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Sacramento River Bank Protection Project
Environmental Impact Statement/Environmental Impact Report
being jointly pursued by the U.S. Army Corps of Engineers
and the Central Valley Flood Protection Board

The U.S. Army Corps of Engineers (Corps) and the Central Valley Flood Protection Board (CVFPB) have
prepared this joint programmatic environmental impact statement/environmental impact report
(EIS/EIR) for the Sacramento River Bank Protection Project (SRBPP) Phase II Supplemental Authority
(proposed program) for implementation of up to 80,000 linear feet (LF) of additional bank protection in
the Sacramento River Flood Control Project (SRFCP) area, as authorized by Section 3031 of the Water
Resources Development Act (WRDA) of 2007. The proposed program area spans portions of Butte,
Colusa, Glenn, Placer, Sacramento, Solano, Sutter, Tehama, Yolo, and Yuba Counties in California. The
Corps is the federal lead agency for this EIS/EIR, and the CVFPB is the state lead agency, pursuant to the
National Environmental Policy Act (NEPA) and the California Environmental Quality Act (CEQA),
respectively.

This programmatic EIS/EIR analyzes the environmental effects associated with implementing bank
protection measures along 80,000 LF of the SRFCP to arrest or avoid streambank erosion that threatens
the integrity of the SRFCP levee system. Five programmatic action alternatives are proposed, consisting
of different combinations of the following measures: setback levees, adjacent levees, riparian and
wetland benches with revegetation, bank fill stone protection with on-site woody vegetation, and bank
fill stone protection with no on-site woody vegetation. Because streambank erosion is episodic and new
erosion sites can appear each year, the environmental analysis in this EIS/EIR is programmatic in
nature, analyzing the 80,000 LF in its entirety, but relying on data associated with 106 representative
sites in order to provide the most detailed programmatic analysis possible. Additional project-level
environmental documentation, tiering from this programmatic analysis, will be prepared in the future to
address specific sites that will be constructed.

For further information on this EIS/EIR, please contact:

Ms. Patricia K. Goodman

U.S. Army Corps of Engineers
1325 ] Street

Sacramento, CA 95814
916-557-7420

or

Mr. Kip Young

Central Valley Flood Protection Board
3310 El Camino Avenue

Sacramento, CA 95821

916-574-2559
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Programmatic Biological Assessment for the Sacramento River Bank

Protection Project, Phase |l
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Federal Register
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geographic information system
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global warming potential
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habitat conservation plans

Heavy-Duty Low-Emission Vehicle Incentive Programs
Hydrologic Engineering Center’s River Analysis System
Historic Properties Treatment Plan

Interstate 5

Intergovernmental Panel on Climate Change

Indian Trust Assets
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IWG
IWM

Leq

LF

LM
LMAs
Lmax and Lmin
LOS

Lpeak

LRR

Lix
Magnuson-Stevens Act
MBTA
milligrams per liter
mm
MMP
MOA
MSA
MSEWs
MSL
N.O
NAGPRA
NAHC
NCCPs
NEPA
NHPA
NLIP
NMFS
NOA
NOI
NOP
NOx
NPDES
NTUs
o&M

PA

Interagency Working Group

instream woody material

Equivalent Sound Level

linear feet

Levee Mile

local maintaining agencies

Maximum and minimum sound levels
level-of-service

Peak Sound Level

Limited Reevaluation Report
Percentile-Exceeded Sound Level
Magnuson-Stevens Fishery Conservation and Management Act
Migratory Bird Treaty Act

mg/I

millimeter

maintenance and monitoring plan
Memorandum of Agreement
Magnuson-Stevens Fishery Conservation and Management Act
Mechanically stabilized earth walls

mean sea level

Nitrous oxide

Native American Graves Protection and Repatriation Act
Native American Heritage Commission

Natural Community Conservation Plans
National Environmental Policy Act

National Historic Preservation Act

Natomas Levee Improvement Project

National Marine Fisheries Service

Notice of Availability

Notice of Intent

Notice of Preparation

nitrogen oxides

National Pollutant Discharge Elimination System
nephelometric turbidity units

operation and maintenance

Programmatic Agreement
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PCAPCD
PCBs
PCWA
PG&E

pH

PM10
PM2.5
ppm

ppt

PPV

PRC
proposed program
RBDD

RD

RM

ROG

RSSs
SAFCA
salmon FMP
SAM
SBFCA
SCSD
SCWA
SFBAAB
SHPO

SIA

SIP

SLC
SMAQMD
SMARA

SMDs
SMUD
SOx
SPCCP
SR

Placer County Air Pollution Control District
polychlorinated biphenyls

Placer County Water Agency

The Pacific Gas and Electric Company

potential of hydrogen

particulate matter smaller than 10 microns or less in diameter
2.5 microns or less in diameter

parts per million

parts per thousand

peak particle velocity

Public Resources Code

Phase Il Supplemental Authority

Red Bluff Diversion Dam

Reclamation District

River Mile

reactive organic gases

reinforced soil slopes

Sacramento Area Flood Control Agency

Pacific Coast Salmon Fishery Management Plan
Standard Assessment Methodology

Sutter Butte Flood Control Agency

Sutter County Sheriff’s Department
Sacramento County Water Agency

San Francisco Bay Area Air Basin

State Historic Preservation Officer

Sacramento International Airport

State Implementation Plan

California State Lands Commission

Sacramento Metropolitan Air Quality Management District

California Surface Mining and Reclamation Act of 1975 PRC Section
2710 et seq.

sewer maintenance districts

Sacramento Municipal Utility District

Sulfur Oxides

Spill Prevention, Control, and Countermeasure Plan

State Route
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SRA
SRBPP
SRBPPD
SRCSD
SRFCP
SRPS
SRRV
SVAB
SWP
SWPPP
TACs
TCAPCD
TCD
TCFD
TCP
TCSLA
TDS
TFCA
TMDLs
TRLIA
TSS
U.S. EPA
UBC
Us-50
usc
USFS
USFWS
UYLIP
Valley
Vegetation ETL

VFZ
VRAP
WDRs
WHMP
WRDA

shaded riverine aquatic

Sacramento River Bank Protection Project
Sacramento Riverbank Protection Project Database
Sacramento Regional County Sanitation District
Sacramento River Flood Control Project
South River Pump Station

Sacramento River Riparian Vegetation
Sacramento Valley Air Basin

State Water Project

Stormwater Pollution Prevention Plan

Toxic Air Contaminants

Tehama County Air Pollution Control District
temperature control device

Tehama County Fire Department

traditional cultural properties

Tehama County Sanitary Landfill Association
total dissolved solids

Transportation Fund for Clean Air

Total Maximum Daily Loads

Three Rivers Levee Improvement Authority
total suspended sediment

U.S. Environmental Protection Agency
Uniform Building Code

Highway 50

United States Code

U.S. Forest Service

U.S. Fish and Wildlife Service

Upper Yuba River Levee Improvement Project
Sacramento Valley

Guidelines for Landscape Planting and Vegetation Management at
Floodwalls, Levees, Embankment Dams, and Appurtenant Structures

vegetation-free zone

Visual Resources Assessment Procedure
Waste Discharge Requirements

Wildlife Hazard Management Plan

Water Resources Development Act
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WSAFCA West Sacramento Area Flood Control Agency
YSAQMD Yolo-Solano Air Quality Management District
YSDI Yuba-Sutter Disposal, Inc.
usS/cm microSiemens per centimeter
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Executive Summary

ES.1 Introduction

This joint programmatic Environmental Impact Statement/Environmental Impact Report (EIS/EIR)
has been prepared for the Sacramento River Bank Protection Project (SRBPP) Phase Il Supplemental
Authority (proposed program) for implementation of up to 80,000 linear feet (LF) of additional
bank protection in the Sacramento River Flood Control Project (SRFCP) area, as authorized by
Section 3031 of the Water Resources Development Act (WRDA) of 2007 (Public Law [Pub. L.] No.
110-114, Section 3031, 121 Statutes [Stat.] 1041, 1113 (2007)). This EIS/EIR has been prepared by
the U.S. Army Corps of Engineers (Corps), which is federal lead agency, and the Central Valley Flood
Protection Board (CVFPB) (formerly The Reclamation Board), which is the state lead agency, in
accordance with the requirements of the National Environmental Policy Act (NEPA) and the
California Environmental Quality Act (CEQA).

The purpose of this EIS/EIR is to disclose the environmental impacts and recommended mitigation
measures related to a proposed program and alternatives prior to making a decision on program
approval. A joint document may be prepared when both a federal and a state agency are involved.
Both NEPA and CEQA provide guidelines for the preparation of a programmatic EIS/EIR.

ES.2 Project Location

The SRBPP area (also referred to as the program area) is located along the Sacramento River and its
tributaries and distributaries and spans Butte, Colusa, Glenn, Placer, Sacramento, Solano, Sutter,
Tehama, Yolo, and Yuba Counties, California (Figure ES-1). The alternatives covered in this
programmatic EIS/EIR are those associated with future repair of bank erosion sites on an additional
80,000 LF within the program area.

The program area extends south-to-north along the Sacramento River from the town of Collinsville
at river mile (RM) 3 upstream to Chico at RM 194, and includes reaches of lower Elder and Deer
Creeks. The program area also includes Cache Creek, the lower reaches of the American River (RM
0-23), Feather River (RM 0-61), Yuba River (RM 0-11), and Bear River (RM 0-17), as well as
portions of Threemile, Steamboat, Sutter, Miner, Georgiana, and Cache Sloughs. Sutter and Yolo
bypass levees are also located in the program area.

ES.3 Purpose and Need and Objectives

The SRBPP is a multi-year program to repair erosion problems affecting levees that are part of the
SRFCP, which protects more than 1 million acres of agricultural land and communities in the
Sacramento Valley and Sacramento-San Joaquin Delta (Delta). The levees in the central reaches of
the Sacramento River were established close to streambanks to erode vast sediment deposits
accumulated from hydraulic mining in the Sierra Nevada in the 1800s and to facilitate use of rich
floodplain soils for agriculture. This sediment-removal purpose was met by about 1940, but the
rivers, deprived of the natural energy dissipation of floodplains, have continued to erode laterally,
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U.S. Army Corps of Engineers Executive Summary

often undermining the toe of adjacent levees. The upper reaches of the Sacramento River levees in

the SRFCP are set back from the river and encounter erosive forces less frequently, but can still
occasionally experience erosion during high winter flows. In the Delta region, high winter flows,

boat wakes, and tides have eroded levee banks along the network of waterways that convey water
toward the San Francisco Bay. This-These ongoing problems has-have two potential solutions as

authorized under the SRBPP (The River Basin Monetary Authorization Act of 1974 (Pub. L. 93-251,
Section 202): 1) setback of levees to reduce floodflow depths and velocities and, thus, erosion of
natural banks, or 2) armoring existing or restored streambanks to resist the erosion.

The program purpose and objective is to arrest or avoid streambank erosion that threatens the
integrity of the SRFCP levee system. To protect property as well as the health and safety of residents,
bank repair and levee rehabilitation are needed at erosion sites. The proposed program will also
attempt to greatly minimize erosion, limiting the eventual loss of nearshore aquatic habitat and
riparian habitat that would likely occur if the proposed program were not enacted.

Levees within the program area provide flood damage risk reduction for the Sacramento Valley and
help convey water flowing from the Sierra Nevada to the Delta. Levees stressed by high winter flows
can weaken and fail. Implementation of an additional 80,000 LF of bank protection would ensure the
continued integrity of SRFCP levees, reducing risk to residents, local economies, while pretectingand
valuable env1ronmental resources while-and compensatmg for 51gn1f1cant effects to the degree
feasible. ey Aae :

Mme%ﬂew&eaﬂ—weakenraﬂd—ﬁaﬂ—t To maintain the 1ntegr1ty of the ﬂood control system, locatlons
with a high failure potential would be identified and remedied through project implementation.

As part of the annual field reconnaissance reviews of the SRFCP, the Corps and its local sponsor, the
CVFPB, have found that the number of documented bank erosion sites in the inventory is increasing.
Specifically, the total number of erosion sites for the SRFCP increased from 152 in 2007 to 201 in
2012, despite some sites being repaired and status changes of other sites between the inventories
(Ayres Associates 2008:5; U.S. Army Corps of Engineers 2013:27).

ES.4 Summary Description of the Project

ES.4.1 SRBPP Background

The original authorization for SRBPP in 1960 and a Phase II authorization in 1974 approved the
construction of up to 835,000 LF of bank protection. The SRBPP is a continuing long-term project
authorized by Section 203 of the Flood Control Act of 1960 (Pub. L. No. 86-645, Section 203, 74 Stat.
480, 498 (1960)).

The SRBPP was authorized to provide bank protection to maintain the integrity of the SRFCP
through bank stabilization using stone protection and levee setbacks. Other methods recommended
by the State of California have also been tested from time to time, including permeable dike systems
(palisades) and dredge berms. The SRFCP consists of more than 1,000 miles of levees, plus overflow
weirs, pumping plants, and bypass channels.

The SRBPP is a local cooperation project. The Corps’ Sacramento District serves as the federal
participant responsible for implementation of the SRBPP with its non-federal partner, the CVFPB,
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U.S. Army Corps of Engineers Executive Summary

the state agency designated for non-federal responsibilities and cost sharing. The Corps (NEPA lead
agency) and the CVFPB (CEQA lead agency) (referred to herein as Lead Agencies) have determined
that a joint programmatic EIS/EIR is the most appropriate means to comply with both NEPA and
CEQA because of the need for coordination among federal and state agencies, and the need to
complete environmental review expeditiously.

WRDA of 2007 authorized construction of an additional 80,000 LF of bank protection under the
Phase II authorization. In 2008, the Corps’ Sacramento District initiated development of a program
of action for this work underpeliciesas set forth in the SRBPP authorization and associated reports

of the Chief of Engineers, Policy Guidance on Implementation of Section 3031 of WRDA of 2007
(June 6, 2008), the Corps’ planning process described in Engineer Regulation 1105-2-100 (Plannin

Guidance Notebook)-previsions-efits Planning Manual {1996} and technical engineering design

documents, NEPA, the federal Endangered Species Act (ESA), and other relevant environmental
laws.

ES.4.2 SRBPP Phases

The SRBPP has been congressionally authorized and implemented in phases. Phase | bank
protection was authorized in the Flood Control Act of 1960 for 435,000 LF. It was completed in 1975
and resulted in 435,953 feet of bank protection. Current bank protection is being carried out under
Phase 11, which was authorized in 1974 for 405,000 LF under the River Basin Monetary
Authorization Act of 1974 (Pub. L. No. 93-252, Section 202, 88 Stat. 49 (1974)). Only about 4,966 LF
of authorization remained after the 2012 construction season, and plans are under development to
construct the final increment. The proposed program, authorized through Section 3031 of the
WRDA 2007, is a continuation of Phase Il and increases the amount of currently authorized bank
protection by 80,000 LF. Phase III (not evaluated as part of this proposed program) would involve
future work to protect the SRFCP on which planning has been initiated by the Corps but which
currently is not authorized. As construction of the Phase Il supplemental authority is completed,
implementation of Phase III will be critical to ensuring SRFCP facilities seriously threatened by
erosion will receive corrective measures to preventreduce the risk of levee failure, catastrophic
damage, and possible loss of life.

ES.4.3 Phase Il Supplemental Authority (Proposed Program)

The WRDA of 2007 added 80,000 LF of bank protection to Phase II. Before the original 1974
authority runs out of linear footage, a Limited ReevaluationPost Authorization Change Report
(ERPACR) will be prepared to support revisions to the SRBPP for the additional 80,000 LF. The Pest
Autherization-Change {PACR} will demonstrate that the SRBPP Phase I1 80,000 LF is technically
sound, is compliant with Corps policy, and meets environmental regulations.

The PACR an 2 : EDR}-will contain a
programmatic plan that will apply arepresentative of 106 erosion sites documented in the Final
Alternatives Report (Kleinfelder-Geomatrix 2009). These 106 representative sites may or may not
receive bank protection under the new 80,000 LF authorization. The report lists sites that are
scattered along levees on the main Sacramento River, from Collinsville (RM 3) to Chico Landing (RM
194 [while the levees end at RM 184]), and tributaries and distributaries of the Sacramento River.
Tributaries include the American River, the Feather River, the Bear River, the Yuba River, and Cache
Creek, and distributaries include Steamboat, Sutter, Georgiana, and Cache Sloughs.
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U.S. Army Corps of Engineers Executive Summary

For the purposes of this EIS/EIR, the 106 selected erosion sites along the SRFCP are considered for
the supplemental 80,000 LF analysis. The number and extent of erosion sites change from year to
year because erosion is episodic and new erosion sites can appear each year. The analysis in this
EIS/EIR is programmatic in nature, analyzing the 80,000 LF in its entirety. Additional site-specific
environmental documentation tiering from this programmatic analysis will be conducted to address
sites proposed to be repaired. This EIS/EIR analyzes environmental impacts of constructing 80,000
LF of bank protection on SRFCP levees and increasing the existing Phase Il authorization from
405,000 to 485,000 LF.

ES.5 Proposed Site-Specific Bank Protection Measures

The suite of SRBPP site-specific bank protection measures in the proposed program is described
below with figures to support each measure. A bank protection measure is a site-specific design
solution to control an existing erosion site while minimizing or mitigating environmental impacts.

The following criteria have been developed for bank protection design, consistent with the project
purpose and need.

e Restoring the flood damage risk reduction capability of the originally constructed levee through
the use of structurally reliable erosion-control elements.

e To the extent practicable, maintaining fish and wildlife habitat and scenic and recreational
values, and replacing habitat losses through the use of on-site mitigation elements overlying or
integrated with erosion-control elements.

e Fully mitigating off-site significant residual fish and wildlife habitat losses to the extent justified.

e Minimizing costs of construction and maintaining both erosion-control and on-site habitat-
mitigation elements.

The following measures are intended to meet these criteria while also meeting the Corps vegetation
management policy as prescribed in Engineering Technical Letter 1110-2-583, Guidelines for
Landscape Planting and Vegetation Management at Levees, Floodwalls, Embankment Dams, and
Appurtenant Structures (Vegetation ETL) (U.S. Army Corps of Engineers 2014). The measures will also
comply with Implementation Guidance for Section 3013 of the Water Resources Reform and
Development Act of 2014, Vegetation Management Policy. For purposes of this EIS/EIR, the
vegetation-free zone (VFZ) is defined in the Vegetation ETL and encompasses the existing and new
levee footprint area and extending 15 feet outward of each levee toe. Vegetation would be restricted to
native grass in the VFZ_(unless a Vegetation Variance Request is submitted and approved according to
Policy Guidance Letter and October 2017 Implementation Guidance letter for the Water Resources
Reform and Development Act of 2014). These measures are conceptual and will be modified to the
degree necessary to be suitable for conditions at any given erosion site. As a result, dimensions in the
following figures are typical and will vary based on site-specific conditions and designs.

ES.5.1 Bank Protection Measure 1-Setback Levee:

This measure entails constructing a new levee some distance landward of the existing levee and
would avoid or minimize construction in the waterside or riparian areas. The land between the
setback and existing levee would act as a floodplain. Land use in the new floodplain would be

Sacramento River Bank Protection Project
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1 determined on a site-by-site basis. The old levee could be breached in several locations or degraded
2 to allow high flows to inundate the new floodplain. Vegetation on the new setback levee, including
3 15 feet beyond each toe, would be restricted to grass and managed as a VFZ, while vegetation could
4 remain on the existing levee. New vegetation planted in the setback area could serve as mitigation to
5 offset project losses. Additionally, vegetation on the existing levee could become newly available to
6 aquatic species and contribute to a net increase in floodplain vegetation.
7 Measure 1 would be most applicable in areas where substantial habitat values exist along the
8 channel and land uses in the setback area are not restrictive. Setback levees can be very effective,
9 but real estate acquisition (including the need for willing sellers), existing land use, and technical
10 issues limit opportunities for setback levees in the program area. Setback levees may offer
11 opportunities for mitigation of riparian, bank swallow and fish habitat loss at other bank protection
12 sites and restore riverine processes. Setback levees may also provide other flood control benefits,
13 such as addressing seepage issues_or reducing pressure on banks and levees downstream, that other
14 bank protection measures would not address.
15
‘ o Vegetation Free J
N hlgr: 'y 3:1SLOPE .i_‘ /3:1 SLOPE 15
WINTER/SPRING e
el BXISTING LEVE SETBACK LEVEE
(BREACHED)
16 Bank Protection Measure 1: Setbadk Levee
17

18 ES.5.2 Bank Protection Measure 2—-Bank Fill Stone Protection

19 with No On-Site Woody Vegetation:

20 This measure, which entails filling the eroded portion of the bank and installing quarry stone along
21 the levee slope, is needed as determined by site-specific analysis. The rock/soil ratio of the fill would
22 vary by location and would be determined during site-specific design. Six inches of soil cover would
23 be placed on the revetment above summer mean water surface elevation to support on-site cover

24 vegetation. Vegetation would be limited to native grass, and existing vegetation would be removed
25 within the VFZ. If there is a natural bank distinct from the levee that requires erosion protection, it
26 would be treated with revetment. Measure 2 would be most applicable in areas where there is

27 inadequate space or substantial constraints, either landside or waterside, or where hydraulic

28 concerns would make it difficult to implement the other measures;erwhere-existing-habitatvalues
29 are-verylimited.
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Vegetation Free

|’—" o 2:15L0PE

Bank Protection Measure 2: Bank Fill Stone Protection with No On-Site Woody Vegetation

ES.5.3 Bank Protection Measure 3—Adjacent Levee:

This measure involves the construction of a new levee embankment adjacent to and landward of the
existing levee. The adjacent levee would be constructed to Corps design standards, which require
adjacent levees to be constructed with 3:1 slopes (distance width to distance height, or dW:dH) on
both the waterside and landside. The landward portion of the existing levee would be an integral,
structural part of the new levee. The waterward portion of the existing levee would remain.
Vegetation and instream woody material (IWM) could be placed on the old levee if that portion is
outside of the VFZ. However, a variance under the Vegetation ETL may be required if the existing levee
is considered to be a waterside planting berm based on its dimensions and proximity to the new levee.
The existing levee may also be degraded to riparian and/or wetland benches that comply with the
Corps’ vegetation management policy. Measure 3 would be appropriate at many sites where waterside
berms are narrow or non-existent but landside uses limit the use of a setback levee.

Vegetation Free

}-l—‘ 3:1SLOPE

3:1SLOPE

Bank Protection Measure 3: Adjacent Levee

ES.5.4 Bank Protection Measure 4—Riparian and Wetland
Benches with Revegetation:

Measure 4 consists of three design variations presented as Measures 4a, 4b, and 4c. In general,
Measure 4 involves the placement of clean quarry stone from the toe of the bank up to the
summer/fall waterline and placing quarry stone and soil-filled quarry stone on the levee slope
above the summer/fall waterline. While Measures 4a, 4b, and 4c would comply with the Vegetation
ETL, requiring removal of all woody vegetation within the VFZ, plantings outside of the VFZ could
include a variety of native tree species.
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Measures 4a, 4b, and 4c vary from one another with regard to the placement and extent of
environmental features that are intended to increase habitat quality (bank construction, vegetation,
and IWM). These variations are driven by a number of factors, most importantly the types of existing
resources and the types of species likely to use those resources. For example, if the existing site is
downstream of Sacramento River Mile 30 and likely to be used by delta smelt, the new design would
not include IWM below the summer/fall waterline, because IWM is not considered optimal habitat
for delta smelt. New IWM would be installed downstream of RM 30 only to replace existing IWM
removed during repair of the bank (1:1 ratio). Upstream of RM 30, new IWM is usually incorporated
into the design because delta smelt aren’t likely to be present.

These measures are appropriate where the channel is wide enough to accommodate the installation
of the stone and soil structure without substantially affecting the hydraulic capacity of the channel.

ES.5.4.1 Bank Protection Measure 4a—Riparian Bench with Revegetation

and Instream Woody Material above Summer/Fall Waterline

Measure 4a entails installing revetment along the waterside levee slope or bank as well as a
rock/soil bench to support riparian vegetation and provide a place to anchor IWM. This design
provides near-bank, shallow-water habitat and components of shaded riverine aquatic (SRA) habitat
for fish and is typically applicable to sites upstream of Sacramento River Mile 30. Treatment of
existing vegetation, site preparation, and installation of revetment on the lower slope would be
similar to Measure 2.

Measure 4a includes a riparian bench. The bench would be treated with soil-filled quarry stone and
is intended to be inundated at river stages corresponding to high tide (where tidally influenced) or
during average winter/spring flows. The riparian bench would be revegetated in compliance with
the Vegetation ETL and in a manner similar to recent SRBPP projects with riparian bench designs.

The riparian bench would be constructed at a slope of 6:1 to 10:1, and the revetment portion above
and below the bench would typically have a 3:1 slope. The width of the bench would be
approximately 10-30 feet, depending on site conditions. Anchored IWM would be embedded on top
of the riparian bench above the summer/fall waterline. The IWM would be available as accessible
habitat along the banks only during winter/spring flows, when the bench is inundated.

‘ Vegetation Free

2:1SLOPE

20 ’
Instream Woody Material (IWM)
above Summer/Fall Waterline

v

15

WINTER/SPRING

SUMMER/FALL

Bank Protection Measure 4a: Riparian Bench with Revegetation and INM above Summer/Fall Waterline
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ES.5.4.2 Bank Protection Measure 4b—Riparian Bench with Revegetation

and Instream Woody Material above and below Summer/Fall
Waterline

Measure 4b entails installing revetment along the waterside levee slope and/or bank as well as a
rock/soil bench (as described for Measure 4a) to support riparian vegetation and provide a place to
anchor IWM. IWM also would be placed beyond the bench below the summer/fall waterline, thereby
increasing the types and extent of mitigation for shallow-water fish habitat, providing year-round
instream habitat for targeted fish species. This design is typically applicable to sites upstream of
Sacramento River Mile 30. Treatment of existing vegetation, site preparation, and installation of
lower slope quarry stone would be similar to Measure 2. Installation of soil-filled quarry stone and

riparian bench would be similar to Measure 4a.
Vegetation Free

2:1SLOPE

Summer/Fall Waterline

Bank Protection Measure 4b: Riparian Bench with Revegetation and IWM above and below Summer/Fall Waterline

ES.5.4.3 Bank Protection Measure 4c—Riparian and Wetland Benches

with Revegetation

Measure 4c entails installing revetment along the waterside levee slope and/or bank, as well as a
rock/soil bench to support riparian vegetation and provide a place to anchor IWM. Bench slopes
would be the same as those described for Measure 4a. The design also includes a wetland bench
below the summer/fall waterline to further increase habitat quality. This design is intended for sites
downstream of Sacramento River Mile 30 and targets mitigation of impacts on delta smelt habitat.
Existing vegetation would be removed within the VFZ. Because IWM might increase habitat
suitability of ambush predators, new IWM would be installed only to replace existing IWM removed
during project repair (1:1 ratio).

The riparian and wetland benches are intended to flood at river stages corresponding to
winter/spring (high) flows and summer/fall (low) flows, respectively. Both benches would be
revegetated in compliance with the Vegetation ETL.
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Vegetation Free

15 2 ‘
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e

Wetland bench

Bank Protection Measure 4c: Riparian and Wetland Benches with Revegetation

ES.5.5 Bank Protection Measure 5—Bank Fill Stone Protection
with On-Site Vegetation:

Measure 5 entails filling the eroded portion of the bank and installing revetment along the waterside
levee slope and streambank from streambed to a height determined by site-specific analysis.
Rock/soil combination revetment would be placed above summer mean water surface elevation.
The revetment would be placed at a slope of 3:1. All IWM would be removed from the bank and
would not be replaced on the bank fill stone protection.

Existing vegetation would be removed within the VFZ; however, grass would be allowed in this area.
Approximately 25% of existing vegetation that is outside of the VFZ on the waterside slope is
estimated to be retained during construction, although the actual amount of retained vegetation
could vary substantially from site to site. New vegetation would be limited to native grasses within
the VFZ, while woody vegetation could be replaced by planting outside of the VFZ, as allowed by
site-specific conditions. The long-term goal of vegetation planting is to provide riparian and SRA
cover habitat as defined by the U.S. Fish and Wildlife Service (USFWS). Six inches of soil cover would

be placed on the revetment to support on-site vegetation. If there is a natural bank distinct from the
levee that requires erosion protection, it would be treated with revetment.

Similar to Measure 2, Measure 5 would be most applicable in areas where there is inadequate space
or substantial constraints that would limit the applicability of the other measures. However, some
amount of space to allow for the planting of vegetation is necessary.

Vegetation Free

—

2:1SLOPE

i

3:1SLOPE

WINTER/SPRING
SUMMER/FALL

Bank Protection Measure 5: Bank Fill Stone Protection with On-Site Vegetation
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ES.5.6 Additional Measures

Additional measures may be considered and found to be appropriate during implementation of the
site-specific repairs. Design and analysis of any additional measures would be carried out during the
site-specific planning and design phase. Examples of additional measures include toe protection,
flow modification (e.g., impermeable groins) and alternative materials in place of riprap.

ES.5.6.1 Toe Protection

Toe protection is authorized by SRBPP and could be considered for long-term erosion control. Toe
protection entails filling the low-lying eroded portion of the bank to curtail further loss of the toe
and subsequent losses of the upper bank typically resulting from toe erosion. Because toe protection
doesn’t replace existing losses of material on the upper bank, which is often the condition at critical
sites, it is not considered a complete solution for critical sites. Consequently, toe protection has not
been implemented recently because many erosion sites are considered to be at or near critical. A
site is considered “critical” when erosion encroaches into the cross-section of the levee foundation.

ES.5.6.2 Flow Modification

Groins, or spurs, redirect or reduce erosive forces along the channel bank by diverting the stronger
currents and deflecting water away from the bank. By deflecting the current away from the bank
and causing sediment deposits, a spur or a series of spurs may protect the streambank more
effectively and at a lower cost than revetment. Spurs are also used to channelize a wide, poorly
defined stream into a well-defined channel that neither aggrades nor degrades, thus maintaining its
location from year to year. Spurs on streams with suspended sediment induce sedimentation to
establish and maintain the new alignment. Dikes fall in the category of an erosion control or flow
diversion structure extending roughly perpendicular from a streambank that either diverts flow
from the bank or reduces flow velocity adjacent to the bank. Flow diversion also can be
accomplished through biotechnical methods in some locations. For example, log brush barriers are
densely packed layers of branches and logs that divert stream flow from an eroding bank.

A bendway weir is an upstream-angled underwater sill. Water flowing over the weir is redirected at
an angle perpendicular to the weir. When weirs are angled upstream, water is directed away from
the outer bank and toward the inner part of the bend, breaking up the river’s strong secondary
currents. Weirs are typically built in sets (4 to 14 weirs per bend) and are designed to redirect
current directions and velocities through the bend and well into the downstream crossing.

ES.5.6.3 Alternative Materials and Construction Methods

Reinforced Soil Slopes and Mechanically Stabilized Earth Walls

Mechanically stabilized earth walls (MSEWSs) are internally-reinforced soil structures with faces
angled 70 degrees to 90 degrees from horizontal. MSEWs stabilize unstable slopes and retain the
soil on steep slopes and under crest loads. The wall face is often of precast segmental blocks, panels,
or geocells that can tolerate some differential movement. The walls are infilled with granular soil,
with or without reinforcement, while retaining the backfill soil. The reinforced soil mass, along with
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the facing, forms the MSEW. Structures with slope angles less than 70 degrees are termed reinforced

soil slopes (RSSs). An RSS is a compacted fill embankment that incorporates the use of horizontally,
or both horizontally and vertically, placed geosynthetic reinforcement to enhance the stability of the

soil structure.

MSEWs and RSSs use soil and rock with structural elements, such as geogrids, to provide for steeper
stable slopes than typically occur naturally. These structures provide long-term stability yet can be
porous enough to provide filtration and support vegetated growth. Vegetated MSEW and RSS
structures can become stronger as root systems penetrate and grow throughout the retained mass,
providing a long-term vegetated solution for erosion and soil retention issues.-Fhe-engineered

A nd-R am N to-Nro de a d no the m-e a fa¥a Ja on-to

established,-as-well-as-inte-thelong term Engineered MSEWSs and RSSs may remain to provide

stability while vegetation is getting established, or they may remain in place long term. The
advantage of these structures is a more natural appearance in areas with limited rights-of-ways or

unacceptable encroachment within the channel compared with some other repair methods.

Artificial Floating Structures

Artificial floating structures are modeled after natural floating islands formed when floating
vegetation grows and accumulates gas, or nutrient rich peat soil becomes buoyant, rises to the
surface, and is colonized by plants. Artificial floating structures are made of a recycled nontoxic
plastic mesh injected with marine foam for initial buoyancy. Artificial floating structures can be used
to enhance fish habitat by simulating submerged, vegetated undercut banks and providing overhead
shaded cover. The resulting underwater root structure may provide important habitat, including
forage, refuge from predators, spawning substrate, and brood cover for many fish species. However,
the potential for increased predation associated with artificial floating structures is not well
understood. Artificial floating structures might be useful in absorbing wave and wake energy,
modifying flows and hydraulic processes, complementing shoreline restoration, and providing
shallow water habitat. Artificial floating structures might be useful and practical in the Delta along
river banks where the current is not strong.

ES.6 Alternatives

ES.6.1 Alternatives Development

Consistent with NEPA and CEQA, a reasonable range of alternatives that would meet the project
purpose and need, while avoiding or substantially lessening project effects (as required under
CEQA), was evaluated. To comply with NEPA, this EIS/EIR analyzes all alternatives at the program
level on an equal, non-preferential basis and at an equal level of detail. As required under NEPA and
CEQA, a no action (no project) alternative has been included to allow the Lead Agencies to compare
the effects of the proposed alternatives with the effects of taking no action.

The alternatives were developed using those bank protection measures considered to reasonably
meet the project’s purpose, need, and objectives. Alternatives development also took into
consideration an alternative’s ability to eliminate significant adverse environmental impacts or
reduce them to less-than-significant levels, as well as minimize any contribution to cumulative
impacts.
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In addition to the no action alternative, five action alternatives, as well as a sub-alternative of each
action alternative, are analyzed. The five action alternatives would apply a site-specific bank
protection measure (design solution) to each of the 106 representative sites. In general, selection of
bank protection measures at specific sites is based on consideration of the likely causes of erosion,
local conditions that could impact repair and construction, and site-specific considerations for
vegetation, wildlife, land ownership, and access. The site-specific bank protection measure applied
to each site may vary from one alternative to another. For example, a setback levee may be applied
to an erosion site under one alternative, while a bench alternative may be applied to that same site
under a different alternative. These variations allow for meeting the objectives of each alternative
(e.g., minimizing impacts).

For bank protection measures to be feasible, they must comply with the Corps’ Vegetation ETL in
accordance with current implementation guidance-{H-S-Army-Corps-of Engineers2014}. The key
aspect of the Vegetation ETL that is relevant to the development of feasible alternatives is its
requirement for a VFZ surrounding all levees and appurtenant structures. The VFZ must be free of
obstructions to ensure access by personnel and equipment for surveillance, inspection,
maintenance, monitoring, and flood-fighting. A secondary purpose is to provide a distance between
root systems and levees to moderate reliability risks associated with 1) piping and seepage, and 2)
structural damage (e.g., wind-driven tree overturning). However, the Vegetation ETL does provide
for the use of a variance which, when justified, allows for some vegetation to remain within the VFZ.
Alternative 6 includes variations of the previously described bank protection measures in that there
is sometimes vegetation within the VFZ. As a result, Alternative 6 would rely on a variance to the
Vegetation ETL.

All of the alternatives described below could be implemented in a variety of ways. Examples of
potential implementation strategy variables are listed below.

e Annual construction rate.

e Annual geographic distribution (e.g, sites distributed among more than one region, all sites
within one region/basin.

e Use of off-site/out-of-kind mitigation thateontributes-tolisted-speciesrecoverythat provides
the greatest benefit to the listed species.

Additionally, implementation may be influenced by a benefit-cost analysis. In accordance with Corps
policy, all water resources projects must have a federal interest and be justified by showing
beneficial outputs greater than costs. While the traditional approach has been to look at the erosion
sites in the aggregate (e.g., all 106 representative sites together), and that approach will likely
continue, economic flood damages within individual basins or reclamation districts, maintenance
areas, or levee districts would be a priority consideration in site selection.

A preliminary analysis has indicated that flood damage reduction in certain less-developed regions
in the program area that are primarily agricultural with fewer damageable structures are not likely
to meet the economic benefit-cost criterion. During the implementation phase, it may be difficult to
justify bank protection for levees that protect these regions. In these areas, bank protection may be
justified where there is a substantial risk to life safety. Risk to public safety can also be managed in
these areas through other means such as the Public Law 84-99 Rehabilitation and Inspection
Program, which allows the Corps to undertake activities including advance measures, emergency
operations, and rehabilitation of flood control works threatened or destroyed by floods. Accordingly,
this EIS/EIR considers a set of sub-alternatives within these “economically justified basins.” A subset
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Figure ES-2
Location of Economically Justified Basins
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Figure ES-3

Site-Specific Application of Bank Protection Measures for Alternative 2
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Figure ES-5
Site-Specific Application of Bank Protection Measures for Alternative 4
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Figure ES-6
Site-Specific Application of Bank Protection Measures for Alternative 5
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of the 106 _representative sites is analyzed under each action alternative. The subset, or sub-
alternative, represents the erosion sites within seven basins that are most likely to satisfy the more
restrictive approach to the benefit-cost analysis (Figure ES-2). Table ES-1 identifies the specific bank
protection measures assigned to each of the 106 _representative sites, and includes a notation for the
subset of erosion sites that are within the economically justified basins. Figures ES-3 through ES-7
show the distribution of the specific bank protection measures for each of the action alternatives.

Following Table ES-1 is a general description of the six alternatives, which consist of the no action
alternative, and five action alternatives and their sub-alternatives.

