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Section 1
Introduction

1.1. Project Overview

As part of the Flood Map Modernization effort, the US Department of Homeland
Security’s Federal Emergency Management Agency (FEMA) has implemented
procedures to verify that levee systems shown on effective National Flood Insurance
Program (NFIP) flood maps as providing protection from the 1-percent-annual-chance
flood continue to meet the levee requirements outlined in the NFIP regulations. The
regulatory requirements for FEMA to accredit a levee system as providing flood
protection are found in Title 44, Chapter 1 of the Code of Federal Regulations, Section
65.10 (CFR 65.10), Mapping Areas Protected by Levee Systems.

FEMA does not certify a levee or perform levee evaluations; rather, it is the
responsibility of the levee owner or community seeking recognition of the levee to
document compliance with CFR 65.10. FEMA will then review the information provided
and either accredit the levee system as providing 1-percent-annual-chance flood
protection on the flood map or if the levee system is shown to be inadequate, to reveal the
risk of flooding by “de-accrediting” the levee and re-mapping the landside of the levee as
within the Special Flood Hazard Area (SFHA).

FEMA has identified the Moccasin Diversion (MD), sometimes referred to as the Upper
Las Vegas Wash Interception Berm/Channel, as one of several levee structures in Clark
County, Nevada that provide flood protection and impact the flood hazard information
presented on the effective flood maps. The MD has been assigned unique levee ID
number of 800 by FEMA. FEMA has requested that this structure be investigated to
determine if it can be reaccredited as compliant with the CFR 65.10 criteria. On January
8, 2009 the Clark County Regional Flood Control District (CCRFCD) entered into an
Agreement for Professional Services with PBS&J to compile a levee documentation
package and evaluate the MD relative to the criteria outlined in CFR 65.10.

This effort involved field inspection of the structure, and collecting, developing, and
working with effective Flood Insurance Study data, available design data, as-built plans,
construction testing, geotechnical data, operation and maintenance manuals, hydrologic
and hydraulic data, existing topography, and survey data of the structure. This data was
used to determine if the structure is compliant with established levee criteria (CFR 65.10)
and to support the recommendation that the structure should continue to be accredited by
FEMA.

This report has been prepared to summarize the results of this investigation and to present
the MD data and documentation related to the minimum design, operation, and
maintenance standards as specified in CFR 65.10. The applicable FEMA criteria for the
MD includes requirements for freeboard, embankment protection, embankment and
foundation stability, and settlement.
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Moccasin Diversion TSDN Introduction

1.2. Report Organization

As discussed above, this report has been prepared to document and describe the
evaluation of the MD, to determine compliance with the criteria outlined in CFR 65.10,
and to present the basis for recommending that the subject levee be reaccredited. The
following is a basic outline of the information presented herein:

e Section 2 — Overview of applicable design criteria from CFR 65.10
e Section 3 — Engineering analysis (survey data, site visits, H&H analysis, etc.)
e Section 4 — Geotechnical evaluation summary

References are listed at the end of the report followed by the appendices. Essential
portions of the appendices have been printed and included in hard copy format. Other
supporting information and reference material has been provided electronically on a CD
at the end of the report for practical purposes. The Appendices page at the beginning of
this report identifies the files and material included electronically on the CD. An
electronic version (PDF file) of the entire report is also included on the CD.

1.3. Levee Description

FEMA has indicated that the MD along the Upper Las Vegas Wash is one of the
structures in Clark County, Nevada which they believe warrants reaccreditation. This
structure is located in the far northwest portion of the Las Vegas Valley, starting at a
point 2,000 feet east of the intersection of Durango Drive and Moccasin Road and
extending approximately 1.75 miles to the east (see Figure 1-1). FEMA has assigned an
identification number of 800 to the MD, which is owned, maintained, and operated by the
City of North Las Vegas (CNLV) while the City of Las Vegas (CLV) is the responsible
community. This facility is located within Sections 1 through 4 of T19S, R60E. The MD
structure was constructed to intercept tributary runoff and convey it east to the Upper Las
Vegas Wash Detention Basin (ULVDB), which is located approximately 1.2 miles
southeast of the downstream end of the MD. The MD is also known as the Upper Las
Vegas Wash Interception Berm/Channel.

The MD is currently designated as a Provisionally Accredited Levee (PAL). A PAL is a
levee that FEMA has previously accredited as providing flood protection on a flood map
and for which FEMA is awaiting data/documentation to demonstrate that the levee
system is compliant with CFR 65.10. This designation allows a levee to continue to be
shown on a DFIRM as providing flood protection while the levee owner or community
compiles the data/documentation. The area landside of the PAL is shown on the flood
map as shaded Zone X (outside of the SFHA).
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Figure 1-1 Moccasin Diversion Location and Vicinity Map

In a letter dated September 17, 2008, FEMA gave the CNLV and CLV the opportunity to
receive PAL designation for this levee. CNLV (owner) and CLV (community) signed the
PAL agreement for this levee and submitted it to FEMA with the required attachments.
Afterward, FEMA accepted the agreement and confirmed PAL status for this levee in a
letter dated January 29, 2009. A copy of this letter and the PAL agreement form is
included in Appendix I1l, and a summary of the important milestones and dates for
reaccreditation of this levee is provided in Table 1-1.

Table 1-1 Key Milestones for Moccasin Diversion Reaccreditation

Date Milestone
9/17/2008 Date of FEMA PAL offer letter
12/11/2008 | Date that the community/levee owner signed the PAL Agreement
12/18/2008 | Date that FEMA received the signed PAL Agreement
12/16/2008 | 90-day deadline of PAL offer period and start date of 2-year PAL period
12/16/2009 | 1-year deadline for submitting progress report to FEMA
12/16/2010 | 2-year deadline for submitting all 44 CFR 65.10 data to FEMA
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The MD is an earthen diversion structure consisting of an 8- to 10-foot high embankment
approximately 9,300 feet in length with a 12-inch thick roller-compacted concrete (RCC)
lining protecting the north (waterside) face. The diversion structure was designed with a
3:1 side slope (horizontal to vertical) on the waterside and a variable side slope on the
landside no steeper than 3:1. The crest of the structure is unpaved and varies in width
from 13 feet to greater than 30 feet. The crest also serves as the access road for operation
and maintenance vehicles. Typical MD levee characteristics are provided on the next
page in Table 1-2.

Constructed in conjunction with the MD, the associated interception and diversion
channel is an earthen channel that runs adjacent to the waterside toe-of-levee; therefore,
the levee embankment also serves as the channel’s right bank while looking in the
downstream direction. Typical channel characteristics are summarized in Table 1-3.

Table 1-2 Typical Moccasin Diversion Characteristics

Levee Characteristic Description
Cross-Section Trapezoidal
Length Approximately 1.75 miles
Height Approximately 8-10 feet
Levee Top Width Approximately 13 feet to 30 feet
Side Slope (landside) 3.5H:1V or flatter
Side Slope (waterside) Approximately 3H:1V
Embankment Armoring 12-inch RCC

Table 1-3 Typical Moccasin Diversion Channel Characteristics

Channel Characteristic Description
Cross-Section Trapezoidal
Bottom Width Approximately 300 feet
Side Slope (left bank) Approximately 3H:1V
Side Slope (right bank) Approximately 3H:1V
Channel Bottom Lateral Slope Flat
Longitudinal Slope 0.67%
Embankment Armoring 12-inch RCC (right bank only)

This structure was planned in 1989 when Black and Veatch submitted a flood control
planning study to CNLV recommending MD as a part of a broader network of facilities
to control flooding on the Las Vegas Wash. Due to the ephemeral nature of the Upper
Las Vegas Wash and the relative infrequency with which this area receives rainfall, the
MD and ULVDB are dry between storm events. The MD and ULVDB facilities were
ultimately designed by Black and Veatch and construction was completed in October
1993.
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In December of 1995, Northwest Hydraulic Consultants (NHC) was selected by FEMA
to perform a detailed flood insurance re-study of the flood hazard areas in Clark County,
Nevada. The purpose was to evaluate flood hazard areas in the developed areas of the
community or those areas which were likely to develop in the near future. The study area
included the area tributary to the MD. NHC presented their results in the Upper Las
Vegas Wash Flood Insurance Restudy (Technical Support Data Notebook, VVolumes 1-10,
April 20", 1998).

Following the completion of the Upper Las Vegas Wash Flood Insurance Restudy, a
Letter of Map Revision (LOMR) was issued by FEMA on February 16", 1999. This
LOMR was issued to show the effects of the MD and other flood control projects
constructed in the watershed, as documented in the Restudy. The MD is shown on the
current, effective Flood Insurance Rate Map (FIRM) Panel Number(s) 32003C1734 E
and 32003C1753 E dated September 27, 2002. Refer to Appendix 111 for a copy of the
LOMR and the effective FIRM Maps (in FIRMette format).

1.4. Project Team and Coordination

This Technical Support Data Notebook (TSDN) was prepared by PBS&J in association
with Kleinfelder. As the Prime Consultant, PBS&J was responsible for the coordination,
management, progress, and development of the data and documentation presented herein.
Specifically, PBS&J evaluated the design criteria related to freeboard and embankment
protection. The main tasks preformed by PBS&J included:

e Data collection and review

e Detailed field surveys and investigation

e On-site inspections and coordination with maintenance personnel
e Hydrologic and hydraulic analysis

e Review of Operation and Maintenance Manual

e Documentation and report preparation

e Researching past flood performance data

Kleinfelder was responsible for geotechnical investigation and all geotechnical
analysis/review related to the levee evaluation effort. Kleinfelder performed a
geotechnical study of the MD to obtain subsurface information within the levee
embankment and underlying foundation materials and to evaluate if the levee meets
FEMA geotechnical requirements as outlined in CFR 65.10. Specifically, Kleinfelder
focused on assessing levee seepage and stability for the 100-year design water surface
elevation (WSE) and flood duration, provided by PBS&J. Settlement potential was also
evaluated. The study performed by Kleinfelder included:

e Reviewing previous geotechnical work performed during design and
construction of the MD structure

e Site reconnaissance and a geotechnical inspection of the MD structure
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e Drilling six exploratory borings along the alignment on the levee crest

e Conducting laboratory testing on representative samples obtained from the
borings

e Conducting seepage and slope stability analyses using SEEP/W and
SLOPE/W computer programs, respectively

e Evaluating settlement potential

The compilation, review, and assessment of all necessary levee data and documentation
were performed in close coordination with CCRFCD staff and other representatives from
the CNLV and the CLV. Many progress meeting were held and representatives of these
agencies were informed of project progress and given the opportunity to review and
comment on the information collected and developed during the course of the project.

1.5. Flood Performance History

Interviews with representatives of CCRFCD, CNLV, and CLV indicate that only minor
maintenance has been required since the time of construction.

A significant storm occurred during the week of July 20-24, 1998, when 1.73 inches of
total rainfall were recorded at CCRFCD rain gage 4044 (Castle Rock), which is located
just upstream of the MD. The most intense rainfall to impact the MD during this week
occurred on the evening of July 23" when a fairly intense storm moved across the north
edge of the Las Vegas Valley. Gage 4044 recorded more than 0.6 inches in 15 minutes,
while other CCRFCD gages in the area recorded more than one inch of rainfall in a 20
minute period. These rainfall depths and intensities are roughly equivalent to a 10-year
recurrence interval, based on Table 505 in the CCRFCD Drainage Design Manual.

A drive-by inspection of flood control facilities associated with the Upper Las Vegas
Wash Detention Basin was performed after this storm and indicated that the facilities
functioned as designed with no major problems reported. For more information about this
storm, refer to the Rainfall Event Report (in Appendix 1V) prepared by Tim Sutko,
Hydrologist, CCRFCD.

PBS&J also reviewed rainfall gage data from other CCRFCD weather stations in the
vicinity of the MD. Based on the gage data, another significant rainfall event in the
vicinity of the MD occurred in December 2004, with a 24-hour total rainfall depth of 1.69
inches, which is roughly equivalent to a 5-year recurrence interval according to Table 505
in the CCRFCD Drainage Design Manual. No significant maintenance was necessary
after the storm.
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Section 2

CFR 65.10 Design Criteria

FEMA is verifying that all levees recognized as providing protection from the base flood
meet the requirements outlined in CFR 65.10. This section of the report presents a
general overview of the design criteria in relation to the MD.

