""1·24'RCP
O.U....

1-24'RCP
0,"",

!,18'ReP
025....

1'IS'RCP
oOOI~

!·II·RCP
02'%

!,"'RCP
0,"",

!,ll"RCP
02'''''

!·!'-RCP

""1.1."RCP
025%

I· "'IICP
0._

,.!8"ReP

1015811

10305.8.

lO:lli.•9

10:lli.•'

103&.45

1038.15

1038.14

1038.81

1038.81

10n.21

1037U

1031.02

103'.0\1

1038 ~3

103812

InU2

11»8.92

1039.•4

103'M4

'040.84

104UI

Compultd

EGL·t1.
1020.19

1021.13

102l.14

1021.~5

1022.06

1023.10

1023.115

t026.21

102V.:W

1031.94

1033.22

1034.29

D.""
''''2.73

2,tl1

2.21

Ul

1.72

1.22

,."
1.0.

0.82

0.1i4

O.e.

"'u!A)

fill. 0.1

3.14

3.14

3.1.

3.1.

3.14

3."

2.81

2.61

. 2.2.

2.2~

2.01

2.01

2.01

1.85

1.85

0.'1

0.97

0.72

0.1<

0.12

81,h:AowF'llImele(S

OIadl"9~ (0)

'd.

0.61

0.1l6

0.61

0.•25

04:15

v,loc:IyM
I~I

2."
u.

2~

3.21

,...

3.49

3.•9

3.4'

,.'"

3.•'

,.~

2.10

2.10

2.10

2.10

2.10

M.1nn1tlr,

0.013

0.013

0.013

0.013

0.013

0.013

0.013

0.013

0.0\3

0.013

0.0\3

0.013

0.013

0.013

0.013

0.013

0.013

0.013

0.013

0.013

0.013

0.013

0.0!3

0.013

0.013

Hrdrllult

R.dllll

0.00

0."....
....
0.51

0.61

....

....

....

0.51

0.51

0.48

0.48

0.39

0.39

0."

U4

"~

Vtlo.::lty

'0,",

"

0.16

0.11

0.21

0.01

0.07

0.07

Frlel:on

Sltope(SI)

'M'

o.alla

""0

0.0025

0.0025

0.0025

0.0025

0.0025

0.0014

0.00!4

0.00!4

Avtllllll

"
0.0016

0.001'

0.0012

0.0020

0.0020

0.0020

0.0020

0.0022

0.0026

0.0025

0.0025

0.0025

0.0025

0.0020

0.0014

0.0014

0.0014

lenglh

c

2112.00

310.00

27500

0.00

0.00

0.00

325.00

32000

eo.oo

00'

2M.00

1\l91)O

221.1)0

0.00

&l<lIorI(fl

PO

0.45

0.00

'.00

0.32

0,43

0.14

0.&1

0.00

0.70

0.00

0.55

0.00

0.00

0.00

~.:ld(bl

"
0.00

'.00

'.00

0.00

tuncl/onfJ}

'.00

0.00

0.00

.0.00

0.00

0.00

'.00

'.00

'.00

0.00

0.00

'.00

he.cllo.. !h

'''''~Ion(t)

OJ

'00

000

'00
'00

0
1
°0

c·oo

'.00

'00

0'00

'00

000

0·00

...

'.00

0.00

oopO

'00

0.00

1N.'HloI.(mh)

""

0.01

0.00

0.00

0.01

0.00

-.;:cul·hole
lol.~·guhl

an

'.00

0.00

0.00

'.00

'.00

0.00

'.00

0.00

'.00

EO'

1020.111

1021.21

102\.5'

1022.01

IOU21

102UO

102.'.

102411

1025.42

102911

1029211

1029711

1G33.29

103421
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New 54-inch crossing of RID connecting to exIsting 54-Inch n Hvdraullc/Energy Grade-Line Calculation Summary Sheet

Camelback Road Storm Drain Design (99th AVB.lo Agua Frla River), City of Phoenix Project No. 5T8311057
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New Roadway

Stillion

-49+as (48' LT)
As-Sufil
Station
148.98

113.04

1257.87

1323.29

1754.29

2111.82

2154.57

2585.5-4

2650.57
tfoa!bnolod@6

3Qg4.57

3290.48

3538.57

3910.1

3984.8
tfoe/bnoled@6

d~2.8

Manhole

MH.32
Incremental

Dlslance
("I

584.06

544.83

05.62

'31

357.53

42.75

-430.97

6M3

444

195.91

2':8.09

371.53

7(7

"

I\flpnCKl I Invert

Slallon Ele...llU04'l

1"1
'''0 I 25.82
flllllclt

5155 25.86
MH"w/callO.5

5155.00 25.00
r~ach

5719 26.46
MHff2
5719.00 26.48
'."C/l
6264 27,08

CB#I
6264.00 27.06
r~IJC"

0330
fl1lfIl3( 1OSII'I)

6330.00 30.35
fIII.tC/r

6761 30.47
MHtI.f
8761.00 30.·U
niJcll
7119 30.96

C8'2
1119.00 30.98

r1t#cll
7162 31.04

MH/l5
7162.00 31.04

,.."h
7593 31.08

CB '3
759300 31.08

'''lIch
7658 31.09

MH tl6 (103"j
765800 3150
'flllch
8102 31.09

MH1I1
8102.00 31.89
",aell
82g8 31.74

MHII7I1 wICS" 4
8298.00 31.74
n,cll
8548 31.87

MHIB
85048.00 31.87
,..,ch
8918 32.30

CBItS
8918.00 32.30
reach
8993 32.39

MHt9(IOlOl,
8993.00 32.89
Iltech
9051 32.98

CBII6
0051.00 32.98

Secllon

Helghl (til

(fl)

'.5

4.5

'.5

4.5

'.5

'.5
..,
4.5

3.5

"
3.5

3.'
3.5'

3.5

3.5

3.'

'.5

3.'

30

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

3.0

2.0

2.0

2.0

Secllcln

Oetaipllon

wf slope ("Ii)

1·!i4"RCP
0.15°,.

1-,5.4" RCP
0.00%

1-54-RCP
0.11%

1·54·'RCP
0.00%

1· 54"RCP
0.11%

1.54"RCP
0.00%

I-5<\' RCP
0.11%

1·!l""RCP
0.00%

1.42"RCP
0.03"'­

1.42-RCP
0.00'1'

1· 42" RCP
0.14%

'.42"RCP
0."""

1.42"RCP
0\4%

1-42" RCP
0.00%

1-42"RCP
0.01%

1·42" RCP
O.OO~

1.<lZ"RCP
0.0\%

1-42" RCP
0.00%

1. JO'RCP
0.07~.

1·35" RCP
0.00%

1-36"RCP
·0.08·'"

\ -36"RCP
0.00%

1·30"RCP
0.05%

1- 36-RCP
0.00%

1- 3e~ RCP
0.12%

, -36-RCP

0."""
1-38"RCP

0.12"'"
1·:WRCP

0."""
1·24" RCP

0.15%
1·24"RCP

0.15%
1-24" RCP

Allowable

HGlElev.

34.73

".26

35.~

35.37

35.:n

35.30

".30

35.65

36.55

36.55

36.18

3fU6

36.57

3657

36.63

36.83

36.96

35.96

30.03

30,03

36.Q7

38.07

38.17

36.17

37.95

37.95

38.45

38.45

36.09

36.09

Computed

HGlElev.

EGL·h"
30.12

30.17

30.36

30.54

30.54

30.71

30.71

30.73

33.85

34.14

34.14

34.37

34.37

34.39

34.40

34.67

34.67

34.71

34.75

35.01

35.01

35.12

35.13

35.27

35.28

35.49

35.49

35.53

.35.56

35.60

35.60

HOL

Depth

(ft)

'.50

4.31

'.50

4.08

'.09

3.65

3.65

3.50

3.67

3.67

3.39

3.39

3.35

3.36

3.58

3.58

3.62

3.16

3.12

3.12

3.38

3.39

3.40

3.<1

3.19

3.19

3.14

2.67

2.62

2.82

Arse(A)

{sq. ft.)
15.90

15.09

15.90

15.20

15.20

13.80

13.00

13.M

9.82

9.62

9.62

9.54

9.54

9.49

9.49

9.62

9.82

9.62

7.07

7.07

7.07

7.07

7.07

7.07

7.01

7.07

7.01

7.07

3.14

3.14

3.14

BoslcFIowPBrMUllers

Dlscherge(O) 'i/O

(cis)

38

38 0.96

31

37 0.91

37 0.91

37 0.81

37 0.81

0.8

20

20

20

26 0.97

26 0.97

28 0.98

28' O.ge

"
"
"
"
10

18

10

10

10

10

10

10

10

VelocltyM

(Ml)

2.39

2.42

2.33

2.43

2.43

2.8e

2.68

2.7\

2.70
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E.1 Portion of Camelback Ranch Levee South Record Drawings

E.2 Portion of Camelback Road Storm Drain Record Drawings
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SHEET INDEX

B Soli Cement lin Secllonsl

~ Aggreg.le Bose

~ £xlsllng Rock Rlprop

~ Rock Rlprap

[}] FOUnddtfon EXCdvaflon (In SectlonsJ

_7Tesl PII & Number fTexl Locallon VorlesJ

~2 Soil Boring Loc~t1on & Number (Text Locetlon VarIes)

--x---*· Exlsllng Fence

----ff--*- New Fence

-c- Cui Line

-F- Fill Line (Toe of Slope)

_ ... - New Righi of Way IR/Wi

New Temporary Cons/ructlon Edsemen/ fTC£)

=IR= £xlstlng Irrlgallon Dllch

-G- Existing Gas Line

Secllon Line

Conlrol Line

ESTIMATEO EARTHWORK

RiCORD OQAWINC

C.Y.
C.Y.
C.Y.
C.Y.
C.y.

