Attachment SE
| evee Performance Curves







CENTRAL VALLEY
FLOOD MANAGEMENT
PLANNING PROGRAM

CALIFORNIA

2012 Central Valley Flood Protection Plan

Attachment 8E: Levee Performance
curves

June 2012

STATE OF CALIFORNIA
THE NATURAL RESOURCES AGENCY
DEPARTMENT OF WATER RESOURCES



This page left blank intentionally.

June 2012



Table of Contents

1.0

2.0

3.0

4.0

5.0

6.0

INEFOTUCTION. ...ttt 1-1
1.1 Purpose of this Attachment ............ccoovvvviiiiiii e, 1-1
1.2 = 7= Tod (o [ (o 11 [ 1-1
1.3 CVFPP Planning Ar€as .......ccciiieeeiieeeiiiiiiiieeeeeeeeeesiiiinseeeeeeeeeennns 1-2
1.4 2012 CVFPP Planning Goals ..........c.uuviiiiiieeiiieeiiiciie e 1-4
15 2012 CVFPP Planning Approaches .........ccccccceevvvveiiiciiiieeeeee, 1-4
1.6 Levee Performance CUIVES........ccoooiiiiiiee 1-6
1.7 Report Organization ...........coeuuuiiiiiii e 1-7
Levee Performance Curve LOCAtIONS .........c.uuvuiiiiiieiiiiiiiiiiiie e 2-1
1YY T T (o] [ Yo | U 3-1
3.1 Developing Levee Performance Curve Methodology Overview 3-1

3. 1.1 Data REVIEW ...cceevviiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeee ettt 3-1

3.1.2 Levee EXpert Panel .........ooovviiiiiiiiiiiieccie e 3-2

3.1.3 SensitiVity ANAIYSIS ......ccovviiiiiiiiiee e 3-2
3.2 Sources of Levee Performance Data ............ccccceeeeeieiiiiiinennnn, 3-3

3.2.1 Urban Levee Evaluations Project..........cccccceevvieieiiiieiiiiiineeeen, 3-3

3.2.2 Non-Urban Levee Evaluations Project............cccccevvvvvvvvvnnnnnn. 3-3
3.3 Levee Performance Curves for NULE Levee Segments ........... 3-4
3.4 Levee Performance Curves for ULE Levee Segments.............. 3-9
3.5 ANOMAIOUS HAZArdS ........uuvvuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeees 3-15
3.6 Capabilities Of HEC-FDA .......cooiiieeieeeeciee e 3-17
RESUIES e 4-1
4.1 SUMIMABIY ..t e et e e e e e e e e e e e e eerna s 4-1
4.2 LIMITATIONS ... 4-25
RETEIBNCES ... 5-1
Acronyms and ABDIreviationS...........ccoovo i 6-1

June 2012

Contents



2012 Central Valley Flood Protection Plan
Attachment 8E: Levee Performance Curves

List of Tables

Table 2-1.

Table 2-2.

Table 3-1.

Table 3-2.

Table 4-1.

Table 4-2.

Levee Performance Curve Summary for Sacramento River

List of Figures

Figure 1-1.

Figure 1-2.

Figure 1-3.

Figure 2-1.

Figure 2-2.

Figure 3-1.

Figure 3-2.

Figure 3-3.

BaASIN et 2-1

Levee Performance Curve Summary for San Joaquin River

BaASIN .. e a e 2-3

Levee EXpert Panel ... 3-2

Anomalous Hazard Groups and Suggested Modifications to

Parent Segment Category Ratings..........ccceeeeeeeeiievieiiiiciiiee e, 3-16

Sacramento River Basin Levee Performance Curves................... 4-2

San Joaquin River Basin Levee Performance Curves ................ 4-14

Central Valley Flood Protection Plan Planning Areas ................... 1-3

Formulation Process for State Systemwide Investment

Y o] o] - T o 1S 1-5

Conceptual Levee Performance Curve Examples............cccoeeeeeees 1-7

Levee Performance Curve Locations, Sacramento River

BaASIN .. e a e 2-5

Levee Performance Curve Locations, San Joaquin River

BaASIN .. e 2-6

Conceptual NULE Levee Performance Curves for Hazard

Categories Low (A), Moderate (B), and High (C) ..........cceeevvvevnnnnnn 3-6

Example NULE Levee Performance Curve...........ccccceeeeeeeeeveennnnns 3-8

Relationship Between Vertical Exit Gradient and Probability

(o) = V| U= 3-10
June 2012



Figure 3-4.
Figure 3-5.
Figure 3-6.

Figure 3-7.

June 2012

Example ULE Under-Seepage Levee Performance Curves........ 3-12
Example ULE Stability Levee Performance Curves.................... 3-13
Example ULE Through-Seepage Levee Performance Curves.... 3-14

Example ULE Levee Performance CUrves.........cccccccccceieeeeeeenne, 3-15

Contents



2012 Central Valley Flood Protection Plan
Attachment 8E: Levee Performance Curves

This page left blank intentionally.

iv June 2012



1.0 Introduction

This section provides the purpose of this attachment, background
information (including planning areas, goals, and approaches), an overview
levee performance curves, and report organization.

1.1 Purpose of this Attachment

The hydraulic and economic analysis of the State Plan of Flood Control
(SPFC) facilities for the Central Valley Flood Protection Plan (CVFPP) is
based on analysis methodologies and computer models developed for the
2002 Sacramento-San Joaquin River Basins Comprehensive Study
(Comprehensive Study) conducted by the U.S. Army Corps of Engineers
(USACE) and the California Department of Water Resources (DWR)
between 1998 and 2002 (2002). In that study, levee performance curves®
were used to describe the ability of a given levee segment to withstand
specified water surface elevations without breaching.

To reflect the most current levee conditions, new levee performance curves
were developed using the recently generated data and preliminary
evaluations from DWR’s Urban Levee Evaluation (ULE) and Non-Urban
Levee Evaluation (NULE) levee segments/reaches in the Sacramento River
(North) and San Joaquin River (South) basins, in lieu of the
Comprehensive Study levee performance curves. The new levee
performance curves were based on geotechnical data and evaluations
performed through summer 2011.

This attachment first describes the expert consultation process that resulted
in equations and techniques for using ULE and NULE data/preliminary
evaluations to develop levee performance curves. Next, the methodology
used to develop the levee performance curves is described and applied
using the ULE and NULE data/preliminary evaluations.

1.2 Background
As authorized by Senate Bill 5, also known as the Central Valley Flood

Protection Act of 2008, DWR has prepared a sustainable, integrated flood
management plan called the CVFPP, for adoption by the Central Valley

! The term levee performance curves and fragility curves are synonymous.
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Flood Protection Board (Board). The 2012 CVFPP provides a systemwide
approach to protecting lands currently protected from flooding by existing
facilities of the SPFC, and will be updated every 5 years.

As part of development of the CVFPP, a series of technical analyses were
conducted to evaluate hydrologic, hydraulic, geotechnical, economic,
ecosystem, and related conditions within the flood management system and
to support formulation of system improvements. These analyses were
conducted in the Sacramento River Basin, San Joaquin River Basin, and
Sacramento-San Joaquin Delta (Delta).

The DWR Levee Evaluations Program includes the ULE Project, covering
State-federal Project (project) and appurtenant non-project levees in highly
populated areas, and the NULE Project, which covers the remaining project
and appurtenant non-project levees. The ULE Project includes
approximately 470 miles of project and non-project levees protecting
populations of 10,000 people or more, and the NULE Project includes
1,620 miles of project and non-project levees protecting populations of
fewer than 10,000 people. Non-project levees are considered appurtenant
and are included in the DWR Levee Evaluations Program when these
levees protect part of an overflow basin partially protected by project
levees or may impact the performance of project levees.

1.3 CVFPP Planning Areas

For planning and analysis purposes, and consistent with legislative
direction, two geographical planning areas were important for CVFPP
development (Figure 1-1):

e SPFC Planning Area — This area is defined by the lands currently
receiving flood protection from facilities of the SPFC (see State Plan of
Flood Control Descriptive Document (DWR, 2010)). The State of
California’s (State) flood management responsibility is limited to this
area.

e Systemwide Planning Area — This area includes the lands that are
subject to flooding under the current facilities and operation of the
Sacramento-San Joaquin River Flood Management System (California
Water Code Section 9611). The SPFC Planning Area is completely
contained within the Systemwide Planning Area, which includes the
Sacramento River Basin, San Joaquin River Basin, and Delta regions.
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System CWC§ 9611, CWC§ 9614(d, e) (completely

The CVFPP describes facilities and flood management
problems in this area and proposes solutions, while not

extending the State’s responsibility (CWC§ 9603(b)).
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also be considered. All lands that receive protection from the
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upstream flood management system will also be analyzed
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CWC = California Water Code
SPFC = State Plan of Flood Control
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Figure 1-1. Central Valley Flood Protection Plan Planning Areas
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Planning and development for the CVFPP occurs differently in these
planning areas. The CVFPP focused on SPFC facilities; therefore,
evaluations and analyses were conducted at a greater level of detail within
the SPFC Planning Area than in the Systemwide Planning Area.

The newly developed levee performance curves are used to support
geotechnical levee reliability for hydraulic models of the Sacramento and
San Joaquin rivers and major tributaries contained within the SPFC
Planning Area. Levee performance curves located within the Stockton
Area are discussed in Attachment 8C: Riverine Channel Evaluations.

1.4 2012 CVFPP Planning Goals

To help direct CVFPP development to meet legislative requirements and
address identified flood-management-related problems and opportunities, a
primary and four supporting goals were developed:

e Primary Goal — Improve Flood Risk Management

e Supporting Goals:

Improve Operations and Maintenance

Promote Ecosystem Functions

Improve Institutional Support

Promote Multi-Benefit Projects

The work described in this attachment is related to the primary goal of
improving flood risk management. The levee performance curves help to
understand and model the way SPFC levees react to floodwaters and what
improvements to the levees may be required to provide desired levels of
protection.

1.5 2012 CVFPP Planning Approaches

In addition to No Project, three fundamentally different approaches to
flood management were initially compared to explore potential
improvements in the Central Valley. These approaches are not alternatives;
rather, they bracket a range of potential actions and help explore tradeoffs
in costs, benefits, and other factors important in decision making. The
approaches are as follows:

June 2012
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e Achieve SPFC Design Flow Capacity — Address capacity
inadequacies and other adverse conditions associated with existing
SPFC facilities, without making major changes to the footprint or
operation of those facilities.

¢ Protect High Risk Communities — Focus on protecting life safety for
populations at highest risk, including urban areas and small
communities.

¢ Enhance Flood System Capacity — Seek various opportunities to
achieve multiple benefits through enhancing flood system storage and
conveyance capacity.

Comparing these approaches helped identify the advantages and
disadvantages of different combinations of management actions, and
demonstrated opportunities to address the CVFPP goals to different
degrees.

Based on this evaluation, a State Systemwide Investment Approach was
developed that encompasses aspects of each of the approaches to balance
achievement of the goals from a systemwide perspective, and includes
integrated conservation elements. Figure 1-2 illustrates this plan
formulation process.

The levee performance curves developed from the ULE and NULE data
describe the No Project condition of the levees. Each of the approaches
described above would require modifications or improvements to levees
with levee performance curves that result in levels of protection lower than
desired for a given location in the particular approach.

CVFPP Goals Management Actions Approach Comparison mf;::;ﬁgff:;ﬂggh

« Improve Flood Risk » Repairs and improvements )
Management to levees, weirs, bypasses Ach:gve SPFC ‘
+ Improve Operations » New conveyance facilities g Design Fiow Capacty) State
and Maintenance . . = ;
* Operations and mainte- S e Systemwide
+ Promote Ecosystem nance actions < ProtectHigh Risk y
Fiietions _ _ & Communities Investment
+ Reservoir and floodplain - Avproach
+ Improve Institutional storage § Enhance Flood PP
Support + Habitat conservation and System Capacity
* Promote Multi-Benefit ecosystem functions
Projects * Floodplain management - ;
P g Policies and Guidance

and residual risk reduction

Figure 1-2. Formulation Process for State Systemwide Investment
Approach

June 2012 1-5



2012 Central Valley Flood Protection Plan
Attachment 8E: Levee Performance Curves

1-6

1.6 Levee Performance Curves

Levee performance curves developed for the CVFPP provide relationships
between river water surface elevation (stage) and the probability that the
levee segment will fail when exposed to that water surface elevation
without human intervention (floodfighting). In this application, “failure” is
defined as a levee breach in which water from the waterside of the levee is
allowed to flow in an uncontrolled manner to the landside of the levee,
potentially resulting in loss of life, personal injury, property damage, and
economic loss. The approach used to develop levee performance curves
herein generally follows a process similar to that described in the USACE
Manual Engineering Technical Letter (ETL) 1110-2-556 (USACE, 1999).

Figure 1-3 provides three example levee performance curves. The
probability of failure is plotted on the vertical (dependent) axis and water
surface elevation is plotted on the horizontal (independent) axis.
Probability of failure is shown on the vertical or dependent axis because
probability of failure is a function the channel stage. The range of water
surface elevations of interest begin at the landside toe of a levee, below
which the probability of failure is assumed to be zero, to the levee crest,
where the probability of failure is assumed to be 100 percent because of
overtopping.