Direct excerpts from CFR 65.10 are quoted throughout this section in “italics™. The
specific paragraph letter/number from CFR 65.10 is shown in bold at the beginning of
each excerpt. Below each excerpt is a brief summary discussion of the key considerations
and conclusions related to compliance of the MD. More detailed documentation and
engineering analysis is presented in subsequent sections of this report and/or in the
appendices.

2.1. General

(a). For purposes of the NFIP, FEMA will only recognize in its flood hazard and risk mapping effort those
levee systems that meet, and continue to meet, minimum design, operation, and maintenance standards that
are consistent with the level of protection sought through the comprehensive flood plain management
criteria established by §60.3 of this subchapter. Accordingly, this section describes the types of information
FEMA needs to recognize, on NFIP maps, that a levee system provides protection from the base flood. This
information must be supplied to FEMA by the community or other party seeking recognition of such a levee
system at the time a flood risk study or restudy is conducted, when a map revision under the provisions of
part 65 of this subchapter is sought based on a levee system, and upon request by the Administrator during
the review of previously recognized structures. The FEMA review will be for the sole purpose of
establishing appropriate risk zone determinations for NFIP maps and shall not constitute a determination
by FEMA as to how a structure or system will perform in a flood event.

2.2. Design Criteria

(b). For levees to be recognized by FEMA, evidence that adequate design and operation and maintenance
systems are in place to provide reasonable assurance that protection from the base flood exists must be
provided.

2.2.1. Freeboard

Riverine Levees

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

PBS&J performed a survey of the MD in September 2009 to support the hydraulic
evaluation and assessment of levee freeboard. The survey data consisted of cross-
sections at 24 locations, including survey of the landside top/toe of levee,
waterside top/toe of levee, crest widths/elevations, adjacent channel geometry and
embankment, and other points as necessary to adequately define the levee
geometry.

2-1 June 2010



Moccasin Diversion TSDN CFR 65.10 Criteria

After the survey data was obtained, it was reviewed and compared to the as-built
data to verify that the as-built plans reasonably reflect the current condition of the
MD. Based on the comparison, the existing levee geometry is comparable to the
design levee geometry as shown on the as-built plans. This structure is
approaching 17 years in age and the comparison revealed no signs of long-term
aggradation or degradation trends.

Using the survey data, an updated hydraulic model of the MD was created for use
in the assessment of freeboard. The 100-year flow input into the HEC-RAS model
was based on the FIS discharge from the 1998 Upper Las Vegas Wash Flood
Insurance Restudy, prepared by NHC, dated April 20, 1998. The model was
executed and a freeboard analysis was performed by comparing the levee crest
elevation, toe elevation, and 100-year water surface in tabular format and plotting
a levee profile.

The results of this analysis show that the MD is compliant with the CFR 65.10
requirement of having a minimum freeboard of 3 feet above the base flood
elevation (or 100-year WSE) along the entire length of the levee and an additional
one-half foot at the upstream end.

Note that additional analysis and review was performed to consider the effects of
potential long-term degradation/aggradation trends which could limit or reduce
available freeboard. The analysis confirmed that deposition will not occur and that
sediment will not negatively impact or reduce available freeboard.

Refer to Section 3 for more information about the survey data comparisons, the
H&H analysis, the assessment of freeboard, and the sediment considerations. The
as-built plans for the MD are included in Appendix IlI.

Exceptions

(b)(1)(ii). Occasionally, exceptions to the minimum riverine freeboard requirement described in
paragraph (b)(1)(i) of this section, may be approved. Appropriate engineering analyses
demonstrating adequate protection with a lesser freeboard must be submitted to support a request
for such an exception. The material presented must evaluate the uncertainty in the estimated base
flood elevation profile and include, but not necessarily be limited to an assessment of statistical
confidence limits of the 100-year discharge; changes in stage-discharge relationships; and the
sources, potential, and magnitude of debris, sediment, and ice accumulation. It must be also
shown that the levee will remain structurally stable during the base flood when such additional
loading considerations are imposed. Under no circumstances will freeboard of less than two feet
be accepted.

Riverine freeboard exceptions are not anticipated for this levee system.
Coastal Levees and Exceptions

(b)(1)(iii). For coastal levees, the freeboard must be established at one foot above the height of the
one percent wave or the maximum wave run-up (whichever is greater) associated with the 100-
year stillwater surge elevation at the site.
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(b)(1)(iv). Occasionally, exceptions to the minimum coastal levee freeboard requirement described
in paragraph (b)(1)(iii) of this section, may be approved. Appropriate engineering analyses
demonstrating adequate protection with a lesser freeboard must be submitted to support a request
for such an exception. The material presented must evaluate the uncertainty in the estimated base
flood loading conditions. Particular emphasis must be placed on the effects of wave attack and
overtopping on the stability of the levee. Under no circumstances, however, will a freeboard of
less than two feet above the 100-year still water surge elevation be accepted.

This requirement is not applicable for this levee system.

2.2.2. Closures

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

No openings exist on the MD. This requirement is not applicable for this levee
system.

2.2.3. Embankment Protection

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

NHC included a summary of design and supporting documents in the Upper Las
Vegas Wash Flood Insurance Restudy (1998 TSDN). In a summary letter to Les
Sakumoto, FEMA Region 1X, dated August 29, 1996, it states that the Black and
Veatch pre-design and supplemental material to the CLOMR (by Black and
Veatch, 1991) indicated channel velocities along the adjacent channel of 10 to 11
feet per second. The effective hydraulic model completed for the 1998 TSDN
suggests that discharges within the channel adjacent to the levee are subcritical
(with only one location indicating critical depth in the subcritical model).
Velocities vary from 7.9 to 11.3 feet per second.

The updated hydraulic model prepared by PBS&J produced similar results with
velocities ranging from 8.8 to 11.9 feet per second. Therefore, higher velocities
associated with supercritical flow are not anticipated adjacent to the levee.

The MD waterside slope face (north side) is protected with a 12-inch thick RCC
lining. The RCC lined embankment has a toe down (RCC slope protection below
grade) which extends 6 feet vertically below (or 18 feet parallel to slope) the
channel invert. Based on field investigations, the RCC armoring is intact with no
major cracking or significant deficiencies. Based on the Table 703 — Maximum
Permissible Mean Channel Velocities — in the CCRFCD Drainage Design
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Manual, embankments that are fully lined with this material are stable when
experiencing the anticipated flow velocities described above.

Erosion resulting from wind and wave action, ice loading, and debris impact is
not expected. Further, the MD alignment is relatively straight with no curves
substantial enough to cause local erosion as a result of flow around a bend or
transition.

Major storm events occurring within the arid southwest are typically short in
duration. Accordingly, the design storm used within the jurisdiction of CCRFCD
Design Manual is the 6-hour duration storm. Therefore, a prolonged, multi-day
flood scenario impacting the embankment protection along the MD is not
anticipated. The geotechnical analysis indicates that only the outermost portions
of the waterside slope would be saturated during the limited time of the design
flood.

The MD meets the embankment protection criteria based on the anticipated flow
velocity, straight alignment of the levee, thickness of the RCC, and the relatively
good condition of the lining noted during field observations. No appreciable
erosion of the levee embankment is expected during the base flood.

2.2.4. Embankment and Foundation Stability

(b)(4). Engineering analyses that evaluate levee embankment stability must be submitted. The
analyses provided shall evaluate expected seepage during loading conditions associated with the
base flood and shall demonstrate that seepage into or through the levee foundation and
embankment will not jeopardize embankment or foundation stability. An alternative analysis
demonstrating that the levee is designed and constructed for stability against loading conditions
for Case IV as defined in the U.S. Army Corps of Engineers (COE) manual, ‘‘Design and
Construction of Levees’” (EM 1110-2-1913, Chapter 6, Section I1), may be used. The factors that
shall be addressed in the analyses include: Depth of flooding, duration of flooding, embankment
geometry and length of seepage path at critical locations, embankment and foundation materials,
embankment compaction, penetrations, other design factors affecting seepage (such as drainage
layers), and other design factors affecting embankment and foundation stability (such as berms).

Kleinfelder was responsible for the assessment and evaluation of embankment
and foundation stability. For more detailed information about their geotechnical
evaluation, refer to Section 4 and the supporting documentation in Appendix 1.
The Kleinfelder analysis concluded that the MD was found to be stable as
required by CFR 65.10.

2.2.5. Settlement

(b)(5). Engineering analyses must be submitted that assess the potential and magnitude of future
losses of freeboard as a result of levee settlement and demonstrate that freeboard will be
maintained within the minimum standards set forth in paragraph (b)(1) of this section. This
analysis must address embankment loads, compressibility of embankment soils, compressibility of
foundation soils, age of the levee system, and construction compaction methods. In addition,
detailed settlement analysis using procedures such as those described in the COE manual, “*Soil
Mechanics Design— Settlement Analysis’” (EM 1100-2-1904) must be submitted.
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Kleinfelder was responsible for the assessment and evaluation of settlement
potential. For more detailed information about their geotechnical evaluation, refer
to Section 4 and the supporting documentation in Appendix 1.

Based on the geotechnical evaluation, settlement is anticipated to be complete and
therefore, sufficient freeboard will be maintained. An excerpt from Kleinfelder’s
report discussing settlement is provided below as a summary:

“The levee was constructed over ten years ago. Load-related settlement of the
clayey foundations soil is anticipated to be complete. Soil deposits associated with
a low to moderate hydrocollapse potential are present in the site area. Based on
the hydrocollapse test results performed in 1991 as part of the MD and ULVDB
project and the results of the 2009 exploration, we estimate that a future collapse
potential of up to two inches may exist. No evidence of settlement of the MD
structure or other ground surface irregularities associated with hydrocollapse,
such as sinkholes, were noted during our site visits.” (Page 35 of 43)

2.2.6. Interior Drainage

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

This requirement is not applicable for this levee system because the MD does not
have any openings and diverts runoff east directly to the Upper Las Vegas Wash
Detention Basin.

An interior drainage area is defined as an area protected from direct riverine, lake,
or tidal flooding by levees. Levees do not alleviate flooding that may occur from
interior runoff and may aggravate the problem of interior flooding by blocking
natural drainage paths or outlets. Interior drainage systems usually include
facilities (e.g., storage areas, gravity outlets, pumping stations, or a combination
thereof) to evacuate interior floodwaters that are stored in depressed areas or
natural sinks. The MD system does not include any of these types of facilities and
the area protected by the levee has positive drainage to the south (i.e., no
depressions or interior drainage areas).

2.2.7. Other Design Criteria

(b)(7). In unique situations, such as those where the levee system has relatively high vulnerability,
FEMA may require that other design criteria and analyses be submitted to show that the levees
provide adequate protection. In such situations, sound engineering practice will be the standard
on which FEMA will base its determinations. FEMA will also provide the rationale for requiring
this additional information.

This requirement is not applicable for this levee system.
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2.3. Operation Plans and Criteria

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

This requirement is not applicable for this levee system.

2.3.1. Closures

(c)(2). Operation plans for closures must include the following:

(©)(1)(i). Documentation of the flood warning system, under the jurisdiction of Federal, State, or
community officials, that will be used to trigger emergency operation activities and demonstration
that sufficient flood warning time exists for the completed operation of all closure structures,
including necessary sealing, before floodwaters reach the base of the closure.

(©)(2)(ii). A formal plan of operation including specific actions and assignments of responsibility
by individual name or title.

(c)(2)(iii). Provisions for periodic operation, at not less than one-year intervals, of the closure
structure for testing and training purposes.

2.3.2. Interior Drainage Systems

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

(©)(2)(i). Documentation of the flood warning system, under the jurisdiction of Federal, State, or
community officials, that will be used to trigger emergency operation activities and demonstration
that sufficient flood warning time exists to permit activation of mechanized portions of the
drainage system.

(©)(2)(ii). A formal plan of operation including specific actions and assignments of responsibility
by individual name or title.

