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DEPARTMENT OF HOMELAND SECURITY
FEDERAL EMERGENCY MANAGEMENT AGENCY

RIVERINE STRUCTURES FORM

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

PAPERWORK BURDEN DISCLOSURE NOTICE
Public reporting burden for this form is estimated to average 7 hours per response. The burden estimate includes the time for reviewing
instructions, searching existing data sources, gathering and maintaining the needed data, and completing, reviewing, and submitting the form. You
are not required to respond to this collection of information unless a valid OMB control number appears in the upper right corner of this form. Send
comments regarding the accuracy of the burden estimate and any suggestions for reducing this burden to: Information Collections Management,
Department of Homeland Security, Federal Emergency Management Agency, 1800 South Bell Street, Arlington, VA 20598-3005, Paperwork
Reduction Project (1660-0016). Submission of the form is required to obtain or retain benefits under the National Flood Insurance Program. Please
do not send your completed survey to the above address.

PRIVACY ACT STATEMENT
AUTHORITY: The National Flood Insurance Act of 1968, Public Law 90-448, as amended by the Flood Disaster Protection Act of 1973, Public Law
93-234.

PRINCIPAL PURPOSE(S): This information is being collected for the purpose of determining an applicant's eligibility to request changes to National
Flood Insurance Program (NFIP) Flood Insurance Rate Maps (FIRM).

ROUTINE USE(S): The information on this form may be disclosed as generally permitted under 5 U.S.C § 552a(b) of the Privacy Act of 1974, as
amended. This includes using this information as necessary and authorized by the routine uses published in DHS/FEMA/NFIP/LOMA-1 National
Flood Insurance Program; Letter of Map Amendment (LOMA) February 15, 2006, 71 FR 7990.

DISCLOSURE: The disclosure of information on this form is voluntary; however, failure to provide the information requested may delay or prevent
FEMA from processing a determination regarding a requested change to a NFIP Flood Insurance Rate Maps (FIRM).

Flooding Source:

Note: Fill out one form for each flooding source studied.

A. GENERAL

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

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

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

Description of Modeled Structure

1. Name of Structure:

Type (check one): [:] Channelization E] Bridge/Culvert [:] Levee/Floodwall

Location of Structure:

Downstream Limit/Cross Section:

Upstream Limit/Cross Section:

2. Name of Structure:

Type (check one): {:I Channelization D Bridge/Culvert [j Levee/Floodwall [] pam

Location of Structure:

Downstream Limit/Cross Section:

Upstream Limit/Cross Section:

Name of Structure:

3.

Type (check one): [] Channelization [] Bridge/Culvert [] Levee/Floodwall [] pam

Location of Structure:

Downstream Limit/Cross Section:

Upstream Limit/Cross Section:
NOTE: FOR MORE STRUCTURES, ATTACH ADDITIONAL PAGES AS NEEDED.
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B. CHANNELIZATION

Flooding Source:

Name of Structure:

1. Hydraulic Considerations

-year flood.

(cfs) and/or the

The channel was designed to carry

The design elevation in the channel is based on (check one):

[ Subcritical flow [critical flow (] Super critical flow [ ] Energy grade line

If there is the potential for a hydraulic jump at the following locations, check all that apply and attach an explanation of how the hydraulic
jump is controlled without affecting the stability of the channel.

[] Inlet to channel [_]outlet of channel [ At Drop Structures  [_| At Transitions

[:] Other locations (specify):

2. Channel Design Plans
Attach the plans of the channelization certified by a registered professional engineer, as described in the instructions.

3. Accessory Structures

The Channelization includes (check one):

[] Levees [Attach Section (E Levee/Floodwall)] [] Drop structures (] Super elevated sections

D Energy dissipater

D Transitions in cross sectional geometry D Debris basin/design basin [Attach Section D (Dam/Basin)]

D Other (describe):

[] weir

4. Sediment Transport Considerations

Are the hydraulics of the channel affected by sediment transport? [JYes [INo

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

C. BRIDGE/CULVERT

Flooding Source:

Name of Structure:

1. This revision reflects (check one):

D Bridge/culvert not modeled in the FIS

D Modified bridge/culvert previously modeled in the FIS

D New analysis of bridge/culvert previously modeled in the FIS

2. Hydraulic model used to analyze the structure (e.g., HEC-2 with special bridge routine, WSPRO, HY8):
If different hydraulic analysis for the flooding source, justify why the hydraulic analysis used for the flooding source could not analyze
the structures. Attach justification.

3. Attach plans of the structures certified by a registered professional engineer. The plan detail and information should include the following
(check the information that has been provided):

D Dimensions (height, width, span, radius, length) D Distance Between Cross Sections

D Shape (culverts only) ] Erosion Protection
D Material D Low Chord Elevations - Upstream and Downstream

D Beveling or Rounding
[] wing Wall Angle
[:] Skew Angle

[] Top of Road Elevations - Upstream and Downstream
[:] Structure Invert Elevations - Upstream and Downstream

I:] Stream Invert Elevation - Upstream and Downstream

[:] Cross-Section Locations

4. Sediment Transport Considerations

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

If Yes, then fill out Section F (Sediment Transport) of Form 3. If no, then attach an explanation.
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D. DAM/BASIN

Flooding Source:

Name of Structure:

1. This request is for (check one): [l Existing dam/basin [] Newdam D Modification of existing dam/basin
2. The dam/basin was designed by (check one): D Federal agency D State agency [:] Private organization \:| Local government agency

Name of the agency or organization:

3. The dam was permitted as ( check one): D Federal Dam I:I State Dam

Provide the permit or identification number (ID) for the dam and the appropriate permitting agency or organization

Permit or ID number Permit Agency or Organization:

[] Local Government Dam D Private Dam
Provide related drawings, specifications and supporting design information.
4. Does the project involve revised hydrology? (] Yes [] No
If Yes, complete the Riverine Hydrology & Hydraulics Form (Form 2)
Was the dam/basin designed using critical duration storm? (Must account for the maximum volume of runoff)
D Yes, provide supporting documents with your completed Form 2.
]:] No, provide written explanation and justification for not using the critical duration storm.
. Does the submittal include debris/sediment yield analysis? D Yes [] No
If Yes, then fill out Section F (Sediment Transport). If No, then attach your explanation for why debris/sediment analysis was not considered?
. Does the Base Flood Elevation behind the dam/basin or downstream of the dam/basin change? D Yes [] No

If Yes, complete the Riverine Hydrology & Hydraulics Form (Form 2) and complete the table below.

Stillwater Elevation Behind the Dam/Basin
FEQUENCY (% annual chance) FIS REVISED

10-year (10%)
50-year (2%)

100-year (1%)

500-year (0.2%)

Normal Pool Elevation

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

E. LEVEE/FLOODWALL

1. System Elements

a. This Levee/Floodwall analysis is based on (check one): upgrading of an anewly reanalysis of an
existing levee/ [] constructed levee/ [_] existing levee/

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

D earthen embankment, dike, berm, etc. Station to

[] structural floodwall Station to

I:] other (describe): Station to

c. Structural Type (check one): [:] monolithic cast-in place reinforced concrete D reinforced concrete masonry block D sheet piling

I:] other (describe):
d. Has the levee/floodwall system been certified by a Federal agency to provide protection from the base flood? I:] Yes |:| No

If Yes, by which agency?

e. Attach certified drawings containing the following information (indicate drawing sheet numbers):
1. Plan of the levee embankment and floodwall structures Sheet Numbers

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

3. A profile of the BFE, closure opening outlet and inlet invert elevations, type and size
of opening, and kind of closure. Sheet Numbers
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System Elements (continued) E. LEVEE/FLOODWALL (continued)

4. A layout detail for the embankment protection measures. Sheet Numbers

5. Location, layout, and size and shape of the levee embankment features, foundation treatment,

floodwall structure, closure structures, and pump stations. Sheet Numbers

2. Freeboard

a. The minimum freeboard provided above the BFE is:

Riverine

3.0 feet or more at the downstream end and throughout [JYes [:] No

3.5 feet or more at the upstream end D Yes D No

4.0 feet within 100 feet upstream of all structures and/or constrictions D Yes [:] No

Coastal

1.0 foot above the height of the one percent wave associated with the 1%-annual-
chance stillwater surge elevation or maximum wave runup (whichever is greater) D Yes D No

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

Please note, occasionally exceptions are made to the minimum freeboard requirement. If an exception is requested, attach documentation
addressing paragraph 65.10(b)(1)(ii) of the NFIP Regulations.

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

b. Is there an indication from historical records that ice-jamming can affect the BFE? [(Jyes [INo

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

a. Opening through the levee system (check one): D exists D does not exist

If opening exists, list all closures:

Channel Station Left or Right Bank Opening Type H'gggztnﬁgvlisgr& for Type of Closure Device

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

Note: Geotechnical and geologic data
In addition to the required detailed analysis reports, data obtained during field and laboratory investigations and used in the design analysis
for the following system features should be submitted in a tabulated summary form. (Reference U.S. Army Corps of Engineers (USACE)
EM-1110-2-1906 Form 2086.)

4. Embankment Protection

a. The maximum levee slope land side is:

b. The maximum levee slope flood side is:

c. The range of velocities along the levee during the base flood is: (min.) to
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E. LEVEE/FLOODWALL (continued)

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

e. Riprap Design Parameters (check one): l:] Velocity l___] Tractive stress
Attach references

Ciirves or Stone Riprap

Straight D1 00 D 50 Thickness

Reach Sideslope Velocity Depth of Toedown

to

to

to

to

to

Sta to

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

f. Is a bedding/filter analysis and design attached? [:] Yes No

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

Attach engineering analysis to support construction plans.

5. Embankment and Foundation Stability

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

See Section 8.1. of Geotechnical Evaluation Report. Agua Fria Levee PAL 18, Avondale, Arizona by Ninyo & Moore, June 17, 2011.

[X]Ooverall height: Sta.: River MP 5.43 , height 20

[X]Limiting foundation soil strength

Strength ¢ = 28 degrees, c = 150 psf

Slope: SS =1 (h)to 1 (v)

(Repeat as needed on an added sheet for additional locations)
b. Specify the embankment stability analysis methodology used (e.g., circular arc, sliding block, infinite slope, etc.):

Spencer method and circular failure surfaces. For additional details, see Section 8.1. of Geotechnical Evaluation Report. Agua Fria Levee PAL
18, Avondale, Arizona by Ninyo & Moore, June 17, 2011.

c. Summary of stability analysis results: The ranges of Safety Factor for the 6 critical sections analyzed are presented below:

Case Loading Conditions Critical Safety Factor Criteria Min.

End of construction 2410438 1.3

Sudden drawdown 1.0to 2.1 1.0

Critical flood stage 251049 1.4

Steady seepage at flood stage 251049 1.4

Earthquake (Case I) 20t0 39 1.0

(Reference: USACE EM-1110-2-1913 Table 6-1)
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E. LEVEE/FLOODWALL (continued)

5. Embankment and Foundation Stability (continued)

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

If Yes, describe methodology used: Steady state using finite element analysis

e. Was a seepage analysis for the foundation performed? Yes [ | No
f. Were uplift pressures at the embankment landside toe checked? D Yes No
g. Were seepage exit gradients checked for piping potential? Yes I:] No

h. The duration of the base flood hydrograph against the embankment is less than 24 hours.
Attach engineering analysis to support construction plans.

. Floodwall and Foundation Stability

a. Describe analysis submittal based on Code (check one): [Jusc (1988) [] other (specify):

b. Stability analysis submitted provides for: []overturning [:] Sliding  If not, explain:

c. Loading included in the analysis were: [ Jiateral earth @ Pa= psf. Pp =

[JSurcharge-Slope @ . []surface psf
[wind@pPw= _ psf

DSeepage (Uplift): [:] Earthquake @ Peq =

[]1%-annual-chance significant wave height ft.
|:]1%-annual-chance significant wave period

d. Summary of Stability Analysis Results: Factors of Safety.
Itemize for each range in site layout dimension and loading condition limitation for each respective reach.