The three example levee performance curves shown in Figure 1-3 represent
the performance of a “poor” levee, a “good” levee, and a “generic” levee.
The performance for the good levee shows a low probability of failure until
higher water levels are reached and is concave upward, while the
performance curve for the poor levee shows a high probability of failure
even at low water surface elevations, and is concave downward (convex).
The performance curve for the generic levee includes elements of both the
poor and the good levees and follows a characteristic levee performance
curve “s” shape.

An assessment water surface elevation is also shown in Figure 1-3. The
ULE Project has performed geotechnical evaluations for a number of water
surface elevations (e.g., 100- and 200-year flood levels). For the NULE
Project, geotechnical assessments have been completed that consider likely
levee performance at only a single design or assessment water surface
elevation (typically the 1955/1957 water surface profile) (Kleinfelder, 2010
and URS, 2010b). For areas that require further study, additional NULE
Project work may include geotechnical evaluations as for those areas as
needed.

Figure 1-3 also shows the probable non-failure point (PNP) and probable
failure point (PFP), representing 15 percent and 85 percent probabilities of
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failure, respectively. Previous studies developing levee performance curves
for Central Valley levees (e.g., Comprehensive Study, USACE, 2002) have
made use of these terms, but they are not used in developing the levee
performance curves for the CVFPP. The PFP, or 85 percent probability of
failure, however, is used to set the levee failure elevation for use in the
hydraulic models.

1.00 7 . "
poor” levee
085 +— — — — —
g
=
© “ "
L good” levee
o
Pr, >
E
8
=) Assessment Water
& Surface Elevation
015 | |
0.00 | I l 1
Toe PNP PFP Crest
Key:
Crest = levee crest PNP = probable nonfailure point
PFP = probable failure point Toe = levee toe

Figure 1-3. Conceptual Levee Performance Curve Examples

1.7 Report Organization
Organization of this document is as follows:

e Section 1 introduces and describes the purpose of this attachment. It
also provides an overview of levee performance curves.

e Section 2 provides a summary of results and findings.

e Section 3 describes the methodology used to develop the levee
performance curves.

e Section 4 describes the results in more detail.
e Section 5 contains references for the sources cited in this document.

e Section 6 lists acronyms and abbreviations used in this document.

June 2012

1.0 Introduction

1-7



2012 Central Valley Flood Protection Plan
Attachment 8E: Levee Performance Curves

This page left blank intentionally.

1-8 June 2012



2.0 Levee Performance Curve Locations

2.0 Levee Performance Curve
Locations

A total of 307 new levee performance curves were developed using ULE
and NULE data and methodologies described in Section 3. Levee
performance curves were grouped according their location within the SPFC
Planning Area. The SPFC Planning Area is separated into different impact
areas. An impact area is a unique, contiguous floodplain located along a
stream or waterway. Most impact areas in the SPFC Planning Area are
protected by levees. At least one levee performance curve was developed
for each of the impact areas, where levees are present, in the SPFC
Planning Area. Many of the impact areas have more than one levee.
Tables 2-1 and 2-2 show the number of levee performance curves
developed for each impact area and the methodology used (ULE/NULE),
and Figures 2-1 and 2-2 map the locations of the levee performance curves
for the Sacramento River Basin and San Joaquin River Basin, respectively.

Table 2-1. Levee Performance Curve Summary for Sacramento River Basin

Impact Number of Levee

Area Name Performance Methodology

Curves

SACO01 Woodson Bridge East 0 N/A
SACO02 Woodson Bridge West 0 N/A
SAC03 | Hamilton City 1 NULE!
SAC04 | Capay 1 NULE!
SACO05 Butte Basin 10 NULE
SACO06 Butte City 1 NULE
SACO07 Colusa Basin North 5 NULE Anomalous®
SACO08 Colusa 1 NULE
SAC09 Colusa Basin South 4 NULE Anomalous®
SAC10 Grimes 1 NULE
SAC11 RD 1500 West 2 NULE
SAC12 | Sycamore Slough 1 NULE!
SAC13 | Knight's Landing 1 NULE!
SAC14 | Ridge Cut (North) 3 NULE
SAC15 | Ridge Cut (South) 3 NULE
SAC16 RD 2035 6 ULE
SAC17 East of Davis 3 ULE
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Table 2-1 Levee Performance Curve Summary for Sacramento River
Basin (contd.)

Number of
"Area. Name Performance Methodology
Curves
SAC18 | Upper Honcut 1 NULE!
SAC20 Gridley 1 ULE
SAC21 | Sutter Buttes East 3 NULE®
SAC22 Live Oak 1 ULE
SAC23 | Lower Honcut 2 NULE*
SAC24 Levee District No. 1 6 NULE
SAC25 Yuba City 2 ULE Anomalous Hazard?
SAC26 Marysville 3 ULE Anomalous Hazard?
SAC27 Linda-Olivehurst 3 NULE Anomalous Hazard"?
SAC28 RD 384 2 ULE
SAC29 Best Slough 8 NULE Anomalous Hazard 2
SAC30 RD 1001 5 NULE
SAC32 RD 70-1660 5 NULE
SAC33 Meridian 1 NULE
SAC34 RD 1500 East 1 NULE
SAC35 Elkhorn 7 NULE
SAC36 Natomas 4 NULE Anomalous Hazard?
SAC37 | Rio Linda 1 NULE"
SAC38 West Sacramento 1 ULE
SAC39 | RD 900 1 ULE
SAC40 Sacramento North 2 ULE
SAC41 RD 302 1 NULE
SAC42 RD 999 3 NULE
SACA43 Clarksburg 1 NULE
SAC44 Stone Lake 3 NULE Anomalous Hazard?
SAC45 Hood 1 NULE
SAC46 Merritt Island 2 NULE
SAC47 RD 551 2 NULE
SAC48 Courtland 1 NULE
SAC49 Sutter Island 3 NULE
SAC51 Locke 2 NULE
SAC52 Walnut Grove 1 NULE
SAC53 Tyler Island 1 NULE
SAC54 Andrus Island 8 NULE Anomalous Hazard?
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Table 2-1 Levee Performance Curve Summary for Sacramento River Basin

2.0 Levee Performance Curve Locations

(contd.)
Impact Number of Levee
P Name Performance Methodology
Area
Curves
SAC55 Ryer Island 5 NULE Anomalous Hazard?
SAC56 Prospect Island N/A TOL
SAC57 Twitchell Island 1 NULE
SAC58 Sherman Island 8 NULE Anomalous Hazard?
SAC59 Moore 6 NULE Anomalous Hazard?
SAC60 Cache Slough 1 NULE
SAC61 Hastings 1 NULE
SAC62 Lindsey Slough 3 NULE
SAC63 Sacramento South 1 ULE
Notes:

! Additional evaluations were required; initial ULE/NULE Project evaluations did not evaluate/assess
levees in this impact area.
2 A short anomalous section within the impact area had a lower levee performance curve than

surrounding levees. Used data that resulted in the most conservative (highest hazard) levee performance

curve.
Key:

N/A = not applicable — no levee
No. = number

NULE = Non-Urban Levee Evaluations

RD = Reclamation District
TOL = top of levee
ULE = Urban Levee Evaluations

Table 2-2. Levee Performance Curve Summary for San Joaquin River

Basin
Impact Number of Levee
Area Name Performance Methodology
Curves

SJo1 Fresno 0 N/A
SJ02 Fresno Slough East 3 NULE
SJ03 | Fresno Slough West 1 NULE!
SJ04 | Mendota 1 NULE"
SJO5 Chowchilla Bypass 2 NULE
SJ06 Lone Willow Slough 6 NULE
SJo7 Mendota North 1 NULE
SJ08 | Firebaugh 1 NULE!
SJ09 Salt Slough 3 NULE
SJ10 Dos Palos Used SJ09° NULE
SJ11 Fresno River 5 NULE
SJ12 Berenda Slough 6 NULE
SJ13 Ash Slough 2 NULE
SJ14 Sandy Mush 6 NULE
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Table 2-2. Levee Performance Curve Summary for San Joaquin River Basin

(contd.)
Impact Number of Levee
Area Name Performance Methodology
Curves
SJ15 Turner Island 3 NULE
SJ16 Bear Creek 2 NULE
SJ17 Deep Slough 4 NULE
SJ18 West Bear Creek 2 NULE
SJ19 Fremont Ford 1 NULE
SJ20 Merced River 0 N/A
SJ21 Merced River North 3 NULE Anomalous Hazard?
SJ22 Orestimba 2 NULE Anomalous Hazard?
SJ23 Tuolumne South 2 NULE
SJ24 Tuolumne River 1 NULE
SJ25 Modesto 0 N/A
SJ26 3 Amigos 3 NULE
SJ27 Stanislaus South 2 NULE
SJ28 Stanislaus North 4 NULE
SJ29 Banta Carbona 4 NULE
SJ30 Paradise Cut 1 NULE
SJ31 Stewart Tract 6 NULE Anomalous Hazard?
SJ32 | East Lathrop 1 NULE!
SJ33 | Lathrop/ Sharpe 1 NULE!
SJ34 | French Camp 1 NULE!
SJ35 | Moss Tract 1 NULE"
SJ36 Roberts Island 5 NULE
SJ37 Rough and Ready Island 1 ULE
SJ38 | Drexler Tract 2 NULE*
SJ39 Union Island 1 NULE
SJ40 Southeast Union Island 3 NULE
SJ41 Fabian Tract 1 NULE
SJ42 | RD 1007 1 NULE"
SJ43 Grayson 1 NULE
Notes:

! Additional evaluations were required; initial ULE/NULE Project evaluations did not evaluate/assess levees in
this impact area.
2 A short anomalous section within the impact area had a lower levee performance curve than surrounding
levees. Used data that resulted in the most conservative (highest hazard) levee performance curve.

% SJ10 is part of SJ09; therefore, SJ10 used the same levee performance curve as SJ09.

Key:

N/A = not applicable — no levee
NULE = Non-Urban Levee Evaluation
RD = Reclamation District

ULE = Urban Levee Evaluations
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Figure 2-1. Levee Performance Curve Locations, Sacramento River Basin
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3.0 Methodology

3.0 Methodology

This section describes the methodology used to develop levee performance
curves, a description of the sources of the data, and a detailed description of
the process for developing levee performance curves for both ULE and
NULE Project segments.

Note that the detailed description of the process for developing levee
performance curves is first described for NULE Project segments. This is
because some of the data developed for the NULE levee performance
curves were used in the ULE assessment, as additional ULE work has yet
to be completed.

3.1 Developing Levee Performance Curve
Methodology Overview

The methodology used to develop levee performance curves included
review of the data, formulation of a levee expert panel, and a sensitivity
analysis.

3.1.1 Data Review

To begin the task of developing levee performance curves, two levee
evaluation teams, one in the north study area and one in the south study
area, were formed. These teams reviewed the data collected and
conclusions drawn during preparation of the NULE Geotechnical
Assessment Report (GAR), and the hazard maps developed to support the
ULE study areas in the Flood Control System Status Report (FCSSR)
(DWR, 2011) (URS, 2010a). Each team compiled and summarized key
performance events relevant to preparation of levee performance curves,
such as information related to historical levee failures and estimates of the
water surface elevation during these events, using readily available records.

Based on review and compilation of this information, a standard set of
levee performance curves was developed for application to ULE and
NULE levee segments. The approach used to develop levee performance
curves generally follows a process similar to that described in USACE
Manual ETL 1110-2-556 (USACE, 1999).
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3.1.2 Levee Expert Panel

A levee Expert Panel was formed to provide technical expertise, advice,
and review (Table 3-1). This panel met multiple times, from fall 2010
through spring 2011, during the development of the levee performance
curve methodology. The comments and suggestions of the levee Expert
Panel were incorporated in the development of two separate levee
performance curve tools (Excel workbooks), one for ULE levees and one
for NULE levees. These tools incorporated and made use of data generated
during earlier ULE and NULE work, and provided the user options for
generating levee performance curves.

Table 3-1. Levee Expert Panel

Name Organization
David Ford (facilitator) David Ford Consulting Engineers
Ray Costa Consultant to DWR
Mike Inamine DWR
Steve Verigen GEI
Les Harder HDR
Scott Anderson Kleinfelder
Pat Dell Neil O. Anderson and Associates
Ram Kulkarni URS Corporation
Michael Ramsbotham USACE
Ed Ketchum USACE

Key:
DWR = California Department of Water Resources
USACE = U.S. Army Corps of Engineers

3.1.3 Sensitivity Analysis

A sensitivity analysis was performed to evaluate the effect on estimated
damage from varying parameters in the levee performance curve tool.
Additionally, preliminary hydraulic modeling was conducted using a
complete set of preliminary levee performance curves to evaluate (1) how
these draft levee performance curves worked in the context of the existing
hydraulic model, and (2) the number of levee failures predicted using the
model and preliminary levee performance curves. These results were used
to assess how well the results from the models approximated general
historical flood conditions. Refinement of the preliminary ULE and NULE
levee performance curve tools followed the sensitivity analysis and
preliminary hydraulic modeling.
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3.2 Sources of Levee Performance Data

The ULE Project has subdivided levees into reaches that are typically on
the order of thousands of feet long. The NULE Project has assessed
individual levee segments, which are generally two to five miles long, but
were as long as 25 miles at some locations. Results of the ULE and NULE
projects are summarized in the FCSSR (DWR, 2011).