(©)(2)(iii). Provision for manual backup for the activation of automatic systems.

(©)(2)(iv). Provisions for periodic inspection of interior drainage systems and periodic operation
of any mechanized portions for testing and training purposes. No more than one year shall elapse
between either the inspections or the operations.

This requirement is not applicable for this levee system.

2.3.3. Other Operation Plans and Criteria
(c)(3). Other operating plans and criteria may be required by FEMA to ensure that adequate

protection is provided in specific situations. In such cases, sound emergency management practice
will be the standard upon which FEMA determinations will be based.

This requirement is not applicable for this levee system.
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2.4. Maintenance Plans and Criteria

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

CNLV has adopted the CCRFCD’s Operation and Maintenance Manual (O&M Manual)
and is in compliance with maintenance criteria set forth in CFR 65.10.

The MD is eligible for CCRFCD’s operation and maintenance funding because it is
identified on CCRFCD’s master plan of flood control facilities. Each year, CNLV
executes a Maintenance Work Program interlocal funding contract and identifies this
levee structure, among many others, for inspection and maintenance.

It should be noted that the O&M Manual was recently reviewed and revised by CCRFCD
staff and the consultant team during this levee accreditation effort to ensure that
maintenance activities described therein provide clear and comprehensive guidance on
proper maintenance of levees. The revised O&M manual will be officially adopted in
August, 2010. The final draft version of the revised O&M manual and the associated
contract with CNLV are included in Appendix IV.

During this project, several maintenance inspections were performed on site with CNLV
maintenance personnel to identify and correct any deficiencies along the MD. A post-
maintenance inspection was also conducted to verify that the all identified deficiencies
were remediated. Additional information about the site visits and maintenance
inspections is included in Section 3.

2.5. Compliance Determination Summary

The data and documentation presented in this report show that the MD complies with the
structural requirements set forth in CFR 65.10 paragraphs (b)(1) through (7) and has been
sealed by the professional engineers responsible for its development (refer to cover letters
at the beginning of the report).

The compilation, review, and assessment of all necessary levee data and documentation
were performed in close coordination with CCRFCD staff and other representatives from
CNLV and CLV. CCRFCD, CLV, and CNLV reviewed this TSDN and concur with the
compliance determination.

Table 2-1 is a compliance checklist for the MD that summarizes the design, operation,
and maintenance criteria as specified in CRF 65.10.
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Table 2-1 CFR 65.10 Compliance Summary Table — Moccasin Diversion

Closures

44 CFR 5|2
65.10 o - S |82
. Criteria Description 2 |lafo
Section Z § §
Number g < |5
Design Criteria (b)
(b)(2) 3-ft minimum freeboard above BFE
(b)(2) Additional 1-ft freeboard within 100-ft of structures/constrictions X
(b)(2) Additional 0.5-ft freeboard at upstream end of levee (tie-in) X
b)(2) All openings protected with closure devices X
b)(3) Embankment erosion protection analysis X
(b)(4) Embankment and foundation stability analysis X
(b)(5) Settlement analysis X
(b)(6) Interior drainage analysis X
(b)(7) Other design criteria and analyses (unique situations) X

Operation Plans and Criteria (c)

(©))@)

Documentation of flood warning system

(C)(L)(ii)

Formal plan of operation

x

(c)(L)(iii)

Provisions for periodic operation for testing/training (at least annual)

x

Interior Drainage Systems

©)@)()

Documentation of interior drainage flood warning system

(c)(2)(ii)

Formal plan of operation for interior drainage

(c)(2)(iii)

Provisions for manual backup for activation of automatic systems

©)RM)

Provisions for periodic operation for testing/training (at least annual)

(€)(3)

Other operation plans and criteria required in specific situations

XXX X[ X

Maintenance Plans and Criteria (d)

(d) Levee system maintained in accordance with officially adopted plan X

(d) Copy of maintenance plan provided to FEMA X

(d) Maintenance under jurisdiction of Federal/State/Community in NFIP X

(d) Plan documents formal procedure to ensure structural integrity X

(d) Plan specifies type of activities, frequency, and person responsible X
Certification Requirements (e)

(e) Certified as-built plans X
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Section 3
Engineering Analysis

This section includes a summary of the data collection, field reconnaissance, engineering
analysis, and investigations that were performed to determine compliance and support the

recommendation to reaccredit the MD.

3.1. Summary of Collected Data

Several documents were collected and reviewed in relation to the design and construction
of the MD. Requests were made for all available information from CCRFCD, CLV and
CNLV. A summary of the relevant data collected is provided in Table 3-1 below. The
documents listed in the table are included in the appendix in either electronic or hard

copy format for reference.

Table 3-1 Summary of Collected Data for the Moccasin Diversion

Document Title Prepared By Date Appendix
Upper Las Vegas Wash Detention Basin
and Interception Berm/Channel Record Black and Veatch 10/26/93 I
Drawings/As-Builts
Upper Las Vegas Wash Flood Insurance Northwest Hydraulic 4/20/98 Vi
Restudy, Volume(s) 1 - 10 Consultants, Inc.
Bid Opening: Bid No. 817, Clark County
Regional Flood Control District Black & Veatch 3/10/92 v
Geotechnical Investigation, Proposed
Upper Las Vegas Wash Detention Basin Kleinfelder 5/6/91 Vi
Cark County, Nevada
Construction Quality Control Testing . 6/92 -
Results, Volume 1 Kleinfelder 6/93 v
FEMA Letters (LOMR) for 1998 FIS FEMA 9/17/99 1]
FEMA FIRM Panel No.(s) 1753 Eand 1734 E FEMA 9/17/02 1
Predesign Report for. the Upper Las Vegas Black and Veatch 3/30/91 vV
Wash Detention Basin
Provisionally Accredited Levee Agreement CLv, Pu.bllc . 12/10/08 "
Form (PAL Agreement) Works/Engineering
FEMA Response to signed PAL Agreement FEMA 1/29/09 1
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3.2. Field Reconnaissance

An inspection of the MD was conducted by PBS&J on March 4", 2009. A separate
geotechnical inspection of the MD was performed by Kleinfelder on March 25", 2009 in
order to assess the condition of the structure relative to geotechnical factors outlined in
CFR 65.10. A summary of Kleinfelder’s observations and descriptions from their
inspection are included in Section 2 of the Geotechnical Evaluation Report included
Appendix |. PBS&J’s observations from the field inspection are summarized below.
Photographs from the field visit as well as a Photograph Location Figure are provided in
Appendix V.

The field inspection performed by PBS&J focused on apparent, surficial levee and
channel conditions that relate to the established FEMA levee criteria. Overall, the
integrity of the structure appeared to be intact and functioning as designed. The waterside
of the levee did not show any signs of significant sedimentation or aggradation. There
were some locations near the toe of the waterside levee face where minor erosion was
observed (refer to photo location 7425 in Appendix 1V). This minor erosion appeared to
be localized and likely the result of storm water runoff from the crest of the structure
which was conveyed down the waterside face and longitudinally along the toe. The as-
built drawings indicate that the RCC lining extends for an additional 6 (vertical) feet
below the finished channel grade. Therefore, these areas of local erosion do not appear to
threaten the structural integrity of the MD.

Signs of channel flow were evident in certain areas that were cracking due to the drying
of previously saturated clay and silt channel material. These areas were generally located
toward the center of the channel and indicate that during typical storm events ponding is
not encountered against the levee. With a few exceptions, the waterside RCC lining was
in good condition. The lining did appear to have some minor cracking of the sort
normally associated with concrete curing and shrinkage (refer to photo locations 7361,
7439).

Vegetation within the channel and on the embankment ranged from light to moderate.
Generally, there was very little vegetation observed on the crest of the levee structure
(refer to photo locations 7361 — 7482). The vegetation did not appear to threaten the
structural integrity of the levee or the conveyance capacity of the channel.

Some rutting and pot-holing present along portions of the levee crest were observed
during the field inspection as well as three locations where such rutting/pot-holing
appeared to cause some minor erosion on the landside (south) face. At these locations,
ponded storm water appears to flow through the top of the embankment before breaking
out onto the landside face of the structure, causing some minor piping, erosion, and
rutting (refer to photo locations 7451, 7453, 7461, 7463). After the initial field inspection,
a PBS&J biologist performed an independent survey of the MD on October 6, 2009 in
order to specifically identify, document, and evaluate any animal burrowing activity on
the MD. Two of the piping locations described in the paragraph above were judged to be
related to animal activity, but no other animal-created penetrations were identified.
Locations of the animal burrows were provided to CNLV for maintenance purposes.

3-2 June 2010



Moccasin Diversion TSDN Engineering Analysis

The vegetation, erosion, rutting, pot-holing, and piping/burrows that were observed in the
field were considered minor maintenance issues. Following the field inspections by
PBS&J and Kleinfelder, representatives and maintenance personnel from CNLV met on
site at the MD with representatives from CCRFCD, PBS&J, and Kleinfelder to go over
the identified deficiencies, develop an action plan for addressing such deficiencies, and to
coordinate levee maintenance-related activities. A copy of the attendee sign in sheet from
this on-site maintenance coordination meeting is provided in Appendix V.

Subsequent maintenance activities on the MD were completed by CNLV by March 2010.
Photographs were taken to document the post-maintenance condition of the MD (refer to
Appendix 1V). Post maintenance inspections indicate that all deficiencies observed by
Kleinfelder and PBS&J in March 2009 have been corrected.

3.3.  Survey

PBS&J performed a survey of the MD in September 2009 to support the H&H analysis,
geotechnical evaluation, and assessment of levee freeboard. Survey data was also used to
verify that the existing condition geometry was consistent with as-built plans and to
assess sedimentation impacts/trends over time.

The field survey services were completed under the supervision of a Nevada Professional
Land Surveyor. Survey data consisted of cross-sections at 24 locations, including survey
of the landside top/toe of levee, waterside top/toe of levee, crest widths/elevations,
adjacent channel geometry and embankment, and other points as necessary to adequately
define the levee geometry, grade breaks, transitions, etc. The horizontal survey datum
was based on U.S. State Plane, Nevada East Zone, NAD 1983 datum. The elevation
values in the survey data were referenced to the North American Vertical Datum of 1988
(NAVDS88). When necessary, elevation values (from as-built plans, hydraulic models,
etc.) were converted from the National Geodetic Vertical Datum of 1929 (NGVD29) to
NAVDS88 by adding 2.43 feet. This datum conversion was provided in a letter by Kenney
Aerial Mapping Inc. documented in the 1998 TSDN. This letter is provided in Appendix
V.

When the survey data was obtained, each surveyed cross section had a unique ID, ranging
from 2 to 25, starting at the most downstream section. Figure 1 in Appendix V (in the
Survey folder) shows the locations and identification number for each of the surveyed
cross sections. An electronic version of the survey data is also provided in Appendix V.
Note that graphical depictions of all levee cross sections and detailed summaries of
survey geometry and slope configurations are presented in the Geotechnical Evaluation
Report in Appendix I.

The survey data was reviewed and compared to the as-built drawings and the 1998 TSDN
effective hydraulic model. The Work Maps (Sheets 1-2), dated April 6th, 1998, provided
in the TSDN show the cross section locations in the effective hydraulic model and were
used to identify comparable surveyed cross sections. Table 3-2 contains a list of the
surveyed cross sections and comparable as-built stations and HEC-2 cross sections.
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Comparable cross sections were not in identical locations, but they were judged to be
close enough in proximity for reasonable comparison purposes (generally less than 60
feet apart).

Table 3-2 Cross Section ID and Corresponding Stations

Approximate Approximate
pZs-BuiIt Sls‘:;:ii Erl?;'s HpEpC-Z Cross

Station Section Station
3+20 25 74997
7+70 24

9+00 23

14+20 22 73765
16+20 21

20+60 20

26450 19 72532
28460 18

32+80 17

38+20 16

41+40 15 71045
45+30 14

51+50 13

56+30 12 69560
63+40 11

69+90 10 68187
74+20 9

79+00 8

84+00 7 66814
84+10 6

84+40 5

85+40 4

85+80 3 66660
91+10 2 66061

*HEC-2 Cross Section ID relates to the identification numbers on the Work Maps provided in the 1998 TSDN. The Survey Cross
Section ID relates to the identification numbers on Figure E-1. The As-built station related to the stationing as shown on the as-built
plans.