Criteria (Min) Sta To Sta To
Overturn Sliding Overturn Sliding Overturn Sliding
Dead & Wind 1.5 1.5
Dead & Soil 1:5 1.5

Dead, Soil, Flood, &
Impact 1.5 1.5

Loading Condition

Dead, Soil, & Seismic 1.3 1.3

(Ref: FEMA 114 Sept. 1986; USACE EM 1110-2-2502)
Note: (Extend table on an added sheet as needed and reference)

e. Foundation bearing strength for each soil type:

Bearing Pressure Sustained Load (psf) Short Term Load (psf)
Computed design maximum

Maximum allowable

f. Foundation scour protection [:I is, D is not provided. If provided, attach explanation and supporting documentation.
Attach engineering analysis to support construction plans.

7. Settlement

a. Has anticipated potential settlement been determined and incorporated into the specific construction elevations to maintain the established
freeboard margin? [] Yes No

b. The computed range of settlement is
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E. LEVEE/FLOODWALL (continued)

7. Settlement (continued)

c. Settlement of the levee crest is determined to be primarily from: ] Foundation consolidation Embankment compression

Other (describe): see Section 8.3.1. of Geotechnical Evaluation Report by Ninyo & Moore, dated June 17,2011

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

Attach engineering analysis to support construction plans.

8. Interior Drainage

a. Specify size of each interior watershed:

Draining to pressure conduit:
Draining to ponding area:

. Relationships Established
Ponding elevation vs. storage |:| Yes I:] No

Ponding elevation vs. gravity flow []vYes []No
Differential head vs. gravity flow D Yes D No

. The river flow duration curve is enclosed: []Yes []No

. Specify the discharge capacity of the head pressure conduit:

. Which flooding conditions were analyzed?

* Gravity flow (Interior Watershed) []Yes []No

* Common storm (River Watershed) [JYes [INo
* Historical ponding probability []Yes []No
* Coastal wave overtopping D Yes [] No

If No for any of the above, attach explanation.

f. Interior drainage has been analyzed based on joint probability of interior and exterior flooding and the capacities of pumping and outlet
facilities to provide the established level of flood protection. D Yes |:| No If No, attach explanation

g. The rate of seepage through the levee system for the base flood is none cfs
h. The length of levee system used to drive this seepage rate in item g:  N/A ft.

i. Will pumping plants be used for interior drainage? [] Yes [:] No

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

Plant #1 Plant #2

The number of pumps
The ponding storage capacity

The maximum pumping rate

The maximum pumping head

The pumping starting elevation

The pumping stopping elevation

Is the discharge facility protected?

Is there a flood warning plan?

How much time is available between warning
and flooding?

Will the operation be automatic?
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E. LEVEE/FLOODWALL (continued)

8. Interior Drainage (continued)

If the pumps are electric, are there backup power sources? [Jyes [JNo

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

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

9. Other Design Criteria
a. The following items have been addressed as stated:
Liquefaction [:] is x is not a problem
Hydrocompaction E] is is not a problem

Heave differential movement due to soils of high shrink/swell D is is not a problem

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

Attach supporting documentation.
c. Ifthe levee/floodwall is new or enlarged, will the structure adversely impact flood levels and/or flow velocities flood side of the structure?
[(JYes [INo Attach supporting documentation.
d. Sediment Transport Considerations:
Was sediment transport considered? I:] Yes [] No
If Yes, then fill out Section F (Sediment Transport). If No, then attach your explanation for why sediment transport was not considered.
10. Operational Plan and Criteria
a. Are the planned/installed works in full compliance with Part 65.10 of the NFIP regulations? D Yes D No

b. Does the operation plan incorporate all the provisions for closure devices as required in Paragraph 65.10(c)(1) of the NFIP regulations?

[(Jyes [INo
c¢. Does the operation plan incorporate all the provisions for interior drainage as required in Paragraph 65.10(c)(2) of the NFIP regulations?

I:] Yes E] No If the answer is No to any to the above, please attach supporting documentation.
11. Maintenance Plan

a. Are the planned/installed works in full compliance with Part 65.10 of the NFIP regulations?

[JYes [ ] No If No please attach supporting documentation.

12. Operations and Maintenance Plan

Please attach a copy of the formal Operations and Maintenance Plan for the levee/floodwall.
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CERTIFICATION OF THE LEVEE DOCUMENTATION

This certification is to be signed and sealed by a licensed registered professional engineer authorized by law to certify elevation information data,
hydrologic and hydraulic, and any other supporting information as per NFIP regulations paragraph 65.10(e) and as described in the MT-2 Forms
Instructions. All documents submitted in support of this request are correct to the best of my knowledge. | understand that any false statements may
be punishable by fine or imprisonment under Title 18 of the United States Code, Section 1001.

Certifier's Name License No. Expiration Date

Company Name Telephone No.

Signature E-Mail Address

F. SEDIMENT TRANSPORT

Flooding Source:

Name of Structure:

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

Sediment load associated with the base flood discharge: Volume acre-feet
Debris load associated with the base flood discharge: Volume acre-feet
Sediment transport rate (percent concentration by volume)

Method used to estimate sediment transport:

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

Method used to estimate scour and/or deposition:

Method used to revise hydraulic or hydrologic analysis (model) to account for sediment transport:

Please note that bulked flows are used to evaluate the performance of a structure during the base flood; however, FEMA does not map BFEs based
on bulked flows.

If a sediment analysis has not been performed, an explanation as to why sediment transport (including scour and deposition) will not affect the
BFEs or structures must be provided.
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CERTIFICATION BY REGISTRATION PROFESSIONAL ENGINEER AND/OR LAND SURVEYOR

This certification is to be signed and sealed by a licensed land surveyor, registered professional engineer, or architect authorized by law to certify
elevation information data, hydrologic and hydraulic analysis, and any other supporting information as per NFIP regulations paragraph 65.2(b) and
as described in the MT-2 Forms instruction. All documents submitted in support of this request are correct to the best of my knowledge. |
understand that any false statement may be punishable by fine or imprisonment under Title 18 of the United States Code, Section 1001.

Certifier's Name License No. Expiration Date
Steven D. Nowaczyk, P.E. 34866 06-30-2012
Company Name Telephone No. Fax No.
Ninyo & Moore 602-243-1600 602-243-2699
Signature E-mail Address Date

“Dlhm 12, ")m")” \I"\, \1 ' snowaczyk@ninyoandmoore.com 06/17/11

\

Ensure the forms that are appropriate to your revision request are included in your submittal.

Form name and (Number) Required if.....

[JRiverine Hydrology & Hydraulics Form (Form 2)  New or revised discharges or water-surface elevation 5‘
(=3
]

[X]Riverine Structures Form (Form 3) Channel is modified, addition/revision of bridge/culveffa;
addition/revision of levee/floodwall, addition/revision{pf

[[]coastal Analysis Form (Form 4) New or revised coastal elevations
[:}Coaslal Structures Form (Form 5) Addition/revision of coastal structure
|:]Alluvial Fan Flooding Form (Form 6) Flood control measures on alluvial fans

EXPIRES: 06/30/12

NOTE: Certification provided by Ninyo & Moore is for geotechnical sections only.
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Geotechnical and Enviconmentai Saiences Consultants

June 17,2011
Project No. 600550016

Mr. Frank Brown, P.E., CFM

Flood Control District of Maricopa County
2801 West Durango Street

Phoenix, Arizona 85009-6399

Subject: Geotechnical Evaluation
Agua Fria Levee West, PAL 18
Avondale, Arizona

Dear Mr. Brown:

In accordance with our revised proposal dated February 24, 2011, Ninyo & Moore has performed
a geotechnical evaluation of the Agua Fria Levee West from south of Lower Buckeye Road and
north of Indian School Road, in Avondale, Arizona. The attached report presents our methodol-
ogy, findings, conclusions, and recommendations regarding the geotechnical conditions at the
project site.

‘ We appreciate the opportunity to be of service to you during this phase of the project. If you have
any questions or comments regarding this report, please call at your convenience.
Sincerely,
NINYO & MOORE
/] / & . \
//‘; %M %‘i M% 6 D_ ~JOoTUD
Marek J. Kasztalski, P.E., PM.P., LEED A.P. Steven D. Nowaczyk, P.E.
Senior Geotechnical Engineer Principal Engineer
MJK/SAH/SDN/clj EXPIRES: 06/30/12

Distribution: (1) Addressee (via email, 2 3-Ring Copies, 3 DVD’s)

= Fax (602} 243-2699 25

3202 East Harbour Drive = Phoenix, Arizona 85034 = Phone (602) 243-1600

SanDiego + Irvine -+ losAngeles -+ RanchoCucamonga -+ Oakland -+ SanFrandsco = Sacamento ﬁ
lasVegas =+ Phoenix * Tucson - PrescottValey + Denver + ElPaso * Houston
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Agua Fria Levee West, PAL 18 June 17, 2011

Avondale, Arizona Project No. 600550016
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1. INTRODUCTION
In accordance with our revised proposal dated February 24, 2011, we have performed a geotech-
nical evaluation of the Agua Fria Levee West, from south of Lower Buckeye Road and north of
Indian School Road in Avondale, Arizona. The purpose of this work assignment is to provide cer-
tification documentation and recommendations for additional work, if necessary, for support of
The Federal Emergency Management Agency (FEMA’s) accreditation of the Agua Fria Levee
System (specifically for Agua Fria Levee West PAL 18), located along portions of the west banks
of the Agua Fria River, from about 1,800 feet south of Lower Buckeye Road to 2,500 feet north
of Indian School Road. Currently this levee is provisionally accredited by FEMA and shown as
providing protection from the 1 percent annual chance (base) flood on the most recent Flood In-
surance Rate Map. The Provisionally Accredited Levee (PAL) agreement between the Flood
Control District of Maricopa County (District) and FEMA is due to expire on June 25, 2011. For
this levee to be fully accredited by FEMA, and continue to be shown as providing flood protec-
tion on the Flood Insurance Rate Map (FIRM) panel beyond the PAL expiration date, the levee
. must be certified to FEMA as meeting the criteria set forth in Title 44, Code of Federal Regula-
tions Part 65.10 (44 CFR §65.10).

As part of the levee certification process, Ninyo & Moore reviewed available data and informa-
tion, provided engineering analyses based upon the available data and information, and
conducted field reconnaissance as necessary to demonstrate whether the requirements of 44 CFR
§65.10, Section (b) Design Criteria, Subsections 4) Embankment and Foundation Stability and

(5) Settlement, have been met.

2.  SCOPE OF SERVICES

The scope of our services for the project generally included the following:

e Participation in meetings with the FCDMC Project Manager, including a combined scoping
session and kickoff meeting and project review meetings.

Collecting and reviewing available relevant data and information regarding the Agua Fria Levee

West. The data were collected from the FCDMC, FEMA, Arizona Department of Transportation
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(ADOT), the adjacent cities, and other sources as appropriate. Data and information collected

included the following:

e  Design reports/memorandums

Geomorphic analysis

e Hydrologic and hydraulic studies, reports, and models
e Geotechnical engineering investigation reports

¢ Sediment transport study reports

e Floodplain delineation and flood insurance studies

e Specifications

e River cross sections

e Surveying for land subsidence

e Current and historic topographic mapping data, including horizontal and vertical control
tabulation, hard-copy and electronic file

e  Current and historic aerial photography
e [evee monitoring for bank stabilization
e  Pertinent correspondence

e Land ownership, rights-of-way, easements and other applicable District Geographic Infor-
mation System (GIS) layers/databases

e  Operation and maintenance plans/manuals and inspection reports
e Information on District-permitted construction activity on and around the levee

e Reviewing the collected data and information to assess the adequacy (or deficiency) of the
levee relative to the Design Criteria, Subsections (4) and (5). This included conducting en-
gineering calculations and analyses utilizing the collected data as necessary to address the
factors specified in Subsections (4) and (5). For the data and information to be considered
adequate to address these subsections, it must satisfactorily address the questions, requested
information, and criteria in FEMA MT-2 Form 3, Sections E.5 and 7, although we were not
responsible for completion of the FEMA form. The results of the review and analyses are
presented in this Geotechnical Report (see below).
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e Preparing mapping for use in the field reconnaissance activities using GIS layers/databases
provided by the District.