3.21 Urban Levee Evaluations Project

The ULE Project evaluated 470 miles of levees. Based on an initial phase
of field explorations, laboratory testing, and subsequent geotechnical
analysis, levees in each urban study area were subdivided into reaches,
typically 1,000 feet to 3,000 feet long. For the ULE study areas, the ULE
teams reviewed data and analysis results from the ULE Technical Review
Memoranda (URS, 2007-2010); Phase 1 Geotechnical Data Reports (URS,
2008-2009); Phase 1 Geotechnical Evaluation Reports (URS, 2008); and
where already prepared, Supplemental Geotechnical Data Reports (URS,
2010c). Each team compiled and summarized key performance events
relevant to preparation of levee performance curves, such as information
related to historical levee failures and estimates of the water surface
elevation during these events, using readily available records.

3.2.2 Non-Urban Levee Evaluations Project

During the geotechnical assessment for the NULE Project, existing data
were assessed to assign hazard categories to 1,620 mile of levees and
results were provided in the GARs (URS, 2010b; Kleinfelder, 2010), as
follows:

e Low (A)— When water reaches the assessment water surface elevation,
there is a low likelihood of either levee failure or the need to floodfight
to prevent levee failure.

e Moderate (B) — When water reaches the assessment water surface
elevation, there is a moderate likelihood of either levee failure or the
need to floodfight to prevent levee failure.

e High (C) — When water reaches the assessment water surface elevation,
there is a high likelihood of either levee failure or the need to floodfight
to prevent levee failure.

e Lacking Sufficient Data (LD) — Currently lacking sufficient data
regarding past performance or hazard indicators.
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Floodfight refers to actions taken to prevent geotechnical levee failure, not
actions to prevent overtopping.

The LD category indicates that the available data do not resolve potential
discrepancies between the expected performance of the levee and actual
past performance, or that existing data are contradictory or ambiguous. The
category does not necessarily indicate that insufficient data were available
to assess the levee segment. Where assessment data were not available, the
levee segment was not assessed.

The categorization was done for each of four failure modes: under-seepage,
stability, through-seepage, and erosion.

3.3 Levee Performance Curves for NULE Levee
Segments

During the geotechnical assessment for the NULE Project, existing data
were collected and used to categorize the levees. As described above, each
levee segment was categorized as Low (A), Moderate (B), High (C), or
Lacking Sufficient Data (LD), and the levee was cumulatively categorized
as a whole. The categorization was done for each of four failure modes:
under-seepage, stability, through-seepage, and erosion. It is important to
note that the categorization was performed for only one water level, the
assessment water surface elevation, which, where available, was the
1955/1957 water surface. All NULE categorizations and results are,
therefore, for the single assessment water surface elevation. To produce
levee performance curves for each NULE segment, levee performance
curves were developed for each failure mode. These independent failure
mode levee performance curves were then mathematically combined to
produce the cumulative or overall levee performance curve for the segment
or reach. Thus, two levees with similar failure mode categorizations and
similar topographic profiles had very similar levee performance curves.

Topographic information necessary for levee performance curve
development included levee crest elevation, levee toe elevation, and
assessment water surface elevation. Topographic data used for developing
levee performance curves were based on two sources: levee center line
survey data obtained from the California Levee Database (CLD), and
project-specific light detection and ranging (LiDAR) surveys.

Few additional data were used to generate the NULE levee performance
curves; however, abundant data on past performance and past floodwater
levels collected during the geotechnical assessment were used to calibrate
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and review the parameters selected in developing the levee performance
curves.

To make use of the failure mode categorizations assigned in NULE to each
segment, it was necessary to assign a probability of failure at the
assessment water surface elevation for the Low (A), Moderate (B), and
High (C) categories. These probability of failure values were not explicitly
included in the NULE GAR (URS, 2010b), and part of the efforts expended
in this task involved discussions and sensitivity analyses to constrain the
values used for each category. Based on review of the sensitivity analysis
and input from the levee Expert Panel, the values for each category, at the
assessment water surface elevation, were Low (A), 0.5 percent; Moderate
(B), 2 percent; and High (C), 16 percent. These points, which define the
levee performance curve at the assessment water surface elevation, are
called the “pin points.” Figure 3-1 shows an example of three schematic
levee performance curves for each hazard category (Low (A), Moderate (B)
and High (C) curves) for a single failure mode. The pin points are where
each curve intersects the assessment water surface elevation and represents
the probability of failure at the assessment water surface elevation for each
category. It is important to note that the values used here for the pin-point
probabilities are for the purposes of this levee performance curve effort;
they should not be retroactively imposed on the NULE GAR.

Thus, for NULE levee performance curves, three water surface elevations
were used to define the levee performance curves: (1) the levee toe
elevation, at which the probability of failure is assumed to be zero, (2) the
levee crest elevation, at which overtopping would occur and the probability
of failure is set to 100 percent, and (3) the pin-point at the assessment water
surface elevation (Figure 3-1). The NULE levee performance curve Excel
tool fitted a simple curve through these three points for each failure mode
using the assigned probability of failure at the assessment water surface
elevation. Below the assessment water surface elevation, the curve was
fitted using a “concavity factor” that ranges between zero and 1, with zero
yielding a curve of constant slope of no concavity, and 1 yielding a curve
that is concave upward and very steep at the assessment water surface
elevation. For this analysis, a concavity factor of 0.5 was used for all levee
performance curves based on the results of the sensitivity analyses. The
levee performance curves are extended above the assessment water surface
elevation based on their slope as they approach the assessment water level.
Low (A) and Moderate (B) curves extend at constant slope (although the
example in Figure 3-1 shows a curving line), and High (C) curves roughly
mirror the shape of the curve below the assessment water surface elevation.
The same probability values are used for every Low (A), Moderate (B), or
High (C) pin-point (e.g., all Moderate (B) levee performance curves were
assigned a probability of failure of 2 percent at the assessment water
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surface elevation, independent of the failure mode, the size of the levee, or
other differences in levees). For levee segments categorized LD, pin-point
values between those of Low (A) and Moderate (B), or Moderate (B) and
High (C) were used, depending on the nature of the LD categorization (e.g.,
LD (Low (A) or Moderate(B)) vs. LD (Moderate(B) or High(C))).
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Figure 3-1. Conceptual NULE Levee Performance Curves for Hazard
Categories Low (A), Moderate (B), and High (C)
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Past flood information (water surface elevation and record of performance)
can be used to calibrate or validate levee performance curves for individual
segments. Basin-wide compilations of past performance were used as
guidance in constraining the chosen pin-point probability values. The four
individual failure mode levee performance curves were mathematically
combined using the conventional probabilistic summing expression:

Cumulative Pf =
1— (1 — Pf(underseepage)) * (1 — Pf (stability)) » (1 —
Pf(through seepage)) * (1 — Pf(erosion))

Figure 3-2 shows an example of output generated by the NULE levee
performance curve Excel tool. Individual failure modes for this example
levee segment were categorized as Moderate (B) for under-seepage; Low
(A) for stability; LD (Moderate (B) or High (C)) for through-seepage; and
High (C) for erosion in the GAR. The example levee’s landside toe is at
elevation 13 feet, the crest is at elevation 33 feet, and the assessment water
surface was at elevation 29 feet, or 4 feet below the levee crest. The dark
blue line with circles shows the levee performance curve for under-
seepage, the yellow line is stability, the light blue line with squares is
through-seepage, and the green line is erosion. The black line shows the
combined or cumulative levee performance curve when the failure mode
levee performance curves are summed using the expression above. Also
shown are vertical lines depicting the assessment water surface elevation
and water surface elevations for a number of historical high-water events.
The magenta lines show the levee performance curves used in the
Comprehensive Study (USACE, 2002). The solid line shows the
Comprehensive Study curve at the levee crest elevation used in the NULE
Program, which was estimated based on LiDAR and CLD information. The
dashed magenta curve shows the Comprehensive Study curve tied to the
elevation used in the Comprehensive Study.

When levee locations were identified where elevations used in the
Comprehensive Study hydraulic models were different from the top-of-
levee elevations used in the ULE and NULE projects, which are based on
more recent and better constrained topographic data, the ULE and NULE
elevations were used.
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Note: These curves represent a levee segment with the following hazard categories from the GAR: Moderate (B) for under-
seepage, Low (A) for stability, LD (Moderate (B) or High (C)) for through-seepage, and High (C) for erosion.

Key:

AWSE = assessment water surface elevation

Cum = cumulative
Elev = elevation

NULE = Non-Urban Levee Evaluations
Figure 3-2. Example NULE Levee Performance Curve

Note that the levee performance curves for the failure modes categorized A
(stability) and B (under-seepage) extend above the assessment water
surface to the elevation of the levee crest at nearly a constant slope. This
means that this example levee is not expected to fail because of either of
these failure modes, even when the water surface reaches the levee crest.
The failure mode levee performance curves for through-seepage and
erosion have the more classic “s”-shaped curves, as does the combined or
cumulative levee performance curve. This example levee performance
curve shows that there is little probability of the levee failing at low water
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levels, and that the cumulative probability of failure at the assessment
water surface elevation is about 25 percent.

3.4 Levee Performance Curves for ULE Levee
Segments

To support the 2012 CVFPP modeling, representative reaches and
corresponding cross sections within individual urban study areas were
selected for development of levee performance curves. A cumulative ULE
levee performance curve for each of these selected cross sections was
prepared based on the individual curves for the same four failure modes:
assessed in the NULE program (under-seepage, stability, through-seepage,
and erosion).

For steady-state under-seepage and steady-state stability, historical data and
field and laboratory geotechnical data collected in the initial phase of the
ULE Project were used as input to calculate average vertical exit gradients
(i) and stability factors of safety (FS) for various flood elevations for each
respective cross-section location.

To establish the relationships between i and probability of failure (Ps) and
between stability FS and Py, input from the levee Expert Panel and
program-specific information were used to generate classic “s”-shaped
curves (see Figure 3-3) (note that Figure 3-3 is a generic example). For this
study, the following control points were used to develop the applicable “s”
curves:

e Under-seepage i=0.5, Pr =1 percent and i=0.9, P =50 percent
e Stability FS=1.4, Ps =1 percent and FS=1.0, Ps =50 percent

Using these relationships for under-seepage and stability, and correlating
them to specific results at various river water surface elevations, levee
performance curves for under-seepage and stability were then developed
using the same concavity factor (0.5) used in development of the NULE
levee performance curves. Figures 3-4 and 3-5 show examples of ULE
levee performance curves for the under-seepage and stability failure modes.
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Figure 3-3. Relationship Between Vertical Exit Gradient and Probability of Failure

To develop ULE levee performance curves for through seepage, a failure
model was developed for landside levee slopes that are composed of
erodible materials, typically silts and sands. If these soils are present, then a
failure assessment based on the height of seepage “breakout” above the
landside toe of the levee was used. The height of seepage breakout above
the landside toe was identified from the seepage analyses, which therefore
relates the height of seepage breakout to the water surface elevation (flood
elevation). The levee performance curve model relates the probability of
failure to the height of seepage breakout where erodible materials are
present — the higher the breakout, the higher the probability of failure.
Figure 3-6 shows the relationship used relating breakout probability of
failure versus flood elevation.

For the erosion failure mode, because a formal erosion analysis is not yet
available (this work is planned for the final ULE Geotechnical Evaluation
Reports), a more qualitative assessment was performed resulting in an
erosion A, B, or C classification for each ULE reach for which a levee
performance curve was developed. The erosion levee performance curve
developed in NULE described in Section 3.3 was then used in the ULE
assessment.
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The final step was to mathematically combine (using Equation 1) the four
failure modes into one cumulative levee performance curve for each
selected cross section. Figure 3-7 provides an example cumulative ULE
levee performance curve.

An informal review of ULE levee performance curves was provided by
some ULE team Task Managers who were responsible for the ULE study
area in question where each cross section is located.
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Figure 3-5. Example ULE Stability Levee Performance Curves
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Figure 3-7. Example ULE Levee Performance Curves (with failure
mode and combined curves)

3.5 Anomalous Hazards

Levee performance curves for anomalous hazards were also developed.
Anomalous hazards were identified in the preliminary ULE analysis and
NULE GAR as isolated locations distinct from the overall levee segment
for which the following apply:

e Geotechnical conditions are different from the remainder of the
segment (reach).

e The current scope of levee assessment approaches used in ULE and
NULE Phase 1 do not lend themselves to further detailed analyses of
the hazard at these sites (e.g., analyses of structures, penetrations,
encroachments).

e In many cases, the anomalous conditions are associated with
observations of past poor performance.

¢ Available information in the area with anomalous conditions suggests
that the levee may be susceptible to failing in one of the four failure
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modes assessed in NULE Phase 1 (under-seepage, instability, through-
seepage, or erosion).

Anomalous hazards are not related to the potential for overtopping (e.g.,
low spots in a levee crown at a bridge or ramp) as overtopping is not
included as a failure mode in ULE and NULE.

As mentioned, additional levee performance curves were developed for
anomalous hazard locations identified by the ULE teams and in the NULE
GAR. Groups of anomalous hazards and suggested modifications to parent
segment category ratings for NULE are listed in Table 3-2. Anomalous
conditions for ULE generally followed the methods described in Section
3.4 above.

In some cases, the anomalous hazard rating and parent segment category
rating are identical. The anomalous hazard will still impact the hydraulic
and damage models by adding an additional potential breakout location
within the segment.