Survey data was tabulated and a plot of the longitudinal profile of the MD was developed
to compare the waterside top/toe levee elevations based on the survey data, HEC-2 data,
and typical sections from the as-built drawings. The profiles of these three data sets are
displayed on Figure 2 in Appendix V. Based on the figure, the existing levee elevations
are comparable to the design elevations. This structure is approaching 17 years in age and
the profile shows only minor scour and no signs of long-term aggradation or degradation
trends. Based on the overlay of the as-built data and the HEC-2 model data on the survey
data, the design drawings appear to reasonably reflect the current condition of the MD.
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3.4. Hydrologic Analysis

In December of 1995, NHC was selected by FEMA to perform a detailed flood insurance
re-study of the flood hazard areas in Clark County, Nevada. The purpose was to evaluate
flood hazard areas in the developed areas of the community or those areas which were
likely to develop in the near future. The results of the flood insurance re-study were
dogumented in the Technical Support Data Notebook (TSDN, volumes 1-10) dated April
207, 1998.

The FIS discharges developed by NHC were based on the original hydrology (HEC-1)
models prepared by James M. Montgomery (1991) and Black & Veatch (1993), which
were described in the Predesign Report for the Upper Las Vegas Wash Detention Basin.
Changes made to those models were summarized in Volume 4 of the 1998 TSDN. The
changes included updates to modeled flood control facilities based on as-built plans
versus the original models which were based on pre-design data. In addition, NHC
extended the models where necessary to include the full range of flood frequencies
required for the FIS. There were no changes made to previously defined model input
parameters for rainfall, runoff or channel routing. According to NHC, all such parameters
were consistent with CCRFCD Hydrologic Criteria and Drainage Design Manual (1990).

The FIS hydrologic model submitted in the 1998 TSDN was reviewed, and no updates to
the model were necessary in relation to this project or the levee evaluation effort. The
tributary area to the MD remains undeveloped and drainage patterns have not been
significantly modified since the completion of the FIS hydrologic model. Therefore, the
hydrologic parameters used in the FIS hydrologic model documented in the 1998 TSDN
are still valid.

Based on the hydrologic analysis and HEC-1 models described above, the 100-year peak
flow (base flood) impacting the MD is 14,737 cfs. This flow was used in the hydraulic
model and freeboard capacity analysis. The 100-year hydrologic model completed for the
1998 TSDN and all supporting hydrologic documentation is provided in the Hydrology
folder in Appendix V.

3.5. Hydraulic Analysis

The effective hydraulic model developed by NHC for the MD was completed using
HEC-2 (‘ulvdv5.out’, Run Date: April 15th, 1998). A new hydraulic model was
developed using the survey data to reflect the existing condition of the MD. This model
was developed to determine anticipated flow velocities, to assess freeboard capacity
based on existing levee geometry (as defined by survey), and to compare results with the
effective HEC-2 hydraulic model.

HEC-RAS, version 4.0, was used to model the MD. The HEC-RAS model included
survey cross sections 2 through 25 and was extended east, just downstream of the MD, to
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incorporate the subsequent downstream HEC-2 cross section 65055' from the 1998
TSDN. The levee embankment is generally located between cross section 2 through 25.

The geometry and Manning’s n for cross section 65055 was referenced from the TSDN
model. The Manning’s n used for the MD was 0.035, consistent with the effective
hydraulic model. However, the roughness coefficient for cross sections 4 and 5 were
modified to 0.042 and the roughness coefficient at cross section 6 was modified to 0.02 to
accurately model the RCC and riprap material on the grade control structure.

Ineffective flow boundaries were added to the hydraulic model because some cross
sections areas contain water that is not actively being conveyed. According to the HEC-
RAS hydraulic reference manual, ineffective areas are often used to describe portions of a
cross section in which water will pond, but the velocity of that water in the downstream
direction is effectively zero. These areas are not included as part of the active flow area.
Ineffective areas were added between cross sections 7 through 11 as necessary where the
flow is not contained by the north channel bank.

This hydraulic modeling effort was a steady state analysis simulated under subcritical
flow regime using the 100-year flow of 14,737 cfs. The hydraulic model was run in a
subcritical flow regime to attain the most conservative flow depth along the MD. The
water surface elevation produced in the 1998 TSDN hydraulic model at cross section
65055 was used as the downstream boundary condition. The subcritical analysis
determined a flow depth range of 4.4 feet to 5.7 feet along the MD. A summary of the
model results is provided in Table 3-3.

Figure 3-1 compares the 100-year water surface elevations from the updated HEC-RAS
model (using survey data) and the 100-year water surface elevations from the HEC-2
model (1998 TSDN). This profile also displays the comparative profiles of the top/toe
levee elevations between the survey data and the HEC-2 model data.

The supporting documentation from the 1998 TSDN, the effective hydraulic model
(HEC-2), and the updated hydraulic model (HEC-RAS) are included in the Hydraulics
folder in Appendix V.

3.6. Freeboard Analysis

A freeboard analysis was performed to verify that the MD provides a minimum freeboard
of three feet above the water-surface level of the base flood and an additional one-half
foot of freeboard at the upstream end of the levee, as outlined in CFR 65.10.

The freeboard for the MD was computed at every cross section using the 100-year water
surface elevation from the updated hydraulic model (HEC-RAS) in conjunction with the
highest surveyed top of levee elevation (landside or waterside). The results of the analysis
show that the MD has at least 3 feet of freeboard along the entire length of the levee

! Effective HEC-2 model cross section 65055 was renamed to cross section -1 in the new hydraulic model
(HEC-RAS).

3-6 June 2010



Moccasin Diversion TSDN

Engineering Analysis

structure and an additional one-half feet of freeboard at the upstream end. The MD is not
impacted by any structures (e.g., roads, bridges) that would cause flow constrictions.
Figure 3-2 shows the 100-year water surface from the HEC-RAS model versus the
maximum allowable water surface (i.e., required freeboard of the structure). Table 3-3
shows a summary of the survey data, hydraulic model results, and freeboard.

Table 3-3 Moccasin Diversion Hydraulic Analysis and Freeboard Summary

Highest
wecrusiey | Aproime | soonate| (v |t | oo | o
Section Station Station Elevation | Elevation | Total | Velocity | WSE Depth | Freeboard
(ft) (ft) (cfs) (ft/s) (ft) (ft) (ft)
25 74997 3+20 2497.0 2488.9 | 14737 | 8.93 2493.4 | 5.64 3.58
24 - 7+70 2493.5 24856 | 14737 | 9.72 | 2490.4 | 5.23 3.14
23 - 9+00 2492.7 24847 | 14737 | 9.21 | 2489.6 | 5.22 3.10
22 73765 14+20 2489.2 2481.1 | 14737 | 10.11 | 2485.8 | 4.73 3.48
21 - 16+20 2487.8 2480.2 | 14737 | 9.36 | 2484.6 | 5.23 3.27
20 - 20+60 2484.9 24769 | 14737 | 9.77 | 2481.6 | 5.10 3.38
19 72532 26+50 2480.9 24722 | 14737 | 9.62 | 24774 | 5.16 3.47
18 - 28+60 2479.5 24705 | 14737 | 9.28 | 24762 | 5.71 3.27
17 - 32+80 2476.9 24683 | 14737 | 10.09 | 2473.0 | 4.77 3.86
16 - 38+20 2473.0 24644 | 14737 | 9.09 | 2469.6 | 5.26 3.38
15 71045 41+40 2470.9 2462.6 | 14737 | 9.57 2467.5 | 5.10 3.34
14 - 45+30 2468.3 2459.7 | 14737 | 9.65 | 24649 | 5.13 3.46
13 - 51+50 2464.6 2456.0 | 14737 | 9.77 2460.6 | 5.11 3.97
12 69560 56+30 2461.2 2452.0 | 14737 | 9.53 | 2457.2 | 5.25 3.93
11 - 63+40 2456.2 24475 | 14737 | 9.7 | 2452.7 | 5.27 3.51
10 68187 69+90 2451.5 24428 | 14737 | 9.72 | 24483 | 5.49 3.19
9 - 74+20 2448.8 2439.7 | 14737 | 9.96 | 24450 | 5.37 3.79
8 - 79+00 2445.7 2436.8 | 14737 | 879 | 24423 | 5.73 3.40
7 66814 84+00 2442.2 2433.8 | 14737 | 11.18 | 24379 | 4.43 431
6 - 84+10 2442.0 24336 | 14737 | 11.22 | 2437.7 | 451 431
5 - 84+40 2441.5 2431.1 | 14737 | 11.41 | 2434.1 | 4.80 7.46
4 - 85+40 2437.5 24278 | 14737 | 9.91 | 24329 | 5.06 4.64
3 66660 85+80 2436.4 24273 | 14737 | 9.98 | 24325 | 5.11 3.93
2 66061 91+10 2431.1 24234 | 14737 | 1132 | 2427.1| 4.49 3.92
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3.7. Long-Term Degradation/Aggradation Considerations

In order to determine if there is a long-term degradation or aggradation trend within the
MD channel that would impact available freeboard, the available historical, survey, and
technical information was reviewed. As discussed previously in Section 3.3, PBS&J
performed a survey of the MD in September 2009. Figure 2 in Appendix V shows a
longitudinal profile comparison of this survey data with the HEC-2 data and the typical
sections from the as-built drawings. As illustrated on this figure, there has been no
definitive degradation/aggradation trend over the past 17 years. There is some local
degradation just upstream of the drop structure but there is no significant aggradation.

Based on the review of the Pre-Design Report for the Upper Las Vegas Wash Detention
Basin prepared by Black & Veatch, dated March 30, 1991, the document does not include
a sediment transport analysis and simply states that “During final design, a sediment
transport analysis will be conducted to optimize the channel geometry and minimize
deposition and scour in the channel over a range of flows up to the 100-year flood.”
Additionally, the 1998 TSDN does not include a sediment transport analysis but does
summarize the sediment transport analysis performed within the Conditional Letter of
Map Revision for the Upper Las Vegas Wash Detention Basin prepared by Black &
Veatch, dated 1991. Based on this summary, the analysis within the Conditional Letter of
Map Revision (CLOMR) was performed using three methodologies: Meyer, Peter, and
Muller (MPM); Toffaleti; and United States Bureau of Reclamation (USBR). The results
of these methodologies indicate the MD can experience either deposition (up to 3-inches)
or degradation (up to 8.7-feet).

The CLOMR decided to ignore the results of the MPM method because it showed only
minor deposition (2 to 3 inches). The results of the Toffaleti method were also ignored
because it showed degradation of 3.9 feet, which is within the range of degradation
calculated by the USBR method. Based on the USBR methodology, the diversion would
experience degradation within the range of 3.2 feet and 8.7 feet, and scour up to 4.7 feet.
Since the 8.7 feet of degradation was calculated assuming no sediment inflow from the
upstream fan, it was considered overly conservative. The CLOMR ultimately concluded
that an average of the degradation calculated by the USBR method would be the most
accurate estimate. As a result, it was determined that the MD would experience up to 6
feet of degradation. Therefore, the MD was designed with a 6 foot deep RCC waterside
toe in order to protect the levee from the maximum anticipated degradation. Since the
results of the analysis did not predict significant aggradation, no sediment deposition
depth was included in the original freeboard calculations.

In addition, CNLV using CCRFCD maintenance funds maintains the MD structure and
thus any observed degradation will be corrected long before the anticipated maximum
degradation depth is reached. The existing 6 foot toe depth will provide sufficient
protection against degradation. Furthermore, Figure 2 in Appendix V illustrates that
there has been no evidence of aggradation within the MD channel over the past 17 years.
The design calculations performed for the MD indicate that any aggradation would be
insignificant. Therefore, aggradation will not be an issue and sufficient freeboard will be
maintained.
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Figure 3-1 - Moccasin Diversion Water Surface Comparison
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Moccasin Diversion TSDN Hydraulic Analysis

Figure 3-2 - Moccasin Diversion Freeboard
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Section 4
Geotechnical Analysis

This report section is an executive summary and should be reviewed in conjunction with
the attached Geotechnical Evaluation Report in Appendix | for a more detailed
description of the geotechnical evaluation performed by Kleinfelder.

