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Purpose

The main purpose of this report is to document the scour chain monitoring effort and the
riprap erosion protection installed in February of 2015 as the solution to the soil cement levee toe
down deficiency issue for the Camelback Ranch Levee South (Camelback Road to 3600 feet
South Along the East Bank of the Agua Fria River).

Background

JE Fuller was contracted by the Flood Control District of Maricopa County (FCDMC or
District) to evaluate the Camelback Ranch Levee South Camelback Road to 3600 feet South
Along the East Bank of the Agua Fria River in 2011 as part of FEMA Levee Certification
Program managed by the Mitigation Planning Branch of District’s Floodplain Management
Services Division. The evaluation report indicated that there was a toe down deficiency issue
near station 43+50 at the levee and recommended a Levee Toe Monitoring Plan (JE Fuller,
2011). As part of Levee Toe Monitoring Plan, three scour chains and three permanent markers
(bolts) were designed by the Engineering Application Development and River Mechanics Branch
of Engineering Division, FCDMC on May 7% 2013 to monitor potential scour issues during
flood events (FCDMC, May 7™, 2013). In June of 2013, the District’s Operation & Maintenance
Division (O&M) with the assistance of the Survey & Mapping Branch of the District’s
Engineering Division installed these three scour chains at the river bed near the levee and three
permanent markers (bolts) on the soil cement levee at the toe (see Figure 1 and Figure 2).

The JE Fuller’s evaluation report also suggested the District to consider the design and
installation of additional levee toe protection in lieu of the Levee Toe Monitoring Plan at a future
date. The Levee Toe Monitoring Plan can be considered as a temporary solution while the toe
protection can be considered as a permanent solution to the levee deficiency issue. Riprap toe
protection was also designed by the Engineering Division’s Engineering Application
Development and River Mechanics Branch (FCDMC, August 21*, 2013 and April 15™ 2014).
In February of 2015, the District’s O&M Division installed the riprap toe protection which is the
permanent solution. Although the scour chains are no longer needed because the riprap toe
protection has already been installed, the three scour chains were not taken out of the river
bottom and were re-set in February of 2015 when the riprap toe protection was installed. The re-
set scour chains will provide an additional tool to help the District monitor the scour in Agua
Fria River.



Figure 1. Scour Chains and Permanent Makers Installed in June of 2013
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Riprap Toe Protection

Riprap toe protection was installed at the soil cement levee toe as launchable riprap by
the District’s O&M Division in February of 2015 based on the construction plans prepared by
the Civil & Structures Branch of the Engineering Division. The riprap toe protection was
designed by the Engineering Application Development and River Mechanics Branch of the
Engineering Division. The riprap toe protection can “launch” to the total scour depth if erosion
will take place during a future flood. The design dimensions for the riprap toe protection are 6.5
feet thick, 14.5 feet wide, and 120 ft long. The actual as-built dimensions for the riprap toe
protection are 6.5 feet thick, 16 feet (top width), and 150 feet. The D50 for both the design and
as-built riprap is 18” which was computed by using 156 Ib/ft® as the specific weight. The actual
as-built riprap specific weight is 163 1b/ft® based on apparent specific gravity of 2.61 from a lab
report dated 7/15/2013, which was prepared by Speedie and Associates for Custom Landscape
Materials (Project Number: 130831LA; Lab Number: 395042). Although the lab report was for
the gravels (“Belmont Gold”), the gravels and riprap have the same apparent specific gravity
because the gravels were made by crushing the riprap. The coordinates for the top four corners
for the installed riprap toe protection can be found in the following table. Figures 3-5 are the
photos taken by the District’s O&M Division while they were constructing the riprap toe
protection structure. The as-built drawing sheets can be found in Appendix A. Figures 6-7 are the
photos taken by the District’s O&M Division while the District staff were inspecting the quarry
site.

Table 1. Survey Points for Installed Riprap Toe Protection (2/11/2015)

Northern (ft) Easting (ft) Elevation (ft)

Riprap 912190.3 581814.1 1006.342
Northwest
corner (top)

Riprap 912188.3 581830.9 1006.187
Northeast
corner (top)

Riprap 912039.2 581796 1006.92
Southwest
corner (top)

Riprap 912039.6 581812.4 1007.108
Southeast
corner (top)

Notes: Horizontal coordinate system: State Plane, AZ Central 1983; Vertical Datum: NAVDS8S;
Survey data were collected by the Survey & Mapping Branch of the Engineering Division.



Figure 3. Open Trench, Launchable Riprap Installation Preparation

i Riprap ion Preparation, Looking North twoward
Camelback Road Bridge, Agua Fria River (FCDMC O&M Crew, 1/28/2015)

Riprap Inst: ion Preparation, Looking South, FCDMC
O&M Crew, 1/28/2015




Figure 4. Filter, Launchable Riprap Installation Preparation

Riprap Preparation, Type I Filter Installation, L ooking North toward
Camelback Road Bridge, Agua Fria River (FCDMC O&M Crew, 1/28/2015)

Launchable Riprap Installation Preparation, Type li Filter Installation, Looking North toward
Camelback Road Bridge, Agua Fria River (FCDMC O&M Crew, 1/28/2015)




Figure 5. Launchable Riprap Installation for Levee Toe Protection
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Launchable Riprap Installation, Looking North toward Camelback Road Bridge, Agua Fria
River (FCDMC O&M Crew, 1/28/2015)




Figure 6. Quarry Site in Buckeye, AZ (West Valley Rock)
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Figure 7. Quarry Site in Buckeye, AZ (West Valley Rock)
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Scour Chains and Permanent Markers (Bolts)

Three scour chains and three permanent markers (bolts) were installed at the site in June
0f 2013 by the District’s O&M Division based on the locations and depths designed by the
Engineering Application Development and River Mechanics Branch of Engineering Division.
The scour chains illustration can be found in Figure 2. The three scour chains were installed in
the river bed at about 22 feet away from three bolts which were installed at the toe of the soil
cement levee (at the river bed level adjacent to the levee) as shown in Figure 1. After the
installation, the survey crew surveyed the installed scour chains and bolts in June of 2013. The
June 2013 survey results can be found in Table 2.