Sacramento River Bank Protection Project March 2020
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1 Table ES-1. Site-Specific Application of Bank Protection Measures by Alternative

Site Length Bank Protection Measures by Alternative
Region  Site Identification (feet) Alt2A Alt2B Alt3A Alt3B Alt4A Alt4B Alt5A Alt5B Alt6A Alt6B
la+? Cache Creek LM 39 L 433 2 2 1 1 1 1 1 1 1 1
la Cache Slough RM 159 L 182 2 3 2 1 4c
la Cache Slough RM 22.8 R 630 2 1 4c 4c 4c
la Cache Slough RM 23.6 R 1,209 2 3 2 1 4c
la Deep Water Ship Channel LM 50 L N/A N/A N/A N/A N/A N/A
la Deep Water Ship Channel LM 501 L N/A N/A N/A N/A N/A N/A
la Georgiana Slough RM 03 L 1,027 2 1 1* 1 4c
la Georgiana Slough RM 1.7 L 1,250 2 1 1* 1 4c
la Georgiana Slough RM 25 L 736 2 1 1* 1 4c
la Georgiana Slough RM 36 L 1,364 2 1 1* 1 4c
la Georgiana Slough RM 3.7a L 209 2 1 1* 1 4c
la Georgiana Slough RM 3.7b L 268 2 1 1* 1 4c
la Georgiana Slough RM 4.0 L 705 2 1 1* 1 4c
la Georgiana Slough RM 43 L 1,319 2 3 3* 3 4c
la Georgiana Slough RM 45 L 90 2 3 3* 3 4c
la Georgiana Slough RM 46 L 1,346 2 3 3* 3 4c

Bank Protection Measures Legend

N/A: No Action

1: Setback Levee

2: Bank Fill Stone Protection with No On-Site Woody Vegetation

3: Adjacent Levee

4a: Riparian Bank with Revegetation and Instream Woody Material above Summer/Fall Waterline

4b: Riparian Bench with Revegetation and Instream Woody Material above and below Summer/Fall Waterline
4c: Riparian and Wetland Benches with Revegetation

5: Bank Fill Stone Protection with On-Site Vegetation
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Site Length Bank Protection Measures by Alternative
Region  Site Identification (feet) Alt2A Alt2B Alt3A Alt3B Alt4A Alt4B Alt5A Alt5B Alt6A Alt6B
la Georgiana Slough RM 53 L 3,171 2 3 3* 3 4c
la Georgiana Slough RM 6.1 L 1,729 2 3 3 3 4c
la Georgiana Slough RM 6.4 L 398 2 1 1* 1 4c
la Georgiana Slough RM 6.6 L 744 2 1 1* 1 4c
la Georgiana Slough RM 6.8 L 1,335 2 1 3 3 4c
la Georgiana Slough RM 83 L 483 2 3 3 3 4c
la Georgiana Slough RM 9.3 L 1,228 2 3 4c 4c 4c
la+? Knights Landing Ridge Cut LM 0.2 R 768 2 2 3 2 2 5 5
la Knights Landing Ridge Cut LM 30 L 1,279 2 2 2 2 5
la Knights Landing Ridge Cut LM 31 L 368 2 2 2 2 5
la Knights Landing Ridge Cut LM 43 L 577 2 2 2 2 5
la Knights Landing Ridge Cut LM 53 L 8,564 2 2 2 2 5
la Steamboat Slough RM 188 R 485 2 3 3 3 4c
la Steamboat Slough RM 232 L N/A N/A N/A N/A N/A N/A
la+ Steamboat Slough RM 239 R 369 2 3 3 3 4c 4c
la+ Steamboat Slough RM 24.7 R 911 2 3 3 3 4c 4c
la Steamboat Slough RM 25.0 L 272 2 3 3 3 4c
la+ Steamboat Slough RM 25.8 R 244 2 2 3 3 3 4c 4c
Bank Protection Measures Legend
N/A: No Action
1: Setback Levee
2: Bank Fill Stone Protection with No On-Site Woody Vegetation
3: Adjacent Levee
4a: Riparian Bank with Revegetation and Instream Woody Material above Summer/Fall Waterline
4b: Riparian Bench with Revegetation and Instream Woody Material above and below Summer/Fall Waterline
4c: Riparian and Wetland Benches with Revegetation
5: Bank Fill Stone Protection with On-Site Vegetation
Sacramento River Bank Protection Project Volume | March 2020
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Site Length Bank Protection Measures by Alternative
Region  Site Identification (feet) Alt 2A Alt 2B Alt3A Alt3B Alt4A Alt4B Alt5A Alt5B Alt6A Alt 6B
la Steamboat Slough RM 26.0 L 516 2 3 3 3 4c
la Sutter Slough RM 24.7 R 1,736 2 1 1 1 4c
la+ Sutter Slough RM 26.5 L 568 2 2 3 3 4c 4c 4c 4c 4c 4c
la Willow Slough LM 02 L N/A N/A N/A N/A N/A N/A
la Willow Slough LM 0.7 L N/A N/A N/A N/A N/A N/A
la Willow Slough LM 69 R 869
la Yolo Bypass LM 0.1 R 430
la Yolo Bypass LM 2.0 R 563
la Yolo Bypass LM 25 R 148
la Yolo Bypass LM 2.6 R N/A N/A N/A N/A N/A N/A
la Yolo Bypass LM 3.8 R 1,860 2 3 2 2 5
1b Lower American River RM 73 R N/A N/A N/A N/A N/A N/A
1b Sacramento River RM 215 L 162 2 3 4c 4c 4c
1b Sacramento River RM 225 L 852 2 3 4c 4c 4c
1b Sacramento River RM 227 L 309 2 3 4c
1b Sacramento River RM 232 L 589 2 3 4c
1b Sacramento River RM 233 L 257 2 3 4c 4c 4c
1b Sacramento River RM 248 L 782 2 3 2 3 4c

Bank Protection Measures Legend

N/A: No Action

1: Setback Levee

2: Bank Fill Stone Protection with No On-Site Woody Vegetation

3: Adjacent Levee

4a: Riparian Bank with Revegetation and Instream Woody Material above Summer/Fall Waterline

4b: Riparian Bench with Revegetation and Instream Woody Material above and below Summer/Fall Waterline
4c: Riparian and Wetland Benches with Revegetation

5: Bank Fill Stone Protection with On-Site Vegetation

Sacramento River Bank Protection Project March 2020
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Site Length Bank Protection Measures by Alternative
Region  Site Identification (feet) Alt 2A Alt2B Alt3A Alt3B Alt4A Alt4B Alt5A Alt5B Alt6A Alt6B
1b Sacramento River RM 252 L 338 2 3 4c 4c 4c
1b Sacramento River RM 31.6 R 446 2 3 5 5 5
1b** Sacramento River RM 353 R 197 2 3 4a 4a 4a
1b** Sacramento River RM 354 R 96 2 3 4a 4a 4a
1b Sacramento River RM 385 R 359 2 1 5 5 5
1b+~ Sacramento River RM 56.5 R 373 2 2 3 3 4b 4b 4b 4b 4b 4b
1b+2 Sacramento River RM 56.6 L 86 2 2 3 3 4a 4a 4a 4a 4a 4a
1b+2 Sacramento River RM 56.7 R 665 2 2 3 3 4b 4b 4b 4b 4b 4b
1b+***  Sacramento River RM 584 L 707 2 2 3 3 5 5 5 5 5 5
1b+ Sacramento River RM 60.1 L 455 2 2 3 3 4a 4a 3 3 4a 4a
1b+2 Sacramento River RM 629 R 175 2 2 3 3 4b 4b 4b 4b 4b 4b
1b+2 Sacramento River RM 63.0 R 87 2 2 3 3 4b 4b 4b 4b 4b 4b
1b Sacramento River RM 744 R 200 2 3 4b 4b 4b
1b Sacramento River RM 75.3 R 2,761 2 3
1b Sacramento River RM 77.7 R 224 2 3
1b+2 Sacramento River RM 78.3 L 657 2 2 3 3 5 4b 4b 5
27 Bear River RM 08 L 233 2 3 5
2 Cherokee Canal LM 140 L N/A N/A N/A N/A N/A N/A

Bank Protection Measures Legend

N/A: No Action

1: Setback Levee

2: Bank Fill Stone Protection with No On-Site Woody Vegetation

3: Adjacent Levee

4a: Riparian Bank with Revegetation and Instream Woody Material above Summer/Fall Waterline

4b: Riparian Bench with Revegetation and Instream Woody Material above and below Summer/Fall Waterline
4c: Riparian and Wetland Benches with Revegetation

5: Bank Fill Stone Protection with On-Site Vegetation
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Site Length Bank Protection Measures by Alternative
Region  Site Identification (feet) Alt 2A Alt 2B Alt3A Alt3B Alt4A Alt4B Alt5A Alt5B Alt6A Alt 6B
2 Cherokee Canal LM 219 L 1,800 2 5 5 5 5
2N Feather River RM 0.6 L 288 2 3 4a 4a 4a
20 Feather River RM 5.0 L**** 910 2 3 4a 4a 4a
2 Sacramento River RM 86.3 L 3,134 2 3 5 5 5
2% Sacramento River RM 86.5 R 72 2 3 4b 4b 4b
2 Sacramento River RM 869 R 289 2 3 4b 4b 4b
2 Sacramento River RM 928 L 200 2 3
2 Sacramento River RM 958 L 190 2 3
2 Sacramento River RM 96.2 L 560 2 3 4b
2 Sacramento River RM 99.0 L 160 2 3 5
2 Sacramento River RM 101.3 R 352 2 1 4b 4b 4b
2 Sacramento River RM 1034 L N/A 2 N/A N/A N/A N/A
2 Sacramento River RM 104.0 L 3,459 2 3 5 4b 5
2 Sacramento River RM 1045 L 301 2 3 4a 4a 4a
2 Sacramento River RM 116.0 L 612 2 1 4a 4a 4a
2 Sacramento River RM 116.5 L 2,465 2 3 4a 1 4a
2 Sacramento River RM 122.0 R 248 2 3 4b 4b 4b
2 Sacramento River RM 122.3 R 341 2 1 4b 4b 4b

Bank Protection Measures Legend

N/A: No Action
1: Setback Levee
2: Bank Fill Stone Protection with No On-Site Woody Vegetation
3: Adjacent Levee
4a: Riparian Bank with Revegetation and Instream Woody Material above Summer/Fall Waterline

4b: Riparian Bench with Revegetation and Instream Woody Material above and below Summer/Fall Waterline
4c: Riparian and Wetland Benches with Revegetation
5: Bank Fill Stone Protection with On-Site Vegetation
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Site Length Bank Protection Measures by Alternative
Region  Site Identification (feet) Alt 2A Alt 2B Alt3A Alt3B Alt4A Alt4B Alt5A Alt5B Alt6A Alt 6B
2 Sacramento River RM 1233 L 208 2 3 4b 4b 4b
2 Sacramento River RM 123.7 R 120 2 3 4a 4a 4a
2 Sacramento River RM 1279 R 801 2 1 5 4a 5
2 Sacramento River RM 1318 L 339 2 1 4a 1 4a
2 Sacramento River RM 1329 R 363 2 1 4a 4a 4a
2 Sacramento River RM 133.0 L 1,291 2 3 4a 4a 4a
2 Sacramento River RM 1338 L 197 2 3 4a 4a 4a
2 Sacramento River RM 136.6 L 615 2 3 4a 4a 4a
2 Sacramento River RM 138.1 L 1,365 2 1 4a 4a
2 Yuba River LM 23 L 1,356 2 1
3 Deer Creek LM 24 L 496 2 3
3 Elder Creek LM 144 L 334 2 3 4a 4a 4a
3 Elder Creek LM 30 R 65 2 3 4a 4a 4a
3 Elder Creek LM 41 L N/A N/A N/A N/A N/A N/A
3+7 Sacramento River RM 1528 L 198 2 2 3 3 4b 4b 4b 4b 4b 4b
3+A Sacramento River RM 163.0 L 1,213 2 2 3 3 4b 4b 4b 4b
3+7 Sacramento River RM 168.3 L 546 2 2 1 1 4b 4b 4b 4b
3+A Sacramento River RM 172.0 L 525 2 2 1 1 4b 4b 4b 4b
Bank Protection Measures Legend
N/A: No Action
1: Setback Levee
2: Bank Fill Stone Protection with No On-Site Woody Vegetation
3: Adjacent Levee
4a: Riparian Bank with Revegetation and Instream Woody Material above Summer/Fall Waterline
4b: Riparian Bench with Revegetation and Instream Woody Material above and below Summer/Fall Waterline
4c: Riparian and Wetland Benches with Revegetation
5: Bank Fill Stone Protection with On-Site Vegetation
Sacramento River Bank Protection Project Volume | March 2020
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Site Length Bank Protection Measures by Alternative

Region  Site Identification (feet) Alt2A Alt2B Alt3A Alt3B Alt4A Alt4B Alt5A Alt5B Alt6A Alt6B

+ Site iswas located within an economically justified basin_at time of analysis.

" Site is located within an economically justified basin at time of Final EIS/EIR publication.

* Design (setback or adjacent levee) combined with adjacent sites.

** Sacramento River 35.3R, 35.4R, and 86.5R have been repaired.

*** Though Sacramento River 58.4L is not a currently inventoried erosion site, nor has it ever been, it constitutes a representative site for the purposes
of the programmatic SAM and EIS/EIR analyses. As previously described, additional project-level environmental documentation, tiering from this
programmatic analysis, will be prepared to address those sites that will be constructed.

**** Feather River 5.0L was mistakenly called Feather River 4.9L in previous documents.
LM = levee mile; RM = river mile; L = left bank; R = right bank.

Bank Protection Measures Legend

N/A: No Action

1: Setback Levee

2: Bank Fill Stone Protection with No On-Site Woody Vegetation

3: Adjacent Levee

4a: Riparian Bank with Revegetation and Instream Woody Material above Summer/Fall Waterline

4b: Riparian Bench with Revegetation and Instream Woody Material above and below Summer/Fall Waterline
4c: Riparian and Wetland Benches with Revegetation

5: Bank Fill Stone Protection with On-Site Vegetation

Sacramento River Bank Protection Project
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ES.6.2 Alternative 1-No Action

Under the No Action Alternative, regular operation and maintenance (0&M) of the levee system
would continue as presently executed by the local maintaining entities in accordance with the
existing governing 0&M manual, but the Corps would not implement bank protection along SRFCP
levees. The result is likely to be the continued gradual or sporadic loss of remnant floodplain (berm)
and the riparian vegetation it supports, and ultimately the erosion could encroach into the cross
section of the levee foundation, creating critical erosion sites. It is possible that federal or state flood
control agencies or local maintaining agencies eventually would implement bank protection at
various sites along SRFCP levees through emergency action. In any case, the risk of levee failure and
possibly catastrophic flooding would increase substantially as more erosion sites become critical
and repair is limited to emergency response. Continued erosion prior to the federal or state action
would result in short- and long-term losses of valuable habitat. Although some erosion is natural, the
channelization of project reaches increases erosive forces.

ES.6.3 Alternative 2A—-Low Maintenance

Alternative 2A applies Bank Protection Measure 2: Bank Fill Stone Protection with No On-Site
Woody Vegetation to al-106 representative sites. This alternative utilizes the simplest engineering
design and would rely almost exclusively on off-site mitigation.

ES.6.4 Sub-Alternative 2B—Low Maintenance within
Economically Justified Basins

Sub-Alternative 2B applies Bank Protection Measure 2: Bank Fill Stone Protection with No On-Site
Woody Vegetation to 48-sites-erosion sites within the-seven-economically justified basins_only.

ES.6.5 Alternative 3A—Maximize Meander Zone

Alternative 3A applies Bank Protection Measure 1: Setback Levee or Bank Protection Measure 3:
Adjacent Levee to all-106 representative sites. This alternative minimizes instream construction and
would rely heavily on on-site mitigation, potentially creating a surplus of mitigation credit. The
Setback Levee measure is applied unless there are substantial constraints that limit the effectiveness
or feasibility of that measure, in which case the Adjacent Levee measure is applied. Examples of
limited effectiveness or feasibility include floodplain elevations or soil conditions that are not
suitable for habitat restoration, hydraulic constraints (e.g., the measure would adversely affect flow
splits), or the presence of substantial existing development. The Adjacent Levee measure would be
applied in these situations. Table ES-1 identifies the specific bank protection measures assigned to
each site.

ES.6.6  Sub-Alternative 3B—Maximize Meander Zone within
Economically Justified Basins
Sub-Alternative 3B applies Bank Protection Measure 1: Setback Levee or Bank Protection Measure

3: Adjacent Levee to 48-siteserosion sites within theseven-economically justified basins_only. Table
ES-1 identifies the specific bank protection measures assigned to each site.

Sacramento River Bank Protection Project March 2020
Phase Il Supplemental Authorization

Final EIS/EIR

Volume |
ES-21 ICF 00248.16



[uny

O 00 NN O U1 b W

S e =
o Ul A W N RO

17

18

19
20
21

22
23

24
25
26
27
28
29
30
31
32
33
34

U.S. Army Corps of Engineers Executive Summary

ES.6.7 Alternative 4A—-Habitat Replacement

Alternative 4A applies a combination of site-specific bank protection measures (Bank Protection
Measures 1-5), and utilizes the bank protection measures recommended in the Final Alternatives
Report to the extent that they comply with the Vegetation ETL (Kleinfelder-Geomatrix 2009). Some
sites would not be compliant with the Vegetation ETL if the bank protection measures
recommended in the Final Alternatives Report were applied. These particular sites were
reevaluated and compliant bank protection measures were then applied. Factors taken into account
in application of bank protection measures to non-compliant sites included general planning and
engineering issues as well as habitat, hydraulic, and land use considerations. Off-site mitigation may
be acceptable on a site-specific basis provided that the mitigation compensates for the values being
lost, and mitigation is provided within the region of impact (i.e,, 1a, 1b, 2, or 3). This alternative
utilizes the approach taken over the last decade, which primarily focused on the re-creation of
streambank habitats through the use of constructed benches with riparian vegetation, but makes
adjustments to account for implementation of the Vegetation ETL. The adjustments result in an
increased use of setback and adjacent levees. Table ES-1 identifies the specific bank protection
measures assigned to each site.

ES.6.8 Sub-Alternative 4B—Habitat Replacement within

Economically Justified Basins

Sub-Alternative 4B applies a combination of site-specific bank protection measures to 18
siteserosion sites within the-seven-economically justified basins_only. Table ES-1 identifies the
specific bank protection measures assigned to each site.

ES.6.9 Alternative 5A—Habitat Replacement Reaching

Environmental Neutrality

Alternative 5A is similar to Alternative 4 in that it relies on the Final Alternatives Report’s
recommended bank protection measures and modifies those that were not Vegetation ETL
compliant. Alternative 5 differs in that it minimizes the use of off-site mitigation through the
application of fewer site-specific bank protection measures that result in adverse habitat effects.
Alternative 5 builds on the analysis of Alternative 4 and replaces certain site-specific bank
protection measures that resulted in substantial environmental deficits as calculated by the Corps’
Standard Assessment Methodology (SAM) or estimated losses of riparian vegetation. Environmental
neutrality is defined as full replacement or greater of riparian vegetation losses. While mitigation
outside of SRBPP sites is not anticipated under this alternative, it is considered acceptable if
ultimately needed and would be provided within the region of impact (e.g., 1a, 1b, 2, or 3). Table
ES-1 identifies the specific bank protection measures assigned to each site.

Sacramento River Bank Protection Project March 2020
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ES.6.10 Sub-Alternative 5B—Habitat Replacement Reaching

Environmental Neutrality within Economically Justified
Basins
Sub-Alternative 5B applies a combination of site-specific bank protection measures to 18

siteserosion sites within the seven-economically justified basins_only. Table ES-1 identifies the
specific bank protection measures assigned to each site.

ES.6.11 Alternative 6A—Habitat Replacement with ETL Variance

Alternative 6A applies the bank protection measures from the Final Alternatives Report without
modification (Bank Protection Measures 1, 4a, 4b, 4c, and 5). While setback levees are included in
the Final Alternatives Report, they were applied to very few sites as a result of the design selection
process because the process required identification of a willing seller prior to a site being
considered for a setback levee. A number of the bank protection measures utilized include
protection of existing vegetation and placement of on-site mitigation vegetation within the VFZ and
would require a Vegetation ETL variance. The area where vegetation would be preserved under a
variance is typically that which is on the lower two-thirds of the waterside levee slope and the area
within 15 feet of the waterside levee toe. The portion of vegetation within this area that does not
need to be removed for construction purposes would be retained. Additionally, this area could be
planted as a part of project construction if there are portions without vegetation. Off-site mitigation
may be acceptable on a site-specific basis provided that the mitigation compensates for the values
being lost and would be provided within the region of impact (e.g., 1a, 1b, 2, or 3). Table ES-1
identifies the specific bank protection measures assigned to each site.

ES.6.12 Sub-Alternative 6B—Habitat Replacement with ETL

Variance within Economically Justified Basins

Sub-Alternative 6B applies the bank protection measures from the Final Alternatives Report without
modification to 18-siteserosion sites within the-seven-economically justified basins_only. A number
of these bank protection measures include protection of existing vegetation and placement of on-site
mitigation vegetation within the VFZ and would require a Vegetation ETL variance. Off-site
mitigation is acceptable and would be provided within the region of impact (e.g., 1a, 1b, 2, or 3).
Table ES-1 identifies the specific bank protection measures assigned to each site.

ES.6.13 Preferred Alternative

The Corps and CVFPB have identified Alternative 4A-{and-Sub-Alternative 4B} as the preferred
alternative. The selection was made based on Alternative 4A’s ability to meet the project purpose
and objectives, engineering and economic feasibility, and mitigation of environmental effects. This

alternative utilizes the repair design approach employed over the past decade, which primarily
focused on creating waterside benches revegetated with native riparian plants inundated during
winter-spring flows to target utilization of migrating fish. Under-this-alternative, up-te-80,000-LEof

anresaented Alternativve4B ho nrole

In the short-term, project implementation would be similar to Sub-Alternative 4B, but the basins
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that are included in this-that alternative may-will change as-based on subsequent economic analysis
is-condueted. The Corps will continue to update the economic analysis approximately every 5 years
and/or as erosion sites are identified in areas not evaluated. In addition, there may be some
refinement of the determination of basins as units for this analysis through further engineering and
economic assessment. Erosion sites identified outside economically justified basins weuld-will be
referred to the nonfederal sponsor_and local maintaining agencies for construction, which may
trigger threugh-a Section 408 action-permit (33 United States Code Section 408); which-would-be

triggered-by-thefor alteration of a federal project levee.

ES.6.14 Environmentally Preferable
Alternative/Environmentally Superior Alternative

Alternative 3A is the environmentally superior alternative under CEQA and the environmentally
preferable alternative under NEPA. While there are many similarities among the environmental
effects associated with Alternatives 3A through 64, Alternative 3A is superior because it minimizes
construction-related effects associated with water quality, vegetation, fish, and wildlife. In addition,
Alternative 3A is the most consistent with natural resource agency input received during the public
scoping process. Although the No Action Alternative would cause fewer direct environmental effects
than Alternative 34, it would not meet the proposed program’s purpose and need or objectives.

It should be noted that Alternative 3A is expected to have somewhat greater effects with regard to
traffic and air quality. Additionally, Alternative 3A does not provide the most improvements to fish
habitat as determined by the SAM when compared with Alternatives 4A through 6A. However,
Alternative 3A would cause the least disruption to existing fish and riparian habitat and would
provide substantial opportunities for floodplain restoration. Effects on land use and higher costs
associated with land purchase and construction are considered substantial challenges to Alternative
3A.

ES.7 Conclusions of the Environmental Analysis

NEPA and CEQA are similar in that both laws require the preparation of an environmental study to
evaluate the environmental effects of proposed lead agency activities. However, there are several
differences between the two laws regarding terminology, procedures, environmental document
content, and substantive mandates to protect the environment. For this environmental evaluation,
the more rigorous of the two laws was applied in cases in which NEPA and CEQA differ. This is
described further in Chapter 3, Guide to Effects Analysis.

ES.7.1 Effects and Mitigation Measures

The proposed alternatives could result in significant or beneficial effects on various resources,
depending on which alternative-bank protection measure is implemented at individual repair sites.

Table ES-2 summarizes the findings of effects before mitigation and the proposed mitigation
measures to avoid or reduce significant effects, and also indicates whether implementation of
recommended mitigation measures would reduce the level of effect to less than significant. The

Sacramento River Bank Protection Project March 2020
Phase Il Supplemental Authorization

Final EIS/EIR ES-24 ICF 00248.16

Volume |



U.S. Army Corps of Engineers Executive Summary

findings in Table ES-2 are presented by resource topic. Table ES-3 provides an opportunity to
compare the effects (after mitigation) of Alternatives 24, 3A, 4A, 54, and 64, as well as Sub-
Alternatives 2B through 6B.

Table ES-2. Summary of Effects and Mitigation Measures

Finding with
Alternative Finding Mitigation Measure Mitigation
Effect FCGEOM-1: Decrease in Levee Erosion and Change in Sediment Recruitment
Alternative 1—No Action No effect None required —
Alternative 2A through Less than significant FCGEOM-MM-1: Conduct Site- Less than significant
Sub-Alternative 6B Specific Studies at Levee Repair
Sites and Minimize Changes in
Local Hydraulic Conditions through
Project Design
Effect FCGEOM-2: Increase in Levee Slope Stability
Alternative 1—No Action No effect None required —
Alternative 2A through Beneficial None required —
Sub-Alternative 6B
Effect FCGEOM-3: Decrease in Instream Woody Material Recruitment
Alternative 1—No Action No effect None required —
Alternative 2A through Significant FISH-MM-2: Compensate for Loss  Less than significant
Sub-Alternative 6B of Fish Habitat
VEG-MM-1: Compensate for the
Loss of Woody Riparian Habitat
Effect FCGEOM-4: Changes in Local Hydraulics and Shear Stress
Alternative 1—No Action No effect None required —
Alternative 2A through Significant FCGEOM-MM-1: Conduct Site- Less than significant
Sub-Alternative 6B Specific Studies at Levee Repair

Sites and Minimize Changes in
Local Hydraulic Conditions through
Project Design

Effect FCGEOM-5: Minimization of Stream Energy and Associated Floodplain Scour and/or Deposition

Alternative 1 through No effect None required —
Sub-Alternative 2B
Alternative 3A through Beneficial None required —

Sub-Alternative 6B

Effect FCGEOM-6: Substantially Alter the Existing Drainage Pattern of the Site or Area

Alternative 1 through No effect None required —

Sub-Alternative 2B

Alternative 3A through Significant FCGEOM-MM-2: Coordinate with ~ Less than significant
Sub-Alternative 6B Owners and Operators, Prepare

Drainage Studies as Needed, and
Remediate Effects through Project
Design

Effect WQ-1: Temporary Increase in Turbidity and Suspended Solids during Construction
Alternative 1—No Action No effect None required —

Sacramento River Bank Protection Project March 2020
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Finding with
Alternative Finding Mitigation Measure Mitigation
Alternative 2A through Significant WQ-MM-1: Monitor Turbidity Less than significant

Sub-Alternative 6B during Construction

Effect WQ-2: Release of Hazardous Materials to Adjacent Water Body or Groundwater during
Construction

Alternative 1—No Action No effect None required —

Alternative 2A through Less than Significant WQ-MM-2: Implement Measures to Less than significant
Sub-Alternative 6B Maintain Surface Water and
Groundwater Quality

Effect GEO-1: Potential Adverse Effects Resulting from Surface Fault Rupture

Alternative 1 through No effect None required —
Sub-Alternative 6B

Effect GEO-2: Increase Exposure of People or Structures to Hazards Related to Strong Seismic Ground
Shaking

Alternative 1—No Action No effect None required —

Alternative 2A through Less than significant None required —
Sub-Alternative 6B

Effect GEO-3: Potential Accelerated Erosion and Sedimentation Resulting from Construction-Related
Ground Disturbance

Alternative 1—No Action No effect None required —

Alternative 2A through Less than significant None required —
Sub-Alternative 6B

Effect GEO-4: Loss of Significant Mineral Resources as a Result of Program Implementation
Alternative 1—No Action No effect None required —

Alternative 2A through Less than significant None required —
Sub-Alternative 6B

Effect TN-1: Temporary Increase in Traffic Volumes from Construction-Generated Traffic and
Potential Degradation of LOS for Roadways in the Vicinity of the Program

Alternative 1—No Action No effect None required —
Alternative 2A through Significant TN-MM-1: Implement a Traffic Less than significant
Sub-Alternative 6B Control and Road Maintenance
Plan
Effect TN-2: Potential Increase in Safety Hazards Attributable to Construction-Generated Traffic
Alternative 1—No Action No effect None required —
Alternative 2A through Significant TN-MM-1: Implement a Traffic Less than significant
Sub-Alternative 6B Control and Road Maintenance
Plan
Effect TN-3: Increase Emergency Response Times
Alternative 1—No Action No effect None required —
Alternative 2A through Significant TN-MM-1: Implement a Traffic Less than significant
Sub-Alternative 6B Control and Road Maintenance
Plan

Effect TN-4: Potential Inadequate Parking Supply to Meet Parking Demand for Construction
Equipment and Construction Workers

Alternative 1 through No effect None required —
Sub-Alternative 6B

Sacramento River Bank Protection Project March 2020
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Alternative Finding

Finding with

Mitigation Measure Mitigation

Effect TN-5: Potential Conflict with Alternative Transportation Modes because of Temporary Road

Closures
Alternative 1—No Action No effect

None required —

Alternative 2A through
Sub-Alternative 6B

Significant

TN-MM-1: Implement a Traffic
Control and Road Maintenance
Plan

Less than significant

Effect TN-6: Temporary Changes to Navigation
Alternative 1—No Action No effect

None required —

Alternative 2A through
Sub-Alternative 6B

Less than significant

None required

Effect TN-7: Potential Rerouting of Roads

Alternative 1 through No effect None required —
Sub-Alternative 2B
Alternative 3A through Significant TN-MM-1: Implement a Traffic Less than significant

Sub-Alternative 6B

Control and Road Maintenance
Plan

Effect AQ-1: Generation of Direct and Indirect Construction Emissions in Excess of Federal de minimis

Threshold Levels
Alternative 1—No Action No effect

None required —

Alternative 2A through
Sub-Alternative 6B

Significant

AQ-MM-1a: Apply Applicable Air
District’s Mitigation Measures to
Reduce Construction Emissions
below de minimis Threshold Levels
AQ-MM-1b: Offset Construction-
Generated NOx Emissions to Net
Zero (0) for ROG, NOx, PM10, and
PM2.5 Emissions in Excess of de
minimis Thresholds

Significant and
unavoidable

Effect AQ-2: Generation of Direct and Indirect Operational Emissions in Excess of Federal de minimis

Threshold Levels
Alternative 1—No Action No effect

None required —

Alternative 2A through
Sub-Alternative 6B

Significant

AQ-MM-2: Apply Applicable Air
District’s Mitigation Measures to
Reduce Operational Emissions
below Federal de minimis

Less than significant

Thresholds
Sacramento River Bank Protection Project March 2020
o Volume |
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Finding with
Alternative Finding Mitigation Measure Mitigation

Effect AQ-3: Temporary Increase in Construction-Related Emissions in Excess of Applicable Standards

Alternative 1—No Action No effect None required —
Alternative 2A through Significant AQ-MM-3: Apply Applicable Air Significant and
Sub-Alternative 6B District’s Mitigation Measures to unavoidable

Reduce Construction Emissions
below Applicable Air District’s
Thresholds

Effect AQ-4: Elevated Health Risks from the Exposure of Nearby Sensitive Receptors to Construction-
Related HAPs/TACs

Alternative 1—No Action No effect None required —
Alternative 2A through Significant AQ-MM-4: Apply Applicable Air Less than significant
Sub-Alternative 6B District’s Mitigation Measures to

Reduce HAP/TAC Emissions below
the Applicable Air District’s
HAP/TAC Thresholds

Effect AQ-5: Generation of Operational Emissions in Excess of Applicable Standards

Alternative 1—No Action No effect None required —
Alternative 2A through Significant AQ-MM-5: Apply Applicable Air Less than significant
Sub-Alternative 6B District’s Mitigation Measures to

Reduce Operational Emissions
below Applicable Air District’s
Thresholds

Effect AQ-6: Generation of Construction GHG Emissions that May Have a Significant Impact on the
Environment

Alternative 1—No Action No effect None required —
Alternative 2A through Significant AQ-MM-6: Implement Measures to  Significant and
Sub-Alternative 6B Minimize GHG Emissions from unavoidable

Construction Activities

Effect AQ-7: Generation of Operational GHG Emissions that May Have a Significant Impact on the
Environment

Alternative 1—No Action No effect None required —
Alternative 2A through Significant AQ-MM-6: Implement Measures to  Significant and
Sub-Alternative 6B Minimize GHG Emissions from unavoidable

Construction Activities

Effect NOI-1: Exposure of Sensitive Receptors Adjacent to the Levee Construction Sites to Temporary
Construction-Related Noise

Alternative 1—No Action No effect None required —
Alternative 2A through Significant NOI-MM-1: Employ Noise- Significant and
Sub-Alternative 6B Reducing Construction Practices to unavoidable

Comply with Applicable Noise
Impact Criteria

Effect NOI-2: Exposure of Sensitive Receptors along Truck Haul Routes to Substantial Temporary
Traffic Noise Increases

Alternative 1—No Action No effect None required —

Alternative 2A through Less than significant None required —
Sub-Alternative 6B

Sacramento River Bank Protection Project March 2020
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Finding with
Alternative Finding Mitigation Measure Mitigation

Effect NOI-3: Exposure of Sensitive Receptors to Temporary Construction-Related Vibration

Alternative 1—No Action No effect None required —
Alternative 2A through Significant NOI-MM-2: Conduct Vibration Significant and
Sub-Alternative 6B Monitoring at Buildings within 40  unavoidable

feet of Construction Equipment

Effect NOI-4: Exposure of Sensitive Receptors to Intermittent Noise Due to Long-Term Maintenance
Activity including Emergency Repair Activities

Alternative 1—No Action No effect None required —
Alternative 2A through Significant NOI-MM-1: Employ Noise- Significant and
Sub-Alternative 6B Reducing Construction Practices to unavoidable

Comply with Applicable Noise
Impact Criteria

NOI-MM-3: Employ Emergency
Repair Practices to Reduce Noise
Where Feasible

Effect VEG-1: Permanent Loss of Woody Riparian Vegetation Resulting from Compliance with the
Vegetation ETL

Alternative 1—No Action No effect None required —
Alternative 2A and Sub-  Significant VEG-MM-1: Compensate for the Significant and
Alternative 2B Loss of Woody Riparian Habitat unavoidable

VEG-MM-2: Retain Qualified
Botanists to Conduct Floristic
Surveys for Special-Status Plants
during Appropriate Identification
Periods

VEG-MM-3: Redesign Proposed
Projects to Avoid Substantial
Effects on and/or Transplant
Special-Status Plants
VEG-MM-4: Conduct Mandatory
Contractor/Worker Awareness
Training for Construction

Personnel
Alternative 3A through Significant VEG-MM-1: Compensate for the Less than significant
Sub-Alternative 5B Loss of Woody Riparian Habitat

VEG-MM-2: Retain Qualified
Botanists to Conduct Floristic
Surveys for Special-Status Plants
during Appropriate Identification
Periods

VEG-MM-3: Redesign Proposed
Projects to Avoid Substantial
Effects on and/or Transplant
Special-Status Plants
VEG-MM-4: Conduct Mandatory
Contractor/Worker Awareness
Training for Construction
Personnel

Sacramento River Bank Protection Project March 2020
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Finding with
Alternative Finding Mitigation Measure Mitigation

Alternative 6A and Sub-  No effect None required —
Alternative 6B

Effect VEG-2: Potential Loss of Special-Status Plant Populations as a Result of Program Construction

Alternative 1—No Action No effect None required —
Alternative 2A through Significant VEG-MM-2: Retain Qualified Significant and
Sub-Alternative 6B Botanists to Conduct Floristic unavoidable

Surveys for Special-Status Plants
during Appropriate Identification
Periods

VEG-MM-3: Redesign Proposed
Projects to Avoid Substantial
Effects on and/or Transplant
Special-Status Plants

VEG-MM-4: Conduct Mandatory
Contractor/Worker Awareness
Training for Construction
Personnel

VEG-MM-5: Install Construction
Barrier Fencing to Protect
Sensitive Biological Resources
Adjacent to the Construction Zone
VEG-MM-6: Retain a Biological
Monitor

Effect VEG-3: Potential Disturbance or Removal of Riparian Habitat as a Result of Program
Construction

Alternative 1—No Action No effect None required —
Alternative 2A and Sub-  Significant VEG-MM-1: Compensate for the Significant and
Alternative 2B Loss of Woody Riparian Habitat unavoidable

VEG-MM-2: Retain Qualified
Botanists to Conduct Floristic
Surveys for Special-Status Plants
during Appropriate Identification
Periods

VEG-MM-3: Redesign Proposed
Projects to Avoid Substantial
Effects on and/or Transplant
Special-Status Plants
VEG-MM-4: Conduct Mandatory
Contractor/Worker Awareness
Training for Construction
Personnel

Sacramento River Bank Protection Project March 2020
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Executive Summary

Finding with
Alternative Finding Mitigation Measure Mitigation
Alternative 3A through Significant VEG-MM-1: Compensate for the Less than significant

Sub-Alternative 6B

Loss of Woody Riparian Habitat

VEG-MM-2: Retain Qualified

Botanists to Conduct Floristic
Surveys for Special-Status Plants
during Appropriate Identification
Periods

VEG-MM-3: Redesign Proposed

Projects to Avoid Substantial
Effects on and/or Transplant
Special-Status Plants

VEG-MM-4: Conduct Mandatory

Contractor/Worker Awareness
Training for Construction
Personnel

Effect VEG-4: Loss of Waters of the United States, Including Wetlands, as a Result of Program

Construction
Alternative 1—No Action No effect

None required —

Alternative 2A through Significant
Sub-Alternative 6B

VEG-MM-4: Conduct Mandatory Less than significant
Contractor/Worker Awareness
Training for Construction
Personnel

VEG-MM-5: Install Construction
Barrier Fencing to Protect
Sensitive Biological Resources
Adjacent to the Construction Zone
VEG-MM-6: Retain a Biological
Monitor

VEG-MM-7: Redesign Proposed
Projects to Avoid and Minimize
Effects on Sensitive Biological
Resources

VEG-MM-8: Compensate for the
Loss of Wetlands and Other Waters

Effect VEG-5: Potential Disturbance or Removal of Protected Trees as a Result of Program Construction

Alternative 1—No Action No effect

None required —

Alternative 2A through Significant
Sub-Alternative 6B

VEG-MM-4: Conduct Mandatory Less than significant
Contractor/Worker Awareness
Training for Construction
Personnel

VEG-MM-5: Install Construction
Barrier Fencing to Protect
Sensitive Biological Resources
Adjacent to the Construction Zone
VEG-MM-6: Retain a Biological
Monitor

VEG-MM-7: Redesign Proposed
Projects to Avoid and Minimize

Sacramento River Bank Protection Project
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Executive Summary

Alternative Finding

Finding with
Mitigation Measure Mitigation

Effects on Sensitive Biological
Resources

VEG-MM-8: Compensate for the
Loss of Wetlands and Other Waters

VEG-MM-9: Conduct a Tree Survey

VEG-MM-10: Compensate for the
Loss of Protected Trees

Effect VEG-6: Potential Introduction or Spread of Invasive Plants as a Result of Program Construction

Alternative 1—No Action No effect

None required —

Alternative 2A through Significant
Sub-Alternative 6B

VEG-MM-11: Conducta Survey to  Less than significant
Document Invasive Plant

Infestations

VEG-MM-12: Avoid and Minimize

the Spread or Introduction of

Invasive Plant Species

VEG-MM-13: Conduct a Follow-Up

Weed Survey and Implement

Eradication Methods if New

Infestations Are Present

Effect VEG-7: Potential Opportunity for Habitat Restoration in Enlarged Floodplain following Program

Construction

Alternative 1 through No effect
Sub-Alternative 2B

None required —

Alternative 3A through Beneficial
Sub-Alternative 6B

None required —

Effect FISH-1: Short-Term Effects of Rock Placement into Nearshore Aquatic Habitat during

Construction
Alternative 1—No Action No effect

None required —

Alternative 24, Sub- Significant
Alternative 2B, and

Alternative 4A through
Sub-Alternative 6B

FISH-MM-1: Limit Construction Less than significant

Activity to Periods of the Year That
Minimize Effects on Fish

Alternative 3A and Sub-  No effect
Alternative 3B

None required —

Effect FISH-2: Increases in Sedimentation, Suspended Sediments, and Turbidity during Construction

Alternative 1—No Action No effect

None required —

Alternative 2A through Significant
Sub-Alternative 6B

WQ-MM-1: Monitor Turbidity
during Construction

FISH-MM-1: Limit Construction
Activity to Periods of the Year That
Minimize Effects on Fish

Less than significant

Sacramento River Bank Protection Project
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Executive Summary

Alternative Finding

Mitigation Measure

Finding with
Mitigation

Effect FISH-3: Spillage and Leakage of Contaminants during Construction

Alternative 1—No Action No effect

None required

Alternative 2A through
Sub-Alternative 6B

Significant

FISH-MM-1: Limit Construction
Activity to Periods of the Year That
Minimize Effects on Fish
WQ-MM-2: Implement Measures to
Maintain Surface Water and
Groundwater Quality

Less than significant

Effect FISH-4: Long-Term Effects on Fish from Loss of Habitat

Alternative 1—No Action No effect

Alternative 2A and Sub-  Significant
Alternative 2B
Alternative 3A and Sub-  Significant
Alternative 3B
Alternative 4A through Significant

Sub-Alternative 6B

None required

FISH-MM-2: Compensate for Loss
of Fish Habitat

FISH-MM-3: Compensate for the
Loss of Spawning Habitat
FISH-MM-2: Compensate for Loss
of Fish Habitat

VEG-MM-1: Compensate for the
Loss of Woody Riparian Habitat
FISH-MM-2: Compensate for Loss
of Fish Habitat

FISH-MM-3: Compensate for Loss
of Spawning Habitat

VEG-MM-1: Compensate for the
Loss of Woody Riparian Habitat

Significant and
unavoidable

Less than significant

Less than significant

Effect WILD-1: Permanent Loss of Riparian Habitat for Special-Status Wildlife Species Associated with

Compliance with the Vegetation ETL
Alternative 1—No Action No effect
Alternative 24, Sub-
Alternative 2B, and
Alternative 4A through
Sub-Alternative 5B
Alternative 3A and Sub-
Alternative 3B

Alternative 6A and Sub-
Alternative 6B

Significant

Significant

No effect

None required

VEG-MM-1: Compensate for the
Loss of Woody Riparian Habitat

VEG-MM-1: Compensate for the
Loss of Woody Riparian Habitat

None required

Significant and
unavoidable

Less than significant

Effect WILD-2: Potential Disturbance or Loss of Special-Status Wildlife Species and Their Habitats as a
Result of Program Construction and O&M Activities

Alternative 1—No Action No effect

None required

Alternative 2A, Sub- Significant WILD-MM-1: Document Special- Significant and
Alternative 2B, and Status Wildlife Species and Their unavoidable
Alternative 4A through Habitats
Sub-Alternative 6B WILD-MM-2: Avoid and Minimize
Effects on Special-Status Wildlife
Species by Redesigning the Action,
Protecting Special-Status Wildlife
Habitat, and Developing a
Sacramento River Bank Protection Project Volume | March 2020
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Finding with
Alternative Finding Mitigation Measure Mitigation

Mitigation Monitoring Plan (If
Necessary)

WILD-MM-3: Coordinate with
Resource Agencies to Obtain
Incidental Take Authorization, as
Necessary, and Develop
Appropriate Wildlife
Compensation Plans for Species
Listed under ESA and/or CESA
VEG-MM-1: Compensate for the
Loss of Woody Riparian Habitat
VEG-MM-4: Conduct Mandatory
Contractor/Worker Awareness
Training for Construction
Personnel

