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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 ofFEMA 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 ih, 2013 to monitor potential scour issues during 
flood events (FCDMC, May ih, 2013). In June of2013, 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 5

\ 2013 and April151
\ 2014). 

In February of2015, 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 of2015 when the riprap toe protection was installed. There
set scour chains will provide an additional tool to help the District monitor the scour in Agua 
Fria River. 
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Figure 1. Scour Chains and Permanent Makers Installed in June of 201 3 

Vertica l Scou r Chain No.1 (22. ft west of Permanent 

Marker No.1) 
Vertical Scour Ch ain No.2 (2.2. ft west of Permanent 
Marker No.2) 
Vertical Scour Cha in No.3 (22. ft west of Permanent 
Marker No.3) 

Red dots are permanent markers (bolts). 
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Figure 2. Scour Chain Illustration 
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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 of2015 based on the construction plans prepared by 

the Civil & Structures Branch ofthe 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 120ft 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 lb/ft3 as the specific weight. The actual 

as-built riprap specific weight is 163 lb/ft3 based on apparent specific gravity of2.61 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 comers 
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) 

Rip rap 912190.3 581814.1 1006.342 
Northwest 
comer (top) 

Riprap 912188.3 581830.9 1006.187 
Northeast 
comer (top) 

Riprap 912039.2 581796 1006.92 

Southwest 
comer (top) 

Riprap 912039.6 581812.4 1007 .108 
Southeast 
comer (top) 

Notes: Honzontal coordinate system: State Plane, AZ Central1983 ; Vertical Datum: NAVD88; 

Survey data were collected by the Survey & Mapping Branch of the Engineering Division. 
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Figure 3. Open Trench, Launchable lliprap Installation Preparation 

Launchable Riprap lnstallatJon Preparation, Looking North twoward 
Camelback Road Bridge, Agua Fria River (FCDMC O&M Crew, 1/2812015} 
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Figure 4. Filter, Launchable Riprap Installation Preparation 

Launchable RJprap Installation Preparation, Type I Filter Installation, Looking North t oward 
Camelback Road Bridge, Agua Frta RJver (FCDMC O&M Crew, 1128f201 5) 

Launchable Riprap Installation Preparation, Type II Filter Installation, looking North toward 
Camelback Road Bridge, Agua Fria River (FCDMC O&M Crew, 112812015) 
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Figme 5. Launchable Riprap Installation for Levee Toe Protection 
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Figure 6. Quarry Site in Buckeye, AZ (West Valley Rock) 
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Figure 7. Quany 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 

of2013 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 of2013. The 
June 2013 survey results can be found in Table 2. 

In January of2015, 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 of2015 to estimate the 
scour depths which were due to the flood events between June of2013 and January of2015. 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 of2013 , which suggests a deposition of0.402 
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 of2013 and January of2015. For 

scour chain #2, the apex elevations measured in June of2013 and January of2015 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 of2013 and January of2015 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 of2013 and January of2015. 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 of2015, 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 co llect scour 
infmmation 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 Fria Scour Chains & \llarker l ocations 

6/ 25/2013 

SuJVey and Vlapping Branch, Engineering Division, FCD 1C 

M eta Data: 

jvertica l Dat um: AVD88 

Coordinate System: US Stat e Plane 1983 

I Zone: A rizona Central 0202 

I Datum: NAD 1983 (NSRS 2007} 

1Geoid Model : Geoid09AZ 

Points# 200-202 represent t he locations of Markers 1-3 

Points 203/ 204, 205/ 206, 207/208 are the locat ions of the Scour Chain and 

a correspondi ng ground shot t o compare depths of the Scour Chain f rom the Nat ural Ground. 

I Point# orthing Easting Elevation Description 

200 912159.508 581329.493 1009.477 BOl T #! LOCATION 

201 912022.736 581829.661 1006.378 BOLT lf2LOCATION 

202 911845.574 581799.701 1007.764 BOLT if3LOCATIO 

203 912160.647 581807.199 1007.166 CHAIN lf1 TAG-Apex LOCATIO - +2.9FT LO G FRO 12FT TAG 

204 912161.55 581311.442 1003.852 Ground Near Chain lf1 

205 912025.285 581806.484 1005.767 CHAIN lf2 Tag-Apex LOCATIO ' 

206 912033.136 531814.681 1007.271 Ground Near Chain #2 

207 911342.551 581784.015 1007.659 Ground ear Chain if3 

208 911850.106 581773.241 1005.366 CHAI lf3 Tag-Apex LOCATIO 

Table 3. Scour Chain Survey Results in January of20 15 
--·= 

Point ID orth ing Easting Elevation Feat ure Code Dat e Observed 
8{)97 912026.05 581810.535 1004.786 208 east exposed e nd 1-7-15 ch #2 

8098 '912025.462 581806.489 1005.384 205west a pex 1-7-15 ch#2 

8099 912160.786 581807.541 1007.568 203 apex 1-8-15chiU 

8100 912164.365 581808.732 1007.537 203 e nd 1-8-15chiU 

8101 911853.479 581774.211 1000.963 chn 3 apex 1-21-15ch#3 

8:1!02 911845.816 581773.145 1002.477 chn 3 e nd 7.8 1-21-15ch#3 
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Table 4. Comparison of Scour Chain Elevation at Apex 