¢ Conducting a field reconnaissance of the levee in conjunction with the FCDMC’s Project
Manager, to assess existing conditions as they pertain to the Design Criteria, Subsections (4)
and (5). Field reconnaissance findings are documented in this Geotechnical Report.

e Performing stability analyses, seepage analyses and settlement calculations on the critical
two-dimensional cross sections selected along the levee system.

e Developing a work plan for further evaluation and mitigation of the trouble spots identified
by the US Army Corps of Engineers (USACE) Continuing Eligibility Inspection (CEI) for

the levee.

e  Preparing this draft Geotechnical Report for the District’s review following data and infor-
mation collection and review and field reconnaissance.

3.  FEMA REQUIREMENTS FOR LEVEE CERTIFICATION

As part of a mapping project, it is the levee owner's or community’s responsibility to provide
. data and documentation to show that a levee meets the requirements of Section 65.10 of the Na-

tional Flood Insurance Program (NFIP) regulations. The FEMA requirements in Section 65.10

are separated into five categories:

e  General criteria

e Design criteria

e  Operations plans and criteria

e Maintenance plans and criteria

e  Certification requirements

3.1. General Criteria
As mentioned above, FEMA will recognize only the levee systems that meet minimum de-
sign, operation, and maintenance standards that are consistent with the level of protection

sought.
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Section 65.10 describes the types of information FEMA needs to recognize that a levee sys-
tem provides protection from the base flood; that information must be supplied to FEMA by
the community. The FEMA review is solely to establish appropriate risk zone determination

for NFIP maps.

3.2. Design Criteria

FEMA has established levee design criteria for levee freeboard, closures of penetrations
through the levee, levee embankment protection, levee embankment and foundation stabil-
ity, settlement, interior drainage, and other design criteria. These criteria are summarized in
the following items. Please note that the following criteria are not part of this report: 3.2.1,

3.2.2,3.2.3,and 3.2.6.

3.2.1. Freeboard

For reverie levees, a minimum freeboard of 3 feet above the water-surface level of the
. base flood must be provided. An additional 1 foot of freeboard must also be provided

within 100 feet on either side of structures (e.g., bridge) or wherever the flow is con-

stricted. An additional 0.5 feet of freeboard must be provided at the upstream ends of

the levee, tapering to the minimum at the downstream end of the levee.

3.2.2. Closures

The levee closure requirement is that all openings must be provided with closure de-

vices that are structural parts of the system during operation and design according to

sound engineering practice.

3.2.3. Embankment Protection

Engineering analyses must be submitted to demonstrate that no appreciable erosion of
the levee embankment can be expected during the base flood, as a result of either cur-
rents or waves, and that anticipated erosion will not result in failure of the levee
embankment or foundation directly or indirectly through reduction of the seepage path

and subsequent instability.
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3.2.4. Embankment and Foundation Stability

Engineering analyses that evaluate levee embankment stability must be submitted. The
analyses provided shall evaluate expected seepage during loading conditions associated
with the base flood and shall demonstrate that seepage into or through the levee founda-
tion and embankment will not jeopardize embankment or foundation stability. The

factors that shall be addressed in the analyses include:

e Depth of flooding;

e Duration of flooding;

e Embankment geometry and length of seepage path at critical locations;

e Embankment and foundation materials;

e Embankment compaction;

e Penetrations;

e Other design factors affecting seepage (e.g., drainage layers);

e  Other design factors affecting embankment and foundation stability (e.g., berms).
3.2.5. Settlement

Engineering analyses must be submitted that assess the potential and magnitude of fu-
ture losses of freeboard as a result of levee settlement and demonstrate that freeboard

will be maintained within the minimum freeboard standards set forth in Section

2.2.1.This analysis must address:

e Embankment loads;

e Compressibility of embankment soils;
e  Compressibility of foundation soils;

e Age of the levee system;

e  Construction compaction methods.
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A detailed settlement analysis using procedures such as those described in U.S. Army
Corps of Engineers (USACE) Engineering Manual No. EM 1100-2-1904 must be sub-

mitted.

3.2.6. Interior Drainage

An analysis must be submitted that identifies the source(s) of such flooding; the extent
of the flooded area; and, if the average depth is greater than 1 foot, the water-surface
elevation(s) of the base flood. This analysis must be based on the joint probability of in-
terior and exterior flooding and the capacity of facilities (such as drainage lines and
pumps) for evacuating interior floodwaters. Interior drainage systems usually include
storage areas, gravity outlets, pumping stations, or a combination thereof. For areas of
interior drainage that have average depths greater than 1 foot, mapping must be pro-
vided depicting the extents of the interior flooding, along with supporting

documentation.

3.2.7. Other Design Criteria

In unique situations, such as those where the levee system has relatively high vulner-
ability, FEMA may require that other design criteria and analyses be submitted to show
that the levees provide adequate protection. In such situations, sound engineering prac-
tice will be the standard on which FEMA will base its determinations. FEMA also will

provide the rationale for requiring this additional information.

3.3.  Operations

For a levee system to be recognized, the operational criteria must be as described below. All
closure devices or mechanical systems for internal drainage, whether manual or automatic,
must be operated in accordance with an officially adopted operation manual, a copy of
which must be provided to FEMA by the operator when levee or drainage system recogni-
tion is being sought or when the manual for a previously recognized system is revised in any
manner. All operations must be under the jurisdiction of a federal or state agency, an agency

created by federal or state law, or an agency of a community participating in the NFIP.
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3.3.1. Closures

Operation plans for closures must include the following:

e  Documentation of the flood warning system, under the jurisdiction of federal, state,
or community officials, that will be used to trigger emergency operation activities;
and demonstration that sufficient flood warning time exists for the completed op-

eration of all closure structures, including necessary sealing, before floodwaters
reach the base of the closure;

e A formal plan of operation, including specific actions and assignments of responsi-
bility by individual name or title;

e Provisions for periodic operation, at not more than one-year intervals, of the clo-
sure structure(s) for testing and training purposes.

3.3.2. Interior Drainage Systems
Interior drainage systems associated with levee systems usually include storage areas,
gravity outlets, pumping stations, or a combination thereof. FEMA will recognize these
. drainage systems on NFIP maps for flood protection purposes only if the following
minimum criteria are included in the operation plan:
e  Documentation of the flood warning system, under the jurisdiction of federal, state,
or community officials, that will be used to trigger emergency operation activities;

and demonstration that sufficient flood warning time exists to permit activation of
mechanized portions of the drainage system;

e A formal plan of operation, including specific actions and assignments of responsi-
bility by individual name or title;

e  Provision for manual backup for the activation of automatic systems;

e Provisions for periodic inspection of interior drainage systems and periodic opera-
tion of any mechanized portions for testing and training purposes (no more than
one year shall elapse between either the inspections or the operations).

3.3.3. Other Operation Plans and Criteria
FEMA may require other operating plans and criteria to ensure that adequate protection
is provided in specific situations. In such cases, sound emergency management practice

will be the standard upon which FEMA determinations will be made.
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3.4. Maintenance
For levee systems to be recognized as providing protection from the base flood, the follow-

ing maintenance criteria must be met:

e Levee systems must be maintained in accordance with an officially adopted mainte-
nance plan, and a copy of this plan must be provided to FEMA by the owner of the
levee system when recognition is being sought or when the plan for a previously recog-
nized system is revised in any manner.

e All maintenance activities must be under the jurisdiction of a federal or state agency,
agency created by federal or state law, or an agency of a community participating in the
NFIP that must assume ultimate responsibility for maintenance.

e The maintenance plan must document the formal procedure that ensures that the stabil-
ity, height, and overall integrity of the levee and how its associated structures and
systems are maintained.

e At a minimum, the maintenance plan shall specify maintenance activities to be per-
formed, frequency of their performance, and the person, by name or title, responsible

. for their performance.

3.5. Certification

Data submitted to support that a given levee system complies with the requirements set forth
above must be Certified by a Registered/Licensed Professional Engineer. Also, certified as-
built plans of the levee must be submitted. Certifications are subject to the definition given

in 44 CFR Section 65.2 of the NFIP regulations, as follows:

§ 65.2 Definitions.

e For the purpose of this part. A certification by a registered professional engineer or
other party does not constitute a warranty or guarantee of performance, expressed or
implied. Certification of data is a statement that the data is accurate to the best of the
certifier's knowledge. Certification of analyses is a statement that the analyses have
been performed correctly and in accordance with sound engineering practices. Certifica-
tion of structural works is a statement that the works are designed in accordance with
sound engineering practices to provide protection from the base flood. Certification of
"as built" conditions is a statement that the structure(s) has been built according to the
plans being certified, is in place, and is fully functioning.
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e  For the purposes of this part, "reasonably safe from flooding" means base flood waters
will not inundate the land or damage structures to be removed from the Special Flood
Hazard Area (SFHA) and that any subsurface waters related to the base flood will not
damage existing or proposed buildings.

In lieu of these structural requirements, a federal agency with responsibility for levee design
may certify that the levee has been adequately designed and constructed to provide protec-

tion against the base flood.

4. SUMMARY OF REVIEWED DOCUMENTS

4.1. Methodology of Documents Reviewed
Ninyo & Moore reviewed available documents and information related to the Agua Fria
Levee Improvements project. Many of the documents were obtained from the District, via
Mr. Frank Brown, Senior Civil Engineer, who had coliected the documents related to the
‘ subject project. Further, we examined reference lists provided in the existing reports to find
additional relevant documents to include in our review. In some cases, original and complete
copies of older references were not available; however, pertinent data from those reports
were included in more recent reports. In addition, we have contacted various agencies and
municipalities, such as, U.S. Army Corps of Engineers (USACE), Arizona Department of
Transportation (ADOT), Maricopa County Department of Transportation (MCDOT), and
City of Avondale. Finally, we have researched the archives of Ninyo & Moore for pertinent

documents.

An 1nitial review of each document was performed to evaluate its relevance to the geotech-
nical aspects of the project. A document was considered relevant if it contained information

about one of the following:

e Geotechnical data at or near the Agua Fria River between Indian School Road and
South of Lower Buckeye Road; and/or

e  Structural information for the West Levee, PAL 18.
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Next, the pertinent documents were carefully reviewed and summarized. A complete list of

reviewed documents is included in Appendix F to this report.

4.2.  Previous Geotechnical Documents

Numerous studies have been performed for the Agua Fria channelization program as well as
for the development of associated nearby structures and developments (bridges, control
structures, pipelines and others). The findings of the geotechnical and/or hydrological stud-
ies performed at/near the west-side levee PAL ID #18, are presented in the following
sections. The approximate locations of the borings and test pits and/or trenches associated
with these studies are shown on Figures A-A, A-B and A-C in Appendix A. The exploratory

logs are presented in Appendix A and the laboratory test results are presented in Appendix B.

4.2.1. Geotechnical Investigation — Channelization — Agua Fria River, Thomas
Road & I-10 (SHB, 1982)

. In 1982, Sergent, Hauskins & Beckwith Consulting Geotechnical Engineers conducted
a soil exploration for the design and construction of the channel embankment between
Thomas Road and I-10. The objective of this investigation was to evaluate the physical
properties of the subsoils underlying the site to provide recommendations for the design
of channel embankments and other earthwork elements of the project. The exploration
included: 14 soil borings advanced to depths of 7.5 to 26 feet (borings #1 through #14).
The laboratory testing included sieve analyses, Atterberg limits in-situ unit weights and
moisture contents, direct shear tests and permeability tests. Based on the test borings,
the site soil profile generally consisted of stratified deposits of low plasticity silty sands

and sands with occasional sandy silt interbeddings. (see Appendix A-1 and B-1)

4.2.2. Geotechnical Investigation, Agua Fria River Channelization, Thomas
Road to Indian School Road (SHB, 1983)

In 1983, Sergent, Hauskins & Beckwith Consulting Geotechnical Engineers conducted

a field sampling and laboratory testing on Agua Fria River channel materials for analy-

‘ sis of unconfined compressive strength of a sand-gravel-cement mixture for the design
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and construction of the channel embankment between Thomas Road and Indian School
Road. The evaluation consisted of visually identifying and classifying soils observed in
six test pits excavated with a backhoe. The laboratory testing included sieve analyses.
Gradation analyses indicate the channel area samples obtained at the test pit locations

are primarily poorly graded sands with very little gravel. (see Appendix A-2 and B-2)

4.2.3. Geotechnical Investigation on Grade Control Structure at Indian School
Rd Bridge and Agua Fria River (DEE, 1984)
In 1984, Desert Earth Engineering conducted a soil exploration for the design and con-
struction of a 1,340-ft-long soil-cement grade control dike on the Agua Fria River just
south of Indian School Road. The exploration included four soil borings advanced to
depths of up to 25 feet. The laboratory testing included sieve analyses and Atterberg
limits tests. Based on the test borings, the site soil profile generally consisted of non-
plastic sands with variable percentage of gravels and cobbles. (see Appendix A-3 and B-

3)

4.2.4. Geotechnical Engineering Report on Agua Fria Channelization, 500 ft
South of Interstate 10 to McDowell Road (DEE, 1984)
In 1984, Desert Earth Engineering conducted a soil exploration for the design and con-
struction of the channel embankment between Thomas Road and I-10. This geotechnical
investigation had three aspects. One was a subsurface investigation to provide founda-
tion design information for a 1,450-ft grade control structure across the Aqua Fria River
500 ft downstream of Interstate 10. The second was an investigation to evaluate subsur-
face soils to a depth of 20 ft over a 60-acre proposed siltation basin. This basin was to
be located immediately north of 1-10 and east of the Agua Fria River channel. The third
aspect was to perform soil-cement mix designs for the channel levies and the grade con-
trol structure. The exploration included 11 soil borings advanced to an approximate
depth of 20 feet depths of 7.5 to 26 feet (borings B-1 through B-11), including three
borings (B-1 through B-3) advanced for the proposed control structure. The laboratory

testing included sieve analyses and Atterberg limits. Based on the test borings, the site
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soil profile generally consisted of stratified deposits of poorly graded and well-graded

sands with gravels and cobbles. (see Appendix A-4 and B-4)

4.2.5. Geotechnical Engineering Report on Agua Fria Soil Cement Design and
Permeability Study (DEE, 1985)
In 1985, Desert Earth Engineering prepared a report covering soil-mix design recom-
mendations for the Agua Fria improvements project. The study was based on previous
explorations including 34 backhoe trenches excavated on the banks and in the riverbed
and four borings advanced along the proposed grade control structure just south of In-
dian School Road. The laboratory testing included sieve analyses and laboratory
(remolded) permeability. Based on the test borings and trenches, the site soil profile
generally consisted of non-plastic sands and silty sands with variable percentage of

gravels and cobbles. (see Appendix A-5 and B-5)

' 4.2.6. Geotechnical Investigation, Proposed Bridge Van Buren over Agua Fria
River (SHB, 1985)

In 1985, Sergent, Hauskins & Beckwith Consulting Geotechnical Engineers conducted
a soil exploration for the proposed Van Buren Bridge over Agua Fria River. The objec-
tive of this investigation was to evaluate the physical properties of the subsoils
underlying the site in order to provide recommendations for foundation and abutment
design. The exploration included 11 soil borings including nine advanced to depth rang-
ing from of 12 feet to 37 feet below existing grade to auger refusal and two borings
advanced to a depth of 80 and 89 feet using a percussion drilling technique. The labora-
tory testing included in situ moisture content and dry density, sieve analyses and
Atterberg limits. Based on the test borings, the site soil profile generally consisted of
highly stratified deposits of silty sands and clayey sands with gravels and cobbles. (see
Appendix A-6 and B-6)

5 :
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4.2.7. Site Materials Evaluation, Agua Fria River Improvements, Buckeye Road
to Interstate 10 (WTTI, 1986)
In 1986, Western Technologies Inc. conducted an evaluation of the materials in the
Agua Fria River channel. The purpose of the evaluation was to identify the types of
soils present in the channel bed; which are proposed for use in levee and soil cement
bank protection construction for the above referenced project. The evaluation consisted
of visually identifying and classifying soils observed in 25 test pits excavated with a
backhoe. The laboratory testing included in situ moisture content and dry density and
sieve analyses. Based on the test borings, the site soil profile generally consisted of
stratified deposits of sands and silty sands and occasional sandy silt lenses. (see Appen-

dix A-7 and B-7)

4.2.8. Soil Investigation — Tres Rios Landing (CIT, 2002)
In 2002, Construction Inspection and Testing (CIT) conducted a soil investigation for
. the Tres Rios development, a residential subdivision including proposed single-family
homes and residential streets. This development is located between Dysart Road and the
west bank of the Agua Fria River, on the south side of Buckeye Road, in Avondale, Ari-
zona. The exploration included: 10 backhoe pit test holes to depths of 6 to 10 feet (Test
Holes B1 through B10), 10 pavement sample test holes to a depth of 3 feet (Test Holes
BC1 through BC10), and two percolation test holes to a depth of 3.5 feet (Test Holes P1
and P2). Based on the test holes, the site soil profile generally consisted of stratified de-
posits of silty sands and sandy silts. Silty to sandy clay soils were noted in 3 of the 25
test holes. (see Appendix A-8 and B-8)

4.2.9. Geotechnical Investigation — Indian School Distribution Waterline
(CH2M Hill, 2002)

In 2002, CH2M Hill conducted a soil exploration for the design of the Indian School

20-inch Distribution Waterline for E1 Mirage Road to 115" Street. The waterline align-

ment spans the Agua Fria River just south of Indian School Road. The exploration

. included: six soil borings advanced to depths of 15 to 25 feet (borings B-1 through B-6).
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The laboratory testing included sieve analyses, Atterberg limits, in-situ unit weights and
moisture contents, a laboratory compaction (Proctor) test and consolidation (response to
wetting). Based on the test borings, the site soil profile generally consisted of low plas-
ticity silty sands. Sandy silt and clayey sand soils were encountered in two of the 6

exploratory borings. (see Appendix A-9 and B-9)

4.2.10. Geotechnical Evaluation — Lower Buckeye Waterline (N&M, 2004)
In 2004, N&M conducted a geotechnical evaluation for the proposed water transmission
line in Avondale, Arizona. This development is located along Lower Buckeye Road
from intersection with 4™ Street to El Mirage Road, in Avondale, Arizona. The explora-
tion included five borings advanced to depths ranging from approximately 10 feet to 25
feet below existing ground surface (borings B1 through BS). The laboratory testing in-
cluded, in-situ moisture content and dry density, sieve analyses, and Atterberg limits.
Based on the field and laboratory test results, the site alluvium soil profile generally
‘ consisted of stratified deposits of sandy silts, silty sands, and poorly graded sands, with
occasional silty clay and clayey gravel layers. (see Appendix A-10 and B-10)

4.2.11. Geotechnical Evaluation — Avondale Municipal Operations Center (N&M,
2005)
In 2005, N&M conducted a geotechnical evaluation for the proposed improvements to
the Avondale Municipal Operations Center. This development is located at the south-
west comner of Lower Buckeye Road and Dysart Road, in Avondale, Arizona. The
exploration included 8 borings advanced to depth ranging from approximately 2 to 16.5
feet below existing ground surface (borings B-1 through B-8) and performance of two
field percolation tests. The laboratory testing included, in-situ moisture content and dry
density, sieve analyses, Atterberg limits, consolidation (response-to-wetting), and ex-
pansion index. Based on the field and laboratory test results, the site alluvium soils
encountered in boring B-1 and B-2 generally consisted of sand, sandy silt and silt, with

some gravels, cobbles and boulders. (see Appendix A-11 and B-11)
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4.2.12. Pavement Evaluation — Wal-Mart Store No. 2544 (N&M, 2007)

In 2007, N&M conducted a pavement evaluation for Wal-Mart Store No. 2544. This de-
velopment is located near the northeast corner of the intersection of Interstate I-10 and
Dysart Road, in Avondale, Arizona. The exploration included 11 borings advanced to a
depth of approximately 2 feet below existing ground surface (borings C1 through C11).
The laboratory testing included, in-situ moisture content and dry density, sieve analyses,
and Atterberg limits. Based on the field and laboratory test results, the site alluvium
soils encountered immediately under the pavement structure generally consisted of

sandy clay. (see Appendix A-12 and B-12)

4.2.13. Geotechnical Evaluation — Agua Fria Connector Trail (N&M, 2007)
In 2007, N&M conducted a geotechnical evaluation for proposed multi-use path. This
development is located along the west bank of the Agua Fria River between Riley Drive
and Van Buren Street, in Avondale, Arizona. The exploration included six hand-auger
‘ borings advanced to a depth of approximately 3 feet below existing ground surface
(borings B1 through B6). The laboratory testing included, in-situ moisture content and
dry density, sieve analyses, and Atterberg limits. Based on the field and laboratory test
results, the site alluvium soils encountered in boring B-1 generally consisted of sandy
silt. The fill encountered in each of the borings on top of the embankment generally
consisted of poorly graded to well-graded fine to coarse sand with little gravel, silt and

cobbles. (see Appendix A-13 and B-13)

4.2.14. Geotechnical Design Report — Ehrenberg-Phoenix Highway (I-10) Outside
Widening, Sarival Avenue to Dysart Road, Maricopa County, Arizona
(URS, 2008)

In 2008, URS conducted a geotechnical evaluation for the design of foundations for

bridges, sound walls and retaining walls for the Ehrenberg-Phoenix Highway (I-10)

Outside Widening project between Sarival Avenue and Dysart Road in Maricopa

County, Arizona. The bridges for this project consisted of 5 overpasses, including the

. Dysart Road interchange and Agua Fria River Bridge. The exploration for the Dysart
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Road Overpass included 10 borings advanced to depth ranging from approximately 11
feet to 100 feet below existing ground surface. The exploration for the I-10 Bridge wid-
ening included 23 borings advanced to an approximate depth of 99 feet below existing
ground surface, including the borings for the east abutment. The laboratory testing in-
cluded in-situ moisture content and dry density, sieve analyses, Atterberg limits,
consolidation, swell potential, direct shear, laboratory maximum dry density and opti-
mum moisture content. Based on the field and laboratory test results, the alluvium soils
encountered in boring in the area of the proposed Dysart Road overpass generally con-
sisted of sand, silty sand, sandy silt and sandy clay. The native soils along the 1-10
Bridge over Agua Fria River consisted primarily of stratified deposits of sands, sands
with silt, silty sands with variable percentage of gravels and cobbles, and gravels with

silt, cobbles and boulders. (see Appendix A-14 and B-14)

4.2.15. Geotechnical Evaluation — Elm Lane Drainage Mitigation (N&M, 2009)

In 2009, N&M conducted a geotechnical evaluation for the proposed Elm Lane Drain-
age Mitigation project. This development is located along Central Avenue and along
Elm Lane, north of Lower Buckeye Road and west of the Agua Fria River, in Avondale,
Arizona. The exploration included four borings advanced to approximately 20 feet be-
low existing ground surface (borings B1 through B4). The laboratory testing included,
in-situ moisture content and dry density, sieve analyses, Atterberg limits, and consolida-
tion (response-to-wetting). Based on the field and laboratory test results, the site soil
profile generally consisted of stratified deposits of sandy clays, sandy silts and silty
sands. (see Appendix A-15 and B-15)

4.3. Design and Historic Construction
The following sections describe the original construction of the Agua Fria River improve-

ments.
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4.3.1. Contract Documents and Special Provisions

Contract Documents and Special Provisions for Agua Fria River Improvements Phase

I: Roosevelt Irrigation Channel Reconstruction and Siphon, Phase II: Agua Fria River

Channelization and Bank Protection Contract No. FCD 85-10, prepared by Flood Con-

trol District of Maricopa County. Invitation for Bids dated March 4, 19835.