VEG-MM-8: Compensate for the
Loss of Wetlands and Other Waters

Alternative 3A and Sub-  Significant WILD-MM-1: Document Special- Less than significant

Alternative 3B Status Wildlife Species and Their
Habitats
WILD-MM-2: Avoid and Minimize
Effects on Special-Status Wildlife
Species by Redesigning the Action,
Protecting Special-Status Wildlife
Habitat, and Developing a
Mitigation Monitoring Plan (If
Necessary)
WILD-MM-3: Coordinate with
Resource Agencies to Obtain
Incidental Take Authorization, as
Necessary, and Develop
Appropriate Wildlife
Compensation Plans for Species
Listed under ESA and/or CESA
VEG-MM-1: Compensate for the
Loss of Woody Riparian Habitat
VEG-MM-4: Conduct Mandatory
Contractor/Worker Awareness
Training for Construction
Personnel
VEG-MM-8: Compensate for the
Loss of Wetlands and Other Waters

Sacramento River Bank Protection Project March 2020
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Finding with
Alternative Finding Mitigation Measure Mitigation

Effect WILD-3: Disturbance to or Loss of Common Wildlife Species as a Result of Construction

Alternative 1—No Action No effect None required —
Alternative 2A through Significant WILD-MM-4: Avoid or Minimize Less than significant
Sub-Alternative 6B Construction-Related Effects on

Nesting Birds

WILD-MM-5: Conduct a
Preconstruction Survey for
Roosting Bats and Avoid or
Mitigate Potential Impacts
VEG-MM-1: Compensate for the
Loss of Woody Riparian Habitat

Effect WILD-4: Disruption to Wildlife Movement Corridors as a Result of Construction
Alternative 1—No Action No effect None required —

Alternative 2A through Less than significant None required —
Sub-Alternative 6B

Effect LA-1: Physical Division of an Established Community Located Adjacent to the Levee Corridor
Alternative 1—No Action No effect None required —

Alternative 2A through Less than significant None required —
Sub-Alternative 6B

Effect LA-2: Conflicts with Local Land Use and Agriculture Policies
Alternative 1—No Action No effect None required —

Alternative 2A through Less than significant None required —
Sub-Alternative 6B

Effect LA-3: Conversion of Important Farmland to Nonagricultural Uses
Alternative 1—No Action No effect None required —

Alternative 2A and Sub-  Less than significant None required —
Alternative 2B

Alternative 3A through Significant LA-MM-1: Evaluate the Potential Significant and
Sub-Alternative 6B for Direct Farmland Conversion at unavoidable
the Project Level and Avoid,
Minimize, and Compensate for Loss
of Farmland

Effect REC-1: Temporary Disruption of Recreational Opportunities during Construction

Alternative 1—No Action No effect None required —
Alternative 2A through Significant REC-MM-1: Notify Recreation Less than significant
Sub-Alternative 6B Users of Potential Construction

Hazards

REC-MM-2: Provide Alternate
Recreation Routes

Effect REC-2: Long-Term Reduction in Quality of Existing Recreational Opportunities within the Levee
Corridor

Alternative 1—No Action No effect None required —

Alternative 2A through Significant VEG-MM-1: Compensate for the Significant and

Sub-Alternative 6B Loss of Woody Riparian Habitat unavoidable
Sacramento River Bank Protection Project March 2020
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Finding with
Alternative Finding Mitigation Measure Mitigation
Effect REC-3: Temporary Obstruction of Access to Marina or Boat Launch Facilities
Alternative 1 through No effect None required —
Sub-Alternative 2B
Alternative 3A through Significant REC-MM-3: Preserve Marina and Less than significant
Sub-Alternative 6B Boat Launch Access
Effect REC-4: Permanent Loss of Recreational Opportunities
Alternative 1 through No effect None required —
Sub-Alternative 2B
Alternative 3A through Significant REC-MM-4: Rebuild Affected Less than significant
Sub-Alternative 6B Formal Park Facilities and Trails
Effect REC-5: Safety Hazards to Recreationists
Alternative 1 through No effect None required —
Sub-Alternative 3B
Alternative 4A through Significant REC-MM-5: Hazard-Reducing Less than significant
Sub-Alternative 6B Placement of Instream Woody
Material

Effect POP-1: Displace a Substantial Number of Existing Housing Units or a Substantial Number of
People, Necessitating Construction of Replacement Housing Elsewhere

Alternative 1—No Action No effect None required —

Alternative 2A through Less than significant None required —
Sub-Alternative 6B

Effect PUB-1: Potential for Damage of Utility Infrastructure and Disruption of Service during
Construction

Alternative 1—No Action No effect None required —
Alternative 2A through Significant PUB-MM-1: Verify Utility Less than significant
Sub-Alternative 6B Locations, Coordinate with Utility

Providers, Prepare and Implement
a Response Plan, and Conduct
Worker Training

Effect PUB-2: Potential Disruption to Irrigation Water Supply

Alternative 1 through No effect None required —

Sub-Alternative 2B

Alternative 3A through Significant PUB-MM-2: Coordinate with Less than significant
Sub-Alternative 6B Irrigation Water Users Before and

During Infrastructure
Modifications and Minimize
Disruptions to Supply

Effect VIS-1: Temporary Visual Effects Caused by Construction Activities

Alternative 1—No Action No effect None required —
Alternative 2A through Significant VIS-MM-1: Install Temporary Significant and
Sub-Alternative 6B Visual Barriers between unavoidable

Construction Zones and Residences
and Maintain Construction Sites
and Staging Areas in an Orderly
Fashion

Sacramento River Bank Protection Project March 2020
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Finding with

Alternative Finding Mitigation Measure Mitigation
Effect VIS-2: Substantially Adversely Affect a Scenic Vista

Alternative 1—No Action No effect None required —
Alternative 2A and Sub-  Less than significant None required .
Alternative 2B
Alternative 3A through Significant Mitigation not available Significant and
Sub-Alternative 5B unavoidable

Alternative 6A and Sub-  Less than significant None required —
Alternative 6B

Effect VIS-3: Substantially Damage Scenic Resources, including, but Not Limited to, Trees, Rock
Outcroppings, and Historic Buildings along a Scenic Highway

Alternative 1—No Action No effect None required —
Alternative 2A through Significant Mitigation not available Significant and
Sub-Alternative 6B unavoidable

Effect VIS-4: Substantially Degrade the Existing Visual Character or Quality of the Site and Its
Surroundings

Alternative 1—No Action No effect None required —

Alternative 2A through Significant Mitigation not available Significant and

Sub-Alternative 6B unavoidable
Effect VIS-5: Create a New Source of Light or Glare

Alternative 1—No Action No effect None required —

Alternative 2A through Significant Mitigation not available Significant and

Sub-Alternative 6B unavoidable

Effect PH-1: Temporary Exposure to or Release of Hazardous Materials during Construction
Alternative 1—No Action No effect None required —

Alternative 2A through Less than significant None required —
Sub-Alternative 6B

Effect PH-2: Exposure of the Environment to Hazardous Materials during Ground-Disturbing Activities
Alternative 1—No Action No effect None required —

Alternative 2A through Less than significant WQ-MM-2: Implement Measures to Less than significant
Sub-Alternative 6B Maintain Surface Water and

Groundwater Quality

PH-MM-1: Employ a Toxic Release

Contingency Plan

Effect PH-3: Temporary Exposure to Safety Hazards from the Construction Site

Alternative 1—No Action No effect None required —
Alternative 2A through Significant PH-MM-2: Implement Construction Less than significant
Sub-Alternative 6B Site Safety Measures

PH-MM-3: Implement an
Emergency Response Plan

Effect PH-4: Exposure of People or Structure to Increased Flood Risk
Alternative 1—No Action No effect None required —

Alternative 2A through Beneficial None required —
Sub-Alternative 6B

Sacramento River Bank Protection Project March 2020
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Finding with
Alternative Finding Mitigation Measure Mitigation

Effect PH-5: Potential for Higher Frequency of Collision between Aircraft and Wildlife

Alternative 1 through No effect None required —
Sub-Alternative 2B
Alternative 3A;-Sub- Significant PH-MM-4: Design and Manage Less than significant
Alternative 3B; Habitat Created by Setback Levees
Alternative SAand-Sub- Such That It Does Not Attract
Alternative 5B through Wildlife Known to Collide with
Sub-Alternative 6B Aircraft
Effect CUL-1: Disturbance of Native American or Historic Period Human Remains
Alternative 1—No Action No effect None required —
Alternative 2A through Significant CUL-MM-1: Stop Work if Human Significant and
Sub-Alternative 6B Remains Are Discovered unavoidable

Effect CUL-2: Unavoidable Impacts on Historic Properties or Historical Resources as a Result of Bank
Protection Measures

Alternative 1—No Action No effect None required —
Alternative 2A through Significant CUL-MM-2: Identify Historic Less than significant
Sub-Alternative 6B Properties and Historical

Resources and Implement
Treatment Measures for Adverse
Effects according to the Historic
Properties Treatment Plan

Effect CUL-3: Loss of Integrity of Character-Defining Elements that Would Qualify the Sacramento
River Levee System as a Historic Property or Historical Resource

Alternative 1 through No effect None required —

Sub-Alternative 2B

Alternative 3A through Significant CUL-MM-3: Evaluate the Less than significant
Sub-Alternative 6B Sacramento River Levee System for

NRHP Eligibility and Implement
Treatment Measures for Adverse
Effects According to the Historic
Properties Treatment Plan

Effect SOC-1: Disproportionate Effect on Minority or Low-Income Populations
Alternative 1—No Action No effect None required —

Alternative 2A through Less than significant None required —
Sub-Alternative 6B

Effect SOC-2: Temporary Increase in Employment during Construction
Alternative 1—No Action No effect None required —

Alternative 2A through Beneficial None required —
Sub-Alternative 6B

Note: In the Alternative column, through is inclusive. For example, Alternative 2A through Sub-Alternative 6B
consists of Alternative 2A, Sub-Alternative 2B, Alternative 34, Sub-Alternative 3B, Alternative 44, Sub-
Alternative 4B, Alternative 54, Sub-Alternative 5B, Alternative 6A and Sub-Alternative 6B. The findings and
mitigation measures, if any, are the same for each alternative and sub-alternative.
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1 Table ES-3. Summary Comparison of Alternatives with Mitigation Considered

Executive Summary

Alternative 5A—

Habitat Replacement Alternative 6A—
Alternative 3A— Reaching Habitat Replacement
Alternative 2A— Maximize Meander  Alternative 4A— Environmental with Vegetation ETL

Effect! Low Maintenance Zone Habitat Replacement Neutrality Variance
Flood Control and Geomorphology
FCGEOM-1: Decrease in Levee Erosion Less than Less than Less than Less than Less than significant™*
and Change in Sediment Recruitment significant* significant* significant* significant*
FCGEOM-2: Increase in Levee Slope Beneficial Beneficial Beneficial Beneficial Beneficial
Stability
FCGEOM-3: Decrease in Instream Woody  Less than Less than Less than Less than Less than significant*
Material Recruitment significant* significant* significant* significant*
FCGEOM-4: Changes in Local Hydraulics ~ Less than Less than Less than Less than Less than significant*
and Shear Stress significant* significant* significant* significant*
FCGEOM-5: Minimization of Stream No effect Beneficial Beneficial Beneficial Beneficial
Energy and Associated Floodplain Scour
and/or Deposition
FCGEOM-6: Substantially Alter the No effect Less than Less than Less than Less than significant*
Existing Drainage Pattern of the Site or significant* significant* significant*
Area
Water Quality and Groundwater Resources
WQ-1: Temporary Increase in Turbidity ~ Less than Less than Less than Less than Less than significant*
and Suspended Solids during Construction significant* significant* significant* significant*

WQ-2: Release of Hazardous Materials to
Adjacent Water Body or Groundwater
during Construction

Less than significant

Less than significant

Less than significant

Less than significant

Less than significant

Geology, Seismicity, Soils, and Mineral Resources

GEO-1: Potential Adverse Effects Resulting No effect

from Surface Fault Rupture

No effect

No effect

No effect

No effect

GEO-2: Increase Exposure of People or
Structures to Hazards Related to Strong
Seismic Ground Shaking

Less than significant Less than significant

Less than significant

Less than significant

Less than significant

Sacramento River Bank Protection Project
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Executive Summary

Effect!?

Alternative 2A—
Low Maintenance

Alternative 3A—
Maximize Meander
Zone

Alternative 4A—
Habitat Replacement

Alternative 5A—

Habitat Replacement Alternative 6A—

Reaching
Environmental
Neutrality

Habitat Replacement
with Vegetation ETL
Variance

GEO-3: Potential Accelerated Erosion and
Sedimentation Resulting from
Construction-Related Ground Disturbance

Less than significant

Less than significant

Less than significant

Less than significant

Less than significant

GEO-4: Loss of Significant Mineral
Resources as a Result of Program
Implementation

Less than significant

Less than significant

Less than significant

Less than significant

Less than significant

Transportation and Navigation

TN-1: Temporary Increase in Traffic Less than Less than Less than Less than Less than significant*
Volumes from Construction-Generated significant* significant* significant* significant*

Traffic and Potential Degradation of LOS

for Roadways in the Vicinity of the

Program

TN-2: Potential Increase in Safety Hazards Less than Less than Less than Less than Less than significant*
Attributable to Construction-Generated significant* significant* significant* significant*

Traffic

TN-3: Increase Emergency Response Less than Less than Less than Less than Less than significant*
Times significant* significant* significant* significant*

TN-4: Potential Inadequate Parking No effect No effect No effect No effect No effect

Supply to Meet Parking Demand for

Construction Equipment and Construction

Workers

TN-5: Potential Conflict with Alternative  Less than Less than Less than Less than Less than significant*
Transportation Modes because of significant* significant* significant* significant*

Temporary Road Closures

TN-6: Temporary Changes to Navigation

Less than significant

Less than significant

Less than significant

Less than significant

Less than significant

TN-7: Potential Rerouting of Roads

No effect

Less than
significant*

Less than
significant*

Less than
significant*

Less than significant*

Air Quality and Climate Change

AQ-1: Generation of Direct and Indirect

Significant and

Significant and

Significant and

Significant and

Significant and

Construction Emissions in Excess of unavoidable* unavoidable* unavoidable* unavoidable* unavoidable*
Federal de minimis Threshold Levels
Sacramento River Bank Protection Project March 2020
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Executive Summary

Alternative 5A—

Habitat Replacement Alternative 6A—

Alternative 3A— Reaching Habitat Replacement
Alternative 2A— Maximize Meander  Alternative 4A— Environmental with Vegetation ETL
Effect! Low Maintenance Zone Habitat Replacement Neutrality Variance
AQ-2: Generation of Direct and Indirect Less than Less than Less than Less than Less than significant*
Operational Emissions in Excess of significant* significant* significant* significant*

Federal de minimis Threshold Levels

AQ-3: Temporary Increase in

Significant and

Significant and

Significant and

Significant and

Significant and

Construction-Related Emissions in Excess unavoidable* unavoidable* unavoidable* unavoidable* unavoidable*

of Applicable Standards

AQ-4: Elevated Health Risks from the Less than Less than Less than Less than Less than significant*
Exposure of Nearby Sensitive Receptors to significant* significant* significant* significant*

Construction-Related HAPs/TACs

AQ-5: Generation of Operational Less than Less than Less than Less than Less than significant*
Emissions in Excess of Applicable significant* significant* significant* significant*

Standards

AQ-6: Generation of Construction GHG

Significant and

Significant and

Significant and

Significant and

Significant and

Emissions that May Have a Significant unavoidable* unavoidable* unavoidable* unavoidable* unavoidable*
Effect on the Environment

AQ-7: Generation of Operational GHG Significant and Significant and Significant and Significant and Significant and
Emissions that May Have a Significant unavoidable* unavoidable* unavoidable* unavoidable* unavoidable*
Effect on the Environment

Noise and Vibration

NOI-1: Exposure of Sensitive Receptors Significant and Significant and Significant and Significant and Significant and
Adjacent to the Levee Construction Sites ~ unavoidable* unavoidable* unavoidable* unavoidable* unavoidable*

to Temporary Construction-Related Noise

NOI-2: Exposure of Sensitive Receptors
along Truck Haul Routes to Substantial
Temporary Traffic Noise Increases

Less than significant

Less than significant

Less than significant

Less than significant

Less than significant

NOI-3: Exposure of Sensitive Receptors to
Temporary Construction-Related
Vibration

Significant and
unavoidable*

Significant and
unavoidable*

Significant and
unavoidable*

Significant and
unavoidable*

Significant and
unavoidable*

NOI-4: Exposure of Sensitive Receptors to

Significant and

Significant and

Significant and

Significant and

Significant and

Intermittent Noise Due to Long-Term unavoidable* unavoidable* unavoidable* unavoidable* unavoidable*
Maintenance Activity including
Emergency Repair Activities
Sacramento River Bank Protection Project March 2020
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Alternative 5A—

Habitat Replacement Alternative 6A—

Alternative 3A— Reaching Habitat Replacement
Alternative 2A— Maximize Meander  Alternative 4A— Environmental with Vegetation ETL
Effect! Low Maintenance Zone Habitat Replacement Neutrality Variance
Vegetation and Wetlands
VEG-1: Permanent Loss of Woody Significant and Less than Less than Less than No effect
Riparian Vegetation Resulting from unavoidable* significant* significant* significant*

Compliance with the Vegetation ETL

VEG-2: Potential Loss of Special-Status

Significant and

Significant and

Significant and

Significant and

Significant and

Plant Populations as a Result of Program  unavoidable* unavoidable* unavoidable* unavoidable* unavoidable*
Construction
VEG-3: Potential Disturbance or Removal  Significant and Less than Less than Less than Less than significant*
of Riparian Habitat as a Result of Program unavoidable* significant* significant* significant*
Construction
VEG-4: Loss of Waters of the United Less than Less than Less than Less than Less than significant*
States, Including Wetlands, as a Result of  significant* significant* significant* significant*
Program Construction
VEG-5: Potential Disturbance or Removal Less than Less than Less than Less than Less than significant*
of Protected Trees as a Result of Program  significant* significant* significant* significant*
Construction
VEG-6: Potential Introduction or Spread of Less than Less than Less than Less than Less than significant*
Invasive Plants as a Result of Program significant* significant* significant* significant*
Construction
VEG-7: Potential Opportunity for Habitat = No effect Beneficial Beneficial Beneficial Beneficial
Restoration in Enlarged Floodplain
following Program Construction
Fisheries and Aquatics
Short-Term Effects
FISH-1: Short-Term Effects of Rock Less than No effect Less than Less than Less than significant*
Placement into Nearshore Aquatic Habitat significant* significant* significant*
during Construction
FISH-2: Increases in Sedimentation, Less than Less than Less than Less than Less than significant*
Suspended Sediments, and Turbidity significant* significant* significant* significant*
during Construction
FISH-3: Spillage and Leakage of Less than Less than Less than Less than Less than significant*
Contaminants during Construction significant* significant* significant* significant*
Sacramento River Bank Protection Project March 2020
L Volume |
Phase Il Supplemental Authorization
ES-42 ICF 00248.16

Final EIS/EIR



U.S. Army Corps of Engineers

Executive Summary

Alternative 5A—

Habitat Replacement Alternative 6A—

Alternative 3A— Reaching Habitat Replacement
Alternative 2A— Maximize Meander  Alternative 4A— Environmental with Vegetation ETL

Effect! Low Maintenance Zone Habitat Replacement Neutrality Variance
Long-Term Effects
FISH-4: Long-Term Effects on Fish from Significant and Less than Less than Less than Less than significant*
Loss of Habitat unavoidable* significant* significant* significant*
Wildlife
WILD-1: Permanent Loss of Riparian Significant and Less than Significant and Significant and No effect
Habitat for Special-Status Wildlife Species unavoidable* significant* unavoidable* unavoidable*
Associated with Compliance with the
Vegetation ETL
WILD-2: Potential Disturbance or Loss of ~ Significant and Less than Significant and Significant and Significant and
Special-Status Wildlife Species and Their ~ unavoidable* significant* unavoidable* unavoidable* unavoidable*
Habitats as a Result of Program
Construction and O&M Activities
WILD-3: Disturbance to or Loss of Less than Less than Less than Less than Less than significant*
Common Wildlife Species as a Result of significant* significant* significant* significant*

Construction

WILD-4: Disruption to Wildlife Movement
Corridors as a Result of Construction

Less than significant

Less than significant

Less than significant

Less than significant

Less than significant

Land Use and Agriculture

LA-1: Physical Division of an Established
Community Located Adjacent to the Levee
Corridor

Less than significant

Less than significant

Less than significant

Less than significant

Less than significant

LA-2: Conflicts with Local Land Use and
Agriculture Policies

Less than significant

Less than significant

Less than significant

Less than significant

Less than significant

LA-3: Conversion of Important Farmland

Less than significant

Significant and

Significant and

Significant and

Significant and

to Nonagricultural Uses unavoidable* unavoidable* unavoidable* unavoidable*
Recreation

REC-1: Temporary Disruption of Less than Less than Less than Less than Less than significant*
Recreational Opportunities during significant* significant* significant* significant*

Construction

REC-2: Long-Term Reduction in Quality of

Significant and

Significant and

Significant and

Significant and

Significant and

Existing Recreational Opportunities unavoidable* unavoidable* unavoidable* unavoidable* unavoidable*
within the Levee Corridor
Sacramento River Bank Protection Project March 2020
- Volume |
Phase Il Supplemental Authorization
ES-43 ICF 00248.16

Final EIS/EIR



U.S. Army Corps of Engineers

Executive Summary

Alternative 5A—

Habitat Replacement Alternative 6A—
Alternative 3A— Reaching Habitat Replacement
Alternative 2A— Maximize Meander  Alternative 4A— Environmental with Vegetation ETL
Effect! Low Maintenance Zone Habitat Replacement Neutrality Variance
REC-3: Temporary Obstruction of Access  No effect Less than Less than Less than Less than significant*
to Marina or Boat Launch Facilities significant* significant* significant*
REC-4: Permanent Loss of Recreational No effect Less than Less than Less than Less than significant*
Opportunities significant* significant* significant*
REC-5: Safety Hazards to Recreationists No effect No effect Less than Less than Less than significant*
significant* significant*

Population and Housing

POP-1: Displace a Substantial Number of
Existing Housing Units or a Substantial
Number of People, Necessitating
Construction of Replacement Housing
Elsewhere

Less than significant

Less than significant

Less than significant

Less than significant

Less than significant

Utilities and Public Services

PUB-1: Potential for Damage of Utility Less than Less than Less than Less than Less than significant*
Infrastructure and Disruption of Service  significant* significant* significant* significant*

during Construction

PUB-2: Potential Disruption to Irrigation ~ No effect Less than Less than Less than Less than significant*
Water Supply significant* significant* significant*

Aesthetics

VIS-1: Temporary Visual Effects Caused by Significant and Significant and Significant and Significant and Significant and
Construction Activities unavoidable* unavoidable* unavoidable* unavoidable* unavoidable*

VIS-2: Substantially Adversely Affect a
Scenic Vista

Less than significant

Significant and
unavoidable

Significant and
unavoidable

Significant and
unavoidable

Less than significant

VIS-3: Substantially Damage Scenic

Significant and

Significant and

Significant and

Significant and

Significant and

Resources, including, but Not Limited to unavoidable unavoidable unavoidable unavoidable unavoidable
Trees, Rock Outcroppings, and Historic

Buildings along a Scenic Highway

VIS-4: Substantially Degrade the Existing  Significant and Significant and Significant and Significant and Significant and
Visual Character or Quality of the Site and unavoidable unavoidable unavoidable unavoidable unavoidable

Its Surroundings

VIS-5: Create a New Source of Light or

Significant and

Significant and

Significant and

Significant and

Significant and

Glare unavoidable unavoidable unavoidable unavoidable unavoidable
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Effect!?

Alternative 2A—
Low Maintenance

Alternative 3A—
Maximize Meander
Zone

Alternative 5A—

Habitat Replacement Alternative 6A—

Reaching
Alternative 4A— Environmental
Habitat Replacement Neutrality

Habitat Replacement
with Vegetation ETL
Variance

Public Health and Environmental Hazards

PH-1: Temporary Exposure to or Release
of Hazardous Materials during

Less than significant

Less than significant

Less than significant Less than significant

Less than significant

Construction

PH-2: Exposure of the Environment to Less than Less than Less than Less than Less than significant*
Hazardous Materials during Ground- significant* significant* significant* significant*

Disturbing Activities

PH-3: Temporary Exposure to Safety Less than Less than Less than Less than Less than significant*
Hazards from the Construction Site significant* significant* significant* significant*

PH-4: Exposure of People or Structure to  Beneficial Beneficial Beneficial Beneficial Beneficial

Increased Flood Risk

PH-5: Potential for Higher Frequency of No effect Less than Less than Less than Less than significant*
Collision between Aircraft and Wildlife significant* significant* significant*

Cultural Resources

CUL-1: Disturbance of Native American or Significant and Significant and Significant and Significant and Significant and
Historic Period Human Remains unavoidable* unavoidable* unavoidable* unavoidable* unavoidable*

CUL-2: Unavoidable Impacts on Historic ~ Less than Less than Less than Less than Less than significant*
Properties or Historical Resources as a significant* significant* significant* significant*

Result of Bank Protection Measures

CUL-3: Loss of Integrity of Character- No effect Less than Less than Less than Less than significant*
Defining Elements That Would Qualify the significant* significant* significant*

Sacramento River Levee System as a
Historic Property or Historical Resource

Socioeconomics and Environmental Justice

SOC-1: Disproportionate Effect on
Minority or Low-Income Populations

Less than significant

Less than significant

Less than significant Less than significant

Less than significant

SOC-2: Temporary Increase in Beneficial Beneficial Beneficial Beneficial Beneficial
Employment during Construction
Sacramento River Bank Protection Project March 2020
- Volume |
Phase Il Supplemental Authorization
ES-45 ICF 00248.16

Final EIS/EIR



U.S. Army Corps of Engineers Executive Summary

Alternative 5A—
Habitat Replacement Alternative 6A—

Alternative 3A— Reaching Habitat Replacement
Alternative 2A— Maximize Meander  Alternative 4A— Environmental with Vegetation ETL
Effect! Low Maintenance Zone Habitat Replacement Neutrality Variance

Explanations:

1 Alternative 1—No Action Alternative would not result in any significant effects associated with implementation of the proposed program; therefore, there

would be no effects.

(Asterisk)—denotes those effects that were found to be less than significant, with the implementation of recommended mitigation measure, and those
effects that that were found to be significant and unavoidable despite the implementation of recommended mitigation measures.

Sub-Alternatives to Alternatives 2A through 6A (within Economically Justified Basins) were not reflected in this effect summary table because the effect

conclusions were found to be the same as the associated alternative in all cases. For a discussion of effects associated with the sub-alternatives, please see
Chapter 21.

*

Sacramento River Bank Protection Project
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ES.7.1.1 Alternative 1-No Action Alternative

The No Action Alternative would not result in any construction activities associated with the
proposed program (i.e., activities that would result in adverse effects on environmental resources).
As detailed above, the Corps would not implement bank protection along SRFCP levees under the No
Action Alternative. It is possible that federal, state, or local flood control agencies would eventually
implement bank protection at various sites along SRFCP levees through emergency action.
Continued erosion prior to the federal, state or local action would result in short- and long-term
losses of valuable habitat. Although some erosion is natural, the channelization of project reaches
increases erosive forces. These potential scenarios would result in adverse effects on the
environment. However, these effects are not a result of the proposed program and would have no
effect (or no impact in CEQA terms) associated with implementation of any of the program
alternatives. Therefore, Table ES-2 characterizes the findings of effects under Alternative 1-No
Action Alternative as “No effect.”

ES.7.1.2 Effects Found to be Less than Significant

The EIS/EIR found that the proposed program, when mitigation is considered, would have less-than-
significant effects on these resources.

e Flood control and geomorphology

e Water quality and groundwater

e Geology, soils, seismicity and minerals
e Transportation and navigation

e Air quality and climate change

e Noise

e Vegetation and wetlands

e Fisheries and aquatics

o Wildlife

e Land use and agriculture

e Recreation

e Population and housing

e Utilities and public services

e Aesthetics

e Public health and environmental hazards
e Cultural resources

e Socioeconomics and environmental justice

Sacramento River Bank Protection Project March 2020
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ES.7.1.3 Significant and Unavoidable Effects

The proposed program would result in significant and unavoidable effects on the resources listed
here.

e Air quality and climate change
e Noise

e Vegetation and wetlands

e Fisheries and aquatics

o Wildlife

e Land use and agriculture

e Recreation

e Aesthetics

e Cultural resources

ES.7.1.4 Beneficial Effects of the Proposed Program

listed above, Tthe EIS/EIR concludesd that the proposed program would have beneficial effects on

the resources listed here.

e Flood control and geomorphology

e Vegetation and wetlands

e Public health and environmental hazards

e Socioeconomics and environmental justice

ES.8 Areas of Known Controversy and Unresolved
Issues

CEQA Guidelines (14 California Code of Regulations [CCR] Section 15123 (b)) requires that an EIR
summary describe areas of controversy known to the lead agency, including issues raised by
agencies and the public as well as unresolved issues. NEPA regulations also require disclosure of
areas of controversy and issues to be resolved (40 Code of Federal Regulations [CFR] Section

1502.12). No unresolved issues were identified during this programmatic evaluation.

The following issue-areas_of controversy were identified during the NOI/NOP scoping period.
e Vegetation on levees.

e Economic impacts on rural communities.

e Hydraulic effects.

e Public outreach and agency coordination.

e Invasive species.

Sacramento River Bank Protection Project March 2020
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e Construction impacts, including routes for transporting materials.

e Effects on fish, wildlife, and vegetation, including Central Valley salmonids and bank swallow
habitat.

e Erosion site locations and selection.
e Mitigation of impacts.

e Consideration of setback levees.

e Cumulative effects.

e Eminent domain as a possible tool for real estate acquisition.

ES.9 Irreversible and Irretrievable Commitments of

Resources/Significant Irreversible Environmental
Changes

State CEQA Guidelines (14 CCR 15126.2(c)) and NEPA (40 CFR Section 1502.16) require analysis of
significant irreversible and irretrievable effects. CEQA requires evaluation of irretrievable resources
to ensure that their use is justified. NEPA requires an explanation of which environmental impacts
are irreversible or would result in an irretrievable commitment of resources.

Irreversible impacts are those that cause, through direct or indirect effects, use or consumption of
resources in such a way that they cannot be restored or returned to their original condition despite
mitigation. Potentially irreversible impacts are documented in this EIS/EIR. An irretrievable impact
or commitment of resources occurs when a resource is removed or consumed. These types of
impacts are evaluated to ensure that consumption is justified.

All the program alternatives would involve a commitment of a range of natural, physical, and fiscal
resources as follows.

e Construction materials.

e Nonrenewable resources, such as gasoline and diesel oil used to power equipment and vehicles
used for construction, and for operations and routine maintenance.

e Additional electrical power from a renewable resource (i.e., for lighting and operations).

e Land conversion of open space, agricultural, and natural environments.

Any construction would require expenditure of state and federal funds for the costs of construction
and right-of-way. The proposed program would also require funding for operation and maintenance
of the constructed sites and for vegetation establishment and monitoring associated with mitigation.

The decision by the Lead Agencies to commit these resources is based on the concept that residents
in the immediate area, region, and state would benefit from the implementation of the proposed
program. The overarching benefit of the proposed program is that the integrity of the flood control
system would be maintained through the application of site-specific bank protection measures to
remedy erosion sites with high failure potential in order prevent levee failure, catastrophic damage,
and possible loss of life. Implementation of the SRBPP and 80,000 LF of additional bank protection
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would ensure the continued integrity of the SRFCP levees while protecting environmental resources
and compensating for effects on significant environmental resources to the degree feasible. These
benefits are expected to outweigh the commitment of these resources.

ES.10 Relationship between Short-Term Uses of the
Environment and Maintenance and Enhancement
of Long-Term Productivity

The Council on Environmental Quality NEPA Regulations (40 CFR Part 1500 et seq.) require that an
EIS discuss issues related to environmental sustainability. In general, this EIS discussion is not
considered an environmental effect for which significance is defined or mitigation is recommended.
However, the discussion, as it relates to environmental consequences, should consider “the
relationship between local short-term uses of man’s environment and the maintenance and
enhancement of long-term productivity” (42 United States Code 4332 Section (C)(iv)).

The short-term effects on and uses of the environment in the vicinity of the program area are related
to long-term effects and the maintenance and enhancement of long-term productivity. “Short term”
refers to the total duration of construction: the multi-year construction period to construct 80,000
LF of bank protection and associated mitigation elements. Construction associated with the
proposed program would cause short-term impacts on the environment related to alteration of
topography and hydrologic conditions, water quality, biological resources, air quality, land use,
recreation, visual resources, and the human environment (noise and traffic conditions).

“Long term” refers to an indefinite period beyond the initial construction at the erosion sites and
includes ongoing operation and maintenance of the sites as well as vegetation establishment and
monitoring activities. Vegetation establishment and monitoring would be necessary to ensure that

the mitigation vegetation and species habitat are functioning and being managed as required by
environmental permitsas-intended.

Implementation of the proposed program includes bank repair and levee rehabilitation would result
in long-term benefits, including protection of property and the health and safety of residents. The
proposed river bank repair and mitigation work would greatly minimize erosion, limiting the
eventual loss of nearshore aquatic habitat and riparian habitat that would likely occur if the
proposed program were not enacted.

ES.11 Public Involvement and Agency Coordination

The Lead Agencies are implementing a comprehensive public participation program to fully inform
and engage potentially affected agencies, stakeholders and communities.

ES.11.1 Notice of Preparation/Notice of Intent Scoping

In January 2009, the Lead Agencies issued a Notice of Preparation (NOP) of an EIR and a Notice of
Intent (NOI) to prepare an EIS, informing agencies and the general public that an EIS/EIR was being
prepared and inviting comments on the scope and content of the document during the 45-day public
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review period. The NOI and NOP also requested participation at public scoping meetings. Appendix
A includes the NOI as published in the Federal Register on January 30, 2009, and the NOP as
distributed to responsible agencies and interested parties. In February 2009, the Lead Agencies
hosted four public scoping meetings in Colusa, Walnut Grove, Sacramento, and Chico. Comment
letters regarding the NOI and NOP and transcripts of the scoping meetings also are included in
Appendix A.

To publicize the scoping meetings, advertisements were placed in the Sacramento Bee, the Colusa
County Sun Herald, and the Chico Enterprise-Record. Meeting notices were also sent to 68 resource
agencies, 22 local media contacts, 18 tribal contacts, eight levee districts, and 124 reclamation
districts inviting them to the meeting or to provide input about the proposed program during the
scoping period. Copies of the advertisements and meeting notice can be found in Appendix A.

Additionally, a letter was sent to elected officials inviting their attendance at the public scoping
meetings and input on the proposed program. The letter was sent to the following members of the
House of Representatives: Wally Herger, Dan Lungren, Doris Matsui, Tom McClintock, Jerry
McNerney, Ellen Tauscher, George Miller, and Mike Thompson.

ES.11.2 Agency Consultation and Coordination

Consultations and coordination with numerous local, state, and federal agencies have been
conducted throughout Phase II of the SRBPP. Chapter 24, Compliance with Applicable Laws, Policies,
Plans, and Regulatory Framework, describes preliminary information on the major requirements for
permitting and environmental review and consultation prior to implementation, including
consultation to date with various agencies. The following is a summary of those coordination efforts.

ES.11.2.1 Resource Agency Coordination

The Interagency Working Group (IWG) was formed as a term and condition of the draft (Jeopardy)
and final biological opinions previously issued by USFWS and the National Marine Fisheries Service
(NMFS) for Phase II. The IWG’s primary purpose is to develop products for SRBPP planning, and to
determine project impacts on listed species under the ESA and to coordinate related issues with
state and federal natural resource agencies. Meetings are typically monthly and key participants
represent the Corps, CVFPB, DWR, USFWS, NMFS, and DFW.

In addition, between September 16, 2008 and November 25, 2008, the Corps solicited input from
agencies that have a direct interest in flood risk management and the environmental conditions
associated with future locations and types of bank protection alternatives. Interviews were
conducted with staff of NMFS, California State Lands Commission, DFW, USFWS, Corps, DWR and
CVFPB to better understand their perspectives and vision for implementation of the additional
80,000 LF of bank protection. The interviews resulted in several recommendations for improvement
of the SRBPP planning and implementation process, which are presented in Appendix A.

ES.11.2.2 Native American Consultation

On May 4, 2009, the Native American Heritage Commission (NAHC) was contacted to request a
search of the Sacred Lands File. The NAHC staff responded on May 12, 2009 with a list of Native
American contacts for Butte, Colusa, Glenn, Placer, Sacramento, Solano, Sutter, Tehama, Yolo, and
Yuba Counties. Native American groups with potential interest in the area were identified through
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the efforts of an ethnographer. A series of letters, phone calls, emails and two workshops open to
Native American groups in the spring of 2010 were used to further identify interested parties.
Correspondence included a map depicting the program area, a brief description of the proposed
program, and a request for the contacts to share any knowledge or concerns they may have
regarding cultural resources in or adjacent to the program area. Based on this work, the Corps has
initiated consultation with the following tribes.

e Berry Creek Rancheria of Tyme Maidu Indians

e Buena Vista Rancheria of Me-Wuk Indians

e (Cachil DeHe Band of Wintun Indians of the Colusa Indian Community
e (alifornia Valley Miwok Tribe

e (Cortina Band of Indians, Enterprise Rancheria (Estom Yumeka)
e (Grindstone Rancheria

e lone Band of Miwok Indians

e Mechoopda Indian Tribe of Chico Rancheria

e Mooretown Rancheria of Maidu Indians

e Paskenta Band of Nomlaki Indians, Redding Rancheria

e Shingle Springs Band of Miwok Indians

e United Auburn Indian Community of Auburn Rancheria

e Wilton Rancheria

e Yocha Dehe Wintun Nation (Rumsey Rancheria)

The Corps and DWR determined that development of a Programmatic Agreement (PA) for the
proposed program and an attending Historic Properties Treatment Plan (HPTP) would be the most
effective way to comply with NEPA, Section 106 of the National Historic Preservation Act, and CEQA.
The PA and HPTP can be found in Appendix C. Further consultation with the tribes included
requesting comments on the PA and HPTP, additional outreach meetings with individual tribes, and
requesting their participation as concurring parties to the PA. To date, the California Valley Miwok
Tribe, Mechoopda Indian Tribe of Chico Rancheria, and the Shingle Springs Band of Miwok have
signed as concurring parties. Those tribes that have not signed as concurring parties to the PA will
still be given an opportunity to comment on specific construction projects as they are designed and
planned.

ES.11.3 Draft EIS/EIR Public Comments

The Draft EIS/EIR was circulated for public review in December 2014 for a public comment period

of 66 days, from December 24, 2014 to February 27, 2015. To initiate the public comment period,
the Corps and the CVFPB circulated a Notice of Availability (NOA) to federal and state agencies,
including Responsible and Trustee Agencies as defined under CEQA, involved Federal Agencies, and
parties previously requesting information on the proposed project. The NOA was published in the
Federal Register in compliance with NEPA on January 2, 2015 and a Notice of Completion was

provided to the California Governor’s Office of Planning and Research on December 24, 2014.
Comments received during public review of the Draft EIS/EIR, responses to those comments, and
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more information about the public review process are presented in Volume II of this Final EIS/EIR.
Changes have been made to the content of the EIS/EIR in response to these comments, or for
purposes of clarification or correction. Changes to the text are shown by strikethrough of text that

has been deleted and underlining of new text that has been inserted. The revisions contain

clarifications and corrections that have been identified, either through public comments or by the
Corps or the EVRWOQCBCVFPB, since publication of the Draft EIS/EIR. The text revisions do not

result in substantive changes to either the analyses or conclusions presented in the EIS/EIR. Fhis
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Chapter 1
Introduction

1.1 Introduction

The U.S. Army Corps of Engineers (Corps) and the Central Valley Flood Protection Board (CVFPB)
(formerly The Reclamation Board) are preparing a joint programmatic Environmental Impact
Statement/Environmental Impact Report (EIS/EIR) for the Sacramento River Bank Protection
Project (SRBPP) Phase Il Supplemental Authority (proposed program) for implementation of up to
80,000 linear feet (LF) of additional bank protection in the Sacramento River Flood Control Project
(SRFCP) area. The proposed program is authorized by Section 3031 of the Water Resources
Development Act (WRDA) of 2007 (Public Law [Pub. L.] 110-114, Section 3031, 121 Statutes [Stat.]
1041, 1113 (2007)). The program area spans portions of Butte, Colusa, Glenn, Placer, Sacramento,
Solano, Sutter, Tehama, Yolo, and Yuba Counties in California (Figure 1-1).