In January of 2015, the O&M Division used Bobcat and Backhole loaders to retrieve the
three scour chains with the assistance from the Engineering Division’s Survey & Mapping
Branch. The survey crew surveyed the three scour chains in January of 2015 to estimate the
scour depths which were due to the flood events between June of 2013 and January of 2015. The
January 2015 survey results can be found in Table 3. Based on the January 2015 field notes taken
by the Mitigation Planning Branch of Floodplain Management Services Division, scour chain #1
has roughly four feet of scour chain exposed as compared to 2.9 feet measured in June of 2013,
which suggests a scour depth of about one ft. The exposed chain length is measured between the
apex and the end of the chain. The chain apex is where a tag is attached and the chain just
emerges from the ground. However, the measured apex elevation for scour chain #1 is 1007.568
ft as compared with 1007.166 ft measured in June of 2013, which suggests a deposition of 0.402
feet. Therefore, whether or not it is scour or deposition for scour chain #1 is not conclusive.
Table 4 compares the chain apex elevations between June of 2013 and January of 2015. For
scour chain #2, the apex elevations measured in June of 2013 and January of 2015 are 1005.767
ft and 1005.384 ft, respectively, as shown in Table 4. This indicates a 0.383 ft scour depth. For
scour chain #3, the apex elevations measured in June of 2013 and January of 2015 are 1005.366
ft and 1000.963 ft, respectively, which indicates a 4.403 ft scour depth.

The scour depth was due to the flood events which occurred in the time frame between
June of 2013 and January of 2015. Figure 8 shows the flow gage locations. Based on FCDMC’s
flow gage information, the largest annual maximal flows at gage 5503 (Agua Fria River at Grand
Avenue, about 7 miles north of the Camelback Road along Agua Fria River) are 687 cfs and 0.0
cfs, respectively in 2014 and 2013. The largest annual maximal flows at gage 5403 (Agua Fria
River at Buckeye Road, about 5.25 miles south of the Camelback Road along Agua Fria River)
are 10274 cfs and 0.0 cfs, respectively in 2014 and 2013. The largest annual maximal flows at
gage 5508 (New River at Glendale Avenue, about 2.5 miles north of Camelback Road along
New River) are 5568 cfs and 1658 cfs, respectively in 2014 and 2013.

In February of 2015, after the riprap toe protection was installed, the scour chains were
re-set at the same locations. Although the scour chains were no longer needed because the
permanent solution (riprap toe protection) was already installed, the scour chains will still
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provide the District a scour monitoring mechanism to help the District staff collect scour
information for the Agua Fria River. After the scour chains were re-set and installed at the site,
the Survey & Mapping Branch surveyed the scour chains. The survey results can be found in
Table 5.

Table 2. Scour Chains and Bolts Survey Results on 6/25/2013

Agua fFria Scour Chains & Marker Locations

6/25/2013

Survey and Mapping Branch, Engineering Division, FCDMC
Meta Data:

Vertical Datum: NAVD 88

Coordinate System: US State Plane 1983

Zone: Arizona Central 6202

Datum: NAD 1983 (NSRS 2007)

Geoid Model: Geoid0SAZ

'Points # 200-202 represent the locations of Markers 1-3
Points 203/204, 205/206, 207/208 are the locations of the Scour Chain and
a corresponding ground shot to compare depths of the Scour Chain from the Natural Ground.

Point#  Northing  Easting Elevation Description
200 912158.508 581829.493 1005.477 BOLT #1 LOCATION
201 912022.736 581829.661 1006.878 BOLT #2 LOCATION
202 911845.574 581799.701 1007.764 BOLT #3 LOCATION
203 512160.647 581807.199 1007.166 CHAIN #1 TAG-Apex LOCATION - +2.9FT LONG FROM 12FT TAG
204 912161.55 581811.442 1008.852 Ground Near Chain #1
205 912025.285 581806.484 1005.767 CHAIN #2 Tag-Apex LOCATION
206 912033.136 581814.681 1007.271 Ground Near Chain #2
207 911842.551 581784.015 1007.659 Ground Near Chain #3
208 511850.106 581773.241 1005.366 CHAIN #3 Tag-Apex LOCATION

Table 3. Scour Chain Survey Results in January of 2015

PointID Northing Easting Elevation  Feature Code Date Observed
8097 912026.05 581810.535 1004.786 208 east expoesed end 1-7-15ch #2
8098 912025.462 581806.483 1005.384 2056west apex 1-7-15ch #2
8033 912160.786 581807.541 1007.568 203 apex 1-8-15ch#1
8100 912164.365 581808.732 1007.537 203 end 1-8-15ch#1
8101 911853.479 581774.211 1000.963 chn 3 apex 1-21-15ch#3
8102 911845.816 581773.145 1002.477 chn 3 end 7.8 1-21-15ch#3
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Scour Chain #1 Apex Elevation (i)
Scour Chain #2 Apex Elevation (ft)
Scour Chain #3 Apex Elevation (ft)

Table 4. Comparison of Scour Chain Elevation at Apex

June of 2013 January of 2015 Scour Depth (ﬁ),

1007.166
1005.767
1005.366

positive values
means scour,
negative means
deposition
1007.568 -0.402
1005.384 0.383
1000.963 4.403

Table 5. Scour Chains and Riprap Survey Results on 2/11/2015

data collected on 2-11-2015

8107
8108
8103

8104
8105

8106
8109

8110
8111
8112
8114
8115

912039.615
912035.197
912150.305

912188.276
912160.308

912160.373
512025.688

512025.883
911850
511845.03
911852.538
512025.382
512151129

581812.355
581796.035
581814.115

581830.913
581808.241

581810.926
581806.255

581810.765
581773.401
581776.763
581786.746
581811.841
581814.222

datum: Harizontal= SPC AZ Central Zone NAD 1983, Vertical= NAVD 1988

1007.168
1006.92
1006.342

1006.187
1008.166

1008.488
1005.9

1005.915
1002.832
1003.373
1006.376
1007.563
1008.512

se cor riprap pit
SW cor riprap pit
nw cor riprap pit

ne cor riprap pit
chn 1 apex

chnlend
chn2 apex

chn2 end
chn3apex
chn3end
chn 3 cover
chn 2 cover
chn 1 cover
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Apex= chain at tag

end = end of exposed chain pointing East
cover= ground shot at approximate finished
grade.
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length=3.0

exposed
length=4.3

exposed length =3.6



Figure 8. Flow Gages Map
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Summary and Conclusions