June of 2013 January of 2:015 Scour Depth (ft:), 

positive values 

means scour1 

negative means 

deposit ion 

Scour Chai lf1J H Ap·ex Ele•11at ion (ft} 1(]107.166 1007.568 -0.402 

Scour Chai lf1J #2: Apex B evation (fit) 1005.767 1005.384 

1000.963 Scour Chairn #3 Apex Elevat ion {fit) 1005.3{:i6 
----- -------------

Table 5. Scour Chains and Riprap Survey Results on 2/11 /20 15 

data collected on 2-11-2015 datum: Horizontal= SPC AZ Central Zone NAD 1.983, Vertical= NAVD1988 

8107 912039.615 5&1!U2.355 1007.108 se cor riprap pit Legend: 

8108 912039.197 581795.035 1005.92 sw cor riprap p Apex= chain at tag 

0.383 

4.403 

8103 912190.305 581814.115 1006.342 nw cor riprap p end= end of exposed chain pointing East 
cover= ground shot at approximate f inished 

8104 912188.276 581830.913 1006.187 ne cor rip rap pit grade . 

8105 912150.308 581808.241 1008.155 chn 1 apex 

exposed 
8106 912150.373 581810.925 1008.488 chn 1 end length=3.0 

8109 912025.688 581806.259 1005.9 chn2apex 
exposed 

8110 912025.883 581810.769 1005.915 chn2end length=4.3 

8111 911850 581773.401 1002.832 chn3apex 

8112 911849.03 581776.763 1003.373 chn3end exposed length =3·.6 

8114 911852.538 581786.746 1006.376 chn 3 cover 

8115 912029.382 5818ll.841 1007.553 chn 2cover 

8116 912151.129 581814.222 1008.912 chn 1 cover 
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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 of2015 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 of2013 . The three scour chains were re-set in 
February of2015, 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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Approximate Locations for Permanent Markers on Levees 

100 200 400 Feel 

Approximate Locations for Scour Chains 

100 200 400 Fe-e: 

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. 

Soli cement 
bank protection 

Permanent 
marl<er 

~G-ro_u_n~d-el~ev-a-ti~o-n--------~ 

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. 

Pe rmanent Marker No.2 (about stat ion 42+07 or HEC-RAS 
cross-section 9.643) 
The approxim ate 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: 
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 (22ft west of Permanent 
Marker No.1) 
Vertical Scour Chain No.2 (22ft west of Permanent 
Marker No.2) 
Vertical Scour Chain No.3 (22ft west of Permanent 
Marker No.3) 

The base of the vert ical scour chain shall be installed 12ft 
below the ground surfa ce . The exact coordinates (NAD83 
AZ State Plane Central) shall be surveyed and 
documented for the scour chain base (b lack rectang le in 
figure below) . The exact ground surface elevation 
(NAVD88) above the scour chain base shall be surveyed 
and documented after the installation. 

Soli cement 
bankprotea.lon 

Penn anent 

elevation 

Gmund [~mock~ 

Not to scale 

FCDMC 
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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Date: 

To: 

lj 

f 

Flood Control District 
of Maricopa County 

INTEROFFICE MEMORANDUM 

August 21,2013 

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 Maricopa County 

Proposed Toe Down Mitigation for Levee Certification for Camelbac~ Ranch 
South, east bank of d1e Agua Fria River south of Camelback Road 

Summary: This Memorandum documents the engineering calculations for the proposed permf~ 
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: D 50 = 18 inches; D 100 = 30 inches; D 85 = 24 
inches; D 15= 9 inches; launchable riprap thickness= 6.5 feet; launchable riprap top width= 18 feet; 
launchable riprap length= 200ft (from Station 44+00 to Station 42+00). 

Other design requirements are as follows : (1) the launchable riprap shall pot touch the scour chains 
recently installed (see Appendix B for the Scour Chain locations); (2) riprap must be angular; (3) the 
rip rap specific weight must be at least 156 lb / fe; ( 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 GE 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 riprap 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 installlaunchable 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. It is 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 rip rap with aD 50 = 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 H ydraulics (FCDMC, 2013) and are 
documented in Appendix A. A granular filter should be installed underneath the launchable riprap 
based on Drainage D esign 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 
D esign Manual for Maricopa County Hydraulics (FCDMC, 1996, 2013). This results in the 
following gradation requirements: D 15= 9 inches, D 50 = 18 inches, D 85 = 24 inches, and D 100 = 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 ~ow 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 Report 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 
The permanent markers <Ireta be installed o n the levee 

Approximate Locations for Permanent Markers on Levees slope at the elevation of adjacent grou nd. The markers 
may be rebars driven and epoxted into the soil cement. 
They s hou ld be set flush on the so il cement su~~·- . 