7.000
31.800
17.000
ZOO. 100
17.400

Cover Sheet
Ge".,.1 Noles & Sheel Index & Legend
Typical Seclions
Geometrlc Control
Verllcal Conlrol
Plan & Profile
Turn Arouoo Pad I Delalls
Turn Around Pad 2 Detail
S.fely R.II & Gale Delalls
Cross - Secl/ons
Soli Borings Logs

If:, ~~: g~:~; ~~;: ~x;,~/;% ~~~~~
;;. Found.llon Excaval/on/Backflll
ill Too Excovol/on/Backflll

£mb.nkmenl

/
2

3-6
7
8

9·10
1/-15

16
17

/8-32
33·34

BASIS OF DESIGN

O",,~= SPF = 142.000 cfs
DESIGN FREEBOARD = 3 FEET
0",,= 54.400 cfs

LEGEND

UllIity lociJtlons shown hereon 8re ~pprox(trldte only. It
shell be lhe Contfdclor' 5 responslblllly 10 delermlne lhe
exact vert/WI CJnd OO(lzonI6/ locatlon of CJII existing
underground utllltles prior to commenc1r19 construction. No
represenl{Jf!on Is made f~t CJI/ ex/stint) utlfftles are shown
heron. The Engineer assumes no responsib/llly for ulllllles
not shown or utllftles not shown In thel, proper fOClJtlon.
The Conlraclor shell nollfy Blue Slake and all ullilly
COfnfXJnles at least 48 hOurs prIor fa commencIng
constructIon.

Ail Coordlnales are ground coordlnales bOSed upon lhe
Siale Plane Coordinate System. 1927.
VertlcO! conlrol Is bosed on NGVD 1929 dalum
Corp of Engineers Golum.

A Geolechnlc~1 Reporl hos been prepared by ATL. Inc. Copies
of Ihls reporl con be reviewed .1 the Flood Conlrol Dlslrlcl
of MorlCf>P'! Counly.

The Con/rdClor will be responsible for ensurIng IhiJ! d/l
necessary permits have been Dbtalred prior to construction.
Dust Shdll be controlled In accordance wfth Federal. Stafe.
and IOCdl Idws, ordlf'1{Jnces (md (e<ju/dtfonS. The Contractor
shall obtaIn d permit from the MdrlCOpi!J County Air Pollution
Offlcer prIor 10 staft of construction.

All conslrucl/on signing. b.rrlclJdlng .nd IrM"e
dellnelll/on sholl conform to the MAG St.ndord Spaclfle.l/ons
.nd 10 lhe •M~nual of Uniform Traffic Conlrol Devices •
1984· and ~ny of lhelr /alesl revisions.

Clearing 000 Grubbing sMII Include lhe re(fl()¥~1 of all Irash
and debrIs wllhln project work aroo. The remov{J1 of trees
will not be fT)(Msured or (MId for sepcJfdtely. but consIdered
os porI of lhe c'e.,'ng .nd grUbbing work.

The Conrractor slMlf fe!Ke dll precduflonary mwsures
necessary /0 protect exlstfnq lmprovements 'rom damagel and
dll Such Improvements or structures ddrniJfJed by the
Contractor' 5 aperdllons shdll be reptJired or reconstructed
sal/sfeclory 10 the Engineer al lhe expanse of lhe
Contr{Jetor.

The construcflon plans iJre bllSed on tope survey and
cross - sections taken on lJpproxlf'fk!tely 100 feet Increments
100 feet fMCh sIde of the construcflon control lines show on
lhe pl.ns. B.ckground mopping wos token from throe
sources- II Aerial Mapping Inc. mapping of lhe Agu~ Frio
and New RIvers for the reoellneatlon of the Aqud Frla RIver.
2iTI>e wesl side of the Agu. Frio River was provided from lhe
While Tanks ADMS mopping. 3iThe uppar end of lhe New River
and areas along 107lh Ave. wos provided from lhe Moryv.le
AOMS mapping.

GENERAL NOTES

All conslrucllon shell be compleled In accordance wllh lhe
Maricopa Assoclallon of Governmenls (MAGi 'Unlform Slandard
Spaclflcallons for Public Works Conslructlon·. 1992 Edlllon
InclusIve of the lalest revlslons and amendments. these
DesIgn Plans. and lhe Spacial Provisions.

The Maricopa Assoclallon of Governmenls 'Unlform Standard
Det.lIs for PuMc Works Consrrucllon·. wllh lhe lalesl
revIsIons {md t1mendrnenfs CJ(e the SflmdCJrd Dri1wlngs for this
project, CJre {In Inle<;riJl IMr! of the ConfrlJct, i1nd these
Design Plans.

Where noted. references shall also De made 10 the ·Arlzona
Deparlmenl of Transporlatlon SI.word Spaclflcollons for
Rood and BrIdge Conslrucl/on·. 1990 Edllion Inclusive of lhe
Jctest revIsIons.

C. Y. Cubic Yard

[gIl Horlzontol Conlrol PoInl

o Top of Levee (In Delalli

PI. Polnl

OF
34

12<11
OATENO.

Not To Scale

Flow Line

Stondard Projecl Flood

N.T.S.

F.L.

SPF

In the event t~/ (} dlscreMncy Is encountered on tnese
pl~ns or wllhln lhe Spacl.1 Provisions. lhe Contraclor sholl
:;f~:::;r~':f/mne:~f/;;~/ateIY for advIsement and prIor to

All Quantities sflOwn hereon end In the Bid Schedule arB
estlmales .nd ore Included for comparison of bids only. The
Contractor shall satisfy hImself as to the accuracy and
compleleness of .11 QUMI/lles.

Stations shown on me profile are along the constructlon
control line. £fJrthwork cross-sections are stationed a/ali(}
the cons/ruction control line and (jre drawn perpendIcular or
radIal/a the construction control line. Cross-sections
are provIded as tm aId In evaluating earthwork quantities
only dnd should not be used for stakIng centerline control
or grddes.

--
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5eedlngs Llmlls
Vdrles

CAMELBACK RANCH LEVEE - SOUTH
INDIAN SCHOOL RD. - CAMELBACK RD.

PR.Q.JECT NO. FCD 97-18
-- - -flY j DATE

Il(Y~D SOIl COot[HT :Er:rQN I ~J 2~~~1-

FLOOD CONTROL OISTruCT
OF MARICOPA COUNTY

F.NGTNRBlUNG DIVISION

Fouf/ddtlon

New 4-Strdnd
5moolh Wire Fence

Excd'ldtlon & BdCkflll

:~~r,.~w<..]j·,I\':II)..
'\Iff~~'I"(!'r, ";' Al1;ln ,,!..~ r;r.~11:i1

~(,\Sl:~U{(q~ ~; ("'(.!";ll;f~rllli \. ,~t "~I;I; •
'V!'f.P'V;";+dl,"(IlHi\P,' .• ' \"'1 rr:·~\. t

.~[OC[;"/: H I

---~~........-

5 'Varies 1.070 Min.

/00' Turn Around Pad

4' A29fet;/,le Bose

4' Min.

TYP ICAL SECT ION
51' 45+04.00 10 51a 45+58.00

N. T.5.

Camelback Ranch
LeYee

f
I /00' Turn Around Pad 1
I 9' New 4-51rand

5moolh Wire Fence

TYPICAL SECTION
51a 44-80.00 10 51a 45+04.00

NJ.5.