The scope of work covered the Agua Fria River from 500 feet south of Thomas Road to
2,900 feet north of Indian School Road and along the Roosevelt Irrigation District Canal
System 3,000 feet east and west of the Agua Fria River. The work was to be performed
in accordance with the Maricopa Association of Governments (MAG) Uniform Stan-
dard Specifications for Public Works Construction, Edition of 1979. The project
consisted of furnishing all material, labor, and equipment necessary to construct levees,
soil-cement bank protection, a soil-cement grade-control structure, utility tower protec-
tion measures, channel and canal excavation, canal embankment, shotcrete canal lining,
‘ inverted siphon, gravel pit backfill, culverts, flap gates, and other incidental items as

shown on the plans or as specified herein.

Below is a summary of typical construction requirements for the main work items from

the Special Provisions.

Section 203 - Channel Excavation

This item of work included excavation, removal of existing levees and bank protection,
gravel pit backfill, watering, grading, shaping, and compaction. Excavated material, ex-
clusive of old tires, rubbish, and other unsuitable materials, was to be used in fill areas
and other areas within the project limits as directed by the Engineer. Embankment/fill,
where designated, was to be placed in eight (8) inch loose lifts and compacted to 90.0

percent of maximum density as determined by Arizona Test Method 225.

Section 212 - Levees
The top six inches of ground on which levees are to be constructed should be com-

. pacted to a density of not less than 95.0 percent of the maximum density. Earth material

600550016 R_Final 17

Ninya & Mnm- e




Agua Fria Levee West, PAL 18 June 17, 2011
‘ Avondale, Arizona Project No. 600550016

for levees should be placed in uniform horizontal layers not exceeding eight (8) inches
in depth before compaction. Each layer of earth material for levee construction should
be compacted to a density of not less than 95.0 percent of the maximum density (in ac-

cordance with the requirements of Arizona Test Method 225).

Section 220 - Riprap Construction

This work should consist of furnishing all plant, labor, equipment, and materials and
performing all work necessary, including toe excavation, backfill, and dewatering, to
place a protective covering of erosion-resistant material on the slopes of embankments.
The riprap materials should have rock size less than 36 inches. The types of riprap in-

cluded in the specification are:

e  Dumped Riprap: Dumped riprap consists of rock that is dumped in place on a filter
blanket or prepared slope to form a well graded mass with a minimum of voids.

' e  Grouted Riprap: Grouted riprap consists of dumped riprap with all or part of the
rock interstices filled with Portland Cement grout.

The gravel filter blanket should consist of one or more layers of gravel, crushed rock, or

sand. Gradation: 100% passing 4” sieve, 0-5% passing /2 sieve.

Filter fabric for riprap construction should be Mirafi 600X or approved equal.

Section 221 - Soil Cement Bank Protection

Before soil-cement processing begins, the area on which soil-cement will be placed
should be graded and shaped to lines and grades as shown on the Plans or as directed by
the Engineer. The subgrade should be compacted to a minimum of ninety (90%) per-

cent.

The soil cement mixture should be placed on the moistened subgrade embankment, or

previously completed soil cement with spreading equipment that will produce layers of
such widths and thicknesses as are necessary for compaction to the required dimensions

of the completed soil-cement layers. The compacted layers of soil-cement should not
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exceed eight (8) inches in thickness, nor be less than four (4) inches in thickness. Soil
cement should be uniformly compacted to a minimum of 98% of maximum density as
determined by field density tests. Wheel rolling with only hauling equipment should not

be an acceptable method of compaction.

The design requirements for the soil-cement bank protection should be such that it has a
compressive strength of 750 psi at the end of 7 days plus 2% additional cement added

for erosion resistance.

Contract Documents and Special Provisions for Agua Fria River Improvements, 1-10 to
Thomas Road, Contract No. FCD 85-16, prepared by Dibble & Associates Consulting

Engineers and Simons Li, & Associates, Inc. Invitation for Bids dated July 8, 1985.

The scope of work covered the Agua Fria River from approximately 680 feet south of
Interstate 10 to approximately 200 feet south of Thomas Road. The work was to be per-
' formed in accordance with the Maricopa Association of Governments (MAG) Uniform
Standard Specifications for Public Works Construction, Edition of 1979. The improve-
ments included the construction of the levees, soil cement bank protection, soil cement
grade control structures, channel excavation, utility tower protection and other inciden-

tal items. The Special Provisions provide generally the same construction requirements

as those in the section above.

Specifications for Agua Fria River Levees, Maricopa County, Arizona, prepared by the

U.S. Army Corps of Engineers, Los Angeles District, dated March 18, 1987.

The scope of work covered the Agua Fria River from Buckeye Road to Broadway Road.
The document contains Technical Provisions containing general construction specifica-

tions, as well as the Contractor’s Quality Control Plan.

4.3.2. Levee Construction Plans (As Builts)

We have reviewed the following documents:
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e Gila River Basin, Phoenix, Arizona and Vicinity (including New River), Agua Fria
River Levees (Buckeye Road to Broadway Road), by US Army Corps of Engi-
neers, Los Angeles District, Record Drawings as Constructed, with illegible date.

* Flood Control District of Maricopa County, Construction Plans for Agua Fria River
Improvements, Buckeye Road to I-10, Contract No. FCD 85-37, by Simons, Li &
Associates, Inc., Record Drawings stamped 5/22/1986.

e Flood Control District of Maricopa County, Construction Plans for Agua Fria River
Improvements, Phase I — RID Canal Reconstruction & Siphon; Phase II, Channeli-
zation & Bank Protection, Contract No. FCD 85-37, by Simons, Li & Associates,
Inc., Record Drawings stamped 5/21/1986.

Construction quality control documentation was not available for our review.

See Appendix G for relevant River Mile Posts, wherever as-built stations are referred to

in this section of the Report.

Record Drawings for Buckeve Rd to Broadway Rd Reach.

The plans and profiles cover the southerly-most reach of the levee from the end of
the access ramp at approximate Station 11+39 to Buckeye Road Bridge at approxi-
mate Station 105+79. The drawings show soil-cement face of the upstream slope
over the entire alignment. The soil-cement has a 1(H):1(V) slope and the mostly
earthen downstream slope is 3(H):1(V). Typical configuration of the West Levee
soil cement protection is presented on Figure 2 in this Report. The crest to toe
height generally varies between 7 and 15 feet on both sides of the levee, except
within the access ramp, where the levee slopes down to the existing ground eleva-
tion. The ramp is soil-cement protected on both upstream and downstream sides up
to Station 15+00. The toe of soil-cement is buried approximately 13 to 19 feet be-
low existing ground surface at the upstream slope toe. The crest width is shown as
15 feet. A concrete lined diversion channel is shown on the downstream side be-
tween approximately Station 39+00 and Station 54+00 (at and immediately south
of the Lower Buckeye Road). The channel is up to approximately 5 feet deep. (see
Appendix A-16)
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Record Drawings for Buckeye Rd to I-10 Reach and Bank Protection at Thomas Rd

Closure

The plans and profiles cover the reach of the levee from Buckeye Road Bridge at
approximate Station 3+37 to the Interstate 10 Bridge at approximate Station 81+88.
The plans show the typical levee cross-section similar to that described for the pre-
vious reach, however, there are more details provided. The final soil-cement cover
with after trimming is shown as 8.0 feet. Lift thickness and compaction efforts are
provided for the soil-cement and earthen fill of the levee. The upstream slope is
covered with soil-cement over the entire alignment. The soil-cement has a
1(H):1(V) slope and the earthen downstream slope is 3(H):1(V). The crest to toe
height generally varies between 15 and 18 feet on the upstream side of the levee,
and is generally lower on the earthen downstream side. The toe of soil-cement is
buried approximately 8.5 feet below existing ground surface at the upstream slope
‘ toe. Immediately south of I-10, between approximate Station 67+03 and Station
76+12, the cross section is different in that the total levee height on the upstream
and downstream side is approximately 19 feet and 12.5 feet respectively, and the
soil cement toe is buried approximately 13 feet below the upstream slope toe. The

crest width is shown as 14 feet throughout.

The plans show gravel pit areas within the levee footprint, which needed to have
been backfilled prior to the levee construction. The construction detail shows that
the pit be backfilled with classified fill within the levee foundation area and to a
minimum depth of 10 feet within the channel outside of the levee footprint with
minimum compaction of 95 percent. The unclassified fill was to be placed in other
depths/areas with minimum 85 percent compaction. The classified fill is defined as
material excavated from project limits; which is free of debris, roots, trees, trash

and other objectionable matter.

Record Drawings for Thomas Rd to Indian School Road Reach
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These plans and profiles cover the northerly-most reach of the levee from south of
the Thomas Road closure at Station 0+0 to approximately 1,600 feet north of Indian
School Road at Station 75+25.

The drawings provide details of soil-cement and riprap protection. Typical configu-
rations of the West Levee soil cement and riprap protection are presented in this
Report on Figure 2 and 3, respectively. Soil-cement protected levee cross-section is
similar to that specified in other record drawings. The crest to toe (equilibrium line)
height generally varies between 15 and 18 feet on the upstream side of the levee,
and is generally lower on the earthen downstream side. Three rip-rap sections are

shown:

Station 23+58.23 to Station 36+11.78,
Station 39+50.48 to Station 47+25.00, and
Station 57+04.65 to Station 59+18.65.

The slope of riprap is 3(H):1(V) and the construction detail specifies a 6-inch thick
gravel filter blanket and filter fabric Mirafi 600X or equal to be placed under the

30-inch thick rip-rap cover. Riprap gradation should meet a Dsy = 18” requirement.

The levee crest width is shown as 14 feet for the soil cement cross-section and 15
feet for the riprap cross-section. The toe down depth for both soil-cement and rip

rap is shown as 8.5 feet from the equilibrium line.

The gravel pit backfill specification is similar to that described for the previous

reach above.

This set of record drawings includes also construction plans for the Roosevelt Irri-

gation District canal reconstruction and siphon.
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4.3.3. Construction Plans for Bridge Structures Over Agua Fria River
We have reviewed plans related to the construction of bridge structures in the vicinity or

over the Agua Fria River. Below is a brief synopsis of the reviewed documents.