This study fulfils the obligations required by the FEMA Levee Certification Program
managed by the Mitigation Planning Branch of Floodplain Management Services Division for
the soil cement levee toe down deficiency along the east bank of the Agua Fria River south of
Camelback Road. This report summarizes the as-built conditions for the riprap toe protection
which was installed in February of 2015 as a permanent solution to the levee toe down
deficiency issue. This report also reviews the background information for the three scour chains
and three permanent markers installed in June of 2013. The three scour chains were re-set in
February of 2015, which can be used to help monitor the scour depth due to the future flood
events.
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Appendix A. Exhibit for Initial Scour Chains and Bolts (Bing Zhao, Engineering
Application Development and River Mechanics Branch, Engineering Division, FCDMC,
May 7,2013)
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The permanent markers are to be installed on the levee

Approximate Locations for Permanent Markers on Levees | slope at the elevation of adjacent ground. The markers
= &= . - may be rebars driven and epoxied into the soil cement.

&; %k 1 ik 7 They should be set flush on the soil cement surface.

Soll cement
bank protection

Permanent
marker

Ground elevation <

Not to scale

Permanent Marker No.1 (about station 43+53 or HEC-RAS
cross-section 9.663 where the calculated scour elevation
is at the design toe elevation with no calculated safety
factor)

About 272 feet south of Camelback Road Centerline

The approximate coordinates are:

X=581819 ft; Y=912159 ft (NAD83 AZ State Plane Central)
The exact coordinates (NAD83 AZ State Plane Central) and
elevation (NAVD88) shall be surveyed and documented
after the installation.

Permanent Marker No.2 (about station 42+07 or HEC-RAS
cross-section 9.643)

The approximate coordinates are:

X=581828 ft; Y=912023 ft (NAD83 AZ State Plane Central)
The exact coordinates (NAD83 AZ State Plane Central)
and elevation (NAVD8&8) shall be surveyed and
documented after the installation.

Permanent Marker No.3 (about 40+16 or HEC-RAS cross-
section 9.602)

The approximate coordinates are:

X=581793 ft; Y=911846 ft (NAD83 AZ State Plane Central)
The exact coordinates (NAD83 AZ State Plane Central) and
elevation (NAVD88) shall be surveyed and documented
after the installation.

Vertical Scour Chain No.1 (22 ft west of Permanent
Marker No.1)
Vertical Scour Chain No.2 (22 ft west of Permanent
Marker No.2)
Vertical Scour Chain No.3 (22 ft west of Permanent
Marker No.3)

The base of the vertical scour chain shall be installed 12 ft
below the ground surface. The exact coordinates (NAD83
AZ State Plane Central ) shall be surveyed and
documented for the scour chain base (black rectangle in
figure below). The exact ground surface elevation
(NAVD88) above the scour chain base shall be surveyed
and documented after the installation.

Ground elevation

1 foot
Soll cement
bank protection
Permanent
22 feet marker
Ground
elevation
feet
Not to scale
s & FCDMC
r T T T T T T |
] 100 200 400 Feer 5/7/2013



Appendix B. Draft Interoffice Memo: Proposed Toe Down Mitigation for Levee
Certification for Camelback Ranch Levee South, east bank of the Agua Fria River south of
Camelback Road (Engineering Application Development and River Mechanics Branch,
Engineering Division, FCDMC, August 21, 2013)
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Flood Control District
of Maricopa County

INTEROFFICE MEMORANDUM

Date: August 21, 2013

To: Art Glover P.E., Senior Civil Engineer, Civil Structures Branch, Engineering Division,
Flood Control District of Maricopa County

Frank Brown P.E., CFM, Senior Civil Engineer, Mitigation Planning & Technical*
Programs Branch, Floodplain Management and Setvices Division, Flood Control

District of Maricopa County

From: Jonathon Chill, E.IT., CFM, MSE, Hydrologist, Engineering Applications Development
‘ and River Mechanics Branch, Engineering Division, Flood Control District of Maricopa

unty

U] Proposed Toe Down Mitigation for Levee Certification for Camelbaclé Ranch
T South, east bank of the Agua Fria River south of Camelback Road

-~

%
Summary: This Memorandum documents the engineering calculations for the proposed pemam
mitigation solution to the toe down deficiency on the Camelback Ranch Levee on the east bank of
the Agua Fria River south of Camelback Road (at station 43+53).

The engineering calculations results are as follows: Dy, = 18 inches ; D,,, = 30 inches; Dy = 24
inches; D;;= 9 inches; launchable riprap thickness = 6.5 feet; launchable riprap top width = 18 feet;
launchable riprap length = 200 ft (from Station 44400 to Station 42+00).

Other design requirements are as follows: (1) the launchable riprap shall not touch the scour chains
recently installed (see Appendix B for the Scour Chain locations); (2) tiprap must be angular; (3) the
riprap specific weight must be at least 156 Ib/ft’; (4) granular filter shall be used per the 1996 and
2013 Drainage Design Manual for Maricopa County Hydraulics (4 inch thick Type I and 6 inch thick

Type II).

Background Information: The soil cement Camelback Ranch Levee South is located immediately
south of Camelback Road in Agua Fria River. The Certification Report for Camelback Ranch Levee
South (JE Fuller, June 2011) indicates that Station 44+81 and Station 43+53 along the east bank do
not meet the required toe down depth. The corresponding HEC-RAS cross-section stations are
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9.686 for Station 44+81 and 9.663 for Station 43+53. Station 44+81 is not a concern because there
is existing tiprap in front of the levee that has enough volume to launch and thus mitigate the
calculated deficit at this location (page 2-16, JE Fuller, June 2011). Therefore, the proposed
mitigation measure will be for Station 43+53 and the surrounding area.