( 
.Soollt8n!!nt 

; l:ft,.rwnl,...,~ 

Groundelevitic.n 

Not t o sca le 
L_ _ _ _ 

-·:;o"- <·. L - ..., Permanent Marker No.1 {about stat io n 43+53 or HEC-RAS 
· ·: -,~:;.:-1'1!!:-!'!"•J cross-sect ion 9.663 where the calculated scoureEvation 

11ll 2DO 

Approximate Locations for Scour Chains 

11ll 

is at the design toe e~vation with no cak:u lated safety 
factor) 
About 272 feet south of Camelback Road Centerline 
The ap proximate coord inates are: 
X=SB18l9 ft; Y=9lll59 ft (NADB3 AZState Pla ne Cent.-al) 
The ClGict coordin<Jtes (NAD83 AZ Stat e Pli!ne Central ) and 

elevation (NAVD88) shall be s-un,eyed and documented 

afterrhe insta llation. 
'="~ ~\ '" -~~·-· ..... ~ _,. 

Perma nent Marker No.2 (about stati<.\_n42+-43,_Q r:HEC-MS 
cross-section 9.643) \. 
The approximate coordinates are: 
X=581828ft; Y=912023 ft {IMD83 AZ State Plane Central) 
The exact coordinates (NAD83 AZ State Pla ne Centralj 
a nd e levation (NAVDS8) shall be surveyed and 
documented after the installation. 

Permanent Marker No.3 (about 40+16 or HEC-RAScross
sect ion 9 .602·) 

The approxima-te coordinates are: 
X=S81793 ft; Y:9.1-l846 ft (NAD83 AZState Plane Ce ntral) 

400 .F:uol The exact coordinates (NAD83 AZ State Plane Centra l) and 
elevation (NAV088) shall be surveyed and documented 
afler the installation. 

Venical Scour Chain No.1(22 ft west of Permanen t 
Marker No.1) 
Venical Scour Chain No.2 (22 ftwest of Permanent 
Marker No.2) 
Ven ical Scour Cha in No.3 (22ft west of Permanent 
Ma rker No.3") 

The base ofthe vert ica l scour cha in sha ll be in sta lled 12ft 
below the ground surface. The exact coordi nates (NAD83 
AZ Stat e Plane Cent!il l ) shall be su rveyed an d 
docume nted for the soour chain base (black rectangle in 
fi81.Jre be iO\v). The exact ground surface elevation 
(NAVD88) above the scour chain base shall be surveyed 
and documented after the installation. 

12 fee: 
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Appendix C Excerpts from Certification Report for Camelback Ranch L evee South 

• 

• 

• 

Certification Report for 
Camelback Ranch Levee South 

Maricopa Counly, Arizor>a 
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 (I nterpolated betvveen 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 tl1e design 
toe elevation by 0.7 f1 with no applied safety factor. This segment· of the levee is with in 
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 24 and 
Photo 2-3 . 

JE Fuller Hydrology & Geomorphology, Inc. Page 2-1 4 
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• 

• 

• 

Certification Report for 
Camelback Rancl1 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 
45-1-04 (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 it. 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 g~eater than 1.3. The Levee Toe 
Monitoring Plan wiil be included as part of the annual levee insp.ection with supplemental 
monitoring after flow events greater or equivalent to 5,000 cfs (approximately the 2 -year 
event). At a futu;e date, in l'leu of the Levee Toe Monitoring Plan, FCDMC may c6nsider 
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 fhe Camelback Ranch Levee South meets the 
44CFR65.10 (b)(3) req LJirements. 

JE Fuller Hydrology & Geomorphology, Inc. Page 2-16 
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• • 
Pn>jeet> C8rilelback Ranch i...-SOuth 
Location: MII~C¢1!Jn~. Arl·~ 

Tabla c.:c· Sc:o c 1 1-'1 · s· a ,.ur- a_eu OilS umm ry 

Calc'd by: HR J chadr.ea: JTA 
Qale: SJ1:zf.!011 Dale: 6/l~011 .., 

c•li!EC.-.u 
"\png 

~--' l4111edfc!n'n !"Low Flow T~ISI;oilr CIIAJ>PIIoid C.tcu~ O.lgnTo.e v ~-c1\LavM Tenn ·Scour SCour Scour of SOil f7ls.t!ll)l 
Stootion Crou sC'Oi!r ·~a-m O.pih inven et~.n ~rit Fa/ ? 

s.cilon 
It It) fit) 1ft) Ill 1111 lftl It 

~+_fl"' 2.5' ·S.07 ·0.53 0.0 · 6:1. - 1008.~ ~:1()02.0 100: .. ./0;9 See Sec:tJoo 
. . 43+53. $1.683 2.5 3.07 0.50. o.o M ' _ , ~ , -~,o ., -:1001.9 ' 1001 1.0 1,., -?.u.a· 

·.'1 42~3 9~!U3 1.9 3.f17 '0-!12 . 0.0 .·u 1007.7. 1000.7 cr 999;0 ~- ~ ,...,. 
41+39 9.62<! 0;0 3.07 1.15 0.0 4.2 .1004.7 ll99.2 990.2 2,0 ·ye. 