State of Arizona, State Highway Department, Plan and Profile of Proposed State

Highway Buckeye - Phoenix, Maricopa County, BR-S-371(5), As Built Drawings,
Dated 7-28-1975

This set of plans contains Foundation Data Sheets for the Buckeye Road (also
known as Maricopa County Highway 85 or MC85) Bridge over the Agua Fria River,
in Avondale, Arizona. A total of 18 borings were drilled to depths ranging from ap-
proximately 25 to 80 feet below existing grade, of which 11 borings were advanced
with Standard Penetration Testing and soil sampling. The borings were performed in
1968/1969. The soil profile shows stratified deposits of sand, sand with silt and
gravel, and sandy gravels with cobbles and occasional boulders. (see Appendix A-

17)

Maricopa County Highway Department, Plans for the Construction of Indian School

Road Bridge Widening at Agua Fria River. Project No. 60300, As Built Drawings,
Dated 4-27-1978

This set of plans contains Foundation Data Sheets for the Indian School Road Bridge
over the Agua Fria River widening, in Avondale, Arizona. The foundation logs in-
cluded in the plans for the bridge widening are from the original bridge construction
plans (1969). The original foundation exploration included borings to the south in
anticipation of a future widening. A total of 20 borings were drilled to depths ranging
from approximately 45 to 80 feet below existing grade with Standard Penetration
Testing and soil sampling. The borings were performed in 1966. The soil profile
shows stratified deposits of sand, sand with silt and gravel, and sandy gravels with

cobbles and occasional boulders and lime cementation. (see Appendix A-18)
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State of Arizona, Department of Transportation, Highways Division, Plan and Pro-
file of Proposed Ehrenberg - Phoenix Maricopa County, I-IG-10-2 (37), As Built
Drawings Dated 3-31-1980

This set of plans contains Foundation Data Sheets for the I-10 Overpass at Dysart
Road, in Avondale, Arizona. Borings were advanced at each abutment of the one-
span westbound and eastbound structures. A total of eight borings were drilled to
depths ranging from approximately 15 to 80 feet below existing grade, of which 4
borings were advanced with Standard Penetration Testing and soil sampling. The
borings were performed in 1975. The soil profile shows stratified deposits of silty

clay and silty sand with lime cementation. (see Appendix A-19)

Maricopa County Highway Department, Plans for the Construction of McDowell

Road Bridge at Agua Fria River, Project No. 68105, As Built Drawings, Dated 1-6-

1986

This set of plans contains Foundation Data Sheets for the McDowell Road Bridge
over the Agua Fria River, in Avondale, Arizona. A total of 10 borings were drilled to
depths ranging from approximately 10 to 80 feet below existing grade with Standard
Penetration Testing and soil sampling. The borings were performed in 1982. The soil
profile shows stratified deposits of sand, sand with silt and gravel, clayey sand and
sandy gravels with cobbles and occasional boulders and lime cementation. (see Ap-

pendix A-20)

Maricopa County Highway Department, Plans for the Construction of Van Buren

Road Bridge at Agua Fria River, Project No. 68220, As Built Drawings, Dated 3-9-
1988

This set of plans contains Foundation Data Sheets for the Van Buren Road Bridge
over the Agua Fria River, in Avondale, Arizona. The borings were taken from a pre-
vious geotechnical study by Sergent, Hauskins & Beckwith Consulting Geotechnical

Engineers, 1985. The exploration included 11 soil borings including 9 advanced to
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depth ranging from of 12 feet to 37 feet below existing grade to auger refusal and 2
borings advanced to a depth of 80 and 89 feet using a percussion drilling technique.
The site soil profile generally consisted of highly stratified deposits of silty sands
and clayey sands with gravels and cobbles. (see Appendix A-21)

Maricopa County Highway Department, Plans for the Construction of Scour Protec-
tion for Indian School Road Bridge at Agua Fria River, Project No. 68937, As Built
Drawings, Dated June 2001

This set of plans contains a plan sheet with two test pits excavated at the existing In-
dian School Road over the Agua Fria River, in Avondale, Arizona. The test pits were
excavated to a depth of approximately 16 feet below existing grade. The soil profile
shows stratified deposits of sandy gravel and gravelly sand, with some cobbles and

non-plastic fines. (see Appendix A-22)

4.3.4. Other Construction Documents
Skunk Creek and the New Agua Fria Rivers Supplement to Design Memorandum No. 3,
General Design Memorandum - Phase 11, Project Design - Part 4

This set of plans contains 15 test trench logs and laboratory test results of typical

streambed materials south of Roosevelt Canal (see Appendix A-23 and B-23).

4.4. Inspection by the U.S. Army Corps of Engineers

In November 2009, the USACE performed the Continuing Eligibility Inspection of the Agua
Fria Levee River levees, which was required for participation in the USACE Public Law
(PL) 84-99 Rehabilitation and Inspection Program (RIP). As a result of the Inspection, the
project was rated “minimally acceptable” and therefore, the District has two years to im-
prove or fix the trouble spots and obtain an acceptable rating, otherwise, the project will be
removed from active status and placed on inactive status. The following findings related to

the embankment condition were reported as a result of the Inspection:
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e  Vegetation that needs removal,
e  Debris near toe or in channel that needs removal,

e  The channel side portion of levee appears “wavy” and portion of soil cement repair bul-
ges out.

e  Minor erosion on or near the levee embankment;
e Several minor settlement irregularities;
e Scattered fragmenting of topping on levee crest;

e  Cracking on crest and slopes of levee.

4.5. FCDMC Inspections
We have reviewed inspection reports prepared by the District for the Agua Fria River. The

c

following documents were reviewed:
‘ e Annual Inspection Reports from the period 2001 to 2010;

e Maintenance Inspection Reports from the period 2001 to 2010 (reports from 2003 were
not available);

e  Special Inspection Reports from 2007.

The inspections were conducted and the reports refer to the following four Agua Fria River

reaches:
e Reach 1: % mile north of Indian School Road to Thomas Road;
e Reach 2: Thomas Road to Interstate 10;
e Reach 3: Interstate 10 to MC 85 (Buckeye Road); and
e Reach 4: MC 85 to Broadway Road.
4.5.1. Annual Inspection Reports

The 2001 inspection was conducted for the whole project alignment. The report stated

that generally the Agua Fria River channelization and soil cement bank protection were
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in good condition. Some spalling and cracking of the soil cement on the crest through-

out the project was noted.

The 2002 report contains similar conclusions with additional repair of the access ramps
north of McDowell Road. In 2003, the deterioration of the soil cement cap on the crest
was again emphasized, as well as removal or thinning out of dense deep-rooted vegeta-
tion. The 2003 and 2004 inspections reported similar comments and added surface
cracks on the upstream face and scattered rodent activities. Erosion/rilling of the down-
stream slope was first noted in the 2005 report, as well as aggravated crest

deteriorations in some areas along Reach 3.

The 2007 Inspection report contains clear repair recommendations:
e  The crest erosion;

e  The upstream embankment face deterioration;

. e  Scattered erosion and rills and rodent activities on the downstream slope.

Also a need for monitoring of the upstream embankment face was indicated. Photo-
graphs of the typical deterioration modes were included. The reports of the following
Annual Inspections (2008 through 2010) provided generally similar observations and
recommendations. In the 2009 report it was noted that Reach 4 was in relatively better

condition.

4.5.2. Maintenance Inspection Reports
In 2001, the Inspection Reports were prepared separately for each reach. Generally, the

following observations were made:

e  The existence of cracking and deterioration of soil cement in some locations of the
crest;

e Erosion of downstream slope (Reach 2 and 3);

e Rodent activity;
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e Unwanted vegetation;
e Reach 4 in relatively good condition

The 2002 report contained similar observations. The 2004 inspection report stated good
condition of the upstream levee embankment in along Reach 1 and 3 and severe down-
stream slope erosion/rilling along Reach 2 and 3. The reports of inspections conducted
in the following years contained similar comments with increasing concern about ve-
hicular vandalism. Cracking of the upstream levee slope was mentioned in the 2007
Inspection report. The 2008 Inspection Report stated the continued decay of the final lift
of the soil cement levees and indicated the need for continued monitoring. The most re-

cent reports (2009 and 2010) contained similar observations and recommendations.

These reports do not provide description of any remedial measures taken to repair the

above mentioned deficiencies.

4.5.3. Special Inspection Reports

Several Work Control Center Inspection reports were reviewed. Those documents re-
ported some activities of the bank restoration and fence repairs. Details were not
provided, however it appears the repairs were not part of the overall levee maintenance

program.

5.  FIELD RECONNAISSANCE

5.1.  Site Description and Background

Based on our document review, the West Levee was constructed under Agua Fria River Im-
provements program with several contracts (FCD 85-10, FCD 85-16) administered by the
District and the USACE. The main construction activities were performed in 1986 and 1987.

The Levee is owned, maintained and operated by the District.

The project site extends to the north approximately 2,500 feet north of Indian School Road
and to the south approximately 1,800 feet south of Lower Buckeye Road. The total length of
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the project is approximately 6 miles. The northern portions of the project are situated within
portions of sections 24, 25, 36, and 35 in Township 2 North Range 1 West. The southern
portions of the project are situated within portions of sections 2, 11, 14, and 22 in Township
1 North Range 1 West. The levee system in our study area is located in Avondale, Arizona.

The approximate location of the site is depicted on the Site Location Map (Figure 1).

According to a baseline study map produced by Stanley Consultants, which indicates river
miles designated for the Agua Fria River, our study area is located between river mile 8.6 to
the north and 2.6 to the south (Figure 1). At the time of our evaluation, the upstream face of
the levee was constructed of soil-cement between mile markers 2.2 to 7.9 and 8.4 to 8.6. The
crest of the levee in these areas were generally constructed of an approximately 8 foot wide
section of soil-cement adjacent to the upstream face in conjunction with an approximately 6
foot wide section of soil fill embankment that extended west. The downstream face in these
areas were constructed of soil fill embankment. From mile marker 7.7 to 8.4, the levee was
. constructed of soil fill embankment. Overlying the soil fill embankment on the upstream
face in this area was boulder size rip rap up to 3 feet in size. Isolated areas of soil-cement

construction were also observed within this section on the upstream face.

Locations west of the downstream toe of the levee in our study area generally consisted of
commercial and residential developments with interspersed areas of undeveloped property. A

large gravel mining operation was located between river mile marker 7.7 to 8.5.

Based on the Phoenix South (1979), Arizona-Maricopa Co., 30-Minute by 60-Minute United
States Geological Survey (USGS) Topographic Quadrangle Maps, the northern reach of the
site lies at an average elevation of approximately 1010 feet relative to mean sea level (MSL)
and the southern reach of the site lies at an average elevation of approximately 940 feet rela-
tive to MSL. Based on the information from this topographic map, the topography in the site

vicinity generally slopes from the north down to the south.

Several aerial photographs from the Flood Control District of Maricopa County were re-

viewed for this project. A brief description of our review is provided for areas to the west of
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the levee in our study area. For consistency, the levee was divided into three sections and ae-
rial photographs from the same year were reviewed for each section. The first section is
located between Indian School Road and Interstate 10. A 1949 aerial photograph depicted
this section being utilized for agricultural purposes. Aerial photographs from 1959 and 1969
depicted the section in a similar condition. An aerial photograph from 1979 depicted the area
between Thomas Road and Indian School Road being utilized for gravel mining purposes.
The soil cement levee was first depicted in a 1996 aerial photograph with large-scale resi-
dential development south of Thomas Road. Aerial photographs from 2000, 2006, and 2009

generally depicted the section in a similar condition with little change.

The second section is located between Interstate 10 and Buckeye Road. A 1949 aerial photo-
graph depicted this section being utilized mainly for agricultural purposes with a
commercial development to the north of Van Buren Road. Aerial photographs from 1959 and
1969 depicted the section in a similar condition. Aerial photography from 1979 did not cover
. this section. The soil cement levee was first depicted in a 1996 aerial photograph with mixed
residential and commercial development observed from Van Buren Road north to Interstate
10. Aerial photographs from 2000, 2006, and 2009 generally depicted the section in a similar
condition with increased commercial development between Buckeye Road and Van Buren

Road.