The SRBPP is a continuing long-term project authorized by Section 203 of the Flood Control Act of
1960 (Pub. L. 86-654, Section 203, 74 Stat. 498 (1960)). This project was authorized to provide
protection to the existing levee and flood control facilities of the SRFCP. The SRFCP consists of more
than approximately 1,000 miles of levees, plus overflow weirs, pumping plants, and bypass channels
that protect communities and agricultural lands in the Sacramento Valley and Sacramento-San
Joaquin River Delta (Delta).

Congress has authorized the SRBPP in two phases based on LF of bank protection. Phase I bank
protection was completed in 1975 and resulted in 435,953 LF of bank protection. Current bank
protection is being carried out under Phase II. The work authorized through Section 3031 of the
WRDA 2007 (Pub. L. 110-114, Section 3031) for the SRBPP Phase II Supplemental Authority is a
continuation of Phase Il bank protection, and increases the amount of currently authorized bank
protection (405,000 LF) by 80,000 LF to 485,000 LF. It is anticipated that this additional bank
protection at erosion sites would be constructed over the next 10 years. Phase III (not evaluated as
part of this proposed program) is future work that is needed to protect the SRFCP for which
planning has been initiated by the Corps but which currently is not authorized. As construction of
the Phase II Supplemental Authority is completed, implementation of Phase III will be critical to
ensuring the SRFCP levees seriously threatened by erosion will receive corrective measures to
prevent levee failure, catastrophic damage, and possible loss of life.

As the state regulatory agency responsible for ensuring that appropriate standards are met for the

construction, maintenance, and protection of the SRFCP, CVFPB acts as the state partner to the
Corps in implementing the SRBPP.

1.1.1 NEPA and CEQA Compliance

The National Environmental Policy Act (NEPA) of 1969 established a national environmental policy
and goals for the protection, maintenance, and enhancement of the environment. It requires all
federal agencies to incorporate environmental considerations into planning and decision-making.
NEPA also established the President’s Council on Environmental Quality (CEQ) and empowered CEQ
to develop regulations by which all federal agencies would comply. These regulations are published
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in the Code of Federal Regulations (CFR) at 40 CFR Sections 1500-1508. The Corps has also
promulgated its own Procedures for Implementing NEPA (33 CFR Part 230) to be used in
conjunction with CEQ regulations.

For those actions with the potential to create significant environmental effects, the consideration of
the proposed action and alternatives is presented in an environmental impact statement (EIS).
Major federal agency actions typically fall within one of the following categories: (1) adoption of
official policy (i.e., rulemaking); (2) adoption of formal plans; (3) adoption of programs (i.e., a group
of concerted actions to implement a specific policy or plan); and (4) approval of specific projects
(i.e., construction or management activities located in a specified geographic area) (40 CFR Section
1508.18(b)). In this case, the Corps is preparing this EIS because it is considering a program
composed of a group of bank protection actions to implement the SRBPP Phase Il Supplemental
Authority.

The California Environmental Quality Act (CEQA) applies to all discretionary activities proposed to
be carried out or approved by California public agencies, including state, regional, county, and local
agencies and requires those agencies to prepare multidisciplinary environmental impact analyses of
the activities. Enacted in 1970, CEQA was modeled on NEPA, but CEQA contains an explicit directive
requiring agencies to avoid or reduce, when feasible, the significant environmental impacts of their
decisions. If an action may cause significant effects on the environment, an agency must prepare an
Environmental Impact Report (EIR) that analyzes the action’s potential significant effects and
identifies mitigation measures and reasonable alternatives to avoid the significant effects. CEQA is
published in the Public Resources Code, Division 13, Sections 21000-21177.

There are several types of EIRs that may be prepared under CEQA. A Program EIR is prepared for an
agency program or series of actions that can be characterized as one large project. Typically, such a
project involves actions that are closely related either geographically or temporally. Program EIRs
generally analyze broad environmental effects of the program with the acknowledgement that site-
specific environmental review may be required for particular aspects of portions of the program
when those aspects are proposed for implementation.

1.1.1.1 Document Overview and Purpose

This document is a joint programmatic EIS/EIR and satisfies the requirements of NEPA and CEQA
for disclosing environmental impacts and recommended mitigation measures related to a proposed
action and alternatives prior to a lead agency’s decision on project approval. A joint EIS/EIR is
prepared when a project is subject to both NEPA and CEQA. Both NEPA and CEQA provide
guidelines for the preparation of a programmatic EIS/EIR.

A programmatic EIS/EIR is prepared for a series of actions that can be characterized as one large
project and are related in any of the following ways:

® (Geographically (i.e., same general location, region, or the same body of water) and could be
characterized as one large project.

® Aslogical parts in the chain of contemplated actions.

e In connection with issuance of rules, regulations, plans, or other general criteria to govern the
conduct of a continuing program.

® Asindividual activities carried out under the same authorizing statutory or regulatory authority
and having generally similar environmental effects that can be mitigated in similar ways (i.e.,
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common timing, impacts, alternatives, or methods of implementation) (State CEQA Guidelines
Section 15168).

1.1.2 Lead Agencies

The State CEQA Guidelines provide that a lead agency under CEQA may work with a federal agency
to prepare a joint document that will meet the requirements of both NEPA and CEQA. The NEPA
regulations similarly encourage federal agencies to cooperate with local agencies “to the fullest
extent possible to reduce duplication between NEPA and comparable State and local requirements,”
including the preparation of a joint document (40 CFR Section 1506.2). A joint document cannot be
prepared solely by a state or local agency. The federal lead agency under NEPA must be involved in
the preparation of the joint document (40 CFR Section 1506.2; CEQA Guidelines Section 15222).

The SRBPP is a local cooperation project with the U.S. Army Corps of Engineers, Sacramento District
as the federal participant responsible for implementation of the SRBPP with its non-federal partner,
the CVFPB, the state agency designated for non-federal responsibilities and cost sharing. The Corps
(NEPA lead agency) and the CVFPB (CEQA lead agency) (referred to herein as Lead Agencies) have
determined that a joint programmatic EIS/EIR is the most appropriate means to comply with both
NEPA and CEQA because of the need for coordination among federal and state agencies, and the
need to complete environmental review as expeditiously as possible.

1.2 Project Purpose and Objectives

The central reaches of the Sacramento River levees in the SRFCP were established close to
streambanks to erode vast sediment deposits accumulated from hydraulic mining in the Sierra
Nevada during the 1800s and to facilitate use of rich floodplain soils for agriculture. This sediment-
removal purpose was met by about 1940, but the rivers, deprived of the natural energy dissipation
of floodplains, have continued to erode laterally, often undermining the toe of adjacent levees. The
upper reaches of the Sacramento River levees in the SRFCP are set back from the river and

encounter erosive forces less frequently, but can still occasionally experience erosion during high
winter flows. In the Delta region, high winter flows, boat wakes, and tides have eroded levee banks

along the network of waterways that convey water toward the San Francisco Bay. Fhis These
ongoing problems has-have two potential solutions as authorized under the Sacramento River Bank

Protection Project (The River Basin Monetary Authorization Act of 1974, Pub. L. 93-251, Section
202): setback of levees to reduce floodflow depths and velocities and thus erosion of banks, or
armoring existing or restored streambanks to resist the erosion.

The program purpose and objective is to arrest or avoid streambank erosion that threatens the
integrity of the SRFCP levee system. To protect property, as well as the health and safety of
residents, bank repair and levee rehabilitation are needed at erosion sites. The proposed program
will also attempt to greatly minimize erosion, limiting the eventual loss of nearshore aquatic habitat
and riparian habitat that would likely occur if the proposed program were not enacted.

1.2.1 Need for Action

Levees within the program area provide flood damage risk reduction for the Sacramento Valley and
help convey water flowing from the Sierra Nevada to the Delta. Levees stressed by high winter flows
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can weaken and fail. Implementation of the SRBPP and 80,000 LF of additional bank protection
would ensure the continued integrity of the SRFCP levees, reducing risk to residents, local
economies, and valuable-while pretecting environmental resources and-while compensating for

effects on 51gn1f1cant env1ronmental resources to the degree feasible. Levees—w&tmn—thepmgi:am

1ntegr1ty of the flood control system locations w1th a hlgh failure potential would be 1dent1f1ed and
remedied through project implementation.

As part of the annual field reconnaissance reviews of the SRFCP, the Corps and its local sponsor, the
CVFPB, have found that the number of documented bank erosion sites in the inventory is increasing.
Specifically, the total number of erosion sites for the SRFCP increased from 152 in 2007 to 201 in
2012, despite some sites being repaired and status changes of other sites between the inventories
(Ayres Associates 2008:5 and U.S. Army Corps of Engineers 2013:27).

1.2.2 Background of Purpose and Need

1.2.2.1 Original Authorization (Phase I)

The SRBPP is a continuing construction program, originally authorized by the Flood Control Act of
1960, to provide protection for the existing levees and flood control facilities of the SRFCP (Pub. L.
86-654, Section 203). The SRFCP consists of more than 1,000 miles of levees, plus overflow weirs,
pumping plants, and bypass channels that protect communities and agricultural lands in the
Sacramento Valley and the Delta.

The SRFCP was originally constructed pursuant to the Flood Control Act (Pub. L. 64-367, Section 2,
39 Stat. 948, 949 [1917]), which Congress enacted on March 1, 1917. Congress first authorized the
Corps to provide substantial support for ongoing flood protection as applied to the existing SRFCP in
1960 (Flood Control Act, Pub. L. 86-654, Section 203, 74 Stat. 498 [1960]).

By 1960, the federal government began to see the national value in investing funding in large-scale
flood protection projects in complicated watersheds. In the Flood Control Act of 1960, Congress
authorized substantial support for flood protection for the Sacramento River Basin (Pub. L. 86-654,
Section 203). This constituted Phase I of the SRBPP. Phase [ was constructed from 1963 to 1975 and
consisted of 435,953 linear feet of levee repairs.

In 1972, the Chief of Engineers found that “[a]lthough work under the initial phase [Phase I] has
effectively controlled erosion at the critical sites, each year stream banks and levees at additional
unprotected locations throughout the SRFCP are subject to erosion” (U.S. Army Corps of Engineers
1972).

1.2.2.2 Project Reauthorization (Phase Il)

Accordingly, in 1974, repair of 405,000 LF was authorized in the River Basin Monetary
Authorization Act of 1974 (Pub. L. 93-252, Section 202, 88 Stat. 49 (1974)). The portion of the
SRBPP completed pursuant to the 1974 authorization is identified in this document as Phase II of
the SRBPP. Construction began in 1976 under Phase I, and current bank protection is being carried
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out under the original Phase II authorization. Only about 4,966 LF of authorization remain after the
2012 construction season and plans are under development to construct this additional increment.

1.2.2.3 Phase Il Supplemental Authority (Proposed Program)

Through Section 3031 of the Water Resources Development Act of 2007 (Pub. L. No. 110-114,
Section 3031) an additional 80,000 LF was authorized as a continuation of Phase II bank protection.
In 2008, the Corps’ Sacramento District initiated development of a program of action for this work
as set forth in the SRBPP authorization and associated reports of the Chief of Engineers, Policy
Guidance on Implementation of Section 3031 of WRDA of 2007 (June 6, 2008), the Corps’ planning
process described in Engineer Regulation 1105-2-100 (Planning Guidance Notebook) and technical
engineering design documents, NEPA, the federal Endangered Species Act, and other relevant
environmental laws. A Limited-ReevaluationPost Authorization Change Report (ERPACR) for the
additional 80,000 LF needs to be finalized and approved prior to construction. Approval of the
LERPACR and implementation of the program is dependent on compliance with NEPA and CEQA and
other environmental laws.

The existing SRBPP provides for a continuing long-range program of bank stabilization and erosion
control to maintain the integrity of the SRFCP through bank protection and setback levees.

The ERPACR will contain a programmatic plan using 106 representative erosion sites. The selection
of these representative sites was informed by the 2008 Field Reconnaissance Report, which lists and
prioritizes possible bank protection sites. In the 2008 Field Reconnaissance Report, 154 erosion
sites were identified that may or may not receive bank protection under Phase II. The Corps selected
106 of these sites as a representative sample for the ERPACR and EIS/EIR analyses. These 106 sites
exhibit bank and levee conditions that are threatening the function of the flood control system (see
discussion of Erosion Sites in Chapter 2, Project Description). As new sites are identified and existing
sites may change from year to year, actual selection of sites will depend on the current annual
inventory at time of selection. The report lists sites that are scattered along levees on the main
Sacramento River, from Collinsville (River Mile [RM] 3) to Chico Landing (RM 194 [while the levees
end at RM 184]), and tributaries of the Sacramento River. These tributaries include the American
River, the Feather River, the Bear River, the Yuba River, and Cache Creek.

Although the SRBPP Phase 11 80,000 LF will consist of individual bank protection sites on SRFCP
levees, specific sites are not identified or analyzed as part of this programmatic EIS/EIR. This
EIS/EIR analyzes environmental impacts of constructing 80,000 LF of bank protection on SRFCP
levees and increasing the Phase II authorization from 405,000 to 485,000 LF.

1.2.2.4 Related Flood Risk Reduction Activities

The proposed program would be implemented in coordination with other activities that overlap
with, and are closely linked to, the SRFCP (Figure 1-2). These and other projects are briefly
described below.

State of California Central Valley Flood Protection Plan

Lead Agencies: DWR, CVFPB.

The Central Valley Flood Protection Act (CVFPA), enacted in California in 2009, called for DWR to
present a CVFPP by January 1, 2012 to the CVFPB. The CVFPP outlines a comprehensive system-
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wide approach for the protection of lands currently protected from flooding by the facilities of the
State Plan of Flood Control (the SRFCP and facilities in the corresponding San Joagquin River

watershed to the south). It also establishes a new standard of 200-year flood protection for urban
areas in the Central Valley and requires this standard to be achieved by 2025.

The CVFPP presents three preliminary approaches for addressing current challenges and affordably
meeting the CVFPP goals. The state has assembled what it views as the most promising, affordable,
and timely elements of the three preliminary approaches into the State Systemwide Investment
Approach (SSIA), which provides guidance for future state and local participation in projects and

programs for integrated flood management in the Central Valley. The CVFPB adopted the CVFPP in
June 2012. This plan is part of the State of California FloodSAFE program. FloodSAFE is a

multifaceted program with an emphasis on better managing flood risk throughout California and
focused on the state-federal flood protection system in the Central Valley.

DWR has initiated two basin-wide feasibility studies—Regional Flood Management Planning and the
Central Valley Flood System Conservation Strategy—to advance both ongoing and long-term
implementation of the SSIA. The basin-wide feasibility studies will incorporate findings and data
from many ongoing DWR efforts. The Conservation Strategy will provide the systemwide context for
improving environmental conditions and trends throughout the flood management system as a
whole, reducing compensatory mitigation needs for individual projects and developing efficient
permitting strategies for CVFPP implementation. DWR plans to actively engage locally-led regional
flood management planning efforts to ensure that information developed through systemwide
planning is available for regional plan development. Similar feedback from regional flood
management planning efforts will provide local perspectives and inform the analysis of systemwide
flood management and conservation elements.

Public Law 84-99 Rehabilitation Assistance of Flood Control Works

Lead Agencies: Corps, CVFPB, California Department of Water Resources (DWR).

The Flood Control and Coastal Emergency Act (Pub. L. 84-99 69 Stat. 186 (1955) (codified as
amended at 33 United States Code [USC] 701n) focuses on the repair of levees damaged by specific
flood events that were declared emergencies. Under this federal statute, the Corps and DWR are
authorized to conduct emergency repairs to flood management works threatened or destroyed by
high-water events, such as California’s 1997 and 2006 floods. All systems considered eligible for PL
84-99 rehabilitation assistance have to be in the Rehabilitation and Inspection Program prior to the
flood event. Acceptable operation and maintenance by the public levee sponsor are verified by levee
inspections conducted by the Corps on a regular basis. PL 84-99 sites are prioritized by order of
urgency, ranging from the most urban (order 1 sites) through the most rural (order 5 sites).

Bay Delta Conservation Plan

Lead Agency: DWR, U.S. Bureau of Reclamation, U.S. Fish and Wildlife Service (USFWS), and National
Marine Fisheries Service (NMFS).

The Bay Delta Conservation Plan (BDCP) is a part of California’s overall water management
portfolio. It is being developed as a 50-year habitat conservation plan with the goals of restoring the
Sacramento-San Joaquin Delta ecosystem and securing California water supplies. The BDCP would
secure California’s water supply by building new water delivery infrastructure and operating the
system to improve the ecological health of the Delta. The BDCP also would restore or protect
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State Plan of Flood Control

Lead Agency: CVFPB

Location: Central Valley

Goal: Guide flood management expenditures under
Propositions 84 & TE

Timeline: Complete Plan by 2014

f

\

Feather River West Levee Improvement Project

Lead Agency: USACE, State of California, and SBFCA
Location: Sutter and Butte Counties

Goal: Achieve 200-year protection for urbanized areas and
100-year protection for agricultural areas

Timeline: Construction 2013-2015

Sacramento — San Joaquin River Basins
Comprehensive Study

Lead Agency: USACE and DWR

Location: Central Valley

Goal: Flood damage reduction and ecosystem restoration
Phase: Study completed in 2002; laid groundwork for
several current efforts, including State Plan of Flood Control

—

Yuba Basin Project

Lead Agency: USACE, DWR, and YCWA

Location: Yuba, Feather, Bear rivers Watershed

Goal: Increase flood protection for communities of Linda,
Olivehurst, Arboga, Marysville, and unincorporated areas of
Yuba County

Phase (Timeline): GRR (2013)

)
/
V)

TRINITY

\

S

Sutter Basin Feasibility Study

Lead Agency: USACE, CVFPB and SBFCA
Location: Sutter and Butte counties

Goal: Reduce flood risk for communities in Sutter
and Butte counties

Phase (Timeline): Feasibility Study and EIS (2013)

Three Rivers Levee Improvement Authority Projects

Lead Agency: TRLIA

Location: Southern Yuba County

Goal: Increase flood protection for communities in
southern Yuba County

Phase (Timeline) The work was completed in 2010

Natomas Levee Improvement Program

Lead Agency: SAFCA

Location: Natomas Area, Sacramento

Goal: Achieve 200-year flood protection for the Natomas
Basin

Timeline: Construct 100-year protection by 2014,
200-year protection by 2016

American River Common Features Project

Lead Agency: USACE, DWR, and SAFCA
Location: Sacramento metropolitan area
Goal: Reduce flood risks for the City of Sacramento
Phase (Timeline): GRR (2013)

West Sacramento Levee Improvements Program

Lead Agency: WSAFCA

Location: West Sacramento

Goal: Achieve 200-year flood protection for the City of West
Sacramento

Phase (Timeline): 3 projects completed in 2008 and 2011;
next project targeted to begin construction in 2014

Sacramento River Bank Protection Project

Lead Agency: USACE and CVFPB

Location: SRFCP

Goals: Federal program to correct levee erosion issues
Phase (Timeline): Phase Il EIS (2013)

L

PL 84-99 Rehabilitation Assistance of Flood Control

West Sacramento Project

Lead Agency: USACE, CVFPB, and WSAFCA

Location: West Sacramento

Goal: Comprehensive analysis of the City’s levee system
Phase (Timeline): GRR (2015)

Works

Lead Agency: USACEand DWR

Location: Central Valley and Sacramento-San Joaquin Delta
Goals: Federal program to provide emergency levee repairs
Timeline: Ongoing

Central Valley Flood Protection Plan

Lead Agency: DWR and CVFPB

Location: Central Valley and Sacramento-San Joaquin Delta
Goal: Develop strategies for comprehensive system-wide
flood improvements

Timeline: Planadopted in 2012; complete protection
measures by 2025

Levee Collaborative

Lead Agency: USACE and DWR

Location: Central Valley

. ; , . /| Goals: Develop short- and long-term plans to achieve
ACRONYMS system-wide compliance with Corps standards for the State
Flood System in the Central Valley

Timeline: Ongoing

WSAFCA - West Sacramento Area Flood Control Agency
USACE- U.S. Army Corps of Engineers
SBFCA - Sutter-Butte Flood Control Agency

DWR - Department of Water Resources

SAFCA - Sacramento Area Flood Control Agency
SRFCP - Sacramento River Flood Control Project
YCWA - Yuba County Water Agency

CVFPB - Central Valley Flood Protection Board
TRLIA - Three Rivers Levee Improvement Authority

Figure 1-2
Major Flood Risk Reduction Efforts in the Sacramento Valley
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approximately 150,000 acres of habitat to address the Delta’s environmental challenges. Any
modifications to the SRFCP undertaken as part of the BDCP implementation, or as part of any
subsequent iterations that involve similar elements, would require Clean Water Act Section 408
permissions from the Corps and the CVFPB.

Interagency Flood Maintenance Collaborative Program

Lead Agency: DWR.

The purpose of DWR’s Interagency Flood Maintenance Collaborative Program is to engage in an
interagency collaboration that results in short-term, intermediate-term, and long-term actions to
more systematically and effectively manage the flood control system in the Central Valley. The new
approach includes improving the permit processes and the way DWR does business to reduce the
public’s exposure to risks from flooding while incorporating environmental resource protection and
enhancement. The approach should be regional, sustainable, and predictable over the long term,
preserved in procedural and organizational changes, and result in flood system efforts that advance
and integrate the missions and goals of the agencies participating in this process.

California Levee Stability Program

Lead Agencies: Corps, DWR.

This program is designed to quickly implement high-priority levee reconstruction projects to reduce
the risk of catastrophic levee failure in the Delta. In addition to flood control, the program considers
ecosystem restoration opportunities.

Natomas Levee Improvement Project

Lead Agencies: DWR, CVFPB, Sacramento Area Flood Control Agency (SAFCA).

As part of its long-term program to improve the Natomas Basin levee system, SAFCA is continuing
waterside and landside levee-strengthening efforts, including levee raises, seepage remediation,
increased bank protection, levee stabilization, and flattening of landside levee slopes under the
Natomas Levee Improvement Project (NLIP). The NLIP is an Early Implementation Program (EIP)
under state law. It is also a Federal action under Clean Water Act Section 408 (33 USC Section 408).

The ultimate goal of the NLIP is to provide the Natomas Basin with a 200-year level of flood
protection by improving conditions along approximately 26 miles of levees surrounding the
Natomas Basin. These levees are the Natomas Cross Canal South Levee, Sacramento River East
Levee, American River North Levee, Natomas East Main Drainage Canal West Levee, and the

Pleasant Grove Creek Canal West Levee. The NLIP-is-afour-phase construction program:Phase 1
occuy i in and 2010 Phase 3in 2010 and 20 and g maioritv of Phase 4

G J 5 U1 U v 7 O O
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Avtherization-Change ReportPACR and Interim General Re-evaluation Report, American River
Common Features Project, Natomas Basin, Sacramento and Sutter Counties, California study and an

approved Chief’s report. In 2014, the project received congressional authorization as part of the
2014 Water Resources Reform and Development Act. With congressional authorization, SAFCA is
working with the state and Corps to continue implementation of the NLIP. SAFCA has completed

approximately 20 miles of levee work from State Route 99 along the Natomas Cross Canal and the
Sacramento River East Levee.

American River Common Features Project

Lead Agencies: Corps, CVFPB, DWR, SAFCA.

To increase flood protection for the city of Sacramento, which is bordered by the left bank of the
Sacramento River, the American River Common Features Project (Common Features) was
authorized by Congress in the WRDA of 1996 (Pub L. No. 104-303, Section 101(a)(1), 110 Stat. 3658,
3662-3663 (1996)). This authorization called for strengthening the north and south levees of the
American River and raising and strengthening the upper 12 miles of the left levee of the Sacramento
River in the Natomas area, just north of the city of Sacramento. These improvements were
considered “common features” of any comprehensive plan of flood protection for the Sacramento
area that might ultimately be approved by Congress. In the WRDA of 1999 (Pub. L. No. 106-53,
Section 366, 113 Stat. 269, 319-320 (1999)), the scope of the Common Features authorization was
expanded to include raising portions of the north and south levees of the American River (including
the Mayhew Levee), strengthening portions of the north levee of the American River, and raising and
strengthening the north and south levees of the Natomas Cross Canal in the Natomas area.

With the goal of strengthening the American River levees to enable them to pass a flow of

160,000 cubic feet per second (cfs), the Common Features project has installed roughly 24 miles of
slurry wall up to depths of 80 feet, raised levees to provide adequate freeboard, addressed slope
stability issues, and corrected some erosion problems. Because of the considerable cost increase of
seepage remediation on the American River, all funds appropriated by Congress throughout the late
1990s and the early part of the 2000s were used for construction activities on the American River
instead of for design efforts for the Natomas Basin. In 2006, the Common Features authorization
was deemed sufficient to cover improvements to the left levee of the Sacramento River near the
Pioneer Reservoir and in the Pocket/Freeport area.

The Corps is eurrently-conduetingconducted a post -authorization change stud-y of the Common
Features project. Under this study, the Corps isreevaluating reevaluated the previous Common
Features project and identifyring-identified levee improvements needed to provide the city of
Sacramento and the Natomas area to the north with at least a 200-year level of flood protection. The
Corps uses General Reevaluation Reports (GRR) to present the results of a reevaluation of a
previously completed study, using current planning criteria and policies, which is required due to
changed conditions and/or assumptions (Engineer Regulation 1105-2-100). The results may
reaffirm the previous plan, reformulate and modify it, or find that no plan is currently justified. The
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results are documented in a GRR which, if recommended and supported, also serves as the decision
document for a Federal action.

The Natomas PACR documents the evaluation of features in the Natomas Basin portion of the
Common Features project and was submitted to Congress in October 2010 and obtained
congressional authorization in 2014.The Common Features GRR is-planned-for completion-inwas

completed with a signed Chief’s Report in 2015 and authorized by Congress in the Water Resources
Development Act of 2016. 3 el A A
yeapaﬁtepadepﬂonef—theurepert—byéengress—Much of%lfﬂsthe construction work was completed or
is underway by SAFCA as an EIP and Section 408 action. theNaieemas—Pest—A&theﬁzaaen—Ghaﬂge

Delta Levees Flood Protection Program

Lead Agency: DWR.

This is a grant program that works with more than 60 reclamation districts in the Delta and Suisun
Marsh to maintain and improve the flood control system and provide protection to public and
private investments in the Delta, including water supply, habitat, and wildlife. The program, through
its two major components of Delta Levees Maintenance Subventions Program and Delta Levees
Special Flood Control Projects, works with local agencies to maintain, plan, and complete levee
rehabilitation projects. One of the requirements to qualify for available funds is for the project to
result in no net loss of Delta habitat.

Lower Feather River Corridor Management Program

Lead Agency: DWR.

The Lower Feather River Corridor Management Plan (LFRCMP) describes a long-term vision and
multi-objective strategy for managing the 20-mile-long Feather River corridor between the
Marysville and Yuba City urban areas in the north and the Sutter Bypass in the south. The LFRCMP
provides a vision for how flood system maintenance and habitat enhancement can be integrated
under long-term programmatic permits, as well as recommendations for optimizing future
management, restoration, and maintenance of the corridor. It provides a planning tool and
informational resource for flood managers at DWR and local maintaining agencies, as well as
resource agencies, environmental and recreation advocates, farmers, and the general public. The
LFRCMP was released in June 2014.

Levee Repairs Program

Lead Agency: DWR.

The Levee Repairs Program is a state-run program to repair erosion sites throughout the Central
Valley flood control system. The program was implemented in response to the governor’s
declaration of a state of emergency for California’s levee system in 2006. To determine the most
critical sites for repair, DWR evaluated more than 50 sites along the SRFCP, including 29 critical
erosion sites in need of urgent repairs.
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Mid-Valley Levee Reconstruction Project

Lead Agencies: Corps, DWR.

This project reconstructs deficient levees of the SRFCP in the Mid-Valley area (between the Tisdale
Bypass and the Sacramento Bypass) to their original design standard. The scope includes
construction of stability berms, slurry walls, and toe drains.

Sacramento River Flood Control System Evaluation

Lead Agency: Corps, CVFPB, DWR.

Following the flood of 1986, the Corps and the state, along with local partners, completed a
comprehensive evaluation of the Sacramento River Flood Control System and initiated a flood risk
management program aimed at repairing, raising, and strengthening urban levees, among other
activities. This effort, known as the Sacramento River Flood Control System Evaluation (commonly
referred to as System Evaluation), resulted in the repair of more than 70 miles of deficient levees by
the Corps. However, to date, not all the authorized repairs have been completed. Moreover, the
completed repairs were built to standards that were in place at the time and which are no longer
current.

Due to the large scale of the evaluation, the review was split into five phases. The results were
published in the Sacramento River Flood Control System Evaluation, Phase II-V, Programmatic
EIS/EIR, dated May 1992. Phases [ and Il evaluations include the Sacramento urban area and
Marysville/Yuba City area. Phase 11l concerns the Mid-Valley area in and around the town of Knights
Landing, approximately 27 miles northwest of Sacramento. Phase Il involves reconstructing
deficient levees of the SRFCP in the Mid-Valley area (between the Tisdale Bypass and the
Sacramento Bypass) to their original design standard. The scope includes construction of stability
berms, slurry walls, and toe drains.

Phases IV and V include the lower Sacramento River area south of Sacramento and the upper
Sacramento River area north of Knights Landing. According to the November 2002 SRFCP Limited
Reevaluation Report (LRR), Phase VI was added to evaluate additional potential sites in all phases,
but its supplemental design memorandum had not been completed at that time.

Phase 11l is the only currently active phase and is being designed for dike slurry wall work at three
sites along the right bank of the Sacramento River (River Mile [RM] 84.1 to 87.2). The work also
involves dike reconstruction, with final design being recently completed, at three sites along the left
bank of the Knights Landing Ridge Cut. The state is proposing to complete the Knights Landing work
under an EIP; otherwise, the Corps would complete all work in 2015 to 2016.

Sutter Basin Feasibility Study

Lead Agency: Corps, State of California, and Sutter Butte Flood Control Agency (SBFCA).

The Sutter Basin is bounded roughly by the Feather River, Cherokee Canal, Sutter Buttes, and the
Sutter Bypass, and contains the cities of Gridley, Live Oak, Biggs, and Yuba City, as well as a
significant amount of agricultural land. Past flood events and geotechnical analysis show that the
levees bordering the Sutter Basin (including the Feather River West Levee) have a higher
probability of failure related to through-and under-seepage than levees designed to meet current
standards. Additionally, the levees are at risk of overtopping from floods greater than the levees are
designed to withstand. The Sutter Basin project may eventually provide the Sutter Basin with 100-
to 200-year flood protection (depending upon location).
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The Corps completed a Feasibility Study of the Sutter Basin in 2013. The Feasibility Study evaluated
structural and nonstructural flood risk management measures, including reoperation of existing
reservoirs; improvements to existing levees; construction of new levees; and other storage,
conveyance, and nonstructural options. Ecosystem restoration measures were also investigated,
including restoration of floodplain function and habitat. The Corps released a Final Integrated
Feasibility Report and Supplemental EIS/EIR in June 2013. In 2014, the project received
congressional authorization as part of the 2014 Water Resources Reform and Development Act.

Feather River West Levee Improvement Project

Lead Agency: Corps, State of California, and SBFCA.

Levee improvements are underway by SBFCA to reduce flood risk in portions of Sutter and Butte
Counties. The projects are intended to achieve a minimum 200-year protection for urbanized areas
and 100-year for agricultural areas by addressing flood management deficiencies on the Feather
River West Levee. The deficiencies include risks from through-seepage and under-seepage relative
to federal and state levee criteria. The current project addresses the 41 miles downstream of
Thermalito Afterbay to approximately 4 miles upstream of the confluence of the Feather River with
the Sutter Bypass. The proposed measures include cutoff walls, seepage berms, and slope flattening.
Construction was initiated in 2013 and is scheduled to be completed in 2015. The project is funded
by local dollars provided by a parcel assessment district and state bonds from Propositions 84 and
1E, ultimately seeking Federal credit.

Sacramento—-San Joaquin River Basins Comprehensive Study and Central Valley
Integrated Flood Management Study

Lead Agency: Corps.

Following the 1997 flood, the Sacramento-San Joaquin River Basins Comprehensive Study (Comp
Study) was initiated by the state and the Corps to formulate comprehensive plans for flood risk
reduction and environmental restoration. This study was unable to stimulate widespread public or
political interest in flood risk reduction or environmental restoration activity beyond the ongoing
urban levee improvement programs. The study did result in a new set of engineering criteria for the
design and evaluation of urban levees and a greatly expanded scope for the ongoing urban levee
improvement efforts on the Sacramento and American Rivers. In addition, the adequacy of previous
repairs was reviewed.

Presently, the Central Valley Integrated Flood Management Study (CVIFMS) is a continuation of the
Comp Study in which the Corps and the state are defining a long-range program for the Sacramento
and San Joaquin River Basins and the corresponding level of federal participation. CVIFMS will
evaluate flood risk management improvements in the Central Valley from a Federal perspective, and
provide a framework for authorization and implementation of flood risk management projects in the
Central Valley. This program will identify opportunities to reduce flood risk by improving the flood
capacity of the system while restoring and protecting floodplain and environmental features,
including wetlands and other fish and wildlife habitat. The approaches and management strategies
under CVIFMS include these measures.

e Conduct a watershed study to provide long-term reduction of flood risk and environmental
restoration needs.

e Coordinate closely with Central Valley Flood Protection Plan (CVFPP) development to produce
joint products for mutual benefits and use.
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e Provide leadership in specific disciplinary areas to ensure consistency in national management
directives and guidelines.

e Coordinate with ongoing projects and programs to incorporate relevant information and actions
in the study development.

Following completion of CVIFMS, it is anticipated that several regional feasibility studies will be
completed. When completed, the feasibility studies will be used to determine Federal interest in
implementing elements of the CVFPP and identify non-Federal responsibilities for improvement to
the system.

Yuba Basin Project

Lead Agencies: Corps, DWR.

The Yuba Basin Project is an initiative to provide a 200-year level of protection and higher for
communities in Yuba County. When complete, it will be the first community in California’s Central
Valley to achieve the state’s requirement of 200-year flood protection.

To accelerate this federally authorized project, the state and local interests (Yuba County, Yuba
County Water Agency, and Three Rivers Levee Improvement Authority [TRLIA]), began an advanced
levee construction program in the southern portion of the county. Work is now complete on all of
the 29.3 miles of levees, including the construction of two new setback levees: the 2-mile long Bear
River setback and the 6-mile long Feather River setback. Besides providing greater regional flood
protection, these setback levees resulted in the creation of nearly 2,000 acres of wildlife habitat. The
scheduled work for the 7.5-mile long Marysville Ring Levee has been fully funded and is the final
piece to the entire project.

Three Rivers Levee Improvement Agency Levee Improvement Program

Lead Agency: TRLIA.

TRLIA, a joint powers agency, was established in May 2004 by Yuba County and Reclamation District
(RD) 784 to finance and construct levee improvements in south Yuba County. The goal of the Three
Rivers Levee Improvement Program is to provide 200-year flood protection to more than 40,000
residents in Linda, Olivehurst, and Plumas Lake. Four work phases, covering 29 miles of levees, were
identified to achieve this goal. All of the work identified in the four phases has been completed as of
the end of 2011, and TRLIA is currently conducting only minor studies.

The levees affected by this project are the south levee of the Yuba River, the east levee of the Feather
River, the north levee of the Bear River, and the west levee of the Western Pacific Interceptor Canal.
Improvements included stability berms, slurry cutoff walls, erosion protection, corrections to levee
geometry, levee height increases, relief wells, monitoring wells, and detention basins. Setback levees
were constructed along a portion of the Bear River north levee and the Feather River east levee. The
land within the setback areas of both levees totals 1,750 acres, and will be used for habitat
restoration and agricultural purposes.

West Sacramento General Reevaluation Report

Lead Agencies: Corps, DWR, West Sacramento Area Flood Control Agency (WSAFCA).
The Corps and DWR published the previous Sacramento Metropolitan Area General Reevaluation
Report in 1992. The purpose of that report was to recommend a program of improvements needed
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to remedy structural problems and limitations of the levee system that were revealed by the 1986
flood. The subsequent 1997 flood and revisions to Corps levee construction standards after the 2005
New Orleans flood shifted attention to under-seepage deficiencies that had not been considered in
the previous study. PresentlytThe Corps and WSAFCA are-developingdeveloped a GRR for West
Sacramento levee improvements to assess the entirety of the levees protecting the city of West
Sacramento in light of most recent criteria and knowledge regarding levee design, with particular
attention to remediation of seepage deficiencies.

The primary objective of the West Sacramento GRR is to determine the extent of federal interest in
additionally reducing the flood risk within the stady-program area while concurrently exploring
opportunities to increase recreation and restore the ecosystem along the Sacramento River within
the study-program area. Much of this work was completed or is underway by WSAFCA as an EIP and
Section 408 action (see discussion of the West Sacramento Levee Improvements Program below).
Initiated-in-Mareh-2009,-theThe GRR is-expected-to-bepresented-towas completed in 2015 with an
approved Chief’s Report and was authorized by Congress ferautherizationin2015in the Water
Resources Development Act of 2016.

West Sacramento Levee Improvements Program

Lead Agency: WSAFCA.

The goal of the program is to achieve 200-year flood protection for the city of West Sacramento.
WSAFCA proposes to implement a portion of the program, known as the Southport project, along
the right bank of the urbanized reach of the Sacramento River as an EIP and Section 408 action. The
study reach is approximately 6 miles, beginning at the upstream limit where a new SRBPP setback
levee terminates south of the barge canal connecting the Sacramento River to the Sacramento River
Deep Water Ship Channel and extending downstream to the West Sacramento city limit at the South
Cross Levee. The project would most immediately protect the part of the city known as Southport
and is targeted at addressmg under- seepage through-seepage, erosion, and slope 1nstab111ty -This

eenstmeﬂe;%a&ﬂerpa%ed—te—begm—m—%@&%Constructlon of the setback levee began in 2017
WSAFCA'’s Southport project is being coordinated with the ongoing West Sacramento Project GRR

(described previously). This project follows three others implemented by WSAFCA as EIPs and
Section 408 actions, namely, the [ Street Bridge project (completed in 2008) and the CHP Academy
and The Rivers projects (completed in 2011).

1.3 Public Involvement and Agency Coordination

The Lead Agencies are implementing a comprehensive public participation program to fully inform
and engage potentially affected agencies, stakeholders and communities.

1.3.1 Notice of Preparation/Notice of Intent Scoping

In January 2009, the Lead Agencies issued a Notice of Preparation (NOP) of an EIR and a Notice of
Intent (NOI) to prepare an EIS, informing agencies and the general public that an EIS/EIR was being
prepared and inviting comments on the scope and content of the document during the 45-day public
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review period. The NOI and NOP also requested participation at public scoping meetings. Appendix
A includes the NOI as published in the Federal Register on January 30, 2009, and the NOP as
distributed to responsible agencies and interested parties. In February 2009, the Lead Agencies
hosted four public scoping meetings in Colusa, Walnut Grove, Sacramento, and Chico. Comment
letters regarding the NOI and NOP and transcripts of the public scoping meetings also are included
in Appendix A.

To publicize the scoping meetings, advertisements were placed in the Sacramento Bee, the Colusa
County Sun Herald, and the Chico Enterprise-Record. Meeting notices were also sent to 68 resource
agencies, 22 local media contacts, 18 tribal contacts, eight levee districts, and 124 reclamation
districts inviting them to the meeting or to provide input about the proposed program during the
scoping period. Copies of the advertisements and meeting notice can be found in Appendix A.

Additionally, a letter was sent to elected officials inviting their attendance at the public scoping
meetings and input on the proposed program. The letter was sent to the following members of the
House of Representatives: Wally Herger; Dan Lungren; Doris Matsui; Tom McClintock; Jerry
McNerney; Ellen Tauscher; George Miller; and Mike Thompson.

1.3.2 Agency Consultation and Coordination

Consultations and coordination with numerous local, state, and federal agencies have been
conducted throughout Phase II of the SRBPP. The regulatory setting for each respective resource
chapter in this EIS/EIR describes applicable federal, state, regional and local laws and regulations.
Appendix C, Regulatory Background, contains the discussion of the regulatory setting for each
resource area. Additionally, Chapter 24, Compliance with Applicable Laws, Policies, Plans, and
Regulatory Framework, describes preliminary information on the major requirements for
permitting and environmental review and consultation prior to implementation, including
consultation to date with various agencies. The following is a summary of those coordination efforts.

1.3.2.1 Resource Agency Coordination

The Interagency Working Group (IWG) was formed as a term and condition of the draft (Jeopardy)
and final Biological Opinions (BOs) previously issued by the USFWS and NMFS for Phase II. The
IWG'’s primary purpose is to develop products for SRBPP planning, and to determine project impacts
on listed species under the federal Endangered Species Act and coordinate related issues with state
and federal natural resource agencies. Meetings are typically monthly and key participants include
the Corps, CVFPB, DWR, USFWS, NMFS, and the California Department of Fish and Wildlife (DFW).
Meetings have continued through the planning and Draft EIS/EIR processes.