'<10+15· 9:802 u 3.07 ·1,21 0.0 .e.z '1007.'0 998;9 :992.9 2 .3 · Yes 
38+35 g.seg 2.0 3.(17 1.68 o:o u 1007.0 . !l!l8.2 990.3 .Z;s_· Yes 
37+()2 9:54.6 1.6 3.07 U1 0.0 .6;5 1006.5 -998.1 990:4 2.5' Yes 
35+38 9:51.8 1.4 3.07 0:54 0.0 -5.0 1006.2 . -9911.6 9Q0.6 3.1 Yes 
-33+59 9A87 0.7 3.07 .O.e4 0.0 '4A 1005.4 :999.7 . 990.3 3.4 ·Yes 
32+39 U67 0:0 :3.07 0.67 0.0 3.7 •1004.6 ·.liQ9.7 989.8 ''-0 Yes 
-31+04 9.445 0.0 . 3.07 0.70 o.o· 3.8 1003.6 1198.7 989.2 .3.8. Yes 
29+89 9.422 . D.O 3.0l 0.73 0.0 3.8 .1002,7 . 997.7 '988.7 .3.7 Yes 
-28+49 9.4 0.0 3:07· 0.'15 0.0 3.8 '1001.8 996:9 ·-988;5 ··3.5 :y..,. 
27+40 S.379 0.0 3.07. o.n .o:o 3.8 '1000.5 '995.5 989.5 ,2.9. ··ves 

-.25+95 9.353 0.0 0:00 0.00 0.0 0.0 998;7 99e.7 1190.9 NA Yes 
. 24+33 '9.324 0.0 o:oo .0.00 0.0 0.0 996.7 ·996.7 992.4 NA Yes. 
22+51 9.292 '0.0 0.00 0.00 .o;o 0.0 994.5 994.5 994.1 NA Yes. 
21+19 9.267 0.0 . 0.00 0.00 0.0 o.o 9901.7 994.7 994.1 NA Yes 
18'f97 9<225 o.o 0.00 0.00 0.0 .0.0 995;2 995.2 994.1 NA Yes· 
17'+05 9.193 ,().0 0.00 0.00 .o:o o,o 9115.7. 995.7 994.1 NA Yes. 
18+12 9.172 0.0 0.00 0:00 ·o.o· 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;11 994.1 NA Yes 
13.+03 9.109 0.0 0.00 0:00 - 0.0 ti.O 995:7 995:7 994:1 NA Yes 
11f21 9.082 0.0 0.00 0.00 0.0 ·0:0 995.6 995.6 994:1 NA Yes 
09i'82 -9.059 0.0 ·o.oo 0.00 o:o 0;0 995.6 995.6 994;1 NA Yes: 

~ 
(1}· L~ Slallo!ioand liECAAS.cross Metlons·Wer-ederived_,lalng flE.~$ aosa oec:tion line cmsslng '-ltvee -Aiigi'irrienl Sla!lonlng. 
(2} -I.Orig T•nn~fioln Eq~llibiium· slOP& In SL.A, Dee. 4 1$96-l.etter Rep-dct. Long Term liCOUr appfies only to cross secmns where minimum ci>annel invert 
above lhe eqUIIIbllumSiopo 
(3)- GenerW. Sooor appr.ed:~ 01t>S$·Iec:tio(ls upoiraain<>floW11ow channel enl8r:S the rrining Pit, !.lYe bed conditions assumed ·Lacey EquatiOn-apPlied ror ·genliral 
~oour~$BR,"ComPuulngD&gm•11onarid LoCai Soour",1984) · 
(4} • eeQrocm scour eeleo~tated per Aood Conlrol DlStriCI of Mll!icope County M~od (FCOMC. "H))d~uucs Design Manyalj. 
(5)- L~~ow tnclsemoni ""t to 0. · 
(6} • Appll8d Invert from HEC-RAS model excepl cmsuel:lions with supplemental field survey points. 
'(7) - NA lor. cress sections WHh 0.0 ft oi calculated scour 
All Ef!ova_tions in NAV01988 
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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, 205/205, 207/208 are the locations of the Scour Chain and a corresponding ground she 

Point # Northing Easting Elevation Description 

200 912159.5 581829.5 1009.477 BOLTLOCATION 

201 912022.7 581829.7 1006.878 BOLT LOCATION 

202 911845.6 581799.7 1007.764 BOLTLOCATION 

203 912160.6 581807.2 1007.166 CHAIN LOCATION- +2.9FT 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 911842.5 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, April15, 2014) 

36 



Date: 

To: 

Flood Control District 
of Maricopa County 

April15, 2014 

INTEROFFICE MEMORANDUM 

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 Maricopa County 

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

CC: 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: 

Dimensions: 

Riprap Quantity: 

D 50 = 18 inches; D 100 = 30 inches; D 85 = 24 inches; D 15= 9 inches; 

(It must be noted that the exact slope of the levee in this area is 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 
is needed.) 

• Thickness = 6.5 feet; 

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

These are estimates of the minimum quantities needed, 

• Minimum cross sectional area= 95 square feet or greater. 

• Weight of Rip rap = 890 tons 

• Volume = 425 cubic yards. 
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Other design requirements are as follows: 

1. Riprap must be angular; 
2. The riprap specific weight must be at least 156lb/ft3

; 

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 riprap an amendment to this memo should be finalized. This memo 
should document how the riprap 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 are scour chains at this location that were installed in 2013 by 
FCD MC (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 GE 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 riprap 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. 
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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 Maricopa County. 