ExlStlf'f{) 2.5' RlprdP
To ROfTl(lin

I 15' I 9' I

Safely Rail
EXlstffl(} Top See DBfdfJ
or Spur Dike 5t>ee1 17 of 34

RlJIOOt'e end Selvilge :=i£".11"9 2.S· Rlprep. Per Profile Grade
Def(J1I on Sheet /6 of 34

\ _,.r,:flf'}rV:-J=---- ---.
Ex/sting Spur DIKe J t . ..,,-- --:- ',-:..>, .'];~:~--

~ 'i<f."~ "--~J- >- I /
~ /L...,,-"·")~ ~,t":-i:J:'~p..1 .." -

_".__--,:!(,r?~;.1}~~}!;}~)-=~fK--3--P\ 3 t

II
1.8

Toe EXCdvdtfon
and &Ckflll

~;,~:z. f>,OIfe 5"fely Rd"

~
See Delall
5t>ee1 17 of 34 I

"'"Profile Grade
ExlsHfl(} SpUr DIke .!C"~-::-" ..... -- ...J'-"'""-- uu____ ""'-:I S=Varles. I.OX MIn.

_"r;'i};;;~!;J;;lilPot;::,~(,r;'!jif.'W"~ ,ii¥.r'mm
._'o,·':::r~>:t':~-J-- \ 2.5' Thick Rlprap ~ J

'"\t.,-:l~S(:~~~;~\._r-~;:;"·" With Filter FabrIc Toe EXCdvdtfon Foundal/on
'<.,...Y"-~:r-~- ..'<:J'- .....--"':r,r~·-Y'f""r7n.;· i_~' ,~.~ tlnd B~kf1ll 4' Min. EXCdvdtlon & Bden",

<*,<~S~:{)~~~{1~~~;~::~i::.;p.~ 15'___ P~OOf;:1.

£x!sflng RlprlJp
To RefMln

~,~
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RECORD ORAWlt-;G

REVISiON ! BY! DATE
FLOOD CONTROL DISTRICT

OF M.ARJCOPA COUNTY
ENGINEERING DIVISION

NO.

NOTE: CONTRACTOR STAGING AREA SHflLL NOT
DISTURB THE EXISTING IRRIGATION DITCHES, EL PASO
GAS LINE EASEMENT. WELL SITE fiND STOAflCE TflNK.

/Ox

~

o LIST OF COOROINATES

::d. I DESCml'TION NORTfllNG EASTING REMARKS

31NE COR. 912718.111 386478.976 FND Be IN HH

E y~ COR. 9100"(2.452 386437.398 FNO DC FLUSH

SE COR. 901"125.718 386395.827 FND Be IN llH

S V.. COR. 907324.246 383858.840 FND Be FLUSH

SW COR. 90127.4.943 381314.552 rNO Be IN 1111

CEN. Of SEC. 909961.133 38386'1.100 FNO Be IN HH

9 N Y<4 COR. 912596.235 383868.43-4 FNO Be FLUSH

10 NW con. 917487.385 381314.1 .... FNO fie FUISH

15 W Y.. COR. 909853.663 38137'\.6'18 CALCULATED

20 PT ON EXISTING LEVEE 908556.33\ 380063.541 HOT FOUND OR SET

21 BEGIN LEVEE STA 8+50 908926.180 381313.MO

22 PI STA 10.00.00 908970.940 381<l51.616

23 PI STI< 15+52.27 909519.323 381523.005

24 PI STA 21+04.54 910046.9/15 ]81686.211 I 30+0025 PI STA 43+80.2"1 912272.9'1\ 382L59.132 I I
2. END LEVEE STA 46+25.114 912518.1112 382151.9'18

BENCH MARKS:
sw COIlNEH SEC 19
Be IN IiH ELEY: 101'1.11

sY. CORNER SEC 19
Be FLUSH ELEV: 1016.88

NE CORN£R SEC 19
Be IN HH ELEV: 103'1.55

NY4 CORNER SEC 19
Be FLUSH REV: 1033.0'1

'"'"

I

DATE
m/2l/91
01121/91
01/21/97

Sl££T <>'
7 34

C.B.B.
RI7:J.c.
~

GEOMETRIC CONTROL

CAMELBACK RANCH LEVEE - SOUTH
INDIAN SCHOOL RD. - CAMELBACK RD.

~ROJECT NO. FCD 97-18
--8-Y

I?:~,;;~:F'

I
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~~~~'I<;T'TFI PACl,Ifr.T NO. 1~~TlsTH~~~~ I Rff.ClRO ORAWINC

POINT 'A' POINT 'B' PO/NT 'C'
9 Al. reo %-16 8 "STATION DESCR/PTION

OFFSET OrFSET OrFSET
FEET

ELEV
FEET

ELEV
FEET

£LEV

8+50.00 MATCH EXIST/NG - /0. 00 1.021.00 -/ 1.00 /.020.00 · 1/. 00 /.020.00 PO/NT 'A' PO/NT 'B' PO/NT 'C'
STATION OESCRIPT/ON OrFSET OrFSET OrFSET

8+72.00 BegIn Found~f Ion - 10. 00 /.021.00 '22.00 /.009.00 - 22.00 /.009.00 FEET
ELEV

FEET ELEV
FEET

£LEV

9+00.00 EX/STING TOE - /0. 00 /.021.00 -21. 58 /.009.42 - 47.53 995. 00 30-00.00 9.00 /.022.38 O. /2 /.013.50 -18.09 986.72

9+06.00 BEG /N TOE -/0.00 1.02/.00 -21.50 1.009.50 - 53.00 992.00 3/+00.00 9.00 /.022.60 O. 20 /.0/3.80 - 17. 81 987. 13

9+20.00 - 10. 00 /.02/.00 - 2/.29 1.009.7/ -53.17 992.00 32+00.00 GB FOUNDAT/ON 9. 00 /,022.83 0.27 /.0/4.10 - 47,53 987. 51

9+40.00 - 10. 00 /,021.00 -20.99 1.010.01 -53.41 992.00 33+00.00 GB FOUNDAT/ON 9.00 /.023,05 -0.65 I. 0/3. 40 - 46.45 987. 96

9+60. 00 - 10. 00 1.021.00 -20.69 1.010.3/ -53.65 992.00 34+00.00 GB FOUNDAT/ON 9.00 /.023.28 O. /2 /.014.40 - 46.73 988.37

9+80. 00 - /0. 00 1.021.00 -20.40 1.010.60 - 53.88 992.00 34+55.00 GB TOP/TOE 9.00 /.023.10 0.08 I. 014. 48 '16.51 988.60

/0+00.00 END SOIL CEMENT BACK - 10. 00 1.021.00 -20.10 1.010.90 - 54. /2 992.00 35-00.00 9.00 /.023.52 0.03 1.014.55 - 46.77 988.55

/0+00. 00 PI #22 GB FOUNDATION -5.00 1.021.00 -/5.10 /.010.90 '49.12 992.00 36-00,00 GB FOUNDAT ION 9.00 1.023,78 -0.08 /.014.70 - 47.34 988. 44

/0-60. 00 END TURNAROUND -5.00 /,021.00 - /5, 34 1.0/0.66 -48.93 992.00 37-00.00 PI TOP 9. 00 1.024.04 1.76 1.016.80 - 49. 48 988.33

//-00.00 END TRANSITION 0.00 1.021.00 -/0.50 /,0/0.50 - 43.80 992, 00 38-00.00 6. 00 1.024.30 - 6.25 1.0/2.05 - 49. /3 988. 23

12-00.00 0.00 1.021.00 - 10. 90 1.0/0.10 · 43.48 992.00 39-00.00 3.00 1.024.56 -/4.26 1.007.30 - 48,79 988.12

13-00.00 GB FOUNOATION 0.00 1.021.00 -1/.30 1.009.70 - 43.16 992.00 39-/5.00 GB TOP/TOE 2. 55 /.024.60 - /4. 75 1,007.30 - 49.3/ 9BB.IO

/4-00.00 O. 00 /,02/.00 -/0.40 1.010.60 · 43,88 992.00 40-00.00 PI TOP 0.00 1.025. /5 -/7.85 1.007.30 - 48.30 990.38

15+00.00 0.00 1.021.00 -9.50 1.01/.50 - 44.60 992, 00 4 1-00.00 0.00 1.025.79 '/8.49 1.007.30 - 44. 1/ 993.07

15+52. 27 PI #23 0.00 /.021.00 - 9.03 1.01/.97 -44.98 992.00 42-00.00 0.00 1.026.44 - 19. /4 1.007.30 - 39. 91 995. 76
-

16+00.00 GB FOUNOATION 0.00 1.021.00 '8.60 /.012.40 - 45.32 992.00 43+00.00 0.00 1.027.08 - 13. 08 I. 0/4. 00 - 41.08 998. 44
-- -
17+00.00 0.00 1.02/.00 -8.5/ /.0/2.49 - 45.39 992.00 43-80.24 P/ '25 GB TOP/TOE 0.00 1.027.60 -/3.60 1.0/4.00 - 37.72 /.000.60