In addition, between September 16, 2008 and November 25, 2008, the Corps solicited input from
agencies that have a direct interest in flood risk management and the environmental conditions
associated with future locations and types of bank protection alternatives. Interviews were
conducted with staff of NMFS, California State Lands Commission (SLC), DFW, USFWS, Corps, DWR
and CVFPB to better understand their perspectives and vision for implementation of the additional
80,000 LF of bank protection. The interviews resulted in several recommendations for improvement
of the SRBPP planning and implementation process, which are presented in Appendix A.
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1.3.2.2 Native American Consultation

On May 4, 2009, the Native American Heritage Commission (NAHC) was contacted to request a
search of its Sacred Lands File. The NAHC staff responded on May 12, 2009 with a list of Native
American contacts for Butte, Colusa, Glenn, Placer, Sacramento, Solano, Sutter, Tehama, Yolo, and
Yuba Counties. Native American groups with potential interest in the area were identified through
the efforts of an ethnographer. A series of letters, phone calls, emails and two workshops open to
Native American groups in the spring of 2010 were used to further identify interested parties.
Correspondence included a map depicting the program area, a brief description of the proposed
program, and a request for the contacts to share any knowledge or concerns they may have
regarding cultural resources in or adjacent to the program area. Based on this work, the Corps has
initiated consultation with the following tribes.

o Berry Creek Rancheria of Tyme Maidu Indians

e Buena Vista Rancheria of Me-Wuk Indians

e (Cachil DeHe Band of Wintun Indians of the Colusa Indian Community
e (alifornia Valley Miwok Tribe

e (Cortina Band of Indians, Enterprise Rancheria (Estom Yumeka)
e (rindstone Rancheria

e Ilone Band of Miwok Indians

e Mechoopda Indian Tribe of Chico Rancheria

e Mooretown Rancheria of Maidu Indians

e Paskenta Band of Nomlaki Indians, Redding Rancheria

e Shingle Springs Band of Miwok Indians

e United Auburn Indian Community of Auburn Rancheria

e Wilton Rancheria

® Yocha Dehe Wintun Nation (Rumsey Rancheria)

The Corps and DWR determined that development of a Cultural Resources Programmatic
Agreement (PA) for the proposed program and an attending Historic Properties Treatment Plan
(HPTP) would be the most effective way to comply with NEPA, Section 106 of the National Historic
Preservation Act (NHPA), and CEQA. The PA and HPTP can be found in Appendix B. Further
consultation with the tribes included requesting comments on the PA and HPTP, additional outreach
meetings with individual tribes, and requesting their participation as concurring parties to the PA.
To date, the California Valley Miwok Tribe, Mechoopda Indian Tribe of Chico Rancheria, and the
Shingle Springs Band of Miwok have signed as concurring parties. Those tribes that have not signed
as concurring parties to the PA will still be given an opportunity to comment on specific
construction projects as they are designed and planned.

1.3.23 CEQA Responsible and Trustee Agencies

This EIS/EIR will be used by Responsible and Trustee Agencies to determine the effects of the
proposed program. Responsible Agencies are those that have a legal responsibility to approve the
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program. These agencies are required to rely on the Lead Agency’s environmental document in
acting on whatever aspect of the proposed program requires the Responsible Agencies’ approval but
must prepare and issue their own findings regarding the program (CEQA Guidelines Section 15096).
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Trustee Agencies are those that have jurisdiction over certain resources held in trust for the people
of California but do not have legal authority for approving or carrying out the proposed program.
Responsible and Trustee Agencies for the proposed program are shown in Table 1-1.

Table 1-1. Responsible and Trustee Agencies

Agency Jurisdiction
Trustee
Department of Fish and Wildlife Fish and wildlife

Native plants designated as rare or endangered
Game refuges
Ecological reserves

State Lands Commission State-owned “sovereign” lands
Responsible

Office of Historic Preservation Historic and cultural resources
Central Valley Flood Protection Board Levee modifications

Air Resources Board Air quality

Regional Water Quality Control Board (#5)  Discharges to water bodies

1.3.3 Draft Environmental Impact Statement/

Environmental Impact Report Public Comments

The Draft EIS/EIR was circulated for public review in December 2014 for a public comment period
of 66 days, from December 24, 2014 to February 27, 2015. To initiate the public comment period,

the Corps and the CVFPB circulated a Notice of Availability (NOA) to federal and state agencies,
including Responsible and Trustee Agencies as defined under CEQA, involved Federal Agencies, and
parties previously requesting information on the proposed project. The NOA was published in the
Federal Register in compliance with NEPA on January 2, 2015 and a Notice of Completion was

provided to the California Governor’s Office of Planning and Research on December 24, 2014.
Comments received during public review of the Draft EIS/EIR, responses to those comments, and
more information about the public review process are presented in Volume II of this Final EIS/EIR.
Changes have been made to the content of the EIS/EIR in response to these comments, or for
purposes of clarification or correction. Changes to the text are shown by strikethrough of text that
has been deleted and underlining of new text that has been inserted. The revisions contain
clarifications and corrections that have been identified, either through public comments or by the
Corps or the CVRWQEBCVEFEPB, since publication of the Draft EIS/EIR. The text revisions do not
result in substantive changes to either the analyses or conclusions presented in the EIS/EIR. Fhis
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1.4 Areas of Known Controversy and Unresolved Issues

CEQA Guidelines Section 15123 (b) requires that an EIR describe areas of controversy known to the
lead agency, including issues raised by agencies and the public as well as unresolved issues. NEPA
regulations also require disclosure of areas of controversy and issues to be resolved (40 CFR Section

1502.12). No unresolved issues were identified during this programmatic evaluation.

The following issuwe-areas_of controversy were identified during the NOI/NOP scoping period.
e Vegetation on levees.

e Economic impacts on rural communities.

e Hydraulic effects.

e Public outreach and agency coordination.

e [nvasive species.

e Construction impacts, including routes for transporting materials.

e Effects on fish, wildlife, and vegetation, including Central Valley salmonids and bank swallow
habitat.

e Erosion site locations and selection.
e Mitigation of impacts.

e Consideration of setback levees.

e Cumulative effects.

e Eminent domain as a possible tool for real estate acquisition.

1.5 Irreversible and Irretrievable Commitments of
Resources/Significant Irreversible Environmental
Changes

State CEQA Guidelines (14 California Code of Regulations 15126.2[c]) and NEPA (40 CFR Section
1502.16) require analysis of significant irreversible and irretrievable effects. CEQA requires
evaluation of irretrievable resources to ensure that their use is justified. NEPA requires an
explanation of which environmental impacts are irreversible or would result in an irretrievable
commitment of resources.
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Irreversible impacts are those that cause, through direct or indirect effects, use or consumption of
resources in such a way that they cannot be restored or returned to their original condition despite
mitigation. Potentially irreversible impacts are documented in this EIS/EIR. An irretrievable impact
or commitment of resources occurs when a resource is removed or consumed. These types of
impacts are evaluated to ensure that consumption is justified.

All the program alternatives would involve a commitment of a range of natural, physical, and fiscal
resources as follows.

e Construction materials.

e Nonrenewable resources, such as gasoline and diesel oil used to power construction equipment
and vehicles.

e Nonrenewable energy resources necessary to operate barges, trucks, and equipment used for
construction, and operations and routine maintenance.

e Additional electrical power from a renewable resource for lighting and operations.

e Land conversion of open space, agricultural lands, and natural environments to other uses.

Any construction would require expenditure of state and federal funds for the costs of construction
and right-of-way. The proposed program would also require funding for operation and maintenance
of the constructed sites and for vegetation establishment and monitoring activities associated with
mitigation elements.

The decision by the Lead Agencies to commit these resources is based on the concept that residents
in the immediate area, region, and state would benefit from the implementation of the proposed
program. The overarching benefit of the proposed program is that the integrity of the flood control
system would be maintained through the application of site-specific bank protection measures to
remedy erosion sites with high failure potential in order to prevent levee failure, catastrophic
damage, and possible loss of life. Implementation of the SRBPP and 80,000 LF of additional bank
protection would ensure the continued integrity of the SRFCP levees while protecting
environmental resources and compensating for effects on significant environmental resources to the
degree feasible. These benefits are expected to outweigh the commitment of these resources.

1.6 Relationship between Short-Term Uses of the

Environment and Maintenance and Enhancement
of Long-Term Productivity

The CEQ NEPA Regulations (40 CFR Section 1502.16) require that an EIS discuss issues related to
environmental sustainability. In general, this EIS discussion is not considered an environmental
effect for which either significance is defined, or mitigation is recommended. However, the
discussion, as it relates to environmental consequences, must be included in the EIS, and should
consider “the relationship between local short-term uses of man’s environment and the
maintenance and enhancement of long-term productivity” (42 USC Section 4332(C)(iv).

The short-term effects on and uses of the environment in the vicinity of the program area are related
to long-term effects and the maintenance and enhancement of long-term productivity. Short term
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refers to the total duration of construction: the multi-year construction period to construct 80,000
LF of bank protection in the SRFCP area and associated mitigation elements to replace habitat
losses. Construction associated with the proposed program, including implementation of various
bank protection measures, would cause short-term impacts on the environment related to alteration
of topography and hydrologic conditions, water quality, biological resources, air quality, land use,
recreation, visual resources, and the human environment (noise and traffic conditions).

Long term refers to an indefinite period beyond the initial construction of the erosion sites and
includes longer term and ongoing operation and maintenance of the sites as well as vegetation
establishment and monitoring activities. Vegetation establishment and monitoring would be
necessary to ensure that the vegetation and species habitat required for mitigation is successfully
establishing and that the vegetation is functioning as-intendedand being managed as required by
environmental permits.

Implementation of the proposed program would include bank repair and levee rehabilitation, which
would result in long-term benefits including protection of property and the health and safety of
residents. The proposed river bank repair and mitigation work would greatly minimize erosion,
limiting the eventual loss of nearshore aquatic habitat and riparian habitat that would likely occur if
the proposed program were not enacted.

The No Action Alternative would offer none of the benefits and would likely cause substantially
lesser impacts than those listed above. It would, however, do nothing to maintain the integrity of the
flood control system by identifying and remedying locations with a high failure potential.
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Chapter 2
Project Description

2.1 Introduction

The U.S. Army Corps of Engineers, Sacramento District (Corps) and the Central Valley Flood
Protection Board (CVFPB) propose to implement the proposed program, which would result in the
construction of an additional 80,000 linear feet (LF) of bank protection in the Sacramento River
Flood Control Project (SRFCP) area. This chapter describes the proposed program components,
provides a summary of the alternatives screening process and alternatives selected for analysis, and
discusses physical and operational characteristics of the alternatives.

2.2 Project Location

The Sacramento River Bank Protection Project (SRBPP) area (also referred to as the program area)
is located along the Sacramento River and its tributaries, distributaries and bypasses, and spans
Butte, Colusa, Glenn, Placer, Sacramento, Solano, Sutter, Tehama, Yolo, and Yuba Counties in
California (Figure 1-1). The alternatives covered in this programmatic EIS/EIR are those associated
with future repair of bank erosion sites on an additional 80,000 LF within the program area.

2.2.1 Program Area

The program area extends along the Sacramento River from Collinsville at river mile (RM) 3, which
is the southernmost point in the program area, upstream to Chico at RM 194, the northernmost
point, and includes reaches of lower Elder and Deer Creeks. The program area also includes several
tributary streams and distributary sloughs, including Cache Creek, the lower reaches of the
American River (RM 0-13), Feather River (RM 0-61), Yuba River (RM 0-11), and Bear River (RM 0-
17), as well as portions of Threemile, Steamboat, Sutter, Miner, Georgiana, and Cache Sloughs. Sutter
and Yolo bypass levees are also included in the program area.

The economic analysis performed for the SRBPP Post Authorization Change Report (PACR)
estimated that there are more than 193,000 structures protected by the SRBPP levees. The value of
these structures and their contents {in2042-dellars}-is estimated at almost $100 billion. The SRBPP
levees also protect more than 590,000 acres of agricultural land from flooding, with a-significant
economic damage potential efup-te-$630-billien-depending on the severity of the flood event.

For the purposes of this EIS/EIR, the program area has been divided into four regions, organized
south to north by the location of the downstream terminus of each watercourse with the mainstem
Sacramento River (Figure 2-1). The four reaches are generally defined in a manner that captures the
full range of environmental conditions within the program area while dividing them in a manner
that recognizes differences in physical structure and species use among these four reaches. Region
la includes the Yolo and Sacramento Bypasses, the Sacramento River below Isleton (RM 20), and a
distribution network of sloughs and channels. Region 1b includes the mainstem Sacramento River
from Isleton (RM 20) in the Delta, upstream past the city of Sacramento, to the Feather River
confluence (RM 80) at Verona. Region 1b also includes the lower American River from the
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confluence with the Sacramento River upstream to RM 13, Natomas East Main Drain, Natomas Cross
Canal, and Coon Creek Group Interceptor Unit 6 (East Side Canal). Within Region 2, the mainstem
Sacramento River flows from Colusa (RM 143) downstream of the Colusa Bypass to the confluences
with the Feather River and Sutter Bypass at Verona (RM 80). Region 2 also includes the lower
Feather River from its confluence with the Sacramento River upstream to RM 61, the lower Yuba
River from its confluence with the Feather River upstream to RM 5, and Bear River from its
confluence with the Feather River upstream to the end of its levees above State Route 65. Region 3
includes the Sacramento River downstream of Chico Landing (RM 194) to Colusa (RM 143) as well
as portions of Elder Creek, Deer Creek, Chico Creek, and Mud Creek. Table 2-1 provides the
watercourses by region, reach lengths in miles, total length by region, and counties within the
program area.

Table 2-1. Watercourses, Reach Lengths, and Counties within the Program Area by Region

Leveed
Reach Total Length
Length by Region
Region Watercourse (miles) (miles) Counties
la  Sacramento River from Collinsville to Isleton 20.7
Threemile Slough 3.7
Georgiana Slough 12.4
Steamboat Slough 13.1
Yolo Bypass 379
Miner Slough 7.7
Portions of Lindsey Slough 7.5
Cache Slough 10.7 Sacramento,
Ulatis Creek Bypass Unit 1.6 172.0 Solano,
Haas Slough 2.8 Sutter,
Sutter Slough 6.8 Yolo
Elk Slough 9.3
Putah Creek 8.9
Willow Slough Bypass 7.4
Sacramento Bypass 1.8
Cache Creek from the Yolo Bypass to the upstream limit of 133
the project levees
Knights Landing Ridge Cut 6.4
1b  Sacramento River from Isleton to Feather River 60.3
(RM 20-80)
American River from Sacramento River to RM 13 13.2 Placer,
Arcade Creek 2.1 Sacramento,
Dry Creek (South) 1.7 105.0 Solano,
Pleasant Grove Canal 3.0 Sutter,
Natomas East Main Drain 14.5 Yolo
Natomas Cross Canal 5.3
Coon Creek Group Interceptor Unit 6 (East Side Canal) 4.9
Sacramento River Bank Protection Project March 2020
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Leveed
Reach Total Length
Length by Region

Region Watercourse (miles) (miles) Counties

2 Sacramento River from Feather River confluence to Colusa 62.3
(RM 80-143)
Colusa Basin Drain (Sycamore Slough) 35.8
Sutter Bypass 37.2
Tisdale Bypass 4.3 Butte, Colusa,
Wadsworth Canal 4.6 Glenn, Placer,

Sutter, Yolo,
Colusa Bypass 2.8 Yuba
Cherokee Canal 20.4
Cottonwood Creek 0.8
317.6

Butte Creek 17.3
Feather River from Sacramento River upstream to RM 31 30.8
Bear River from Feather River to upstream end of levees 126
above State Route 65
Yuba River from Feather River upstream to RM 5 4.9
Marysville Units 1, 2, and 3 7.5
Honcut Creek 4.7
Feather River from RM 31 to Honcut Creek right bank 13.2
Feather River from Honcut Creek to RM 61 16.2
East Interceptor Canal 3.7
West Interceptor Canal 1.8
Butte Slough 8.0
Yankee Slough 4.5
Dry Creek (North) 8.4
Best Slough 2.0
Western Pacific Interceptor Canal 6.2
Jack Slough 7.6

3 Sacramento River from Colusa to Chico (RM 143-194) 50.3
Mud Creek 8 Butte, Colusa,
Chico Creek 4.3 73.3 Glenn,
Deer Creek 6.7 Tehama
Elder Creek 4

Source: Sacramento River Bank Protection Project Extent [shapefile]. SPK-USACE 2009. ArcGIS 9.3, ESRI.

2.2.2 Erosion Sites

The Corps’ Sacramento District, the proposed program’s nonfederal sponsor, the CVFPB, and the
California Department of Water Resources conduct annual field reconnaissance reviews of the
SFRCP. Specific criteria are used to identify erosion sites within the system as described in the
Corps’ Field Reconnaissance Report of Bank Erosion Sites and Site Priority Ranking (Ayres
Associates 2008). In most cases the criteria are based on bank and levee conditions that are
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threatening the function of individual basins within the system or the flood control system as a
whole. An erosion site is defined as:

A site that is at risk of erosion during floods and/or normal flow conditions; the term critical is
used to indicate erosion sites that are an imminent threat to the integrity of the flood control
system and of the highest priority for repair.

A site is typically identified as an erosion site if the erosion has encroached into the projected levee
prism (e.g., 35 feet or less of bank). A typical levee prism has a landside slope, a levee crown (top of
the levee), and a waterside slope. The projected levee slope is the hypothetical extension of the
landside and waterside slopes as the actual levee slopes “project” below the surrounding ground
surface, forming the levee foundation. The Corps is currently in the process of updating its process
for selecting erosion sites for repair. However, the programmatic analysis in this EIS/EIR is based on
the representative sample of sites contained in the “Final Alternatives Report-80,000 LF”
(Kleinfelder-Geomatrix 2009). The SRBPP itself relies on annual field reconnaissance reports.

The representative sites selected for the Final Alternatives Report—=80,000 LF were informed by the
2008 Field Reconnaissance Report (Ayres Associates 2009), which identified 154 erosion sites.
Many of these 154 erosion sites are not classified as critical, but they do pose a substantial risk of
erosion and threat to the flood control system and would continue to be considered erosion sites
under the new site selection process. The 107 representative sites, totaling approximately 80,000
LF, are used for evaluation and identification of suitable design alternatives for bank protection in
the Final Alternatives Report-80,000 LF. Sites selected by the Corps for further evaluation and
identification of suitable bank protection designs exhibited bank and levee conditions that are
threatening the function of the flood control system (Kleinfelder-Geomatrix 2009). After publication,
a discrepancy was found in the Final Alternatives Report regarding a site at Natomas Cross Canal 3.0
L. The site has since been removed from the evaluation list, leaving 106 sites.

For purposes of this EIS/EIR, the 106 selected eroding sites along the Sacramento River and its
tributaries constitute a representative sample of the sites eventually proposed to be treated under
the supplemental 80,000 LF. However, the number and extent of documented sites can change from
year to year because of various factors, including newly identified sites, increased or decreased rates
of erosion, repaired sites, reclassification of erosion sites to maintenance sites, and removed sites.
Therefore, because streambank erosion is episodic and new erosion sites can appear each year, the
environmental analysis in this EIS/EIR is programmatic in nature, analyzing the 80,000 LF in its
entirety, but relying on data associated with the 106 representative sites when appropriate in order
to provide the most detailed programmatic analysis possible. Additional project-level environmental
documentation, tiering from this programmatic analysis, will be prepared to address those sites that
will be constructed.

2.3 Proposed Site-Specific Bank Protection Measures

The suite of SRBPP site-specific bank protection measures in the proposed program is described
below with figures to support each measure. A bank protection measure is a site-specific design
solution to control an existing erosion site while minimizing and/or mitigating environmental
impacts.

The following criteria have been developed for bank protection design, consistent with the project
purpose and need.
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® Restoring the flood damage risk-reduction capability of the originally constructed levee through
the use of structurally reliable erosion-control elements.

e To the extent practicable, maintaining fish and wildlife habitat and scenic and recreational
values, and replacing habitat losses through the use of on-site mitigation elements overlying or
integrated with erosion-control elements.

e Fully mitigating off-site significant residual fish and wildlife habitat losses to the extent justified.

® Minimizing costs of construction and maintaining both erosion-control and on-site habitat-
mitigation elements.

The following measures are intended to meet these criteria while also meeting the Corps vegetation
management policy as prescribed in Engineering Technical Letter 1110-2-583, Guidelines for
Landscape Planting and Vegetation Management at Levees, Floodwalls, Embankment Dams, and
Appurtenant Structures (Vegetation ETL) (U.S. Army Corps of Engineers 2014). The measures will

also comply with Implementation Guidance for Section 3013 of the Water Resources Reform and

Development Act of 2014, Vegetation Management Policy. For purposes of this EIS/EIR, the
vegetation-free zone (VFZ) is defined in the Vegetation ETL and encompasses the existing and new

levee footprint area 15 feet outward of each levee toe where vegetation would be restricted to

native grass_(unless a Vegetation Variance Request is submitted and approved according to Policy

Guidance Letter and October 2017 Implementation Guidance Letter for the Water Resources Reform
and Development Act of 2014). These measures are conceptual and will be modified to the degree

necessary to be suitable for conditions at any given erosion site. As a result, dimensions in the
following figures are typical and will vary based on site-specific conditions and designs.

2.3.1 Bank Protection Measure 1-Setback Levee

This measure entails constructing a new levee some distance landward of the existing levee, and
avoids or minimizes construction in the waterside or riparian areas. The land between the setback
and existing levee would act as a floodplain. Land use in the new floodplain would be determined on
a site-by-site basis. The old levee could be breached in several locations or degraded to allow high
flows to inundate the new floodplain. Vegetation on the new setback levee, including 15 feet beyond
each toe, would be restricted to grass. While vegetation could remain on the existing levee, the
setback levee would be managed as a VFZ. New vegetation planted in the setback area could serve as
mitigation to offset project losses. Additionally, vegetation on the existing levee could become newly
available to aquatic species and contribute to a net increase in floodplain vegetation.

Measure 1 would be most applicable in areas where substantial habitat values exist along the
channel and land uses in the setback area are not restrictive. Setback levees can be very effective,
but real estate acquisition (including the need for willing sellers), existing land use, and technical
issues limit opportunities for setback levees in the program area. Setback levees may offer
opportunities for mitigation of riparian, bank swallow, and fish habitat loss at other bank protection
sites and restore riverine processes. Setback levees may also provide other flood control benefits,
such as addressing seepage issues, that other bank protection measures would not address.
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Vegetation Free

}i_‘

inundated during high water

it

Bank Protection Measure 1: Setbadk Levee

2.3.2 Bank Protection Measure 2—Bank Fill Stone Protection
with No On-Site Woody Vegetation

This measure, which entails filling the eroded portion of the bank and installing quarry stone along
the levee slope, is needed as determined by site-specific analysis. The rock/soil ratio of the fill would
vary by location and would be determined during site-specific design. Six inches of soil cover would
be placed on the revetment above summer mean water surface elevation to support on-site cover
vegetation. Vegetation would be limited to native grass, and existing vegetation would be removed
within the VFZ. If there is a natural bank distinct from the levee that requires erosion protection, it
would be treated with revetment. Measure 2 would be most applicable in areas where there is
inadequate space or substantial constraints (for example, critical infrastructure, homes, roadways,
pump facilities, real estate issues), either landside or waterside, or where hydraulic concerns would

make it difficult to implement the other measures;erwhere-existing-habitat values-are verylimited.

Vegetation Free

2
§ ‘ / 2:15LOPE

Bank Protection Measure 2: Bank il Stone Protection with No On:Site Woody Vegetation

2.3.3 Bank Protection Measure 3—Adjacent Levee

This measure involves the construction of a new levee embankment adjacent to and landward of the
existing levee. The adjacent levee would be constructed to Corps design standards, which require
adjacent levees to be constructed with 3:1 slopes (distance width to distance height, or dW:dH) on
both the waterside and landside. The landward portion of the existing levee would be an integral,
structural part of the new levee. The waterward portion of the existing levee would remain.
Vegetation and instream woody material (IWM) could be placed on the old levee if that portion is
outside of the VFZ. However, a variance under the Vegetation ETL may be required if the existing
levee is considered to be a waterside planting berm based on its dimensions and proximity to the
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new levee. The existing levee may also be degraded to riparian and/or wetland benches that comply
with the Corps’ vegetation management policy. Vegetation on the landward side of the existing levee
and within the footprint of the new adjacent levee would be removed as a part of construction.

Measure 3 would be appropriate at many sites where waterside berms are narrow or non-existent
but landside uses limit the use of a setback levee.

Vegetation Free

20

15 3:1SLOPE 3:1SLOPE

15

.

WINTER/SPRING
SUMMER/FALL EXISTING LEVEE ADJACENT LEVEE
(BREACHED)

Bank Protection Measure 3: Adjacent Levee

2.3.4 Bank Protection Measure 4-Riparian and Wetland
Benches with Revegetation

Measure 4 consists of three design variations presented as Measures 4a, 4b, and 4c. In general,
Measure 4 involves the placement of clean quarry stone from the toe of the bank up to the
summer/fall waterline and placing quarry stone and soil-filled quarry stone on the levee slope
above the summer/fall waterline. The rock/soil ratio will vary by location and will be determined
during site-specific design. The repairs would involve initial site preparation and construction of
levee embankment. Measures 4a, 4b, and 4c would comply with the Vegetation ETL, requiring all
woody vegetation within the VFZ to be removed.

Measures 43, 4b, and 4c vary from one another with regard to the placement and extent of
environmental features that are intended to increase habitat quality (bank construction, vegetation,
and IWM). These variations are driven by a number of factors, most importantly the types of existing
resources and the types of species likely to use those resources. For example, if the existing site is
downstream of Sacramento River Mile 30 and likely to be used by delta smelt, the new design would
not include IWM below the summer/ fall waterline, because IWM is not considered optimal habitat
for delta smelt. New IWM would only be installed downstream of RM 30 to replace existing IWM
removed during repair of the bank (1:1 ratio). Upstream of RM 30, new IWM is usually incorporated
into the design, because delta smelt aren’t likely to be present.

In general, plantings consistent with the Vegetation ETL and outside of the VFZ at each site could
include box elder (Acer negundo), white alder (Alnus rhombifolia), Oregon ash (Fraxinus latifolia),
western sycamore (Platanus racemosa), Fremont cottonwood (Populus fremontii), Valley oak
(Quercus lobata), Goodding’s willow (Salix gooddingii), red willow (Salix laevigata), arroyo willow
(Salix lasiolepis), California wild rose (Rosa californica), and narrowleaf willow (Salix exigua).

These measures are appropriate where the channel is wide enough to accommodate the installation
of the stone and soil structure without substantially affecting the hydraulic capacity of the channel.
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234.1 Bank Protection Measure 4a — Riparian Bench with Revegetation

and Instream Woody Material above Summer/Fall Waterline

Measure 4a entails installing revetment along the waterside levee slope or bank as well as a
rock/soil bench to support riparian vegetation and provide a place to anchor IWM. This design
provides near-bank, shallow-water habitat and components of shaded riverine aquatic habitat for
fish and is typically applicable to sites upstream of Sacramento River Mile 30. Treatment of existing
vegetation, site preparation, and installation of revetment on the lower slope would be similar to the
description under Measure 2. Measure 4a includes a riparian bench. The bench would be treated
with soil-filled quarry stone.

In this design, the riparian bench is intended to be inundated at river stages corresponding to high
tide (where tidally influenced) or during average winter/spring flows. The riparian bench would be
revegetated in a manner similar to recent SRBPP projects with riparian bench designs. Species
planted would be in compliance with the Vegetation ETL. Planting plans would describe species to
be planted within a specific elevation zone and would detail the number, area and spacing of plants
to be installed, and whether the plants are from cuttings or containers.

The riparian bench would be constructed at a slope of 6:1 to 10:1 and the revetment portion above
and below the bench would typically be 3:1. The width of the bench would be approximately 10-30
feet, depending on site conditions. Anchored IWM would be embedded on top of the riparian bench
above the summer/fall waterline. The IWM would be available as accessible habitat along the banks
only during winter/spring flows when the bench is inundated. Individual pieces of IWM would be
placed to fit the project site’s hydraulic conditions and based on other applicable guidance. Exact
shoreline coverage amounts and complexity components will be determined during site-specific
design.

Vegetation Free

2:1SLOPE

Instream Woody Material (IWM) - 2
above Summer/Fall Waterline

WINTER/SPRING

SUMMER/FALL
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Bank Protection Measure 4a: Riparian Bench with Revegetation and INM'above Summer/Fall Waterline

2.3.4.2 Bank Protection Measure 4b—Riparian Bench with Revegetation and

Instream Woody Material above and below Summer/Fall Waterline

This measure entails installing revetment along the waterside levee slope or bank as well as a
rock/soil bench (as described for Measure 4a) to support riparian vegetation and provide a place to
anchor IWM. In addition to the placement of IWM above the summer/fall waterline as described for
Measure 4a, IWM also would be placed beyond the bench and below the summer/fall waterline,
thereby increasing the types and extent of shallow-water fish habitat, providing year-round
instream habitat for targeted fish species. This design is typically applicable to sites upstream of
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Sacramento River Mile 30. Treatment of existing vegetation, site preparation, and installation of
lower slope quarry stone would be similar to Measure 2. Installation of soil-filled quarry stone and
riparian bench would be similar to Measure 4a.

Vegetation Free
15 20
Instream Woody Material (IWM) | 2:1SLOPE
above and below

e

Summer/Fall Waterline

WINTER/SPRING

Bank Protection Measure 4b: Riparian Bench with Revegetation and IWM above and below Summer/Fall Waterline

2343 Bank Protection Measure 4c—Riparian and Wetland Benches with
Revegetation

Measure 4c entails installing revetment along the waterside levee slope or bank, as well as a
rock/soil bench to support riparian vegetation and provide a place to anchor IWM. Bench slopes
would be the same as those described for Measure 4a. The design also includes a wetland bench
below the summer/fall waterline to further increase habitat quality. This design is intended for sites
downstream of Sacramento River Mile 30 and targets mitigation of impacts on delta smelt habitat.
Because IWM might increase habitat suitability of ambush predators, new IWM would only be
installed to replace existing IWM removed during project construction (1:1 ratio).

The riparian and wetland benches are intended to flood at river stages corresponding to
winter/spring (high) flows and summer/fall (low) flows, respectively. Existing vegetation would be
removed within VFZ. Both benches would be revegetated in compliance with the Vegetation ETL and
in accordance with appropriate planting plans. The wetland bench would typically be planted with
hardstem bulrush (Scirpus acutus), California bulrush (S. californicus), or giant bur-reed
(Sparganium eurycarpum ssp. eurycarpum).

Vegetation Free
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2.3.5 Bank Protection Measure 5—Bank Fill Stone Protection
with On-Site Vegetation

Measure 5 entails filling the eroded portion of the bank and installing revetment along the waterside
levee slope and streambank from streambed to a height determined by site-specific analysis.
Rock/soil combination revetment would be placed above summer mean water surface elevation.
The revetment would be placed at a slope of 3:1. All IWM would be removed from the bank and
would not be replaced on the bank fill stone protection.

Existing vegetation would be removed within the VFZ; however, grass would be allowed in this area.
Approximately 25% of existing vegetation that is outside of the VFZ on the waterside slope is
estimated to be retained during construction. This assumption is made for analysis purposes and is
based on past construction experience. The actual amount of retained vegetation could vary
substantially from site to site during implementation. New vegetation would be limited to native
grasses within the VFZ, while woody vegetation could be replaced by planting outside of the VFZ, as
allowed by specific site conditions. The long-term goal of vegetation planting is to provide riparian
and shaded riverine aquatic (SRA) cover habitat as defined by the U.S. Fish and Wildlife Service.
Planting plans would describe species to be planted within a specific elevation zone and would
detail the number, area and spacing of plants to be installed, and whether the plants are from
cuttings or containers. Six inches of soil cover would be placed on the revetment to support on-site
vegetation. If there is a natural bank distinct from the levee that requires erosion protection, it
would be treated with revetment.

Similar to Measure 2, Measure 5 would be most applicable in areas where there is inadequate space
or substantial constraints that would limit the applicability of the other measures. However, some
amount of space to allow for the planting of vegetation is necessary.

Vegetation Free

20
2:1SLOPE

3:1SLOPE

WINTER/SPRING
SUMMER/FALL —

Bank Protection Measure 5: Bank Fill Stone Protection with On-Site Vegetation

2.3.6 Additional Measures

Additional measures may be considered and found to be appropriate during implementation of the
site-specific repairs. Design and analysis of any additional measures would be carried out during the
site-specific planning and design phase.
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Examples of additional measures include toe protection, flow modification (e.g., impermeable
groins) and alternative materials in place of riprap.

2.3.6.1 Toe Protection

Toe protection is authorized by SRBPP and could be considered for long-term erosion control. Toe
protection entails filling the low-lying eroded portion of the bank with rock to curtail further loss of
the toe and subsequent losses of the upper bank typically resulting from toe erosion. Because toe
protection doesn’t replace existing losses of material on the upper bank, which is often the condition
at critical sites, it is not considered a complete solution for critical sites. Consequently, toe
protection has not been implemented recently because many erosion sites are considered to be at or
near critical. A site is considered “critical” when erosion encroaches into the cross-section of the
levee foundation.

2.3.6.2 Flow Modification

Groins, or spurs, redirect or reduce erosive forces along the channel bank by diverting the stronger
currents and deflecting water away from the bank. By deflecting the current away from the bank
and causing sediment deposits, a spur or a series of spurs may protect the streambank more
effectively and at a lower cost than revetment. Long spurs or groins may also be called spur dikes,
and very long spurs can be referred to as dikes and jetties. Spurs are also used to channelize a wide,
poorly defined stream into a well-defined channel that neither aggrades nor degrades, thus
maintaining its location from year to year. Spurs on streams with suspended sediment induce
sedimentation to establish and maintain the new alignment. Dikes fall in the category of an erosion
control or flow diversion structure extending roughly perpendicular from a streambank that either
diverts flow from the bank or reduces flow velocity adjacent to the bank. Flow diversion also can be
accomplished through biotechnical methods in some locations. For example, log brush barriers are
densely packed layers of branches and logs that divert stream flow from an eroding bank.

A bendway weir is an upstream-angled underwater sill. Water flowing over the weir is redirected at
an angle perpendicular to the weir. When weirs are angled upstream, water is directed away from
the outer bank and toward the inner part of the bend, breaking up the river’s strong secondary
currents. Weirs are typically built in sets (4 to 14 weirs per bend) and are designed to redirect
current directions and velocities through the bend and well into the downstream crossing.

2.3.6.3 Alternative Materials and Construction Methods

Reinforced Soil Slopes and Mechanically Stabilized Earth Walls

Mechanically stabilized earth walls (MSEWs) are internally reinforced soil structures with faces
angled 70 degrees to 90 degrees from horizontal. MSEWs stabilize unstable slopes and retain the

soil on steep slopes and under crest loads. The wall face is often of precast segmental blocks, panels,
or geocells that can tolerate some differential movement. The walls are infilled with granular soil,
with or without reinforcement, while retaining the backfill soil. The reinforced soil mass, along with
the facing, forms the MSEW. Structures with slope angles less than 70 degrees are termed reinforced
soil slopes (RSSs). An RSS is a compacted fill embankment that incorporates the use of horizontally,

or both horizontally and vertically, placed geosynthetic reinforcement to enhance the stability of the
soil structure.
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1 MSEWs and RSSs use soil and rock with structural elements, such as geogrids, to provide for steeper
2 stable slopes than typically occur naturally. These structures provide long-term stability yet can be
3 porous enough to provide filtration and support vegetated growth. Vegetated MSEW and RSS
4 structures can become stronger as root systems penetrate and grow throughout the retained mass,
5 prov1d1ng a long -term Vegetated solutlon for erosion and 5011 retention issues. theLeﬂgmeeFed
6 . 5
7 estabhshed—as—weﬂ—as—m{eﬂ%e%ﬂg—tepm—Engmeered MSEWs and RSSs may remain to pr0v1de
8 stability while vegetation is getting established, or they may remain in place long term. The
9 advantage of these structures is a more natural appearance in areas with limited rights-of-way or
10 unacceptable encroachment within the channel compared with some other repair methods.
11 Artificial Floating Structures
12 Artificial floating structures are modeled after natural floating islands formed when floating
13 vegetation grows and accumulates gas, or nutrient rich peat soil becomes buoyant, rises to the
14 surface, and is colonized by plants. Artificial floating structures are made of a recycled nontoxic
15 plastic mesh injected with marine foam for initial buoyancy. Artificial floating structures can be used
16 to enhance fish habitat by simulating submerged, vegetated undercut banks and providing overhead
17 shaded cover. The resulting underwater root structure may provide important habitat, including
18 forage, refuge from predators, spawning substrate, and brood cover for many fish species. However,
19 the potential for increased predation associated with artificial floating structures is not well
20 understood. Artificial floating structures might be useful in absorbing wave and wake energy,
21 modifying flows and hydraulic processes, complementing shoreline restoration, and providing
22 shallow water habitat. Artificial floating structures might be useful and practical in the Delta along
23 river banks where the current is not strong.

24 2.4 Alternatives Development

25 NEPA and CEQA generally require that an EIS and EIR consider all reasonable alternatives that
26 would attain the project purpose, need, and objectives while avoiding or substantially lessening
27 project effects. A range of reasonable alternatives is analyzed to define the issues and provide a clear
28 basis for choice among the options (40 Code of Federal Regulations (CFR) Section 1502.14). The
29 NEPA and CEQA analysis also must analyze a no action, or no project, alternative.
30 The Council on Environmental Quality regulations for implementing NEPA require all reasonable
31 alternatives to be objectively evaluated in an EIS (40 CFR Section 1502.14(a)). Alternatives that
32 cannot reasonably meet the project purpose and objectives can be eliminated from further review
33 (CEQ Guidelines 1502.13); however, the environmental document must explain the reason(s) for
34 dismissal (CEQ Guidelines 1502.14(a)). An EIS must also study, develop, and briefly describe
35 appropriate alternatives to the proposed action where there exist unresolved resource conflicts (42
36 United States Code [USC] Section 4332[2][E]). NEPA does not require alternatives to offer some
37 environmental benefit over the proposed action, neither does it discourage consideration of
38 alternatives with lesser effects. NEPA requires that reasonable alternatives be evaluated in the same
39 level of detail (40 CFR Section 1502.14[b]).
40 Similarly, CEQA requires that the lead agency consider alternatives that would avoid or reduce one
41 or more of the significant impacts identified for the project in an EIR. The State CEQA Guidelines
42 state that the range of alternatives required to be evaluated in an EIR is governed by the “rule of
Sacramento River Bank Protection Project Volume | March 2020
Phase Il Supplemental Authorization
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reason;” the EIR needs to describe and evaluate only those alternatives necessary to permit a
reasoned choice and to foster informed decision making and informed public participation (Section
15126.6[f]). Consideration of alternatives focuses on those that can either eliminate significant
adverse environmental impacts or reduce them to less-than-significant levels; alternatives
considered in this context may include those that are more costly and those that could impede to
some degree the attainment of all the project objectives (Section 15126.6[b]). CEQA does not require
the alternatives to be evaluated in the same level of detail as the proposed project.

Consistent with NEPA standards, alternatives at the program level are analyzed at an equal level of
detail. As required under NEPA and CEQA, a no action (no project) alternative has been included in
this document to allow the Lead Agencies to compare the effects of the proposed alternatives with

the effects of taking no action.

The alternatives were developed using those bank protection measures considered to reasonably
meet the project’s purpose, need, and objectives. Alternatives development also took into
consideration an alternative’s ability to eliminate significant adverse environmental impacts or
reduce them to less-than-significant levels, as well as minimize any contribution to cumulative
effects.

In addition to the no action alternative, five action alternatives, as well as a sub-alternative of each
action alternative, are analyzed. The five action alternatives apply a site-specific bank protection
measure (design solution) to each of the 106 representative sites. In general, selection of bank
protection measures at specific sites is based on consideration of the likely causes of erosion, local
conditions that could impact repair and construction, and site-specific considerations for vegetation,
wildlife, land ownership, and access. The site-specific bank protection measure applied to each site
may vary from one action alternative to another. For example, a setback levee may be applied to an
erosion site under one alternative, while a bench design may be applied to that same site under a
different alternative. These variations allow for meeting the objectives of each alternative (e.g.,
minimizing impacts).

For bank protection measures to be feasible, they must comply with the Vegetation ETL in
accordance with current implementation guidance{d-S-Army-Corps-of Engineers2009}. The key
aspect of the Vegetation ETL that is relevant to the development of feasible alternatives is its
requirement for a VFZ surrounding all levees and appurtenant structures. The VFZ must be free of
obstructions to ensure access by personnel and equipment for surveillance, inspection,
maintenance, monitoring, and flood-fighting. A secondary purpose is to provide a distance between
root systems and levees to moderate reliability risks associated with (1) piping and seepage, and (2)
structural damage (e.g., wind-driven tree overturning). However, the Vegetation ETL does provide
for the use of a variance which, when justified, allows for some vegetation to remain within the VFZ.
Alternative 6 includes variations of the previously described bank protection measures in that there
is sometimes vegetation within the VFZ. As a result, Alternative 6A and Sub-Alternative 6B would
rely on a Vegetation ETL variance.