Flood Control District of Maricopa 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 
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Appendix B Permanent Markers and Scour Chains Installed in June 2013 

IW 

Approximate Locations for Scour Chains 

2801 West Durango Street, Phoenix, Arizona 85009 

The permanent markers are to be insta ll ed on the levee 
s lope 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. 

'''""'""" m""' 
~G,-ou-nd~,~,,.-,.~ion------~ 

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 coord inates are: 
X=581819 It; Y=912159 ft {NAD83 AL State Plane Central) 

The exact coordinates (NAD83 fJ.Z State Plane Central} and 
elevation {NAVDSS) shal l be surveyed and documented 
after the instal lation. 

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 A!. State Plane Central) 
The exact coordina tes {NAD83 AZ. State Plane Central) 
and e levation (NAVD88) shall be surveyed and 
documented a her the insta llation. 

Permanent Marker No.3 (about 40+16 or HEC-RAScross
section 9.602) 
The approximate coordinates are: 
X=S81793 ft; Y=911846 ft {NAD83 AL State Plane Central) 

.m:~ Feet The exact coordi nates {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) 
Vertica l Scour Chain No.2 (22 ft west of Permanent 

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

The base of the vertical scour chain shall be insta ll ed 12 ft 
below the ground surface. The exact coordinates (NAD83 
Al State Plane Centra l ) shall be surveyed and 
documented fo r the scour cha in base (black rectangle in 
figure below). The exact ground surface e levation 
(NAVD88) above the scour chain base shall be surveyed 
and documented after the installation. 

Not to scale 
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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 44CFR65.1 0 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 1 0+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 appl ied 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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• 
Cenification Report for 

Camelback Ranch Levee South 
Maricopa County, Arizona 

Section 2 44CFR65.1 0 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 (0 50=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 1 H:1V slope of the soi l 
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 wi ll 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 Monitori ng 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. 

JE Fuller Hydrology & Geomorphology, Inc. Page 2-16 
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• • 
Project: Camelback Ranch Levee South 
Location: Maricopa County, Arizona 

Table C-4· Sco r C I I ti Summary u a cua ons 

Calc'd by: HR I Checked: JTA 
Date: 611212011 Date: 611212011 > 

l'llong 
~nora I l'ls.dform 

l'lLowAow Calculated Design Toe 1/ b6-111Levee 
1'1HEC.f!AS Term 

Scour Scour 
Total Scour IGJApplled Scour of Soli (7)Safety 

Cross Scour lncloement Depth Invert 7 
Station 

Soction 
Elelllltlon Cement Fa/ 

ft ft ft ft (ft It (Jtl ft 
44+81 9.686 2.5 3.07 0.53 0.0 · 6.1 ·- "1008.1 - 1 UZ.O 002. ./0.9 See Section 

,..., 43+53 9.663 2.5 3.07 0.50 0.0 6.1 ' •. , 4'008.0 , "1001 .9 • 1001. 1.0 ;')..., 2.4.3 
42+43 9.643 1.9 3.07 0.42 o.o • 5.4 1007.7 1000.7 '7' 999.0 ~ . Yes 
41+39 9.624 0.0 3.07 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 9913.9 992.9 2.3 Yes 
38+35 9.569 2.0 3.07 1.68 0.0 6.8 1007.0 9913.2 990.3 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 o.n 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 9913.7 990.9 NA Yes 
24+33 9.324 0.0 0.00 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 
e9+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 crnsslng 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 secllons upstream of lew ~ow channel enters the mining pit, Live bed conditions assumed. Lacey Equation applied for general 
scour (USSR, 'Computing Degradation and Local Scour', 1984) 
(4) - Bedform scour calaJiated per Flood Control District of Maricopa County Method (FCDMC, "Hydraulics Design Manual"). 
(5)- Low now lndsement set to 0. 
{6) - AppHed Invert from HE G-RAS model except cross sections with supplemental field survey points. 
(7) - NA for cmss sections wi1h 0.0 ft of calrulated scour 
All Elevations in NAVD 1988 

Camelback Ranch Levee South Scour_ V2.xls 
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EFFECTIVE 100-YR FLOODWAY 
BOUNDARY 

BASE FLOOD ELEATION 

HYDRAULIC BASE LINE 
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CROSS SECTION 

ZONE DESIGNATION 
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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 she 

Point# Northing 

200 912159.5 

201 912022.7 

202 911845.6 

203 912160.6 

204 912161.6 

205 912025.3 

206 912033.1 

207 911842.6 

208 911850.1 

Easting 

581829.5 

581829.7 

581799.7 

581807.2 

581811.4 

581806.5 

581814.7 

581784 

581773.2 

Elevation Description 

1009.477 BOLT LOCATION 

1006.878 BOLT LOCATION 

1007.764 BOLT LOCATION 

1007.166 CHAIN LOCATION- +2.9FT LONG FROM 12FT TAG 

1008.852 ROCK (NG) 

1005.767 CHAIN LOCATION 

1007.271 ROCK {NG) 

1007.659 ROCK (NG) 

1005.366 CHAIN LOCATION 
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Appendix D. As-Built Drawing for Riprap Toe Down Mitigation and Re-set Scour Chains 

(Civil and Structure Branch, Engineering Division, FCDMC, April22, 2015) 
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GENERAL NOTES 

1. ALL CONSTRUCTION TO BE PERFORMED ACCORDING TO APPLICABLE MAG STANDARD 
DETAILS AND MAG SPEC/FICA TIONS, DATED 1998 AND REVISIONS THROUGH 2013. 