Recommended Design: The mitigation proposed here is to install launchable riprap 6.5 feet thick
and 18 feet wide at the top from Station 44+00 to Station 42+00 along the east bank of the levee
south of Camelback Road. A summary of this mitigation is given here. Itis proposed to use a
launchable riprap blanket just below existing grade that runs along the levee in the area that is
lacking the required toe down requirements. The design calls for angular riprap with a D, =18
inches. The minimum size required for this blanket was computed using the methods in Chapter 6
of the Drainage Design Manual for Maricopa County Hydraulics (FCDMC, 2013) and are
documented in Appendix A. A granular filter should be installed underneath the launchable riprap
based on Drainage Design Manual for Maricopa County Hydraulics (FCDMC, 1996, 2013). It
should be noted that a fabric filter should not be used because it could inhibit the riprap from
launching properly. The granular filter should at a minimum conform to the following specifications:
4 inch thick Type I and 6 inch thick Type II. The riprap gradation values are based on Drainage
Design Manual for Maricopa County Hydraulics (FCDMC, 1996, 2013). This results in the
following gradation requirements: D;;= 9 inches, D;, = 18 inches, Dy = 24 inches, and D, = 30
inches. The riprap blanket should be buried by a six inch thick layer of natural soil after placement
to match existing grade.

Thus the excavation for the placement of this protection should be at least 7 feet 10 inches below
the (low point of the) existing grade. This allows for the 10 inches of filter (4 inches of Type I and 6
inches of Type II), 6.5 feet of riprap and 6 inches of soil. Please refer to the typical section on sheet
3 of 3 of the calculations or page 7 of 16 in Appendix A for an illustration of this. It should be
noted that the width of this riprap layer is variable because of the side slopes of the levee in this area.
The methods used to calculate the required riprap extents assume a rectangular cross section. To try
and maintain as much space between the riprap and the existing scour chains the proposed design is
using a non-rectangular cross section for the riprap. The width calculated for the riprap was 14 feet
(as shown in Appendix A). This width was modified to use a non-rectangular section but maintain
the same or greater cross sectional area and thus total volume of riprap. It was found that 4
additional feet were needed to make up the volume lost due to the side slope of the levee. A
diagram and results are shown for this in Appendix A.

Appendix A lists the design calculations at the toe of the Camelback Ranch Levee around levee
station 43+53. Appendix B shows the erosion monitoring plan. The erosion monitoring devices
have recently been installed. Appendix C contains excerpts from Certification Repozt for
Camelback Ranch Levee South by JE Fuller June, 2011. Appendix D contains the survey
information after the permanent markers and scour chains were installed in June 2013 for levee
erosion monitoring.
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Appendix A Riprap Sizing and Launchable Riprap Design
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Appendix B Permanent Markers and Scour Chains Installed in June 2013

Approximate L

ocations for Permanent Markers on Levees

{

™
A

The permanent markers are to be installed on the levee
slope at the elevation of adjacent ground. The markers

may be rebars driven and epoxied into the soil cement.
They should be set flush on the soil cement surface.

Soll cement.
7 Eank pervirrtion
Pemment
/m-k«
Ground elevstion ~

Not to scale

Permanent Marker No.1 (about station 43453 or HEC-RAS
cross-section 8.663 where the cakulated scour elevation
is at the design toe ekevation with no cakulated safety
factor)

About 272 feet south of Camelback Road Centerline

The approximate coordinates are:

X=581819 ft; ¥Y=912159 ft (NAD83 AZ State Plane Central)
The exact coordinates (NADS3 AZ State Plane Central) and
elevation {NAVD8S) shall be surveyed and documented
after the installation.

Permanent Marker No.2 (about station 42+43 or HEC-RAS
cross-section 9.643) N

The approximate coordinates are:

X=581828{t; Y=912023 {1 (NAD83 AZ State Plane Central)
The exact coordinates (NADS3 AZ State Plane Central)

and elevation (NAVD88] shall be surveyed and
documented afterthe installiation.

Permanent Marker No.3 (about 40+16 or HEC-RAS cross-
section 9.602)

The approximate coordinates are:

X=581793 ft; Y=011846 ft (NADS3 AZ State Plane Central)
The exact coordinates (NAD83 AZ State Plane Central) and
elevation (NAVDBS) shall be surveyed and documented
after the installation.

Vertical Scour Chain No.1 {22 ft west of Permanent
Marker No.1)
Vertical Scour Chain No.2 {22 ft west of Permanent
Marker No.2)
Vertical Scour Chain No.3 (22 ft west of Permanent
Marker No.3)

The base of the vertical scour chain shall be installed 12 ft
below the ground surface. The exact coordinates {NADS3
AZ State Plane Central ) shall be surveyed and
documented for the scour chain base (black rectangk in
figure below). The exact ground surface elevation
(NAVDS8S8) above the scour chain base shall be surveyed
and documented after the installation.

Page

Ground elevation
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Appendix C Excerpts from Certification Report for Camelback Ranch Levee South

Ceriification Report for

Camelback Ranch Levee South
Maricopa County, Arizona

Section 2 44CFR65.10 Requirements

Minor Bank
Erosion in
Soil Cement

; A
i - 5 ; ? N B Mg, ST

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

An evaluation was conducted as pari of this assessment to evaluate the existing depth
of the loe protection. A detailed evaluation using existing FCDMC methodoiogy 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 resulls indicate that the computed ioe-down elevations based on scour estimates
are above the design toe elevations along the Cameiback Ranch Levee South
embankment from levee 10+00 to 42+80 (interpolated between stations 42+43 and
43+53) with & 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 inciuded
as pari of the original design of Camelback Ranch Levee South. See Figure 2-4 and
Photo 2-3.

JE Fuller Hydrology & Geomorphology, Inc. Page 2-14
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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 fo levee station 43+60. As designed, this
additional riprap (Dsy=16 in from Camelback Bridge Design Plans) material will provide
enough volume of rock to mitigate the calculated deficit in toe protection depih 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) lo levee station 43+35 {estimated in the field) See Photo 2-
3 below.

At Jevee 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 it. and initiate a Levee Toe Monitoring Plan that
includes the segment from levee station 45+03 (end of ievee 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
avent). At a future date, in lieu of the Levee Toe Monitoring Plan, FCDMC may consider
the design and installation of additional levee toé protection to bring the levee up to 2 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 44CFR65.10 (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.