Geotechnical exploration for the MD alignment was previously performed by Kleinfelder
in 1991 as part of the geotechnical work for the overall ULVDB project. Observation and
testing during placement of fill soils and construction of the RCC armoring was
performed by Kleinfelder in 1993.

For the current effort, Kleinfelder performed a geotechnical study of the MD to obtain
subsurface information within the levee embankment and underlying foundation
materials and to evaluate if the levee meets geotechnical requirements for FEMA levee
certification as outlined in 44 CFR Section 65.10. Specifically, Kleinfelder’s study
focused on assessing levee seepage and stability considering United States Army Corps
of Engineers (USACE) criteria outlined in its Levee Design Manual (EM 1110-2-1913)
and Design Guidance for Levee Underseepage (ETL 1110-2-569) for the base flood
elevation (100-year WSE) and flood duration, provided by the PBS&J team. Settlement
potential of the levee was also evaluated.

Levee performance issues not addressed by Kleinfelder include presence of sufficient
freeboard, impact of erosion, impacts of vegetation, and impacts from biological activity.

The Kleinfelder study included:

e Reviewing previous geotechnical work performed during design and construction
of the MD structure;

e Site reconnaissance and a geotechnical inspection of the MD levee structure;
e Drilling six exploratory borings along the alignment on the levee crest;

e Conducting laboratory testing on representative samples obtained from the
borings;

e Conducting seepage and slope stability analyses using SEEP/W and SLOPE/W
computer programs, respectively;

e Evaluating settlement potential; and
e Researching past flood performance data.

The MD is an engineered structure with intact, waterside slope RCC armoring present for
the entire length of the structure evaluated for this study. Approximately 40 percent of the
MD alignment has a WSE less than one foot above the landside toe elevation. The base
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Moccasin Diversion TSDN Geotechnical Analysis

flood duration is approximately six hours. Two critical sections were selected for analysis
based on slope inclination, height and WSE relative to landside toe.

A steady state seepage analysis was performed in accordance with USACE procedures
and a transient analysis was performed to evaluate the time required for steady state
seepage conditions to develop for comparison with the 100 year flood duration.
Neglecting the RCC armoring, the transient seepage analyses based on the 100 year
hydrograph data provided by PBS&J indicate that only the outermost portions of the
waterside slope would be saturated. The seepage analyses also indicate a minimum time
to steady state conditions of approximately six days and maximum steady state landside
local exit gradients of 0.3 or less for the cases analyzed.

The slope stability analyses performed using phreatic surfaces obtained from the steady
state seepage analyses indicate the slopes exceed USACE minimum criteria for the
Steady State and Sudden Drawdown cases. The seismic stability exceeds the minimum
factor of safety for Nevada Division of Water Resources Dam Guidelines for Design
(http://water.nv.gov/Engineering/Dams/design.cfm).

The Kleinfelder analysis is judged to be conservative because the analysis does not take
into account the RCC lining. Based on this approach, Kleinfelder judges that the MD is
found to be stable as required by CFR 65.10.

Please refer to the Geotechnical Evaluation Report in Appendix | for more detailed
information.
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June 21, 2010
Project No. 101764

Mr. Harshal Desai, PE

PBS&J

2270 Corporate Circle, Suite 100
Henderson, Nevada 89074

Subject: Geotechnical Evaluation Report
Moccasin Diversion
Clark County Regional Flood Control District
Las Vegas, Nevada

Dear Mr. Desai:

Kleinfelder is pleased to present this Geotechnical Evaluation Report for the Moccasin
Diversion located in the City of Las Vegas, Clark County, Nevada. The purpose of this
report is to summarize levee geotechnical conditions as identified in our geotechnical
exploration and analyses. This report presents our findings regarding the geotechnical
aspects of FEMA levee certification for the 100 year flood event. Based on our
analyses, it is our opinion the earthen levee with waterside RCC armoring is stable in
accordance with 44 CFR Section 65.10.

We appreciate the opportunity to work with you on this project. Should you wish to
discuss this report or if we may be of further assistance, please contact the
undersigned.

Sincerely,

KLEINFELDER

é/Z//Zﬂ/o
Jonathan Lehman-Svoboda, P.E. Ann L. Backstrom, P.E.
Project Professional Senior Engineer
ALB/jrs
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EXECUTIVE SUMMARY

This report section is an executive summary and should be read in conjunction with the
following report for a more detailed description of the geotechnical evaluation performed
by Kleinfelder.

The Moccasin Diversion (MD) is a 9,300 long embankment which forms the right bank
of a 300 foot wide interception/diversion channel and is considered a levee. The MD
was designed and constructed in 1993 in conjunction with the Upper Las Vegas
Detention Basin (ULVDB) and is located in the northwestern portion of the Las Vegas
Valley in the City of Las Vegas, Clark County, Nevada. A Project Location map is
presented on Plate 1. Geotechnical exploration for the MD alignment was previously
performed by Kleinfelder in 1991 as part of the geotechnical work for the overall ULVDB
project. Observation and testing during placement of fill soils and construction of the
Roller Compacted Concrete (RCC) armoring was performed by Kleinfelder in 1993.

For the current effort, Kleinfelder performed a geotechnical study of the MD to obtain
subsurface information within the levee embankment and underlying foundation
materials and to evaluate if the levee meets geotechnical requirements for FEMA levee
certification as outlined in 44 CFR Section 65.10. Specifically, our study focused on
assessing levee seepage and stability considering United States Army Corps of
Engineers (USACE) criteria outlined in its Levee Design Manual (EM 1110-2-1913) and
Design Guidance for Levee Underseepage (ETL 1110-2-569) for the 100 year1 design
water surface elevation (WSE) and flood duration, provided by the PBS&J team.
Settlement potential of the levee was also evaluated.

Levee performance issues not addressed by Kleinfelder include presence of sufficient
freeboard, impact of erosion, impacts of vegetation, and impacts from biological activity.

MD is an earthen diversion structure which consists of an eight- to 10-foot high
embankment approximately 9,300 feet in length, with a 12-inch thick RCC lining for
protection of the north (waterside) face. The diversion structure was designed with a

1 100 year refers to a flooding event that has a percent chance of being equaled or exceeded in a
particular location in any given year.
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3:1 horizontal:vertical (H:V) side slope on the waterside and a variable side slope on the
landside with a 3H:1V maximum. The RCC lining was designed to extend below the
interception channel invert a minimum of 18 feet parallel to slope or six feet vertical.
The crest of the structure is unpaved and varies in width from approximately 13 to
greater than 30 feet. A typical section showing levee geometry is presented on Plate 2.

Our study included:

e reviewing previous geotechnical work performed during design and construction
of the MD structure;

e site reconnaissance and a geotechnical inspection of the MD levee structure:
e drilling six exploratory borings along the alignment on the levee crest:

e conducting laboratory testing on representative samples obtained from the
borings;

e conducting seepage and slope stability analyses using SEEP/W and SLOPEW
computer programs, respectively;

e evaluating settlement potential; and

e researching past flood performance data.

The MD is an engineered structure with intact, waterside slope RCC armoring present
for the entire length of the structure evaluated for this study. Approximately 40 percent
of the MD alignment has a WSE less than one foot above the landside toe elevation.
The base flood duration is approximately six hours. Two critical sections were selected
for analysis based on slope inclination, height and WSE relative to landside toe. A
steady state seepage analysis was performed in accordance with USACE procedures
and a transient analysis was performed to evaluate the time required for steady state
seepage conditions to develop for comparison with the 100 year flood duration.
Neglecting the RCC armoring, the transient seepage analyses based on the 100 year
hydrograph data provided by PBS&J indicate that only the outermost portions of the
waterside slope would be saturated. The seepage analyses aiso indicate a minimum
time to steady state conditions of approximately six days and maximum steady state
landside local exit gradients of 0.3 or less for the cases analyzed. The slope stability
analyses performed using phreatic surfaces obtained from the steady state seepage
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analyses indicate the slopes exceed USACE minimum criteria for the Steady State and
Sudden Drawdown cases. The seismic stability exceeds the minimum factor of safety
for Nevada Division of Water Resources (DWR) Dam Guidelines for Design
(http://water.nv.gov/Engineering/Dams/design.cfm). The Kleinfelder analysis is judged to be
conservative because the analysis does not take into account the RCC lining. Based on
this approach, Kleinfelder judges that the levees are found to be stable as required by
44 CFR 65.10.

The findings, conclusions, and recommendations presented in this report are based on
the provisions and requirements outlined in the Limitations section of this report.
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1.0 INTRODUCTION

1.1 LOCATION AND DESCRIPTION

The Moccasin Diversion (MD) is owned, maintained, and operated by the City of North
Las Vegas (CNLV) and the City of Las Vegas (CLV) is the responsible community. This
structure is located within Sections 1 through 4 of T19S, R60E. A Project Location map
is presented on Plate 1.

The MD is a levee that intercepts tributary runoff along the Upper Las Vegas Wash
(ULVW) drainage system resulting from intermittent storm events and conveys it to the
Upper Las Vegas Detention Basin (ULVDB) located approximately 1.2 miles to the
southeast. Due to the ephemeral nature of the ULVW and the relative infrequency with
which this area receives rainfall, the MD and ULVDB are empty between storm events.
Construction of the MD and ULVDB facilities was completed in October, 1993.

MD is an earthen diversion levee consisting of an 8- to 10-foot high embankment
approximately 9,300 feet in length, and a 12-inch thick roller-compacted concrete (RCC)
lining designed for protection of the north (waterside) face. The levee was designed
with a 3:1 horizontal to vertical (H:V) slope inclination on the waterside and a variable
slope inclination on the landside with a 3H:1V maximum. The crest of the structure is
unpaved and varies in width from approximately 13 to greater than 30 feet.

Constructed in conjunction with the MD, the associated interception and diversion
channel is a trapezoidal, earthen channel 300 feet wide that runs adjacent to the
waterside toe-of-levee; the embankment, therefore, serves as the right bank of the
channel while looking in the downstream direction. Both the right and left banks of the
diversion channel were designed with 3H:1V waterside slopes. The RCC lining was
designed to extend below the interception/diversion channel invert a minimum of 18 feet
parallel to slope or six feet vertical. A plan and profile of the MD showing levee cross-
sections at different stations and the associated interception and diversion channel are
presented on Plates 2 through 5. The RCC lining is not represented on the cross-
sections.
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1.2 PURPOSE AND SCOPE

Kleinfelder performed a geotechnical study of the MD to obtain subsurface information
within the levee embankment and underlying foundation materials and to evaluate if the
levee meets FEMA geotechnical requirements as outlined in 44 CFR Section 65.10.
Specifically, our study focused on assessing levee seepage and stability considering
United States Army Corps of Engineers (USACE) criteria outlined in its Levee Design
Manual (EM 1110-2-1913) and Design Guidance for Levee Underseepage (ETL 1110-
2-569) for the 100 year design water surface elevation (WSE) and flood duration,
provided by PBS&J. Settlement potential of the levee was also evaluated.

Our study included:

e reviewing previous geotechnical work performed during design and construction
of the MD structure;

» site reconnaissance and a geotechnical inspection of the MD structure;
e drilling six exploratory borings along the alignment on the levee crest;

e conducting laboratory testing on representative samples obtained from the
borings;

e conducting seepage and slope stability analyses using SEEP/W and SLOPEW
computer programs, respectively;

e evaluating settlement potential; and

o researching past flood performance data.

The recommendations contained in this report are subject to the limitations presented in
the ‘Limitations’ section of this report. In addition, a brochure prepared by ASFE (The
Association of Engineering Firms Practicing the Geosciences) has been included
behind the cover sheet of this report. We recommend that all individuals using this
report read the limitations along with the attached document.