2. FACILITIES WHICH ARE NOT SPECIFICALL Y LOCA TED WITH ACTUAL HORIZONTAL AND 
VERTICAL CONTROLS ARE APPROXIMATE AND TO THE BEST AVAILABLE INFORMATION. 
CONTRACTOR TO VERIFY HORIZONTAL AND VERTICAL LOCATIONS PRIOR TO CONSTRUCTION. 

3. EXISTING UTILITIES AND OTHER FACILITIES HAVE BEEN PLACED ON THE PLANS FROM 
FIELD SURVEYS, EXISTING MAPS AND OTHER CURRENT PLANS WITHIN THE AREA OF 
THIS PROJECT. THE CONTRACTOR WILL DETERMINE THE EXACT LOCATION AND/OR 
ELEVATION OF EXISTING UTILITIES WHICH PERTAIN TO AND AFFECT THE 
CONSTRUCTION OF THIS PROJECT. 

4. TWO (2) WORKING DAYS PRIOR TO EXCA VATING, THE CONTRACTOR SHALL CALL FOR 
BLUE STAKE AT THE BLUE STAKE CENTER (PHONE. 1-800-STAKE/T). 

5. THE CONTRACTOR SHALL OBTAIN ALL NECESSARY PERMITS PRIOR TO CONSTRUCTION. 

6. THE FLOOD CONTROL DISTRICT IS NOT RESPONSIBLE FOR LIABILITY ACCRUED 
DUE TO DELAYS AND/OR DAMAGE TO UTILITIES IN CONJUNCTION WITH THIS 
CONSTRUCTION. 

7. ANY WORK PERFORMED WITHOUT THE APPROVAL OF THE FLOOD CONTROL DISTRICT 
AND/OR THE ENGINEER AND ALL WORK AND MATERIALS NOT IN CONFORMANCE WITH 
THE SPEC/FICA T/ONS IS SUBJECT TO REMOVAL AND REPLACEMENT AT THE 
CONTRACTOR'S EXPENSE. 

8. THE ENGINEER WILL DETERMINE THE NUMBER AND LOCATION OF THE REQUIRED 
COMPACTION TESTS FOR BACKFILL AND/OR ABC. 

9. TRAFFIC CONTROL SHALL BE MAINTAINED IN ACCORDANCE WITH MAG 
SPEC/FICA TION 401 , AND PART VI OF THE MANUAL ON UNIFORM TRAFFIC CONTROL 
DEVICES (2003 EDITION). 

10. EXACT POINT OF MATCHING TERMINATION AND OVERLAY WILL BE DETERMINED 
IN THE FIELD BY THE ENGINEER. 

11. NO JOB WILL BE CONSIDERED COMPLETED UNTIL ALL NEW WORK 
HAS BEEN SWEPT CLEAN OF ALL DIRT AND DEBRIS. 

12. PRIOR TO FINAL APPROVAL AND ACCEPTANCE OF THE WORK, THE CONTRACTOR 
WILL BE REQUIRED TO CLEAN ADJACENT (OFF-PROJECT) ROADWAYS USED DURING 
THE COURSE OF CONSTRUCTION. 
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CST CONSTRUCTION 
DBL DOUBLE 
DESC DESCRIPTION 
EJ EXPANSION JOINT 
EQ EQUAL 
FD FOUND 
FOC FIBER OPTIC CABLE 
MOD MODIFIED 
G GUTTER ELEVA TION 
OP OVERHEAD ELECTRIC 
OPP OPPOSITE 
p PAVEMENT ELEVA TION 
PG PAGE 
PHxx C.O.E. REPORT PHOTO NUMBER 
PIP PROTECT IN PLACE 
PIL PROPERTY LINE 
PRV PRIVATE 
RIW RIGHT OF WAY 
SPG SPACING 
STR STRUCTURE 
UGT UNDERGROUND TELE CABLE 
TBM TEMPORARY BENCHMARK 
TBR TOP OF BERM 
TC TOP OF CURB ELEVATION 
TW TOP OF WALL ELEVATION 
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Proposed Storm Drain (width varies 72" pipe shown) 

Section Line 

Temporary Construction Easement 
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Wash Flow Line 

--· ·- Existing Water Surface Elevation (Profile Views Only} 

Proposed Water Surface Elevation (Profile Views Only) 

Existing Block Wall 
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NO. 