Table 3-2. Anomalous Hazard Groups and Suggested Modifications
to Parent Segment Category Ratings

Anomalous Hazard Group Suggested Modifications to Rating

Erosion coincident with constructed

Increase erosion rating to C
features

Poor past performance coincident with a

penetration (usually through-seepage) Increase through-seepage rating to C

Large siphon Increase under-seepage rating to C

Site of past breach that has been repaired
and has had either (1) poor performance
since repair, or (2) an adjacent landside
hole (e.g., scour pool, which shortens flow
path)

Increase under-seepage and through-
seepage ratings to C

Soft foundations resulting from buried
sloughs or the like, with associated Increase stability rating to C
indicators of stability problems

Landside holes (adjacent or near to levee)
associated with boils or other poor Increase under-seepage rating to C
performance

Use new topography and assign all failure

Permanent unrepaired breach modes a category of C

Significant encroachment/transition in levee

Increase impacted failure mode to C
geometry

Documented geotechnical conditions at
specific anomalous hazard locations

Increase other failure mode ratings

Note:
C = When water reaches assessment water surface elevation, there is a high likelihood of either
levee failure or the need to floodfight to prevent levee failure.
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3.6 Capabilities of HEC-FDA

The risk analysis capabilities provided by the USACE Hydrologic
Engineering Center Flood Damage Assessment (HEC-FDA) program are
used in the CVFPP, and as described in Attachment 8F: Flood Damage
Analysis. Because the levee performance curves are important input data
for the HEC-FDA model, this section briefly describes the capabilities and
uses of HEC-FDA.

The HEC-FDA program can be used to perform an integrated hydrologic
engineering, risk, and economic analysis during formulation and evaluation
of flood risk management plans.

The use of risk analysis procedures for formulating and evaluating flood
damage reduction measures is described in USACE Engineer Manual
1110-2-1619 (1996) and Engineer Regulation 1105-2-101 (2006). These
documents describe how to quantify uncertainty in discharge-exceedence
probability, stage-discharge relationships, and stage-damage functions and
incorporate uncertainty into economic and engineering performance
analyses. The program applies Monte Carlo simulation, a numerical
analysis procedure that computes the expected value of damage while
explicitly accounting for uncertainty in the basic parameters used to
determine flood inundation damage. One of those basic parameters is the
levee performance curve.

HEC-FDA assists in formulating and evaluating flood risk management
plans using these procedures to calculate damage-stage-uncertainty
information at damage reach index locations. Expected annual damage and
flood risk are computed in the evaluation portion of the program.
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4.0 Results

This section presents the levee performance curves and describes the
limitations in using these curves.

4.1 Summary

This section presents the levee performance curves developed using the
techniques described above for use in systemwide SPFC hydraulic (UNET)
and economic damage (HEC-FDA) modeling and for preparing the 2012
CVFPP. Table 4-1 contains only the levee performance curves at the HEC-
FDA index points for the Sacramento River Basin and Table 4-2 contains
only the levee performance curves at the HEC-FDA index points for the
San Joaquin River Basin.

The ULE Excel tool for developing levee performance curves should only
be used on a reach-by-reach basis. The NULE Excel tool allows the user to
modify certain parameters and rapidly generate a new set of levee
performance curves for all NULE segments.
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Table 4-1. Sacramento River Basin Levee Performance Curves

ID SAC1 | SAC2 SAC3 SAC4 SAC5 SAC6
cw | B = = .
gl | g3 < 2 8 5
Name '§ _089, '§ .qu’ § §- @ o
s 5§ 3 3
Toe Elevation® 1455 135.4 52.6 52.6
AWSE 151.0 142.1 66.1 66.1
Crest Elevation® ' 154.0 145.1 69.1 69.1
Iﬁﬁé%ﬂﬁﬁfg NULE NULE NULE NULE
14547 | 0 | 13538 | O | 5259 | 0 | 5259 | 0O
14602 | 0 | 13605 | O | 53.94 | 0 | 5394 | 0
14657 | 0 | 13672 | O | 5529 | 0 | 5529 | O
14712 | 1 | 13738 | 1 | 5664 | 1 | 5664 1
"qc‘: 14767 | 1 | 13805 | 1 | 5799 | 1 | 5799 | 1
= S 14822 | 2 | 13872 | 2 | 5934 | 2 | 5934 | 2
é = 14877 | 4 | 13939 | 4 | 6069 | 3 | 6069 | 3
g % 14932 | 6 | 140.06 | 6 | 62.04 | 6 | 6204 | 6
3 S 149.87 | 10 | 14072 | 10 | 6339 | 9 | 6339 | 9
< < 150.42 | 16 | 141.39 | 16 | 64.74 | 15 | 64.74 | 15
§ = , 150.97 | 25 | 142.06 | 25 | 66.09 | 24 | 66.09 | 24
% “c;> 151.27 | 63 | 142.36 | 63 | 66.39 | 63 | 66.39 | 63
. E 15157 | 81 | 142.66 | 81 | 66.69 | 80 | 66.69 | 80
é s 151.87 | 90 | 142.96 | 90 | 66.99 | 89 | 66.99 @ 89
@ £ 152.17 | 94 | 14326 | 94 | 67.29 | 94 | 67.29 | 94
% § 152.47 | 97 | 14356 | 97 | 67.59 | 97 | 6759 | 97
= S 152.77 | 98 | 14386 | 98 | 67.89 | 98 | 67.89 & 98
§ 153.07 | 99 | 144.16 | 99 | 68.19 | 99 | 68.19 & 99
153.37 | 100 | 144.46 | 100 | 68.49 | 99 | 68.49 & 99
153.67 | 100 | 144.76 | 100 | 68.79 | 100 | 68.79 | 100
153.97 | 100 | 145.06 | 100 | 69.09 | 100 | 69.09 | 100
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Table 4-1. Sacramento River Basin Levee Performance Curves (contd.)

ID SAC7 SACS SAC9 SAC10 SAC11
c c I
7 . 7 . ¢
m +— 0 m +— Q
Name 55 3 5 3 : 2
e O e o ~
3 3 &
Toe Elevation® 84.6 58.6 46.6 46.6 36.6
AWSE 97.6 67.6 57.4 57.4 48.2
Crest Elevation® 101.6 70.6 61.4 61.4 53.7
ISEeE%frFI:{S{_eS NULE NULE NULE NULE NULE
8461 0 | 5858 | O | 4660 | O | 4660 | O | 36.63 | O
8591 = O | 5948 | O | 4768 | O | 4768 | O | 3779 | O
8721 0 | 6038 | O | 4876 | O | 4876 | O | 3895 | O
8851 0 | 6128 | O | 4984 | 1 | 4984 | 1 | 4011 | 1
‘GE: 8081 0 | 6218 | O | 5092 | 2 | 5092 | 2 | 4127 | 1
= S 9111 = O | 6308 | O | 5200 | 3 | 5200 | 3 | 4243 | 2
é = 9241 1 | 6398 @ 1 | 5308 | 5 | 5308 | 5 | 4359 | 3
g % 9371 1 | 6488 | 1 | 5416 | 8 | 5416 | 8 | 4475 | 4
= a 9501 = 2 | 6578 | 2 | 5524 | 13 | 5524 | 13 | 4591 | 7
Z < 9631 = 3 | 6668 | 3 | 5632 | 20 | 5632 | 20 | 47.07 | 12
§ = 9761 6 | 6758 | 4 | 57.40 | 32 | 57.40 | 32 | 4823 | 20
g “c;> 9801 | 6 | 6788 5 | 57.80 | 73 | 57.80 | 73 | 4878 | 52
W = 9841 | 7 | 6818 5 | 5820 | 88 | 5820 | 88 | 4933 | 71
é < 9881 | 8 | 6848 6 | 5860 | 94 | 5860 | 94 | 49.88 | 83
@ £ 9921 | 8 | 6878 6 | 59.00 | 97 | 59.00 | 97 | 5043 | 90
% (?j; 9961 | 9 | 69.08 7 | 59.40 | 98 | 59.40 | 98 | 50.98 | 94
= S 10001 | 10 | 69.38 | 7 | 59.80 | 99 | 59.80 | 99 | 51.53 | 97
§ 10041 | 10 | 69.68 | 8 | 60.20 | 100 | 60.20 | 100 = 52.08 | 98
100.81 | 11 | 69.98 | 8 | 60.60 | 100 | 60.60 | 100 = 52.63 | 99
10121 | 12 | 7028 | 9 | 61.00 | 100 | 61.00 | 100 | 53.18 | 100
101.61 | 100 | 70.58 | 100 | 61.40 | 100 | 61.40 | 100 | 53.73 | 100
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2012 Central Valley Flood Protection Plan

Attachment 8E: Levee Performance Curves

Table 4-1. Sacramento River Basin Levee Performance Curves (contd.)

ID SAC12 SAC13 SAC14 SAC15 SAC16
°s | g2 8z | dg g
Name 53 o3 25 3 <
47 g s T2 =K% 2
@ X i
Toe Elevation® 33.2 30.3 29.6 15.5 13.0
AWSE 422 39.3 38.6 33.5 25.0
Crest Elevation® 47.2 42.3 43.6 39.5 30.0
I&EeE%fr F,ilrﬁjl_eg)t NULE NULE NULE NULE NULE
3316 | O | 3035 | 0 | 2956 | 0 | 1551 | O | 1297 | O
3406 | 0O | 3125 | O | 3046 | O | 1731 | 0 | 1417 | 0
3496 | 0 | 3215 | 0 | 3136 | 0 | 1911 | O | 1537 | O
358 | 0O | 3305 | O | 3226 | 0 | 2091 | 1 | 1657 | 1
3676 | 0 | 3395 | 0 | 3316 | O | 2271 | 1 | 17.77 | 2
= = 3766 | 1 | 3485 | 1 | 3406 | 1 | 2451 | 2 | 1897 | 3
S % 3856 | 1 | 3575 | 1 | 3496 | 1 | 2631 | 3 | 2017 | 5
g S 3946 | 2 | 3665 | 2 | 358 | 2 | 2811 | 4 | 2137 | 8
= g 4036 | 3 | 3755 | 3 | 3676 | 3 | 2991 | 7 | 2257 | 13
Z & 4126 | 4 | 3845 | 4 | 3766 | 4 | 3171 | 12 | 2377 | 20
§ E 4216 | 7 | 3935 | 7 | 3856 | 7 | 3351 | 20 | 2497 | 32
= = 4266 | 9 | 3964 | 8 | 3906 | 9 | 3411 | 52 | 2542 | 73
w § 4316 | 10 | 39.94 | 9 | 3956 | 10 | 3471 | 71 | 2587 | 88
g o 4366 | 11 | 4023 | 10 | 40.06 | 11 | 3531 | 83 | 2632 | 94
@ g’- 4416 | 13 | 4052 | 11 | 4056 | 13 | 3591 | 90 | 26.77 | 97
% g 4466 | 14 | 40.82 | 11 | 41.06 | 14 | 3651 | 94 | 2722 | 98
= 2 4516 | 16 | 4111 | 12 | 4156 | 16 | 37.11 | 96 | 27.67 | 99
4566 | 17 | 4141 13 | 42.06 | 17 | 37.71 | 98 | 2812 | 100
4616 | 19 | 41.70 @ 14 | 4256 | 19 | 3831 | 99 | 2857 | 100
46.66 | 20 | 41.99 = 15 | 43.06 | 20 | 3891 | 100 | 29.02 | 100
47.16 | 100 | 42.29 | 100 | 4356 | 100 | 39.51 | 100 | 29.47 | 100
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Table 4-1. Sacramento River Basin Levee Performance Curves (contd.)

4.0 Results

ID SAC17 SAC18 SAC20 SAC21 SAC22
%) 5 %)
Z Q
- 2 2 @ O
Name s L S _ © °
o 3 o gt >
0 a = _|
© o o
L ) n
Toe Elevation® 26.0 0.00 77.7 77.7 77.7
AWSE 31.6 0.00 83.2 83.2 83.2
Crest Elevation® 37.2 0.00 88.7 88.7 88.7
Type of Project
(ULE or NULE) ULE NULE ULE ULE ULE
25.97 0 96.57 0 77.73 0 77.73 0 77.73 0
26.53 0 97.00 0 78.28 17 78.28 17 78.28 17
27.09 0 97.42 0 78.83 24 78.83 24 78.83 24
27.65 0 97.84 1 79.38 33 79.38 33 79.38 33
;:'J' 28.22 1 98.26 2 79.93 44 79.93 44 79.93 44
= E 28.78 1 98.68 3 80.48 57 80.48 57 80.48 57
o} o
= = 29.34 1 99.11 4 81.03 70 81.03 70 81.03 70
— e
2 § 29.90 1 99.53 7 81.58 82 81.58 82 81.58 82
a i
(>D ) 30.47 1 99.95 12 82.13 90 82.13 90 82.13 90
£ g 31.03 1 100.37 19 82.68 95 82.68 95 82.68 95
c =
2 ,_‘E 31.59 1 100.79 30 83.23 97 83.23 97 83.23 97
g S 32.15 2 101.09 74 83.78 99 83.78 99 83.78 99
—_ >
"g = 32.72 3 101.39 91 84.33 99 84.33 99 84.33 99
Ko}
§ IS 33.28 4 101.69 97 84.88 100 84.88 100 84.88 100
= o
@ a 33.84 6 101.99 99 85.43 100 85.43 100 85.43 100
% EJ 34.40 9 102.29 | 100 85.98 100 85.98 100 85.98 100
5
= 'g 34.97 12 102.59 | 100 86.53 100 86.53 100 86.53 100
ﬁ 35.53 16 102.89 | 100 87.08 100 87.08 100 87.08 100
36.09 21 103.19 | 100 87.63 100 87.63 100 87.63 100
36.65 28 103.49 | 100 88.18 100 88.18 100 88.18 100
37.22 35 103.79 | 100 88.73 100 88.73 100 88.73 100
37.23 | 100 88.74 100 88.74 100 88.74 100
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2012 Central Valley Flood Protection Plan
Attachment 8E: Levee Performance Curves

Table 4-1. Sacramento River Basin Levee Performance Curves (contd.)