1.3 PROJECT ELEVATIONS

PBS&J performed a survey of the MD to support the hydrologic and geotechnical
evaluations by PBS&J and Kleinfelder, respectively. The survey data provided by
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PBS&J for Kleinfelder's use consisted of cross-sections at 24 locations, including survey
of landside toe and further afield; landside slope; crest width and elevation; waterside
slope; waterside toe; channel; and further waterside afield. Kleinfelder provided input to
PBS&J for survey locations. The WSE used in our analyses were provided by PBS&J
and are discussed further in Section 5.2. Elevation references in this report are in feet
and are based on the North American Vertical Datum of 1988 (NAVD88). A tabulated
summary of the surveyed existing slope configurations and the WSE at each section
provided by PBS&J is presented in Table 5.2. A graphical depiction of the levee section
at each location surveyed, including the corresponding WSE, is presented on Plates 2

through 5.
1.4 LEVEE PERFORMANCE ISSUES NOT ADDRESSED

Levee performance issues not addressed by Kieinfelder include presence of sufficient
freeboard, impact of erosion, impacts of vegetation, and impacts of biological activity.
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2.0 BACKGROUND INFORMATION

21 PREVIOUS WORK

As part of the PBS&J design team, Kleinfelder previously performed a background
(Phase I) study for this project. The objectives for Kleinfelder in the study included:

1. Collecting and reviewing existing reference material, design/construction
documentation, data, and other information pertaining to the MD, including the
documents listed in Table 2.1.1.

2. Performing a geotechnical inspection of the MD.

3. Documenting compliance with the levee requirements outlined in CFR 65.10 or
assessing that further study will be required.

Table 2.1.1 MD Documents

Document Title Prepared By Date

Geotechnical Investigation, Proposed Upper Las

Vegas Wash Detention Basin, Clark County, Nevada Kleinfelder May 6, 1991

Technical Report: In-Place Field Density Tests of
Compacted Structural Fill for Upper Las Vegas Wash Kleinfelder January 15, 1993
Detention Basin Project

Upper Las Vegas Wash Detention Basin and

Interception Berm/Channel Record Drawings/As-Builts Black and Veatch | October 26, 1993

Prior maintenance records were not available for the MD. In addition, there were no
written records of previous flooding or documents available which described past
performance history of MD, including erosion during flood events. Interviews with
representatives of Clark County Regional Flood Control District, City of Las Vegas, and
City of North Las Vegas indicate that very little maintenance has been required and
performed at MD since construction.

A discussion of our observations and findings during the background study are
presented in the following Sections 2.1.1 through 2.1.4.
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2.1.1 2009 Geotechnical Field Inspection

A geotechnical inspection of the MD was performed by Kleinfelder on March 25, 2009.
Geotechnical observations made during the inspection include three small holes at the
landside edge of the crest; rutting on the crest; localized bulging and raveling of the
RCC slope protection; and exposure of the upper portion of the RCC below the channel
invert. Details of the observations are provided in the following paragraphs.

A small hole was noted at the edge of the landside crest in three locations between
approximate Station 70+00 and Station 74+00. Each hole was semi-circular, up to
approximately six inches in diameter with an upper opening at the levee crest, and a
lower opening on the landside slope face generally three to four feet below the levee
crest. Ruts in the levee crest ranging from %z to one foot deep were present in the
general area where the holes were observed. Rutting of lesser magnitude was also
present at other locations on the levee crest throughout the MD alignment. A biologist
of PBS&J interpreted the holes to be possible tortoise burrows; it is also possible the
holes were small erosional features resulting from downslope percolation of ponded
water in the ruts on the crest.

As-built drawings indicate the RCC was designed for slope protection. The RCC was
generally intact for the length of the MD alignment. A slight bulging of the RCC slope
facing perpendicular to slope was observed over a horizontal distance of approximately
20 to 30 feet in two locations, near Station 74+00 and Station 82+00, respectively. The
maximum displacement was estimated to be less than three inches measured
perpendicular to slope. These areas correspond to locations where the levee berm is
constructed predominantly in native (cut), clayey soils. Evidence of dessication
cracking was not observed during our site visits. Raveling, or minor weathering of
concrete and aggregate, was also observed at RCC construction joints in several
locations. The upper portion of the RCC below the channel invert was exposed in
several areas of the waterside toe to typical depths of approximately ¥ foot vertical or
approximately 1-'2 feet parallel to the 3H:1V slope face.

Since the time of our inspection, maintenance activities at the MD have been
performed. Kleinfelder's post-maintenance inspection indicates that the crest rutting,
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landside crest holes, and exposure of RCC cut off at the waterside toe of slope have
been remediated through site grading.

2.1.2 Summary of 1991 Geotechnical Report

A geotechnical exploration for design of the MD was performed in 1991 by Kleinfelder
and consisted of excavating 13 borings to a depth of 21 feet and seven test pits to
backhoe refusal at depths of three to nine feet. These explorations represent a portion
of the explorations performed for the overall ULVDB project. Four of the MD borings
were drilled along the levee alignment; the remaining MD explorations were performed
in the MD interception/diversion channel alignment and were located at typical intervals
of approximately 600 feet. The borings were drilled with a Failing 1250 rotary air drill rig
equipped with a 350-pound hammer. Surveyed ground surface elevations rounded to
the nearest foot are presented on the exploration logs, referenced to the National
Geodetic Vertical Datum of 1929 (NGVD29). The conversion between NGVD29 and
NAVDS88 at the MD is approximately 2.4 feet.

Information on the exploration logs indicates that the on-site soils are highly variable,
consisting of granular and fine-grained soils of differing interlayered proportions. The
granular soils logged range from clean sand and gravel to silty and clayey sand and
gravel. The granular soils encountered are generally noted to be loose to depths
ranging between one and three feet and predominantly medium dense to very dense
below three feet. The interlayered fine-grained soils are noted as silty and sandy clay
and clayey and sandy silt and are typically firm to stiff in consistency, with zones of
porosity noted in areas. Cementation is not noted on any of the boring logs; however,
backhoe refusal on cemented sand/gravel or caliche occurred in all the test pits at
depths ranging between three and nine feet.

Laboratory testing performed on samples obtained from the borings and trench
excavations included six gradation analyses, one sieve wash, 10 Atterberg Limits tests,
four remolded direct shear strength tests, two consolidation/collapse tests, four
maximum dry density-optimum moisture content curves, two laboratory falling-head
permeability tests, and three soluble sulfate content tests. Gradation test resuits
indicate gravel contents in the range of five to 75 percent, sand contents in the range of
10 to 65 percent, and fines contents in the range of five to 35 percent. Soil friction
angles (phi) in the range of 20 degrees to 40 degrees with cohesions in the range of
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150 to 650 pounds per square foot (psf) were reported for the remolded direct shear
results on samples screened over a No. 4 sieve. Maximum dry densities (ASTM
D1557) in the range of 110 and 139 pounds per cubic foot (pcf) were reported for the
fine-grained and coarse granular materials at the site, respectively. The collapse
potential results indicated volume decreases of less than one percent upon saturation
under a load of approximately 1,200 psf on the two samples tested. Additional
hydrocollapse testing for the ULVDB project downstream of MD indicated hydrocollapse
potentials up to four percent under the same load. Water soluble sulfate contents of
less than 0.1 percent were reported.

Permeability values of 2 X 10* and 4 X 10”° cm/sec were reported for the laboratory
falling head permeability test results on silty gravel and silty sand samples, respectively.
The test results include a note that the samples were remolded to between 90 percent
and 95 percent of maximum dry density per ASTM D1557.

Levee Underseepage The geotechnical report does not state that a seepage analysis
was performed for the levee.

Slope Stability Analyses A slope stability analysis was not provided in the
geotechnical report.

2.1.3 Construction Observation and Materials Testing Records

Construction observation and materials testing services for the ULVW Detention Basin
and Interception. Berm/Channel (MD) were performed by Kleinfelder. Volume 1 of the
Construction Quality Control Testing Results was obtained from the State Engineer’s
office by PBS&J. Testing results provided in Volume 1 include sieve analyses; optimum
moisture content / maximum dry density curve relationships; concrete compression test
results; RCC compression test results; and RCC aggregate sieve analyses. Field
density test results for placed fill were not included in Volume 1.

A document prepared for Black and Veatch, the Project Engineer, titled “Kleinfelder
Technical Report of In-Place Field Density Tests of Compacted Structural Fill’ prepared
by Kieinfelder was obtained during research of Kleinfelder's in-house project records.
The report indicates that a total of 85 field density tests were performed on the MD
between November 1992 and May, 1993. A total of 82 out of 85 of the compaction test
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results indicate dry densities in the range of 90 percent to 98 percent of maximum dry
density (ASTM D1557). Of the remaining three tests, two indicate dry densities of 85
percent of maximum dry density and one test indicates a compaction of 84 percent of
maximum dry density. Retests at these locations were not included in the test
summary.

2.2 LEVEE GEOMETRY

The MD is approximately 9,300 feet in length. A summary of existing MD slope
geometry based on survey data is presented in Table 2.2.1. Graphical depictions of the
levee section at each location surveyed, including the corresponding WSE, are
presented on Plates 2 through 5.

Table 2.2.1 MD Slope Geometry Summary

E::aes‘;:: Lan_dside Survey_ed Watgrside C_rest

MD Station Slope Height* Waterside Height* Width*

(H:V) (feet) Slope (H:V) (feet) (feet)
3+20 7.2:1 2 3.6:1 8 23
7+70 7.3:1 3 3.3:1 8 22
9+00 3.6:1 9 3.6:1 8 25
14+20 5:1 6 3.2:1 8 27
16+20 4.7:1 6 3.5:1 8 26
20+60 6.3:1 4 3.2:1 8 28
26+50 7.6:1 3 4.2:1 9 20
28+60 >10:1 <1 3.2:1 9 >30
32+80 >10:1 <1 3.1:1 9 >30
38+20 4.2:1 1 3.2:1 9 24
41+40 8.5:1 3 3.3:1 8 25
45+30 3.7:1 5 3.2:1 9 13
51+50 4.1:1 6 3.2:1 8 16
56+30 3.8:1 6 3.2:1 9 16
63+40 3.5:1 6 3.1:1 9 14
69+90 3.71 6 3.4:1 9 15
74+20 4.3:1 4 3.5:1 9 15
79+00 4.3:1 5 3.5:1 9 14
84+00 4.7:1 5 2.8:1 8 25
84+10 4.7:1 5 2.8:1 8 25
84+40 6.2:1 5 3.7:1 10 16
85+40 >10:1 1 3.6:1 10 25
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E:;\;esﬁ: Landside Surveyed Waterside Crest
MD Station Slope Height* Waterside Height* Width*
(H-\‘}) (feet) Slope (H:V) (feet) (feet)
85+80 >10:1 1 3.3:1 9 25
91+10 >10:1 <1 3.4:1 8 27

*Rounded to the nearest foot

Based on the survey data, the landside slope of the levee has a maximum height of

approximately nine feet and inclinations that range from approximately 3.5:1 to greater
than 10:1 (H:V). The crest width varies from 13 to greater than 30 feet. The waterside

slope has a maximum height of 10 feet with slope inclinations that range from
approximately 2.8:1 to 4.2:1 (H:V).

The project plans indicate that the MD was constructed of a combination of cut and fill,

with fill thickness in the range of four to eight feet.
constructed predominantly of cut, approximate Station 28+00 to 36+00 and approximate

Two zones of the MD were

Station 88+00 to 91+50. Cuts of less than five feet deep were required to bring the

majority of the channel alignment to grade.
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3.0 REGIONAL AND SITE GEOLOGY

3.1 GEOLOGY

The MD is located within the northwestern portion of the Las Vegas Valley, a north to
northeast trending elongate valley characteristic of the Basin and Range physiographic
province. The Las Vegas Valley is filled with Quaternary- to Tertiary-aged
unconsolidated to partially consolidated sediments derived from erosion of the
mountains surrounding the valley. The sediments become increasingly fine-grained
with distance from the source area and are several thousand feet thick in the low-lying
central portion of the valley. Progressively more steeply sloping alluvial fans composed
of coarser-grained materials surround the central valley floor.