I 0 
mo woRKING DI.YS I 
BEFORE YOU DIG, CALL 

602-263-1100 
BLUE STAKE 

(1 

0 

ITEM 
DESCRIPTION 

NA TIVE MA TERIAL PER DETAIL A ON DWG D1 
RIPRAP PER DETAIL A ON DWG D1 

RIPRAP DESIGN REQUIREMENTS 

RIPRAP GRADATION: D, = 18 INCHES D.,, = 30 INCHES D, = 24 
INCHES D, = 9 INCHES ( CALCULATED USING 156LBSI CU. FT.) AB 

DIMENSIONS 
THE EXACT SLOPE OF THE LEVEE IN THIS AREA IS NOT KNOWN. 
lliEREFORF FINAl DIMENSIONS AND ORIENTATIONS MIIST BE 
DETERMINED IN THE FIE / D DURING CONSTRUCTION THE 
DIMENSIONS PRESENTED HERE ARE BASED ON THE CALCULATED 
VALUES AND ARE USED TO DETERMINE HOW MUCH RIPRAP AT A 
MINIMUM IS NEEDED. 

THICKNESS = 6.5 FEET 
WIDTH = 14.5 FEET (MINIMUM) 
LENGTH = 129 F'EET (APPROXIMATE) 151 ' - 0 " MEASURED AB 

RIPRAP QUANTITIES (ESTIMATED) 
MINIMUM CROSS SECTIONAL AREA = 95 SQUARE FEET OR GREATER 
WEIGHT OF RIPRAP = 890 TONS 
VOLUME = 425 CUBIC YARDS 

Q UANTIT Y SUM M A R Y 

UNIT 

CY 65 
CY 425 
- -
--
-- --

- -
--
--
- -

ORA WING NUMBERS 

RIPRAP DESIGN RE QUIREMENTS. 

1. RIPRAP SHALL BE ANGULAR 

SUBTOTAL 
QUAN TI T Y 

65 
425 

2. THE RIPRAP SPECIFIC WEIGHT MUST BE AT LEAST 156 LB!CU FT 

3. AS-BUILTS & FINAL REPORT SHALL BE PREPARED AFTER 
CONSTRUCTION BY FINAL SURVEY & PROJECT ENGINEER 

4. THE ACTUAL RIPRAP SPECIFIC WEIGHT USED IS 163LBSI CU. FT. AB 
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0 
TIVO WORKING DAYS 
BEFORE YOU DIG, CALL 

602- 263-1100 
BLUE STAKE 

EXISTING TOP OF LEVEE 
RIVER BANK 

CHAIN LENGTH 
(A-E) 

GROUND I COVER 
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t> ••• v"." .. .. 

(A) /.----~(E! 
TAG-APEX I CHAIN END 
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·v . 

v 
v. 

• I 

• I 

• I 

• I 

AB 

v 
v . 

.v 
v • v v. 

v v. • V, 

v v; 

NORTH. EAST. ELEV. 

SCOUR 
APEX 912160.308 581808.24 1 1008.166 
END 912160.373 581810.926 1008.488 CHAIN #1 
COVER 912151 .129 581814.222 1008.912 

APEX 912025.688 581806.259 1005.900 
SCOUR END 912025.883 581810.769 1005.915 
CHAIN #2 COVER 912029.382 581811.841 1007.563 

APEX 911850.000 581773.401 1002.832 
SCOUR END 911849 03 581776.763 1003.373 
CHAIN #3 COVER 911852.538 581786.746 1006.376 

SCOUR CHAINS POINT TOWARDS THE EAST LEVEE SIDE 
(PERPENDICULAR TO LEVEE FACE) 

APEX= CHAIN AT TAG 
END= END OF EXPOSED CHAIN (POINTING EAST) 
COVER= GROUND SHOT AT FINISHED GRADE 

(APPROXIMATE TAG LOCATION) 

(8\ SCOUR CHAIN - RESETTING 

\C) NTS 

CHAIN LENG TH (A- E) I 

30ft I 

4.31t 

3.61t 

EXISTING AGUA 
FRIA RIVER 

~ 

io l 

;. I 
(]) 
« 

RIP RAP 
(0,, = 18") 

EXISTING RIVER BANK 
(SOIL CEMENT) 

( #) 

'V 

'V 

~~bB1~ti7;~R AB 

'V. 'V 

17. 

EXISTING 7'-0" 
MAINTENANCE RD 

(4" ABC) 

Il l 11 1::: 
11 1:::1 111 11 Ill 

:::111 Ill 
EXISTING EMBANKMENT 

111:::1 11 
:::1 111 11 

;A~*:;~~t~ti;~~r:j::,:f~\ · ... · 

EXISTING FOUNDATION 
(4'-0" MIN) 

LEVEE INFLECTION POINT IS UNKNOWN 
(FIELD VERIFY) 

NOTES· 

NATIVE MATERIAL SHALL BE 12" THICK AND SCREENED 4" MINUS 

# = TOP WIDTH SHALL VARY DEPENDING ON THE LEVEE SIDE SLOPE 
TO MAINTAIN THE MINIMUM CROSS SECTIONAL AREA OF 95SF 
FOR THE PROPOSED RIPRAP, TO BE DETERMINED IN THE FIELD 
DURING TIME OF CONSTRUCTION 

LEVEE CROSS SECTION - TYPICAL "RECORD DRAWING" 

(LOOKING NORTH) NTS I HEREBY CERTIF Y THAT THE "RECORD DRAWING" 
MEASUREMENTS AS SHOWN HEREON WERE MACE 

UNDER MY SUPER VISION OR AS NOTED AND ARE 
CORRECT TO THE BEST OF MY KNOWLEDGE AND 

BELIEF. 
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OJ REMOVE AND RELOCATE EXISTING MATERIAL 
RELOCATE AS DIRECTED BY PROJECT ENGINEER 