All of the alternatives described below could be implemented in a variety of ways. Examples of
potential implementation strategy variables are listed below:

o Annual construction rate.

e Annual geographic distribution (e.g., sites distributed among more than one region, all sites
within one region/basin).
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e Use of off-site/out-of-kind mitigation that provides the greatest benefit to the listed species:that

contributesto-listed speciesrecovery.

Additionally, implementation may be influenced by a benefit-cost analysis. In accordance with Corps
policy, all water resources projects must have a federal interest and be justified by showing
beneficial outputs greater than costs. While the traditional approach has been to look at the erosion
sites in the aggregate (i.e., all 106 representative sites together), and that approach will likely
continue, economic flood damages within individual basins or reclamation districts, maintenance
areas, or levee districts would be a priority consideration in site selection.

A preliminary analysis indicates that flood damage reduction in certain less-developed regions in
the program area that are primarily agricultural with fewer damageable structures is not likely to
meet the benefit-cost criteria. During the implementation phase, it may be difficult to justify bank
protection for levees that protect these regions. As a result, bank protection may only be considered
economically justified in some portions of the program area. In other areas less developed, risk to
life safety can be managed through other means such as the Public Law 84-99 Rehabilitation and
Inspection Program, which allows the Corps to undertake activities including advance measures,
emergency operations, and rehabilitation of flood control works threatened or destroyed by floods.
Accordingly, this EIS/EIR considers a set of sub-alternatives within these “economically justified
basins.” A subset of the 106 representative sites is analyzed under each action alternative. The
subset, or sub-alternative, represents the erosion sites within seven basins that are most likely to
satisfy the more restrictive approach to the benefit-cost analysis (Figure 2-2).

Following is a general description of the six alternatives: the no action alternative, and five action
alternatives and their sub-alternatives (i.e., within economically justified basins). As described in
Chapter 3, Guide to Effects Analysis, the effects associated with the no action alternative and the
action alternatives are discussed by resource in Chapters 4 through 20. Effects associated with the
sub-alternatives are discussed in Chapter 21, Effects of Implementation in Economically Justified
Basins Only.
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2.4.1 Alternative 1-No Action

Under the No Action Alternative, regular operation and maintenance (0&M) of the levee system
would continue as presently executed by the local maintaining entities in accordance with the
existing governing 0&M manual, but the Corps would not implement bank protection along SRFCP
levees. The result is likely to be the continued gradual or sporadic loss of remnant floodplain (berm)
and the riparian vegetation it supports, and ultimately the erosion could encroach into the cross
section of the levee foundation, creating critical erosion sites. It is possible that federal or state flood
control agencies or local maintaining agencies eventually would implement bank protection at
various sites along SRFCP levees through emergency action. In any case, the risk of levee failure and
possibly catastrophic flooding would increase substantially as more erosion sites become critical
and repair is limited to emergency response. Continued erosion prior to the federal or state action
would result in short- and long-term losses of valuable habitat. Although some erosion is natural, the
channelization of project reaches increases erosive forces.

O© 00 ~NOoO Ok~ Wb =
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14 2.4.2 Alternative 2A—Low Maintenance

15 Alternative 2A applies Bank Protection Measure 2: Bank Fill Stone Protection with No On-Site

16 Woody Vegetation to al}-106_representative sites. This alternative utilizes the simplest engineering
17 design and would rely almost exclusively on off-site mitigation. Off-site mitigation could consist of a
18 variety of methods to increase the extent of particular habitat features in selected offsite locations,
19 including building setback levees, construction of wetland benches or less steeply sloping banks,

20 planting riparian trees, installation of instream wood, and removal of existing rock in locations that
21 are deemed acceptable.

22 2.4.3 Sub-Alternative 2B—Low Maintenance within Economically
23 Justified Basins

24 Sub-Alternative 2B applies Bank Protection Measure 2: Bank Fill Stone Protection with No On-Site
25 Woody Vegetation to 18-erosion sites within the seven economically justified basins_only. Of the 106
26 representative erosion sites, 18 are located within the currently identified economically justified

27 basins. For the purposes of this programmatic EIS/EIR, these 18 sites were analyzed under Sub-

28 Alternative 2B. The final PACR evaluates 15 representative sites in the current economically justified
29 basins (see Table 2-2 footnotes). For the purposes of the EIS/EIR, the 18 sites are still representative
30 for the programmatic analysis of environmental effects.

31 2.4.4 Alternative 3A—-Minimize-HabitattmpactsMaximize

32 Meander Zone

33 Alternative 3A applies Bank Protection Measure 1: Setback Levee or Bank Protection Measure 3:
34 Adjacent Levee to 181-efthe-106 representative sites. This alternative minimizes instream
35 construction and would rely heavily on on-site mitigation, potentially creating habitat values that
36 are in excess of what is needed at a given site. These extra habitat values could be used to offset
37 habitat deficits at other SRBPP sites in current or future construction cycles. The Setback Levee
38 measure is applied unless there are substantial constraints that limit the effectiveness or feasibility
39 of that measure, in which case the Adjacent Levee measure is applied. Examples of limited
40 effectiveness or feasibility include floodplain elevations or soil conditions that are not suitable for
Sacramento River Bank Protection Project March 2020
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habitat restoration, hydraulic constraints (e.g., would adversely affect flow splits), the presence of
substantial existing development, such as residential neighborhoods or utility infrastructure that
would not meet its intended purpose in an alternative location, or the presence of unwilling sellers.
The Adjacent Levee measure would be applied in these situations. While an adjacent levee would
not create floodplain habitat, it can conserve important waterside habitat such as shaded riverine
aquatic habitat and bank swallow nesting habitat.

2.4.5 Sub-Alternative 3B—Minimize-HabitattmpactsMaximize

Meander Zone within Economically Justified Basins

Sub-Alternative 3B applies Bank Protection Measure 1: Setback Levee or Bank Protection Measure
3: Adjacent Levee to 48-erosion sites within the seven economically justified basins_only. Of the 106

representative erosion sites, 18 are located within the currently identified economically justified
basins. For the purposes of this programmatic EIS/EIR, these 18 sites were analyzed under Sub-

Alternative 3B. The final PACR evaluates 15 representative sites in the current economically justified

basins (see Table 2-2 footnotes). For the purposes of the EIS/EIR, the 18 sites are still representative
for the programmatic analysis of environmental effects.

2.4.6 Alternative 4A—-Habitat Replacement

Alternative 4A applies a combination of site-specific bank protection measures (Bank Protection
Measures 1-5), and utilizes the bank protection measures recommended in the Final Alternatives
Report to the extent that they comply with the Vegetation ETL (Kleinfelder-Geomatrix 2009). Some
sites would not be compliant with the Vegetation ETL if the bank protection measures
recommended in the Final Alternatives Report were applied. These particular sites were
reevaluated and compliant bank protection measures were then applied. Factors taken into account
in application of bank protection measures to non-compliant sites included general planning and
engineering issues as well as habitat, hydraulic, and land use considerations. Off-site mitigation may
be acceptable on a site-specific basis provided that it compensates for the values being lost, and
mitigation is provided within the region of impact (i.e., 1a, 1b, 2, or 3).

This alternative utilizes the approach taken over the last decade, which primarily focused on re-
creation of streambank habitats beneficial to target fish species through the use of constructed
benches with riparian vegetation. Alternative 4A makes adjustments to the bench designs to account
for implementation of the Vegetation ETL. The adjustments include: 1) changes to the areas being
planted in order to avoid the VFZ; 2) the use of adjacent levees to avoid or minimize impacts on
vegetation by shifting the area subject to the Vegetation ETL landward, thereby allowing more
riparian vegetation to remain along the channel; and, 3) the use of setback levees, which also avoid
vegetation impacts in addition to creating floodplain areas that may serve as on-site or off-site
mitigation for SRBPP impacts. All of these adjustments are intended to avoid, minimize, or mitigate
for impacts on various natural resources.

2.4.7 Sub-Alternative 4B—Habitat Replacement within
Economically Justified Basins

Sub-Alternative 4B applies a combination of site-specific bank protection measures to 18-erosion
sites within the seven economically justified basins_only. Of the 106 representative erosion sites, 18
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are located within the currently identified economically justified basins. For the purposes of this

programmatic EIS/EIR, these 18 sites were analyzed under Sub-Alternative 4B. The final PACR

evaluates 15 representative sites in the current economically justified basins (see Table 2-2
footnotes). For the purposes of the EIS/EIR, the 18 sites are still representative for the

programmatic analysis of environmental effects.

2.4.8 Alternative 5A—-Habitat Replacement Reaching
Environmental Neutrality

The goal of Alternative 5 is to reach “environmental neutrality” with regard to existing habitat, with
an emphasis on vegetation that is beneficial to target fish species, while at the same time protecting
the bank from erosion. In this case, “environmental neutrality” refers specifically to fish habitat as
evaluated using the Standard Assessment Methodology (SAM) (as described in Chapter 11, Fisheries
and Aquatics) and riparian habitat. The proposed program will be considered to meet
environmental neutrality if the SAM values for the alternative are zero or greater (positive) and the
amount of vegetation removed can be adequately replaced on-site or within other program sites
within the same region (i.e., Regions 13, 1b, 2, or 3).

Alternative 5A is similar to Alternative 4 in that it relies on the Final Alternatives Report’s
recommended bank protection measures and modifies those that were not Vegetation ETL
compliant. Alternative 5 differs in that it minimizes the use of off-site mitigation through the
application of fewer site-specific bank protection measures that result in adverse habitat effects.
Alternative 5 builds on the analysis of Alternative 4 and replaces certain site-specific bank
protection measures that result in substantial environmental deficits, as calculated by the Corps’
Standard Assessment Methodology (SAM), or substantial losses of riparian vegetation.
Environmental neutrality is defined as at least full replacement of estimated SAM and riparian
vegetation losses. While mitigation outside of SRBPP sites is not anticipated under this alternative, it
is considered acceptable if ultimately needed and would be provided within the region of impact
(i-e., Region 143, 1b, 2, or 3).

2.4.9 Sub-Alternative 5B—Habitat Replacement Reaching
Environmental Neutrality within Economically Justified
Basins

Sub-Alternative 5B applies a combination of site-specific bank protection measures to 18-erosion
sites within the seven economically justified basins_only. Of the 106 representative erosion sites, 18
are located within the currently identified economically justified basins. For the purposes of this
programmatic EIS/EIR, these 18 sites were analyzed under Sub-Alternative 5B. The final PACR
evaluates 15 representative sites in the current economically justified basins (see Table 2-2
footnotes). For the purposes of the EIS/EIR, the 18 sites are still representative for the
programmatic analysis of environmental effects.

2.4.10 Alternative 6A—Habitat Replacement with Vegetation ETL
Variance

Alternative 6A applies the bank protection measures from the Final Alternatives Report without
modification (Bank Protection Measures 1, 4a, 4b, 4c, and 5). While setback levees are included in
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U.S. Army Corps of Engineers Project Description

the Final Alternatives Report, they were applied to very few sites as a result of the design selection
process utilized in that effort, which required identification of a willing seller prior to a site being
considered for a setback levee. As a result, very few setback levees are included in this alternative. A
number of the bank protection measures utilized include protection of existing vegetation and
placement of on-site mitigation vegetation within the VFZ and would require a Vegetation ETL
variance. The area where vegetation would be preserved under a variance is typically that which is
on the lower two-thirds of the waterside levee slope and the area within 15 feet of the waterside
levee toe. The portion of vegetation within this area that does not need to be removed for
construction purposes would be retained. Additionally, this area could be planted as a part of project
construction if there are portions without vegetation. Off-site mitigation is acceptable and would be
provided within the region of impact (i.e., Region 1a, 1b, 2, or 3).

2.4.11 Sub-Alternative 6B — Habitat Replacement with

Vegetation ETL Variance within Economically Justified
Basins

Sub-Alternative 6B applies the bank protection measures from the Final Alternatives Report without
modification to_erosion18 sites within the seven economically justified basins_only. A number of
these bank protection measures include protection of existing vegetation and placement of on-site
mitigation vegetation within the VFZ and would require a Vegetation ETL variance. Off-site
mitigation is acceptable and would be provided within the region of impact (i.e., Region 1a, 1b, 2, or

3).Of the 106 representative erosion sites, 18 are located within the currently identified
economically justified basins. For the purposes of this programmatic EIS/EIR, these 18 sites were

analyzed under Sub-Alternative 6B. The final PACR evaluates 15 representative sites in the current
economically justified basins (see Table 2-2 footnotes). For the purposes of the EIS/EIR, the 18 sites

are still representative for the programmatic analysis of environmental effects.

2.5 Site-Specific Bank Protection Measures by

Alternative

Table 2-2 identifies the specific bank protection measures assigned to each of the 106
representative sites for each alternative, and includes a notation for the subset of erosion sites that
are within the economically justified basins. Figures 2-3 through 2-7 show the distribution of the
specific bank protection measures for each of the action alternatives.

Sacramento River Bank Protection Project March 2020
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Table 2-2. Site-Specific Application of Bank Protection Measures by Alternative

Project Description

Bank Protection Measures by Alternative

Site Length Alt

Region  Site Identification (feet) 2A Alt 2B Alt3A Alt3B Alt4A Alt4B Alt5A Alt5B Alt6A Alt6B
la+? Cache Creek LM 39 L 433 2 2 1 1 1 1 1 1 1 1
la Cache Slough RM 159 L 182 2 3 2 1 4c

la Cache Slough RM 228 R 630 2 1 4c 4c 4c

la Cache Slough RM 23.6 R 1,209 2 3 2 1 4c

la Deep Water Ship Channel LM 50 L N/A N/A N/A N/A N/A N/A

la Deep Water Ship Channel LM 501 L N/A N/A N/A N/A N/A N/A

la Georgiana Slough RM 03 L 1,027 2 1 1* 1 4c

la Georgiana Slough RM 1.7 L 1,250 2 1 1* 1 4c

la Georgiana Slough RM 25 L 736 2 1 1* 1 4c

la Georgiana Slough RM 36 L 1,364 2 1 1* 1 4c

la Georgiana Slough RM 3.7a L 209 2 1 1* 1 4c

la Georgiana Slough RM 3.7b L 268 2 1 1* 1 4c

la Georgiana Slough RM 40 L 705 2 1 1* 1 4c

la Georgiana Slough RM 43 L 1,319 2 3 3* 3 4c

la Georgiana Slough RM 45 L 90 2 3 3* 3 4c

Bank Protection Measure Legend

N/A: No Action

1: Setback Levee

2: Bank Fill Stone Protection with No On-Site Woody Vegetation

3: Adjacent Levee

4a: Riparian Bank with Revegetation and Instream Woody Material above Summer/Fall Waterline

4b: Riparian Bench with Revegetation and Instream Woody Material above and below Summer/Fall Waterline
4c: Riparian and Wetland Benches with Revegetation

5: Bank Fill Stone Protection with On-Site Vegetation

Sacramento River Bank Protection Project
Phase Il Supplemental Authorization
Final EIS/EIR
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Table 2-2. Continued

Bank Protection Measures by Alternative

Site Length Alt

Region  Site Identification (feet) 2A Alt2B Alt3A Alt3B Alt4A Alt4B Alt5A Alt5B Alt6A Alt6B
la Georgiana Slough RM 4.6 L 1,346 2 3 3* 3 4c

la Georgiana Slough RM 53 L 3,171 2 3 3* 3 4c

la Georgiana Slough RM 6.1 L 1,729 2 3 3 3 4c

la Georgiana Slough RM 6.4 L 398 2 1 1* 1 4c

la Georgiana Slough RM 6.6 L 744 2 1 1* 1 4c

la Georgiana Slough RM 6.8 L 1,335 2 1 3 3 4c

la Georgiana Slough RM 83 L 483 2 3 3 3 4c

la Georgiana Slough RM 93 L 1,228 2 3 4c 4c 4c

la+” Knights Landing Ridge Cut LM 0.2 R 768 2 2 3 3 2 2 2 2 5 5
la Knights Landing Ridge Cut LM 3.0 L 1,279 2 2 2 2 5

la Knights Landing Ridge Cut LM 31 L 368 2 2 2 2 5

la Knights Landing Ridge Cut LM 43 L 577 2 2 2 2 5

la Knights Landing Ridge Cut LM 53 L 8,564 2 2 2 2 5

la Steamboat Slough RM 188 R 485 2 3 3 3 4c

la Steamboat Slough RM 23.2 L N/A N/A N/A N/A N/A N/A

la+ Steamboat Slough RM 239 R 369 2 2 3 3 3 3 3 3 4c 4c

Bank Protection Measure Legend

N/A: No Action

1: Setback Levee

2: Bank Fill Stone Protection with No On-Site Woody Vegetation

3: Adjacent Levee

4a: Riparian Bank with Revegetation and Instream Woody Material above Summer/Fall Waterline

4b: Riparian Bench with Revegetation and Instream Woody Material above and below Summer/Fall Waterline
4c: Riparian and Wetland Benches with Revegetation

5: Bank Fill Stone Protection with On-Site Vegetation

Sacramento River Bank Protection Project March 2020
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Table 2-2. Continued

Bank Protection Measures by Alternative

Site Length Alt

Region  Site Identification (feet) 2A Alt2B Alt3A Alt3B Alt4A Alt4B Alt5A Alt5B Alt6A Alt6B
la+ Steamboat Slough RM 24.7 R 911 2 2 3 3 3 3 3 3 4c 4c
la Steamboat Slough RM 250 L 272 2 3 3 3 4c

la+ Steamboat Slough RM 258 R 244 2 2 3 3 3 3 3 3 4c 4c
la Steamboat Slough RM 26.0 L 516 2 3 3 3 4c

la Sutter Slough RM 24.7 R 1,736 2 1 1 1 4c

la+ Sutter Slough RM 26.5 L 568 2 2 3 3 4c 4c 4c 4c 4c 4c
la Willow Slough LM 0.2 L N/A N/A N/A N/A N/A N/A

la Willow Slough LM 0.7 L N/A N/A N/A N/A N/A N/A

la Willow Slough LM 69 R 869

la Yolo Bypass LM 0.1 R 430

la Yolo Bypass LM 20 R 563

la Yolo Bypass LM 25 R 148

la Yolo Bypass LM 2.6 R N/A N/A N/A N/A N/A N/A

la Yolo Bypass LM 38 R 1,860 2 3 2 2 5

1b Lower American River RM 73 R N/A N/A N/A N/A N/A N/A

1b Sacramento River RM 215 L 162 2 3 4c 4c 4c

Bank Protection Measure Legend

N/A: No Action

1: Setback Levee

2: Bank Fill Stone Protection with No On-Site Woody Vegetation

3: Adjacent Levee

4a: Riparian Bank with Revegetation and Instream Woody Material above Summer/Fall Waterline

4b: Riparian Bench with Revegetation and Instream Woody Material above and below Summer/Fall Waterline
4c: Riparian and Wetland Benches with Revegetation

5: Bank Fill Stone Protection with On-Site Vegetation

Sacramento River Bank Protection Project March 2020
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Table 2-2. Continued

Bank Protection Measures by Alternative

Site Length Alt

Region  Site Identification (feet) 2A Alt 2B Alt3A Alt3B Alt4A Alt4B Alt5A Alt5B Alt6A Alt6B
1b Sacramento River RM 225 L 852 2 3 4c 4c 4c

1b Sacramento River RM 22.7 L 309 2 3 4c

1b Sacramento River RM 23.2 L 589 2 3 4c

1b Sacramento River RM 233 L 257 2 3 4c 4c 4c

1b Sacramento River RM 248 L 782 2 3 2 3 4c

1b Sacramento River RM 25.2 L 338 2 3 4c 4c 4c

1b Sacramento River RM 31.6 R 446 2 3 5 5 5

1b** Sacramento River RM 353 R 197 2 3 4a 4a 4a

1b** Sacramento River RM 354 R 96 2 3 4a 4a 4a

1b Sacramento River RM 385 R 359 2 1 5 5 5

1b+2 Sacramento River RM 56.5 R 373 2 2 3 3 4b 4b 4b 4b 4b 4b
1b+2 Sacramento River RM 56.6 L 86 2 2 3 3 4a 4a 4a 4a 4a 4a
1b+2 Sacramento River RM 56.7 R 665 2 2 3 3 4b 4b 4b 4b 4b 4b
1b+***  Sacramento River RM 58.4 L 707 2 2 3 3 5 5 5 5
1b+ Sacramento River RM 60.1 L 455 2 2 3 3 4a 4a 3 3 4a 4a
1b+2 Sacramento River RM 629 R 175 2 2 3 3 4b 4b 4b 4b 4b 4b

Bank Protection Measure Legend

N/A: No Action

1: Setback Levee

2: Bank Fill Stone Protection with No On-Site Woody Vegetation

3: Adjacent Levee

4a: Riparian Bank with Revegetation and Instream Woody Material above Summer/Fall Waterline

4b: Riparian Bench with Revegetation and Instream Woody Material above and below Summer/Fall Waterline
4c: Riparian and Wetland Benches with Revegetation

5: Bank Fill Stone Protection with On-Site Vegetation

Sacramento River Bank Protection Project March 2020
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Table 2-2. Continued

Bank Protection Measures by Alternative

Site Length Alt

Region  Site Identification (feet) 2A Alt 2B Alt3A Alt3B Alt4A Alt4B Alt5A Alt5B Alt6A Alt6B
1b+2 Sacramento River RM 63.0 R 87 2 2 3 3 4b 4b 4b 4b 4b 4b
1b Sacramento River RM 74.4 R 200 2 3 4b 4b 4b
1b Sacramento River RM 75.3 R 2,761 2 3
1b Sacramento River RM 77.7 R 224 2 3
1b+2 Sacramento River RM 783 L 657 2 2 3 3 5 4b 4b 5
2N Bear River RM 0.8 L 233 2 3 5
2 Cherokee Canal LM 140 L N/A N/A N/A N/A N/A N/A
2 Cherokee Canal LM 219 L 1,800 2 5 5 5 5
2N Feather River RM 0.6 L 288 2 3 4a 4a 4a
20 Feather River RM 5.0 L**** 910 2 3 4a 4a 4a
2 Sacramento River RM 86.3 L 3,134 2 3 5 5 5
2% Sacramento River RM 86.5 R 72 2 3 4b 4b 4b
2 Sacramento River RM 869 R 289 2 3 4b 4b 4b
2 Sacramento River RM 928 L 200 2 3 5 5 5
2 Sacramento River RM 95.8 L 190 2 3 5 5 5
2 Sacramento River RM 96.2 L 560 2 3 4b
Bank Protection Measure Legend
N/A: No Action
1: Setback Levee
2: Bank Fill Stone Protection with No On-Site Woody Vegetation
3: Adjacent Levee
4a: Riparian Bank with Revegetation and Instream Woody Material above Summer/Fall Waterline
4b: Riparian Bench with Revegetation and Instream Woody Material above and below Summer/Fall Waterline
4c: Riparian and Wetland Benches with Revegetation
5: Bank Fill Stone Protection with On-Site Vegetation
Sacramento River Bank Protection Project Volume | March 2020
Phase Il Supplemental Authorization
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Table 2-2. Continued

Bank Protection Measures by Alternative

Site Length Alt

Region  Site Identification (feet) 2A Alt 2B Alt3A Alt3B Alt4A Alt4B Alt5A Alt5B Alt6A Alt6B
2 Sacramento River RM 99.0 L 160 2 3 5 5 5

2 Sacramento River RM 1013 R 352 2 1 4b 4b 4b
2 Sacramento River RM 1034 L N/A 2 N/A N/A N/A N/A
2 Sacramento River RM 104.0 L 3,459 2 3 5 4b 5

2 Sacramento River RM 104.5 L 301 2 3 4a 4a 4a

2 Sacramento River RM 116.0 L 612 2 1 4a 4a 4a

2 Sacramento River RM 116.5 L 2,465 2 3 4a 1 4a

2 Sacramento River RM 122.0 R 248 2 3 4b 4b 4b
2 Sacramento River RM 1223 R 341 2 1 4b 4b 4b
2 Sacramento River RM 1233 L 208 2 3 4b 4b 4b
2 Sacramento River RM 123.7 R 120 2 3 4a 4a 4a

2 Sacramento River RM 1279 R 801 2 1 5 4a 5

2 Sacramento River RM 1318 L 339 2 1 4a 1 4a

2 Sacramento River RM 1329 R 363 2 1 4a 4a 4a

2 Sacramento River RM 133.0 L 1,291 2 3 4a 4a 4a

2 Sacramento River RM 1338 L 197 2 3 4a 4a 4a

Bank Protection Measure Legend

N/A: No Action

1: Setback Levee

2: Bank Fill Stone Protection with No On-Site Woody Vegetation

3: Adjacent Levee

4a: Riparian Bank with Revegetation and Instream Woody Material above Summer/Fall Waterline

4b: Riparian Bench with Revegetation and Instream Woody Material above and below Summer/Fall Waterline
4c: Riparian and Wetland Benches with Revegetation

5: Bank Fill Stone Protection with On-Site Vegetation

Sacramento River Bank Protection Project March 2020
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Table 2-2. Continued

Bank Protection Measures by Alternative

Site Length Alt

Region  Site Identification (feet) 2A Alt 2B Alt3A Alt3B Alt4A Alt4B Alt5A Alt5B Alt6A Alt6B
2 Sacramento River RM 136.6 L 615 2 3 4a 4a 4a

2 Sacramento River RM 138.1 L 1,365 2 1 4a 1 4a

2 Yuba River LM 23 L 1,356 2 1

3 Deer Creek LM 24 L 496 2 3 5 3 5

3 Elder Creek LM 144 L 334 2 3 4a 4a 4a

3 Elder Creek LM 3.0 R 65 2 3 4a 4a 4a

3 Elder Creek LM 41 L N/A N/A N/A N/A N/A N/A

3+ Sacramento River RM 152.8 L 198 2 2 3 3 4b 4b 4b 4b 4b 4b
3+A Sacramento River RM 163.0 L 1,213 2 2 3 3 4b 4b 1 1 4b 4b
3+7 Sacramento River RM 1683 L 546 2 2 1 1 4b 4b 1 1 4b 4b
3+A Sacramento River RM 1720 L 525 2 2 1 1 4b 4b 1 1 4b 4b

Bank Protection Measure Legend

N/A: No Action

1: Setback Levee

2: Bank Fill Stone Protection with No On-Site Woody Vegetation

3: Adjacent Levee

4a: Riparian Bank with Revegetation and Instream Woody Material above Summer/Fall Waterline

4b: Riparian Bench with Revegetation and Instream Woody Material above and below Summer/Fall Waterline
4c: Riparian and Wetland Benches with Revegetation

5: Bank Fill Stone Protection with On-Site Vegetation

Sacramento River Bank Protection Project March 2020
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Table 2-2. Continued

Bank Protection Measures by Alternative

Site Length Alt
Region  Site Identification (feet) 2A Alt2B Alt3A Alt3B Alt4A Alt4B Alt5A Alt5B Alt6A Alt6B

+ Site iswas located within an economically justified basin_at time of analysis.

A Site is located within an economically justified basin at time of Final EIS/EIR publication.

* Design (setback or adjacent levee) combined with adjacent sites.

** Sacramento River 35.3R, 35.4R, and 86.5R have been repaired.

*** Though Sacramento River 58.4L is not a currently inventoried erosion site, nor has it ever been, it constitutes a representative site for the purposes
of the programmatic SAM and EIS/EIR analyses. As previously described, additional project-level environmental documentation, tiering from this
programmatic analysis, will be prepared to address those sites that will be constructed.

**** Feather River 5.0L was mistakenly called Feather River 4.9L in previous documents.

LM = levee mile; RM = river mile; L = left bank; R = right bank.

Bank Protection Measure Legend

N/A: No Action

1: Setback Levee

2: Bank Fill Stone Protection with No On-Site Woody Vegetation

3: Adjacent Levee

4a: Riparian Bank with Revegetation and Instream Woody Material above Summer/Fall Waterline

4b: Riparian Bench with Revegetation and Instream Woody Material above and below Summer/Fall Waterline
4c: Riparian and Wetland Benches with Revegetation

5: Bank Fill Stone Protection with On-Site Vegetation

Sacramento River Bank Protection Project March 2020
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U.S. Army Corps of Engineers Project Description

2.6 Site Selection and Implementation Process

It is important to note that the alternatives described in Section 2.4 are programmatic in nature and
have been developed for analysis purposes. A design selection process for individual sites will be
carried out prior to implementation, including additional project-specific environmental review as
may be appropriate and tiering from this programmatic analysis. The Site Selection and
Implementation Process described below will be followed prior to selecting final bank protection
measures for specific erosion sites. The organizational level at which approvals are made could
change in the future, but that is not expected to substantively change the site selection process or
result in different impacts.

2.6.1 Step 1—Annual Reconnaissance/Erosion Inventory

The Site Selection and Implementation Process begins with an erosion inventory. The erosion
inventory consists of a visual reconnaissance of the levees and banks of the SRFCP by the
Engineering Division of the Corps. The primary inspection method is by boat, which provides the
best view of the levees and banks. However, the entire system is not navigable, so some portions are
inspected by car.

There are two parts to the erosion inventory, and these are typically referred to as the “annual
erosion inventory” and the “extended erosion inventory.” The annual erosion inventory includes the
portions of the system that are inspected every year—the reaches that convey flow through the
system on an annual basis. The extended inventory is undertaken only after high flow events or
every 5 years. The extended erosion inventory includes portions of the system that either convey

seasonal flow or do not typically convey flow on an annual basis, such as the bypasses.

During the reconnaissance trip, the team reviews the existing erosion sites, identifies new sites, and
checks the previously repaired sites. Existing sites are checked for changes from the previous year,

and checked for additional erosion or slumping, exposed tree roots, increased site length, changes in

vegetation, changes in bank width or slope, and to determine if the site is starting to heal (i.e. new

deposition, or erosion has shifted to the opposite bank).

For new sites, in addition to the erosion details, basic information is collected, such as: location,
berm width, bank slope, site length, soil material, erosion mechanism, revetment details, visible
encroachments, and general notes. The site length is calculated with GPS points, but the berm width

and bank slope are visually estimated using engineering judgment. Photo documentation is taken at
each of the erosion sites.

Repaired sites are checked to make sure the repairs are still in good condition, no new erosion has
formed at the upstream or downstream transitions, and for anything else of concern or significance.

Sites repaired within the previous year are removed from the erosion inventory and moved to a

revetment database. Occasionally a site will be removed from the erosion inventory based on more
detailed information, changing site conditions (e.g. a site has changed from erosional to depositional

and no longer qualifies), or a repair under a different program.

Part of the erosion inventory reconnaissance includes observations for the Corps’ Levee Safety
Policy for vegetation on levees. During field surveys, vegetation on levees is observed and notes are
recorded for each site. These observations are considered during evaluations of the potential need

for a request for a variance from the Corps Levee Safety Policy for vegetation. The observations of
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levee vegetation supplement cross-sections obtained from the best available topographic data,

which provide the levee prism for each site. After looking at the levee prism and considering survey
observations, a preliminary decision is made on the need for a variance request. This preliminary
decision is either “unlikely,” “likely,” or “unknown” and will be refined later in the Site Selection and
Implementation Process.

2.6.2 Step 2 — Critical and Non-Critical Erosion Site Decision

During Step 2 of the Site Selection and Implementation Process, critical erosion sites (if any) are

identified throughout the system. Step 2 allows for an expedited path for the critical sites and a non-
expedited path for non-critical sites. Critical sites are those where a breach may occur, based on

engineering judgment. The term “critical” refers only to the likelihood of a breach occurring and not
the consequences of a breach. Therefore, it is not a term that describes risk, which is composed of

both the likelihood of failure and the consequence of failure. Final selection of sites for repair
includes both the likelihood of failure and the consequence of the failure. It is therefore possible that
critical sites may not be selected for repair if the consequences of failure do not justify construction

in accordance with Corps policy. For example, if the site is deemed critical but is located in a basin
that is not economically justified, the site will not be selected for repair.

Sites deemed critical in Step 2 and found in Step 4 to be located in economically justified basins will

follow the same process as all other repair sites, but in an expedited manner. These sites will have
an additional step, Step 4B, and will skip Steps 7 and 8, because they will automatically be selected
for repair, and will already have been recorded in Step 4B. Critical sites which are not located in
economically justified basins will be elevated to Corps management, the CVFPB, and local
maintaining agencies (LMAs) after Step 4B to determine alternative program or project authorities
that can conduct the repair.

Critical erosion sites can be selected for repair outside the regular periodic site selection process in
order to quickly repair these critical sites. Therefore, Step 4B, which records critical sites, is added
to Step 3 and Step 8 of the regular process for critical sites. However, non-critical sites will wait for
the next planned site selection cycle before being considered for site-selection and implementation.
See Steps 4 through 8 for additional details.

2.6.3 Step 3 — Engineering Ranking and Report

During the third step of the Site Selection and Implementation Process, an engineering site ranking
and report are developed based on the results of the information collected during the annual
erosion reconnaissance. An aerial atlas providing a visual representation of the erosion sites in the

system is also created. The Engineering Ranking and Report is prepared annually based on the
annual field reconnaissance.

The site prioritization, or ranking, is based on engineering factors that contribute to levee breach or
failure. These are site length, berm width, bank slope, soil type, velocity, erosion rate, and additional
factors such as trees with exposed roots, holes, slumping, vertical sections, or cracks. Scores are
assigned to each factor to compile a total score. The higher the score, the worse the site, and the
higher priority for repair. There are no tie breakers if two or more sites end up with the same score.
The score in the engineering ranking is essentially an estimate of the condition of a site relative to
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the other sites and is not a site selection score. Site justification in Step 4 and other opportunities
and constraints identified in Step 5 are critical for prioritizing and selecting sites for repair.

2.6.4 Step 4 — Justification Screening

This step includes an economic analysis and other work necessary to determine, using a risk-based
approach, if repairing a site is justified. While Step 3 looks only at the likelihood of a breach, this step
looks at the consequences as well. An Economic Reevaluation Report (ERR) will be prepared prior to
each draft Design Documentation Report (DDR) for the 80,000 LF. To minimize delays due to the

economic analysis, and to avoid expending funds on sites that may not be economically justified, the
first DDR will be limited to the seven previously identified economically justified basins. Basins that

were previously evaluated and found to not be economically justified will be addressed in the
second ERR, and basins that include critical erosion sites, but were not previously evaluated for the

Post Authorization Change Report, will be addressed in either the second ERR or a subsequent ERR.
Thereafter, the ERRs will be updated every five years on average. Critical erosion sites will go
through this step once a site is identified as critical. The risk--based justification screening for non-

critical sites will be based on the latest Engineering Ranking and Report from Step 3. Only repair
sites located in justified basins will be repaired.

2.6.4.1 Step 4B — Critical Site Memorandum for the Record

This step is implemented only in the expedited pathway meant for critical sites. All sites deemed

critical are recorded in the Critical Site Memorandum. Because critical sites go through an expedited
pathway, this Memorandum serves the purpose of documenting which sites are identified as critical.
To maintain consistency and organization in the Site Selection and Implementation Process, the
Memorandum is added to the Engineering Ranking Report (Step 3) and the Site Selection Report

Step 8). This step occurs prior to determining if the site is located in a justified basin. This ensures

all critical sites are recorded in the Memorandum, not only the ones located in economically justified
basins.

2.6.5 Step 5 — Identify Opportunities and Constraints

During this step of the process, the following potential issues and opportunities associated with each
site are identified.

e Life safety — community and population considerations.

® Real estate - right of way issues, easements, encroachments, etc.

e Environmental - affected habitat, mitigation requirements (on-site or off-site mitigation), listed

species (federal and state), re-establish habitat, etc.

o Constructability — what types of repairs are feasible or not possible, is there an opportunity to
do a setback levee, etc.

® Cultural resources - identify historic and pre-historic properties.
® Whether another program or agency is planning a repair.
® _Grouping of sites for more efficient repairs.
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® Otherissues and opportunities — other conditions observed that could impact or enhance the
repair.

e Corps guidance, policies, and budget.

Under this step, each Corps discipline in the project delivery team (PDT) identifies potential issues
and opportunities that may affect, delay, or otherwise influence the repair of the site. The PDT also

coordinates with and solicits input on opportunities and constraints from other local, state, and
federal agencies that have interest in or oversight responsibilities for each site.

2.6.6 Step 6 — Conceptual-Level Alternatives

Under Step 6, the PDT develops conceptual-level designs and costs. For each site, multiple design
alternatives are generated based on engineering judgment. Conceptual cross-sections and footprints
are generated based on the best available topography. If topography does not match the present day
bankline, estimated present day banklines may be added to the sketch. Preliminary and simplified
cost estimates are developed. These costs are approximate, based on engineering judgment.

Historically, sites have been repaired mostly with riprap. As the SRBPP has progressed, a need has

been identified to repair sites with design alternatives that minimize environmental impact while
providing bank protection. The PDT now looks at multiple design alternatives such as planting
benches and setback levees. If a site is selected for repair, further analysis and data collection occurs

during the preconstruction engineering and design phase to verify and refine conceptual
alternatives as necessary.

Setback levees will be considered at each economically justified site. The River Basin Monetary
Association Act of 1974 authorized the use of bank erosion control and setback levees and urged

special consideration be given to preserving areas of riparian vegetation “insofar as practicable
consistent with protecting critical levee areas.” If a setback levee is chosen as the design alternative,

it would be constructed behind the current levee, allowing the current levee to erode, and expanding
the floodplain to the extent of the setback levee. Feasibility will be determined on a site-by-site basis
. The following criteria are key factors in considering a setback levee alternative:

® The length of the eroded bank is extensive.

® There are multiple erosion sites in close proximity.

® Channel capacity is limited.

® A setbacklevee would produce positive hydraulic impact, for example, reduced flow velocity.

e A setback levee would create strategic habitat improvement.
® _Real estate is available through the local sponsor.

In addition to the above criteria, a setback levee alternative must be cost-effective in order to be
pursued. If a setback levee alternative were to degrade natural habitat or have negative hydraulic

impacts, it is unlikely the design alternative would be deemed feasible.

2.6.7 Step 7 — Site Selection

Sites are selected for repairs during Step 7. Selected sites are generally anticipated to be repaired
over a 3-year period, which makes up a construction cycle. This step starts with the engineering
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ranking developed in Step 3 for sites that pass the justification screening in Step 4. PDT then
investigates the issues identified in Step 5 to see if sites should be moved up or down in the ranking.
For example, a site may be moved up if there is a justification for why a repair cannot wait, or ifa
site is adjacent to a higher ranked site and the two sites could be repaired together. As another
example, a site could be moved down on the list if there is a justification that repair could cause
more negative impacts than positive impacts. This step has an iterative component in which

conceptual-level alternatives in Step 6 may be modified. Selections will be recorded the Site
Selection Report (Step 8).

In addition, if another program, project, or entity is planning to repair an identified erosion site in
the near future, the site will drop out of the site selection list. However, the site will remain in the
inventory until repaired.

The top identified sites are locked in for repair in the next construction cycle, and the remaining
sites will continue to be evaluated in future annual erosion inventories. If a site becomes critical

(critical only in terms of likelihood of breach and not considering consequences) before the next site
selection and implementation cycle, then it may be fast-tracked to Step 8. If this occurs in the years
between site selection cycles, an addendum to the latest Site Selection Report will be prepared for
these fast-tracked critical erosion sites. A critical site that is fast-tracked will be moved to
construction as quickly as possible. However, construction could be delayed due to site-specific
issues and the site may not be repaired for some time as a result. Sites identified as critical between
site lock-in documentations will be added to the latest Site Selection Report as an addendum. As
noted previously, critical sites are identified in the annual Engineering Ranking and Report, which
considers likelihood of breach only and not the consequences of the breach.

2.6.8 Step 8 — Site Selection Report

For Step 8, the top sites chosen in Step 7 and the fast-tracked critical sites are considered the locked-

in sites selected for repair in the construction cycles. The number of selected sites will vary
depending on a number of factors, such as construction limitations (e.g. funding, location, length
etc.). A report is written to document how and why the locked-in sites were selected for repair. This
report is primarily for Corps use and to keep a historical record of the process. The identified sites
are grouped into construction cycle-years, based on the required time needed to acquire real estate
and similar construction repair methods or site proximity in order to enhance the value per dollar
spent.

2.6.9 Step 9 — Data Collection and Analysis

For this step, the PDT collects data needed to develop the repair designs. The exact information and
the level of detail collected for each site varies from site to site. Some of the data collected includes

topographic surveys, geotechnical explorations, tree inventory, potentially impacted endangered
species and associated habitat, a Hazardous Toxic Radioactive Waste (HTRW) survey, cultural
information, and a utility survey.