The MD site is mapped on the Geologic Map of the Tule Springs Park Quadrangle (Bell
and others, 1998, 1:24,000) and on the Geologic Map of the Las Vegas 30'X60’
Quadrangle, Clark and Nye Counties, Nevada and Inyo County, California (Page et al,
2005, 1:100,000). The published geologic map data indicates that the site is
predominantly underlain by Quaternary-age alluvium and older, finer grained spring and
marsh deposits. The alluvium is mapped as active wash deposits, alluvial fan deposits,
and stream terrace deposits of the Las Vegas Wash. The finer-grained ancient spring
and marsh deposits occur at the surface in isolated areas along the alignment and are
part of a laterally extensive, fine-grained valley-bottom filling in the upper Las Vegas
Valley related to extensive groundwater discharge in the past (Bell and others, 1998).
The alluvial deposits typically occur in channel areas and alluvial plains eroded into the
finer-grained, older spring and marsh deposits, and as localized elevated stream terrace
deposits.

In addition to review of the published geologic map data, Kleinfelder obtained pairs of
aerial photos of the MD site area (Continental Aerial Surveys; 1962, 1981, 1984, 1990,
and 1999; photo scales as referenced in Section 8.0) for stereoscopic review. Surface
geology in the area of the MD alignment based on the published data supplemented by
our geologic site reconnaissance and the aerial photo review is presented on Plate 6,
Site Plan with Explorations and Geology.

The Quaternary-age alluvium units shown on Plate 6 are undifferentiated in the
following discussion and collectively referred to as “alluvium”; the older spring and
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marsh deposits have also been grouped together and referred to as “fine-grained
deposits.” The following paragraphs provide a description of each of the geologic units
mapped on Plate 6 from youngest to oldest:

Fill (Qaf): The fill materials of the levee embankment are approximately two to
12 feet thick and generally consist of a mixture of silty and clayey gravel and
sand and lean clay with sand and gravel. The observed fill materials appear to
be a mix of local alluvial soils. Based on the observed fill composition, and
review of the original, 1991 geotechnical report for the project (Kleinfelder, 1991),
the levee was likely constructed from excavation during construction of the
ULVW detention basin and associated channels.

Alluvium (Qa, Qsp, and Qlv): The alluvium as described on the published
mapping and encountered in our borings generally consisted of grey to brown,
clayey and silty gravel and sand with zones of cobbles. Locally, the alluvial
deposits contain higher proportions of fines where derived from the older fine-
grained deposits. The alluvium occurs in active washes (Qa), alluvial fan
deposits (Qsp), and as stream terrace deposits of the Las Vegas Wash (Qlv).
The alluvial deposits range from non-stratified and unconsolidated, active
younger deposits to well-stratified, partially cemented older alluvial fan, and
stream terrace deposits. The alluvial deposits are described in the published
mapping as having a combined total thickness in the range of 10 to 20 feet.

Fine-Grained Deposits (Qts): The fine-grained deposits are described on the
mapping as consisting of silt, sandy silt and organic-rich, fossiliferous mud and
clay deposits with lenses of coarse sand to cobbly gravel and layers of calcium
carbonate cementation. Where encountered at the site, the fine-grained deposits
occurred as brown to olive-brown clay with sand and silt and light brown to brown
silt with clay, sand, and gravel. Lenses of gravel with sand, silt, and clay up to
several feet thick were also encountered within the fine-grained deposits. Zones
of partial cementation with calcium carbonate are associated with the fine-
grained deposits and were encountered in the explorations.
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3.2 GEOMORPHOLOGY

The MD traverses the northwest to southeast draining Las Vegas Wash system. The
alignment falls in elevation from west to east at an average slope of approximately 0.7
percent from a high of approximately 2490 feet to a low of approximately 2420 feet.

3.3 FAULTING

Based on the previously referenced published map data, no mapped faults traverse the
MD alignment. The closest Quaternary fault shown in the Nevada Bureau of Mines and
Geology on-line database is an unnamed fault mapped approximately % mile south of
the center of the MD (Nevada Bureau of Mines and Geology, 2010, Quaternary Faults
in Nevada — Online Interactive Map, accessed Feb 15, 2010, from Nevada Bureau of
Mines and Geology web site: http//gis3.nbmg.unr.edu/0F09_9/). This unnamed fault is
thought to be mid-Quaternary in age with a last rupture greater than 750,000 years ago.

The nearest fault included in the United States Geologic Survey Quaternary fault
database is the Eglington Fault, located approximately 5-1/2 miles southeast of the east
end of the MD (U.S. Geological Survey and Nevada Bureau of Mines and Geology,
2010, Quaternary fault and fold database for the United States, accessed Feb 16, 2010,
from USGS web site: http//earthquake.usgs.gov/regional/gfaults/). The Eglington Fault
is believed to have a latest ground surface rupture of less than 15,000 years ago
(dePolo, 2008).

The latitude and longitude coordinates of the western and eastern ends of the MD
alignment correspond to approximately 36.3344/-115.2715 degrees and 36.3341/-
115.2437 degrees, respectively. A peak bedrock ground acceleration (PGA) value of
0.10 was obtained at both locations for an event with a ten percent probability of
exceedance in 50 years using the United States Geological Survey (USGS) 2002
Seismic Hazard Curves and Uniform Hazard Response Spectra calculator v.5.0.9

(http://earthquake.usgs.goviresearchthazmaps/design/), dated October 21, 2009, accessed
February, 2010.
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3.4 REGIONAL GROUNDWATER

Groundwater was not encountered within the borings drilled for this exploration. A
search of the U.S. Geological Survey, 2001, National Water Information System
(NWISWeb) web site http://waterdata.usgs.gov/nwis/ indicates the closest well in the
database is located approximately one-half mile south of the MD. Groundwater in this

well was measured at a depth of 83 feet below the ground surface in August, 2009
(USGS well reference 361939115154801).
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4.0 SITE CHARACTERIZATION

4.1 SITE EXPLORATION

The subsurface exploration program consisted of drilling and logging six hollow-stem
auger borings. The boring locations were selected considering site geology; levee
geometry based on the results of the survey; and the presence of features of interest
such as major wash crossings and the areas of the observed slope bulging.

The exploratory borings were drilled using a Diedrich truck-mounted drill rig equipped
with six-inch diameter hollow-stem augers. The borings were located using
Kleinfelder's Trimble Global Positioning System (GPS) in conjunction with aerial
imagery provided by PBS&J. Borings were drilled and sampled to a depth of 21-% to
25-": feet below levee crest. The approximate locations of the borings are presented on
Plate 6, Site Plan with Explorations and Geology. The approximate locations of the
previous 1991 explorations (borings and trenches) are also included on Plate 6.

The borings performed as part of the MD evaluation were logged by registered
engineers or geologists from Kleinfelder in general accordance with Unified Soil
Classified System (USCS) methods and general procedures established in ASTM
D2488. The results of our laboratory testing were used to refine the field classifications
which are presented on the logs. In-place soil samples were obtained using either a
Standard Penetration (SPT) or California-type sampler with liners driven a total of 18
inches (or until practical refusal) into the undisturbed soil at the bottom of the boring.
The soil sampled by the SPT (two-inch O.D., 1-3/8-inch 1.D.) or California sampler
(three-inch O.D., 2.4-inch 1.D.) was returned to our laboratory in Las Vegas, Nevada for
testing. The sampler was driven using a hydraulically-actuated 140-pound “automatic”
hammer falling 30 inches. The total number of hammer blows required to drive the
sampler the final 12 inches'is termed the blow count and is recorded on the boring logs
at the respective sampling depths. Bulk samples of the soils were retrieved directly
from the auger blades. Borings were backfilled with hydrated bentonite chips to within
three feet of the levee crest. The remaining three feet was backfilled with the auger
cuttings.

A Key to Soil Symbols and Terms used on the boring logs is presented on Plate A-1 in
Appendix A. The logs of borings are presented on the Boring Log and Test Summary
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sheets on Plates A-2 through A-7. The logs of borings and trenches from the previous
1991 explorations are presented after Plate A-7.

4.2 LABORATORY TESTING

Geotechnical laboratory tests were performed on selected soil samples collected from
the borings to evaluate the physical characteristics and engineering properties of the
samples. The tests were conducted to support soil parameter selection for the
geotechnical analyses. The laboratory program consisted of the following tests:

e Six unit weight tests (ASTM Test Method D2937) performed to evaluate the in-
situ unit weight of the sampled soils at various depths.

o Fifteen moisture content tests (ASTM Test Method D2216) performed to evaluate
moisture content of various sampled soils at various depths.

e Four grain size analyses (ASTM Test Method C117 and C136) performed to
evaluate the gradation of sampled soils and to aid in soil classification.

e Ten grain size with hydrometer analyses (ASTM Test Method D422) performed
to evaluate the gradation of sampled soils and to aid in soil classification.

o Sixteen Atterberg Limits tests (ASTM Test Method D4318) performed to aid in
soil classification.

e Six expansion tests (Southern Nevada Amendments to 2006 International
Building Code: Section 1802.3.3) performed to measure the expansion potential
of the embankment soils in the area of the observed RCC bulging.

e Four chemical tests (AWWA Test Methods 3500-NAD, 4500E, and 2540C)

performed to measure solubility and sodium  sulfate contents in the area of
observed RCC bulging.

The results of the laboratory tests are presented on the boring logs in Appendix A and
on Plates B-1 through B-6 in Appendix B. Chemical test results are presented following
Plate B-6. The 1991 laboratory tests are presented following the chemical test data with
the 1991 laboratory results corresponding to the MD area shaded.
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4.3 SUBSURFACE CONDITIONS

The transition between the levee fill and the native soil was distinguished considering
information presented on the project plans and observations made during drilling. This
contact should be considered approximately located. The levee embankment fill was
encountered along the alignment to depths ranging between two and 12 feet below the
levee crest and consisted of slightly moist to moist, medium dense to very dense and
stiff to very stiff, silty and clayey combinations of sand and gravel, and sandy and
gravelly lean clay. The USCS classifications of the levee embankment materials vary,
consisting of CL, SC-SM, SC, GM and GC. Blow counts greater than 45 were
measured in the levee embankment fill in all cases except one location in B-6 at a depth
of two feet near the transition to native materials, where a blow count of 27 was
measured.

The native soils encountered underlying the levee embankment generally consist of
interlayered zones of gravel, clay, and silt. The fines content of the gravel layers range
from approximately 10 percent to nearly 50 percent silt and clay. The gravel layers are
typically dense to very dense in consistency and contain zones of partial cementation.
The clay and silt layers were typically stiff to very stiff in consistency, low plasticity, and
contained five to 25 percent sand and gravel. Groundwater was not encountered during
our field exploration. Based on well data cited previously, groundwater is anticipated to
be present at a depth of approximately 80 feet below natural grade at the site.

The laboratory testing program included six expansion tests from Borings B-5 and B-6,
drilled in areas where a bulge in the waterside slope face was observed, as described in
Section 2.1.1. The expansion tests indicated swells in the range of five percent to nine
percent when tested from an oven-dried condition under a 60 psf surcharge. These
results correspond to a moderate to high potential for expansion by Clark County
standards (Southern Nevada Amendments to 2006 IBC; Table 1805.8.2).
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5.0 GEOTECHNICAL EVALUATION

5.1 ANALYSIS CRITERIA

There are no formal published design guidelines specifically for levee certification
analyses in Southern Nevada. For the purposes of this evaluation, the USACE levee
design criteria has been considered for general guidelines in the evaluation of the MD
performance for the 100 year design WSE.

The project design criteria discussed in the following sections is based on the following
USACE Engineering Manuals (EM) and Engineering Technical Letters (ETL):

e EM 1110-2-1913 “Design and Construction of Levees,” dated 30 April 2000
e ETL 1110-2-569 “Design Guidance for Levee Underseepage,” dated 1 May 2005

Seepage and slope stability analyses were performed to evaluate through and
underseepage, and stability of the MD embankments. Steady state seepage analyses
were performed following USACE guidelines. A transient analysis was performed to
estimate both maximum saturation during the 100 year flood duration and the time for
steady state conditions to develop under a sustained WSE.