18+00.00 0.00 1.02/.00 -8.42 /.012.58 - 45.46 992.00 44-00.00 0.00 /.027.60 -/3.60 /.0/4.00 - 37.72 /.000.60

19+00.00 0.00 1,021.00 -8.33 /.012.67 - 45.54 992. 00 45+00.00 0.00 /.027.60 -/3.60 /.014.00 . 37.72 /.000.60

20+00.00 0,00 1.021.00 -8.24 1.012.76 · 45.61 992. 00 45+04.00 END TOE 0.00 /.027.60 '/3.60 1.014.00 - 37.72 /.000.60

21 +00.00 0.00 1.021.00 -8.15 1.012.85 - 45.68 992. 00 45-30.80 END FOUNDATION 0.00 1.027.60 - 13. 60 1.014.00 - /3. 60 1.014.00
-

2/ +04.54 PI '24 0.00 /.021.00 -B. 15 /.012.85 - 45.68 992. q,O 45+58,00 MATCH EXISTING 0.00 /.027.60 0.00 /.027.60 O. 00 I. 027. 60

22-00. 00 0.00 /.02/.00 -8,06 /.0/2.94 - 45.75 992. 00

22-50.00 GB TOP/TOE 0.00 /.021.00 - 8. 0/ 1.0/2.99 - 45.79 992.00
NOTEt Positive Offset Right

Comelwck Negol/ve Offset Left

23+00.00 0.00 1.021.09 '8.06 1.013.03 - 46.75 991.51 Levee '*
24+00.00 0.00 1.02/.26 -8.14 I. 0/3_ 12 - 48_ 67 990_61 ~6' "H' ,.

24+25.00 PI TOP 0,00 1.021.31 '8.17 1.0/3.14 - 49.15 990.38 Polnl A I- 9' I' , ';
-- Top of Levee i -~I __p.c:~~

ll['tII$UlSOlL('[14NTSl.OI't ....... . ZIl.'"
25+00. 00 /,50 /,021.44 -6.73 1.013.2/ - 49.08 989.68 Point B ; 5=1.0% 3 • NO. R \lJ~1 Y DArC.

Foundol/on Line /& i ~ =:::::::::=l I FLOOD CONTROL DISTRICT
26+00. 00 GB FOUNDAT/ON 3.50 1.02/.62 '4.82 /.013.30 - 49. 00 988, 75 _-- .___ 00----~ -----/-------"'---...-~ ------_--

OF }1ARICOPA COUNTY
ENOINBBRJ:NO I)lVlSlON

27+00.00 GB FOUNDATION 5.50 1.02/.79 - I. 59 1.014.70 - 49.97 987.82 Point C IJ:::, 1.8
CAMELBACK RANCH LEVEE - SOUTH

Toe of Levee / D \ Exlstlf¥} Graundtlne ~IA~ ~CHOOL RD. - CAMELBACK RD.
28-00. 00 GB FOUNOAT ION 7.50 1.021.97 - /. 57 /,012.90 - 48.38 986. 90 ROJECT NO. FCD 97-18

.;.,:~ .,<-~' BY DATE

28+75.00 GB TOP/TOE PI TOP 9.00 1.022. /0 0.02 1,0/3.13 · 48.44 986.20 L...2.:J
~

DESICNED C.B.B. 01121197

- DRAWN A.S. 01/21/97

29+00.00 9.00 /.022. /6 0,04 /.0/3.20 - 48.37 986.30 N.TS. r, ,rJ.II'l CHeCKED 1.'..5.5. 01/21/97

*Offset From £ to Point 'A' Vorl.. From ~4 ~~~;) I:lIt1..,N IOD Il~S' ll,llll:NOOH

~~y f:PI~~OOAl.lI5011jt9'J
St. 8+50 to St. 1/+00 .nd St. 24+25 ARIZONA,INC. 11m! 1Go\-0111

fa SIc 40+00 VERTICAL CONTROL /SH(ET OF
8 34
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RECORD DRAYIINC

NOTES:
/. For Geomelrlc Conlrol See Sheet 7 of 34.

2. For Vorllcal Conlrol See Sheel 8 of 34.

3. For Typical Section See Sheet 3 of 34.

4. Smooth Wlro FlJIlCo Installed per ADOT
Std. C·12./0. Type I Barbed Wire IBW)
14-Wlrol.

5. Existing Irrigation Ditch 10 Romain•
.Conlroctor 10.P..r.ot"£!...o.u.r.'ry...C.~'.r.~tlon.: ..

ISO' rCE

EXlstl"} Grwoollne I I

--\);:s:n-....-- ~j(..
3 t 3

BORROW AREA
TYPICAL SECTION

-~~

J/~;

...,...,

:'.---/~ I~
" 0

LU
~
-'
::r:
u

\ --.,,,.~ ""y'''''' -"." I~
::l:

RIVERFRIAAGUA

o
-9
;::-~""::~

STA 8+50.00
BEGtN PROJECT

I FCD %-16 /-'~121

f-
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!!.~
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0:'
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~
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1030

SlnlOf
10 34

..,1040.

..,1020..

AECOftO DRAWING

NOTE.' Approximately 700'of Rock Rip Rap'
&. dike has been placed on site.

Contractor sh.o" remove and stock pile
...., rlp"f9P'w/i/)ln the cons;fiJdtoij s"{jgfrig"

orea: as a pof.t of the clearing and
grUbbing opetpllon. .

'n<) Cons/ruel/on.

Smooth Wire Fence Ins/ailed per AWT
Std. C·12.10. TyfX' I Barbed WIre IBWI
14--Wlrel

For Borrow Are4 Typical Secl/on see
Shee/ 9 of 34.

NW!4

I. For Geome/rlc ContrOl See Shee/ 7 of 34.

For VerI/cal Control see Sheet 8 of 34.

/ .•,/ 3. For Typical 5ecl/0ll5 5ee 51leets 4·6
of 34.

CoinerSecIl0fl..J9..

~:.,

!8rClSS qdO

6.

-~._ .......-/.... ! ... -.------'--"

..\_._.. __ .__~ _~.__ 4.
.~~,~~- ---
-'::: ".,..,..-",-:"::.::~=,-~-""-:.,,..,""<,"-

-,~:-;= -··~:....-:§t 5.

45+00

f

40+00

Z-

~
5iC~.I·~IOO'

XX}

35+00

RIVERFRIA

30+00
.:.~.

,,~..-~~
~N-60.00'08" E '.

5257•44'

.1~',j~ ···········h,:M ··~~~i~-ill.~

. ~ .!? 1);)..... ;cn --".i5: 't:l c:: ~ ~ _.~ L<;._ ..,... ~.lu.. .. :... '" lij... ..•_.... ;..t:)..IJ.J.et..'!-.. _'::§: l.aJ.V:j l.I..J !.q.,ll.ll) _._•. _ (.... . , .....•

EP..!2f Levee @ ~, '" SPf Water Surfceo }
,\ EX/s/ln<) Grode @ [ 100 rR W./er Surface . .'

: ";,,,ro;'_ .•. :=~,~8'~ ..~1~,;:~2,=-~::~~::'~;~~ ~I ~:~ ~':•. ,:,: ;.. ~., ,,"',"<0/"
!GB 5/ 28+00 00 I' ~~ ? 8'f 8· 'T-----------'-----·:-------- . ~ " "","o. 8 81' , J::; ~ ",'"s,o" BY om

Elev 12.90 !,' ~ ~ 12, GB SId 39+00.00 S-0 .oo7סס FLOOD CONTROL DISTRICT
GB St.if. 27.+00.00 (~o. ~;;: ~ l'<') ~ 'tI.~ ~ .~. .... _. -;. 'Elev '07.30 .' OP MARICOPA COUNTY

/ ~ ~ It) ~ ~~ - ~ 'l. ' ENGINEeRING DIVISION
£iev 14.70 FOUndo/lon U~ ~ ~ ti'..., Vi:: '" il ~ i;J _.2.6868' . ' ~: [5 <:l CAMELBACK RANCH LEVEE __ SOUTH

G8 Sip 26+00.00 V) il II '" -'" es L<; 5 - 8·8 I:j ,; " .'" 990 IN 'A SCHOOL RD __ CAMELBACK RD.
--' --. £I., 13.30 • 35 L<; esJi;J '" 4J--. '5~-O,1087X --, ci··--g·g ~--~ .~. B--' .....- .. P OJECT NO. FCD 97--18

~" S='0.41:387, , ::; ., ,. ~, <l." 'X': BY DATE
S -- -0,9280:-;:. . / I G8 Sfd 34+55.00 . Ii;! ~ .:;;? 8 <;i @ "" @ '" '!i;) ~ "IGNED C,B,B. 01121/91

. : 68 Sla 28-75.QO i ,,:', 68 Sfd 39+15.00 , • : • • '. .8' . .",__.il __.51.80 ORAWN R.S. 01121/'"
• £IW98(Lzo--rOiJOrUivoo+ EI~'988.6Q .----- "'ti.vgelJ:10'iJ; I:l--"Gil ~ 6i B ~.8 ~ '1;\ L<; CHECKEO ".5.5. Oll21/91
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R!::CORO lr.'M'IINC

Il£VlSED S~!...S[l4M':E~l~ --:::+iH-~

FLOOD CONTROL DISTRICT
OF M."-RICOPA COUNTY

BNGINEeRING DfVlSION

NOTE,

For Sections A-A Thru G-G 5ee Sheet 12-15 of 34,
Match Point Between New and ExIsting 5011 Cement
5/»11 B. Clean ano Free of Loose Moterlal to the
5atlsfactlon of the FDC Inspector.