Topographical surveys, including bathymetry of the underwater portion of the river, are needed for
each site. The topography covers the entire project area, captures the landside toe, extends to cover
the opposite bank, and extends far enough upstream and downstream of the site for hydraulic
modeling needs.
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During the survey and follow-up activities, the design team identifies existing visible encroachments
on the levee that may interfere with proposed repairs, such as gas/oil pipelines, telecommunication
lines, utilities, boat docks, stairs, intake and discharge facilities, and other improvements or

structures. The design team notes if removal or relocation is the appropriate option for

encroachments. Based on the data collected in the field, Corps and DWR Real Estate departments
will develop a timeline and process for an encroachment that needs to be removed or relocated?.

Geotechnical data may be acquired if needed.

Topographical surveys, tree surveys, and bathymetry data are used to evaluate if a site will require a

variance request. After sites have been selected, the PDT looks at the preliminary evaluation results
of unlikely, likely, or unknown made in Step 1 and compares them with the survey data. Then a
determination of “ves” or “no” is made to identify which of the selected sites likely requires a
variance request, based on the chosen design alternative.

A survey and database search of federally and state-listed species and associated habitats is also

performed. This includes a survey of threatened and endangered species, special-status species, and
sensitive habitat for fish, wildlife, and flora.

An HTRW survey determines if there are identified environmental hazards.

Cultural resources surveys and database searches are performed to identify cultural resources
located in each project footprint.

A real estate survey is conducted to identify potential impediments to securing the site for repair.
This review includes an in-depth inspection of both the waterside and landside of the levee. It is

conducted jointly by Corps and DWR Real Estate personnel, and the responsible Reclamation
District or LMA. Representatives from the Corps design team and CVFPB join in the field review.

2.6.10 Step 10 — Preliminary Design and Draft Environmental
Assessment/Initial Study

Step 10 begins the design process and the draft Environmental Assessment/Initial Study (EA/IS).

First, the design alternatives are selected and 30% designs (plans, specifications, DDR, real estate

addendum, and cost estimate) are completed. Following that, hydraulic modeling begins. District
Quality Control, Agency Technical Review (ATR), and Independent External Peer Review (IEPR) are

then conducted in accordance with an approved project Review Plan.

Each DDR will address and comply with the most current applicable USACE engineering guidance at
the time that it is prepared, including the most recent guidance regarding risk-informed decision-

making, climate change, and relative sea level rise. The most appropriate hydrology available will be
used in developing each DDR.

Once the 60% designs are complete, subject to Corps procedures, the construction footprints will be
handed off to Corps Real Estate to develop the take-letters for DWR Real Estate to begin the

certification process.

! This will include DWR Real Estate once the process to involve them earlier is established.
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During this step, the draft EA/IS will be developed and released for public review and comment for

compliance with NEPA and CEQA. In conjunction with the EA, the cultural resources section consults

with the State Historic Preservation Office and Native American tribes.

2.6.11 Step 11 — Draft Final Design, Final EA/IS, and Pre-

Construction Activities

Under this step, the 60% plans and specifications are reviewed, and the cost estimate is updated.
The results of the analyses of the survey(s) and database search of Federal and State listed species

and associated habitats will lead to the development of a site specific biological assessment to be

provided to resource agencies during formal consultation for Section 7 of the Endangered Species
Act, the Magnuson-Stevens Act, and the Clean Water Act. This will include a survey of threatened

and endangered species, special status species, and sensitive habitat for fish, wildlife, and flora, and
assessment of potential impacts to these species or habitats and potential mitigative measures. The
team will finish writing the draft DDR. After an internal review of the plans, the 90% plans and
specifications are developed, and the hydraulic modeling, cost estimate, and real estate
requirements are adjusted as needed. Following an internal review, the 90% plans and
specifications and DDR are sent for reviews. The final EA/IS is completed with a signed Finding of
No Significant Impact (FONSI) and Mitigated Negative Declaration (MND), unless an Environmental
Impact Statement or Report is required. The DDR and NEPA/CEQA document will be approved by
SPK or SPD. The real estate addendum will be reviewed and approved by SPD.

2.6.12 Step 12 — Review and Final Design

The official ATR and IEPR (Type II IEPR, Safety Assurance Review) are performed throughout the
development of the plans and specifications and the DDR. The ATR serves as the Biddability,
Constructability, Operability, Environmental, and Sustainability (BCOES) characteristics review of
the plans, specifications, and EA/IS. Revisions to the designs and contract documents are made
based on these reviews, resulting in the 100% DDR and plans and specifications for contract
advertisement.

2.6.13 Step 13 — Contracting Process

For this step, the Corps compiles the final plans and specifications, provides the signed BCOES, and
processes the funding element for construction. Real estate certification is completed with a
statement from DWR Real Estate and certification by Corps Real Estate. These items are provided to
Contracting, which then prepares the bid documents and solicits bids based on the chosen

contracting vehicle. The contract is awarded, and the chosen contractor is given a Notice to Proceed.

2.6.14 Step 14 — Construction

For Step 14, the contractor constructs the bank repair following the Notice to Proceed from Step 13.

2.6.15 Step 15 — Mitigation Monitoring

On-site mitigation requires monitoring to ensure the establishment criteria is met for vegetation
growth and survival. The monitoring period must be sufficient to demonstrate that the
compensatory mitigation has met performance standards, but not less than 5 years (see 33 CFR
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332.6(b)). Monitoring reports are required on a yearly basis. If the compensatory mitigation has met

its performance standards in less than 5 years, the monitoring period length can be reduced, as long

as there are at least two consecutive monitoring reports that demonstrate success.

2.6.16 Step 16 —Site Turnover

Once the construction and mitigation monitoring steps are complete, the Corps turns the site over to
CVFPB, which then turns the site over to the LMA. The Corps provides the as-built drawings, Project
Cooperation Agreement letter, and addendum to the supplemental Operations, Maintenance, Repair,
Replacement, and Rehabilitation Manual, and letter of transmittal.

2:62.7 Construction

2-6-12.7.1 Construction Activities

It is anticipated that construction would take place between April 1 and November 30, with in-water
construction activities to be conducted between August 1 and November 30 (July 1 to August 31 in
Reach 3). No water-based construction would be permitted during the winter months (December
through March). Setback or adjacent levee construction may still occur during the winter months if
feasible. The anticipated construction season may need to be modified to respond to high water
levels in the river, the presence of special-status species, potential associated habitat disturbance, or
other constraints.

Construction may take place from the landside or from the water. For water-based construction,
work would be conducted from cranes mounted on barges, with the crane (boom) systems
mechanically placing the rock along the shore and beneath the water line. Waterside construction
typically would result in less noise, less roadway traffic, and less disturbance of vegetation than
landside construction. For either landside or water-based construction, the contractor may choose
to use excavators, loaders, and other construction equipment once the revetment has reached the
summer/fall waterline.

Protective exclusion fencing would be installed to prevent construction crews from accessing
sensitive resources, such as riparian habitat or elderberry shrubs, except where required for project
implementation.

The Corps or CVFPB would be responsible for implementing the erosion repairs at individual sites.

2-6-22.7.2 Real Estate

The Corps will furnish to the state right-of-way maps indicting the areas required for construction,
operations and maintenance, and on-site mitigation (if required). Prior to advertising of any
construction contract, the state shall furnish all lands, easements, and rights-of-way, including
suitable borrow and dredged material disposal areas or other disposal area as may be determined
by the Corps to be necessary for construction and shall furnish to the Corps evidence supporting the
state’s legal authority to grant rights-of-entry to such lands. The process generally includes parcel
research, coordination with landowners, acquisition of appropriate permits to allow further
investigation, identifying and addressing existing encroachments, identification of rights to be
acquired, appraisal and acquisition of property rights, and final clearing of encroachments. The state
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receives cost share credit for the lands, easements, and rights-of-way acquired. The credit shall be
the fair market value of the interest at the time such interest is made available to the Corps for
construction.

2-6-32.7.3 Staging Areas

Staging areas would be identified for each erosion site prior to construction. Staging areas typically
are located within the erosion site construction easement or immediately adjacent to the erosion
site, preferably in a location that does not affect or has a minimal impact on resources. These areas
would be used for staging vehicles, materials, and other associated construction equipment. Staging
areas would be subject to the same project-level environmental analysis and documentation as the
project construction footprint to ensure that any potential resources would not be adversely
affected or that appropriate mitigation is provided.

2-6-42.7.4 Haul Routes, Borrow Areas, Traffic, and Navigation

Depending on the site location, materials would be brought to the sites via waterways for water-
based construction or via surface roads for land-based construction. Haul routes to those sites
requiring landside access would be via Interstate and U.S. highways, state highways, county and city
roads, and levee access roads. It is assumed that construction materials, including quarry stone,
would be hauled from a commercial or previously permitted quarry or borrow site located within
100 miles of the site. Temporary lane closures and, in some instances, full road closures may be
required. Adequate detours would be provided during any road closures. Construction signs would
be posted along the haul routes, and flaggers would be used, as necessary, to minimize traffic
problems and ensure public safety near the construction sites.

Barge navigation would be along waterways within the studyprogram area that are navigable,
primarily along the Sacramento River, and would comply with all applicable navigation and mooring
regulations.

2-72.8 Preferred Alternative

The Corps and CVFPB have identified Alternative 4A {and-Sub-Alternative4BJ}-as the preferred
alternative. The selection was made based on Alternative 4A’s ability to meet the project purpose
and objectives, engineering and economic feasibility, and mitigation of environmental effects. This

alternative utilizes the repair design approach employed over the past decade, which primarily
focused on creating waterside benches revegetated with native riparian plants inundated during
winter-spring flows to target utilization of migrating fish. Under-this-alternative, up-te-80,000-LEof

In the short-term, project implementation would be similar to Sub-Alternative 4B, but the basins
thatare-included in this-that alternative may-will change as-based on subsequent economic analysis
is-conducted. Erosion protection would only be constructed within economically justified basins.

Based on the latest economic analysis, there are 7 economically-justified basins currently identified.
The Corps will continue to update the economic analysis approximately every 5 years and/or as

erosion sites are identified in areas not evaluated. In addition, there may be some refinement of the
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determination of basins as units for this analysis through further engineering and economic
assessment. Erosion sites identified outside economically justified basins will be referred to the
nonfederal sponsor_and local maintaining agencies for construction, which may require threugh-a
Section 408 _permit (33 USC Section 408) action, which-weuld be-triggered-by-thefor alteration of a

federal project levee.

2-82.9 Environmentally Preferable

Alternative/Environmentally Superior Alternative

NEPA requires identification of the environmentally preferable alternative and CEQA requires
identification of the environmentally superior alternative. The environmentally preferable
alternative is the alternative that best promotes NEPA’s goals, while the environmentally superior
alternative is that which substantially avoids or lessens the proposed project’s significant
environmental effects.

Alternative 3A is the environmentally superior alternative under CEQA and the environmentally
preferable alternative under NEPA. While there are many similarities among the environmental
effects associated with Alternatives 3A through 64, Alternative 3A is superior because it minimizes
construction-related effects associated with water quality, vegetation, fish, and wildlife, and is the
most consistent with natural resource agency input received during the public scoping process.
Although the No Action Alternative would cause fewer direct environmental effects than Alternative
3A, it would not meet the proposed program’s purpose and need or objectives.

It should be noted that Alternative 3A is expected to have somewhat greater effects with regard to
land use (primarily farmland), traffic and air quality. Additionally, Alternative 3A does not provide
the most improvements to fish habitat as determined by the SAM when compared with Alternatives
4A through 6A. However, Alternative 3A would cause the least disruption to existing fish/riparian
habitat and provide substantial opportunities for floodplain restoration and the continuation of
natural erosion processes. Effects on land use and higher costs associated with land purchase and
construction are considered substantial challenges to Alternative 3A.

2.92.10 Restoration/Mitigation Establishment and

Monitoring

Vegetation establishment and monitoring would be necessary to ensure that the mitigation
vegetation is successfully establishing and that the IWM is functioning as intended. Following
completion of construction at an individual site, the Corps would submit a detailed maintenance and
monitoring plan (MMP) for the resource agencies to review. The MMP would include: 1) success
criteria to provide a standard to assess whether mitigation efforts successfully replace lost habitat
value; 2) a program to monitor the development of SRA cover and riparian habitat; 3) a protocol for
implementing remedial actions should any success criteria not be met; and 4) the required duration
of the monitoring efforts. Monitoring reports that evaluate the progress of each constructed erosion
site in meeting the success criteria would be submitted to the resource agencies by December 31 of
each monitoring year.
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Vegetation establishment activities for on-site mitigation will be performed by the Corps for a
minimum of 3 years and until mitigation success criteria has been met following the completion of
levee repairs. After this time, it is anticipated that the vegetation would be established and self-
sustaining. Anticipated activities during the 3-year establishment period include removal of
problematic invasive species, irrigation of vegetation to promote optimal growth, replacement of
any dead or declining vegetation, and maintenance of beaver barrier fencing.

Establishment activities also may include monitoring the vegetation and IWM to ensure that hazards
to navigation are not present, assessing the status of the rock revetment and soil fill during high-
flow events, and monitoring the sites for vandalism. Any in-water maintenance work would be
conducted in coordination with the applicable federal and state resource agencies to avoid adverse
effects on sensitive fish species.

Long-term maintenance is the responsibility of the project sponsor, which is the CVFPB. In most
cases, the CVFPB delegates long-term maintenance to a local maintaining agency, such as a
reclamation or levee district. Maintenance is to be carried out consistent with the Sacramento Flood
Control Project Operations and Maintenance manual.
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Chapter 3
Guide to Effects Analysis

3.1 Introduction

This chapter provides guidance on NEPA and CEQA requirements, the use of NEPA and CEQA
terminology, and the structure of the resource chapters.

3.2 NEPA and CEQA Requirements

An EIS prepared under NEPA is essentially the same as an EIR prepared under CEQA because both
are public disclosure documents to ensure environmental factors are considered during the
government decision-making process.

The Council on Environmental Quality regulations for implementing NEPA specify that a federal
agency preparing an EIS must consider the effects of the proposed action and alternatives on the
environment. These include effects on ecological, aesthetic, historical, and cultural resources, and
economic, social, and health effects. Environmental effects are categorized as direct, indirect, and
cumulative.

An EIS also must discuss possible conflicts with the objectives of federal, state, regional, and local
land use plans, policies, or controls for the area concerned; energy requirements and conservation
potential; urban quality; the relationship between short-term uses of the environment and long-
term productivity; and irreversible or irretrievable commitments of resources. An EIS must identify
relevant, reasonable mitigation measures not already included in the proposed action or
alternatives that could avoid, minimize, rectify, reduce, eliminate or compensate for the project’s
adverse environmental effects (40 CFR Sections 1502.14, 1502.16).

The State CEQA Guidelines for implementing CEQA provide that the environmental analysis for an
EIR must evaluate impacts associated with the project and identify mitigation for any potentially
significant impacts. All phases of a proposed project, including construction and operation, are
evaluated in the analysis. Section 15126.2 of the State CEQA Guidelines states:

An EIR shall identify and focus on the significant environmental effects of the proposed project.
In assessing the impact of a proposed project on the environment, the lead agency should
normally limit its examination to changes in the existing physical conditions in the affected area
as they exist at the time the notice of preparation is published, or where no notice of preparation
is published, at the time environmental analysis is commenced. Direct and indirect significant
effects of the project on the environment shall be clearly identified and described, giving due
consideration to both the short-term and long-term effects. The discussion should include
relevant specifics of the area, the resources involved, physical changes, alterations to ecological
systems, and changes induced in population distribution, population concentration, and human
use of the land (including commercial and residential development), health and safety problems
caused by the physical changes, and other aspects of the resource base such as water, historical
resources, scenic quality, and public services. The EIR shall also analyze any significant
environmental effects the project might cause by bringing development and people into the area
affected.
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An EIR also must discuss inconsistencies between the proposed project and applicable general plans
and regional plans (State CEQA Guidelines Section 15125[d]).

An EIR must describe any feasible measures that could minimize significant adverse impacts, and
the measures are to be fully enforceable through permit conditions, agreements, or other legally
binding instruments (State CEQA Guidelines Section 15126.4[a]). Mitigation measures are not
required for impacts that are found to be less than significant.

Under NEPA, the effects of the proposed action and alternatives under consideration, including the
no action alternative, are determined by comparing effects between alternatives and against effects
from the no action alternative. Consequently, baseline conditions differ between NEPA and CEQA.
Under NEPA, the no action alternative (i.e., expected future conditions without the project) is the
baseline to which the action alternatives are compared, and the no action alternative is compared
with existing conditions. Under CEQA, existing conditions are the baseline with which all
alternatives are compared.

O 00 o 01~ W N -

el el =
WN PP O

12 3.3 Application of NEPA and CEQA Principles and
15 Terminology

16 NEPA and CEQA are similar in that both laws require the preparation of an environmental study to
17 evaluate the environmental effects of proposed government actions. However, there are several
18 differences between the two regarding terminology, procedures, environmental document content,
19 and substantive mandates to protect the environment. For this environmental evaluation, the more
20 rigorous of the two laws was applied in cases in which NEPA and CEQA differ. In other words, where
21 there are CEQA requirements that go beyond NEPA’s requirements, this evaluation follows the CEQA
22 requirements; and where there are NEPA requirements that go beyond CEQA’s requirements, this
23 evaluation will follow the NEPA requirements. For example, CEQA requires consideration of non-
24 federal listed plants and wildlife in the biological effect analysis; however, NEPA is primarily
25 concerned with only federal listed plants and wildlife. CEQA also requires consideration of local- and
26 state-listed historical resources in the cultural resources analysis, while NEPA is primarily
27 concerned with resources on or eligible for the National Register of Historic Places. Additionally,
28 CEQA does not require an environmental justice evaluation, nor does it require compliance with the
29 Section 106 process of the National Historic Preservation Act; however, both are required under
30 NEPA.
31 Many concepts are common to NEPA and CEQA; however, the laws sometimes use differing
32 terminology for these common concepts. Table 3-1 below provides a comparison of NEPA and CEQA
33 terminology.
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Table 3-1. Key to General NEPA and CEQA Terminology

NEPA Term Correlating CEQA Term

Lead Agency Lead Agency

Cooperating Agency Responsible Agency
Environmental Impact Statement Environmental Impact Report
Record of Decision Findings

Preferred Alternative Proposed Project

Project Purpose Project Objectives

No Action Alternative No Project Alternative
Affected Environment Environmental Setting

Effect Impact

This EIS/EIR uses both NEPA and CEQA terminology in certain instances (e.g., in Chapter 1 where
the project purpose and need, and project objectives are discussed).

” o«

The terms “environmental consequences,” “environmental impacts,” and “environmental effects” are
considered synonymous in this analysis, and “effects” is used for consistency. Similarly, in general,
the terms “significant” and “less than significant” are used rather than “adverse” and “not adverse.”

Technical terms used in the EIS/EIR are typically defined in their first instance of use in the text. A
list of acronyms and abbreviations follows the Table of Contents and an index follows Chapter 26.

3.4 Resource Chapters

The resource chapters contain analyses of the environmental effects, by resource area, associated
with the No Action Alternative and Alternatives 2A through 6A. Effects associated with the sub-
alternatives (2B through 6B) are discussed in a separate chapter (Chapter 21, Effects of
Implementation in Economically Justified Basins Only). The resource chapters are as follows:

e Chapter 4, Flood Control and Geomorphology

e Chapter 5, Water Quality and Groundwater Resources

e Chapter 6, Geology, Seismicity, Soils, and Mineral Resources
e Chapter 7, Transportation and Navigation

e Chapter 8, Air Quality and Climate Change

e Chapter 9, Noise and Vibration

e® Chapter 10, Vegetation and Wetlands

e Chapter 11, Fisheries and Aquatics

e Chapter 12, Wildlife

e Chapter 13, Land Use and Agriculture

e Chapter 14, Recreation
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Chapter 15, Population and Housing

Chapter 16, Utilities and Public Services

Chapter 17, Aesthetics

Chapter 18, Public Health and Environmental Hazards
Chapter 19, Cultural Resources

Chapter 20, Socioeconomics and Environmental Justice

3.4.1 Contents of Resource Chapters

Each resource chapter contains the information listed here.

Affected Environment contains two sections, “Environmental Setting” and “Regulatory
Setting.” These sections include the following information.

O Environmental Setting. This section provides an overview of the physical environmental
conditions in the area at the time of or prior to the publication of the Notice of Preparation
that could be affected by implementation of the proposed alternatives in accordance with
NEPA regulations (40 CFR Section 1502.15) and State CEQA Guidelines Section 15125.

Regulatory Setting. This section refers the reader to Appendix C, Regulatory Background,
which lists and describes laws, regulations, policies, and plans that affect the resource or the
assessment of impacts on the resource. Often the regulatory framework is the basis for the
significance criteria and, therefore, plays a crucial role in impact assessment. Potentially
applicable regulations are discussed, including local policies from municipal general plans and
ordinances.

Environmental Consequences describes the analysis of effects relating to each resource area
for each of the alternatives in accordance with NEPA regulations (40 CFR Section 1502.16) and
with State CEQA Guidelines Sections 15126, 15126.2, and 15143. This section includes the
following information.

O Methods and Assumptions describes the methods, models, process, procedures, data
sources, and/or assumptions used to conduct the impact analysis. Where possible, impacts
are evaluated quantitatively. Where quantification is not possible, impacts are evaluated
qualitatively.

O Determination of Effects provides the criteria used in this document to define the level at
which an effect would be considered significant in accordance with CEQA. Significance
criteria (sometimes called “thresholds of significance”) used in this EIS/EIR are based on the
checklist presented in Appendix G of the State CEQA Guidelines; factual or scientific
information and data; and regulatory standards of federal, state, and local agencies. Under
NEPA, preparation of an EIS is triggered if a federal action has the potential to “significantly
affect the quality of the human environment,” which is based on the context and intensity of
each potential effect. The significance thresholds used in this EIS/EIR also encompass the
factors taken into account under NEPA to evaluate the context and the intensity of the
effects of an action.

O Effects and Mitigation Measures. To comply with NEPA and CEQA, the effects/impacts are
considered and evaluated as to whether they are direct, indirect, or cumulative. Direct
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effects are those that are caused by the action and occur at the same time and place. Indirect
effects are reasonably foreseeable consequences to the physical environment that may
occur at a later time or at a distance from the project area. Cumulative effects are discussed
in Chapter 22, Growth-Inducing and Cumulative Effects.

Effects are listed numerically and sequentially throughout each chapter. An effect statement
precedes the discussion of each effect and provides a summary of the effect topic. The
numbering system provides a mechanism for tracking unique effects by resource area.

Each effect is accompanied by a finding or conclusion, as required under NEPA and CEQA.
Table 3-2 provides a key for relating the effect findings by relative severity (increasing in
degree of adversity to the environment).

Table 3-2. Effect Findings (by increasing adversity)

Finding

Beneficial

No Effect

Less than significant
Significant

Significant and Unavoidable

For the purposes of the analyses in this document, the effect findings are defined more specifically
below.

Beneficial. This effect would provide a benefit to the environment as defined for that resource.

No Effect. This effect would cause no discernible change in the environment as measured by the
applicable significance criterion; therefore, no mitigation would be required.

Less than Significant: This effect would cause no substantial adverse change in the
environment as measured by the applicable significance criterion; therefore, no mitigation
would be required.

Significant: This effect would cause a substantial adverse change in the physical conditions of
the environment. Effects determined to be significant based on the significance criteria fall into
two categories: those for which there is feasible mitigation available that would reduce the
environmental effects to less-than-significant levels, and those for which there is either no
feasible mitigation available or for which, even with implementation of feasible mitigation
measures, there would remain a significant adverse effect on the environment. Those effects
that cannot be reduced to a less-than-significant level by mitigation are identified as significant
and unavoidable, described below.

Significant and Unavoidable. This effect would cause a substantial adverse change in the
environment that cannot be avoided or mitigated to a less-than-significant level if the project is
implemented. Even if the effect finding is still considered significant with the application of
mitigation, the Corps and CVFPB are obligated to incorporate all feasible measures to reduce the
severity of the effect.

Mitigation Measures. Measures to mitigate (i.e., avoid, minimize, rectify, reduce, eliminate, or
compensate for) significant effects accompany each impact discussion. Similar to the effect
descriptions, mitigation measures are listed numerically and sequentially throughout each
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section. A mitigation measure statement precedes the discussion of each measure and provides
a summary of the measure topic. The numbering system provides a mechanism for tracking
unique measures by resource area.
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Chapter 4
Flood Control and Geomorphology

4.1 Introduction and Summary

This chapter describes the environmental setting associated with hydrologic, hydraulic, geomorphic,
and flood control issues, the determination of effects, the environmental effects on hydrologic,
hydraulic, geomorphic, and flood control issues that would result from implementation of the
proposed program, and the mitigation measures that would reduce these effects.

Implications of programmatic alternatives for flood control and geomorphic conditions are also
addressed within the context of the resources affected by the changes, most notably water quality
and groundwater resources (Chapter 5); geology, seismicity, soils, and mineral resources (Chapter
6); vegetation and wetlands (Chapter 10); and fisheries and aquatics (Chapter 11).

The key sources of data and information used in the preparation of this chapter are listed below.

2008—Field Reconnaissance Report of Bank Erosion Sites and Site Priority Ranking,
Sacramento River Flood Control Levees, Tributaries, and Distributaries (Ayres Associates,
2008).

Geomorphic Analysis and Bank Protection Alternatives Report for Sacramento River (RM 78-
194) and Feather River (RM 0-28) (WET 1990a).

Programmatic Biological Assessment for the Sacramento River Bank Protection Project, Phase I1
(Final) (Stillwater Sciences 2007).

Final EIR/SEIS for the Sacramento River Bank Protection Project (Jones & Stokes Associates
1987).

Historic Sediment Loads in the Sacramento-San Joaquin Delta (California Department of Water
Resources 1994).

West Sacramento Levees System: Problem Identification Report, Erosion Assessment and
Treatment Alternatives, Draft for Review (Northwest Hydraulic Consultants 2007).

Draft Environmental Assessment/Initial Study for Levee Repair of 25 Erosion Sites: Sacramento
River Bank Protection Project (U.S. Army Corps of Engineers 2009).

Geomorphic Analysis of Reach from Colusa to Red Bluff Diversion Dam, River Mile 143 to River
Mile 243: Final Phase Il Report (WET 1989).

Geomorphic Analysis of the Sacramento River, Phase Il Report (WET 1990b).

Assessment of Sediment Budget of Sacramento-San Joaquin Delta (Northwest Hydraulic
Consultants 2003).

North Delta Sedimentation Study (Northwest Hydraulic Consultants 2006).

Final Alternatives Report—=80,000 LF (107 Sites), Sacramento River Bank Protection Project
(Kleinfelder-Geomatrix 2009).
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Table 4-1 summarizes the flood control and geomorphic effects resulting from the implementation

of the Proposed Action.

Table 4-1. Summary of Flood Control and Geomorphology Effects and Mitigation

Effect

Mitigation Measure

Implementation Period

FCGEOM-1: Decrease in Levee
Erosion and Change in Sediment
Recruitment

FCGEOM-2: Increase in Levee Slope
Stability

FCGEOM-3: Decrease in Instream
Woody Material Recruitment

FCGEOM-4: Changes in Local
Hydraulics and Shear Stress

FCGEOM-5: Minimization of Stream
Energy and Associated Floodplain
Scour and/or Deposition

FCGEOM-6: Substantially Alter the
Existing Drainage Pattern of the
Site or Area

FCGEOM-MM-1: Conduct Site-
Specific Studies at Levee Repair
Sites and Minimize Changes in
Local Hydraulic Conditions
through Project Design

Not applicable

FISH-MM-2: Compensate for
Loss of Fish Habitat

VEG-MM-1: Compensate for the
Loss of Woody Riparian Habitat

FCGEOM-MM-1: Conduct Site-
Specific Studies at Levee Repair
Sites and Minimize Changes in
Local Hydraulic Conditions
through Project Design

Not applicable

FCGEOM-MM-2: Coordinate with
Owners and Operators, Prepare
Drainage Studies as Needed, and
Remediate Effects through
Project Design

As needed before project (site)
design and implementation

During and after construction.

Develop revegetation plan
prior to removal of existing
riparian vegetation. Plantings
will be monitored over a
minimum period of time, as
determined by the appropriate
state and federal agencies.

As needed before project (site)
design and implementation

As needed before project (site)
design and implementation

4.2 Environmental Setting

4.2.1 Program Area Description

The program area encompasses more than 1,000 miles of levees and weirs. This area extends south-
to-north along the Sacramento River, from the town of Collinsville (River Mile [RM] 0) upstream to
Chico at RM 194. The program area also includes Cache Creek, the lower reaches of Elder and Deer
Creeks, the lower reaches of the American River (RM 0-23), Feather River (RM 0-61), Yuba River
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(RM 0-11), and Bear River (RM 0-17), portions of Threemile, Steamboat, Sutter, Miner, Georgiana,
2 and Cache Sloughs, as well as a number of flood bypasses and distributaries (Figure 2-1).

3 4.2.2 Flood Control

4 4.2.2.1 Sacramento River Flood Control Project

5 The development of flood control along the Sacramento Valley rivers has been described as follows

6 (U.S. Army Corps of Engineers 1972):

7 Prior to the beginning of agricultural development in the highly fertile Sacramento Valley, a large

8 part of the area was subject to periodic inundation by flood flows from Sacramento River and its

9 tributaries. The floodplain, varying in width from about 2 to 30 miles, was about 250 miles long
10 from the mouth of the river to the vicinity of Red Bluff, and covered more than 1 million acres. Much
11 of the floodplain was covered with a dense growth of tule. Between the river bank and the tule lands
12 were areas of higher ground called rimlands, formed by sediment deposits along the channels. The
13 rimlands formed low natural levees which were accessible by water transportation. Because they
14 were susceptible to only occasional flooding, the rimlands were the first to be occupied and
15 developed for agriculture.
16 Prior to 1850, some low levees were constructed by individual landowners, and by 1894 there were
17 many miles of levees along the river and along adjacent stream channels. Some areas were formed
18 into districts around which levees were constructed to provide flood protection. Many such districts
19 were islands surrounded by leveed waterways. However, as additional levees were constructed,
20 high water levels were raised and other areas became subject to flooding due to increased flood
21 heights.
22 Flooding problems were aggravated by hydraulic mining in the upstream areas between 1853 and
23 1884. During this period, millions of tons of mining debris (silt, sand, and gravel) were deposited in
24 the mountain and valley streams. The beds of the Sacramento, Feather, Yuba, Bear, and American
25 Rivers increased as much as 20 feet in some reaches. By the mid-1870s, adjacent agricultural lands
26 were being flooded and covered with hydraulic mining debris to such an extent that agricultural
27 interests filed suit against the mining companies and, in 1884, a United States 9t Circuit Court
28 decree, in what became known as the Sawyer Decision in Woodruffv. North Bloomfield Mining and
29 Gravel Company, stopped virtually all hydraulic mining operated without a means of restraining
30 debris. In 1893, the Congress passed the Caminetti Act (33 United States Code Section 661 et seq.),
31 which created the California Debris Commission and gave it the responsibility of regulating
32 hydraulic mining activities, improving the navigability of rivers in the Central Valley, and controlling
33 floodwaters.
34 A number of alternative plans were considered by the Debris Commission for flood prevention along
35 the Sacramento River and its tributaries, including storage reservoirs, confining the rivers to single
36 main channels, and improving the river channels to maximum capacity supplemented by leveed
37 floodway bypasses. The leveed floodway bypass concept was adopted by the Commission and is the
38 basis for the existing Sacramento River Flood Control Project (SRFCP).
39 The SRFCP was authorized by Congress in 1917 (Public Law 64-367, Section 2, 39 Statutes 948, 949
40 (1917)). The SRFCP was the major project for flood control on the Sacramento River and its
41 tributaries. It was sponsored by The Reclamation Board of the State of California (today
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reauthorized as the Central Valley Flood Protection Board, or CVFPB) and was the first federal flood
control project constructed outside of the Mississippi River Valley.

The SRFCP includes more than 1,000 miles of levees, overflow weirs, pumping plants, and bypass
channels. Currently, the SRFCP extends from the Sacramento River’s mouth near Collinsville in the
Sacramento-San Joaquin Delta (Delta) to near Chico Landing in the northern Sacramento Valley.
More than 1,000 miles of levees were constructed as part of the project, providing flood protection
to roughly 800,000 acres of highly productive agricultural lands, the cities of Sacramento and
Marysville, and numerous other small communities. Although SRFCP levees often were constructed
of poor foundation materials such as river dredge spoils that would not meet current engineering
standards, the levees are relied upon to provide flood protection during major storms to more than

2 million people in approximately 50 communities_and more than 590,000 acres of agricultural land,
with an estimated damage potential of up to $37730 billion (in 2012 dollars) inurban-and

agrieultural- developmentdepending on the severity of the flood event.

14 4.2.3 Climate
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15 The program area has a mild, Mediterranean-type climate. Mean annual temperature in West

16 Sacramento, which is used as an example because its climate is representative of a majority of the

17 entire program area, is a relatively mild 62.2°F. Average high temperatures during the summer

18 range from 87.1°F-93.1°F. Temperatures sometimes exceed 100°F. Winter temperature maximums

19 vary from 54.5°F-60.6°F. Average low temperatures in the winter range from 40.2°F-43.7°F.

20 Temperatures in the winter only occasionally drop below freezing (Andrews 1972). Farther south in

21 Rio Vista, the temperatures are generally cooler year round due to the influence of cool air

22 movement from the Carquinez Strait (locally referred to as the “Delta breeze”). In the north part of

23 the program area, maximum annual temperatures are higher due to the decreasing influence of cool

24 air movement from the Carquinez Strait. For example, the average high temperature for Chico in July

25 is 94 °F and temperatures frequently exceed 100°F.

26 In West Sacramento, average annual precipitation is about 18 inches, with approximately 80% of the

27 total rainfall occurring between November and March. Cloud-free skies generally prevail throughout

28 the summer months, and in much of the spring and fall. Thunderstorms are relatively infrequent,

29 although occasionally occur in the late summer and other times of the year when unstable air

30 masses are situated over the region. The highest rainfall generally occurs in January, when the

31 average is about 4.2 inches of precipitation. The driest month is July, during which rainfall is rare.

32 Average annual precipitation farther south in Rio Vista is similar to that of West Sacramento;

33 however, average annual precipitation amounts increase farther north in the program area. For

34 example, Chico’s average annual precipitation is 27 inches.

35 The temporal variability in precipitation is related to seasonal variation in atmospheric conditions.

36 During the summer months, high pressure systems build over the Pacific Ocean off the California

37 coast, promoting the transport of cool, dry air from the north. This effectively blocks major sources

38 of moisture. During the winter rainy season, the jet stream migrates farther south, allowing low

39 pressure systems off the California coast to create conditions that transport moisture inland.

40 Extreme variability of rainfall averages is indicative of wet and dry cycles. In West Sacramento,

41 during Water Years 1986, 1993, 1995, 1996, and 2005, total rainfall was significantly higher than

42 normal, with annual precipitation measured at 30.15, 29.41, 24.79, 23.74, and 19.95 inches,

43 respectively (California Department of Water Resources 2009). Recent dry periods include the
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1976-77 and 1987-1992 drought years, with precipitation far below average because of the
prevalence of stable, high-pressure systems during those winter months.

4.2.4 Hydrology and Hydraulics

4.2.4.1 Flood Basins of the Sacramento Valley

As early as 1917, the importance of natural flood basins to the Sacramento Valley river system was
recognized by Gilbert (1917). Flood basins in the Sacramento Valley were originally delineated by
Gilbert (1917). More recently, Ayres Associates (2008) divided the entire Sacramento River basin
into potential flooded areas, based on what land would be flooded if a levee failed. The Sacramento
River basin was divided into 26 subbasins.

Gilbert (1917) described these flood basins as being inundated annually by floodwaters. The
Sacramento River was separated from the flood basins by natural levees; however, at high water,
these levees were easily overtopped. The lower 25 miles of the Feather River is also bounded by
flood basins (WET 1990a).

Hall (1880 as cited in WET 1990a) describes the inundation of the flood basins during the flood of
1879:

“During the high water of March 1879, the low lands of the Sacramento Valley, to the extent of
about 847 square miles, were covered with water; this area includes all flooded for a short
period of time, as well as that upon which the water rested for several months. Above the mouth
of the Feather River, in what may be called the upper flood region, the area covered was about
483 square miles; and below that point, in what is called the lower flood region, the flooded area
was about 364 square miles in extent.”

Gilbert (1917 as cited in WET 1990a) emphasized the hydrologic significance of the natural flood
basins:

“The lateral basins affected the channel characters in several ways. They conveyed a large part of
the flood discharge and thus left for adjacent portions of the channel only a small part. They
acted as reservoirs for the storage of floodwaters and fed them gradually to the lower course of
the Sacramento, so that the channels in the delta region were only moderately taxed by the
floods. The channels in consequence were adjusted for conveyance of only a fraction of the flood
discharge; they were of moderate section and their meanders were of small radius. Between the
town of Colusa and the mouth of the Feather River, the Sacramento River grows gradually
downstream until its estimated capacity is only 10 percent of the flood discharge.”

Because the flood basins have been maintained as topographic lows even though there has been
extensive overbank deposition, it is evident that the flood basins have been subsiding at a rate equal
to or exceeding that of overbank deposition (Gilbert 1917 as cited in WET 1990a; WET 1989 as cited
in WET 1990a; Harvey 1988 as cited in WET 1990a). Such widespread subsidence may be driven by
ongoing structural deformation of the Sacramento Valley. Offset on the Willows fault may have
generated an east-dipping topographic gradient on the eastern, upthrust block. Rotation of the
downthrust block would generate a similar gradient (WET 1990a). See Chapter 6, Geology,
Seismicity, Soils and Mineral Resources, for further information about land subsidence within the
program area.

In brief, the Sacramento Valley flood basins play a key role in the fluvial geomorphology and
hydrology of the Sacramento River (and other water courses in the program area). Most

Flood Control and Geomorphology
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importantly, the overflow areas cause the Sacramento River to get smaller downstream. In addition,
suspended sediment that has been deposited historically in the flood basins has generated a thick,
cohesive stratigraphic unit, which adds to the bank stability of the lower Sacramento River. The
significance of these flood basin deposits increases downstream as the topographic lows become
more pronounced between Chico and Verona (WET 1990a).

4.2.4.2 Naming Conventions

This analysis uses the naming conventions adopted by Stillwater Sciences (2007) to subdivide the
program area into regions with similar physical/biological characteristics. For the purposes of this
analysis, the program area is divided into four regions, organized south to north by the location of
the downstream terminus of each watercourse with the mainstem Sacramento River (Table 2-1 and
Figure 2-1). As defined in Table 2-1, Region 1a encompasses the Yolo and Sacramento Bypasses, the
Sacramento River from Collinsville to Isleton (RM 0-20), and a distribution network of sloughs and
channels; Region 1b encompasses the Sacramento River from Isleton to the Feather River (RM 20-
80); Region 2 encompasses the Sacramento River from Feather River confluence to Colusa (RM 80-
143), as well as the Feather River from the Sacramento River confluence to Oroville (RM 0-67) and
its tributaries; and Region 3 encompasses the Sacramento River from Colusa to Chico (RM 143-
194).

4.2.4.3 Regional Hydrology

The Sacramento River watershed receives winter/early spring precipitation in the form of rain and
snow (at higher elevations) in the northern Sierra Nevada, northern Coast Range, and Southern
Cascades. Prior to the construction and operation of reservoirs, winter rainfall events caused
extensive flooding and spring snowmelt resulted in high flows during spring and early summer.
Summer and fall flows were historically low. Currently, much of the total runoff is captured and
stored in reservoirs for gradual release during the summer and fall months. High river flows occur
during the winter and spring, but these are usually lower than during pre-European settlement
times; summer and fall low flows are sustained by releases from upstream reservoirs (Stillwater
Sciences 2007).

Examined quantitatively, the regulated 10,000 cubic feet per second low flow (in Region 3) is
increased about five fold during the average annual high flow event (U.S. Army Corps of Engineers
1981). The average is not typical, however, since both drought years and massive runoff events
present great streamflow variation. In 1977, for example, the peak runoff was only about 50%
higher than the average low flow. On the other hand, individual storm sequences, such as those of
the week of February 7, 1986, can generate runoff some 26 times the average annual flow, and the
estimated 100-year floodflow would be even higher. Much of the runoff during these large flood
events is diverted from the main channel to the flood control bypass system (Jones & Stokes
Associates 1987).

