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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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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: 

• Section 2 – Overview of applicable design criteria from CFR 65.10  
• Section 3 – Engineering analysis (survey data, site visits, H&H analysis, etc.) 
• 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 III, 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, Volumes 1-10, 
April 20th, 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 16th, 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 III 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: 

• Data collection and review 
• Detailed field surveys and investigation 
• On-site inspections and coordination with maintenance personnel 
• Hydrologic and hydraulic analysis 
• Review of Operation and Maintenance Manual 
• Documentation and report preparation 
• 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: 

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

• Site reconnaissance and a geotechnical inspection of the MD structure 
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• Drilling six exploratory borings along the alignment on the levee crest 
• Conducting laboratory testing on representative samples obtained from the 

borings 
• Conducting seepage and slope stability analyses using SEEP/W and 

SLOPE/W computer programs, respectively 
• 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 23rd, 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 IV) 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.  
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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 II.  
 
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 IX, 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 II), may be used. The factors that 
shall be addressed in the analyses include: Depth of flooding, duration of flooding, embankment 
geometry and length of seepage path at critical locations, embankment and foundation materials, 
embankment compaction, penetrations, other design factors affecting seepage (such as drainage 
layers), and other design factors affecting embankment and foundation stability (such as berms). 
 
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 I. 
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 I.  

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

(c)(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.  

(c)(1)(ii). A formal plan of operation including specific actions and assignments of responsibility 
by individual name or title.  

(c)(1)(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 

(c)(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:  
 

(c)(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.  

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

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

(c)(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.  



Moccasin Diversion TSDN  CFR 65.10 Criteria 

 2-8 June 2010 

 
Table 2-1  CFR 65.10 Compliance Summary Table – Moccasin Diversion 

 

44 CFR 
65.10 

Section 
Number 

Criteria Description

N
ot

 A
pp

lic
ab

le

A
cc

ep
ta

bl
e

U
na

cc
ep

ta
bl

e

(b)(1) 3-ft minimum freeboard above BFE X
(b)(1) Additional 1-ft freeboard within 100-ft of structures/constrictions X
(b)(1) 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

(c)(1)(i) Documentation of flood warning system X
(c)(1)(ii) Formal plan of operation X
(c)(1)(iii) Provisions for periodic operation for testing/training (at least annual) X

(c)(2)(i) Documentation of interior drainage flood warning system X
(c)(2)(ii) Formal plan of operation for interior drainage X
(c)(2)(iii) Provisions for manual backup for activation of automatic systems X
(c)(2)(iv) Provisions for periodic operation for testing/training (at least annual) X

(c)(3) Other operation plans and criteria required in specific situations X

(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

(e) Certified as-built plans X

Design Criteria (b)

Operation Plans and Criteria (c)

Maintenance Plans and Criteria (d)

Certification Requirements (e)

Interior Drainage Systems

Closures
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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 
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3.2. Field Reconnaissance  

An inspection of the MD was conducted by PBS&J on March 4th, 2009. A separate 
geotechnical inspection of the MD was performed by Kleinfelder on March 25th, 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 I. 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 IV.  

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 IV). 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. 
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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 IV.  

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 IV). 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 
(NAVD88). When necessary, elevation values (from as-built plans, hydraulic models, 
etc.) were converted from the National Geodetic Vertical Datum of 1929 (NGVD29) to 
NAVD88 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 
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*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 
documented in the Technical Support Data Notebook (TSDN, volumes 1-10) dated April 
20th, 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 650551 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 

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

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

• Site reconnaissance and a geotechnical inspection of the MD levee structure; 

• Drilling six exploratory borings along the alignment on the levee crest; 

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

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

• Evaluating settlement potential; and 

• 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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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 I for more detailed 
information.  
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