TOp of LfHee

CdmelbtJck Ranch Levee If

o
o
+
£::!

8 • £NOO·OO'O~

~--

~-z-

StB 0+00.00 ~

Existing 50/1 Ce""nt
Toe. Transverse D!ke

New 200PSI Concrete Cui off Wall
From Stet 8~5D to 9~5D

./

--',.,."., Remove 136 LF

',Existing Fence

"t " -t'l'__
5/0pe var/es...E[P!E-----0
hi at St. 9+20 to
1:3 at 5ta 10+00

Sta 10+00 '~<:>• I :__
End 50/1 Cement --"" 1015-
Back Side _ _

\ New 14' Double __

,Gate S"Wjj!' - "J _-----

.-----------.--------!~:;,~~~ --- ~-----=-: ~:~~-~-=-:--~-=-4-..;,--~--~-~~-1·-<~-:::-~-~-~-~-:;;
-~----~--.- --- - " - ~ .~-'--- - Install 14-WlreJ ~ . Existing Fence

'-. V) Smooth WIre Fence To Rem"'n

'~------------~~~~------ \--

Be91n Project StB 8+50
~Ch EXlstlnt) Levee

Existing 50/1 Ce![Jf'nt
Toe. Transvers DIK~ \

~~.
~
>''.

__-d:r~-
rtA& 11..1 .KlO'llBl CHfl(H[)(!f.l

Wfiil\IftI W~I~C. 65011 3<99
ARrZONA.INC. l6O?1 lb~-O?I I

DATE
01121/91
01121/97
01/2119.,

~HE£T 01'
II 34

DRAWN R.S.Fr.N.
CHECKED M.S.S.

TURN AROUND PAD I DETAIL

CAMELBACK RANCH LEVEE - SOUTH
INDIAN SCHOOL RD - CAMELBACK RD.

-PROJECT NO. FCD 97-18

~=;l C.B.B. BY
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CAMELBACK RD.

PI St. 46+25.44 "6 RECORD OR/l,WINC

i'i
Ri
""-

o:l~"-Lw

i'i
~

Turn Around
Pad

"
O:[~
"-Lw

51'

Sl
l\i

4" Awregate
Base

"­
l!J

ii:!ij

SCALE:
HORZ. = 1 "=40'

: VERi. = 1"=4'

TURN AROUND PAD 2 DETAIL l"fr 3-t

--0 -

100'

i~

~i~
~!~
+'j'
,·:·s,·~/oooor."

~~---;..~

CAMELBACK RANCH LEVEE - SOUTH
I IAN SCHOOL RD - CAMELBACK RD.

H-__ RR~~~!_~o~~ooFC~y 97-IB OI~~:;97~
R:'"S.IT.N. 01/21/97
1.4.$.5. 01/21197

rJtti\lI W1i~~?\~~a:ao;:~~
ARIZON.... INC. !&o.?l 26H"~1I

r....'r=-.-.- ..-. __..~~.:Yflg&y'-

r;,
~

t

1~
i~
ill"- ,,,-

~I~ ~I~
i

35.75' 22.75'

8
t:::
"'"

~I~

~ j'I'''''''''''''''''''''''' 1"'1"'''''PneumtJlfCdlly P/~cedNO. P.EV!SION BY OIlTI
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FLOOD CONTROL DISTRICT
OF MARICOPA COUNTY

6NOLNlle«.lNO I)fVlSION

For Sections A-A Thru G-G See Sheet 12-15 of 34,
Match Point Between New and Existing Soli Cement
Sha" Be Clean and Free of Loose Material to the
Sat/srect/on of the FDC Inspector.

NOTE:ToO of Levee
C~me/Mck Ranch Levee of

o
o
+
£::!

~-z

?i=~~-----

\~ -~

/ \ // Y
/ ~\

FCXJndation Line/~ -
I 0

--",-_ . Toe Of Levee / ~
'-., RemovB 136 LF ~ ~

',Existing Fence

''''''k \. 4_
Slope Vljrl"8s-E.(O!!L__~·
1,1 at St. 9+20 to
1:3 at Sid /0·00

Sid 10·00 _---
End Soil cement/ ,;; J=-- 21- 1015 __-1-_-
Back Side \ +....... -<- _

\New 14' Double --- _
-CaTe S..Tfij/ij/,-------- - - - 4J _

--_-_-_-_-_-_-_-_~s~~. OfT:,:_~~:a~ --- >:---60'---=-_:-_.---=-~ ~~=-~~~-~~~-~~~~ -=:::;::::~~1'-<=~~
~=:;:;:-- ~-Pltd--- - ~ ----'---. instail i4-WlreJ ~ Existing Fence

,----- <n Smooth Wire Fence To Rem.ln

'~------------~~~~------ \--

BeQin Project St. 8+ 50
~tch Existing Levee

Existing Soil ce~t
Toe. Transvers D e--~

?
v'.

DATE
01/21/91
01/21/97
Oll?l/91

C.B.B.
R.S.n.N.
~

TURN AROUND PAD I DETAIL

CAMELBACK RANCH LEVEE - SOUTH
INDIAN SCHOOL RD - CAMELBACK RD.

NO. FeD 97-18
--8Y
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Certification Report for
Camelback Ranch Levee South

Maricopa County, Arizona
Appendix E. Record Drawings

E.2 Portion of Camelback Road Storm Drain Record Drawings

JE Fuller Hydrology & Geomorphology, Inc.
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CAMELBACK ROAD
AG-UA FRIA RIVER TO 99TH AVENUE

CITY OF PHOENIX
STREET TRANSPORTATION DEPARTMENT

DESIGN AND CONSTRUCTION MANAGEMENT DIVISION
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ARE OFFICIAL RECORD ORAWINOS
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IntlM':\O< 1'1/1 Va,. r

p..n,Cft>e'~

ConI'OCI.... A !lo"'; (>IIlItwl II

PROJECT LENGTH,

PAVING - s.!lliQ LF
IJ;) MI

STORM DRAIN - 9,700 LF
I.!l4MI

BASIS OF VERTICAL CONTROL

.. COP BENCH MARK'
M.CED. BRASS CAP IN HANDHOLE @ WEST
EDGE OF 99TH AVENUE AND CAMELBACK
ROAD, SE CORNER OF SEC 17. T2N, RlE
STATION 103+02.11. ELEVATION-1041,70
COP DATUM NGVD 1929
(ELEVAnION-1043.63 NAVD 1988)

BASIS OF HORIZONTAL CONTROL

CAMELBACK ROAD' BCHH AT 111TH
AVENUE. BCHH AT 107TH AVENUE. BC
1000D AVENUE. AND BCHH 99TH AVENUE.
ARIZONA COORDINATE SYSTEM. CENTRAL
ZONE. HOAIZONTAL DATUM OF 1983.

10F68

------~--------------~----
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PROJ. ~.

RIPRAP & GATE D
CITY OF PHOENI
STREET TRANSPORTATI(

CAMELBACK RD ~

AGUA FRIA RVR TI

ST83110

P(R CITY OF PHOENIl( OROlNANCI
AAt FOR 0fT1CIAL US( ONLY AND
OTHeRS EXCEPT AS REOUtR(() TO

or YOUR COHTlW:T WITH TH

MfciSiiRto·PR6rT~lNClHrl1i f!Mt) 0A1(

I IiFIIEffY ClRnneD 111....1 1111'> ""CC()I(u l)+(AWlN(;" W":, M,o\['It
U"'()(R 1,1" SUP(IMSIOH OH "':> NOll I) "-NU I~ (,;f.lRRCCl 10
Itll f1£Sl 01' IIY KNOW\.£DGE AND milo

RECORD DRAWING CERTIFICAllON

I '. ~''''''''' I lMeQOI GENERA! NOTES

1. All. CONSTRUCTION SHALl CONfORt.4 TO THE LATEST I.IARICOPA COUNTY DEPARTMENT OF TRANSPORTATION (t.lCDOT) ROADWAY
t.lANUAL AND I.4AG. SPECIfiCATIONS AND MARICDP", COUNTY SPECIAL PROVlSIONS F'OR CONSTRUCTION Of STREET IMPRQVEt.4D-

;: ~~i~:~~G°r~I~N~E~~S~SEM~m/:~lrgNr:l~p~~gN~R~I~~P~~g~jN~U~.:r~~T;TO6;W:.rmSPORT....nON I ~-
AIlD NOT IN DETAIL. CONSTRUCTION QUANTITIES ON THESE PlANS ARE NOT VER!FlED BY MARICOPA COUNTY DEPARTMENT OF' f
TRANSPORTATION. APPROVAL Of THESE PlANS ARE F'OR PERt.llT PURPOSES ONLY AND SHALl NOT PREVENT MARICOPA COUNT ~
OCPARTMENT Of TRANSPORTATION fROM REQUIRING CORRECTION Of ERRORS IN THE PLANS WHERE SUCH ERRORS ARE SU8S! I
fOUND TO BE IN VIOLATION OF AJf( LAW, ORDINANCE. HEALTH, SAFETY, OR OTHER DESIGN ISSUES.

4. CONTRACTOR SHALl NOTIfY THE MCOOT INSPECTION DEPARTI.4ENT AT LEAST 24 HOURS IN ADVANCE Of ANY CONSTRUCTION A'
(602) 506-8606.

5 AN APPROVED SET Of PlANS SHALl BE ON THE SITE DURING CONSTRUCTION AND INSPECTIONS.6: CONTRACTOR PERfORMING CONSTRUCTION OR EXCAVATING OPERATIONS IS RESPONSIBLE fOR LOCATING, RELOCAnNG AND/OR

7. ~ ~~~NN ~~~K~Ru.~N~~~EARRI~':O:~W~e ~SJo~~o~~OP~EC~rgji SUPPL£MENT TO MAG. SPE f
EW:KFlLL UNDER J#Y EXtsTlNG OR PROPOSED PAVEMENT, CURS AND GUTTER OR WTTHIN TWO fEET (2') OR LfSS FROM THE i
PAVEMENT SHAU. CONSIST OF ONE-HALF (1/2) SACK CLSM.

B. ,4ll STRUCTURES, SUCH AS MANHOlES, VALVE BOX &: COVERS, AND t.40NITQRING WELLS t.4UST BE MARKED WITH AT lEAST T'I\
R€F\.ECTNE YElLOW FLEX POST 'NHEN STRUCTURES ARE LOCATED OUTSlOE THE TRAVELED WAY AND WITHIN THE RIGHT-Of-WI
'"APPUES ONLY WHEN THERE IS NO CURB.'

9. ,'IJ. EXISTING PAV£MENT MARKING, TRAfFlC SIGNS AND SIGNAL EQUIPMENT THAT NEEOS TO 8E REMOVED, REPlACED, RELOCAT
REPAIRED BECAUSE Of CONTRACTOR'S WORK WILL BE OONE BY THE CONT'RACTOR AT HIS EXPENSE. ALL TRAfFIC SIGNS THAT
REMOVED SHALL BE STOCKPILED ON THE PROJECT SITE AND THE CONTRACTOR IS TO NOTlfY THE INSPECTOR WHEN ALL SIGN
BEEN REt.4OVED. ALL NEW STREET NM4E SIGNS SHALl. 8E PROVIDED AND INSTALL£D BY PERMITTEE AT NO EXPENSE TO I.tARIC

10. PAVEMENT MARKING, SIGNING AND SIGNAL WORK WILL BE INSPECTED AND WIll HAVE TO t.4EET COUNTY STANDARDS BEfORE R
Of BONO.

11. ,lSPHALT MIX DESIGN SHALl BE SUBt.4ITT'EO TO MCOOT .... I.4INIt.4UM Of 48 HOURS PRIOR TO PLACING ANY ASPHALT COURSES.
(TRENCH WORK EXCLUDED.)

12. PRiOR TO CONDUCTING EXCAv....nON OPERATIONS, THE CONTRACl'OR SHALL 08TAlN FROM THE ARIZON.... ST....TE HISTORICAl., PRE~
OFfICER (SHPO) (SD2) 542-4009. RECOI.4MENOAflONS REGARDING THE NEED fOR CULTURAl RESOURCES (ARCHAEOLOCICAL) ,
All DISCOVERIES Of HUtAAN REMAINS, CULTURAl ARTlf....CTS. OR PALEONTOLOGICAL RDAAINS SHALL BE REPORTED TO THE AR
IAUSEUlA AND t.4eOOT. UPON DISCOVERY, CONTRACTOR SH....LL eCASE OPERATIONS IN THE VICINITY Of THE FIND AND PROTECT
DISCOVERY AREA fROM fURTHER DISTURBANCE UNTIL THE fiNO CAN BE PROfESSIONALLY INVESTIGATED BY THE ARIZONA ST....1
,l.ND MeOOT.

13. PRIOR TO MOVING OR DESTROYING PROTECTED NATIVE PlANT SPECIES. THE CONTR.f.CTOR SHALL FILE .... fORw.L NOTICE Of I~
WE ARIZONA DEPARTMENT OF AGRICULTURE NATIVE PlANTS (602) 542-6408.

14. [XCEPT UNDER EI.4ERGENCY CONDmONS, ROADS SHALl NOT BE CLOSED fOR CONSTRUCTION ....CTMTY UNLESS PRIOR APPROV,
OBTAINED fROM THE TRANSPORTATION DIRECTOR OR HIS REPRESENTATIVE.

15. .All BOX CULVERTS CONSTRUCTED IN THE PUBUC RIGHT-Of-W....Y SHALl COt.4PLY WITH ARIZONA DEPARTMENT Of TRANSPORTI

16. ~~)Ttt~~~~S:C~:SNESC~~~~~~~~~It.4~~Rf~S~~~I'fSg:-L ~fS~L~RTSj~~~ ~~~(-"'SED F
DESIGN/CALCUlATIONS TO THE MARICOPA COUNTY DEPARTMENT Of TRANSPORTATION fOR REVIEW AND APPROVAL,

Q1srng GENERA! NOIFS'
1. l1'lE TERI.4 DISTRICT AS USED IN THESE PlANS SHALL REFER TO THE ROOSEVELT IRRICATION DISTRICT (RIO).
2. l1'l[ DISTRICT OBSERVER MUST APPROVE THE SCHEOUUNG Of All CONSTRUCTION ....CTMTIES WITHIN THE DISTRICT RIGHT-OF'­

[)ISTRICT MAY REOUIRE THAT SOI.4E OR All. Of THE CONSTRUCTION fOR THE PROJECT 8E COt.4PLETED ONLY OURING A SeHE[
UP Of THE MAIN CANAL.

3. .AU CONSTRUCTION PlANS AffECTING DISTRICT fACIUTlES MUST BE REVIEWED AND APPROVED BY THE IRRIGATION OISTRICT.
4. THE CONTRACTOR SHALL CONTACT THE DISTRICT CONSTRUCTION OBSERVER AT (602) 421-9864, A t.4INIt.4UM Of 15 CALENDN

PRIOR TO COMMENCEMENT Of CONSTRUCTION.
5. THE CONTRACTOR IS RESPONS!BLE fOR OBTAINING AN RID RIGHT-OF-WAY CROSSING PERMIT(S) BEfORE mY WORK CAN CO~

'l'TTHIN DISTRICT RIGHT-Of-W....Y.
6. THE CONTRACTOR SHALL PROVIDE SHOP DRAWINGS fOR REVIEW BY THE DISTRICT'S ENGINEER AS MAY BE NECESSARY fOR II

($ THE WORK AND AS REQUIRED BY THE DRAWINGS AND SPECIFICATIONS.
7. ST"'TlONS SHOWN ARE APPROXlMJ,TE AND MAY BE VARIED AS DIRECTED BY THE DEVELOPER'S ENGINEER.
8. ALl EXISTING IRRIGATION F'ACIUTlES DISTURBED BY NEW CONSTRUCTION SHALL BE RECONSTRUCTED TO CURRENT RID STANOAR
9. All CONSTRUCTION INCLUDING, BlIT NOT UMfTED TO: EQUIPMENT, fENCING, SPOILS, ETC. t.4UST REt.4AIN OUTSIDE Of' DISTRIC

viAY UNl(SS OTHERWISE APPROVED BY THE DISTRICT CONSTRUCTION OBSERVER.
10. EXISTING Rm fACIUTIES I.4UST REMAIN OPERATIONAl, AND SHALL NOT BE DISTURBED OR RENDERED INACCESSIBLE TO RID DPI

AND MAINTENANCE STAff.

QISTRICT GRAD'NG NOTFS'
1. TIlE CONTRACTOR SHALL PR0\1DE SMOOTHLY AND EVENLY GRADED fiNISHED GROUND SURf....CES AOOlIT AlL DISTRICT fACIUTII

TIlE PROJECT AREA.
2. TIlE CONTRACTOR SHALL II.4PORT ADDrTJONAL FILL lAATERlAL OR EXPORT EXCESS CUT MATERIAL AS REOUIRED TO PROVlDE SAl

~ISHED GRADING ABOUT DISTRICT f ....CIUTlES AS INDICATED ON THE APPROVED PlANS OR AS DIRECTED BY THE DISTRICT COl
09SERVER.

3. F)lISHED GRADING SHALl BLEND St.4ooTHLY INTO EXISTItotC GRADES.
4. FJlISHEO SURfACES SHALL BE GRADED TO DIRECT DRAINAGE AWAY fROM DISTRICT F'ACtUTlES.
5. 01M ROADS SHALl BE CONSTRUCTED WTTH A t.lINIMUM ELEVATION 6- ABOVE ADJACENT FIElDS AND A 2" CROSS SLOP( UNU

01llERW1SE NOTED.
6. <»:t.4 ROADS ADJACENT TO CAAAl... PRISt.4 SHALL BE CONSTRUCTED WITH .... t.lINIMUt.4 ELEVATION 6~ ABOVE ADJACENT FIELDS AA

SLOPE ....WAY fROt.4 CANAL PRtslA AREA UNLESS OTHEWISE NOTED.

...
IO~

'f
';>

y
;,

lOP'"<£VEE

l-'l
~IJz.. •...'/...•.
DETAJL ~D~

(2 REO'O)

'-r~
2_1/."R

J~/lfl"R ~2".

~ .-I/r.I/2·.7"
DETAIL ~E-

(2 r .cl'd)

··HOLD THESE DlIoIOtSKlt'fS I. 'dl
WHEN S£lTING POSTS.

SECTION A-A

~

flO' SCM, 80 PIP( l( 15'-0· LOHO "'INU.lUlol.

0\'rT,EEL PIPE GATE

ElEV....TlOO _H£Y --- ~

~ :: ~,.

LATCH DETAJL ~A~

~"1ij~~-r~I~1

,
n~ SCM.eo PIPE:

PLAN
~

--HOlD THIS Olt.IEHSlOH
WHEN S£mNG POST.

HINGE POST DETAJL

I~I

CDRIPRAP DETAIL
N.T.S.

',Y/1¥,'
J" ANGlE IRON 1'-0" LONG W1Tli A
t.IAO£ FllOtol 1· STEEL ROO WE1.DEO TO' HVT.

~u:g-.~OIS~~THROuCH THE NUT '" ."O,$CH. 40 PIPE l( 1'-"· LONe

~

,. RIPRAP SHAll BE SAlVAGED FROM TH.t.T REI.4OVEO TO ACCOMt.400ATE CONSTRUCTION Of niE CSA MAINTENANCE RAMP, THE RtPRAP
WHEN PLACED SHALl BE REASONABLY WELL GRADED fROM lARGEST TO SMAllEST DIAMETERS.

MCECp GfNfBN NOTES-

1. AU. CONSTRUCTION WITI-IIN F'LOOO CONTROL DISTRICT (DISTRICT) RIGHTS-Of-W....Y JURISOICTION SHALl CONFOR'" TO THE LATEST
MARICOPA ASSOC~TION OF GOVERNMENTS' (MAC) SPECtFlCATIONS.

2. CONTRACTOR MUST OBTAlN NECESSARY DISTRICT PERt.41T PRIOR TO COt.lMENCEMENT Of CONSTRUCTION WllltiN DISTRICT RIGHT-OE­
WAY AND MAINTAIN A COPY Of THE PERMIT ON THE PROJECT SITE AT All TIMES.

J. NOTIFY THE DISTRICT'S PERt.4!TS INSPECTOR AT 602-506-.727 OR 602-506-4723 AT lEAST 48 HRS PRIOR TO ANY WORK BEING
PERFORMED IN THE DISTRICT'S RIGHTS-Of-WAY.

4. CONTRACTOR PERFORMING EXCAVATION OPERATIONS IS RESPONSIBLE FOR LOCATING AND PROTECTING AU. UNDERGROUND UTlUTlES
5. ALL COt.lPACTlON mQ BACKFlLL WITHIN DISTRICT'S RtGI-H-Of-WAY SHALl CONfORt.4 TO THE LATEST t.4AC SPEClnCATIONS UNLESS

STIPULATED OTHERWISE IN THE DISTRICT'S PERt.4IT.
6. ANY [)..WACE TO DISTRICT'S STRUCTURES, EQUIPt.4EHT, IMTERIAL5, VEGET....TION, AND/OR PROPERTY SHALl BE REPlACED AND/OR

REPAIRED IN-KINO TO THE SATISF'ACTION OF' THE DISTRICT.

f'lElJ) WELD

/".,..,..e-- WELD N..L ARQUNO

/~WELDmsSlOE

/WELOOTMERSJl)(

WELDING SYM80L LEGEND

!:!Q!L
I. TliE D(POS£O SURfACE OF THE COHCRCTE SHAll BE

CROWI'IEO TO SHED WATER,

""'"
HORfZOttT,Ir(
"""'C<l.
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TYPICAL SECTION
MAINTENANCE ROAD""

MCrcp GENfflU., NOTEs-
1. AU. CONSTRUCl1ON~ ~ooo CONTROL DlSTR1CT (DISTRICT) RIGHTS-Of-WAY JURISD+CTlON SHALL. CONFQRt.4 TO THE LATEST

2. ~~T~~n:,.~ ~:rs~~ ~~lTr:sTO COMNENCEWENT Of COHSTRUCTlON wtTHlN DISTRICT RIGHT-()f-
WAY AND M/l.IKTAIN A fXi"( Of ltiE PmMIT ON lHE PROJECT SITE AT m TIMES.

3. NOTlFY 'THE OISTRtCiS PERUfr'S INSPECTOR AT 602-506-4727 OR 602-506-4723 AT l.£.AST 48 HAS PRIOR TO IoHY WORK BEING
PERFOfn,lEO IN lHE DtSfRtCT's RIGHTS-Of-WAY.

4. CONfRo'CTOR PERfORMltfG EXCAVAT'ION OPERATlONS IS RESPONSlBl£ fOR LOCAnNG ~O PROTECTlNG AU. UNDERGROUND ununES.
5. AU. COMPN:1'!ON AND p,t,CKFlLL WITHIN OISTRtCT"S RIGHT-oF-WAY SHAll. CONfORM TO THE LATEST IrUli SPECIFlCATlONS UNl.£SS

snPULATED OTH£RW\SE tl THE DlS1RICT'S PERMIT,
6, NN ONMCE TO OISTRIC1'S ST'RUCTURES. EQUIPWENT, ~TERIAlS, VEGETATION, AND/OR PROPERlY~ BE REPlACED AND/OR

REPAiRED IN-KINO fO lllE SAnSfACTlON Of ll-lE DISTRICT,

"""L£\"EE SURFAlX WlJST 8[ PftO"f'C) H70RE
N"f'UCAlIOM Of CS\.. a..ENt NC) ROIOYE AU.
LOOSE: Wo\'T'E:RW. F"'OW SURfACE: ro'lH[
SAnsrlrCfCllltV OF n£ WCfa) INSPECfOfl

CURVE DATA
~

{1

~
CllYO'Nh_ nu I

-Y' r l'
(~fID)=.J

- - - -- -- - -- - - - -- - --

..

" SURFACE COURSE TYPE 01\
PER MAG 321 ANO 710 STORM DRAIN RAMP DETAIL

.' ACGREGATE BASE COURSE CI1Y OF PHOENIX, ARIZONA
PER MAG 310 AND 702 STREET TRANSPORTATION DEPARTMENT

SU8GRADE PREPARATION CAMELBACK RD STORM DRAIN
MAINTENANCE ROAD ~;~~ ~~~) AGUA FRIA RVR TO 99TH AVE

ll'O "_.'>/ " •••• ,•.,. MAINTENANCE ACCESS RAMP AND ROAD DETAIL PAVEMENT ST8:5110057 i
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Appendix F. Field Survey Data
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•

F.1 Project Survey and Topographic Data

F.2 Field Survey Report
Select Pages from Survey Report, Camelback Ranch Levee South, Premier Engineering
Inc.
Full Survey Report and electronic files included on data disk in Appendix H

JE Fuller Hydrology & Geomorphology, Inc.
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F.1 Project Survey and Topographic Data



• 1. Project Survey and Topographic Data
Two sources of topographic information were used for the evaluation of the Camelback Ranch
Levee South and the Agua Fria River.