ID SAC23 SAC24 SAC25 SAC26 SAC27
E : z 2 &
Name :'C:) g g Z § %
g 8 E g 32
g § > > )
Toe Elevation® 68.7 49.2 63.7 65.7 67.7
AWSE 81.7 53.7 74.0 77.7 75.2
Crest Elevation® 85.7 56.7 84.2 89.7 82.7
BEE?KS{_GEC; NULE NULE ULE ULE ULE
68.73| 0 |49.16 | 0 63.72 0 65.73 0 67.73 0
7003| 0 |4961| 0 6474 | 0 66.93 1 68.48 0
71.33| 0 |5006| O 65.77 1 68.13 1 69.23 0
7263 | 1 |5051| 0 66.79 1 69.33 2 69.98 0
g 7393 | 2 |509 | 0 67.82 1 70.53 2 70.73 0
= S 7523 | 3 |5141| 0 68.84 | 3 71.73 2 71.48 0
é = 7653 | 4 518 1 69.87 | 11 72.93 2 72.23 0
g g 7783 | 7 5231 1 70.89 | 22 74.13 2 72.98 0
3 S 7913 | 12 | 5276 2 71.92 | 55 75.33 4 73.73 0
= < 80.43 | 19 | 5321 3 7294 | 77 76.53 7 74.48 0
§ = 81.73 | 30 |53.66 4 73.97 | 91 77.73 12 75.23 0
g E 8213 | 74 5396 5 7499 | 97 78.93 21 75.98 0
p E 8253 | 91 | 5426 6 76.02 | 99 80.13 36 76.73 0
;_E 8 8293 | 97 | 5456 7 77.04 | 100 | 81.33 60 77.48 1
@ £ 8333 | 99 | 5486 8 78.07 | 100 | 82.53 81 78.23 1
% é 83.73 | 100 |55.16 | 10 79.09 | 100 | 83.73 92 78.98 1
= S 84.13 | 100 |55.46 | 11 80.12 | 100 | 84.93 97 79.73 1
§ 84.53 | 100 |55.76 | 12 81.14 | 100 | 86.13 99 80.48 2
84.93 | 100 |56.06 | 13 82.17 | 100 | 87.33 100 | 81.23 2
85.33 | 100 |56.36 | 14 83.19 | 100 | 88.53 100 | 81.98 2
85.73 | 100 | 56.66 | (100) | 84.22 | 100 | 89.73 100 | 82.73 3
- - - - 84.23 | 100 | 89.74 100 | 82.74 | 100
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4.0 Results

Table 4-1. Sacramento River Basin Levee Performance Curves (contd.)

ID SAC28 SAC29 SAC30 SAC32 SAC33
e
3 : g : :
Name 8 Z) S 'o\' g
@x 8 x a) =
3 x
Toe Elevation® 44.7 70.3 35.7 42.6 42.6
AWSE 54.7 77.8 55.7 57.2 57.2
Crest Elevation® 64.7 80.8 62.7 61.8 61.8
(LVSSEOL:D:\IOJ?% ULE NULE NULE NULE NULE
4470 | 0 | 7029 | O | 3569 | O | 4260 | O | 4260 | O
4570 | 0 | 7104 | O | 3769 | O | 4407 | O | 4407 | ©
46,70 | 0 | 7179 | O | 3969 | 1 | 4553 | O | 4553 | 0O
4770 | 0 | 7254 | 1 | 4169 | 1 | 4700 | 1 | 4700 | 1
"qcf 4870 | 0 | 7329 | 2 | 4369 | 2 | 4846 | 2 | 4846 | 2
= S 4970 | 0 | 7404 | 3 | 4569 | 4 | 4993 | 3 | 4993 | 3
é 2 5070 | O | 7479 | 5 | 4769 | 6 | 5139 | 4 | 5139 | 4
g g 5170 | 1 | 7554 | 7 | 4969 | 11 | 5286 | 7 | 5286 | 7
3 ey 5270 | 1 | 7629 | 12 | 51.69 | 17 | 5432 | 12 | 5432 | 12
Z = 5370 | 1 | 77.04 | 20 | 53.69 | 27 | 5579 | 19 | 5579 | 19
§ = 5470 | 1 | 7779 | 31 | 5569 | 42 | 5725 | 30 | 57.25 | 30
g E 5570 | 1 | 7809 | 72 | 56.39 | 8 | 57.71 | 74 | 57.71 | 74
W E 5670 | 1 | 7839 87 | 5709 | 96 | 58.17 | 91 | 5817 | 91
§ < 5770 | 1 | 7869 @ 94 | 57.79 | 99 | 58.63 | 97 | 5863 | 97
@ g 5870 | 1 | 7899 | 97 | 5849 | 100 | 59.08 | 99 | 59.08 | 99
% é 5970 | 1 | 79.29 | 98 | 59.19 | 100 | 59.54 | 100 | 59.54 | 100
= S 6070 | 2 | 7959 | 99 | 59.89 | 100 | 60.00 | 100 | 60.00 | 100
ﬁ 61.70 | 2 | 79.89 | 99 | 60.59 | 100 | 60.46 | 100 @ 60.46 | 100
6270 | 2 | 80.19 K 100 | 61.29 | 100 | 60.91 | 100 | 60.91 | 100
63.70 | 3 | 80.49 | 100 | 61.99 | 100 | 61.37 | 100 @ 61.37 | 100
64.70 | 4 | 80.79 A 100 | 62.69 | 100 | 61.83 | 100 @ 61.83 | 100
64.71 | 100 - - - - - - - -
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2012 Central Valley Flood Protection Plan
Attachment 8E: Levee Performance Curves

Table 4-1. Sacramento River Basin Levee Performance Curves (contd.)

ID SAC34 SAC35 SAC36 SAC37 SAC38
2 ” s 2
Ll c S 'g - S
Name § é’ E 3 %» g
- m L £ S
2 o
Toe Elevation® 18.6 8.5 23.3 19.5 24.5
AWSE 42.8 28.0 32.9 30.4 32.5
Crest Elevation® 48.1 31.5 38.9 41.4 40.5
m‘é%fr F,:I’SJLGEC; NULE NULE NULE ULE ULE
1859 | 0 | 847 | O | 2326 | O | 1947 | O | 2446 | 0
2100 | O | 1042 | O | 2423 | O | 2056 | O | 2526 | 0
2343 | 0 | 1237 | 0 | 2520 | O | 2166 | O | 2606 | O
2585 | 1 | 1432 | 1 | 2616 | 1 | 2275 | O | 2686 | O
?c: 2827 | 1 | 1627 | 2 | 2743 | 1 | 2385 | O | 2766 | 1
= S 3069 | 2 | 1822 | 3 | 2810 | 2 | 2494 | O | 2846 | 1
é < 3311 | 3 | 2017 | 4 | 2907 | 3 | 2604 | O | 2926 | 1
g % 3553 | 5 | 2212 | 7 | 3004 | 4 | 2713 | O | 3006 | 1
= 8 3795 | 8 | 2407 | 12 | 3100 | 7 | 2823 | 0 | 3086 | 1
Z < 4037 | 13 | 2602 | 19 | 3197 | 12 | 2932 | 0 | 3166 | 2
§ = 4279 | 21 | 2797 | 30 | 3294 | 20 | 3042 | O | 3246 | 2
g “‘i 4332 | 52 | 2832 | 74 | 3354 | 52 | 3151 | O | 3326 | 2
w % 4385 | 71 | 2867 | 91 | 3414 | 71 | 3261 | 1 | 3406 | 8
.§ s 4438 | 83 | 2902 | 97 | 3475 | 83 | 3370 | 1 | 3486 | 11
@ g 4491 | 90 | 2937 | 99 | 3535 | 90 | 3480 | 1 | 3566 | 15
g % 4544 | 94 | 2972 | 100 | 3595 | 94 | 3589 | 1 | 3646 | 21
= S 4597 | 96 | 30.07 | 100 | 3655 | 97 | 3699 | 2 | 37.26 | 29
§ 4650 | 98 | 30.42 | 100 | 37.15 | 98 | 3808 | 2 | 38.06 K 41
47.03 | 99 | 30.77 | 100 | 37.76 | 99 | 39.18 | 3 | 38.86 | 57
4756 | 100 | 31.12 | 100 | 38.36 | 100 | 4027 | 3 | 39.66 | 72
48.09 | 100 | 31.47 | 100 | 38.96 | 100 | 41.37 | 3 | 4046 | 81
- - - - - - | 4138 | 100 | 4047 | 100
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Table 4-1. Sacramento River Basin Levee Performance Curves (contd.)

4.0 Results

ID SAC39 SAC40 SAC41 SAC42 SAC43
8 o
S 5 < S 2 2
Name 2 ES 2 2 @
@ S < 74 74 S
%) O
Toe Elevation® 17.5 25.5 10.5 12.5 11.5
AWSE 27.5 34.0 26.5 275 23.0
Crest Elevation® 375 425 30.5 315 28.5
Iﬁﬁ;%frerS{_eé)t ULE ULE NULE NULE NULE
1746 | O | 2546 | 0 | 1050 | 0 | 1249 | 0 | 1153 | 0
1846 | 1 | 2631 | 0 | 1220 | 0 | 1399 | 0 | 1268 | O
1946 | 1 | 2716 | 0 | 1370 | 0 | 1549 | 0 | 1383 | O
2046 | 2 | 2801, O | 1530 | 1 | 1699 | 1 | 1498 | ©
g 2146 | 2 | 2886 O | 1690 | 1 | 1849 | 1 | 1613 | O
= S 2246 | 2 | 2971 O | 1850 | 2 | 1999 | 2 | 1728 | O
é 2 2346 | 3 3056 1 | 2010 | 4 | 2149 | 3 | 1843 | 1
?g g 2446 | 4 | 3141 1 | 2170 | 6 | 2299 | 4 | 1958 | 1
3 ey 2546 | 6 | 3226 | 1 | 2330 | 10 | 2449 | 7 | 2073 | 2
Z = 2646 | 10 | 3311 | 1 | 2490 | 16 | 2599 | 12 | 2188 | 3
§ = 2746 | 18 | 3396 | 5 | 2650 | 25 | 27.49 | 19 | 2303 | 5
g E 2846 | 28 | 3481 | 7 | 2690 | 63 | 27.89 | 46 | 2358 | 6
W E 2946 | 43 | 3566 @ 10 | 27.30 | 81 | 2829 | 60 | 2413 | 7
é < 3046 | 63 | 3651 | 14 | 27.70 | 90 | 28.69 | 67 | 2468 | 8
@ g 3146 | 82 | 3736 | 19 | 2810 | 94 | 29.09 | 72 | 2523 | 9
% é 3246 | 93 | 3821 | 27 | 2850 | 97 | 29.49 | 74 | 2578 | 9
= S 3346 | 98 | 39.06 39 | 28.90 | 98 | 2989 | 76 | 26.33 | 10
ﬁ 3446 | 100 | 3991 @ 55 | 29.30 | 99 | 3029 | 77 | 26.88 | 11
3546 | 100 | 40.76 | 70 | 29.70 | 99 | 30.69 | 77 | 2743 | 12
36.46 | 100 | 41.61 @ 81 | 30.10 | 100 | 31.09 | 78 | 27.98 | 13
37.46 | 100 @ 42.46 @ 88 | 30.50 | 100 | 31.49 | 100 @ 28.53 | 100
37.47 | 100 | 42.47 | 100 - - - - - -
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Table 4-1. Sacramento River Basin Levee Performance Curves (contd.)

ID SAC44 SAC45 SAC46 SAC47 SAC48
. 5 , 2
- = n n [
Name o S = Lo =
S T = & 2
n g @)
Toe Elevation® 15.6 15.6 10.5 5.6 5.6
AWSE 205 20.6 21.1 21.6 21.6
Crest Elevation® 26.4 26.4 23.6 25.6 25.6
B’E‘E cc’)fr F,:I’SJLGEC; NULE NULE NULE NULE NULE
1556 | 0 | 1556 | O | 1055 | O 5.56 0 5.56 0
1606 | O | 1606 | O | 1160 | © 7.16 0 7.16 0
1656 | O | 1656 | O | 1265 | 0O 8.76 0 8.76 0
17.06 | 1 | 17.06 | 1 1370 | 1 | 1036 | 1 | 1036 | 1
?c: 1756 | 2 | 1756 | 2 1475 | 1 | 1196 | 1 | 11.96 | 1
P S 1805 | 3 | 1805 | 3 1580 | 2 | 1356 | 2 | 1356 | 2
é < 1855 | 5 | 1855 | 5 1685 | 4 | 1516 | 4 | 1516 | 4
g % 19.05 | 8 | 19.05 | 8 1790 | 6 | 1676 | 6 | 1676 | 6
3 S 1955 | 13 | 1955 | 13 | 1895 | 10 | 1836 | 10 | 1836 | 10
= < 2005 | 20 | 2005 | 20 | 2000 | 16 | 19.96 | 16 | 19.96 | 16
§ = 2055 | 32 | 2055 | 32 | 2105 | 25 | 2156 | 25 | 2156 | 25
g “‘i 2113 | 76 | 2113 | 76 | 2130 | 63 | 21.96 | 63 | 2196 | 63
u % 2172 | 91 | 2172 | 91 | 2155 | 81 | 2236 | 81 | 2236 | 81
.§ S 2230 | 97 | 2230 | 97 | 2180 | 90 | 2276 | 90 | 2276 | 90
3 g 2288 | 99 | 2288 | 99 | 2205 | 94 | 2316 | 94 | 2316 | 94
g % 23.46 | 100 | 23.46 | 100 | 2230 | 97 | 2356 | 97 | 2356 | 97
= S 24.04 | 100 | 24.04 | 100 | 2255 | 98 | 23.96 | 98 | 2396 | 98
§ 2462 | 100 | 2462 | 100 | 22.80 | 99 | 2436 | 99 | 2436 | 99
2520 | 100 | 25.20 | 100 | 23.05 | 99 | 24.76 | 99 | 2476 | 99
2579 | 100 | 25.79 | 100 | 23.30 | 100 | 25.16 | 100 | 25.16 | 100
26.37 | 100 | 26.37 | 100 | 2355 | 100 | 2556 | 100 | 25.56 | 100
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4.0 Results

Table 4-1. Sacramento River Basin Levee Performance Curves (contd.)

ID SAC49 SAC50 SACS51 SAC52 SAC53
Name o e o =
8 8 o o 3
2 2 % ° 2
E : :
i 5 : -
Toe Elevation® 4.6 -0.4 7.6 9.6 -2.4
AWSE 16.1 12.4 15.0 145 9.6
Crest Elevation® 22.6 17.8 20.1 22.6 11.6
BEE cc’)fr PNrSi_eé)t NULE NULE NULE NULE NULE
458 | 0 | -042 | 0 761 | 0 9.61 o | 238 | o0
573 | 0 | 087 | 0 835 | 0 | 1010 | O | -118 | ©
688 | 0 | 215 | 1 909 | 0 | 1059 | © 002 | o
803 | 1 | 344 | 1 983 | 0 | 1108 | © 1.22 1
g 918 | 2 | 473 | 2 | 1057 | 0 | 1157 | 0 | 242 | 2
~ o 1033 | 3 | 601 | 3 | 1131 | 0 | 1206 | © 3.62 3
g 2 1148 | 5 | 730 | 6 | 1205 | 0 | 1255 | O | 482 5
?g g 1263 | 8 | 859 | 9 | 1279 | 0 | 1304 | 0 6.02 8
= 3 1378 | 13 | 987 | 15 | 1353 | 1 | 1353 | 1 722 | 13
Z 2 1493 | 20 | 11.16 | 24 | 1427 | 1 | 1402 | 1 842 | 20
s = 1608 | 32 | 1245 | 37 | 1501 | 2 | 1451 | 2 962 | 32
g “i 1673 | 73 | 1298 | 81 | 1552 | 3 | 1532 | 3 982 | 75
w = 1738 | 88 | 1352 | 94 | 1603 | 3 | 1613 | 5 | 1002 | 91
g E 1803 | 94 | 1406 | 98 | 1654 | 4 | 1694 | 6 | 1022 | 97
3 g 1868 | 97 | 1460 | 99 | 17.05 | 4 | 1775 | 7 | 1042 | 99
% é 1933 | 98 | 1513 | 100 | 1756 | 5 | 1856 & 8 | 10.62 | 100
= S 1998 | 99 | 1567 | 100 | 1807 | 5 | 19.37 | 9 | 10.82 | 100
ﬁ 20.63 | 100 | 1621 | 100 | 1858 | 6 | 20.18 | 11 | 11.02 | 100
21.28 | 100 | 16.75 | 100 | 19.09 | 6 | 2099 | 12 | 11.22 | 100
21.93 | 100 | 17.28 | 100 | 1960 | 7 | 21.80 | 13 | 1142 | 100
2258 | 100 | 17.82 | 100 | 20.11 | 100 = 22.61 | 100 | 11.62 | 100
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Table 4-1. Sacramento River Basin Levee Performance Curves (contd.)

ID SAC54 SAC55 SAC56 SAC57 SAC58
Name e ke o
© c c c
& 2 8 8 8
= 3 7 7 [
0 < 2 - -
c x o = o
< & g &
Toe Elevation® 2.4 -1.4 0.00 -1.4 -12.4
AWSE 11.6 11.8 0.00 9.1 8.6
Crest Elevation® 13.6 20.8 0.00 13.6 10.6
Ib’feE (;fr F;\lrl‘j{_eEc)t NULE NULE NULE NULE NULE
-2.39 0 | 142 | 0 140 | 0 | -1243 | 0
-0.99 0| -010 | © 035 | 0 | -1033 | O
0.41 0 | 122 0 0.70 0 823 | 0
1.81 0 | 255 1 1.75 0 613 | 1
j:f 3.21 0 | 387 2 2.80 0 -403 | 2
= S 4.61 1| 520 | 3 3.85 1 | 193 | 3
S = 6.01 1 | 652 5 4.90 1 0.17 5
%‘ % 7.41 2 7.84 8 5.95 2 2.27 8
= s 8.81 3 | 917 | 13 7.00 3 437 | 13
= < 1021 | 4 | 1049 | 20 805 | 5 | 647 | 20
5 = 1161 | 7 | 1182 | 32 910 | 8 | 857 | 32
g "i 11.81 7 | 1272 | 75 9.55 9 8.77 | 75
w = 12.01 8 | 1362 @ 91 10.00 | 10 | 897 | 91
g k5 12.21 8 | 1452 | 97 1045 | 12 | 917 | 97
@ £ 12.41 9 | 1542 | 99 1090 | 13 | 9.37 | 99
% E 12.61 9 | 1633 | 100 11.35 | 14 | 957 | 100
= S 12.81 9 | 17.23 | 100 11.80 | 15 | 977 | 100
ﬁ 13.01 | 10 | 18.13 | 100 1225 | 16 | 9.97 | 100
1321 | 10 | 19.03 | 100 1270 | 18 | 10.17 | 100
13.41 | 10 | 19.94 | 100 1315 | 19 | 10.37 | 100
13.61 | 100 | 20.84 | 100 100 | 13.60 | 100 | 10.57 | 100
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Table 4-1. Sacramento River Basin Levee Performance Curves (contd.)

4.0 Results

ID SAC59 SAC60 SAC61 SAC62 SAC63
- <2 > ‘g
= On o =5 g n
o
Toe Elevation® 2.0 25 1.5 3.5 27.5
AWSE 155 155 14.3 14.3 33.3
Crest Elevation® 19.5 18.0 16.7 18.5 39.1
I&EeE%fr F;{S{_eg)t NULE NULE NULE NULE ULE
2.04 0 | 252 0 1.53 0 | 353 | O | 2746 | 0
3.39 0 | 382 0 2.81 0O | 460 | O | 2804 | O
4.74 0 | 512 0 4.09 0O | 568 | 1 | 2862 | 0
6.09 1 | 642 0 5.36 1 | 675 | 1 | 2920 | 0
g 7.44 1 772 | o0 664 | 1 | 783 | 2 | 2078 | 1
= S 8.79 2 | 9.02 0 7.92 2 | 890 | 4 | 3036 | 1
S = 1014 | 4 | 1032 | © 9.19 3 | 998 | 6 | 3094 | 1
g % 11.49 6 | 1162 | 1 1047 | 5 | 11.06 | 11 | 3152 | 1
= 3 1284 | 10 | 1292 | 1 1175 | 8 | 1213 | 17 | 3210 | 2
Z g 1419 | 16 | 14.22 | 2 13.02 | 13 | 1321 | 27 | 3268 | 2
S = 1554 | 25 | 1552 | 3 1430 | 21 | 1428 | 42 | 3326 | 3
% 5 1594 | 63 | 1577 | 3 1454 | 52 | 1471 | 86 | 33.84 | 4
w = 1634 | 81 | 16.02 | 3 1479 | 71 | 1513 | 96 | 3442 | 5
g kS 1674 | 90 | 1627 | 3 1503 | 83 | 1555 | 99 | 3500 | 6
3 £ 1714 | 94 | 1652 | 4 1527 | 90 | 1597 | 100 @ 3558 | 7
g c?-j; 1754 | 97 | 1677 | 4 1552 | 94 | 1640 | 100 @ 36.16 | 8
= S 17.94 | 98 | 17.02 | 4 1576 | 96 | 16.82 | 100 = 36.74 | 8
3 1834 | 99 | 1727 | 4 16.00 | 98 | 17.24 | 100 @ 37.32 | 9
1874 | 99 | 1752 | 4 1625 | 99 | 17.66 | 100 = 37.90 | 10
19.14 | 100 | 17.77 | 5 16.49 | 100 | 18.09 | 100 @ 38.48 | 12
19.54 | 100 | 18.02 | 100 | 1673 | 100  18.51 | 100  39.06 | 13
- - - - - - - - | 3907 | 100

Notes:

! No State-federal project levees found within the impact area

2 Assume overbank flow

® Elevations in feet, NGVD29

Key:
- = not applicable

AWSE = Assessment Water Surface Elevation

NGVD29 = National Geodetic vertical Datum of 1929

June 2012

NULE = Non-Urban Levee Evaluations
RD = Reclamation District
ULE = Urban Levee Evaluations
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Table 4-2. San Joaquin River Basin Levee Performance Curves

ID sJ1 SJ2 SJ3 SJ4 SJ5
= =
g 5 ” =
2 % 2 % 7 o 'E %
Name g o & o %) % s 2
L. 7 a = £ m
o o o
L. LL
Toe Elevation® 159.6 150.9 151.6 157.8
AWSE 163.8 155.9 153.6 166.8
Crest Elevation® ' 166.8 158.9 156.6 170.8
I&EeE%fr F;{S{_eg)t NULE NULE NULE NULE
159.59 | 0 150.90 | O | 15161 | O | 157.82 | O
160.01 | © 15140 | O | 15181 | O | 15872 | O
16043 | 0 151.90 | 0 | 15201 | O | 15962 | O
= 160.85 | 1 15240 | 0 | 15221 | O | 16052 | 1
- % 161.27 | 2 152.90 | 1 | 15241 | O | 161.42 | 2
8 e 161.69 | 3 15340 | 1 | 15261 | O | 16232 | 3
§ g 16211 | 5 153.90 | 3 | 15281 | O | 16322 | 4
o g 16253 | 7 15440 | 4 | 15301 | O | 16412 | 7
9 © 162.95 | 12 | 154.90 | 7 | 15321 | 1 | 165.02 | 12
g % 16337 | 20 | 15540 | 11 | 15341 | 1 | 165.92 | 19
§ kot 2 163.79 | 31 15590 | 18 | 15361 | 2 166.82 | 30
2 > 164.09 | 75 | 156.20 | 46 | 15391 | 3 | 167.22 | 74
§ 3 16439 | 91 | 15650 | 60 | 154.21 | 4 | 167.62 | 91
= S 164.69 | 97 | 156.80 | 67 | 15451 | 5 | 168.02 | 97
» ° 164.99 | 99 | 157.10 | 72 | 154.81 | 7 | 168.42 | 99
3 = 165.29 | 100 | 157.40 | 74 | 155.11 | 8 | 168.82 | 100
= g 165.59 | 100 | 157.70 | 76 | 15541 | 9 | 169.22 | 100
2 165.89 | 100 | 158.00 | 77 | 155.71 | 10 | 169.62 | 100
166.19 | 100 | 158.30 | 78 | 156.01 | 11 | 170.02 | 100
166.49 | 100 | 158.60 | 79 | 156.31 | 12 | 170.42 | 100
166.79 | 100 | 158.90 | 100 | 156.61 | 100 | 170.82 | 100
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Table 4-2. San Joaquin River Basin Levee Performance Curves (contd.)

4.0 Results

ID SJ6 SJ7 SJ8 SJ9 SJ10
5. g 5 E] g
= O S = o ©
Name = 3 25 3 %) a
50 =5 5 5 §
1 0
Toe Elevation® 152.2 141.2 114.8 114.8
AWSE 157.4 143.1 117.5 117.5
Crest Elevation® 160.4 ! 146.1 120.5 120.5
I&EeE%fr F,ilrﬁjl_eg)t NULE NULE NULE NULE
152.22 0 141.17 0 | 11483 | 0 114.83 0
152.74 0 141.37 0 | 11510 | © 115.10 0
153.26 0 141.56 0 | 11537 | 0 115.37 0
= 153.78 0 141.76 0 | 11564 | © 115.64 0
- S 154.30 1 141.95 0 | 11591 | 0 115.91 0
:83 g 154.82 1 142.14 0 | 116118 | © 116.18 0
§ g 155.34 2 142.34 0 | 11645 | 0 116.45 0
Q g 155.86 3 142.53 1 | 11672 | 1 116.72 1
9 Tg’ 156.38 4 142.73 1 | 11699 | 1 116.99 1
g % 156.90 7 142.92 2 | 11726 | 2 117.26 2
§ kot 157.42 12 2 143.11 3 | 11753 | 3 117.53 3
= B 157.72 28 143.41 4 | 11783 | 4 117.83 4
§ 3 158.02 39 143.71 6 | 118.13 | 5 118.13 5
E g 158.32 45 144.01 8 | 11843 | 6 118.43 6
o % 158.62 49 144.31 9 | 11873 | 7 118.73 7
2 = 158.92 52 14461 | 11 | 119.03 | 9 119.03 9
= g 159.22 54 14491 | 12 | 119.33 | 10 | 119.33 | 10
2 159.52 55 14521 | 14 | 11963 | 11 | 119.63 | 11
159.82 56 14551 | 15 | 11993 | 12 | 119.93 | 12
160.12 57 14581 | 17 | 12023 | 13 | 120.23 | 13
160.42 | 100 146.11 | 100 | 120.53 | 100 | 120.53 | 100

June 2012
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Table 4-2. San Joaquin River Basin Levee Performance Curves (contd.)

ID SJ11 SJ12 SJ13 SJ14 SJ15
E © 5 E 5
x 2o ] = I
Name o g E %) > 5
4 m & G = =
i < 0 =
Toe Elevation® 184.1 148.2 139.1 98.6 96.5
AWSE 189.2 150.9 142.6 105.8 105.7
Crest Elevation® 192.2 153.9 145.6 109.8 109.7
{b’EeE ‘;fr F;{S{_eg)t NULE NULE NULE NULE NULE
184.14 O | 14817 | O | 13906 | O | 9861 | O 96.49 0
184.65 O | 14844 | 0 | 13941 | 0 | 9933 | © 97.41 0
185.16 O | 14871 | O | 139.76 | O | 10005 O 98.33 0
= 185.67 O | 14898 | 0 | 14011 | 0 | 10077 | 1 99.25 1
= S 186.18 1 | 14925 | 0 | 14046 | 0 |101.49 | 2 100.17 | 2
:8’; g 186.69 1 | 14952 | 0 | 14081 | 0 |10221| 3 101.09 | 3
§ g 187.20 3 | 14979 | 0 | 14116 | 1 | 10293 | 4 10201 | 4
o g 187.71 4 | 15006 | O | 14151 | 1 | 10365 7 10293 | 7
9 © 188.22 7 | 15033 | 1 | 14186 | 2 | 10437 | 12 | 103.85 | 12
g % 188.73 | 11 | 15060 | 1 | 14221 | 3 | 10509 @ 19 | 104.77 | 19
= L 189.24 19 | 150.87 2 142.56 5 | 10581 | 30 105.69 | 30
ui>j ; 18954 | 51 | 15117 | 3 | 14286 | 7 | 10621 | 74 | 106.09 | 74
§ 3 189.84 | 71 | 15147 | 4 | 14316 | 8 | 10661 91 | 106.49 | 91
= S 190.14 | 82 | 151.77 | 5 | 14346 | 10 | 107.01 97 | 106.89 | 97
» ° 19044 | 89 | 152.07 | 5 | 143.76 | 11 | 107.41 | 99 | 107.29 | 99
3 = 190.74 | 94 | 15237 | 6 | 14406 | 13 | 107.81 100 | 107.69 | 100
= S 191.04 | 96 | 152.67 | 7 | 14436 | 14 | 108.21 | 100 | 108.09 | 100
§ 191.34 | 98 | 152.97 | 8 | 144.66 | 16 | 108.61 | 100 | 108.49 | 100
191.64 | 99 | 15327 | 9 | 14496 | 17 | 109.01 | 100 | 108.89 | 100
191.94 | 100 | 15357 | 10 | 14526 | 19 | 109.41 | 100 | 109.29 | 100
192.24 | 100 | 153.87 | 100 & 145.56 | 100 | 109.81 | 100 | 109.69 | 100
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4.0 Results

Table 4-2. San Joaquin River Basin Levee Performance Curves (contd.)

ID SJ16 SJ17 sSJ18 SJ19 SJ20
% ] 3 s g
2 2 @ P = o
Name 8 7} o O < 3
3 o v O £ o
0 o} = o o}
a} i =
Toe Elevation® 84.4 84.2 81.3 64.0
AWSE 89.1 89.9 85.8 70.9
Crest Elevation® 92.1 92.9 88.8 735 '
I&EeEzfr F,ilrﬁjl_eg)t NULE NULE NULE NULE
84.39 0 | 84.20 0 | 8127 | 0 | 6397 | ©
84.86 0 | 84.77 0 | 8172 | 0 | 6466 | 0O
85.33 0 | 8534 0 | 8217 | 0 | 6535 | O
=2 85.80 0 | 8591 0 | 8262 | 0 | 6604 | O
- % 86.27 0 | 86.48 1 | 8307 | 1 | 6673 | 0O
;,_’ e 86.74 0 87.05 1 83.52 1 67.42 0
§ g 87.21 0 | 87.62 3 | 8397 | 3 | 6811 | 1
0 g 87.68 1 | 88.19 4 | 8442 | 4 | 6880 | 1
9 © 88.15 1 | 88.76 7 | 8487 | 7 | 6949 | 2
g = 88.62 2 | 8933 | 11 | 8532 | 11 | 7018 | 3
§ kot 89.09 3 89.90 19 85.77 19 | 70.87 4 2
ﬁ 2 89.39 4 90.20 51 86.07 | 51 | 71.13 5
3 3 89.69 5 | 9050 | 71 | 8637 | 71 | 7139 | 5
= 8 89.99 6 | 90.80 | 82 | 8667 | 82 | 7165 | 6
» e 90.29 7 | 9110 | 89 | 8697 | 90 | 7191 | 7
3 = 90.59 8 | 91.40 | 94 | 8727 | 94 | 7217 | 7
= S 90.89 9 | 91.70 | 96 | 8757 | 96 | 7243 | 8
§ 91.19 9 | 9200 | 98 | 8787 | 98 | 7269 | 8
91.49 10 | 9230 | 99 | 8817 | 99 | 7295 | 9
91.79 11 | 92.60 | 100 | 88.47 | 100 | 7321 | 10
9209 | 100 | 92.90 | 100 | 88.77 | 100 | 73.47 | 100
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Table 4-2. San Joaquin River Basin Levee Performance Curves (contd.)

ID SJ21 SJ22 SJ23 SJ24 SJ25
Q ©
E < £ £ : 5 g
Name 8o 7 33 5> L
o2 o] o0 o o
] o) = e =
s
Toe Elevation® 42.0 48.6 33.0 40.1
AWSE 52.6 57.0 38.6 47.0
Crest Elevation® 54.9 57.0 38.6 50.4 !
I&EeE%fr F;{S{_eg)t NULE NULE NULE NULE
41.98 0 | 4859 | 0 | 3301 | 0 | 4009 | 0
4304 | 0 | 4943 | o | 3357 | o | 4079 | o
4410 | o | 5027 | o | 3413 | o | 4148 | 1
= 45.16 1 | 5111 | 1 | 3869 | 1 | 4217 | 1
N S 46.22 2 | s195 | 2 | 3825 | 2 | 4286 | 2
g g 4728 | 3 | 5279 | 3 | 3581 | 3 | 4356 | 4
§ g 4834 | 4 | 5363 | 4 | 3637 | 4 | 4425 | 6
2 j 49.40 7 | 5447 | 7 | 3693 | 7 | 4494 | 10
Q ° 5046 | 12 | 5531 | 12 | 3749 | 12 | 4564 | 17
g = 5152 | 19 | 56.15 | 19 | 3805 | 19 | 46.33 | 27
§ kot 52.58 30 56.99 30 38.61 31 | 47.02 | 41 2
5 > 52.81 | 74 | 5729 | 74 | 3861 | 75 | 47.36 | 87
2 5 53.04 | 91 | 5759 | 91 | 3861 | 91 | 47.70 | 97
= g 5327 | 97 | 57.89 | 97 | 3861 | 97 | 48.05 | 99
v a 5350 | 99 | 5819 | 99 | 3861 | 99 | 48.39 | 100
3 g 53.73 | 100 = 58.49 | 100 = 38.61 | 100 & 48.73 | 100
= g 53.96 | 100 = 58.79 | 100 & 38.61 | 100 & 49.07 | 100
2 54.19 | 100 | 59.09 | 100 & 38.61 | 100 & 49.41 | 100
54.42 | 100 | 59.39 | 100 & 38.61 | 100 @ 49.75 | 100
54.65 | 100 | 59.69 | 100 & 38.61 | 100 & 50.09 | 100
54.88 | 100 = 59.99 | 100 @ 38.61 | 100 @ 50.43 | 100
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Table 4-2. San Joaquin River Basin Levee Performance Curves (contd.)

4.0 Results

ID SJ26 SJ27 SJ28 SJ29 SJ30
. . . : 3
Name g % g r_; £ g _§ 5
< 58 52 35 3
™ 0 ] 5_5
Toe Elevation® 28.4 23.5 27.9 19.5 0.6
AWSE 38.7 36.6 355 28.4 14.7
Crest Elevation® 41.7 40.0 38.5 32.1 22.4
{b’EeE ‘;fr F,ilrﬁjl_eg)t NULE NULE NULE NULE NULE
28.41 0 | 2352 | 0 | 2793 | 0 | 1949 | © 0.58 0
29.44 O | 2483 | 0 | 2869 | 0 | 2039 | O 1.99 0
30.47 0 | 2614 | 1 | 2945 | 1 | 2128 | O 3.40 1
= 31.50 1 | 2745 | 1 | 3021 | 1 | 2217 | 1 481 1
- % 3253 2 | 2876 | 2 | 3097 | 2 | 2307 | 2 6.22 2
8 = 33.56 3 | 3007 | 4 | 3173 | 4 | 2396 | 3 7.63 4
§ g 34.59 5 | 3138 | 6 | 3249 | 6 | 248 | 5 9.04 6
0 g 35.62 7 | 3269 | 10 | 3325 | 10 @ 2575 | 7 10.45 10
9 © 3665 | 12 | 3400 | 17 | 3401 | 17 | 2664 | 12 | 11.86 17
g = 3768 | 20 | 3531 | 27 | 3477 | 27 | 2754 | 20 | 1327 | 27
3 < 3871 | 31 | 3662 | 41 @ 3553 | 41 | 28.43 | 31 | 1468 | 41
% ; 3901 | 75 | 3696 | 87 @ 3583 | 87 | 2879 | 75 | 1545 | 87
3 3 39031 | 91 | 3730 | 97 @ 3613 | 97 | 2916 | 91 | 1622 | 97
= S 3061 | 97 | 3764 | 99 @ 3643 | 99 | 2952 | 97 | 16.99 | 99
g e 3091 | 99 | 37.98 | 100 3673 | 100 | 29.88 | 99 | 17.76 | 100
B = 4021 | 100 3832 | 100 | 37.03 | 100 | 30.25 | 100 | 18.53 | 100
= g 4051 | 100 38.66 | 100 | 37.33 | 100 | 30.61 | 100 | 19.30 | 100
2 4081 | 100  39.00 | 100 | 37.63 | 100 | 30.97 | 100 | 20.07 | 100
4111 | 100 @ 39.34 | 100 | 37.93 | 100 | 31.34 | 100 | 20.84 | 100
4141 | 100  39.68 | 100 | 38.23 | 100 | 31.70 | 100 | 21.61 | 100
4171 | 100 = 40.02 | 100 | 3853 | 100 | 32.06 | 100 | 22.38 | 100
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Table 4-2. San Joaquin River Basin Levee Performance Curves (contd.)

ID SJ31 SJ32 SJ33 SJ34 SJ35
g s - 3 5
5 £ 32 5 :
Name £ = £ 3 < "
- = c 3} b
5 2 — @ 5 9
] L LC
Toe Elevation® 13.7 16.6 12.7 10.7 4.4
AWSE 23.4 22.8 18.2 17.0 11.7
Crest Elevation® 28.8 30.9 29.0 26.0 194
I&EeE%fr F,ilrﬁjl_eg)t NULE NULE NULE NULE NULE
13.75 0 1665 | 0 1267 | 0 | 1069 | © 4.41 0
14.72 0 1727 | 0 1322 | 0 | 1132 | © 5.14 0
15.69 0 1789 | © 1377 | 0 | 1195 | © 5.87 0
= 16.66 1 1851 | 0 1432 | 0 | 1258 | © 6.60 0
- % 17.63 2 1913 | © 1487 | 0 | 1321 | © 7.33 1
8 k=2 18.60 3 1975 | 0 1542 | 0 | 1384 | 0 8.06 1
§ g 19.57 5 20.37 1 15.97 1 | 1447 1 8.79 3
0 g 20.54 7 20.99 1 16.52 1 | 15.10 1 9.52 4
9 © 2151 12 | 2161 2 17.07 2 | 1573 2 10.25 7
g = 2248 | 20 | 22.23 3 17.62 3 | 16.36 3 10.98 11
§ kot 2345 | 31 | 2285 5 18.17 5 | 16.99 5 11.71 19
o > 2399 | 75 | 23.66 7 19.25 9 | 17.89 8 12.48 | 51
3 3 2453 | 91 | 2447 | 10 @ 2033 | 12 | 1879 | 10 | 1325 | 71
t S 2507 | 97 | 2528 | 12 | 2141 | 16 | 1969 | 13 | 1402 | 83
g e 2561 | 99 | 26.09 | 15 | 2249 | 19 | 2059 | 15 | 1479 | 90
® = 2615 | 100  26.90 | 17 | 2357 | 22 | 2149 | 18 | 1556 | 94
= g 2669 | 100 | 2771 | 19 | 2465 | 26 | 2239 | 20 | 1633 | 97
2 2723 | 100 | 2852 | 21 | 2573 | 29 | 2329 | 23 | 17.10 | 98
2777 | 100 | 2933 | 24 | 2681 | 32 | 2419 | 25 | 17.87 | 99
2831 | 100 | 3014 | 26 @ 2789 | 35 | 2509 | 27 | 1864 | 100
28.85 | 100 | 30.95 | 100 = 28.97 | 100 | 2599 | 100 | 19.41 | 100
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4.0 Results

Table 4-2. San Joaquin River Basin Levee Performance Curves (contd.)

ID SJ36 SJ37 SJ38 SJ39 SJ40
o o
4“:) o -cgs >0 E c—% E o
Name 28 585 5 = 58
8T Sx 2 % S Lo
(12 5 5 n
Toe Elevation® 46 2.7 -2.8 8.6 5.3
AWSE 17.0 8.6 7.7 13.5 13.4
Crest Elevation® 26.1 13.9 8.4 23.4 19.3
I&EeEzfr F,ilrﬁjl_eg)t NULE NULE NULE NULE NULE
4.58 0 2.75 0 -2.85 0 861 0 5.28 0
5.82 0 3.34 0 -1.80 0 | 9.10 0 6.09 0
7.06 0 3.93 0 -0.74 0 | 959 0 6.90 1
= 8.30 1 4.52 0 0.31 0 | 10.08 1 7.71 1
- % 9.54 1 5.11 0 1.37 1 | 1057 | 2 8.52 2
8 = 10.78 2 5.70 0 2.43 1 | 11.06 | 3 9.33 4
gg\: g 12.02 3 6.29 0 3.48 2 | 1155 | 5 10.14 6
0 g 13.26 4 6.88 0 454 3 | 1204 | 7 10.95 10
9 ° 14.50 7 7.47 1 5.59 5 | 1253 | 12 | 11.76 17
g = 1574 | 12 | 8.06 1 6.65 8 | 13.02 | 20 | 1257 27
= + 16.98 | 20 | 8.65 2 771 | 13 | 1351 | 31 | 1338 | 41
% 2 17.89 | 52 | 9.8 3 778 | 29 | 1450 | 75 | 13.97 87
3 3 1880 | 71 | 971 3 785 | 39 | 1549 | 91 | 1456 97
= S 19.71 | 83 | 1024 | 4 792 | 45 | 1648 | 97 | 15.15 99
g e 2062 | 90 | 1077 | 5 7.99 | 48 | 1747 | 99 | 1574 | 100
B = 2153 | 94 | 1130 | 5 8.06 | 50 | 18.46 | 100 | 16.33 | 100
= 8 2244 | 97 | 1183 | 6 813 | 52 | 19.45 | 100 | 16.92 | 100
ﬁ 2335 | 98 | 1236 | 7 820 | 53 | 2044 | 100 | 1751 | 100
2426 | 99 | 1289 | 7 827 | 53 | 2143 | 100 | 18.10 | 100
2517 | 100 | 1342 | 8 834 | 54 | 2242 | 100 | 1869 | 100
2608 | 100 | 1395 | 100 841 | 100 | 23.41 | 100 | 19.28 | 100
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Table 4-2. San Joaquin River Basin Levee Performance Curves

(contd.)
ID SJal SJ42 SJ43
g 5 c
Name % i %
i‘? x o
Toe Elevation® 5.5 6.3 31.6
AWSE 10.4 10.4 42.4
Crest Elevation® 21.3 19.3 46.2
{b’EeE ‘;fr F,ilrﬁjl_eg)t NULE NULE NULE
5.49 0 | 627 | 0 | 3160| O
5.98 0 | 668 | 0 | 3268 | 0
6.47 0 | 700 | 0 | 3376 | 0
= 6.95 0 7.50 0 | 3484 0
- % 7.44 0 | 791 | 0 | 3592 | 0
8 2 7.93 o | 832 | 0 | 3700 1
é § 8.42 1 | 873 | o | 3808 1
a g 8.91 1 | 914 | 1 | 3916 1
9 ° 9.40 2 | 955 | 1 | 4024 2
g = 9.89 3 | 996 | 2 | 4132 4
5 L 10.38 4 1037 | 3 | 4240 6
ui>j ;; 1147 | 8 | 1126 | 6 | 4278 | 7
3 = 1257 | 11 | 1215 | 9 | 4316 | 8
= g 1367 | 15 | 13.04 | 12 | 4354 | 9
9 o 1476 | 18 | 1393 | 15 | 4392 | 10
g g 1586 | 21 | 14.82 | 17 | 4430 | 11
= g 1695 | 24 | 1571 | 20 | 4468 | 11
< 18.05 | 28 | 16.60 | 22 | 4506 | 12
1915 | 31 | 17.49 | 25 | 4544 | 13
2024 | 33 | 1838 | 27 | 4582 | 14
21.34 | 100 | 19.27 | 100 | 46.20 | 100
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Table 4-2. San Joaquin River Basin Levee Performance Curves

(contd.)
ID STK6 STK7 STK8
e < ~
X S S <
Name % = % z (;’ g
SE 30 g 0
0 o O = (0]
2 @ 0
a
Toe Elevation® 31.2 8.6 19.8
AWSE 33.8 9.9 25.7
Crest Elevation® 36.8 17.6 30.0
ISEGE?; F,:[S{_eé)t NULE ULE ULE
3116 | o | 858 | 0 |1985| o
3142 | o | 903 | 1 |203| o
3168 | 0 | 948 | 1 |2087| o
3194 0 | 993 | 1 | 2138 o0
% 3220 0 | 1038 | 1 |218 1
g g 3246 0 1083 1 | 2240 1
< = |3272| 0o |1128| 2 2201 1
g g 3208 | 0 | 1173 | 2 | 2342 | 1
3 S 3324 1 | 1218 | 2 | 2393 1
=3 S | 3350 1 | 1263 2 | 2444 | 1
s B | 3376 | 2 | 1308 | 14 | 2495 4
: S 3406 | 3 | 1353 | 17 | 2546 8
o = 3436 | 4 | 1398 | 21 | 2597 | 13
8 E 3466 | 5 | 1443 | 26 | 26.48 | 19
= 2 3496 | 6 | 1488 | 32 | 26.99 | 26
3 5 3526 | 6 | 1533 | 40 | 2750 | 35
2 g 3556 | 7 | 1578 | 49 | 2801 | 46
@ 358 | 8 | 1623 59 | 2852 | 58
< 36.16 | 9 | 1668 | 68 | 2003 | 67
3646 | 10 | 1713 | 76 | 2054 | 75
36.76 | 100 | 17.58 | 81 | 30.05 | 81
17.59 | 100 | 30.06 @ 100

June 2012
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Table 4-2. San Joaquin River Basin Levee Performance Curves

(contd.)
ID STK9 STK10
X
(] N
= © 9
Name O35 =i
T Z 32
(]
o )
Toe Elevation® 16.4 2.1
AWSE 19.8 9.6
Crest Elevation® 24.0 15.6
Type of Project
(ULE or NULE) ULE ULE
1639 | 0 | 2.08 0
1677 | 0 | 2.75 1
1715 | 0 | 3.43 1
- 1753 | 0 | 4.10 2
§ 1791 | O 4.78 2
= @ 18.29 1 5.45 2
3 s
e = 1867 | 1 | 6.13 3
Q & 19.05 | 1 | 6.80 4
o) o
> g 1943 | 1 | 7.48 5
Q ()
£ 5 1981 | 1 | 815 | 6
c =
o s 2019 | 1 | 883 8
g 5 2057 | 2 | 950 @ 11
—_ >
w £ 2095 | 2 |10.18 | 15
@ 3
§ < 21.33 2 1085 | 22
= o
= £ 2171 | 2 | 1153 30
I3 3 2209 | 4 | 1220 41
(U A
= 2 2247 | 6 | 12.88 | 55
2 2285 | 8 | 1355 | 69
< 2323 | 11 | 1423 | 78
2361 | 14 | 1490 85
2399 | 18 | 1558 | 90
24.00 | 100 | 15.59 | 100

Notes:

! No State-federal project levees found within the impact area

2 Assume overbank flow

% Elevations in feet, NGVD29

Key:
- = not applicable

AWSE = Assessment Water Surface Elevation
NGVD29 = National Geodetic vertical Datum of 1929
NULE = Non-Urban Levee Evaluations

RD = Reclamation District

ULE = Urban Levee Evaluations
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4.0 Results

4.2 Limitations

This assessment has been performed in accordance with the standard of
care commonly used as the state-of-practice in the civil engineering
profession. Standard of care is defined as the ordinary diligence exercised
by fellow practitioners in this geographic area performing the same
services under similar circumstances during the same time period. The
levee performance curves are intended to be used in current hydraulic and
economic damage modeling being performed by DWR for the CVFPP;
these curves should not be taken out of this context in forecasting local
levee performance issues.

The current version of the NULE levee performance curve Excel tool has
produced curves for more than 200 NULE levee segments using cross-
section-specific geometry, GAR categories, and a few curve-fitting
parameters. Because geometries of levees vary widely, some curves may
look distorted when compared to the expected curve shapes presented in
Figure 3-1. This distortion is present to greater or lesser degrees for levees
with only one or two high (C) or lacking sufficient data (LD) ratings and is
further exacerbated for levees that are either very short (particularly if they
have more than 3 feet of freeboard) or very tall (particularly if they have
less than 3 feet of freeboard). The tool provides a set of curves with
consistent properties relative to each other that are appropriate for the
intended use in systemwide models and that are sufficient for initial
hydraulic and damage modeling. The impact of these distortions (if any)
can be addressed once results of initial damage model runs become
available.

As mentioned above, levee performance curves presented in this
attachment are intended for use with systemwide hydraulic and economic
damage modeling performed for the CVFPP. Actual hydraulic and
economic damage modeling results depend on a number of factors beyond
the geotechnical levee performance curves (such as hydrologic and
hydraulic uncertainty), and although the levee performance curves may
seem reasonable, they may, when combined with other factors and used in
the modeling, produce unexpected results; therefore, care must be taken in
their use.

In the methodology described in Section 3, individual failure mode levee
performance curves were combined to yield a cumulative or combined
levee performance curve. This approach assumed that the failure modes are
independent, and that the different failure processes operate independently.
This assumption is likely not true in all cases and has been offset to some
extent by reducing the probability of failure for individual failure modes.
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In developing NULE levee performance curves, for simplicity, the
geometry and location of the under-seepage cross section that was assessed
in the GARs (URS, 2010a; Kleinfelder, 2010) was used for each curve. For
some NULE segments, the GARs used different cross sections for different
failure modes. In developing levee performance curves, geometry and
location from the GAR under-seepage cross section was used as input for
hydraulic and flood damage models.

As noted previously, levee crest elevations used in the Comprehensive
Study (USACE, 2002) are sometimes different from those identified in the
ULE and NULE projects. The ULE and NULE projects relied on recent
LiDAR and CLD topographic data to estimate topographic parameters. The
Comprehensive Study relied on older, since superseded, topographic
information and, in most instances, the ULE and NULE levee crest
elevations were used.

In developing NULE levee performance curves, results from the draft
North and South GARs (URS, 2010b; Kleinfelder, 2010) were used
without modification. There are ongoing efforts to finalize these GARSs,
and some of the data used in development of the levee performance curves
may change. Similarly, ULE data that were current through the FCSSR,
and some data used to develop the levee performance curves, may change
as the ULE Project proceeds.

DWR makes no warranty that actual encountered site and subsurface
conditions will exactly conform to the conditions described herein, nor that
the interpretations and recommendations in this attachment will be
sufficient for construction-planning aspects of any future work to
reconstruct or remediate levees. The design engineer or contractor should
perform a sufficient number of independent explorations and tests that the
engineer or contractor believes are necessary to verify subsurface
conditions rather than relying solely on the information presented in this
attachment or other referenced documentation.

DWR does not attest to the accuracy, completeness, or reliability of maps,
data sources, and geotechnical borings and other subsurface data produced
by others that were presented in the GARs and used to develop levee
performance curves described in this attachment. DWR has not performed
independent validation or verification of data reported by others.

Data presented in this attachment are time-sensitive in that they apply only
to locations and conditions that were identified at the time this attachment
was prepared. Data should not be applied to any other projects in or near
the area of this study nor should they be applied at a future time without
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appropriate verification, at which point the entity verifying the data takes
on the responsibility for the data and any liability for its use.

The levee performance curve information and results contained in this
attachment is for the use and benefit of DWR. Use by any other party is at
their own discretion and risk.

Information in this attachment should not to be used as a basis for design,

construction, remedial action, or major project-specific capital spending
decisions.
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6.0 Acronyms and Abbreviations

AWSE ..., Assessment Water Surface Elevation
Board .........ooevviiiiiiiiiiiiins Central Valley Flood Protection Board
CLD.ooeeeeeeeea, California Levee Database

Comprehensive Study .....Sacramento and San Joaquin River Basins
Comprehensive Study

CVFPP .. Central Valley Flood Protection Plan

[D]=] | v VR Sacramento-San Joaquin Delta

DWR .o, California Department of Water Resources

ETL oo, Engineer Technical Letter

FCSSR....oooooiiieeviiiiiin, Flood Control System Status Report

FS o, factor of safety

GAR .., Geotechnical Assessment Reports

HEC-FDA ..o, Hydrologic Engineering Center Flood Damage
Assessment model

e vertical exit gradient

LD oo lacking sufficient data

LIDAR.....cccoeeeiieeiiieiiin, light detection and ranging

NULE ..., Non-Urban Levee Evaluation

P e probability of failure

PFEP ..o, probable failure point

PNP...ooiii e, probable non-failure point

S = S State Plan of Flood Control

] Urban Levee Evaluation

USACE........coiiee U.S. Army Corps of Engineers
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