JE Fuller Hydrology & Geomorphology, Inc. Page 2-15
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HEGRAS Pian: LevesCul_Rivor Agus Fry_Ruach Reach Profis: FP10J

'5”'1’77)/

Standard Table 1 - 100-Year

. [ Reazn River Sta QTow | MNCKEl | WS.Etev | CrAWS. | EG Bev | EG.56p¢ | VeClnl | FlowAwes | TopWilh | Frowde #CW |
| sy | W m | m wny | sy (sam) | n; | |
Roach 10,026 FP100 52400 €0| 1010.43} 102629, 107838] 102684 D002047| 7847.95] ££17.20] 083,
Reach 0.061 FP100 54407 00! 101464} 1027.05 1074,58] 1027.70 o0azays| B425 84| 5214.58| 043!
Rewch 5,600 7100 101398 j02577] X n10078a0] [E] nmsnz]  sexsool 082
Reacn 0.782 FR100 54400 00 1011611 1024800 1022050 1025.28) D05008] 621 876470 606227} w50
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011917 101462 acouas)) S5/ lapsool 0.30)
1010631 1014 47} 0001 108 sg2! 162354 034
10038) 1014330 0000907 il 1072 33 031
100963] 101422 00GO7L 27| 028)
1002.301 1014137 002057 1856,05)
1000.01} 1014 07 00a040! 370" harzesal 1622550
008,78 1014.00) 0.UT0455 338 15212.55 Wivel
100658 D7AES|  DOoOsed a58] 1521372 1055 41|
s 100881 101385 0000u40] 362 1sono]
100826] _ 101380!  oocosan 358 1520747}
1007.E2 01370l @o00%02 3.12/ 17612 101 2361.80|
1004.50, 1013571 3067 35| 1013 65 0Co0ZER| z.8)| 2491.18|
1064 33 101351| 007,01 W@ 0ozl 2,07| 268581
100400, 101348 100G.67. 1013 67] 0030175 2.49] 21916.48( 2709.00]
1307 1013 40 1006 52" 101355 0000174! 2.47] 2213258 278601
100203 101334] 100550, 1013521 DOOOIST, 235[ 2320707
HA00 WD 1006541 10151 0000 2300 7352608
100397 W1340[ 100858 1013491 0000182 239 2zmeros
X 100397 01330 100671 01345 0000186 725 2150080
Ressh E06z FP100 1003,97 | 11531 1006 ES | 1012.43| 0.000219| 215 20106.99!
Fiemch = FPI00 W03 57 ©1377]  Toocsa]  voiaap|  cooozss| EX- TR RE
Resch =3 P00 1093 85| o1azz]  106701]  j01a36| _oboozas a02] 1828347
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Ranch Ba75 FP100 Wm el woo01 100758 1013%6|  ooood3s. T81] 150360 X
Remch & 850 {FPI0D 1003.94| wo1z88] 100702 101217 QL0504 | 442 12707104 1565 72|

Page 12 of 16

801 West Durango Street

Phoenix, Arizona 85009 Phone: 602-506-1501

Fax:

602-506-4601




Project:  Camelback Ranch Leves South
Location: Maricopa County, Arizona

Table C<4: Scour Calculations Siummary

Cale'd by: HR Checked: JTA .
Date; 611212011 Date: 6/122011 oy
i “ong , “ : s
ayes |"MECRAS| Temm | “Semeral | OBedlomn | oy rigy [rotal Scour| Wappiied | S |PoSER oY - %
sty | cross Séour Incissment | Depth nvert | oycion | Comerit 1 Factor down?
& & ) & e
507+33 g 2L ; 25 07 .53 X 61 [, 0081] ~10020 7] 7 0. Sea Section |
= _a3+53 583 2 .07 .50 ; T Oy 9008.0] 100191 1001 0, ’?2‘;4.3
; ot 42443 543 1. .07 42 T S 10077, 000.7 559.0 oy o8
S+ T\ P For : T 315 [ ¥ 10047 9992 9962 20 Yes
20+16 802 x 07 121 ; 3 1007.0] 58,5 9525] _ 2. Yes
38435 .589 Z 07 168 .0 % 1007.0) 958.2! 8090.3 2: Yes
37402 546 5 .07 18 .0 5 10055, 998.1) 950.4 Yes
35438 518 X 07 0,54 X 0 1006.2 $90.6, 8905] 3. Yoz
| _33+50 | 5487 7 3.07__1_ 0.64 X aA 1005.4 999.7) 990.3] __ 3.4 Yes
32+30 467 ; 07 .67 ; 7 1004.6 950.7 980.8] 4. Yes
31+04 445 ? 07 70 ] ¥ 70035 9587 9832] 3. Yes
29763 422 ] 07 0.73 X 1002.7) 997.7 588.7] 3. Yes
28+49 5.4 X 307 0.75 X 10018 596.9 985.5 J Yes
27440 3.379 0. 07, 0.77- 1000.5] 985.5 983.5 .9, Yes
25405 353 0. 50 0.00 0987, 9587 B30, N Yes
24+33 9.324 G. 00 .00 X 9967 996.7 952.4 NA Yes
22451 202 X .00 .00 ) X 954.5 954.5 994, NA Yes
+19 267 0 .00 .00 ; 0.0 934.7] 954.7] 5%4. NA Yes
| 18497 225 Y —0.00 1.00 0.0 X 9852 8952 954 NA Yes:
17405 REX Y 00 00 0.0 095.7 985.7) 554, NA Yes.
12 172 X .00 00 0.0 ¥ 995.9 995.9) 554, NA Yes
424 | 6.131 D. 5,00 00 0.0 X 565.8) 9958 504 NA Yes
13303 109 0. 0.00 000 0 0. 395.7) 995.7 5041 A Yes
| 11427 082 0. 0.00 0.00 5.0 0.0 35.6) 9956 594.1] __NA Yes
00+82 059 00 | 000 .00 D:0 0.0 95,5| 995.6] 9531 NA Yes

Notes:
(1)~ Levea Stations and HEC-RAS cross sections wers dsrived using HEC-RAS cross saction fine crossing Levae Alighment Stationing.
(2) - Long Term Scour from Equilibrium slopa in SLA Dec. 4 1896 Letier Report. Long Term scour appliss onfy to cross sactions whers minimum channal invert

above the squillbdum Siops

{3) - Gensral Scour appliad to cross secti of low flow ch | enters tha mining pit, Live bed conditions

scour {USBR, "Comptting Dagradation and Local Sccuf' 1984)

1- Lecsy Eq

(4) - Bedform scour calculated per Flood Control District of Maricopa County-Method {FCDMC, "Hydraulics Desigh Manual™),

(5)- Low flow Incisement set to 0.