There is significant variability in flows for the different rivers and creeks in the program area. This
variability in flow influences the magnitude of bank erosion for particular rivers and creeks. In
general, the Sacramento River has the largest flows of any watercourse in the program area and as
such experiences the highest rates of bank erosion.
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4.2.5 Geomorphic Conditions

The Sacramento Valley is the northern portion of the Great Central Valley of California. The river
basin is an elongated synclinal trough, which is bounded by the Sierra Nevada plutonic complex to
the east and the Coast Ranges to the west. The Sacramento Valley is underlain by marine
sedimentary rocks overlain by recent alluvial deposits and, to a lesser extent, some volcanic rocks.
The levees and river sediments associated with the program area are composed of Quaternary
alluvium deposits that consist of loose to medium-dense, unweathered gravel, sand, silt, and clay.
These sediments are estimated to have been deposited 208-te-10,000 years_to 200 years before
present in naturally formed riverbanks and floodplains along the Sacramento River (Helley and
Harwood 1985 as cited in U.S. Army Corps of Engineers 2009).

In geologic history, the Sacramento River migrated frequently and freely within its meander belt,
which typically exceeded several thousand feet in width (Buer 1984 as cited in U.S. Army Corps of
Engineers 2009). Prior to Euro-American settlement, the mainstem Sacramento River and
tributaries along the valley floor would naturally overtop its banks at regular cycles and flood the
adjacent lands, replenishing wetlands and depositing sediments. Despite overbank sediment
deposition, these flood basins have maintained a low topographic profile, which suggests that the
flood basins are subsiding at a rate equal to or greater than overbank deposition (Gilbert 1917 as
cited in U.S. Army Corps of Engineers 2009; WET 1989 as cited in U.S. Army Corps of Engineers
2009). These floodplains have historically provided crucial fluvial geomorphic roles for the
Sacramento River and other rivers and creeks in the program area, as the flow loss to the flood
basins causes the Sacramento River to downsize in the downstream direction in the lower reaches
(WET 1990b as cited in U.S. Army Corps of Engineers 2009).

Beginning in the late 1800s, the Sacramento River’s channel morphology and sediment transport
regime have been progressively altered by human activities, including the clearing of riparian
vegetation and the construction of levees and upstream dams for flood control and water supply.
Bank armoring of the levees has resulted in lower sinuosity, fewer overbank flows, and an altered
pattern of channel migration and meander cutoff (Brice 1977 as cited in U.S. Army Corps of
Engineers 2009; Larsen et al. 1997, 2004 as cited in U.S. Army Corps of Engineers 2009; Larsen and
Greco 2002). The present-day Sacramento River is a single-thread channel, which transitions from a
coarse gravel bed upstream into a sand-bedded channel (by about RM 128), with occasional
outcrops of cemented alluvial deposits (such as the Modesto Terrace formation) that historically
provided natural constraints to lateral migration (U.S. Army Corps of Engineers 2009).

See Chapter 6, Geology, Seismicity, Soils and Mineral Resources, for a description of sedimentology
within the program area.

4.2.5.1 Regions 1a and 1b

The present geomorphic state of the lower Sacramento River basin and the Delta is a function of the
intensity of water management in each of the tributary rivers, local farming practices, intra- and
inter-Delta water transfers, and an extensive human-made levee system. Today, channel alignments
are largely fixed by artificial levees and erosion control measures. Flooding, except when artificial
levees break, no longer occurs on most islands and tracts. Instead, flow and sediment remain
confined to the existing channel network. Upstream water diversions for municipalities and
agriculture reduce the amount of flow entering the Delta and the amount of sediment transported to
the Delta. In addition, conveyance of water within and out of the Delta alters flow directions and
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affects sedimentation and erosion rates and patterns. The levee system in the Delta restricts flow to
a network of human-made and natural channels that reduce flood events and inhibit the
accumulation of soils on the Delta islands.

Historical changes in the lower Sacramento River basin and Delta that have affected channel
morphology include land reclamation, levee construction, dredging, hydraulic mining, impoundment
of water and sediment by upstream dams and other diversions, and the construction of water
diversion facilities and consequent alteration of flow and sedimentation patterns in the Delta. The
effects of these changes on channel morphology in the program area are summarized below.

e Waterways in the program area are largely confined by levees and able to convey significantly
greater flow and sediment discharges than during historical times.

e Historical cross-section data indicate that the majority of waterways in the lower portion of the
program area have experienced some channel incision over the several decades and may be
experiencing a net sediment loss over time.

e Water regulation, diversions, and the impoundment of water and sediment by dams has resulted
in a decline in the total annual water and sediment outflows to the Delta from the Central Valley,
a trend that is expected to continue into the future (Northwest Hydraulic Consultants 2003).

e The construction of large water diversion facilities such as the Delta-Mendota Canal and Delta
Cross Canal in 1951 and California Aqueduct in 1973 have altered the traditional flow patterns
in the Delta that affect sedimentation. Water and sediment exhibit a more southerly flow in the
Delta, somewhat reducing deposition of sediment in the north and central Delta and increasing
deposition of sediment in the south Delta (Northwest Hydraulic Consultants 2003).

® The combination of overgrazing, deforestation, floodplain reclamation, river channelization, and
most importantly, hydraulic mining for gold caused large increases in sediment loads in the
Delta system. The historical trend demonstrates a rapid decline of sediment loads in the Delta
streams at the beginning of the twentieth century, followed by a gradual, steady increase of
sediment loads over the last half century (Northwest Hydraulic Consultants 2003).

e Historically, some deposition of the solids occurred at locations in the Delta channels where
water velocities were low. During high-flow periods, a high percentage of these solids were re-
suspended and moved downstream toward San Francisco Bay.

For a complete review of the historical geomorphology of the Delta region, refer to Northwest
Hydraulic Consultants’ 2006 North Delta Sedimentation Study.

Sediment Inputs to the Delta

Most of the sediment supplied to the Delta (between 80% and 85% in an average year) is carried by
the Sacramento River, whereas the San Joaquin River and the Mokelumne-Cosumnes River supply
only about 10% and 4%, respectively (Northwest Hydraulic Consultants 2003). The remaining
sediment enters the system from the Yolo Bypass and from several other smaller tributaries and
sloughs. The Sacramento River is a sand-bed river; sediments transported through the lower portion
of the program area include sands, silts, and clays.

The SRFCP conveys released reservoir waters from various upstream sources and stormwater
runoff through the Delta and into San Francisco Bay. These waters contain dissolved and
undissolved solids, both of which are transported through the system. Undissolved solids—
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sediment—oconsist primarily of clay-, silt-, and sand-sized particles. Before construction of the flood
control and conveyance system, the natural flow of freshwater runoff from the upstream
mountainous regions transported significant quantities of silt and clay particles. Because of the wide
expanse and flat terrain of the program area, these particles would settle and form the sediments of
the Delta alluvial plain. During the wet season, when the volume of runoff water was much larger,
the quantity of suspended and unsuspended solids was significant and included sands and, in some
cases, gravels.

The natural processes described above continue today but in a modified manner. Much of the
naturally eroded and transported solid particles now settle out in instream water storage reservoirs.
A percentage of the fine solids, like silts and clays, still are transported during water releases that
enter the system from waterways downstream of the reservoirs. These sediments enter the Delta
channels, and rather than settling out in the alluvial plain (as occurred before the channels were
constructed), they now remain within the leveed channels.

For a description of total suspended sediment and turbidity see Chapter 5, Water Quality and
Groundwater Resources.

Region-Specific Description (Region 1a)

Below Isleton (RM 20), the Sacramento River flows into the Delta, forming a distribution network of
sloughs and channels. Flow is additionally received via the Yolo Bypass, which is a leveed, wide
floodplain that flows parallel to the west of the mainstem Sacramento River during high flows.
Additional flow comes from several water courses that feed into the bypass, including Knights
Landing Ridge Cut, Cache Creek, Willow Slough Bypass, Sacramento Bypass, and Putah Creek.
Seasonal high flows enter the Yolo Bypass from the Sacramento River via the Fremont Weir (RM 83)
and the Sacramento Bypass Weir (RM 63). Flow velocities are low because flow is distributed
throughout the Delta channels and sloughs that are bordered by relatively low levees consisting of
both natural bank materials and revetment (Jones & Stokes Associates 1987). These levees and bank
protection structures currently prevent the river’s access to historical tidal wetlands and islands.
Tidal influence extends up the Sacramento River for 80 miles to Verona, with the greatest tidal
variation concentrated in the Delta. The major tidal sloughs included within the program area are
Threemile, Georgiana, Steamboat, Miner, Lindsay, Cache, Haas, and Sutter sloughs.

Sloughs and channels in this region are generally confined on both sides by natural levees enhanced
by decades of man-made improvements. The individual channels and sloughs are moderately
sinuous, of uniform width, and do not migrate. Compared with the upper regions (Regions 2 and 3),
impacts of seasonal flood events are much less due to both tidal action and the diversion of flow
through the upstream flood bypasses and outtakes (U.S. Fish and Wildlife Service 2001 as cited in
Stillwater Sciences 2007). Historically, channel and slough morphology actively adjusted throughout
the Delta in response to seasonal variations in flow and sediment load. The decrease in flow
velocities caused the deposition of a gradient of coarser to finer material from upstream to
downstream (fine sand to clayey silt). The intertidal deposits that border the Delta channels and
sloughs are typically characterized by shallow, alternating layers of fine sandy silt and clayey silt,
with occasional peaty muds. Artificial fill from hydraulic dredge spoils was placed after 1900
throughout the Delta along channel margins and upon various island surfaces (Atwater 1982 as
cited in Stillwater Sciences 2007).
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Bank revetments are common throughout this region. Based on a query of the Corps revetment
database, bank revetments account for approximately two-thirds of the shoreline’s linear distance.
The revetments are composed of various material types and sizes, including medium to large
(quarry) rock, small and large rubble, and medium to large cobbles. The majority of revetments
consist of large (>20 in) rock (Stillwater Sciences 2007).

Region-Specific Description (Region 1b)

Region 1b includes the mainstem Sacramento River from Isleton in the Delta, upstream past the City
of Sacramento, to the Feather River confluence (RM 80) at Verona. The region also includes the
lower American River from the confluence with the Sacramento River upstream to RM 13, Natomas
East Main Drain, Natomas Cross Canal, and Coon Creek Group Interceptor Unit 6 (East Side Canal).
Seasonal high flows enter the adjacent Yolo Bypass from this reach of the Sacramento River via the
Sacramento Bypass Weir. Tidal influence emanating from Suisun Bay extends up the Sacramento
River for 80 miles to Verona, with greater tidal variations occurring downstream during low river
stages in summer and fall (Stillwater Sciences 2007).

Downstream from the Feather River confluence, the Sacramento River is moderately sinuous
(average sinuosity of 1.3), with the channel confined on both sides by natural levees enhanced by
decades of man-made additions. The channel in this reach is of uniform width, is not able to migrate,
and is typically narrower and deeper relative to the upstream reach due to scour caused by the
concentration of shear forces acting against the channel bed (Brice 1977 as cited in Stillwater
Sciences 2007). Channel migration is similarly limited along the lower American River (discussed in
more detail below) due to the combined influence of closely spaced levees upon the river banks and
flow regulation upstream by Folsom Dam (Stillwater Sciences 2007).

The natural banks and adjacent floodplains of the Sacramento and American rivers are composed of
silt- to gravel-sized particles with poor to high permeability. Historically, the flow regimes caused
the deposition of a gradient of coarser to finer material, and longitudinal fining directed
downstream (sand to bay muds). The deposition of these alluvial soils historically accumulated to
form extensive natural levees and splays along the rivers, 5-20 feet above the floodplain for as far as
10 miles from the channel (Thompson 1961 as cited in Stillwater Sciences 2007). The present day
channels are flanked by fine-grained cohesive banks with erosion due to both mass failures and
fluvial erosion (C. Harvey, pers. comm., 2002 as cited in Stillwater Sciences 2007).

Bank revetments currently account for two-thirds of the region-wide shorelines, which is equivalent
to revetment proportions within Region 1a, based on data obtained from the SRBPP revetment
database. The bank revetment composition includes medium to large (quarry) rock, rubble, and
cobbles. The majority of revetments present at the erosion sites and along the banks without
erosion sites is large (>20 in) rock.

Instream woody material (IWM) loading in the Sacramento River along the channel shoreline is
estimated at 10% of the shoreline from RM 0-20 and 16% from RM 20-80, which is similar to other
regions on the Sacramento River (see Table 3-12 in U.S. Army Corps of Engineers 2009).

4.2.5.2 Regions 2 and 3

In Region 2, above the confluence of the Feather River, constrained reaches alternate with
unconstrained ones where levees are set back more than 500 feet from the high water channel edge.
In Region 3, levees are set back farther, often more than 2,000 feet from the channel’s edge. Since
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Regions 2 and 3 are somewhat less constrained, lateral migration and the formation of back
channels and oxbows occur, though rarely, in these areas. In areas with natural banks, the presence
of oxbows, floodplains, point bars, islands, and in-channel IWM suggests that river meander
migration and erosion still occur, providing more dynamic and diverse habitat. For example, point
bars formed by active channel migration provide shallow water and important aquatic invertebrate
habitat. Chute cutoffs form when high flows breach and cut off a moderately sinuous bend.
Eventually, the new chute cutoff channel captures the entire river flow, leaving the remnant
meander bend as an oxbow that provides important backwater habitat for amphibians and aquatic
invertebrates. During such channel adjustments, large woody material can be dislodged from
adjacent riparian forests and deposited in the channel as IWM, creating another habitat feature.
These more complex riparian features are uncommon in Region 3, and are generally absent along
the more constrained sections of the Sacramento River in Regions 1a and 1b (Jones & Stokes
Associates 1987; Stillwater Sciences 2007).

Region-Specific Description (Region 2)

Within Region 2, the mainstem Sacramento River flows from Colusa (RM 143), downstream of the
Colusa Bypass, to the confluences with the Feather River and Sutter Bypass at Verona. The channel
is generally confined by levees along the river banks except in a few locations where they are set
back to provide overflow across point bars of major meander bends (Jones & Stokes Associates
1987). Contributing flows into this reach are provided by Butte Creek, the Sutter Bypass, and the
Feather River (RM 80). To provide flood capacity, overflows at the Tisdale Weir (RM 119) are
conveyed into the Tisdale Bypass, which routes the water into the Sutter Bypass. Upstream of the
reach, floodwaters may overflow the left bank into Butte Basin via three locations near Chico
Landing and through the Moulton (RM 158) and Colusa (RM 146) Weirs. At extremely high river
stages, floodwaters may also overflow the right bank of the river and drain into the Colusa Basin,
which eventually connects to the Sacramento River and Yolo Bypass via the Colusa Main Drain. The
Feather River has a relatively large drainage basin along the Sierra foothills that receives input from
several key tributaries, including Honcut Creek, the Yuba River, and the Bear River. Floodwaters
may alternatively exit this reach of the Sacramento River via the Fremont Weir into the upper Yolo
Bypass (Stillwater Sciences 2007).

Within Region 2, the mainstem Sacramento River is primarily a sinuous single-thread channel with
uniform width, an average sinuosity of about 1.8 (Brice 1977 as cited in Stillwater Sciences 2007),
and an average slope of 0.00003 to 0.0001 (one-tenth to one-half the slope of Region 3, RM 143-
194). Adjacent levees and revetment are present on both sides of the channel. A narrow berm of
natural substrate inside of the levees occurs in some reaches, providing some erodible substrate;
however, erosion and deposition are probably greatly diminished from pre-European settlement
conditions, compared to the mainstem channel within Region 3 (U.S. Fish and Wildlife Service 2001,
as cited in Stillwater Sciences 2007). The adjacent floodplain and natural bank sediments are
composed of alluvium consisting of clay- to gravel-sized particles. In contrast to downstream
reaches located between the Feather River confluence and the Delta, floodplain sediments in Region
2 are generally much finer and cohesive. The toes of the banks also tend to be composed of fine-
grained and cohesive sediments, and erosion of the banks is due to both mass failures and fluvial
erosion at the coarser sediment contact above the cohesive toe material (C. Harvey, pers. comm.,
2002 as cited in Stillwater Sciences 2007). Available region-wide floodplain habitats have been
greatly reduced compared to historical conditions, due to the presence of channel confining levees
(Stillwater Sciences 2007).
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The proportion of revetment coverage within Region 2 is approximately 40%, based on data queries
of the SRBPP revetment database, which is considerably less than revetment coverage of the two
downstream regions (Regions 1a and 1b). Greater revetment coverage is present along the
mainstem Sacramento River than along the lower Feather. Bank revetment composition includes
various material types and sizes, such as medium to large rock, rubble, and cobbles. Revetments at
the erosion sites and along banks without erosion sites are primarily composed of medium cobble
(Stillwater Sciences 2007).

IWM input (16% for the Sacramento River; 22% for the Feather River) is only a fraction of the
historical rates that occurred prior to levee construction and the clearing of floodplain forests (U.S.
Fish and Wildlife Service 2001, as cited in Stillwater Sciences 2007). Riparian vegetation is limited to
relict stands and individual trees that have taken root on sands deposited over bank revetment. The
elimination of channel migration, chute cutoffs, and overbank deposition has reduced the
availability of suitable riparian recruitment areas that are essential for developing and maintaining
the riparian ecosystem and maintaining IWM recruitment to the Sacramento River over the long-
term (Nanson and Beach 1977 as cited in Stillwater Sciences 2007). However, several areas north of
the Feather River confluence include setback levees where some channel meander and associated
habitat complexity has been restored (Stillwater Sciences 2007; U.S. Army Corps of Engineers 2009).

Region-Specific Description (Region 3)

Downstream of Chico Landing (RM 194) to Colusa (143), the Sacramento River meanders between
widely spaced setback levees, which allow the river to continue its lateral migration processes
within a narrow floodplain. Levees of the SRFCP begin downstream from Ord Ferry (RM 184) on the
right bank and downstream from Butte City (RM 176) on the left bank. In the uppermost section of
this region, overbank flows drain into the Butte Basin along the left bank at three locations: RM 191
(M & T Bend), RM 186.5 (3B’s, a natural overflow), and RM 179 (Goose Lake). Floodwaters may also
flow over the right bank and drain into the Colusa Basin. Just upstream of Colusa, floodwaters are
diverted over Moulton Weir and Colusa Weir into the lower Butte Basin. Also included within Region
3 are lower segments of Mud, Deer, and Elder Creeks (discussed in more detail below) that join the
Sacramento River at RM 193, 220, and 230, respectively (Stillwater Sciences 2007).

Within Region 3, the Sacramento River is a meandering single-thread channel bordered by setback
levees. The average sinuosity is about 1.4-1.5 (Brice 1977 as cited in Stillwater Sciences) and
average energy grade slopes from the Corps Hydrologic Engineering Center’s River Analysis System
(HEC-RAS) modeling ranged from 0.0002 to 0.0003 (U.S. Army Corps of Engineers 2004 as cited in
Stillwater Sciences 2007).

Morphologic features that can be found along this reach of the Sacramento River in Region 3 include
natural overflow areas, point bars, cut-banks, islands, and oxbows. The channel is bounded by
natural stream channel and levee alluvium consisting of unconsolidated silt- to cobble-sized
particles (Saucedo and Wagner 1992 as cited in Stillwater Sciences 2007). The median bed material
size (Dso) is approximately 15 millimeters (WET 1988 as cited in Stillwater Sciences 2007) that
provides a non-cohesive sand or gravel toe to the banks. Channel migration is limited by revetment
and other bank protection structures even within the uppermost portion of this region. The highest
rates of migration occur in the unconstrained sections and appear to depend upon channel cross
section asymmetry and toe scour (C. Harvey, pers. comm., 2002 as cited in Stillwater Sciences 2007).
Additionally, bank erosion tends to be faster in sections where riparian vegetation has been reduced
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(Micheli et al. 2004). Chute cutoffs that lead to oxbow formations still occur within this reach when
high flows breach and cut off a sinuous river bend (Stillwater Sciences 2007).

Region 3 contains the smallest proportion of revetted banks. Revetment composition includes small
to large rock, rubble, and cobble, with medium (12-20 in) rock and cobble accounting for the
majority of revetment materials present in this region (Stillwater Sciences 2007).

Despite the relatively higher frequency of channel migration and, therefore, the potentially high
IWM recruitment, IWM loading in this region (17%) is comparable to the two lower regions along
the Sacramento River. This low level of IWM recruitment is attributable to the conversion of riparian
forests to agriculture over the last 100 years (Katibah 1984 as cited in U.S. Army Corps of Engineers
2009). The bank material at the one proposed repair site on the Sacramento River within Reach 3
(SAC 157.7R) is un-revetted and composed of cohesive silt and clay near the low-flow water
elevation (see Table 3-13 of U.S. Army Corps of Engineers 2009). In the vicinity of this site, the banks
in straight reaches are generally un-revetted, while most outer bank areas are revetted; therefore,
the river is not free to laterally migrate at historical rates (U.S. Army Corps of Engineers 2009).

Deer Creek is a relatively unregulated stream draining the high-relief southern Cascades (the Lassen
Volcanic National Park area). Prior to levee construction along the lower reach, the creek historically
flowed and migrated across an alluvial fan with multiple overflow channels (Deer Creek Watershed
Council 1998, as cited in U.S. Army Corps of Engineers 2009). The creek has retained an active
single-thread channel with ample energy to erode streambanks and to transport a wide distribution
of sediment, ranging in size from silt to cobbles (Tompkins and Kondolf 2007, as cited in U.S. Army
Corps of Engineers 2009). The lower reach is bordered by low-lying (<3 feet high) levees that are
slightly set back from the channel margins in some areas and are constructed of locally derived silt
to cobble-sized sediments that are similar in composition to the surrounding streambanks. The
SRBPP revetment database indicates that the frequency of bank revetment is high; however, the
database indicates that the majority of this revetment is composed of medium (6-10 inches) to
small (<6 inches) cobble.

Based on the relatively small size of the material and observations made during a field visit in 2008,
a significant portion of this material is likely coarse-grained alluvial deposits and not installed
revetment. IWM loading in lower Deer Creek within the program area is relatively low (5%)
compared to the average for the Sacramento River (17%) in Region 3 (U.S. Army Corps of Engineers
2009).

4.2.6 Review of Alluvial River Systems Processes

The following sections provide the geomorphic context for the various water courses in the program
area, focusing on the channel network, meander belt dynamics, and bank retreat on the Sacramento
River.

4.2.6.1 Channel Network Classification

Valley morphology varies going downstream in most watersheds, such as the Sacramento River
watershed. Because of this variation, watersheds are divided into valley segments and channel
reaches. Valley segments are distinctive sections of the valley network that possess geomorphic
properties and hydrologic transport characteristics that distinguish them from adjacent reaches
(Bisson and Montgomery 1996).
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Valley segments can be classified into three classes based on their position within the watershed
and the relative ratios of transport capacity to sediment supply (Montgomery and Buffington 1998).
Headwater source areas are typically transport-limited (often due to limited channel runoff) but do
offer sediment storage that is intermittently initiated under large flow events, debris flows, or other
gravitational events (e.g., landslides). Transport segments are composed of morphologically
resilient, supply-limited reaches (e.g., bedrock, cascade, and step-pool) that rapidly convey
increased sediment inputs. Response segments consist of lower-gradient, more transport-limited
depositional reaches (e.g., plane-bed, pool-riffle, and step-pool sequences) where channel
adjustments occur in response to changes in sediment supply delivered from upstream.

Based on field observations and the stream classification methodology of Montgomery and
Buffington (1998), the Sacramento River in the program area is an alluvial valley segment
dominated by plane-bed and pool-riffle reaches. Plane-bed and pool-rifle reaches are transport-
limited; therefore, the Sacramento River (and other watercourses) behave as a response segment,
theoretically adjusting their bed morphology to water and/or sediment.

4.2.6.2 Review of Alluvial Meander Belt Dynamics

Deposition in river systems that are predominantly aggradational (i.e., depositional) is accomplished
by both lateral and vertical accretion (build-up of sediment). In-channel, or channel-fill facies (layers
or strata) tend to be dominated by lateral accretion, whereas the channel-margin facies tend to be
dominated by vertical accretion. The net result of both the vertical and lateral accretion is a general
fining-upward sequence in both grain size and the scale of the depositional units. However, the
fining-upward sequences can be punctuated, in both the channel-fill and the channel-margin facies,
by coarsening upward facies (WET 1990a).

With the channel-fill facies, coarser sediment can overlie finer sediments as a result of deposition
during high flow events. The depositional ramp that is often observed at the upstream end of a point
bar can introduce coarser sediments to the upper portion of the point bar surface. Similarly, chutes
that cut through the upper point bar surface can cause coarse sediments to overlie finer ones (WET
1990a).

In the channel-margin facies that include natural levees and crevasse splays, large floods can cause
coarse sediment deposition on top of the normally finer-grained flood basin deposits. Such
deposition can result in coarsening upwards grain size trends during the progradational (flowing)
phase and fining upwards trends during the abandonment (ebbing) phase. On a local scale,
progradation in deltas into inter-channel lakes or abandoned channel segments can typically
produce coarsening upwards deltaic sequences (WET 1990a).

Once coarser sediments are introduced to the flood basin as a result of sheetflooding or crevassing,
the sediments have a high potential for being reworked by recessional flows of the same flood event
or by both rising and recessional flows of subsequent flood events. Therefore, sediments deposited
by one major flood event may be subsequently reworked by numerous lesser floods, giving the
impression that all overbank floods cause significant overbank deposition (WET 1990a).

4.2.6.3 Bank Retreat Terminology

Gravitational forces acting on in situ bank material act in concert with hydraulic forces at the bank
toe to determine rates of bank erosion, and it is the interaction of these forces that control
streambank mechanics. The term ‘bank retreat’ is a collective term for all processes that act to erode
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streambanks in any manner, and is defined as the net linear recession of streambanks as a result of
erosion and/or failure (Lawler et al. 1997). Table 4-2 contains the terms that are often used when
describing bank processes. Not all bank retreat is the result of flowing water in the channel, and it is
restrictive to interpret all bank retreat simply as a function of excess boundary shear stress (Lawler
etal. 1997).

Table 4-2. Bank Retreat Terminology

Terminology Definition

Bank erosion Detachment, entrainment and removal of bank material as individual grains
or aggregates by fluvial and sub-aerial processes.

Bank failure Collapse of part or all of the bank en masse, in response to geotechnical
instability processes.

Bank retreat Net linear recession of bank as a result of erosion and/or failure.

Bank advance The opposite of bank retreat, i.e., net linear streamwise change in bank

surface position, as a result of deposition of sediment or in situ swelling of
bank materials (often referred to as vertical and/or lateral accretion).

Bank erodibility The ease with which bank material particles and aggregates can be detached,
entrained and removed (normally by fluvial erosion processes).

Source: Lawler et al. 1997

As a result, bank retreat types are grouped into three categories: weakening processes (otherwise
referred to as sub-aerial preparation processes), fluvial erosion, and mass-failure processes (Lawler
1992). In brief, weakening processes are any bank or near-bank processes that act to erode or
prepare banks for further erosion (Lawler 1992). Fluvial erosion is closely related to boundary
shear stress, which can be loosely approximated by stream power variations, and mass failure is
collapse of all or part of the bank in situ (Lawler 1995).

Fluvial erosion is probably the most dominant process eroding banks with non-cohesive banks
where individual grains are dislodged or shallow slips occur along almost planar surfaces (Thorne
1982). The effectiveness of fluvial erosion against cohesive banks depends upon the moisture
content and degree of pre-conditioning (i.e., weakening processes) of the material. Similar
observations hold true for mass failure as well, where the susceptibility of banks to it depends on
weakening processes, bank shape, structure, and material. The significance of mass failure is
thought to increase as drainage basin size increases; basins greater than approximately 120 km?2 in
area are more prone to mass failure processes than basins below this amount due to the increase in
bank height associated with larger basins (Lawler 1995). In general, smaller basins are dominated
by sub-aerial preparation processes, middle-order basins are dominated by fluvial entrainment, and
larger basins (over 120 km?2) are dominated by mass failure.

4.2.6.4 Bank Retreat as a Function of Longitudinal Position in the Drainage

Network

Sub-aerial preparation, fluvial, and mass-failure processes have the potential to act in accordance
with each other at various points along a stream system (Hooke 1979) (Figure 4-1). For example, it
is common knowledge that weakening processes, such as wetting and drying cycles, prepare banks
for additional mass failure processes (Knighton 1999). The overlap of the curves in Figure 4-1
illustrates the importance of process combinations. Scale (i.e., position in the drainage network),
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however, is an important control of bank retreat processes, as the relative influence of these
processes differs throughout the length of a channel.
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Sub-aerial preparation processes dominate within the uppermost reaches of a channel; fluid entrainment processes
dominate within the mid-reaches; mass failure processes dominate within the lowest reaches. All processes have the
potential to act in accordance with each other. Modified from Lawler (1995).

Figure 4-1. Conceptual Model of Downstream Changes in Bank Erosion Processes

Weakening, sub-aerial processes are dominant within the uppermost reaches of a drainage basin,
and these processes are predominantly controlled by soil property characteristics (Abernethy and
Rutherford 1998; Lawler 1995; Lawler et al. 1997). In general, discharge and stream power are
relatively low in upper reaches of stream systems, suggesting the erosive effects of flow are small in
relation to the geomorphic effects of non-fluvial processes. Influential factors that control the extent
and location of bank retreat in upper reaches include bank properties, such as composition,
cohesion, strength, and vegetation cover (Lawler et al. 1997). Sub-aerial processes are active on
streambanks throughout entire catchments, but are particularly apparent in upper reaches
(Abernethy and Rutherford 1998; Lawler 1995). These weakening mechanisms include windthrow
of streamside trees, damming by large woody debris, frost heave, desiccation, rainsplash, and micro-
rill development. All of these processes directly influence channel and bank form and size
(Abernethy and Rutherford 1998).

Vegetation is also a strong control of stability in general, and unstable areas typically have
considerably less bank vegetation than stable areas (Rutherford et al. 1995). The dominant
vegetation type is also important. Prevalent thought is that thick, dense vegetation common in
forests provides greater roughness and resistance to fluvial entrainment through both direct
interaction with growth and binding of bank material by root systems (Ryan 1992). Ryan (1992)
argues, however, that grasses, which tend to colonize finer sediments, can provide more resistance
than larger forest species or willows. Though the roots of grasses are not too deep, they cover a
larger surface area, and. the rooting depth of grasses has the ability to stabilize the banks when bank
height values are relatively low, (Rutherford et al. 1995). In addition, a study conducted by the
Engineer Research and Development Center (ERDC) for the Corps found that slope stability is
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slightly reduced when trees are located at the crest and mid-slope locations on the land side of
levees, and larger reductions in slope stability are expected as tree mass increases due to the added
weight on the levee slope (Engineer Research and Development Center 2011).

Desiccation and cycles of wetting and drying promote bank instability in a similar manner. Sediment
grains are mobilized and gravitational forces route the sediment into the channel. Rainsplash and
micro-rill development also contribute to destabilization of streambanks. Direct rainfall has the
potential to loosen sediment particles and create micro-rills (Luk 1982). The development of micro-
rills has the potential to destabilize banks and increase the lateral conveyance of water into the
channel (Luk 1982).

In mid-reaches (such as Regions 2 and 3 of the program area), discharge and channel slope often
combine to produce peak levels of stream power and flow erositivity (Abernethy and Rutherford
1998; Lawler 1995), as shown in Figure 4-1. As a result, the dominant mechanisms of bank retreat
are by direct fluid entrainment processes. Flow properties, such as discharge, boundary shear stress,
and stream power, regulate the potential work available for erosion (Graf 1983). Since discharge
and channel slope combine in the mid-reaches of a channel to produce erosive flows, the stability of
banks here is largely determined by bank characteristics (Annandale 1995; Annandale and Parkhill
1995). Bank properties, especially the presence or absence of stabilizing vegetation are important.
(Rutherford et al. 1995). The resultant forms of bank failure in the mid-reaches depend on the
sedimentological nature of the streambanks (Lawler 1992), and are discussed below along with
bank failure forms in the lowest reaches of stream channels.

Where it is a result of fluvial erosion, bank retreat is well predicted by stream power and its
associated variables (Annandale and Parkhill 1995). In mid-reaches, valley and channel slope, valley
width, and bend morphology are all influential in controlling bank retreat (Lawler et al. 1997;
Magilligan 1992; Miller 1995). In general, higher unit stream power values are associated with
higher channel slopes and lower valley widths (Graf 1983). Other studies have also shown that
valley morphology exerts a strong control over flow patterns; these patterns, in turn, influence the
amount of erosion performed (Baker and Costa 1987; Miller 1990; Miller 1995). When valley width
and channel slope vary as a function of lithology, an irregular pattern of downstream erosion rates
as a result of variable flood power will emerge (Magilligan 1992). Variations in valley morphology
are most important in influencing bank instability in middle and lower reaches of a stream system,
where there is usually more available discharge and stream power (Graf 1983).

Bank retreat increases at bends in the channel as well. Hooke (1980) concludes that important bank
retreat is more likely to occur at bends in the channel where flow is deflected and stream power and
shear stress are increased. Schumm (1977) and Thorne and Osman (1987) also suggest that
unstable areas commonly occur at bends in the channel, and stable areas are more often found in
straighter reaches. Whether the adjacent geomorphic surface is a floodplain, a steep, colluvial valley,
or a terrace, bank height and the active channel width also importantly influence unit stream power
and instability. In other words, the relationship between a channel and its floodplain is important in
determining unit stream power, and therefore bank instability. Brizga and Finlayson (1990) state
that active channels within incised areas surrounded by terraces have importantly high stream
power values during flow events. Conversely, rivers which flood over their banks onto floodplains
have lower stream power.

While variations in unit stream power and its associated variables dominate bank retreat within the
mid-reaches of a channel, they can also be important in the lowest reaches (such as Regions 1a and
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1b on the program area) (Lawler 1995). Streambanks in lower reaches of streams, however, are
usually typified by bank materials that are more resistant to fluvial action and have higher cohesion
than upstream banks (Lawler 1992). Lawler (1992) suggests that, where there is a gradual
downstream increase in channel size, there should be a point where bank height exceeds some
critical value for the boundary material and mass failure assumes dominance in the erosion process.
Simon et al. (2000) also suggest that the presence of overly steep banks has the potential to
destabilize banks. Other studies suggest that unstable, eroding banks typically have high bank angles
and high bank heights (Thorne 1982; Thorne and Tovey 1981). Thus, the primary mechanism of
bank retreat in the lowest reaches of stream systems is bank failure, rather than fluvial erosion.
Influential factors in these mass failure processes include the height, angle, composition,
stratigraphy, and moisture content of the banks (Lawler et al. 1997).

4.2.7 Erosion Mechanisms in the Program Area

Bank material is generally removed in proportion to streamflow along the upper Sacramento River
(U.S. Army Corps of Engineers 1981), but wind and boat-wave erosion may become dominant along
the lower river and sloughs (Limerinos and Smith 1975 as cited in Jones & Stokes Associates 1987).
Both brief, very large runoff events and sustained high-water periods can remove substantial
material from the river’s banks. The initiator of floodflow bank erosion can be the tractive force of
floodflow itself, as magnified by channel obstructions and reduced capacity, or the collapse of
saturated bank materials after rapid reduction of the water surface elevation. Erosion below
Sacramento is often initiated by the removal of bank vegetation at low and moderate water
shoreline from repeated wind wave or boat wake attack. Headward erosion of overbank inflows also
initiates bank erosion (Jones & Stokes Associates 1987).

Within the program area, the Sacramento River passes from a continuously eroding and depositing,
meandering stream at RM 194, with moderate flow velocities, to a series of low-velocity distributary
channels in the Delta, closely bordered by levees. Thus, erosional regimes differ between regions
within the program area (Jones & Stokes Associates 1987).

4.2.7.1 Regions 1a and 1b

Below Sacramento, relatively low velocity floodflows (<6 feet per second [fps]) predominate (Veres
pers. comm. as cited in Jones & Stokes Associates 1987). Channels of the main river and sloughs are
relatively straight, as the river flow is distributed in the network of Delta channels. These channels
are bordered by relatively low and narrow “berms,” or remnant floodplains, enclosed by levees
closely paralleling them.

Bank erosion is gradually removing the berms throughout most of the lower regions, and in many
places erosion has completely removed the berm and encroached on the levee itself. The primary
initiator of this streambank erosion appears to be boat wake and wind wave attack of the bank
vegetation and soils at the low flow water surface elevation. Once vegetation is removed, this wave
action, or sloughing of saturated columns of bank materials following reductions in the water
surface elevation, continues to undermine the banks. Floodflows exacerbate the situation by
removing exposed bank materials and scouring additional material (Jones & Stokes Associates
1987).

The relationship of boat wake, wind wave, and floodflow erosion in the Georgiana Slough was
evaluated by the U. S. Geological Survey (Limerinos and Smith 1975 as cited in Jones & Stokes
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Associates 1987). Although the proportion of observed erosion due to each of these causes on an
annual basis could not be accurately estimated, it was observed that fully one-half of the bank
erosion occurred during low flow months when floodflows did not occur. Boat wake erosion was
identified as a significant factor in bank erosion along the Delta waterways (Jones & Stokes
Associates 1987).

The wavewash attack is aided by a tidal influence, extending to Sacramento. Diurnally, the low water
surface rises and falls, causing the wavewash zone to fluctuate accordingly (Jones & Stokes
Associates 1987).

Flood stage berm or levee erosion, above erosion initiated at the low flow water surface elevation, is
apparently not widespread in Delta channels. At some sites, floodwaters have scoured the berm
surface or the levee slope above the berm, but for the most part berm vegetation has successfully
resisted floodflows. At riprapped sites, erosion above the revetment has sometimes occurred, but
usually where compacted embankment was placed above the rock and revegetation was not secure
(Jones & Stokes Associates 1987).

A more recent study performed by Northwest Hydraulic Consultants (2007) supports the
statements above regarding the relationship of boat wake, wind wave, and floodflow erosion, and
indicates the four most common bank failure mechanisms along Sacramento River in this region.

e Wave erosion, particularly from waves generated by recreational boat traffic on the Sacramento
River. The erosion from boat traffic occurs during the summer and fall, when water levels are
near their annual minima, and results in wave cut benches, steep eroding banks, and slow bank
retreat. Erosion from wind-generated waves also occurs on the upper levee slopes during high
flow events.

e Failures or slides on the berm, possibly as a result of over-steepening, saturation, toe scour, or
other factors.

® Levee encroachment from scour at the toe of the bank where banks are steep below the water
level and erosion has progressed into the 3:1 projected waterside slope of the levee template.

® Tree roots can bind and strengthen soils in some cases, but undermined or undercut trees that
result in over-steepened and eroded sections on the bank that eventually may fall over, could
result in loss of bank or levee and further erosion as flows accelerate around the root ball.

These observations are consistent with previous reports on bank erosion along the Sacramento
River in this region (see Northwest Hydraulic Consultants 2005, 2006; U.S. Army Corps of Engineers
2006).

As discussed earlier, much of the Sacramento River is protected by riprap revetment. These
revetments are in reasonable repair and have withstood floods for 30 or 40 years and have been
assumed to continue to provide erosion protection, given adequate maintenance. As such, they have
a low risk of failure and a low priority for treatment. However, the rock placed on these slopes has
been damaged by wave erosion, it is often smaller than currently recommended for protection from
boat wakes and waves (U.S. Army Corps of Engineers 2006), and it is not known whether adequate
toe rock was installed to protect against scour.
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4.2.7.2 Region 2

As in the lower regions, levees border the Sacramento River, except where they are set back across
the base of a few major meander loops. Even here, the stream is no longer free to migrate. Berms in
this region are generally present, and are wider and higher above the channel than in the lower
regions (Jones & Stokes Associates 1987).

Although the channel no longer migrates, bank erosion continues from impingement of the primary
flow energy at channel bends; this process is described for the upper region to follow. Boat wake
and windwave erosion are also sometimes operative in this region, as just described for the lower
regions. The erosional regime is most similar to the upper region, but in this region is a composite of
both the upstream and downstream environments (Jones & Stokes Associates 1987).

4.2.7.3 Region 3

In the uppermost region, the Sacramento River is a single-thread meandering channel migrating
through alluvial deposits until constrained by setback levees. Floodflows are commonly of higher
velocity (>5 fps), and significant flow energy is constantly impinging on banks at the outsides of
meander bends during all levels of flow and at the inside of bends during floodflow (Jones & Stokes
Associates 1987).

Because levees are set back, berms in the upper reaches are generally wide. The berms also tend to
be at higher elevation above the channel, so that eroded, near-vertical banks more than 15 feet in
height are common. In the uppermost reach of this region (above RM 176 in the east bank and RM
184 on the west bank), levees have not been constructed; floodflows overtopping the high banks
drain easterly to Butte Basin (Jones & Stokes Associates 1987).

Bank erosion in this region is almost entirely due to streamflow. As the primary flow energy sweeps
past banks on the outside of river banks, a secondary, helicoidal (spiraling) flow deepens the
channel at the outside edge. Thus, the bank is undermined, and the larger, local velocities attack the
bank materials (Odgaard and Kennedy 1983 as cited in Jones & Stokes Associates 1987). Erosion
and sediment transport increase with flow velocity, which in turn increases with stream discharge.
Flood flow scour of berm surfaces and levees beyond the channel banks also occasionally occurs
(Jones & Stokes Associates 1987).

Altho