The third section is located between Buckeye Road and a location approximately 0.35 miles
south of Lower Buckeye Road. A 1949 aerial photograph depicted this section generally un-
disturbed native desert with limited agriculture to the west. A 1959 aerial photograph
depicted agricultural development encroaching east towards the river south of Lower Buck-
eye Road. Aerial photography from 1979 depicted a channelization feature south of Lower
Buckeye Road on the west bank commercial developments to the north. The soil cement
levee was first depicted in a 1996 aerial photograph. Aerial photographs from 2000, 2006,
and 2009 generally depicted the section with increased commercial development and some

residential development.
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5.2.  Field Observations

As required by the scope of this project, Ninyo & Moore has performed a field evaluation of
the levee on the west side of the Agua Fria River in Avondale, Arizona. Ninyo & Moore per-
formed its field investigation between the dates of March 28, 2011, and March 31, 2011. The

results of this investigation are summarized below.

Our observations include the stretch of the Agua Fria River west bank levee R-18 bounded
by two levee terminuses: approximately 1,800 feet south of Lower Buckeye Road, and ap-
proximately 2,500 feet north of Indian School Road. River crossings were observed on
Lower Buckeye Road (low water crossing), Buckeye Road, Van Buren Road, Interstate 10,

McDowell Road, and Indian School Road.

In general the levee is bounded by the Agua Fria River channel to the east, and either main-
tained city land, or un-maintained land to the west. The terminuses of the levee siope into

the Agua Fria River channel.

Two Subdivisions were observed within our study area, one just north of Lower Buckeye
Road, and the other just south of Thomas road. Both of these subdivisions store excess water

in detention basins adjacent to the toe of the downstream side of the levee.

The following general features were observed during our field investigation.

e  Areas of vegetation growth on the downstream side of the levee that appear to be in ex-
cess of acceptable limitation.

e Several areas that appear to have been maintained by use of troweled cement materials,
or shotcrete cement materials are poorly adhered to the substrate, and are in various
stages of deterioration.

e Several erosion features were observed on the downstream side, and upstream side of
the levee and included:

o Rilling of the down stream side of the levee in regular intervals and of various se-

verities. Typically beginning at the crest of the levee and commonly in conjunction
with biological disturbances such as burrowing;
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o Scouring of soil cement materials on the upstream side of the levee resulting in 6 to
10 inch deep crevasses that vary in length from a few feet to several tens of feet in
length. These features occur at various heights along the face of the levee;

o  Blocky erosion at various locations on the levee;

o  Raveling of the soil cement on the crest of the levee in various locations.

e Regular hairline up to 1/16-inch wide longitudinal cracking throughout the levee with
intervals within 20 to 40 feet; and

e Standing water was observed periodically along the levee;

The observations mentioned above are documented in Appendix C.

6. GEOLOGY AND SUBSURFACE CONDITIONS

The geology and subsurface conditions at the site are described in the following sections.

‘ 6.1. Geologic Setting

The project site is located in the Sonoran Desert Section of the Basin and Range physi-
ographic province, which is typified by broad alluvial valleys separated by steep,
discontinuous, subparallel mountain ranges. The mountain ranges generally trend north-
south and northwest-southeast. The basin floors consist of alluvium with thicknesses extend-

ing to several thousands of feet.

The basins and surrounding mountains were formed approximately 10 to 18 million years
ago during the mid- to late-Tertiary. Extensional tectonics resulted in the formation of horsts
(mountains) and grabens (basins) with vertical displacement along high-angle normal faults.
Intermittent volcanic activity also occurred during this time. The surrounding basins filled
with alluvium from the erosion of the surrounding mountains as well as from deposition
from rivers. Coarser-grained alluvial material was deposited at the margins of the basins

near the mountains.
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The surficial geology of the site consists of Holocene to Pleistocene (<10,000 years to
750,000 years) alluvial deposits. The units generally consist of silt, sand, and fine gravel to
cobbles (Demsey, 1989). These deposits have soil development with stage I to III calcic ho-
rizons. Active and recently active channel deposits are located within the channelized river

system with no soil visible soil development.

6.2. Subsurface Conditions

Our knowledge of the subsurface conditions at the project site is based on our review of
available documents, and our understanding of the general geology of the area. The follow-
ing sections provide generalized descriptions of the materials encountered. More detailed

descriptions are presented on the boring logs in Appendix A.

6.2.1. Levee Embankment
The Agua Fria River improvement projects involved partial realignment of the river
‘ channel and construction of the levees. Based on our document review described earlier
in this report, where the levee had existed prior to the construction, the improvements
consisted of shaping the slopes with raising the levee height, as necessary, and place-
ment of the upstream face protection (soil-cement or rip rap). Required additional fill
material was borrowed from the river channel bottom. In areas, where the levee had not
existed, it had to be constructed using borrow from the river channel. Gravel pits existed
in several areas between Thomas Road and Indian School Road. Those were backfilled
with classified fill before the levee construction. Therefore, the levee embankment, al-
though described as a homogeneous earth fill, includes some pre-construction material
(old levee), as well as the new fill placed and compacted in accordance with the project
specifications. Generally, the embankment soils include mostly sands, sands with silt
and silty sands with low to no plasticity. Variable percentage of gravels is present.
Clayey soils, if any, does not form continuous strata but may be encountered as scat-

tered pockets and interbeddings.
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6.2.2. Embankment Foundation Soils and the River Channel
Stratified alluvium should be generally expected under the levee embankment. The al-
luvium consists of sand, gravel, silty to clayey sand and gravel mixtures. Percentage of

cobbles and boulders varies and is not consistent.

The river channel deposits are strongly stratified with prevailing sands, silty sands and
gravels/boulders. Non-continuous, relatively thin sandy silt and clay strata are fre-
quently encountered at or near the surface. Shallow clayey soils tend to be more
common south of Lower Buckeye Road. Occasionally, construction debris and other
man-made uncontrolled fill material are present in various locations scattered across the

alignment.

6.3. Groundwater

Based on well data from the Arizona Department of Water Resources (ADWR), the ap-
proximate depth to the regional groundwater table is estimated to be on the order of 130 feet
below ground surface (bgs) in the northern portions of the study area and on the order of 40
feet bgs in the southern portions of the study area. Groundwater levels can fluctuate due to
seasonal variations, irrigation, groundwater withdrawal or injection, and other factors and

could extend above the ground surface when the river is flowing.

7.  GEOLOGIC HAZARDS
The following sections describe potential geologic hazards at the site, including land subsidence

and earth fissures, faulting and seismicity, surface rupture, and liquefaction.

7.1.  Land Subsidence and Earth Fissures

Groundwater depletion, due to groundwater pumping, has caused land subsidence and earth
fissures in numerous alluvial basins in Arizona. It has been estimated that subsidence has af-
fected more than 3,000 square miles and has caused damage to a variety of engineered

structures and agricultural land (Schumann and Genualdi, 1986). From 1948 to 1983, exces-
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sive groundwater withdrawal has been documented in several alluvial valleys where
groundwater levels have been reportedly lowered by up to 500 feet. With such large deple-
tions of groundwater, the alluvium has undergone consolidation resulting in large areas of

land subsidence.

In Arizona, earth fissures are generally associated with land subsidence and pose an on-
going geologic hazard. Earth fissures generally associated with land subsidence form near
the margins of geomorphic basins where significant amounts of groundwater depletion have
occurred. Reportedly, earth fissures have also formed due to tensional stress caused by dif-
ferential subsidence of the unconsolidated alluvial materials over buried bedrock ridges and
irregular bedrock surfaces. Facies changes in the unconsolidated alluvial materials may also

cause differential subsidence resulting in tensional stress (Schumann and Genualdi, 1986).

Based on our field reconnaissance and review of the referenced material, there are no known
earth fissures underlying the study area. Based on our research, the closest earth fissure to
the site is located approximately 3 miles to the north of the study area, near Luke Air Force
Base (Shipman, 2007). Continued groundwater withdrawal in the area may result in subsi-

dence and the formation of new fissures or the extension of existing fissures.

7.2. Faulting and Seismicity

The site lies within the Sonoran zone, which is a relatively stable tectonic region located in
southwestern Arizona, southeastern California, southern Nevada, and northern Mexico
(Euge et al., 1992). This zone is characterized by sparse seismicity and few Quaternary
faults. Based on our field observations, review of pertinent geologic data, and analysis of ae-
rial photographs, faults are not located on or adjacent to the property. The closest fault to the
site is the Sand Tank Fault Zone, located approximately 35 miles to the southwest of the site
(Pearthree, 1998). Approximately 2 meters of displacement has occurred along this fault
within late Pleistocene deposits (750,000 to 500,000 years), but the upper Pleistocene and
Holocene deposits (less than 250,000 years) are not displaced.
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Based on a Probabilistic Seismic Hazard Assessment for the conterminous United States, is-
sued by the USGS (2009), the site is located in a zone where the peak ground acceleration
with a 2 percent probability of being exceeded in 50 years, is 0.07g.

8. ANALYSES

8.1.  Ciritical Cross Sections
We have selected critical levee cross-sections for our engineering analyses based on data

collected from several sources, including:
e - design and as-built documentation;
e - field reconnaissance;

e - Final Agua Fria River HEC-RAS model dated June 10, 2011, provided by the District.

e Agua Fria Levee Final Scour Analysis Report, Levee ID#8, Levee ID#16,and Levee
. ID#18, provided to Ninyo & Moore June 15, 2011, prepared by WEST Consultants,
Inc..

The selection was based on several criteria, such as the height and slope of the levee em-
bankment, the toe down depth, the overall levee configuration and the type of the upstream
face protection. Cross-sections at the following locations were selected as representative

sections and analyzed for seepage, stability and settlement:
e  Mile Post 3.73;
e Mile Post 4.09
e Mile Post 4.95
e Mile Post 5.43;
e  Mile Post 6.04;

e Mile Post 8.16.
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8.2.

Form MT-2, Section ES, Embankment and Foundation Stability

The following subsections present the results of our analyses performed to analyze em-

bankment and foundation stability at the critical sections previously selected, as discussed in

Section 8.1 above.

8.2.1.  Soil Parameters

The soil engineering parameters we used for our seepage and stability analyses were ob-
tained from review on the construction documents, review available geotechnical data
from the area as described above, and our judgment and experience with similar soils
from the area. The soil properties that were developed for these materials, and used in

our analyses, are presented in the table below.

Table 1 —Geotechnical Design Properties

Unigats . Saturated
nsatu- Saturated Effective Strength Permeability, k
. rated Unit : 3
Material 4 Unit Weight
Weight (pch) phi’ e
(pcf) (et tost) (cm/s) (ft/s)
Embankment
Fill 120 133 29 150 1E-05 3.3E-07
Soil Cement 125 136 20 2000 1E-07 3.3E-09
Rip Rap 127 142 40 0 1 3.28E-02
Native Allu-
vium 110 127 28 150 5E-05 1.6E-06
Random Fill 105 125 25 150 5E-05 1.6E-06
Filter Fabric - - 25 - 1 3.28E-02

8.2.2. Seepage Analyses

Seepage was modeled using SVFIux™ seepage modeling software, which is part of
SVOffice 2009, Version 2.3.00, from SoilVision Systems Ltd. For this project,
SVFIux™ was used to model water flow through soils, and can be used to model both
steady state and transient conditions using partially saturated and saturated soil proper-
ties. The program uses a finite element solver to solve the partial differential equation

for water flow through soil.
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The flood-stage water level used for our analyses at each critical section was obtained
from the Draft Final Agua Fria HEC-RAS model provided to us by the District, June 10,
2011.

Based on the relatively short duration of high water flow in the channel (only a few
hours), the likelihood of steady-state seepage conditions developing through the em-
bankment is remote; however, we conservatively modeled the steady-state seepage
condition for our study. Modeling steady-state seepage conditions is conservative for
stability analyses of the downstream slope because the seepage forces assumed will re-
sult in lower factors of safety for slope stability failure, and will also result in seepage
near the landside levee toe, which is the most conservative case for evaluating seepage

exit gradients.