(6) - Apptisd invert from HEC-RAS model excapt emsssechons with supplemental field survey points.

(7) - NA for cross sections with 0.0 ft of calculated scour
All Elevafions in NAVD 1888

Camelback Ranch Levee South Scour_V2.xis
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Revised Floodplain Limits below Cross |/
Section 8.85 per "Agua Fria River|-

Re-Delineation,
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|Revision, June 2011"
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WITH RIVER MILE

20

SECTION BOUNDARY S R S

CROSS SECTION

ZONE DESIGNATION ZONEAE
CORPORATE LIMITS

vemns SORPORATE U

ELEVATION REFERENCE MARK =

TOPOGRAPHIC BOUNDARY PR
NOTES

1. THE PORTIONS OF AGUA FRIA RIVER BEING STUDIED ARE LOCATED WITHIN SECTIONS 13 AND 24
OF TOWNSHIP 0201, RANGE 0104 AS WELL AS SECTIONS 18 AND 19 OF TOWNSHIP 0201, RANGE 0102
OF THE SALT RIVER BASELINE AND MERIDIAN.
2. HORIZONTAL PROJECTION IS ARIZONA STATE PLANE, CENTRAL ZONE, NORTH AMERICAN DATUM OF 1983,

3. ALLELEVATIONS ARE BASED ON NORTH AMERICAN VERTICAL DATUM OF 1988,

ELEVATION REFERENCE MARKS
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Appendix D Survey of Permanent Markers and Scour Chains, Installed June 2013

Agua Fria Scour Chains & Marker Locations

Meta Data:

Vertical Datum: NAVD 88

Coordinate System: US State Plane 1983
Zone: Arizona Central 0202

Datum: NAD 1983 (NSRS 2007)

Geoid Model: Geoid09AZ

Points # 200-202 represent the locations of Markers 1-3
Points 203/204, 205/206, 207/208 are the locations of the Scour Chain and a corresponding ground shc

Point # Northing Easting Elevation Description
200 912159.5 581829.5 1009.477 BOLT LOCATION
201 912022.7 581829.7 1006.878 BOLT LOCATION
202 911845.6 581799.7 1007.764 BOLT LOCATION
203 912160.6 581807.2 1007.166 CHAIN LOCATION - +2.5FT LONG FROM 12FT TAG
204 912161.6 581811.4 1008.852 ROCK (NG)
205 912025.3 581806.5 1005.767 CHAIN LOCATION
206 912033.1 581814.7 1007.271 ROCK (NG)
207 911842.6 581784 1007.659 ROCK (NG)
208 911850.1 581773.2 1005.366 CHAIN LOCATION
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Appendix C. Updated Draft Interoffice Memo: Proposed Toe Down Mitigation for Levee
Certification for Camelback Ranch Levee South, east bank of the Agua Fria River south of

Camelback Road (Engineering Application Development and River Mechanics Branch,
Engineering Division, FCDMC, April 15, 2014)

36



Flood Control District

of Maricopa County

INTEROFFICE MEMORANDUM

Date: April 15,2014

To: Art Glover P.E., Senior Civil Engineer, Civil Structures Branch, Engineering Division,
Flood Control District of Maricopa County

Frank Brown P.E., CFM, Senior Civil Engineer, Mitigation Planning & Technical
Programs Branch, Floodplain Management and Services Division, Flood Control
District of Maticopa County

From: Jonathon Chill, E.IT., CFM, MSE, Hydrologist, Engineering Applications Development
and River Mechanics Branch, Engineering Division, Flood Control District of Maricopa
County

CE: Bing Zhao PhD, P.E., Branch Manager, Engineering Applications Development and
River Mechanics Branch, Engineering Division, Flood Control District of Maricopa
County

Subject:  Proposed Toe Down Mitigation for Levee Certification for Camelback Ranch Levee
South, east bank of the Agua Fria River south of Camelback Road

Summary: This Memorandum documents the engineering calculations for the proposed permanent
mitigation solution to the toe down deficiency on the Camelback Ranch Levee on the east bank of
the Agua Fria River south of Camelback Road (at station 43+53).

The engineering calculations results are as follows:
Riprap: D., = 18 inches ; D,,, = 30 inches; Dy = 24 inches; D,;= 9 inches;

Dimensions: (It must be noted that the exact slope of the levee in this area 1s not known.
Therefore, final dimensions and orientations must be determined in the
field during construction. The dimensions presented here are based on the
calculated values and are used to determine how much riprap at a minimum
1s needed.)

e Thickness = 6.5 feet;
e Width = 14.5 feet;
e Length = 120 ft (from Station 44+00 to Station 42+80).

Riprap Quantity:  These are estimates of the minimum quantities needed,
e Minimum cross sectional area = 95 square feet or greater.
e Weight of Riprap = 890 tons
e Volume = 425 cubic yards.

Page 1 0f 15
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Other design requirements are as follows:

1. Riprap must be angular;

. The riprap specific weight must be at least 156 b/ £t

3. A granular filter shall be used per the 1996 and 2013 Drainage Design Manual for Maricopa
County Hydraulics (4 inch thick Type I and 6 inch thick Type II).

4. After placement of the tiprap an amendment to this memo should be finalized. This memo
should document how the tiprap was actually placed in the field, how it satisfies the toe
down requirements and be accompanied by As-Builts.

5. It should be noted that there ate scour chains at this location that were installed in 2013 by
FCDMC (see Appendix B and Appendix D), these scour chains will likely be disturbed by
the placement of this riprap. Since the riprap provides a permanent solution the scour
chains are no longer needed and may be abandoned or removed if encountered. If
monitoring is still desired at this location then it is recommended to relocate any scour
chains away from the riprap.

Background Information: The soil cement Camelback Ranch Levee South is located immediately
south of Camelback Road in Agua Fria River. The Certification Report for Camelback Ranch Levee
South (JE Fuller, June 2011) indicates that Station 44+81 and Station 43+53 along the east bank do
not meet the required toe down depth. The corresponding HEC-RAS cross-section stations are
9.686 for Station 44+81 and 9.663 for Station 43+53. Station 44+81 is not a concern because there
is existing tiprap in front of the levee that has enough volume to launch and thus mitigate the
calculated deficit at this location (page 2-16, JE Fuller, June 2011). Therefore, the proposed
mitigation measure will be for Station 43+53 and the surrounding area.

