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1.0 Purpose and Scope

1.1 Purpose

This Engineering Appendix is prepared as part of the Post Authorization Change Report (PACR) to
the Sacramento River Bank Protection Project (SRBPP). The SRBPP was originally authorized in
1960 as bank protection work along the Sacramento River to protect the existing banks and levee
elements of the Sacramento River Flood Control Project (SRFCP). Phase Il was authorized in 1974,
and provided 405,000 linear feet (LF) of bank protection. The Water Resources Development Act of
2007 (WRDA 2007) added 80,000 LF to Phase II. The PACR supports revisions to the SRBPP to
add 80,000 LF of bank protection to Phase II as authorized. The PACR demonstrates that the
SRBPP Phase II 80,000 LF is technically sound, is compliant with U.S. Army Corps of Engineers
(Corps) policy, and meets environmental regulations.

The project purpose, as stated in the 1973 SRBPP, California-Second Phase, Report of the Chief of
Engineers, is Flood Risk Management (FRM) to protect the existing levee system of the SRFCP. The
report states that “each year streambanks and levees at additional unprotected locations throughout the
Sacramento River Flood Control Project are subjected to erosion which carries away useful land,
deposits sediment in downstream flood and navigation channels, damages valuable riparian vegetation
and wildlife habitat, and ultimately threatens to destroy the integrity of the flood protection project and
produce disastrous flooding.” Thus, bank protection provides multiple beneficial effects.

To conform to Corps planning, engineering, and policy guidance, the project purpose should be
associated with a basic Corps mission. Since bank protection supports the SRFCP, which was
constructed primarily for flood control, Corps guidance as it applies to flood risk management projects
is followed in this Engineering Appendix and PACR.

1.2 Approval

This Engineering Appendix defines the specific design concepts and establishes a baseline cost estimate
for the 80,000 LF. This Engineering Appendix is prepared in accordance with Engineering Regulation
(ER) 1110-2-1150, Engineering and Design for Civil Works Projects, and other Corps regulations. The
designs are in compliance with Engineer Technical Letter (ETL) 1110-2-583: Guidelines for Landscape
Planting and Vegetation Management at Levees, Floodwalls, Embankment Dams, and Appurtenant
Structures. The earlier vegetation management ETL 1110-2-571 (10 April 2009) was used for the
design effort. The ETLs expired and have been replaced byEP 1110-2-18. The designs herein continue
to comply with USACE vegetation management policy.

Since this Engineering Appendix supports the PACR, it will be approved along with the PACR, likely
at the MSC (Major Subordinate Command) level. The PACR forms the basis for the Project
Partnership Agreement (PPA) between the Corps and the project non-Federal Sponsor, the State of
California Central Valley Flood Protection Board (CVFPB).



1.3 Priority Site Inventory Concepts

This Engineering Appendix (EA) establishes design concepts for bank protection measures at 106 erosion
sites (Note: Previous documents list 107 erosion sites; however, a discrepancy has been found in the 2009
Alternatives Report regarding the site at Natomas Cross Canal 3.0L and the site has been removed from
this document) totaling approximately 80,000 LF. The erosion sites and corresponding designs were
originally chosen during the development of the Corps’ 2009 Alternatives Report (AR) prepared by
Kleinfelder — Geomatrix. The designs in the AR were developed before the Corps vegetation
management policies were established in ETL1110-2-571. Sixty-seven of the erosion sites were found to
be in compliance with the ETL and would require minimum design changes, while the 39 remaining sites
were found to be non- compliant. This EA retains the bank protection designs of the 67 compliant sites.
For the 39 remaining sites, the designs were revised so that all sites are ETL compliant. The new design
measures are set-back levees, adjacent levees, and stone protection with no vegetation. Two sites are
revised designs of riparian and wetland benches.

The aggregate of bank protection designs at erosion sites, together with on-site and off-site
environmental mitigation, present a prototypical plan known as the Priority Site Inventory (PSI). This
plan provides the scope and guidelines for specific bank protection plans that will be developed and
constructed once the PACR is approved and the PPA is signed.

Due to the dynamic and uncertain nature of erosion, sites needing bank protection are identified and
selected on an annual basis. