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Foreword

This common program, like all components of the Programs’ alternatives, is being
developed and evaluated at a programmatic level. The complex and
comprehensive nature of a Bay-Delta solution means that it will be composed of
many different programs and activities that will be implemented over time.
Solution alternatives will be evaluated as sets of programs and activities so broad
benefits and impacts can be identified. More focused analysis and environmental
documentation of specific programs and actions will occur in subsequent
refinement efforts.
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Glossary

The following terms are used in describing the Delta Levee System Integrity
Common Program:

Action - A physical, operational, legal, or institutional change intended to maintain
or achieve a desirable condition (target) of the Delta levee system.

Channel islands - Small unleveed land masses within Delta channels which are
typically good sources of habitat. Some are remnants of original delta marsh lands
and other are result of channel widening, levee construction, and dredged material
disposal.

Common Program - Individual programs to address ecosystem restoration, Delta
levee system integrity, water use efficiency, and water quality which are virtually
identical in every CALFED alternative. Each of the goals and targets of these
programs will not vary to any significant degree regardless of which alternative is
implemented.

Delta islands - Islands in the Sacramento-San Joaquin Delta protected by levees.
The surface of the majority of islands are below sea level and provide many
benefits including agriculture, recreation, water quality, and habitat for fish and
wildlife.

Drainage blanket - A layer of crushed rock encapsulated in filter fabric that is
placed on the slope and landside toe of a levee prior to placement of stability berm.
It helps to control seepage and piping.

Erosion - Loss of levee material due to the effects of channel flows, tidal action,
boat wakes, and wind-generated waves.

Ecosystem Restoration Program Plan - A comprehensive, whole ecosystem plan
for restoration and management of the Bay-Delta.

Hydrostatic pressure - The pressure of water at a given depth résulting from the
weight of the water above it.

Implementation Objective - A description of what the Program will strive to
maintain or achieve for the Delta levee system which is not intended to change
over the life of the program.

Levee crown - The top surface between the edges of a levee.
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Liquefaction - The process in which a saturated soil loses strength when subjected
to ground shaking during an earthquake.

Non-project levee - A flood control levee in the Delta that is not a federal flood
control project levee.

Oxidation - The conversion of organic soil, such as peat, to carbon dioxide.

Piping - The process of seepage carrying away levee material resulting in larger
seepage paths within the levee.

Primary zone - The Delta land and water area of primary state concern and

statewide significance which is situated within the boundaries of the Delta, but
which is not within either the urban limit line or sphere of influence line of any
government’s general plan or currently existing studies, as of January 1, 1992.

Project levee - A flood control levee which is part of a federal flood control
project.

Reclamation district - A local agency responsible for the maintenance of levees
within their boundaries.

Seepage - A slow movement of water through permeable soils caused by
hydrostatic pressure.

Seismicity - The frequency, intensity, and distribution of earthquake activity in an
area. '

Setback levee - A constructed embankment to prevent flooding that is positioned
some distance from the edge of the river or channel. Setback levees provide area
for wildlife habitat to develop and for floodflow capacity.

Settlement - The sinking of surface elevations as a result of underlying soil
consolidation caused by an increase in the weight of overlying deposits.

Slope protection - Various type of materials used to protect the levee surface and
streambank adjacent to the levee from erosion.

Slurry cutoff wall - A combination of soil, cement, and bentonite ( a clay material)
constructed inside a trench down the center of the levee. This trench must be
sufficiently deep to cut off or reduce seepage through or under the levee.

Stability berm - Earth fill placed against the levee slope to act as a counterweight
to prevent rotational slides.
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Subsidence - The loss of soil within the first few feet of the surface due to organic
soil oxidation, and topsoil erosion is referred to as shallow subsidence. Deep
subsidence is caused by groundwater withdrawal and a decline of natural gas
pressure.

Target - A qualitative or quantitative statement of an implementation objective.
Targets may vary as new information becomes available and may vary based on
Delta conveyance alternatives. Targets are to be set based on realistic
expectations, must be balanced against other resource needs, and must be
reasonable, affordable , cost effective, and practicably achievable.

Toe drain - A trench along the landside toe of the levee filled with crushed rock
encapsulated in filter fabric. The toe drain reduces saturation of the levee, controls
seepage, and prevents boils.
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DRAFT
CALFED Bay-Delta Program

DELTA LEVEE SYSTEM INTEGRITY
COMMON PROGRAM

Objective

Reduce the risk to land use and associated economic activities, water supply,
infrastructure, and the ecosystem from catastrophic breaching of Delta levees.

Vision

The Sacramento-San Joaquin Delta is an area of great regional and national importance,
which provides a broad array of benefits including agriculture, water supply,
transportation, navigation, recreation and fish and wildlife habitat. Delta levees are one of
the most visible and critical features of this system.

Historically, the levee system has been viewed as a means of protecting other Delta
resources. However, levees are an integral part of the Delta landscape and are key to
preserving the Delta’s physical characteristics and processes. A goal for the common
program is to integrate their role in defining the waterways and islands with long-term
ecosystem restoration of the Bay-Delta system.

Given the numerous public benefits protected by Delta levees, the focus of the Delta
Levee System Integrity Common Program is to supplement and improve Delta levee
maintenance, improvement, and emergency management practices, as well as to develop a
long-term mechanism for equitably distributing the costs of assuring long-term levee
system integrity.

Introduction

The mission of the CALFED Bay-Delta Program is to develop a long-term comprehensive
plan that will restore ecosystem health and improve water management for beneficial uses
of the Bay-Delta system. CALFED addresses problems in four resource areas: ecosystem
quality, water quality, system integrity, and water supply reliability. Common programs
will be designed and integrated to address problems in the four resource areas to fulfill the
CALFED mission.
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The Delta levee system provides protection to:

e Delta communities e Ecosystem e Economic activities
o Existing land use e Infrastructure e  Water supply operations
e Water quality '

These resources are at risk from potential failure of the Delta levees and charnels and
flooding of Delta islands. Water supply operations and water quality are at risk from
increased salinity intrusion which can be the result of the sudden catastrophic inundation
of Delta islands.

The focus of the Delta Levee System Integrity Common Program is to provide long-term
protection for multiple Delta resources by maintaining and improving the integrity of the
Delta levee system. In addition, this common program aims to integrate ecosystem
restoration and levee improvement activities.

Background

Delta islands, which the majority have land surface elevations below sea level, provide
many benefits including agriculture, transportation, water quality, recreation, and fish and
wildlife habitat. Natural settling of the levees and shallow subsidence of Delta island soils
(oxidation which lowers the level of the land over t.me) resulted in a need to increase
levee heights to maintain protection. This increased height, coupled with poor levee
construction and inadequate maintenance, makes Delta levees vulnerable to failure,
especially during earthquakes or floods.

The following reclamation and water management activities greatly influenced the current
Delta which is includes over 700,000 acres, 700 miles of meandering waterways and over
1,100 miles of levees.

1849 Settlers begin arriving in the Delta to farm its rich soils. The majority of the
Delta was marsh land prior to subsequent reclamation and conversion to
agricultural lands.

1850  Congress passes the Federal Swamp and Overflow Act, which provided for the
title of wetlands to be transferred from the federal government to the states.

1861 California legislature authorizes the State Reclamation District Act. As a result
of state and federal legislation, swamp and overflow land was sold and reclaimed
for agricultural use by construction of levees. The Delta was transformed from a
large tidal marsh to a system of improved channels and levees by the early 1900s.
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Congress authorizes the Central Valley Water Project (CVP).

The Stockton Deep Water Ship Channel, which extends from the confluence of
the Sacramento and San Joaquin rivers to the City of Stockton, is completed.

The Contra Costa Canal, which exports water from the south Delta to the Bay
Area, is completed. This is the first unit of the CVP which utilizes existing
channels to convey water through the Delta for export.

Shasta Dam and Reservoir, which provide additional water to Delta channels
during low-flow periods, is completed. This is a key feature of the CVP used to
capture and store water.

The Delta-Mendota Canal, which exports water from the Delta via the Tracy
Pumping Plant to the San-Joaquin valley, is completed. This is another unit of
the CVP which increases exports from the Delta.

The Delta Cross Channel, which aids transfer of water from the Sacramento
River across the Delta to the Tracy Pumping Plant, is completed.

The Delta Protection Act was enacted by the California Legislature to protect,
conserve, develop, control, and use the waters of th Delta for the public good.

Voters approved the State Water Resources Development Bond Act (also known
as the Burns-Porter Act) to help finance the initial facilities of the State Water
Project (SWP). These facilities included master levees, control structures,
channel improvements, and appurtenant facilities in the Sacramento-San Joaquin
Delta used for water conservation, water supply in the Delta, transferring water
across the Delta, and flood and salinity control.

The Sacramento River Flood Control Project, authorized by Congress, is
completed by the U.S. Army Corps of Engineers. This project incorporated and
improved certain Delta levees to provide improved flood control for a portion of
the Delta. These levees are commonly referred to as “project” levees.

The Sacramento Deep Water Ship Channel, which extends from the confluence
of the Sacramento and San Joaquin rivers, is completed.
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1967

1988
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Oroville Dam and Reservoir, which provide increased channel flows during low-
flow periods, is completed. This is a key feature of the State Water Project
(SWP) and includes the Feather River Fish Hatchery to replace spawning areas
lost as a result of the Dam.

The first stage of the Harvey O. Banks Delta Pumping Plant, another unit of the
SWP, is completed along with the John E. Skinner Fish Facility. Diversions from
the Delta to the California and South Bay aqueducts of the SWP begin.

Construction of Clifton Court Forebay located in the south Delta begins. This is
another unit of the SWP to facilitate export of water from the Delta.

Barker Slough Pumping Plant, which provide water from the northwest Delta for
the North Bay aqueduct, is completed.

Suisun Marsh salinity control gates, which aid in controlling water quality in the
marsh for protection of waterfowl, is completed.
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Inundation of one or more islands in the Delta can disrupt wildlife habitat, farming
operations, and other land uses either permanently or for a significant period of time until
repairs can be made. Inundation of roads, electric power lines, telephone lines, gas mains,
and other infrastructure can cause lengthy delays in service. Several State highways and
many Delta roads run along levees that are vulnerable to collapse due to erosion, seismic
events, or overtopping. Major water distribution systems also pass through the Delta and
are at risk of failure. Even if these numerous facilities survive the initial effects of
inundation, long-term inundation would make continued maintenance and repair difficult,
if not impossible. If a flooded island is not repaired and drained, the resulting large body
of open water can expose adjacent islands to increased wave action and additional
seepage.

Long-term flooding of key Delta islands can also affect water quality by changing the rate
and extent of saltwater intrusion. Inundation of one or more key islands in the western
and central Delta would allow salinity to intrude further into the Delta. This would be of
particular concern in a low water year when less freshwater would be available to repel the
incoming salt water. This salinity intrusion would degrade water quality and could result
in water supply interruption for in-Delta and export use by both urban and agricultural
users, until the salt water could be flushed from the Delta. In order to lower salinity in the
Delta to acceptable levels, flushing flows would need to be released from upstream
reservoirs. Stored water supplies in these reservoirs could be seriously depleted.

The California Legislature recognized that the Delta levee system benefits many segments
and interests of the public at large and approved a conceptual plan in 1973 to preserve the
integrity of the Delta levee system. The Delta Levee Maintenance Subvention Program
was enacted to provide state funding and technical assistance for maintenance and
rehabilitation of non-project Delta levees. The Delta Flood Protection Act of 1988
created the Special Flood Control Project Program for eight islands in the western Delta
and the towns of Thornton and Walnut Grove. This act also amended the Delta Levee
Maintenance Subvention Program and established a special account in the California
Water Fund for appropriation by the Legislature for mitigation activities.
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The Delta Protection Commission (DPC) was established by the Delta Protection Act of
1992. The Act acknowledges that agricultural land within the Delta is of significant value
as open space and habitat for waterfowl using the Pacific Flyway. The commission has
prepared a regional long-term resource management plan for the Delta to protect,
maintain, and, where possible, enhance and restore the overall quality of the Delta
environment, including, but not limited to agriculture, wildlife habitat, and recreational
activities. All local general plans for areas within the Primary zone within the boundaries
of the Delta are required to be consistent with the DPC regional plan. The Safe, Clean,
Reliable Water Supply Act was approved by voters in 1996 to fund a variety of Delta
improvements and local programs designed to address California water needs, including
Delta levee system improvements.

Geographic Scope

The geographic scope of the CALFED Bay-Delta Program consists of the legally defined
Delta, Suisun Bay (extending to the Carquinez Strait), and Suisun Marsh. The Delta
Levee System Integrity Common Program is focused on the legally defined Delta. The
relationship between Delta channels, tributaries to the Delta, and upstream watersheds
may require actions within the geographic solution area defined by the Program to resolve
Delta levee system problems.

FIGURE 4
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Implementation Strategy

The general approach for the Delta Levee System Integrity Common Program will be built
upon a foundation of existing State, federal, and local agency programs. The focus of this
common program is to supplement and improve these existing programs when deficiencies
are identified, and enhance opportunities to integrate ecosystem restoration with efforts to
preserve and improve system integrity.

In most cases, system integrity problems are well understood and the actions needed to
improve conditions are clear. In other cases, the understanding is not sufficient to warrant
full-scale implementation of proposed actions, and additional research is needed to identify
potential solutions. Improvement of Delta levees and channels will require years of
evaluation and coordination. For example, subsidence of Delta islands is well understood,
but measures to slow or reverse the process are still being developed. Implementing this
common program will require reliable, long-term funding which distributes the costs of
assuring long-term levee system integrity among all beneficiaries.

Ecosystem restoration and conveyance improvements will be integrated with levee
improvements to protect existing Delta physical characteristics and processes. This
integration will provide opportunities to address multiple problems in the Delta and to
coordinate with other program actions.

Full implementation of this common program will meet minimum federal flood control
project levee performance criteria for project and non-project levees in the Delta. Over
several decades, a phased process will coordinate potential improvement actions with
ecosystem restoration and conveyance improvements. For example, actions to control
subsidence can be implemented in conjunction with ecosystem restoration activities and
provide an opportunity to continue investigation for reversing subsidence. Habitat
improvements, such as creating corridors or Delta channel conveyance improvements, can
provide opportunities for improvements for flood control. A comprehensive emergency
management plan will be implemented to address protection and recovery of Delta
resources in coordination with maintenance and improvement measures.

Common Program Elements
The specific elements of the Delta Levee System Integrity Common Program include:

Delta Levee Base Level Protection Plan
Delta Levee Special Improvement Projects
Delta Island Subsidence Control Plan
Delta Levee Emergency Management Plan
Delta Levee Seismic Risk Assessment.
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Program staff will work with stakeholders, the public, and State and federal agencies, to
identify existing programs, potential deficiencies within existing programs, and specific
actions for each element of the common program to address any identified deficiencies.
These actions will be closely integrated with the Ecosystem Restoration Program Plan and
Delta conveyance actions to simultaneously increase system integrity, increase ecosystem
quality, and protect water quality and water supply reliability.
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Implementation
Objective

Target

Action

Promote maintenance and enhancement
of the Delta levee system.

Reduce degradation of the levee system
and prevent long-term loss of habitat.

Establish State, federal, and local cost-
sharing plan to assure long-term Delta
levee system integrity.

Improve Delta levee system stability
to meet federal flood control project
criteria

Establish uniform levee maintenance
criteria to improve erosion and
seepage control.

Establish uniform guidelines for
protection, and enhancement of
existing habitat.

Identify necessary funding
requirements and beneficiaries to
provide equitable distribution of

maintenance and improvement costs.

Modify levee cross sections by raising levee height,
widening levee crown, flattening levee slopes, or
constructing stability berms.

Provide slope protection, relocate irrigation ditches,
install drainage systems or slurry cut-off walls.

Coordinate maintenance and improvement actions
with the Ecosystem Restoration Program Plan to
enhance and restore habitat areas.

Develop a phasing sequence for implementation of
proposed actions to improve flood protection.

This plan will build upon existing programs and activities to meet minimum federal flood control project levee performance criteria for
project and non-project levees in the Delta. Local reclamation districts are responsible for maintaining and improving Delta levees and
provide the primary source of resources through assessments imposed on local property owners. The federal government provides
limited resources for maintenance of federal flood control projects. The State increased its participation when it established the Delta
Levee Maintenance Subvention Program and the Special Flood Control Project Program to address maintenance and improvement
projects for certain areas of the Delta. Please see Appendix B for more detailed information on this element of the common program.
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Bay-Delta Program

13

DRAFT
September 5, 1997

D—031457

D-031457



FOR DISCUSSION PURPOSES ONLY DRAFT

Delta Levee Special Improvement Projects

Implementation Target Action

Objective

Enhance flood protection for islands Improve stability of Delta levees and  Modify levee cross sections by raising levee height,
providing multiple resource benefits improve flood conveyance capacity ~ widening levee crown, flattening levee slopes, or

to safely pass inflows into the Delta. ~ constructing stability berms.

Modify channel configurations, constructing cut-off
levees, and create bypass systems.

Promote integration of habitat Establish criteria for including habitat Coordinate special improvement actions with the
restoration. restoration in special projects. Ecosystem Restoration Program Plan to enhance and
restore habitat areas.
Establish a priority plan for Identify public benefits provided by ~ Develop a phasing sequence for implementation of
implementation of special projects. Delta islands and rank the islands by ~ proposed special projects and integration of habitat
these attributes. restoration actions.

These projects will provide increased flood protection beyond the Delta Levee Base Level Protection Plan for Delta islands which have
many public benefits. The State increased its role in Delta levee flood control improvements when it established the Special Flood
Control Project Program. Delta islands that protect water quality; agricultural production; life and personal property; cultural
resources; recreation; the ecosystem; and local and statewide infrastructure, will be ranked separately for each of these resources.

Program staff, in coordination with stakeholders, the public, and State and federal agencies, will seek input in preparing island rankings.
These rankings will be used by policy makers to use in developing an overall balanced priority plan for Delta Levee Special
Improvement Projects. This priority plan will identify the relationships between the resources potentially affected by flooding of each
Delta island and the phasing sequence of special improvement projects to provide increased flood protection. Please see Appendix C
for more detailed information on this element of the common program.
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Delta Island Subsidence Control Plan

DRAFT

Implementation
Objective

Target

Action

Establish subsidence control zones on
islands with peat soils.

Promote integration of habitat
restoration.

Establish a priority plan for
implementation of subsidence control
actions.

Modify agricultural practices within
300-500 yards of landside levee slope
to reduce subsidence.

Identify demonstration projects to
restore interior island elevations.

Establish criteria for including habitat
restoration in subsidence control
projects.

Identify areas critical for controlling
subsidence and rank these areas for
importance to protect public benefits.

Purchase conservation easements adjacent to levees.

Implement less intensive agricultural practices.

Implement pilot project for shallow flooding of peat
soils.

Implement pilot project to increase organic surface
material.

Coordinate subsidence control actions with the
Ecosystem Restoration Program Plan to enhance and
restore habitat areas.

Develop a phasing sequence for implementation of
proposed subsidence control projects.

This plan will promote island subsidence reduction to provide long-term reliability of Delta levees through coordination with existing
program and activities. The State increased its role in subsidence investigations when it established the Special Flood Control Project

Program.

Program staff, in cooperation with stakeholders, the public, and State and federal agencies, will evaluate subsidence rates and depth of
organic soils for Delta islands, and will develop an implementation plan. This plan will identify actions and a phasing sequence to
address island subsidence. Please see Appendix D for more detailed information on this element of the common program.
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Delta Levee Emergency Management Plan

DRAFT

Implementation
Objective

Target

Action

Enhance planning and resource allocation
prior to disaster event

Enhance planning and resource allocation
for recovery efforts following a disaster
event

Establish State, federal, and local cost-
sharing plan to assure long-term Delta
levee emergency management protection.

Identify guidelines for funding and
participation

Identify guidelines for multi-agency
participation

Identify repair and recovery criteria
to coordinate and fund post-disaster
efforts.

Identify necessary funding
requirements and beneficiaries to
provide equitable distribution of
emergency management preparation
and recovery costs.

Purchase materials in advance and place in strategic
locations.

Develop contracts for equipment in advance

Implement agreements for participation and
coordination

Identify resource area recovery and rehabilitation
plans

Prepare updated flood risk assessments.

Develop a phasing sequence for implementation of
proposed emergency management actions.

D—031460

This plan will build upon existing emergency management activities to protect critical Delta resources in the event of a disaster. The
existing emergency management structure is designed to coordinate activities of multiple State, federal, and local agencies with varying
responsibilities to provide emergency assistance in the event of a disaster.

Program staff will work with stakeholders, the public, and State and federal agencies, in identifying pre-emergency and post-disaster
recovery measures such as establishing a multi-agency emergency management team; and guidelines for participation and cooperation.
Please see Appendix E for more detailed information for this element of the common program.
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Delta Levee Seismic Risk Assessment

DRAFT

Implementation Target
Objective

Action

Enhance understanding of Delta levee Perform analysis of recent seismic
performance during an earthquake. data.

Enhance performance of the Delta levee Improve stability of Delta levees by
system during an earthquake. cost-effective measures to improve
performance during an earthquake

Establish an implementation plan for Identify areas critical for improving

seismic actions. seismic performance of Delta levees.

Prepare updated seismic ground motion mapping,
and updating seismic risk assessments.

Perform dynamic testing of levee material
properties, and levee stability analysis.

Modify levee cross sections by raising levee height,

* widening levee crown, flattening levee slopes, or

constructing stability berms.

Develop a phasing sequence for implementation of
proposed seismic actions.

This assessment will identify and increase the understanding of the risk to Delta resources during catastrophic seismic events and

develop recommendations to improve the stability of Delta levees.

To define further the relative risk of catastrophic events and the performance of Delta levees, the Department of Water Resources’
Seismic Investigation may be continued. This investigation consists of installing strong-motion accelerometers at three to four levee
sites in the Delta; creating a geologic model for deeper soil deposits; ongoing field and laboratory testing to better determine the static
and dynamic properties of organic soils; field and laboratory testing to better determine liquefaction potential; and investigation of the

potential activity of the Coast Range-Sierra/Nevada Boundary Zone.

Program staff will work in cooperation with stakeholders, the public, and State and federal agencies, to build upon existing seismic
information and activities to prepare an implementation plan. This plan will identify outstanding issues requiring subsequent action,

implement and coordinate recommendations with other program actions, and enhance coordination between agencies; stakeholders; and

the public. Please see Appendix F for more detailed information for this element of the common program.
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Related Program Activities

The CALFED Ecosystem Restoration Program Plan will address special habitat
improvements, levee associated habitat, Delta In-channel islands, and beneficial reuse of
dredge material which were formerly included as elements of the Delta Levee System
Integrity Common Program. In addition, the conveyance/storage elements of the
proposed CALFED Bay-Delta Program alternatives will address Delta recreation which
was formerly included as an element of the Delta Levee System Integrity Common
Program. However, these areas will continue to be considered in development of each
area of the CALFED Bay-Delta Program. The Delta Levee System Integrity Common
Program actions will be closely integrated with the Ecosystem Restoration Program Plan
and Delta conveyance improvements that simultaneously improve Delta levee system
performance, increase ecosystem quality, and protect water quality and water supply
reliability.

18
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APPENDIX A

PROBLEM / OBJECTIVE
DEFINITION

DELTA LEVEE SYSTEM INTEGRITY
COMMON PROGRAM
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PROBLEM AND OBJECTIVE STATEMENTS
FOR
DELTA LEVEE SYSTEM INTEGRITY

The CALFED Bay-Delta Program will develop a long-term comprehensive plan to solve
problems in the Bay-Delta system related to four resource areas: ecosystem quality, water
supply reliability, water quality, and vulnerability of Bay-Delta system functions. Problems
and Program objectives related to Delta levee system integrity are listed below.

Problem

Levees were first constructed in the Sacramento-San Joaquin Delta during the late 1800s,
when settlers began to turn tidal marshes into agricultural land. Over time, both natural
settling of the levees and shallow subsidence of Delta island soils (oxidation which lowers
the level of the land over time) resulted in a need to increase levee heights to maintain
protection. There is a growing concern that this increased height, coupled with poor levee
construction and inadequate maintenance, makes Delta levees vulnerable to failure,
especially during earthquakes or floods.

Failure of Delta levees can result in flooding of Delta island farmland and wildlife habitat.
If a flooded island is not repaired and drained, the resulting large body of open water can
expose adjacent islands to increased wave action and possible levee erosion. Inundation
of one or more islands in the Delta would disrupt farming operations and other land uses
either permanently or for a significant period of time until repairs could be made.
Inundation of roads, electric power lines, telephone lines, gas mains, and other
infrastructure would cause lengthy breaks in service. Several State highways and many
Delta roads run along levees that are vulnerable to collapse due to erosion, seismic events
or structural failure.

Levee failure on specific islands can have impacts on water supply distribution systems
such as the Mokelumne Aqueduct. Even if they survive the initial effects of inundation,
long-term inundation would make continued maintenance and repair rhuch more difficult.
Similarly, levee failure on key Delta islands can draw salty water up into the Delta, as
water from downstream rushed to fill the breached island. This would be of particular
concern in a low water year when less freshwater would be availatle to repel the incoming
salt water. This salinity intrusion would degrade water quality and result in a need to halt
in-Delta use as well as export pumping, perhaps for extended periods. In order to lower
salinity in the Delta to acceptable levels again, flushing flows would need to be released
from upstream reservoirs. Stored water supplies in these reservoirs could be seriously
depleted. Long-term flooding of key Delta islands can also have an effect on water quality
by changing the rate and area of the mixing zone.
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Failure of Delta levees can result either from catastrophic events such as earthquakes and floods,
or from gradual deterioration. Subsidence of the Delta island peat soils and settling of levee
foundations places additional pressure on levees and increases the risk of failure.

Local reclamation districts are concerned with the cost of maintaining and improving the
levee and channel system. The complex array of agencies with planning, regulatory,
and/or permitting authorities over levees makes rehabilitation and maintenance efforts
difficult. Regulatory measures which protect endangered species or critical habitat
sometimes conflict with and prolong levee rehabilitation and maintenance work, which can
further increase the vulnerability of the system.

Delta Levee System Integrity -- Problem Statements

Many of the "problems" commonly listed for the vulnerability of Bay-Delta system functions are
actually causes of problems. For example, poor levee construction, inadequate maintenance, the
lowering of the islands due to subsidence, levee instability, and lack of resistance to earthquake
and floods are causes of the problems tied to levee failure. There are four major problems for
the vulnerability of Bay-Delta system functions due to potential failure of Delta levees and
inundation of islands: loss of land use, infrastructure and associated economies; damage to
wildlife habitat, interruption of water supply; and reduction in Delta water quality. The
problems can be categorized as follows:

A Existing Agricultural Land Use, Economic Activities, and Infrastructure in the
Delta are at Risk from Gradual Deterioration of Delta Conveyance and Flood Control
Facilities as well as Sudden Catastrophic Inundation of Delta Islands.

1. Reduction of Agricultural Productivity and Damage to Infrastructure can
result from seepage, and overtopping of the levees.

2. Long-term Loss of Agricultural Productivity and Infrastructure can result
from catastrophic island inundation.

B. Water Supply Facilities and Operations in the Delta are at Risk from Increased
Salinity Intrusion, which can result from Sudden Catastrophic Inundation of Delta
Islands.

1. In-Delta water supply can be interrupted as a result from catastrophic island
inundation and resultant salinity intrusion. (See Water Supply Problem
Statement.)
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2. Export water supply can be interrupted as a result from catastrophic island
inundation and resultant salinity intrusion. (See Water Supply Problem
Statement).

C. Water Quality in the Delta is at Risk from Increased Salinity Intrusion which can result
from Sudden Catastrophic Inundation of Delta Islands.

1. Water quality for some In-Delta beneficial uses can be degraded as a result of
catastrophic island inundation and resultant salinity intrusion. (See Water Quality
Problem Statement).

2. Water quality for export water supply can be degraded as a result of
catastrophic island inundation and resultant salinity intrusion. (See Water Quality
Problem Statement).

D. The Existing Delta Ecosystem is at Risk from Gradual Deterioration of Delta
Conveyance and Flood Control Facilities as well as Catastrophic Inundation of Delta
Islands.

1. Reduction of Ecosystem Productivity and damage to valuable habitat can result
from seepage, erosion, and overtopping of levees.

2. Long-term loss of valuable Aquatic and Terrestrial habitat can result from
catastrophic island inundation and resultant salinity intrusion.

Objective

The primary program objective for addressing Bay-Delta levee system integrity is to reduce the
risk to land use and associated economic activities, water supply, infrastructure, and the
ecosystem from catastrophic breaching of Delta levees. The vulnerability of the levee system to
both general failure and sudden catastrophic failure can be reduced by implementing an
integrated and comprehensive program for Delta levees and channels. This plan would need to
streamline and consolidate the planning, regulatory, and permitting processes which affect the
system, and provide a reliable funding source for system maintenance and rehabilitation.

Delta Levee System Integrity — Objective Statements

A. Manage the risk to existing land use, associated economic activities, and
infrastructure from gradual deterioration of Delta conveyance and flood control
facilities and catastrophic inundation of Delta islands.
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1. Manage the risk of reduction of agricultural productivity and damage to
infrastructure from seepage and overtopping of the levees. Manage
subsidence of the Delta island peat soils and foundations which places additional
pressure on surrounding levees and increases the risk of failure.

2. Manage the risk of long-term loss of agricultural productivity and
infrastructure which can result from sudden catastrophic inundation.

B. Manage the risk to water supply facilities and operations in the Delta from
catastrophic inundation of Delta islands.

1. Manage the risk of interruption of in-Delta water supply which can result
from sudden catastrophic island inundation and the resultant salinity intrusion.
(See Water Supply Objective Statement).

2. Manage the risk of interruption of export water supply which can result from
sudden catastrophic island inundation and the resultant salinity intrusion. (See
Water Supply Objective Statement).

C. Manage the risk to water quahty in the Delta from catastrophic inundation of Delta
islands.

1. Manage the risk of degradation of in-Delta water quality which can result
from sudden catastrophic island inundation and the resultant salinity intrusion.
(See Water Quality Objective Statement).

2. Manage the risk of degradation of export water supply which can result from
sudden catastrophic island inundation and the resultant salinity intrusion. (See
Water Quality Objective Statement).

D. Manage the risk to existing Delta ecosystem from gradual deterioration of Delta
conveyance and flood control facilities and catastrophic inundation of Delta islands.

1. Manage the risk of reduction of ecosystem productnvnty and damage to
valuable habitat which can result from seepage, erosion, and overtopping of
levees. Manage subsidence of the Delta island peat soils and foundations
providing this ecosystem productivity which places additional pressure on
surrounding levees and increases the risk of failure.

2. Manage the risk of long-term loss of valuable aquatic and terrestrial habitat
which can result from sudden catastrophic inundation and the resultant salinity
intrusion.
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Linkages

An important aspect of reducing risk and making the system less vulnerable to failure will
be to reduce the conflict between protection of wildlife habitat that occurs on levees, and
maintenance of these levees to prevent failure. Riparian woodland, shaded riverine
aquatic, and shallow water habitats are very important for fish and wildlife in the Delta,
including threatened and endangered species. In many cases, objectives of reducing risk of
catastrophic failure and protection of ecosystem quality can be achieved by incorporating
habitat restoration and protection elements in levee system stabilization actions.
Conversely, projects to restore or enhance habitat can achieve multiple objectives if they
are planned with levee vulnerability in mind. A second critical linkage can occur between
efforts to reduce or reverse subsidence and efforts to restore habitat. Both the Delta
ecosystem (including the aquatic habitat and the terrestrial habitat found on the levees and
inside the islands) and system stability can benefit from reducing land surface subsidence
adjacent to the levees. This achievement of multiple objectives can occur where levee
stabilization is proposed and where habitat enhancement (riverine and riparian) is
proposed. For example, one method to reduce subsidence, the creation of shallow
wetlands adjacent to the land side toe of the levee, also serves to enhance habitat.
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APPENDIX B

DELTA LEVEE BASE LEVEL
PROTECTION PLAN

DELTA LEVEE SYSTEM INTEGRITY
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APPENDIX C

DELTA LEVEE SPECIAL IMPROVEMENT
PROJECTS

DELTA LEVEE SYSTEM INTEGRITY
| COMMON PROGRAM
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APPENDIX D

DELTA ISLAND SUBSIDENCE CONTROL
PLAN

DELTA LEVEE SYSTEM INTEGRITY
COMMON PROGRAM
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APPENDIX E

DELTA LEVEE EMERGENCY
MANAGEMENT PLAN

DELTA LEVEE SYSTEM INTEGRITY
COMMON PROGRAM
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DELTA LEVEE EMERGENCY
MANAGEMENT PLAN

Foreword:

This paper provides a description of the CALFED Bay-Delta Program’s approach
to emergency management for the Delta. The plan will build upon existing
emergency management systems, identify pre-emergency measures and post-
disaster recovery measures, and enhance integration of local, and regional
emergency management agency actions to protect Delta resources in the event of a
disaster.

This element of the common program, like all components of the Programs’
alternatives, is being developed and evaluated at a programmatic level. More
focused analysis and environmental documentation of specific targets and actions
will occur in subsequent refinement efforts.
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Introduction

The recognition of the Delta as an area of national significance will continue to
increase as public investment such as habitat restoration is implemented and public
interest increases. The overall framework for implementation of the emergency
management approach will provide the flexibility to protect these resources
efficiently and in a timely manner as well as the ability to adapt to changing
conditions. The Emergency Management Plan will build upon existing State,
federal, and local agency emergency management responsibilities to protect Delta
resources in the event of a disaster. An effective emergency management plan
which identifies preventive measures and post-disaster recovery measures can
enhance existing emergency activities to protect and recover areas with significant
public investment and benefits in the Delta. This plan will be integrated with
existing emergency management systems, and identify pre-emergency and post-
disaster recovery measures.

Background:

The most recognizable threat to Delta islands and resources in the Delta is seen as
inundation due to winter flood events. In addition, there are other potential
disasters which threaten these same resources in the form of seismic events, fire,
toxic spills, and failure of Delta levees during low flow periods. Approximately 20
islands 1ave flooded since the 1960’s, including McCormack-Williamson and Dead
Horse islands which were also flooded during the storms of 1997, and several
Delta islands were inundated more than once during this period. There are no
reports of Delta levee failure and island inundation as a result of a seismic event.
However, there are several active faults located sufficiently close to the Delta
which present a potential threat to Delta islands and critical resources. There are
numerous natural gas storage and pipeline facilities in the Delta where fires could
originate in the event of a failure of such a facility. Although plans are in place to
address fires at these facilities, fires on Delta islands with peat soils are extremely
difficult to extinguish. Commercial shipping traffic regularly passes through the
Delta and the cargo of some of these ships can be toxic to certain resources in the
Delta. The inadvertent release of cargo such as fertilizer could potentially affect
water quality in the Delta, particularly during low flow periods. Another potential
threat to Delta water quality is the failure of Delta levees during low flow periods.
This type of disaster can result in intrusion of salinity from the Bay, as occurred
during the 1972 inundation of Brannan/Andrus Island. Delta resources are under
constant threat from various potential disaster events.

The existing emergency management structure is designed to coordinate activities
of multiple State, federal and local agencies with varying responsibilities to provide
emergency assistance in the event of a disaster. The Standardized Emergency

1
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Management System (SEMS) provides a framework for coordinating state and
local government emergency response in California using the incident command
system and mutual aid agreements. SEMS is intended to facilitate priority setting,
inter-agency cooperation, and the efficient flow of resources and information.
However, only the Governor can declare a State of Emergency with the
Governor’s Office of Emergency Services serving as the coordinator for State
agency response. When the incident appear.s to potentially exceed the resources of
the local responsible agency, on-site evaluations are conducted to determine what,
if any, additional emergency support is warranted. Cities and/or counties can
proclaim local disaster events and, in general, local or maintaining agencies are first
in line for responsibility to address disaster events. Although certain agencies may
have resources to provide initial emergency action, they could not provide a
sustained effort during a large disaster event. The majority of local agencies do
not have the resources to address disaster events, and existing agreements may
provide a means for additional resources from surrounding communities and
counties. The federal government provides financial assistance through the
Federal Emergency Management Agency under declaration of a Presidential
Disaster; however, other federal agencies may provide assistance and/or resources
under existing authorities.

The overall focus of current emergency response activity is primarily on sites under
eminent threat which can reduce opportunities to allocate resources to areas under
less threatening conditions to prevent incidents from escalating beyond existing
available resource.. The overall existing emergency procedures and approach can
potentially result in delays of initial resource allocation and funding which are
critical to efficiently address most disaster events and reduce future resource needs
by preventing additional damages.

Emergency Management Approach

The emergency management plan will address the following issues through
refinement and implementation of the objectives, targets, and actions identified in Table 1.

o Eligibility criteria needs to be clearly defined with “shelf time” - fixed definitions
per agreement for disaster event assistance and post event recovery efforts

e Coordination of available resources and support between agencies, counties,
etc.. needs to be addressed. MOU or some agreement between all parties for
funding, support, criteria, etc..

e Centralized location for dissemination of information (resources, support
adequately addressed ?77?)
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TABLE 1
Implementation Target Action
Objective

Enhance planning and resource allocation
prior to disaster event

Enhance planning and resource allocation
for recovery efforts following a disaster
event

Establish State, federal, and local cost-
sharing plan to assure long-term Delta
levee emergency management protection.

Identify guidelines for funding and
participation

Identify guidelines for multi-agency
participation

Identify repair and recovery criteria
to coordinate and fund post-disaster
efforts.

Identify necessary funding
requirements and beneficiaries to
provide equitable distribution of
emergency management preparation
and recovery costs.

Purchase materials in advance and place in strategic
locations.

Develop contracts for equipment in advance

Implement agreements for participation and
coordination

Identify resource area recovery and rehabilitation
plans

Prepare updated flood risk assessments.

Develop a phasing sequence for implementation of
proposed emergency management actions.

This plan will build upon existing emergency management activities to protect critical Delta resources in the event of a disaster. This
plan will focus on pre-emergency actions, including initial local response, and post-disaster event actions. The plan will identify total
disaster response funding needs for the Delta. This plan can provide an incentive for local participants to continue investment and

provide protection for multiple resources.
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Program staff will work with stakeholders, the public, and State and federal agencies, in
identifying pre-emergency and post-disaster recovery measures such as

CALFED

Establish a Delta emergency management team consisting of existing state,
federal, and local agency personnel among existing agencies with disaster
related authorities and responsibilities. This team will enhance coordination
and implementation of emergency actions for protecting Delta resources
consistent with Program objectives. The focus will be on local agency
preparation, coordination, and responsibility to provide enhanced initial
response efforts to prevent damages and recovery measures. However, the
plan will provide flexibility within each agency for specific implementation of
the emergency actions based on resource availability, type of disaster, and
extent of disaster.

Identify criteria and emergency actions consistent with Program objectives to
ensure protection of Delta resources. Separate criteria will be needed for
various types of disasters such as single island failure during a low Delta inflow
period, multiple island failure during a high Delta inflow period, or toxic spill
within Delta channels during a low Delta inflow period. In addition, criteria
will be needed for emergency actions prior, during, and after a disaster event.
Criteria such as stages or flows in certain Delta channels or seepage flows will
determine specific emergency actiors. Criteria for threatening situations such
as imminent failure of Delta levees would identify equipment and manpower to
prevent such failure. For example, stages in the Yolo Bypass or Delta Cross
Channel could identify actions such as mobilization of equipment or materials
and coordinated planning efforts to evaluate subsequent eventual actions.
Criteria for post disaster situations such as after toxic spills would identify
actions such as clean-up or other recovery actions. For example, criteria such
as depth of flooding or salinity intrusion may identify post-emergency measures
such as water management operations, and levee rehabilitation.

Identify preventive measures to improve the efficiency of irflplementing
emergency actions. Initial emergency actions and resources should be

" identified and available in advance of a disaster event enhance emergency

assistance protecting life and property, preventing additional damages and
reducing subsequent costs. Examples of preventive measures include
identification of potential staging areas, advance collection and placement of
materials, and identification of specific emergency actions.
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o Identify recovery measures to prevent damages to adjacent areas and reduce
long-term damages of affected areas. Examples of recovery measures include
toxic spill clean-up, levee rehabilitation, and habitat restoration.
Implementation of these measures to protect Delta resources will be consistent
with Program objectives. For example, rehabilitation of Delta levees would
incorporate habitat improvements consistent with Ecosystem Restoration
Program Plan actions.

Priorities
Protection

Phasing Sequence
Preventive
Initial
Event

Post-event
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APPENDIX F

DELTA LEVEE SEISMIC RISK ASSESSMENT

DELTA LEVEE SYSTEM INTEGRITY
COMMON PROGRAM
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DELTA LEVEE SEISMIC RISK
ASSESSMENT

Foreword:

This paper provides a description of the CALFED Bay-Delta Program’s approach

to seismic risk assessment for the Delta. The plan will build upon existing seismic

risk analysis, identify the risk to Delta resources during catastrophic seismic events
and develop recommendations to improve stability of Delta levees to protect Delta
resources in the event of a disaster.

This element of the common program, like all components of the Programs’
alternatives, is being developed and evaluated at a programmatic level. More
focused analysis and environmental documentation of specific targets and actions
will occur in subsequent refinement efforts.
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Introduction

The recognition of the Delta as an area of national significance will continue to increase as
public investment such as habitat restoration is implemented and public interest increases.

The general approach of this assessment is to identify and increase the understanding of the
risk to Delta resources during catastrophic seismic events and develop a workplan to improve
the stability of Delta levees. This assessment will build upon existing State, and federal
agency seismic activities associated with the Delta to develop recommendations for specific
actions for Delta levee seismic performance. These recommendations will be closely
integrated with Ecosystem Restoration Program Plan and Delta conveyance actions to
simultaneously reduce system vulnerability, increase ecosystem quality, and protect water
quality and water supply reliability.

Background:

The most recognizable threat to Delta islands and resources in the Delta is seen as
inundation due to winter flood events. In addition, seismic events threaten these same
resources in the form of failure of Delta levees as a result of slumping or liquefaction of
underlying soils. There are no reports of Delta levee failure and island inundation as a
result of a seismic event. However, there are several active faults located sufficiently close
to the Delta which present a potential threat to Delta islands and critical resources. A
potential threat to Delta water quality is the failure of Delta levees during low flow periods
as a result of a seismic event. This type of disaster can result in intrusion of salinity from
the Bay, as occurred during the 1972 inundation of Brannan/Andrus Island.

The following activities have been undertaken by the Department of Water Resources
Division of Engineering since completion of their Phase I Report Seismic Stability
Evaluation of the Sacramento-San Joaquin Delta Levees in 1992 to reduce some of the
unknowns which influence the evaluation of levee stability during earthquake shaking.

o Selected four different sites in the Delta to place new surface and subsurface
accelerometers.

e Performed Geologic Investigation and Shear Wave Velocity Testing at selected sites.

o Installed surface and subsurface strong motion instruments at the selected sites.

e Installed a strong motion instrument on rock near the western side of the Delta.
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e Performed geotechnical laboratory studies to define the static site characteristics of
the accelerometer locations.

e Performed geotechnical laboratory studies to define the dynamic response
characteristics of organic soils.

Seismic Risk Assessment Approach

The seismic risk assessment will address the following issues through refinement, and
implementation of the objectives, targets, and actions identified in Table 1.

Issues to be addressed
e Performance of existing levee system during seismic event

e Recovery actions and accessibility following a seismic event
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Implementation Target Action
Objective

Enhance understanding of Delta levee ~ Perform analysis of recent seismic =~ Prepare updated seismic ground motion mapping,
performance during an earthquake. data. and updating seismic risk assessments.

Perform dynamic testing of levee material
properties, and levee stability analysis.

Enhance performance of the Delta levee  Improve stability of Delta levees by ~ Modify levee cross sections by raising levee height,
system during an earthquake. cost-effective measures to improve  widening levee crown, flattening levee slopes, or
performance during an earthquake  constructing stability berms.

Establish an implementation plan for Identify areas critical for improving  Develop a phasing sequence for implementation of

seismic actions. seismic performance of Delta levees. proposed seismic actions.

To define further the relative risk of catastrophic events and the performance of Delta levees, the Department of Water Resources’
Seismic Investigation may be continued. This investigation consists of installing strong-motion accelerometers at three to four levee
sites in the Delta; creating a geologic model for deeper soil deposits; ongoing field and laboratory testing to better determine the static
and dynamic properties of organic soils; field and laboratory testing to better determine liquefaction potential; and investigation of the
potential activity of the Coast Range-Sierra/Nevada Boundary Zone.
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The following draft questions are related to the performance of the Delta levee system

- during seismic events. There are several policy level and technical questions to focus
CALFED discussion and assist with future decisions on proposed alternatives. The
technical questions will be addressed in a report being produced by the Department of
Water Resources Division of Engineering. This report will be presented to the
Consulting Board to the Department of Water Resources Sacramento-San Joaquin
Levees currently under contract to DWR’s Division of Engineering. The seismic
susceptibility sub-team will prepare a workplan and summary report using this
technical report and suggestions from the consulting board. The workplan and
recommendations of the sub-team will be used to develop specific actions for Delta
levee seismic performance. These recommendations will be closely integrated with
Ecosystem Restoration Program Plan and Delta conveyance actions to simultaneously
reduce system vulnerability, increase ecosystem quality, and protect water quality and
water supply reliability.

Preliminary Questions for Agencies/Stakeholders

1) What is an acceptable risk for reliance on the Delta levee system for water
supply?

2) What is an acceptable risk for continued investment of public funds for
infrastructure, environmental resources, and other public resources?

3) What method would you recommend to calculate an overall risk of failure from
all occurrences including flood, seismic, other forces? What approach would
you recommend for presentation of the results?

4) What method would you use in assessing recommended actions and making
decisions for implementation?

Preliminary Technical Questions1

1) What is the potential for the occurrence of a seismic event which could
produce a level and duration of movement likely to produce levee failure in the
Delta?

1.1) What is the magnitude of an event likely to produce levee failure in the
Delta?

! DWR, Division of Engineering will prepare initial report addressing these questions for review by
Consulting Board to the Department of Water Resources Sacramento-San Joaquin Levees. The Seismic
Susceptibility Sub-Team will use this report in developing a workplan and report for CALFED.
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1.2) What is the likely regional distribution of an event likely to produce
levee failure in the Delta?

2) What are reasonable, cost effective actions which could be undertaken to
improve the stability of the Delta Levee system under seismic events?

2.1) What regions of the Delta, in order of priority, require improvements?

2.2) What are recommended actions, in order of priority, for these
regions?

3) What are the elements of a program which can identify outstanding Delta levee
seismic issues which need to be addressed? Can these elements fit within our
adaptive management approach?

3.1) What order of priority should these actions be undertaken?

Priorities

Phasing Sequence

Program staff will work in cooperation with stakeholders, the public, and State and
federal agencies, to build upon existing seismic information and activities to
prepare an implementation plan. This plan will identify outstanding issues requiring
subsequent action, implement and coordinate recommendations with other
program actions, and enhance coordination between agencies; stakeholders; and
the public.

The following activities have been identified for completion by the Department of
Water Resources Division of Engineering in preparation of their report to the
Consulting Board to the Department of Water Resources Sacramento-San
Joaquin Levees.

e Refine the seismic stability evaluations of Delta Levees based on new
information.

e Prepare report to address technical seismic questions.
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e Convene Consulting Board to Department of Water Resources Sacramento-
San Joaquin Levees.

The following activities have been identified as potentially needing additional work
to provide information in the seismic assessment process:

e Updating seismicity of the Delta by region. The USGS has been tentatively
identified as the agency to complete this task.

e Updating seismic probabilistic analysis for the Delta by region. The USGS has
been tentatively identified as the agency to complete this task.

Existing Programs
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DELTA LEVEE AND CHANNELS
COST ESTIMATES

Foreword:

This paper provides a preliminary estimate of the costs for implementation of the
CALFED Bay-Delta Program’s Delta Levee System Integrity Common Program.
The cost estimates are for the earthwork needed to provide uniform federal flood
control project levees to protect Delta resources.

These estimates are preliminary and are being developed and evaluated at a
programmatic level. More focused analysis and detailed estimates will occur in
subsequent refinement efforts.
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Introduction

The following preliminary cost estimates are for implementation of each element of the
Delta Levee System Integrity Common Program. These estimates are provide in ranges to
- represent the variability ......

Cost Estimates

Levee Earthwork

These preliminary estimates are for the earthwork portion of levee
improvements necessary to implement the Delta Levee System Integrity
Common Program. The summary identifies cost for implementing the
levee improvements alone; implementing levee improvements with ERPP
restoration actions; and implementing improvements with ERPP restoration
actions and Delta conveyance alternatives.

Assumptions:

CALFED
Bay-Delta Program

Quantities are based on “typical” levee section for non-project levees
and proposed levee improvement cross sections.

The ERPP restoration actions and the Delta conveyance actions are
not additive to the levee common program quantities. The ERPP
actions replace proposed levee improvements and are included in the
total common program cost. The Delta conveyance improvements are
in lieu of proposed levee improvements and are not included in the total
common program cost and will be included in other program cost
estimates.

Levees for areas which meet federal flood control criteria, such as
Holland Tract and Sargent Barnhart, are assumed not to require
significant improvement costs. Federal Flood Control Project Levees,
such as Sacramento River Levees are also assumed not to require
significant improvement costs unless identified in the USACE’s 1993
Sacramento River Flood Control Project Systems Evaluation Report -
Lower Sacramento.
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Earthwork Costs (Millions)

Low High
Base Level
Delta Levee Improvements

1740 2240
ERPP Actions
Alternatives 1& 2 425 485
ERPP Actions
Alternative 3
w/5000 cfs LF. 485 550
ERPP Actions
Alternative 3
w/15000 cfs LF. 730 795
Alternatives
1A, 1B, 1C 1890 2360
Alternatives
2A, 2B 1775 2220
Alternatives
2D, 2E 1690 2120
Alternatives
3A, 3B, 3E 1820 2280
Alternatives
3H 1650 2070
Alternative
31 1860 2325
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Draft Estimate of Leves Improvement Costs (Mitlions) for CALFED Alternatives 1 to 3

Isiand Name Earthwork | 3 L h TEartt | Earthwork | Earthwork |
Alt.1a, 1b, 1c Alt. 2a, 2bf Alt. 2d, 2¢ ARt. 3a, 3b, 2 Alternative 3h ¥ 3
Low High Low High Low Low High Low High Low High

Andrus, Upper; RD 558 1.35 1.76 1.35 1.76 1.35 1.75 1.35 1.75 1.36 1.76 1.35 1.75
Bacon; RD 2028 38.6 50 38.6 50 38.6 50 38.8 50 38.6 50 38.6 50
Bear Creek
Bethel Isiand MID 31 40.2 31 40.2 31 40.2 31 40.2 31 40.2 31 40.2
{Bishop: RD 2042 [ 0 0 0 0 () ] () 0 [ 0
Bishop Esst
Bixier; RD 2121
Boggs Dist; RD 404 3.2 4.2 3.2 4.2 3.2 4.2 3.2 4.2 3.2 4.2 3.2 4.2
Barrow Pond Acea N

RD 758 48.6 83 36.4 47.2 0 0 36.4 47.2 0 0 48.8 63
Brack; RD 2033 48.7 56.3 48.7 55.3 0 0 48.7 56.3 0 0 48.7 56.3

RO 2069 30.4 36.2 30.4 35.2 30.4 35.2 30.4 35.2 30.4 36.2 30.4 36.2
f:f:".,’,',“,'f;d,f;’ RDs 49.8 57.9 49.8 57.9 49.8 57.8 49.8 57.9 45.8 57.8 49.8 57.9
Byron; RD 800 0 o 4] 0 0 1] 0 0 0 0 o 0
Csche Haas; RD 2098 10.8 10.8 10.8 10.8 10.8 10.8 10.8 10.8 10.8 10.8 10.8 10.8
Canal Ranch; RD 2088 40.5 47.9 40.5 47.8 0 [} 40.5 47.9 0 0 40.5 47.9
Chpsisiend ¢ L I DU RN
Chfton Count
Colli ) _
Coney: RD 2117 14.8 18.9 14.8 18.9 14.8 18.9 14.6 18.9 o ] 14.6 18.9
D RD 2111 7 9.1 7 9.1 7 9.1 7 9.1 7 9.1 7 9.1
Oeits Mendots
Decker 11.1 14.4 11.1 14.4 11.1 14.4 11.1 14.4 11.1 14.4 1.1 14.4
Drexier 10.8 14 10.8 14 10.8 14 10.8 14 10.8 14 10.8 14
Egbert; RDs 536 and 2084 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8

RD 813 12.7 16.4 12.7 16.4 12.7 16.4 12.7 16.4 12.7 16.4 12.7 16.4
{Empice; RD 2023 25.6 33.2 25.6 '33.2 25.6 33.2 25.6 33.2 25.8 33.2 25.6 33.2
Fabisn; RD 773 50.8 65.8 50.8 65.8 50.8 65.8 50.8 65.8 50.8 65.8 50.8 65.8
Fay; RD 2113 4.3 5.6 4.3 5.6 4.3 5.6 4.3 5.6 4.3 5.6 4.3 5.6
Frank, Little 12.3 14.8 12.3 14.8 12.3 14.8 12.3 14.8 12.3 14.8 12.3 14.8

RD 1002 356.1 45.5 35.1 45.5 35.1 45.5 36.1 45.5 35.1 45.5 35.1 45.5
GNde; RD 766 0 0 0 0 0 0 0 0 0 0 0 0
Grand; RD 3_ IO I Y 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7
Harbor Cove (Atlas); RD 2126 5.1 6.6 5.1 6.8 5.1 6.6 5.1 6.8 6.1 6.6 5.1 6.6
Haveys;RD1808 | 335 43.4 33.5 43.4 33.8 43.4 3385 434 33.8 434 3338 43.4
Hastings; RD 2060 2.1 2.1 2.1 2.1 2.1 21 21 21 21 2.1 21 2.1
Holand; RD 2026 0 0 0 0 0 o 0 ‘o 0 [ 0 0
Ho¥and Land; RD 999 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Hoit; RD 2118 1.1 1.4 1.1 1.4 1.1 1.4 1.1 1.4 1.1 1.4 1.1 1.4

RD 798 17 22 17 22 17 22 17 22 17 22 17 22

Jessey; RD 830 42.1 54.6 42.1 54.6 42.1 54.6 42.1 54.6 42.1 54.8 42.1 54.8
| Jones, Lower; RD 2038 24.3 31.5 24.3 31.5 24.3 31.5 24.3 31.5 24.3 31.5 24.3 31.5

9/5/97 2:09 PM ALTRNATV.XLS

D—03150 4

D-031504



Draft Estimate of Leves Improvement Costs {Millions) for CALFED Alternatives 1 to 3

Island Name Earthwork | L hweoth hwork | k | k |
Alt.1a, 1b, 1c Alt. 23, 2b; ARt 2d, 26 Adt. 3a, 3b, 3¢ Al ive 3h Al 3i
Low High Low High Low Low Low High Low High
Jones, Upw RD 2038 25.1 32.6 25.1 32.8 2.1 32.8 25.1 32.6 25.1 32.6 25.1 32.8
Kasson; RD 2085 25.9 30.6 25.9 30.8 25.9 30.8 25.9 30.6 25.9 30.6 25.9 30.6
Kimball |sland
King; RD 2044 24.6 31.9 24.6 319 24.6 31.9 24.6 31.9 24.6 31.8 24.6 31.9
Libby McNeil; RD 369
Liberty; RD 2093 39,1 50.8 39.1 50.8 39.1 50.8 39.1 50.8 39.1 50.8 39.1 50.8
Lisbon; RD 307 (] 0 0 0 [¢] [] 0 0 ] (4] 0 [¢]
Littie RD 2118
Los M
Ares 9 6.4 6.4 6.4 6.4 6.4 8.4 6.4 6.4 6.4 6.4 8.4 \ 8.4
M2 RD 2027 . 388 50 38.6 . 850 38.6 50 38.6 50 38.6 50 38.6 50
zfguin_w:wi'im; m_) b 23.8 _30.8) 0 0 0 0 23.8 30.8 0 0 23.8 30.8
McMullin; RD 207
McDonaid; RD 2030 37 48 37 48 37 48 37 48 37 48 37 48
RD 2041 18.9 24 18.9 24 18.9 24 18.9 24 18.9 24 18.9 24
Merritt; RD 150 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Mildced; RD 2021 0 0 0 0 [+] o 0 [ 0 0 0 0
M; Flats
istand
2; RD 2107 13 15.4 13 15.4 13 15.4 13 15.4 13 15.4 13 15.4
Nagiee Burke; RD 1007 22.4 29 22.4 29 22.4 29 224 28 224 29 22.4 29
New Hope; RD 348 63.6 78.6 63.6 78.6 63.56 78.6 37.1 46.4 63.5 78.8 63.5 78.8
Oskiey i
Orwood; RD 2024 17 22 17 22 8.3 10.8 17 22 8.3 10.8 8.3 10.8
Paim; RD 2036 20.2 26,2 20.2 28.2 9.7 12.8 20.2 28.2 9.7 12.6 8.7 12.6
Paradise; RD 2095 21.8 26.1 21.6 26.1 21.6 26.1 21.6 26.1 21.8 26.1 21.8 26.1
F RO 2058 5.9 1.7 5.9 7.7 5.9 7.7 5.9 2.7 5.9 7.7 5.9 7.7
Peters; RD 2104 8.3 8.3 8.3 8.3 8.3 8.3 8.3 8.3 8.3 8.3 8.3 8.3
Piarson; RD 661 30.6 35.2 8.6 1.2 30.6 35.2 30.68 36,2 30.6 35.2 30.6 35.2.
Prospect; RD 1867 18.2 24.8 19.2 24.8 19.2 24.8 19.2 24.8 19.2 24.8 19.2 24.8
Quimby; RD 2080 18.9 245 18.9 24.5 18.9 24.5 18.9 24.5 18.9 24.5 18.9 24.5
Randali; RD 755
Rindge; RD 2037 42.7 55.3 42.7 55.3 42.7 55.3 42.7 55.3 42.7 55.3 42.7 55.3
Rio Blanco; RD 2114 11.3 14.7 11.3 14.7 11.3 14.7 11.3 14.7 11.3 14.7 11.3 14.7
River Junction; RD 2064 304 35.8 30.4 35.9 30.4 35.9 30.4 35.9 30.4 35.9 30.4 35.9
Roberts, Lowes; RD 884 43.2 56 43.2 56 43.2 56 43.2 56 43.2 56 43.2 56
Roberts, Middie; RD 524 42.7 52.4 42.7 52.4 42.7 52.4 42,7 52.4 42.7 52.4 42.7 52.4/
Roberts, Upper; RD 544 45.5 55.1 46.5 65.1 45.5 56.1 45.5 55.1 45.5 55.1 ) 45.5 55.1
Rough and Ready
Ryev; RD 601 1.6 1.6 1.8 1.8 1.6 1.6 1.8 1.6 1.8 1.8 1.8 1.8
Sacramento Despwater R S
Saipant Barnhart; AD 2074 o ] o 0 0 0 0 0 0 4] 0 [
[Sherman; RD 341 31.1 33.9 31.1 33.9 31.1 33.9 31.1 33.9 311 33.9 31.1 33.9
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Draft Estimate of Levee Improvement Costs {Millions) for CALFED Alternatives 1 to 3

island Name Earthwork | Earthwork Emthwork hwork | hwork | Earthwork |
AR.1a, 1b, 1c Al 2a, 2b Alt. 2d, 2 Alt, 3a, 36, 38 tornative 3h Altemative 31
Low High Low Low High Low High Low High Low High

Waest
shime; RD 2116 17.8 23.1 17.8 23.1 17.8 23.1 17.8 23.1 17.8 23.1 17.8 23.1
Shin kee 9.7 12,6 9.7 12.8 9.7 12.6 9.7 12.6 9.7 12.6 9.7 12.6
SJCFCD Five Mile Siough
SJCFCD Fourteen Mile Stough
SJCFCD Maaher Siough
San Josguin River; RD 17 0 0 0 0 0 0
Smith Tract; RD 1614 0 4] [} 0 [+]
Smith Ranch; RD 1608 0 0 0 [ 0 0 0
Spinner Island \
Stark; RD 2089 0 0 0 0 0 0 0 0 0 o 0 0
Staten; RD 38 64.9 83.6 40.6 52 58.3 75.5 52.8 87.8 84.9 83.6 84.9 83.6

RD 2062 40.6 51 40.6 51 40.6 51 40.8 51 40.6 51 40.6 51
Sutter; RD 349 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

RD 548 56.7 73.5 56.7 73.5 56.7 73.8 56.7 73.5 56.7 73.5 56.7 73.5
Tinstey; RD 2108
Twitchell; RD 1801 52.3 58.3 52.3 58.3 52.3 58.3 62.3 58.3 52.3 58.3 52.3 58.3
Tyler; RD 663 42 52 12.8 13.8 42 52 27.1 32.7 0 o 2 52
Union, East; RD 1 37.8 49 37.8 49 37.8 49 37.8 49 37.8 49 37.8 49
Union, West; RD'2 437 56.7 43.7 56.7 43.7 56.7 43.7 56.7 43.7 56.7 43.7 56.7
Van Sickle; RO 1607 10.3 13.3 10.3 13.3 10.3 13.3 10.3 13.3 10.3 13.3 10.3 13.3
Veste; RD 2085 15.4 19.6 15.4 19.6 15.4 19.6 15.4 19.8 15.4 19.6 16.4 19.6
Verice; RD 2023 37.4 47.6 37.4 47.6 37.4 47.6 37.4 47.8 37.4 47.8 37.4 47.6
Victatia; RD 2040 40.8 52.8 40.8 52.8 32.7 42.3 40.8 52.8 40.8 52.8 32.7 42.3
Walnut Grove; RD 654 0 0 0 o 0 [ [ 0 0 [\ 0 [
Walthell; RD 2084
webb; RD 2026 17.6 19.2 17.6 19.2 17.6 19.2 17.6 19.2 17.6 19.2 17.6 19.2
Weber; RD 828 0 0 0 [ 0 0 0 0 o 0 0 0
West isiand 0 0 0 0 0 0 [ o 0 0 0 0
West Sacramento; D 800 0 o 0 0 o 0 0 0 0 0 0 0
RD 2096

Winter; RD 2122 13 16.8 13 16.8 13 16.8 13 16.8 13 16.8 13 16.8
Woodward; RD 2072 23.8 30.8 23.8 30.8 23.8 30.8 23.8 30.8 23.8 30.8 23.8 30.8
wrigh RD 2119 19.2 24.8 19.2 24.8 19.2 24.8 19.2 24.8 19.2 24.8 19.2 24.8
Yoiano; RD 2068 0 0 0 0 0 0 0 0 0 [ 0 0
Yoio Bypass Unit 4
[Towl Costs; 1887( __ 2381 1775 2221 1892] 2121 1822 2278] 1850 2068| 1860 2326
SR VSN VIU U I I
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Draft Estimate of Lavee Miles and Cost of Levee Earthwork for CALFED Alternatives 1, 2, and 3

yReclamat Leves | Leas | CorpsEsti Less Current c Program ERPP Modifications ERPP ModHications ERPP Modicati
| Distict Mies | Project | Project Levee | LocaliOther Design - {same Htomatives 152 Alt 3 with 5,000 cfs Alt 3 with 15,000 cfs
Sacto System Level for ok a ) 2
_— Fix (mifions) ' Low High Low High Low High Low High
Andrus, Upper; RD 658 17 | 112 0 0 1.3 1.75 0 0 0 0 0 0
Bacan; RD 2028 14.3 0 0 HuP 38.6 50 0 0 5.5 [ 5.5 6
Bear Croek 2.5 2.5 0
Bethany 5.2 0 g |unknown
!_sm: island MID 116 0 0 Nooind 31 40.2 ) 0 0 0 0
Bishop; RD 2042 7.8 0 0 HMPIFEMA100-yr of 0 0 0 0 4] 0
Bishop Esst 0.6 0 06 kit
Bixier; RD 2121 8.2 0 ] unknown N
Boggs Dist; RD 404 5.3 4.1 0 HMP 3.2 4.2 0 0 [} 0 0 0
Borrow Pond Area 2 ] 2 .
Bouldin; RD 768 18 0 0 none 48.5 63 0 0 0 0 0 0
Brack; AD 2033 10.8 0 0 none 2.2 37.8 43.6 48.7 43.6 48.7 436 487
RD2069 74 | 0 _ 0 none 20 25.9 20.5 223 205 22.3 20.5 223
mx‘; RDs 1 204 . 193 225 ) xﬂ_gg 43.8 57.9 0 0 0 0 0 0
Byom RD800 19.3 0 9.6 ) 0 ) 0 0 0 o
Cache Heas; RD 2088 11.6 | 1.6 10.8 Project 10.8 10.8 0 0 0 0 0 0
Canal Ranch; RD 2088 9.6 0 none 26.9 33.6 28.7 32.6 28.7 32.6 28.7 32.6
Chipps lsisod 2.8 0 26 unknown
itton Court 9.2 0 9.2
Collinsville . 1.1 0 0 unkaown
Copey; D 2117 5.4 0 0 HuP 14.8 18.9 0 0 0 0
: RD 2111 2.6 0 0 HMP 7 9.1 0 0 0 0 0 0
Deita Mendota 2.1 0 21 unknown
Decter 41 0 41 unknown 114 14.4 0 0 0 0 ) 0
Drexier 4 0 4 uaknown 10.8 14 0 0 0 0 20 20
Eqbort RDs 538 and 2084 107 | 107 0.8 0 none 0.8 0.8 0 0 0 0 0 0
Jervhean; RO 813 4.7 0 0 none 127 16.4 0 0 ) 0 0 0
Empice; RD 2029 9.5 0 0 none 25.6 33.2 0 0 5.5 6.5 5.5 6.5
Fabian; RD 773 18.8 0 0 nons 50.8 66.8 0 0 0 0 ) 0
Fay: RD 2113 1.6 0 0 none 4.3 5.6 0 0 0 0 0 0
Frank, Litte 3.8 0 3.5 unknown 9.45 12.2 5.5 6 5.5 8 5.5 8
RD 1002 13 0 0 HMP 36.1 45.5 0 0 0 0 0 0
Gice: 8D 785 19 | 17 0 0 0 ) 0 0 0 0 0
Grand; D 3 29 29 1.7 0 PL-8O/FEMA1 00-yr 1.7 1.7 o 0 0 0 o 0
arbor Cove Atas RD2126 | 1.9 | O 0 unknown 5.1 6.6 0 0 0 0 0 0
Haveys:AD608 | 124 10 ~ 124 |Uknown 335 43.4 0 0 0 0 0 0
Masiogr802080 | 18 | 18 | 21 0 PLSQFEMA100 v 2.1 2.1 ) 0 0 0 0 0
Holland; RD 2025 1 0 o Bul 192-82/PL-65 o 0 0 0o 5.5 6 5.5 6
Holiend Land; AD 899 _ 33.4 334 | _ 02 0.2 0.2 [*] [*] o ] ] ¢}
iow; D 2118 04 0 i none 1.4 14 0 0 0 0 0 0
otchkiss; RO 789 6.3 0 none 17 22 0 0 0 0 0 0
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Draft Estimate of Levee Miles and Cost of Leves Earthwork for CALFED Alternatives 1, 2, and 3

1 Isiand/Raclamati Leves | Less | Comps Esti Less Current c Program ERPP Modtfications ERPP Modifications ERPP Modifications
District Mes | Projsct | ProjectLevee | LocaliOther | - Design o {sams ftormatives 152 Alt 3 with 5,000 ofs Alt 3 with 16,000 cfs
Sacto System Level for all altematives) * ‘
Fix (millions) | Low High Low High Low High Low High
ersey; AD 830 15.6 0 none 42.1 54.8 0 0 0 0 0 0
Jones, Lower; RD 2038 9 0 HMP 24.3; 31.5 0 0 0 0 5.5 8
Jones. Upper; RD 2039 9.3 0 ’ i 26.1 326 0 0 0 0 5.5 6
|kasson: D 2085 6.2 6.2 16.7) 217 26.9 30.6 25.9 30.6 26.9 30.6
KimbaH Istand 1.9 1.9 ]
King: RD 2044 8.1 o HMP 24.8 319 0 0 0 0 0 0
Libby McNeil; RD 389 1.9 0.8 [+]
Liverty; RD 2083 14.5 0 unkniown 39.1 50.8 0 0 .0 0 0 0
Lisbon; RD 307 67 | 87 0 o 0 0 0 0 0 0 0
Littie Mandevitle; RD 2118 4.5 0 none
tosMedsnos | 86 | o0 | . | . _ 586
|Moinenaceasas | 196 | 196 | 64 o 6.4 6.4 0 0 0 0 0 0
Mondevite; 2027 | 14.3 0 B HMP 38.6 50 0 0 22 24 22 24
e wilismson: RO 8.8 0 rone 2.9 30.8 [ 0 0 0 0 0
McMakin; RD 2075 5 8 M--
McDonaid; FID 2030 13.7 0 HMp 37 48 o o 11 12 11 12
| RD 2041 5.8 0 . none 15.9 20.6 5.7 6.8 5.7 6.8 5.7 6.8
‘ Merritt; RD 150 18.1 | 18.1 0.2 PL-89 0.2) 0.2 0 0 0 0 0 0
| e RD 2021 7.3 ' see comments o 0 ) 0 0 0 0 0
Fiats 1.8 [+] 1.8
wiand 0.4 0| 0.4
202107 42 | 42 % 0 FEMA10C-yr 0 0 13 15.4 13 15.4 13 16.4
Nagiee Burke; RD 1007 8.3 0 none. 22.4) 29 0 0 0 0 0 0
i New Hope; RO 348 18.6 0 none 50.2 66.1 26 30 28 30 26 30
\ Osiiey 6.7 Q Q i
| lQewood; AD 2024 6.3 0 none 17, 22 0 0 0 0 5.5 8
| paien; /D 2038 i 75 0 rone 20.2 26.2 ) 0 0 0 5.5 6
Paradise; RD 2006 49 | ag 13.2 17.2 16.5 19.5 165 19.5 49 51.4
: RD 2058 154 | 67 HMP 5.9 7.7 0 0 0 0 325 32,5
Peters; RD 2104 8.4 8.4 8.3 8.3 8.3 0 0 0 0 0 0
| Procson; RD 561 14 6.8 0 FEMA100-yr 19.4 25.2 22 24 22 24 22 24
prospect; RD 1687 10 | 20 none 19.2 24.8 0 0 0 0 0 0
Ouimby; RD 2080 7 o HMp 18.9, 24.5 0 0 0 0 0 0
Reada¥; RD 766 1.9 1.9
Rindge: RD 2037 15.8 0 HMP 427 56.3 0 0 11 12 11 12
Ria Bianco; RD 2114 4.2 0 none 11.3 14.7 0 0 0 0 0 0
River dunctios RD2084 | 11.9 | 119 | ] 32.1 41.6 30.4 36.9 304 35.9 304 35.9
Roberts. Lowst; RD 684 18 o b HMP 43.2 56 0 o 0 0 ) 0
Robarts, Middie; AD 524 122 | 61 | I it 32.9 42.7 26.2 31 26.2 31 437 48
Movers, Uppur08es | 18 | 108 | none 40| 52.5 33.8 39.7 33.6 39.7 98.9 105
Rough and Resdy 5.5 3.2 Ses comments
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Draft Estimate of Leves Miles and Cost of Leves Earthwork for CALFED Alternatives 1, 2, and 3

jand/Reclamath Leves | Less | Corps Ests Less Current G Program ERPP Modifications ERPP Mod¥fications ERPP Mofications
District Wiles | Projsct | Project Levee | LocaliOther Design  [lmp {same Hernatives 182 Alt 3 with 5,000 cfs Alt 3 with 15,000 cfs
Sacto System Level for all altematives) *
T Fix {mitions) ' Low High Low High Low High Low High
Ryer: 8D 601 206 | 20.6 1.6 PL-99 1.8 1.6 0 ) 0 0 0 0
Desp 26 26
Sergent Barmnart; KD 2074 6 1.5 1 FEMA100-yr o ) 0 0 0 0 0
#D 341 195 | 8.7 0.9 none 26.5 343 | 302 33 30.2 33 30.2 33
Sherman West 5.5 4] 5.5
Shima; RD 2116 6.6 0 Hmp 17.9; 23.1 0 0 0 0 0
Shin Koo 3.6 0 3.6 9.7 12.6 0 0 0 0 0
SJCFCD Five Mie Slough 1.4 [4] \
SJCFCD Fourtesn Mile Siough 2 0 [¢]
SJCFCD Mosher Slough 4.1 0
[sen sosauniver RO 17 | 182 | 162 . FEMAL00 0 0 0 0 o
Smith Tract; RD 1814 0 - HMPIFEMA 100-w 0 0 0 [¢]
Smith Ranch; RD 1808 4.3 o | o FEMA100-yr 0 0 0 0
Spinnar Island 0.8 _ 0.8
Stark; RD 2089 35 2.8 0 HMPIFEMA 100-r 0 0 0 0 0 0 0 0
swenRD38 | 264 | o | | none 68.6 88.9 44 5.2 44 5.2 44 5.2
Stewt; RD 2062 123 | 123 P89 33.2 43 14.6 17.2 148 17.2 55.4 58
suueRD2es | 125 | 1256 0.3 P98 0.3 0.3 0 o 0 [ o [
RD b48 21 0 4.9 Hmp 66.7] 73.6 0 [} 0 0 o] 0|
Tinsley; RD 2108 none
Twitched; RD 1601 14.04 | 25 7.9 P 31.2 40.4 40. 425 401 425 40.1 425
Tyler; RD 583 23.06 12.2 6.7 HMP 29.3] 38 13.2 14.6 13.2 14.6 13.2 14.6
Union, East; 8D 1 14 1 HMP 37.8 49 0 0 0 0 0 0
Urwan, West; RD 2 16.2 0 HMP 43.7 56.7 o 0 0 0 0 0
Van Sickie; RD 1807 3.8 ) none 103 13.3 0 0 0 0 0 0
Vesle; RD 2066 5.7 0 0 none 15.4 .19.6 0 0 0 0 0 0
Verice; RD 2023 12.3 0 HMP 33.2 43 8.2 9.8 8.2 9.8 8.2 9.8
Victocis; RD 2040 16.1 0 HMP 40,8 52.8 o o o o 1 12
Wainut Grove: RD 654 6.1 1 1.5 FEMA 100-yr o 0 0 0 ) 0 0 0
Waitha¥; RD 2094 3.3 3.3
Webb; RD 2026 12.9 0 HMP/Bul 102-82 34.8 45.2 17.6 19.2 17.6 19.2 17.6 19.2
e T o - B HMP/FEMA 100-yr ) o o A o o o o
Wostiand 3.l 0 . 3
west Secramento: RO 900 | 13.6 | 13.6 | _ _ _ |FemAT00w 9 0 ) 0 0 0 0 0
RO 2086 0.2 0.2
Wiotor, AD 2122 48 | o | none 13 16.8 ) 0 0 0 0 0
RD 2072 8.8 0 P 23.8] 30.8 0 0 0 0 0 0
wrigh RD 2119 7.1 0 HMP 19.2 24.8 0 0 0 0 0 0
Yoisno; RD 2088 8.7 8.7 0 of 0 [ 0 0 0 0 0
Yolo Bypass Unit 4 - 3.6 3.6 .
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Draft Estimate of Levee Miles and Cost of Leves Earthwork for CALFED Alternatives 1, 2, and 3

Island/Reclamation teves | Less | Corps Esti Less Current [ Program ERPP Modifications ERPP Modifi ERPP Moxicath
District Miles | Project | Project Laves Local/Other Design o (same tives 182 Alt 3 with 5,000 cfs Alt 3 with 15,000 cfs
Sacto Sy Levet for ol 2 i
Fix (mi¥ions} ' Low High Low High Low High Low High
Total | Total | Total Project Total Total Cost
Levee | Project| Sac Levee Local/Other | Levee Upgrades
Miles | Levees| Fix Estimate Lavees {Miliions)
1126 | 385 70.40 115 1740 2238 426 486 651 728 794
! From US Army Corps of Eng 1993 System Final Report - Lower
? includes US Army Corps of Engineers Estimate for project Leves Repairs
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Cost Summarization for Delta Levee Improvements With Habitat Benefits for Alternatives 1 and 2

Habitat Cost in
Island Name Proposed Improvement Type Location (levee mile) Miles Acres Millions
Pierson RD 551 4 miles of Snodgrass setback N Lambert Rd south 4 12 22M - 24M
New Hope RD 348  S. Fk Mokelumne levee imp L l.m. 7.72 - 4.54 3.18 159 17.5M-20.7M
New Hope RD 348  Beaver Sl levee setback N lm. 4.54-3 1.54 4.€2 85M-925M
Canal Ranch RD2086 S. Fk Mokelumne levee imp L l.m. 2.25 - 4.60 235 11.75 12.9M-15.3M
Canal Ranch RD2086 Hog Slough levee setback N Lm. 4.60 - 7.48 2.88 8.64 15.8M-17.3M
Brack RD 2033 S. Fk Mokelumne levee imp L Lm. 1.3-0.00&0.00-1 2.3 11.5 12.7M-15M
Brack RD 2033 Sycamore Sl levee setback N lm.1-6.62 6.62 19.86 30.9M-33.7M
Staten RD 38 Isl tip cut-off SE corner 0.8m L straight line Im 10-13 0.8 4 4.4M - 5.2M
Tyler RD 563 Georgiana Sl levee setback N Ilm.8-6 2 6 11M - 12M
Tyler RD 563 Georgiana Sl tip cut-off 0.4m L . straight line Im 10-8.504 2 2.2M - 2.6M
Sherman RD 341 San Joaquin R levee setback N Ilm.55-0 5.5 16.5 30.2M-33M
Twitchell RD 1601  Three Mile Sl wave wall prot G Lm. 0-2.47 247 0 16.5M
Twitchell RD 1601  San Joaquin R levee setback N lm. 7 - 8.5&9.5-11.9 3.9 11.7 21.4M-23.4M
Twitchell RD 1601  Isl tip cut-off on San JoagR L straight Ine Im 8.5-9.504 2 22M -2.6M
Bradford RD 2059  San Joaquin R levee setback N lm5.82-2.10 3.72 11.16 20.5M -22.3M
Little Franks Tract  Piper Slough levee imprmnt L south levee by Bethel 1 5 5.5M - 6M
Webb RD 2026 San Joaquin R levee setback N Im.10-6.8 32 96 17.6M-19.2M
Venice RD 2023 Isl tip cut-off on San JoagR L straight Ine Im 7.5-93 0.8 4 4.4M - 52M
Venice RD 2023 Isl tip cut-off on San JoagR L straight Im11.5-12.3 0.7 3.5 3.8M-4.6M
Medford RD 2041  Middle River levee impr L lm. 1.74-0.7 1.04 52 57M-6.8M
Middle Roberts 524 San Joaquin R leveeimpr L lm.1.5-6.26 476 238 262M-31M
Upper Roberts 544  San Joaquin R levee impr L Im.0-6.11 6.11 30.55 33.6M-39.7M
Stewart RD 2062 San Joaquin R levee impr L Lm. O (unit 1) -2.65 2.65 13.25 14.6M -17.2M
Mossdale 2 RD2107 San Joaquin R leveeimpr L lLm. 0 (unit 1) -2.37 2.37 11.85 13M-15.4M
Paradise RD 2095  San Joaquin R levee impr L Lm0 (unit 2) - 3 3 15 16.5M -19.5M
Kasson RD 2085 San Joaquin R levee impr L lL.m 0.5 (unit 1) - 5.20 4.7 235 259M -30.6M
River Junct RD2064 San Joaquin R leveeimpr L lm. O (unit 1)-5.53 5.53 27.65 30.4M -35.9M
Totals = 77.92 310.5 $426M - $484M
victor.del
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Cost Summarization for Delta Levee Improvements With Habitat Benefits for Alternatives 3 With 5,000
CFS Isolated Facility

victorl.del
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, Habitat Cost in
Island Name Proposed Improvement Type Location (levee mile) Miles Acres Millions

Pierson RD 551 4 miles of Snodgrass setback N Lambert Rd south 4 12 22M - 24M
New Hope RD 348  S. Fk Mokelumne levee imp L l.m.7.72 - 4.54 3.18 159 17.5M-20.7M
New Hope RD 348  Beaver Sl levee setback N lm.4.54-3 1.54 4.62 8.5M-9.25M
Canal Ranch RD2086 S. Fk Mokelumne levee imp L lLm. 2.25 - 4.60 235 1L.75 12.9M-153M
Canal Ranch RD2086 Hog Slough levee setback N L.m. 4.60 - 7.48 288 864 158M-17.3M
Brack RD 2033 S. Fk Mokelumne levee imp L L.m. 1.3-0.00&0.00-1 2.3 115 12.7M- 15M
Brack RD 2033 Sycamore Sl levee setback N lm. 1-6.62 6.62 19.86 30.9M-33.7M
Staten RD 38 Isl tip cut-off SE comner 0.8m L straight line Im 10-13 0.8 4 4.4M -52M
Tyler RD 563 Georgiana Sl levee setback N Ilm.8-6 2 6 11IM - 12M
Tyler RD 563 Georgiana Sl tip cut-off 0.4m L straight line Im 10-8.50.4 2 22M -2.6M
Sherman RD 341 San Joaquin R levee setback N lm.55-0 5.5 16.5 30.2M -33M
Twitchell RD 1601  Three Mile S1 wave wall prot G lm. 0 -2.47 247 0 16.5M
Twitchell RD 1601  San Joaquin R levee setback N lm.7-85&9.5-11.9 39 11.7 21.4M-234M
Twitchell RD 1601  Isl tip cut-off on San JoagR L straight Ine Im 8.5-9.504 2 2.2M-2.6M
Bradford RD 2059  San Joaquin R levee setback N Lm5.82-2.10 3.72 11.16 20.5M -22.3M
Little Franks Tract  Piper Slough levee imprmnt L south levee by Bethel 1 5 5.5M - 6M
Webb RD 2026 San Joaquin R levee setback N lLm. 10-6.8 32 96 17.6M-19.2M
Venice RD 2023 Isl tip cut-off on San Joaqg R L straight Ine Im 7.5-9.3 0.8 4 4.4M - 5.2M
Venice RD 2023 Isl tip cut-off on San Joag R L straight Im11.5-12.3 0.7 3.5 3.8M-4.6M
Medford RD 2041  Middle River levee impr L lm. 1.74 - 0.7 1.04 52 57M-6.8M
Middle Roberts 524 San Joaquin R levee impr L Lm. 1.5-6.26 476 238 262M-31M
Upper Roberts 544  San Joaquin R levee impr L lm.0-6.11 6.11 30.55 33.6M-39.7M
Stewart RD 2062 San Joaquin R levee impr L Lm. O (unit 1) -2.65 2.65 13.25 14.6M-17.2M
Mossdale 2 RD2107 San Joaquin R levee impr L lm. 0 (unit 1)-2.37 237 11.85 13M-154M
Paradise RD 2095 San Joaquin R levee impr L Lm O (unit 2) - 3 3 15 16.5M -19.5M
Kasson RD 2085 San Joaquin R levee impr L lm 0.5 (unit 1)-5.20 4.7  23.5 25.9M -30.6M
River Junct RD2064 San Joaquin R levee impr L Lm. O (unit 1) -5.53 5.53 27.65 30.4M -35.9M
Mandeville RD 2027 Old River levee impr N lm.7-11 4 - 12 22M - 24M
Holland RD 2025 Sand Mound Sl levee impr N Ilm.6-5 1 3 5.5M - 6M
Bacon RD 2028 Old River levee impr N lLm.10-8 2 6 11IM - 12M
McDonald RD 2030 Middle River levee impr N lm.10-8 2 6 11M - 12M

- Empire RD 2029 Little Connection Sl levee L lm.6.5-75 1 5 5.5M - 6.5M
Rindge RD 2037 San Joaquin R levee impr N lm.5-7 2 6 11M - 12M

Totals = 89.92 348.5 $492M - $556.5M
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Cost Summarization for Delta Levee Improvements With Habitat Benefits for Alternatives 3 With 15,000
CFS Isolated Facility

Habitat Cost in

Island Name Proposed Improvement Type Location (levee mile) Miles Acres Millions
Pierson RD 551 4 miles of Snodgrass setback N Lambert Rd south 4 12 22M - 24M
New Hope RD 348  S. Fk Mokelumne levee imp L lm. 7.72 - 4.54 3.18 159 17.5M-20.7M
New Hope RD 348 Beaver Sl levee setback N lm.4.54 -3 1.54 462 8.5M-9.25M
Canal Ranch RD2086 S. Fk Mokelumne levee imp L Lm. 2.25 - 4.60 235 11.75 12.9M-15.3M
Canal Ranch RD2086 Hog Slough levee setback N l.m. 4.60 - 7.48 288 8.64 15.8M-17.3M
Brack RD 2033 S. Fk Mokelumne levee imp L l.m. 1.3-0.00&0.00-1 2.3 1.5 12.7M- 15M
Brack RD 2033 Sycamore S| levee setback N Im.1-6.62 6.62 19.86 30.9M-33.7M
Staten RD 38 Isl tip cut-off SE corner 0.8m L straight line Im 10-13 0.8 4 4.4M - 5.2M
Tyler RD 563 Georgiana S] levee setback N lm. 8-6 2 6 11IM - 12M
Tyler RD 563 Georgiana Sl tip cut-off 0.4m L straight line Im 10-8.504 2 22M -2.6M
Sherman RD 341 San Joaquin R levee setback N lm.55-0 55 16.5 30.2M-33M
Twitchell RD 1601 Three Mile Sl wave wall prot G Lm.0-2.47 247 O 16.5M
Twitchell RD 1601  San Joaquin R levee setback N lm. 7 -8.5&9.5-11.9 3.9 11.7 21.4M-23.4M
Twitchell RD 1601  Isl tip cut-off on San Joag R L straight Ine Im 8.5-9.504 2 2.2M - 2.6M
Bradford RD 2059  San Joaquin R levee setback N lm5.82-2.10 372 11.16 20.5M -22.3M
Little Franks Tract  Piper Slough levee imprmnt L south levee by Bethel 1 5 5.5M - 6M
Webb RD 2026 San Joaquin R levee setback N lm.10-6.8 32 96 17.6M-19.2M
Venice RD 2023 Isl tip cut-off on San JoagR L straight Ine Im 7.5-9.3 0.8 4 4.4M - 52M
Venice RD 2023 Isl tip cut-off on San Joag R L straight Im11.5-12.3 0.7 3.5 3.8M - 4.6M
Medford RD 2041  Middle River levee impr L lm. 1.74 - 0.7 1.04 52 57M-6.8M
Middle Roberts 524 San Joaquin R levee impr L lm. 1.5-6.26 476 23.8 262M-31M
Upper Roberts 544  San Joaquin R levee impr L l.m.0-6.11 6.11 30.55 33.6M -39.7M
Stewart RD 2062 San Joaquin R levee impr L Lm. O (unit 1)-2.65 2.65 13.25 14.6M-17.2M
Mossdale 2 RD2107 San Joaquin R levee impr L Lm. 0 (unit 1) -2.37 2.37 11.85 13M-15.4M
Paradise RD 2095  San Joaquin R leveeimpr L Lm0 (unit2) -3 3 15 16.5M -19.5M
Kasson RD 2085 San Joaquin R levee impr L lL.m 0.5 (unit 1) - 5.20 4.7 23.5 25.9M -30.6M
River Junct RD2064 San Joaquin R levee impr L lm. O (unit 1)-5.53 5.53 27.65 30.4M -35.9M
Mandeville RD 2027 Old River levee impr N lm.7-11 4 . 12 22M - 24M
Holland RD 2025 Sand Mound Sl levee impr N lm.6-5 1 3 5.5M - 6M
Bacon RD 2028 Old River levee impr N lm.10-8 2 6 11M - 12M
McDonald RD 2030 Middle River levee impr N lm. 10-8 2 6 11M - 12M
Empire RD 2029 Little Connection Sl levee L lm.6.5-7.5 1 5 5.5M - 6.5M
Rindge RD 2037 San Joaquin R levee impr N lm.5-7 2 6 11M - 12M

D—031513
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Palm RD 2036 Old River levee impr
Orwood RD 2024  Old River levee impr
Lower Jones RD2038 Middle River levee impr
Upper Jones RD2039 Middle River levee impr
Victoria RD 2040 Old River levee impr
Paradise RD 2095 Tom Paine S1 levee impr
Pescadero RD 2058 Tom Paine Sl levee impr
Stewart RD 2062 Paradise Cut levee impr
Stewart RD 2062 Old River levee impr
Upper RobertsRD544 Middle River levee impr
MiddleRobertsRD524 Middle River levee impr
Drexler Middle River levee impr

victor2.del
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Ilm.4-5
lm.0.5-1.5
lm.1-0
lm.0-1
Ilm.7-9

none

none
lL.m.0-4.03
L.m. 5.63 (unit 3) -1.5
Lm. 1.14-14.2
none

none

Totals =

D—031514

1 3

1 3

1 3

1 3

2 6
6.5 26
6.5 26
4.03 16.12
4.13 16.5
13.06 52.2
3.5 14
4 16

5.5M - 6M
5.5M - 6M
5.5M - 6M

5.5M -6M

11IM - 12M
32.5M
32.5M
20.2M
20.6M
65.3M
17.5M
20M

137.6 533.3 $723M - $801M
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TABLE 4-—1:

EXAMPLES OF LEVEE AND HABITAT IMPROVEMENTS

LEVEE IMPROVEMENT EXAMPLES

PURPOSE

APPLICABLE AREAS

POSITIVES

NEGATIVES

2Flood Stoge =Ty Additionol minerol s0il 1ill 0 Increcses freeboord ond fiood protection.  Firm foundation oreas, generoly o. Llevee structural stobMty is improved. a. Requires import of mineral sofl.
kst - E“»nmy “ pigced to improve stobility o Increases londside siope stodiity, tocoted in outer fringes of Deita b. Levee Wmprovements stoy within generd b. Represents o significont cost. )
Levee 0 Lengthens seepoge path, ond on okl streom chonneis fiked footprint of existing levee ond drain c. Provides no environmentol enhoncement. 3
with minerol solis. diteh, d. Provides no significont Increase in {
s Plocement of Fil on Levee Crown and Londside Siopo ¢. Reigtively easity mainioined s a flood seismic stoblity. i
in Firm Mineral Soll Foundotion Arecs control levee. e. Addition of N moy resuit in short-
- d. Provides smol Increass in seismic term ingtabhity ond/or crocking if
stobifity, levee/ foundation system is weok.
0 Increases freeboord ond fiood protection.  Mest oreos of Delta, but 0. Levee structural stobliity Is improved. 0. Reauires significont import of minercl sok. !
F lood Stoge © Increcses londside siope stabhity. especiakly applicable In oreds b. Relotively eosity mointoined as a flood b. Represents o significont cost. i
> © Lengthens seepage Dath, where soft foundation moteriol control levee. c. Provides no environmental enhoncement, i
o t of berm for soft exists. ¢. Pravides limited increcse in selsmic d, Provides oniy s¥ght increose in
foundotion, stobMty. seoismic stooity.
. e. Additlon of it moy result in short-
term Instobliity and/or cracking If
8. ?:;";“:: :;F:a:d;:v;:ro:i;_‘: :w‘l:o:b::.'“ staged-construction Is not used.
¥. Seepage system may need 10 be modifled.
¢. Infringes on boord form lond or
habitat oreos. ]
© Increcses freeboord ond fiood protection. Areos of the Delta where both ¢, Levee structurol stobMty Is improved. a. Requices significont moort of minerol sofl.
0 Increcses londside siope stobMty. 30ft foundotion materiols ond b. Provides significont improvement in b. Plocement of M represents o
o Significontly lengthens seepage path, significont, concentrated control of seepoge probiems in levee. significant cost.
stops concentroted seepoge orecs. seepcge probiems exist. ¢. Relotively easity maintoined os o flood ¢ Congtruction of cutoff wol represents
o it of berm ts for soft control levee. o major cost.
foundation. d. Moy provide moderste improvement in d. Provides no environnantol enhancement.
selsmic stobitity of levee If water e Leves ond foundation may s$ti be
oot o:l‘h“w“‘ waltl levels inboord of cutoff wok ore oble during eorthauoke loading.
Qreatly reduced within ieves (reduces £, Addition of fit moy resuit in short-

omount of possibie Fquefoctionl,

term instoblity ond/or crocking If
stoged-construction is not used.

D—031515
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C. Plocement of Fit on Levee Crown, on Londside Siope, . ¢ Construction of cutoff wol may result
ond in Londside Berm In Soft Foundotion Areos - Together In hydrowic frocturing ond/or ieves
with Seepoge Cutoff Wol (Swrry or Shesiphe Wok crocking If not corried out corefully,

h. Lowered ground woter inboord of woll
moy resuit [n differentiol settiement
ond crocking.

1. Seepoge system moy nesd to be modified.
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EXAMPLES OF LEVEE AND HABITAT IMPROVEMENTS
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LEVEE IMPROVEMENT EXAMPLES PURPOSE

APPLICABLE AREAS

POSITIVES

NEGATIVES

o Increoses fresboord ond fiood protection.

Increases londside slope stobiity.

0 Lengthens seepoge path, stobliizes
concentrated lecks ond prevents pioing
erosion.

© Piacement of berm occounts for soft
foundation.

-]

D. Placement of Fil on Levee Crown. on Londside Siope.
ond in Londside Berm in Soft Foundotion Areas - Together
with Fiiter/Droin System on Londside Siope

Areas of the Deitc where both
soft foundation motericis ond
significont, concentrated
seepage or settlement ond
crocking problems exist.

Levee siructural stobifity Is improved.
Provides significont improvement in
controt of seepage Drobiems In leves.
May prevent piping erosion ossocioted
with both flood events ond moderate
ear thquoke-induced settiement ond
crocking.

Requires significont import of mineral sol,
Piocement of fH represents o
slgnificont cost.

Construction of filter/droin represents
additiondl cost.

Provides no environmental enhoncement.
Levee ond foundotion may stM be
unsiable during eorthquoke looding.
Addition of M moy resuit in ghort-
term instoblilty and/or cracking If
stoged-construction Is not used.
Seepoge system may need to be modified,
Seepoge ond fiiter/droin system moy
need to be maintained.

infringes on Inboord form lond or
hobltet oreos.

0 kwreases fresboord ond flood protection.

0 increcses londside siope siobiity.

o Lengthens seepage path, stobMzes
concentroted lecks ond prevents plping
erosion through both ievee ond foundation,

Flood Stoge o Pcement of berm occounts for soft
: Ffoundation,

Trench droin

€. Plocement of FIN on Levee Crown. on Londside Slope,
ond in Londside Berm in Soft Foundotion Arecs - Togsther
with Fiiter/0roin System on Londside Skope ond Tos Drain

Areas of the Deito where both
soft foundation materiols ond
significont, concentraoted
seepoge or settiement ond
crocking problems exist,
Porticuiorty suited where
piping erosion probiems

exigt within leves foundotion,

Levee structurol stobliity Is improved.
Provides significont mprovement in
control of seepoge prodlems In leves
sodd_foundation. .

Moy prevent piping erosion associated
with both fiood events and moderote
sorth quoke-induced settement ond
orocking,

b,

f.

Requires significont import of mineral sol.
Placement of fil represents a
significont cost.

Congtruction of fitter/drain on both
siope ond ln trench represents odditlonal
cost.

Provides no environmentol enhoncement,
Levee ond foundation may st be
unstoble during sorthquoke loading.
Addition of fM moy result In short-

torm Instoblilty ond/or orocking If
stoged-construction i3 not used.
Construction of drain trench moy couse
levee distress or seepoge problems If
not corried out corefuly.

Seepoge system moy neod to be modified.
Seepoge ond fiiter/droin system may
need 10 be maintoined,

infringes on inboord form lond or
habltat oreocs.

D—031516
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LEVEE IMPROVEMENT EXAMPLES

PURPOSE

APPLICABLE AREAS

POSITIVES

NEGATIVES

o0 increases freeboord ond fiood protection. Areas of the Delitq where both a. Levee structurol stoblity Is improved. ¢ Requires significont import of minercl sol.
Flood Stage o Increcses londside siope stobliity. soft foundotion moteriols ond b, Provides significont Improvement in b. Piocement of fil represents o
WL 0 Lengthens seepoge path, stobMzes Rquefioble materiois exist control of seepage problems In leves. significont cost.
concentrated leoks ond prevents piping within leves ond/or levee c. Densification reduces omount of ¢. Construction of fliter/droin repressnts
srogion through leves. foundation. slumping ond crocking which moy occur odditlonal cost,
o t of berm for soft during an eorthquoke. Fliter/drain d. Densificotion represents o major cost.
foundation. may prevent piping erosion following ¢. Provides no environmentol enhoncement.
Srone columns Densitied o Densification of levee ond foundation on eorthquoke tond fiood events), f. Addition of M moy result in short-
or Compoction Growt Sondy Soil ot "
s prevents/imits eorthquoke-induced term InstabMity ond/or crocking If
Kauefoction. stoged-construction is not used.
¢. Densification construction may couse
F, Plocement of FM on Levee Crown, on Londside Siope. levee distress or seenads prodlems If
ond In Londside Berm in Soft Foundotion Areas - Together not corried out corefuly.
with ENter/Oroin System on Londslde Siope. Densification h. Seepoge system may need to be modified.
of Leves ond Foundation Soks Using Vibrorepiocment " :“‘;“‘z: :’:’m::‘;;::“" system moy
1Stone Columng) or Compaction Grouting. I Infringes on d form iond or
habltat oreos.
3:::’;;7 /" Reintorced Eorth © Provides wove protection during high Areos of the Delta where a. Provides wove protection, a. Provides no significont improvement
tides ond fiood events lsvee freeboord Is of b. Relgtively Inexpensive. o
&%_”1_.5.’_’9' Probably only on interim meosurel, mmediate concern, ¢ Con be constructed relotively - overol freeboord.
Quickiy, -~ structural stobMty.
- seepage control
- piping erosion.
¢. Construction of Concrete Wave Wol on Levee Crown - selsmic stobMty.
b. Provides no envi onhor
heetpile o Provides wove protection during high Arecs of the Deita where . Provides waove protection, o. Provides no significont lmorovement
/S A tides ond flood events leves freeboord Is of b. Relatively inexpensive. i
gflood Stege Fiul Probably onty on interim measurel Immediate concern. c. Con be constructed reictively - overot freeboord.
L - S auickly, « structurdl stobMty,
- seepoge control
- piping erosion.
~ selsmic stobMty.
H. Construction of Sheetple Wave Wol on Levee Crown b. Requires Kmited lmport of fit.
¢. Provides no environmentol enhoncement,
d. Wnstolction of shesipie wol moy

resuit in crocking of levee If not
corried out with core.

D—031517
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LEVEE IMPROVEMENT EXAMPLES

PURPOSE

APPLICABLE AREAS

POSITIVES

NEGATIVES

Provides reosonobie on-site growth ond
regrowth of vegetation while maintaining
sofety, occess, ond inspectablility of
levees.

Most oreds In the Detta. but
mpact on kvee stobitity
must  be first evowated on
o site by site basls.
Woterside vegetotion must be
Integrated with wave
protection systems such

as riprop to prevent

major levee erosion.

Limited woterside vegetotion provides
some riporion ond shaded oquatic
habditat.