The USACE Manual EM 1110-2-1913 identifies four types (Cases) of loading conditions
for slope stability analyses described below. The minimum slope stability Factor of
Safety (FOS) against failure for each of the cases is summarized in Table 5-1.

Case I: End of Construction This case addresses slope stability at the immediate
end of construction of the levee and is not required for longer term post-construction
levee evaluation.

Case ll: Sudden Drawdown This case represents a condition where the flood stage
fully saturates a majority of the levee embankment, followed by a stage where the water
falls faster than the soil can drain. A FOS of 1.0 applies to the case where pool levels
prior to drawdown are unlikely to persist for long periods preceding drawdown and is
judged to be applicable to the MD.
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Case lll Steady State Seepage from Full Flood Stage This condition occurs when
the water remains at or near flood stage levels, fully saturating the embankment soils.
A steady state seepage condition then occurs. The minimum required slope stability
FOS against failure for this case of 1.4 has been used in our evaluation.

Case IV Earthquake (Seismic) This case is currently under revision by the USACE
and no minimum FOS is provided in the guidance documents. A seismic slope stability
analysis was performed based on one-half the peak ground acceleration (PGA) of
0.10g. The seismic horizontal force coefficient used in the earthquake (seismic)
analysis was taken as one-half the PGA (i.e., 0.05g). Nevada Division of Water
Resources (DWR) Dam Guidelines for Design
(http://water.nv.gov/Engineering/Dams/design.cfm, accessed February, 2010) minimum
factor of safety for seismic stability was used as a guideline for this analysis.

Table 5-1
Minimum Required Slope Stability Factor of Safety
Case Minimum Factor of Safety
Case | — End of Construction (not applicable to this levee)
Case |l — Sudden Drawdown 1.0
Case Ill — Steady State Seepage 1.4
Case IV — Earthquake (Seismic) 1.0

In addition to the minimum required slope stability factors of safety, the USACE criterion
of allowable exit gradient <0.3 at the levee landside toe was considered in our seepage
analyses.

§.2 SELECTION OF CROSS-SECTIONS FOR ANALYSES

Ground surface and water surface elevations (WSE) used in our analyses for the MD
were provided by PBS&J. We understand the WSE is based on 100-year hydrology
combined with assumptions regarding upstream basin/levee performance. This water
surface is referred to as the 100-year WSE in this report and is referenced to NAVD88
elevations. We understand the WSE and survey data were provided with the level of
detail required for the evaluation of the civil engineering components of the MD. A
summary of the slope configuration and WSE for the MD is presented in the following
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Table 5-2. Graphical representations of the surveyed sections, including the WSE at
each location, are presented on Plates 2 through 5.

Table 5-2
Summary of Slope Configuration for Seepage and Stability Analysis
Waterside Landside
St:t;on 1‘:,%? ‘?v::f,t‘ Crest Toe Height Slope l-‘z?;; Crest Toe Height Slope !:I:;T:t
( Apprt'ax.) (feet) (feet) Elevation | Elevation Ratio A?ove Elevation | Elevation Ratio | Above
oe Toe
(feet) (feet) (feet) (H:V) (feet) (feet) (feet) (feet) | (H:V) (feet)
3+20 2493.4 23 2496.7 2488.9 8 3.6:1 5 2497 2494.9 2 7.2 -
7+70 2490.4 22 24934 2485.6 8 3.3:1 5 2493.5 2490.1 3 7.3:1 0.3
9+00 2489.6 25 2492.7 2484.7 8 3.6:1 5 24924 2483.4 9 3.6:1 6.2
14420 2485.8 27 2489.2 2481.1 8 321 5 2489.2 24831 6 5.0:1 2.7
16+20 2484 6 26 2487.8 2480.2 8 3.5:1 4 2487.8 2481.5 6 4.7:1 3.1
20+60 2481.6 28 2484.9 2476.9 8 3.2:1 5 2484.8 2480.6 4 6.3:1 1
26+50 2477.4 20 2480.9 2472.2 9 4.2:1 5 2480.9 2477.7 3 7.6:1 -
28+60 2476.2 30 2479.3 2470.5 9 3.2:11 6 2479.3 2478.6 <1 >10:1 -
32+80 2473 30 2476.8 2468.3 9 3.1:1 5 2476.8 2476 <1 >10:1 -
38+20 2469.6 24 2473 2464.4 9 3.21 5 24723 2470.9 1 4.2:1 -
41440 2467.5 25 2470.7 2462.6 8 3.3:1 5 2470.9 2468.4 3 8.5:1 -
45+30 2464.9 13 2468.3 2459.7 9 3.2:1 5 2468.2 2462.9 5 3.7:1 2
51450 2460.6 16 2464.4 2456 8 3.2:11 5 2464.6 2459 6 4.1:1 1.6
56+30 2457.2 16 2461 2452 9 3.2:1 5 2461.2 2455 6 3.8:1 2.2
63+40 2452.7 14 2456.2 24475 9 3.1:1 5 2456.2 2450.2 6 3.5:1 25
69+90 2448.3 15 24514 24428 9 3.4:1 5 24515 24456 6 3.71 2.7
74+20 2445 15 2448.7 2439.7 9 3.5:1 5 2448.8 24446 4 4.3:1 0.4
79+00 24423 14 24456 2436.8 9 3.5:1 6 24457 2440.6 5 4.3:1 1.7
84+00 2437.9 25 24421 2433.8 8 2.8:1 4 24422 2437.6 5 4.7:1 0.3
84+10 2437.7 25 2442 2433.6 8 281 4 2442 2437 5 4.7:1 0.7
84+40 24341 16 2441.2 2431.1 10 3.7:1 3 24415 2436.9 5 6.2:1 -
85+40 2432.9 25 24375 2427.8 10 3.6:1 5 2437.5 2436.5 1 >10:1 -
85+80 2432.5 25 2436.3 24273 9 3.3:1 5 2436.5 2435.5 1 >10:1 -
91+10 2427.1 27 2431.1 2423.4 8 3.4:1 4 2431 2430.6 1 >10:1 -

Note: Shaded cross-sections were selected for analysis.

As summarized in the above table and shown graphically on Plates 2 through 5, the
waterside heights along the alignment generally range from eight feet to 10 feet.
Landside heights vary from one to nine feet, with the maximum height of nine feet at
Station 9+00. As shown in Table 5-2, the maximum WSE relative to the landside toe is
6.2 feet, located at Station 9+00. The levee cross-section at Station 9+00 was judged
to be a critical section based on the landside slope height and inclination and WSE
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relative to landside toe and, therefore, selected for our seepage and slope stability

analyses.

The steepest waterside slope corresponds to Station 84+10, with a surveyed height of
eight feet at this location. A slope stability analysis was, therefore, performed for this
station. The difference in elevation between the landside toe and WSE is approximately
one foot at Station 84+10. The section at this station is not judged to be a critical case

for seepage estimates.

Slope angles and heights as surveyed were used in our analyses. A crest width of 12
feet was conservatively used for all analyses; as shown in Table 2.2.1, surveyed crest
widths ranged from 13 to greater than 30 feet with 16 of the 24 locations surveyed at 20
feet or more. The locations of the cross-sections analyzed are included on Plate 2,
Plate 5, and Plate 6.

5.3 SEEPAGE AND STABILITY ANALYSES

Transient and steady state seepage analyses along with slope stability analyses were
performed on two cross-sections of the MD as discussed in Section 5.2 and indicated
on Table 5-2. The RCC lining was neglected in both the seepage and slope stability
analyses performed. Details regarding the analyses performed, material properties
used in the analyses, boundary conditions assumed in the analyses, and the results of
the analyses are presented in the following Sections 5.3.1 through 5.3.6.

5.3.1 Analyses Details

Seepage and slope stability analyses were performed to evaluate through and
underseepage, and stability of the MD embankments. A transient analysis was
performed for both cross-sections to estimate both maximum saturation during the 100
year flood duration and the time for steady state conditions to develop under a
sustained WSE. Design parameters input into the seepage analysis and slope stability
model included the embankment geometry, the approximate unit weight, and other
physical properties of the native and embankment fill soils. The WSE used in our
analyses was previously discussed in Section 5.2.
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Seepage analyses were performed using SEEP/W, a component of the GeoStudio 2007
Suite v.7.16. Slope stability analyses were conducted using the software program
SLOPE/W, also a component of the GeoStudio 2007 suite. The FOS against slope
failure was calculated using the SLOPE/W entry/exit search routine to determine the
critical failure surface by Spencer's method. Failures originating at the crest (entry
point) and exiting near the toe which were a minimum of five feet thick were considered
in our analyses. Shallow failures or failures impacting only part of the slope were
judged to be maintenance issues and not a true slope failure. Spencer's method is a
two-dimensional limit-equilibrium method that satisfies force equilibrium of slices and
overall moment equilibrium of the potential sliding mass.

For the Sudden Drawdown Case, the “three-stage procedure” required by the USACE is
adopted. Pre- and post-drawdown pore water pressures were computed by SLOPEW
based on the input water surface elevations as defined by the “three-stage procedure.”
The pre-drawdown water surface is based on an estimated phreatic surface within the
embankment as determined in the steady-state seepage analysis using the maximum
WSE provided for the 100 year event. The post-drawdown water level is computed
assuming a phreatic surface is present in the embankment and the channel is empty.

Input parameters to the slope stability analysis include the levee slope configuration,
unit weight, shear strength properties of levee embankment and foundation materials,
and the location of the phreatic surface for each case analyzed. After a potential failure
surface has been assumed, the soil mass located above the failure surface is divided
into a series of vertical slices. Forces acting on each slice include the slice weight, the
pore pressure, the normal force on the base, the mobilized shear force (including both
cohesion and friction), and the horizontal side forces due to earth pressures.

The FOS is calculated by determining the ratio of the resisting force (friction and/or
cohesion along the failure surface) to the driving forces about the center of the assumed
failure surface. The computer program performs automatic searches of different
potential failure surfaces to compute the lowest FOS corresponding to a critical failure
surface for a particular analysis condition.

Pore water pressure distribution as calculated by SEEP/W was used in the slope
stability analysis with steady state seepage conditions for the maximum saturation case.
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An embankment WSE equal to that of the design flood was used for the Sudden
Drawdown analysis. As described in Section 5.1, our analyses considered three types
of loading conditions: Steady Seepage from Full Flood Stage (Steady State), Sudden
Drawdown, and Earthquake (Seismic).

5.3.2 Soil Models

Soil parameters were selected for the levee cross-sections analyzed at Stations 9+00
and 84+00 considering the results from the recent 2009 and previous 1991 field
explorations, the laboratory testing programs, density test data for the embankment fill
soils from the materials testing report, and our experience with similar soil types. Two
soil models were developed and analyzed for the Station 9+00 geometry and reflect the
results of the 2009 and 1991 explorations as well as our understanding of the site

geology.

Boring B-1 (Plate A-2) was drilled at Station 9+00. The embankment fill encountered
was heterogeneous, consisting of interlayered low plasticity cohesive soils and granular
soils with silty and clayey fines. Lab test data from the 2009 explorations indicates that
the embankment materials have fines contents between 30 and 55 percent. In Boring
B-1, the native soils encountered generally consisted of gravel with varying amounts of
silt and clay at depths greater than the landside embankment toe, underlain by very stiff,
low to moderately plastic clayey soils. Lab test data indicates fines contents in the
native cohesive and granular soils ranging from 70 to 95 and 10 to 50 percent,
respectively.  Results of explorations and lab testing from the previous 1991
explorations performed prior to construction of the MD indicate that the near surface
soils at wash crossings were generally granular with fines contents as low as five
percent.

The two soil models Case | and Case Il developed for the levee geometry at Station
9+00 are based on the following considerations. The results of 2009 explorations and
lab test data indicate that the embankment fill is a heterogeneous combination of silt,
clay, sand and gravel, consistent with construction from a blended mixture of on-site
materials. Based on the results of the explorations and our understanding of the site
geology, the native soils present in the cut portions of the embankment consist of fine-
grained clay with lesser amounts of interlayered silt and the more granular stream
terrace deposits of the Las Vegas Wash overlying the fine-grained soils. This is
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