1. Field survey data points (March 2010) were collected at 200 foot intervals along the
Agua Fria River starting at the Camelback Road Bridge ending approximately 1350 feet
north of Indian School Road. Field survey data was collected at natural ground elevation
in the left overbank near existing Flood Control District of Maricopa County (FCDMC)
right-of-way, top and toe of levee elevations. Field survey points (June 2010) were also
collected along HEC-2 cross sections alignments for 8.325, 8.534, 8.646, 8.768, 8.875,
8.992, 9.098 and 9.177. Natural ground points and grade breaks were collected within
the Agua Fria River Main Channel.

• Horizontal Control: North American Datum 1983 (NAD 83)
• Vertical Control: National Geodetic Vertical Datum 1929 (NGVD 29).

2. FCDMC-provided 2-foot contour data (March 2009) within the Agua Fria River 2- foot
contour data (March 1994) for the overall project limits within Agua Fria River and in the
overbank areas. Digital data included an ESRI shape file containing contours based on
the following control:

•

•

March 2009
• Horizontal Control: North American Datum 1983 (NAD 83)
• Vertical Control: National Geodetic Vertical Datum 1988 (NAVD 88).

March 1994
• Horizontal Control: North American Datum 1927 (NAD 27)
• Vertical Control: National Geodetic Vertical Datum 1929 (NGVD 29).

The HEC-2 models (Effective FEMA and Project Design models), discussed in Section 2 were
based on the NGVD 29. A conversion in needed to compare the NAVD 88 FCD topo with the
NGVD 29 model and survey data. The conversion factor was determined by comparing local
benchmarks, survey control within the project area and the datum shift using the American
Vertical Datum Conversion Utility software. The final data shift was determined to be equivalent
to be consistent with the original CVL 1995 Study.

NGVD 29 = NAVD 88 - 2.06 feet.

This conversion is consistent with the Levee Certification and Floodplain Delineation Study for
Lower Agua Fria River conducted concurrently on Levee ID's 8, 16 and 18.

Additional survey electronic data is included on data disk in the Appendix H.



•

•

•
JE Fuller Hydrology & Geomorphology, Inc.

Certification Report for
Camelback Ranch Levee South

Maricopa County, Arizona
Appendix F. Field Survey Data

F.2 Field Survey Report
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ENGINEERING CORPORATION

AGUA FRIA LEVEE #11 COORDINATE AND ELEVATION POINT LIST

HORIZONTAL DATUM:

ARIZONA STATE PLANE COORDINATE SYSTEM, NAD '83 SCALED BY A
COMBINED SCALE FACTOR OF 1.00013 ABOUT THE CARTESIAN ORIGIN

(NORTHING 0, EASTING 0).

VERTICAL DATUM:

NORTH AMERICAN VERTICAL DATUM 1988 (NAVD '88).

Project No. 2010003

6437 W. Chandler Blvd .. Suite 1 • Chandler, AZ 85226 • (480) 829-6000 • Fax (480) 829-6016
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Appendix G. Camelback Ranch Levee South Photos

G. Camelback Ranch Levee South Photos

G.1 Field Photos

G.2 Field Photo Locations

Figure G-1: Field Photo Locations

JE Fuller Hydrology & Geomorphology, Inc.
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G.1 Field Photos
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Photo Location and Descriptions

Photograph #1 December 11, 2009

• Looking east at levee access road off of Camelback Road .

Looking North at Camelback Road approach to bridge over the Agua Fria River•
Photograph #2 December 11, 2009

Page 1 of 21
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Photo Location and Descriptions

Photograph #3 December 11, 2009

• Looking north at the east abutment for the Camelback Road Bridge

Looking east at local drainage swale along Camelback Road•
Photograph #4 December 11, 2009

Page 2 of 21
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Photo Location and Descriptions

Looking west along the downstream face of the Camelback Road Bridge over the Agua Fria River•
Photograph #5 December 11, 2009

•
Photograph #6 December 11, 2009

Looking south along the levee

Page 3 of 21
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Photo Location and Descriptions

Looking south at Camelback Road Storm Drain manhole SDMH#32

•

•

Photograph #7

Photograph #8

December 11, 2009

Looking south along the levee

December 11, 2009

Page 4 of 21
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Photo Location and Descriptions

•
Photograph #9 December 11, 2009

Looking north along the levee

Photograph #10 December 11, 2009

• Looking southeast behind levee

Page 5 of 21
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Photo Location and Descriptions

•
Photograph #11

Looking north along the levee

December 11, 2009

•
Photograph #12

Looking south along the levee

December 11, 2009

Page 6 of 21
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Photo Location and Descriptions

•
Photograph #13

Looking north along the levee

December 11, 2009

•
Photograph #14

Looking north along the levee

December 11, 2009

Page 7 of 21
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Photo Location and Descriptions

Photograph #15 December 11, 2009

• Looking south along the levee

Looking at Camelback Ranch Levee South survey station marker along the top of levee•
Photograph #16 December 11, 2009

Page 8 of 21
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Photo Location and Descriptions

•
Photograph #17

Looking north along the levee

December 11, 2009

Photograph #18 December 11, 2009

• Looking northeast behind the levee

Page 9 of 21
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Photo Location and Descriptions

•
Photograph #19

Looking east behind the levee

December 11, 2009

•
Photograph #20

Looking east behind the levee

December 11, 2009

Page 10 of 21
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Photo Location and Descriptions

•
Photograph #21 December 11, 2009

Looking southeast behind levee

•
Photograph #22 December 11, 2009

Looking south along the levee

Page 11 of 21
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Photo Location and Descriptions

•
Photograph #23 December 11, 2009

Looking south along the levee

•
Photograph #24 December 11, 2009

Looking southeast behind levee

Page 12 of 21
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Photo Location and Descriptions

•
Photograph #25 December 11, 2009

Looking northeast behind levee

•
Photograph #26 December 11, 2009

Looking north along the levee

Page 13 of 21
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Photo Location and Descriptions

Looking at Camelback Ranch Levee South station marker along the east side of the maintenance

road•
Photograph #27 December 11, 2009

•
Photograph #28

Looking north along the levee

December 11, 2009

Page 14 of 21
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Photo Location and Descriptions

•
Photograph #29

Looking south along the levee

December 11, 2009

•
Photograph #30

Looking south along the levee

December 11, 2009

Page 15 of 21
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Photo Location and Descriptions

•
Photograph #31

Looking north along the levee

December 11, 2009

•
Photograph #32

Looking south along the levee

December 11, 2009

Page 16 of 21
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Photo Location and Descriptions
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Photograph #33

Photograph #34

December 11, 2009

Looking southeast behind levee

December 11, 2009

Looking southeast behind levee

Page 17 of 21
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Photo Location and Descriptions
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Photograph #35

Photograph #36

Looking east behind levee

Looking north along the levee

December 11, 2009

December 11, 2009

Page 18 of 21
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Photo Location and Descriptions

Looking west along the river side of the transverse diversion structures at the southern limits of

the levee•
Photograph #37 December 11, 2009

Looking at the headwall and outlet structure at the newly constructed Camelback Road Storm

Drain•
Photograph #38 December 11, 2009

Page 19 of 21
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Photo Location and Descriptions

Looking at the headwall and outlet structure at the newly constructed Camelback Road Storm

Drain•
Photograph #39 December 11, 2009

Looking north at the levee access ramp and east abutment of the Camelback Road Bridge over

the Agua Fria River•
Photograph #40 December 11, 2009

Page 20 of 21
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Photo Location and Descriptions

Looking south along the water side of the levee embankment south of the access ramp•

•

Photograph #41 December 11, 2009

Page 21 of 21
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G.2 Field Photo Locations
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Appendix H. Data Disk

H. Data Disk

Field Photos

General Support Documents

A400_307FinaLlnteriorDrainageReport_CamelbackRanchLeveeDesignProject.pdf
A400_803Final Calculations.pdf
A400_916CamelbackRanchLevee_South_LetterofMapRevision_LOMR.pdf
CamelbackRoadStormDrain_H&H.pdf
98-09-226P.pdf
FEMAFORM.doc
Interior Drainage Report.pdf
Levee Backup.pdf
TSDN.pdf

Hydraulic Models

AGUAFRIA.DAT
AGUAFRIA.OUT
cblp1.dat
cblp1.out
AguaFriaRiver_CBRLS_Eval.prj
AguaFriaRiver_CBRLS_Eval.rep

Inspection Reports (FCDMC)

Record Drawings and Design Plans

Camelback Road Storm Drain Design Plans (folder)
Camelback Ranch Levee South.pdf
Camelback Road Storm Drain Right-of-Way Permit (2006P039.pdf)
Camelback Road Bridge Plans
Indian School Road Grade Control

Survey Report

Field survey report

JE Fuller Hydrology &Geomorphology, Inc.