Limited woterside vegetation provides
some wove protection for levee.
Gross vegetation provides erosion
controt for surfoce runotf.
Preservation of existing trees
provides voludbie riporion habltat,

'

if Engineer's guidonce not fokowed ond
vegetotion becomes overgrown, them
Yegetation fimits occess for inspection,
maintenonce, ond flood fighting.

Vegetotion encouroges burrowing rodents.
Downing of trees during storms couses
domage to levees due to folen root bois
puling out chunks of the levee.

Tree roots con oiso eventuoly provide a
seepoge path theough levee when they decay.
Connot De mplemented on Federdl levess.
Becouse levees require continua mointenance
ond remediotion, some developed hobitots
nesd to be covered over with stobMizing berms,

Increcses freeboord ond fiood protection.
increases londside siope stobMity,
Lengthens seepage path.

Plocement of berm occounts for soft
foundotion,

Provides Waterside Wetond Hobitot.

Areos of Deito where soft
foundation material exists
ond where woterside siope Is
not steep (deep)l Connot
be used where chonnel
copoacity |s severely

¥mited.

Levee struciural stoblity Is improved.
Relotively ecsty maintoined os a fiood
control ieves.

Provides Hmited increase In selsmic
stobitity,

Provides vauoble Noterside Wetond
Hobitot (Woterside M moy Nemit
seepoge ond Improve waterside siope
stabkity).

Fe

Requires mojor Import of mineral soll.
Placement of londside il represents
o significont cost.

Plocement of woterside fik represents
o significont cost.

Provides only Wmited Increcse in
selsmic stabMty,

Limits chonnel copactty.

Additlon of M moy resuit in short-
torm ingtobMty ond/or crocking If
stoged-construction is not used.
Dredging may be nesded on woterside.
Seepoge system moy need to be modified.

°
Keap Tendside siope cleor ol
Esesting visuelily obstructive vegatetion,
metyre tree Netive grastes encovraged.
Kie menimom wpper 5 feet of E2isting mature troes say be
wiersiét ievee clevr of TETGTRer. Trim tree 1imos wp
vegerotion (eséept grossess Tive Teet from grovnd.
1, Mgintenonce of Vegeiotion on Existing Levee Siopes
) Weriend (Tviel °
Hepirer ]
°
°
°
J. Plocement of Fil on Levee Crown ond Londside Siope,
Together with Londside Berm in Soft Foundation Arecs.
Creation of Waterside Berm ot WMeon Sec Level to Crecte
voterside Wetiond Kobitat,
°
°
o
°

K. Plocement of FM on Lavee Crown ond Londside Sops,
Together with Londside Berm in Soft Foundotion Areas.

Crection of Woterside Berm cbove Meon Sso Level to
{recte Woterside Riporion Hobltot,

increcses fresboord ond fiood protection,
ncreases tondsice siope stabMty,
Lengthens seepage poth.

Plocement of berm occounts for soft
foundotion,

Provides Waterside Riporion Hobitot.

Arecs of Deito where soft
foundation materiol exists,
ond where waterside siope is
not steep (deep), Connot

be used where chornel
capacity us severely
Kmited. :

Levee structuro stobiity is improved.
Reiotively eosiy maintolned os o Hood
control levee.

Provides imited increcse In seismic
stobity,

Provides volsoble Woterside Riporion
Hobltat (woterside il may Kmit
teencge ond Improve woterside siope
stoblity),

f.

e

Reauires major import of mineral sol,
Placement of londside fil represents
o significont cost.

. Placement of waterside i reoresents

a significont cost.

Provides only kmited Increcse in
selsmic stobity.

Limits chonnet copacity.

Addition of fM moy result in short-

‘term instobMity ond/or crocking if

stoged-construction Is not used.
Dredging moy be reeded on woterside.
Seepage system moy need to be modified.

L

D—031518

D-031518



6151€0-d

61 S1¢€0—-a

SEOPI0 JOHQOY

40 PUO| W04 PIOOGU UG S80I
POILPOW 8Q OF PR LDW WdLSAE S0DUNNS
DIEN LOU 3| UOHONLLEU00-PEO0LS

3| BUPIODID JO/PU0 ALNIQOITL WS
-40uS U B0 OF KON Mi 3O UCIHIPPY
*RIKQO4S Olweles

Ul 3M00UOU PO KO SIDIAOLY

*4.10Q BUIPPO PUO UAOLO SOAS) DUsioL
KAOWis VoYL 481000 HODGQL0S SBAS

UiM P3IDIO0STD S0 PUD LUSWIDONS N)3
HOS IOIBURE JO 00 JUODIUBIE $BNDeY

¢

‘WOd 2000998 SuURK DU

Rimao+s

OHuSIeS L) SE0OIOU| POLNNY SEPIAO]
‘B9A 104400

POOI3 O $O PRUIOIUOW KIISO9 K9ALOY
POACIOW B ALIGO4S PAINLT 8947

P

2

q

“$481X0

P1A940W UCHLODUNO; 4308 Ba8Um
£08.10 Ul #QOoIdO Apojosdte
47Q ‘O48Q 30 2000 kY

*3041Q0H UOC{JOTYY $PISIOIOM SDIAOLY O
uoopUNGS |

waeg 30 °

400 30008 TUILOUST ©
*ALNIQOLS 9U0IE OLSA0 $ITOSID O
‘UO01O810.1d PO PUO PICOGESI; $ITOION O

+308% 40} %

“$OY LOHDPUNO0Y T3TT Ul WI0q SPIBPUOT Ljim 1041 800
“0d0lS A0S BPITPUDT PUO UADL) S8A0T UO Wi 30 JUSWRONd

TB11Q0N G| 03[y OPIF-WI0N 9100) OF #eAST 3O YOOQIS OIOd N

SPTUOUBLIOW SB4NDS DBIO LOOSg
POJIPOW 8Q OF PESU AW WE3AS SODdeS
*ARITINL0M UG DENIRU 3G KoM Gudpeg
DOSN JOU S} UOHINILSUOR-DB0DLS

41 SUPIDDIO J0/PUD KIMQOLSUE Waey
~30US U] 1900 KOW K3 30 UOLHPPY
*R3jO0000 UOUD ST

R5HQDIS OEieT

Ul 9DOIU] P KO SOPIAOLY

*3300 LUCDIIUGIS O SJUSESKIO

K3 APUCE DS IBLOM O JUNOIOYY
4800 4UOO14 U0 ©

SUSSSLAI2 ) IWISPUO 3O JUNLSODY]
*POT PPN 3O 400K IO{DW TRANDEY

el

‘q
‘©

CAimanss 8408 90181008
A0 0W PUD 300CRRS 1 Aow M3

ap;s eiom; DoV UGIFOR00Y

PP{FIPI0R MQONMOA SODIAOLY

A3mQ04$

O{WSIIS U] FTOOUOU DI SEPIAOLY
OPAS |04LU0D

PO D $0 PIUPLUOW KIS0 K@AlOY
POACINY B ALMQOIE DNIONILE 984T

©°

s

q

‘Pojw Koumace

$1 £100000 BLLOUO

sJ0us pOSN 8 J0ULO)
“OPeP) OB8LE 004 10U 81
JA0IE IPITIDLOA SIBUM DUO
‘$431X8 10]1040W VOILOPUNOS
4508 Du0UA DG 3O SOOIV

5oy UOI08.00Y S8p(A0ld O
“UOLLOPUNOS

waeq 3O
Qiod #00dess susyibus
*A1MQ0LE OTU0S WPISPUDT $280BI0U
"UOI40810.K1 DOOY) PUD PIOOQSS.) SITDSINRN

4308 403

o 00 0

‘DOUY UOIIDI0BY

€00.4) 04 SCOS OPITISION UO LOOSG PUDS 30 JUSWSOOH
*$O9JY UOJLOPUNOY 1305 Ul W0Z SDISPUOT Uil 8y4800)
‘2d0IS SOITPUCT QU0 UMOUD 89497 US M3 50 LUSWEODM M

*U0H;0840.4d SENDIL PUOIS] IBILOY)
*PUIPOW 9Q 04 PIBU ADW WASAS F0DTROS
*IDISIBLOM UO POPISU 8q Aow DuOPe.]
PISN JOU B} UOIIONILRU00-PIDOLS

#1 BUPIDOID JO/PUD AHQOLTU) WSy
<3AOUS U] $NSO4 AOW Ki JO UOHIPPY
*A3100000 HUUOLD $4M7

*AIMQOIS DEIRE

U PS0BUOU) PO KO SDIA0LY

‘4809 Juoot;OIE ©

SLUISIIAIS 413 IPISIVIOA JO JUSWEDOY
*4202 $U09J3 IO O

BIUSEILADU NF IDIEHUDY 3O LUSWIDOIY
UOT DA ;0 L0TW) JOfOW SOLNDIY

L

®

2

q
o

(AINQOLS SUOIE IDISIOL0R

2400w DUO DSOS 4w Kow M3
WPSISIOM ICIIGOH PUCIIPA PAO
UOIIOGIY OPISI0I0R OIONDA $8DIAOAd
*Anqo1s

OIUSIRE Uf 9809.40U| PRy SOPIAOAY
“P9AY 104HUOD

poot; O S0 DEUOLUIOW AyeDd K@AlLOBY
PAACIOUN S| AIIHADIS OINLTNLLS JOADT

POy Kiesdros

2] A4[90000 (BULOLD

40UN DN ¥ LOULO)
GeIP 004 30U $| BBAY
PUOKS| UPOMLOQ BUUOUD PUD
SPUDIS] (BLUOUD 9.48UM PUO
'$181x8 10[IBLOW UOLLOPLNOY
$308 249Um 0419 40 804y

IO} IGO0 PsHi ok

PUG ULIOT SPISIION S8PIA0IY O

. “UOLOPUNOS

$308 104 SLUNOOOO WG 3O JLGWEODL]
U40d 3600088 SUMROLIT

*Ki1MQ04S 20018 SDIZPUCE FESOIUNA
UOIL0230.0 POOI; PUD PIDOGIB.LS SDEOEINU

© 00 ©

*3O4]Q0H UDLIONY PUD PUOILOM IP{BIF40M

8100.1) 04 29AT DUC PUOIS) HUUOL) USSALEQ M3 3O JUNNOOY
“SO0UY UOLIOPUNOS 3305 W) Wa9E PISPUOT UM Jeyy800)
‘340G IPIBPUOT PUD UAOL) 94T U0 M4 30 JUMRODE

ST R
10183} P01 varstdru

SIAILVIAN

S3AAILISOd

SY3§V d18v01'1ddV

Isodind

STTINVXI INARIAOYIRI JIAIT

9 Jo g adeg

SINIWAAOIANI LVLIEGVH ANV JJAHT J0 SHTIAVXH -

dTdVL




TABLE 4-1: EXAMPLES OF LEVEE AND HABITAT IMPROVEMENTS

Page 6 of

LEVEE IMPROVEMENT EXAMPLES

PURPOSE

APPLICABLE AREAS

POSITIVES

NEGATIVES

© increcses chonnel copacity.
© Improves levee stobMity.
© Provides Woterside Wetiond Hobitot.

0. Compiete Setback of Levee to improve Chonnel Capocity,

improve Levees Structurol Stabliity ond Provide Waterside
wetiond Hobitot,

Mony oreas of Delto, but
possibly not In orecs where
very thick loyers of soft
foundation moteriol moy
moke creation of new
setback levees infeosibie.

a. Increases chonnel capoclty ond mproves
flood control.

b, New lgves wouid be on engineered fil
ond would not Kquefy during seismic
events.

©. Provides Xoterside Wetiond Hobitat.

Requires mojor Import of minerd soil
FN piocement ond cost ossocloted with
Wvee satbock greoter thon simply
roising levee crown ond odding berm,
Foundotion Kquefaction could stil
couse fokure during future eorthaquoke.
New levee M likely to result in short-
term instoblity ond/or crocking If
stoged-construction is not used. This
could tempororily moke new levee less
refiocble thon existing levee.
Significontly infringes on inboord form
tond or hobitat oreas.

Lever Miareaseceslospection Riparion Hovirer

P, Plocement of FIl on Levee Crown ond Londstide Slope.
Together with Londside Berm in Soft Foundation Areas.
Creotion of Londside Riporion Hobitot,

Increases fresboord ond fiood profection.
Increoses londside slope stobMty.
Lengthens sespcge poth.

Plocement of berm occounts for soft
foundation,

o Provides Londside Riporion Hobitot,

o ¢ o0 o0

M oreas of Dettq, but
especiolly applicable in orecs
where soft foundation material
exists,

a. Leves structural stabMty is mproved,

b. Relatively eoshy maintained as o fiood
control ievee.

¢. Provides limited Increcse in selsmic
stobity,

d. Provides Londside Riporion Hobitat.

e, Reduces subsidence neor levee by not
1Hing lond in habltat oreo.

Requires significont import of minerol sol.
Represents o sloniflcont cost.

Provides only siight increcse in

selsmic stobWity.

Agdition of M moy resuit in short-

term Instoblity ond/or crocking If
stoged-construction is not used,
Seepoge system moy need to be madified.
Significantly infringes on Inboord form
lond ond requires some lond to be token
out of agrioulturd production,

Woriong Tuie NObitor

5
ingrer
Chonoet

Levee Moy

0. Pocement of FM on Levee (rown ond Londside Siope,

Together with Londside Berm In Soft Foundation Arecs.
¢reation of Inboord Ponds ond Waterfiked Perimeter
Ditches for Londside Wetlond Hobitat.

0 Increases freeboord ond fiood protection.

0 Increcses londside siope stabMty.

© Lengthens sespoge poth.

o Pacement of berm occounts for soft
foundation,

© Provides Londside Wetiond Hobltat.

A orecs of Deita, but
especioly oppicable In oreos
where soft foundation materiol
exists ond significont inlond
subsidence Is occurring.

o, Levee structurol stobMty is improved.

b. Relotively eoslly mointoined o8 o ficod
control levee.

c. Provides Hmited increcse in selsmic
stobMity,

@ Provides Londside Wetiond Hobitat.

®. Reduces subsidence neor levee by
Kkeeping orgonic solis soturated.

Requires significont import of minerol soll.
Represents g significont cost.

Provides only sfight Increase In

selsmic stobMity.

Addition of fit may result in short-

term Instobiity ond/or oracking 1f
stoged-construction is not used.

Seepage system moy need to be modified.
Slonificontly Infringes on inboord form
iongd ond requires some lond to be token
out of ogricuitural production,

inlond pond ond dike systems require
mointenonce.
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