NPI 

[1J AB PROTEOT l/1 PLAOE SOOUR 0>'>\l\>'1•' lF POSS>'BtE. 1 EA 
REMO\'EMIO &' ,L\'AGE SGOUR GIM.W (o'r NEEOED) 

AB THREE SCOUR CHAINS AND THREE BOLTS WERE 
INSTALLEDRESPECTIVELY, IN THE RIVER BED AND AT 
THE TOE OF THE SOIL CEMENT LEVEE IN JUNE OF 
2013 AS SCOUR MONITORING DEVICES WHICH ARE 
CONSIDERED AS A TEMPORARY SOLUTION. IN 
FEBRUARY OF 2015, LAUNCHABLE RIPRAP (6.5 FT 
THICK. 14.5 FT WIDE. AND 120 FT LONG) WAS INSTALLED 
AT THE TOE OF SOIL CEMENT LEVEIE AS THE 
PERMANENT SOLUTION. THEREFORE, THE SCOUR 

G) 

@ 

AB 

CHAiNS AND BOLTS ARE NOT NEEDED TO MONITOR 
THE SCOUR AS REQUIRED BY THE LEVEE 
CERTIFICATION PROGRAM SINCE THE PERMANENT 
SOLUTION HAS BEEN PROVIDED. HOWEVER. THE SCOUR 
CHAiNS ARE RESET AND BOLTS ARE KEPT AS THE 
SCOUR MONITORING DEVICES FOR THE BENEFITS OF 
FUTURE SCOUR STUDIES. THE LOCATIONS OF THE 
THREE SCOUR CHAiNS CAN BE FOUND ON DWG D1 

CONSTRUCT 

PLACE 12" OF NATIVE MATERIAL PER 
DET A ON DWG D1 

PLACE RIPRAP PER DET A ON DWG D1 

SEE AS-BUlL T DETAIL ON DWG D1 FOR 
SCOUR CHAIN RESETTING LOCATIONS 

"RECORD DRAWING" 

65CY 

425CY 

I HEREBY CERTIFY THAT THE "RECORD DRAWING" 
MEASUREMENTS AS SHOWN HEREON WERE MADE 

UNDER MY SUPERVISION OR AS NOTED AND ARE 
CORRECT TO THE BEST OF MY KNOWLEDGE AND 

BELIEF. 

1J' ~~~ 
NOTES: 

1) FINAL RIPRAP PLACEMENT TO BE DETERMINED 
IN FIELD BY PROJECT ENGINEER AT TIME OF 

CONSTRUCTION 

2) PROPOSED LAUNCHABLE RIPRAP SHALL 
BE PLACED ADJACENT TO EXISTING 
BANKRIPRAP 

1 I REVISED STATIONING PER HYDRAULIC MODEL BIZ 1127115 
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Appendix E. CD Table of Contents for Digital Files 

FCDMC_Exce1Files_Survey_2013_2015 : Survey Excel Files by Survey & Mapping Branch of 
Engineering Division. 

FCDMC_Exhibit_ScourChain_May7_2013 : FCDMC (Bing Zhao, May 7, 2013), "Approximate 
Locations for Permanent Markers and Scour Chains," An Exhibit prepared for FCDMC 
Operation and Maintenance Division. 

FCDMC_Memo_ToeTownMitigation_Aug_21_2013: FCDMC (Jonathon Chill and Bing Zhao, 
August 21 , 2013), "Proposed Toe Down Mitigation for Levee Certification for Camelback Road 
Levee South, east bank of the Agua Fria River south of Camelback Road," An Interoffice 

Memorandum to Art Glover and Frank Brown ofFCDMC. 

FCDMC_Memo_ToeTownMitigation_April15_2014: FCDMC (Jonathon Chill and Bing Zhao, 
April15, 2014), "Proposed Toe Down Mitigation for Levee Certification for Camelback Road 
Levee South, east bank ofthe Agua Fria River south of Camelback Road," An Updated 
Interoffice Memorandum to Art Glover and Frank Brown of FCDMC. 

FCDMC _Photos Videos: Photos and Videos Taken by FCDMC Staff during Field Visits in 
December of 2014 and beginning of 2015. 

FCDMC_Sketches_PPT_ScourChains_May_2015: Power Point Files that Contain Some Basic 

Sketches for Scour Chain 

FCDMC_ASBUILT_Plans_April_22_2015: As-built plans by Civil & Structures Branch of 
Engineering Division. 

JEFuller _Report_ LeveeCertificationReport _June _20 11: JE Fuller Hydrology & 

Geomorphology, Inc. , June 2011 , Certification Report for Camelback Ranch Levee South 
(ID#ll), prepared for Flood Control District of Maricopa County. 

SpeedieAndAssociates _Lab_ Report_ GravelProperties _July 15 _ 2013: Speedie and Associates 
(July 15th' 2013), "Laboratory Report on Physical Properties of Soil and Aggregate," prepared 
for Custom Landscape Materials (Project Number: 130831LA; Lab Number: 395042). 
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