Page 2 of 15
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References:
JE Fuller Hydrology & Geomorphology, Inc., June 2011, Certification Report for Camelback Ranch
Levee South (ID#11), prepared for Flood Control District of Maticopa County.

Flood Control District of Maticopa County, 1996, Drainage Design Manual for Maricopa County
(Hydraulics).

Flood Control District of Maricopa County, 2013 (draft), Drainage Design Manual for Maricopa
County (Hydraulics).
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Appendix A Riprap Sizing and Launchable Riprap Design

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY
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Appendix B Permanent Markers and Scour Chains Installed in June 2013

The permanent markers are to be installed on the levee
Markers on Levees slope at the elevation of adjacent ground. The markers

- may be rebars driven and epoxied into the soil cement.
They should be set flush on the soil cement surface.

Approximate Locations for Permanent

L iz ¢ 3

Soil cemnent
bank protection

Permanent
marker

Ground elevation <

Not to scale

Permanent Marker No.1 (about station 43+53 or HEC-RAS
cross-section 9.663 where the calculated scour elevation
is at the design toe elevation with no calculated safety
factor)

About 272 feet south of Camelback Road Centerline

The approximate coordinates are:

X=581819 ft; ¥=912159 ft (NAD83 AZ State Plane Central)
The exact coordinates (NAD83 AZ State Plane Central} and
elevation (NAVDS88) shall be surveyed and documented
after the installation.

- ‘f\ Permanent Marker No.2 (about station 42+07 or HEC-RAS
: cross-section 9.643)

The approximate coordinates are:

X=581828 ft; Y=912023 ft (NAD83 AZ State Plane Central)
The exact coordinates (NAD83 AZ State Plane Central)
and elevation (NAVD88) shall be surveyed and
documented after the installation.

Permanent Marker No.3 (about 40+16 or HEC-RAS cross-
section 9.602)

The approximate coordinates are:

s 5 X=581793 ft; Y=911846 ft (NAD83 AZ State Plane Central)
s 10 20 10 Feet | The exact coordinates (NAD83 AZ State Plane Central) and
elevation (NAVD88) shall be surveyed and documented
after the installation.

Approx]mate Locations for Scour Chains Vertical Scour Chain No.1 (22 ft west of Permanent
Marker No.1)

Z ¥ e 3 5 Vertical Scour Chain No.2 (22 ft west of Permanent
i Marker No.2)

Vertical Scour Chain No.3 (22 ft west of Permanent
Marker No.3)

The base of the vertical scour chain shall be installed 12 ft
below the ground surface. The exact coordinates (NAD83
AZ State Plane Central ) shall be surveyed and
documented for the scour chain base (black rectangle in
figure below). The exact ground surface elevation
(NAVD88) above the scour chain base shall be surveyed
and documented after the installation.

Ground elevation
| 1 foot
—

Soll cernent
bank protection

Permanent
22 feet marker
Gomd T %

elevation

feet

Not to scale

FCDMC
5/7/2013
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Appendix C Excerpts from Certification Report for Camelback Ranch Levee South

Certification Report for

Camelback Ranch Levee South
Maricopa County, Arizona

Section 2 44CFR85.10 Requirements

Minor Bank

Erosion in
Soil Cement

- o AP I <Y & s N T R0 22 Pl ¥

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.

JE Fuller Hydrology & Geomorphology, Inc. Page 2-14
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Cendicaticn Report for

Cameitack Ranch Levee South
Marncopa County, Arigena
Sacion 2 43CFRE5.10 Requirements
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Figure 2-4: Design Embankment Protection near End of Levee

JE Fuller Hydrodogy & Geomorphoiogy, Inc Page 2-15
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| Centification Report for
i 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 (Ds,=16 in from Camelback Bridge Design Pians) 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 toa 1.3
safety factor.

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

Photo 2-3: Minor Soil Cement Bank Erosion, Approximate Levee Station 42+00.
2.4.3.2 Certification note for 44CFR65.10 (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.

JE Fuller Hydrology & Geomorphology, Inc. Page 2-16
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Vo Standard Table 1 - 100-Year
v/ / P

HECRAS Plan LeveeCent River: Aqua frx_ Resch Reach  Profie FP100

|_Reach | RoerSla Profe | QTotal | MnChEl | WS Elev | CaWS. | EG.Slov | EG.Sope | VeiChil | FowArea | TopWicth Frouce 2Cv

i ] il T m T m W1 m 1 mm | (aw am 1 om__!

{Resch 1006 [FP100 54400 00 101643 102819 102530 1028941 0002047 594 784708 251720 053
[Rescn 19961 FP100___ | 5240000/ 101464 102705 107498, 102770 0002389 “e4s 82504 521258 04
Resch 9 869 IFP100 ! 54400 00 1013 18 s 77 1024 ‘24 1026 40 0002880 i”v B515 02 5535 O 0s2
Reach 9792 IFPI00_ | 50000 101161 102466 162205 102526 0002608, c21) @m0 0@ 22 0%
Resch 0.7125 iFP100 52400 00 1009 1 102388 102150 107443 00w0SY S04 916136 5202 00 oss
Reacn arn i Bricpo i i !