In general accordance with USACE Engineering Manual EM 1110-2-1913 (USACE,
2000), a maximum exit gradient (i = 0.5) is used as an acceptance criteria for seepage
. exiting the levee toe. Based on the steady-state seepage analyses, the maximum exit

gradients noted for the critical sections analyzed are shown on the following table.
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Table 2 — Calculated Factors of Safety for Seepage Exit Gradients

Critical Section ’
River Station Exit Gradient iy

(miles) (ft/ft) Factor of Safety {
373 0.26 1.9 |

4.09 See Note N/A

4.95 See Note N/A

5.43 See Note N/A

6.04 See Note N/A

8.16 See Note N/A

Notes: 1. Flood water level is lower than the landside levee toe, thus no seepage exists the levee.

8.2.3.  Stability Analyses

Slope stability was evaluated using SVSlope software, which is part of SVOffice 2009,
Version 2.3.00, from SoilVision Systems Ltd. SVSlope can be used to estimate slope
stability using a variety of methods. For this project, the Spencer method, one of several
limit equilibrium method of slices, and circular failure surfaces, were used. For the
Spencer method, it is assumed that the ratio of interslice shear force to the interslice
normal force is constant throughout the sliding mass. For the various cases analyzed
which included seepage, the location of the phreatic surface and the pore pressure dis-
tribution across the soil mass were imported using pore water pressure transfer files

from seepage analyses performed with SVFIux software, as discussed in Appendix D.

Slope stability analyses of the levee embankment were performed for the following four

cases at each critical section:
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e End of construction, for both riverside and landside slopes

e Sudden drawdown from flood level for the riverside slope

» Steady seepage at flood stage for the landside slope

e Earthquake (end of construction case) for both riverside and landside slopes

For the cases with seepage (Cases 2 and 3), we assumed a scour depth based on Agua
Fria Levee Scour Analysis Report, Levee ID#8, Levee ID#16,and Levee ID#18, dated
June 15, 2011, prepared by WEST Consultants, Inc.. For Case 2 (sudden drawdown),
we assumed that, when the flood ends, a scour hole remains at the embankment toe
which contains water. We assume water remains in this scour hole below the elevation
of the lowest point in the channel cross-section. This low point elevation (the thalweg)
is listed as part of the HEC-RAS output. In our opinion, this is a conservative assump-

tion, because we anticipate that the scour hole will generally fill in rapidly with soil as

‘ the flood recedes.

The minimum acceptable factors of safety, from EM 1110-2-1913 (USACE, 2000) are

presented in the following table:

Table 3 — Minimum Acceptable Slope Stability Factors of Safety

Case Required Factor of Safety
1. End of construction 1.3
2. Sudden drawdown 1.0—1.2 (see note 1)
3. Steady seepage at flood stage 1.4
4. Earthquake 1.0

Notes: 1. F.S. = 1.0 applies to pool levels prior to drawdown for conditions where
these water levels are unlikely to persist for long periods preceding drawdown,
F.S.= 1.2 applies to pool level, likely to persist for long periods prior to draw-
down.
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A summary of the results of the slope stability analyses is presented in Table 4 below.

Based on the tabulated results, the levee configuration meets the requirements for

minimum slope stability factor of safety for the critical sections analyzed.

Table 4 — Calculated Factors of Safety for Slope Stability

Section
River Sta- Computed Minimum
tion Factor of Factor of
Case (miles) Safety Safety

3.73 3.1
4.09 35
. . . 495 2.7

1. End of construction, Riverside 543 24 1.3
6.04 2.6
8.16 2
3.73 2.8
4.09 34
. . 495 32

1. End of construction, Landside 543 29 1.3
6.04 3.0
8.16 438
3.73 1.0
4.09 1.1
. . 495 1.2

2. Sudden drawdown, Riverside 5.43 13 1.0
6.04 1.5
8.16 2l
3.73 2.5
4.09 3.3
. 4.95 3.0

3. Steady seepage at flood stage, Landside 543 57 1.4
6.04 3.0
8.16 4.9
3.73 2.7
4.09 3.2

4. Earthquake, end of construction, Riverside 22; g(l) 1.0
6.04 2.3
8.16 22
3,73 2.3
4.09 2.8
. g 495 2.6

4. Earthquake, end of construction, Landside 543 24 1.0
6.04 2.5
8.16 3.9
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8.3. Form MT-2, Section E.7

8.3.1. Settlement Analyses

Based on our review of the geotechnical exploration data for the area, the predominant
soil type encountered within the zone of foundation influence is medium dense to very
dense granular soils, and the levee embankment fills were constructed with predomi-
nantly granular soils (mostly silty sands and sands). For this reason, most if not all of
the settlement experienced by the levee embankment likely occurred during construc-
tion or shortly after, with little long-term movement predicated. Because the levee
embankments were constructed decades ago, it is our opinion that most of the static

levee settlement has already occurred.

8.4. Form MT-2 Section E.8.¢g

8.4.1. Seepage Through the Levee

' For five of the six critical cross-sections that we studied, the water surface elevations at
peak flow were lower than the landside toe elevations of the levees. Therefore, no seep-
age can exit the levees for these cases. At Station 3.73, the steady-state seepage analysis
shows flow exiting at the base of the embankment landside toe. However, it is our opin-
ion that a steady state flow regime will not occur for several reasons including the

following:

e High flow rates in the channel will occur for less than 24 hours

e Relatively low permeability of the soil cement channel lining and the width of
the embankment (over 70 feet wide)

In our opinion, seepage will not exit the landside toe of the embankment at MP 3.73 ei-

ther during or after a flood event.
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8.5. Form MT-2 Section E.9.a

8.5.1. Liquefaction

The depth to the regional groundwater along the levee alignment is on the order of 130
feet bgs in the northern portions of the study area and on the order of 40 feet bgs in the
southern portions of the study area. Based on the lack of near surface water and the low
ground motion hazard (relatively low ground accelerations), the potential for liquefac-

tion is not considered to be a design issue.

8.5.2. Hydrocompaction

Based on our review of the design plans and documents, it appears that no laboratory
hydrocompaction (collapse) tests were performed as part of the original levee geotech-
nical studies. However, based on more recent geotechnical exploration data performed
in the vicinity of the Agua Fria channel (both sampler blow count data and laboratory
collapse testing), it appears that a variable thickness of about 0 to 5 feet of somewhat
collapsible soil may have been present at the levee locations. Based on the plans, no
significant overexcavation of potentially collapsible soils was planned or executed. Af-
ter decades of foundation loading and occasional flows of water in the channel, we are
not aware of any evidence of collapse-induced settlement that has been documented fol-
lowing flood flows, nor did our reconnaissance reveal any evidence of significant
settlement. For this reason, it is our opinion that evidence suggests that any remaining
hydrocompaction potential is probably low. However, it would be difficult to quantify

this potential without further exploration and testing.

8.5.3. Heave differential movement due to soils of high shrink/swell

Clayey soils with medium to high plasticity’s are often subject to heave and differential
movement in response to changes in moisture content, due to flooding or seasonal vari-
ability. Based on our review of geotechnical data collected for this study, the
predominant soil types encountered in the shallow foundation soils (upper 20 feet) were

sands, silty sands, and gravels, which were generally non-plastic. Layers of clayey soils

600550016 R_Final 43

/Vinya & Mnnr =




Agua Fria Levee West, PAL 18 June 17, 2011
Avondale, Arizona Project No. 600550016

such as clayey sands, sandy clays, or clayey gravels were rarely encountered - only a
very few boring or test pit locations in or near the channel exhibited clayey layers, and
those layers were generally less than about 5 feet thick. In our opinion, due to general
lack of soils with high shrink/swell potential, differential movement of the levee due to
shrink/swell is not a problem.

9. CONCLUSIONS AND RECOMMENDATIONS

The following summarizes the concerns noted during our geotechnical evaluation of the existing

Agua Fria River Levee West:

e A number of historic documents pertaining to the levee, the river channel and adjacent im-
provements was collected and reviewed. However, construction quality control
documentation was not available for our review. The geotechnical data indicates that the
levee embankment and the foundation soils consist primarily of non-plastic sands, sands

with silt, silty sands with variable percentage of gravels, cobbles and boulders. The types of
. deposits appear to be relatively consistent throughout the project site.

e The review of the District’s Inspection reports and the findings of our field reconnaissance
are in concurrence with the findings of the U.S. Army Corps of Engineers Continuing Eligi-

bility Inspection conducted in 2009. The main areas of concern include:

o Regular, transverse cracking in the soil cement embankment protection, probably pene-
trating the full thickness of the soil cement cover and extending to the toe down portion;

o  Scouring of soil cement materials on the upstream side of the levee;

o  Deterioration of the soil cement top lift on the levee crest, which is severe in some loca-
tions;

o  Erosion of the earthen downstream slope of the levee
o  Rip rap cover is generally in good condition;
o Unwanted vegetation, animal burrows and debris.

In our opinion, the deficiencies noted presently do not pose significant risk to the overall levee
integrity, and they are not expected to significantly affect its performance. However, they should
be subject to continuous monitoring and repaired on a case-by-case basis using District opera-

tions and maintenance staff.
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e We have performed the geotechnical analyses to demonstrate that the levee meets National
Flood Insurance Program (NFIP) requirements as described in Title 44, Chapter 1, Section
65.10 of the Code of Federal Regulations (44 CFR Section 65.10b), Subsections (4) and (5).
These analyses included stability, seepage and settlement at selected critical levee cross sec-
tions. The results of our geotechnical analyses indicate that the design criteria stipulated in
the relevant U.S. Army Corps of Engineers Engineer Manuals are satisfied for all analyzed
cross sections.

e Based on our findings and results of our analyses we are of the opinion that additional geo-
technical exploration work to obtain the necessary data and provide additional analyses
specified in Section 65.10b, Subsections (4) and (5) of the Code of Federal Regulations is
not needed.

10. LIMITATIONS

The geotechnical analyses presented in this geotechnical report have been conducted in general
accordance with current practice and the standard of care exercised by geotechnical consultants
performing similar tasks in the project area. No warranty, expressed or implied, is made regard-
ing the conclusions, recommendations, and opinions presented in this report. There is no
evaluation detailed enough to reveal every subsurface condition. Variations may exist and condi-
tions not observed or described in this report may be encountered during construction.
Uncertainties relative to subsurface conditions can be reduced through additional subsurface ex-
ploration. Additional subsurface evaluation will be performed upon request. Please also note that
our evaluation was limited to assessment of the geotechnical aspects of the project, and did not
include evaluation of structural issues, environmental concermns, or the presence of hazardous ma-

terials.

This document is intended to be used only in its entirety. No portion of the document, by itself; is
designed to completely represent any aspect of the project described herein. Ninyo & Moore
should be contacted if the reader requires additional information or has questions regarding the

content, interpretations presented, or completeness of this document.

Our conclusions, recommendations, and opinions are based on a review of the available docu-
ments and geotechnical analyses. If geotechnical conditions different from those described in this

report are encountered, our office should be notified and additional recommendations, if war-
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ranted, will be provided upon request. It should be understood that the conditions of a site could
change with time as a result of natural processes or the activities of man at the subject site or
nearby sites. In addition, changes to the applicable laws, regulations, codes, and standards of
practice may occur due to government action or the broadening of knowledge. The findings of
this report may, therefore, be invalidated over time, in part or in whole, by changes over which

Ninyo & Moore has no control.

This report is intended exclusively for use of our client. Any use or reuse of the findings, conclu-

sions, and/or recommendations of this report by parties other than the client is undertaken at said

parties’ sole risk.
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