Reach 19704 540000 1008211 102329] 102117 102387 0002240 613 891958 1686 95 047
Resch T 5040000 1008121 102307 102096 102366 0002302 17 883052 1675 88,

Resch ‘e eey 5220000 100800, 102273 102086 102336 0002669 €35 56703 w2752

Reach e 52400 00 1007 74 102210 1020 102297 000442 7a9 121248 T1aa

Resch [ 540000 100739] 102100 102055 102232 0008185 923 560346 1563 63

Roach 10602 5240000/ 100783 102001 101083 02139 00076201 546 5600 751 147136

Rewch 0560 50400001 100787, 1017E3_ 101783 101076 oonare [TRT) 408825 1231315

Reach T9.540 540000]  100738] 1064 101454 101672 1159 169603 112148

Resch 9518 540000 100715 101621 101245, 101500 % 721323 132687

Reach 9487 54400 00 1006.50 W1 101464 ser_ 0122 1485 00

Reach 5467 5440000 100673 10063 101447 502 1084048 162354

Reach 9 445 52400 00 1006 55 1010 18 1014 2 0000902 467 1166377 1672 43

Reach 9422 52400 00 1006 37 100968 101422 0000712 528 1270088 732

[Rmach 5400 5c40000 100619 100930 101413 0000572 391 130Ess 185605 025
[Reacn 0379 540000, 100607 100001 1014 07 0C00495, 3 1:izses 192285 023
[Reach 15353 5240000 100581 100878 101400, 0000455 358 isizse 197991 02
[Rescn o324 54400001 100557 100859 107393] 0000444 358 1sziarz vessan o2z
==y Toz02 5220000, 100531 1000411013861 00000l 382 1503101 1063 4| ©22
[Reazn 9207 54400 00 100811 00826 101280 0000439 356 1520717 207838] 022
Reach 0225 54400 00| 1004 76 007 62 1013.70! 00003021 312 17512 19 2361 60} 019
Reacn 5193 Sac000 100450 00735 101385 0000258 263 1064825 20118 o1
Reach 9112 524000 100433 00751 1013€2 0000208 267 204506° 268581, (X0
Resah fg1at 540000 100400 TWOSGT 101357 00001S 249 2i01649] 2760100 o1
‘Reach 9 108 54400.00 100397 100662 101355 0000174 247 2213258] 278501 014
Reach 9.082 5:40000  1004.03 100560 101352 0000157 235 7328707 276508 014
Resch 9058 540000 100400 100654 101351 coooise 23 7352809 217087 013
Reach 9038 540000 100397 100858 101349 0000162 233 206703 25808 o
Reach  [0.004 54400 00 100307 00671 101345 000186, 255 2160788 241941 015
|Reach 8982 54400 00 100397 100085 101343 GCO0219 275 2010699 27263 016
|Reach 18.956 $4400 0O 1003 97 1006 84 1013 40/ 0000235 29 19032 17 2184 51 017
[Reach T8 e 5440000 100305 1007 01 101336, 0000289 3@ vezesd4r 207129 01
|Reacn 10,804 5:40000 100393 W72 03 ocoows? 350 1eae3s 225220 020
[Rosch 1o 878 52400 00 1003 91 100758 101226 0C00438 384 1503603 2263081 023
Resch I8 as0 54400 00 1003 4 '.WTEZ___‘D!J 7 0 CO0SD4 442 12797 10 1561 77| 026
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Project:  Camelback Ranch Levee South
Location: Maricopa County, Arizona

Table C4: Scour Calculations Summary

Calc'd by: HR Checked: JTA N
Date: 6/12/2011 Date: 6/12/2011
PLong @ ;
D ovon MHEC.RAS| Term "’(s;;n:rrul Bs.::u‘:"n OLow Flow |Total Scour| @applied Ca;n:l::ld D‘:"’s':,;“ Msafoty Adegifate Toe-
Station Cross Scour incissment | Depth Invert | giovation | Cement | Factor down?
Section 5 /
7 & ) ® ® @) B
501480 |2 686 2. 07 0.53 0.0 6. - 1008.1]  ~10020] 10027 708 | See Section
= _33+53 B 2, 07 0.50 0.0 1 CW:,”: 9008.0] . 1001.9] , - 1001.8f 1.0 ,o /57243
Soo+ T\ TE_42+48 643 3 0 042 0.0 54 S 1007.7] _ 1000.7]7 >~ 998.0|-tbt—"| "1 Yes
41+39 624 0.0 .07 RE 0.0 4.2 1004.7] 999.2 9896.2 .0 Yes
40+ .802 9 .07 .21 0.0 8.2 1007. 998.9 992.9 2.3 Yes
38+3¢ 569 2.0 .07 .68 0.0 ¥ 1007.0 388. 990.3 2.5 Yes
37+02 .54 1.6 .07 .81 0.0 5 1008.5| 998. 990.4 25 Yes
35+38 1 4 .07 .54 0.0 .0 1006.2] 989.6 990.6 .1 Yes
33+59 48 0.7 .07 .64 0.0 4.4 1005.4) 999.7 990.3] 3.4 Yes
+39 9.467 0.0 .07 .67 0.0 .7 1004.6/ 999.7 989.8 4.0 Yes
+04 9.445 0.0 .07 0.70 0.0 i 1003.6| 968.7 989.2 4 Yes
29+69 9.422 0.0 .07 0.73 0.0 1002.7{ 997.7 988.7] 7 Yes
28+49 9.4 0.0 .07 .75 0.0 1001.8] 996.9 988.5, 5 Yes
27+40 9.379 0.0 .07 .77 0.0 8 1000.5] 995.5 989.5 .9 Yes
25+95 8.357 0.0 0.00 .00 0.0 0.0 998.7] 998.7 990.9 NA Yes
24+33 9.324 0.0 0.00 0.00 0.0 0.0 986.7 996.7 992.4 A Yes
22+51 5.292 0.0 0.00 0.00 0.0 0.0 994.5 994.5 994.1 A Yes
21+19 267 0.0 0.00 0.00 0.0 0.0 954.7] 394.7] 994. NA Yes
18+97 .225 0.0 0.00 0.00 0.0 0.0 995.2] 385.2 304, NA Yes
17+05 .19 0.0 0.00 0.00 0.0 0.0 995.7 395.7 | 4. NA Yes
16+12 172 0.0 0.00 0.00 0.0 0.0 99k 1 395.9] 34. NA Yes
14+24 .13 0.0 0.00 0.00 0.0 0.0 995.8 395.8| 394.1 NA Yes
+0. 108 0.0 0.00 0.00 0.0 0.0 995.7, 995.7| 394. NA Yes
11+27 .082 0.0 0.00 0.00 0.0 0.0 995.6| 995.6] 34, NA Yes
09+82 .059 0.0 0.00 0.00 0.0 0.0 995.6 995.6 4.1 NA Yes
Notes:

(1) - Levee Stations and HEC-RAS cross sections were derived using HEC-RAS cross section line crossing Leves 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 0.

(6) - Applied invert from HEC-RAS model except cros<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>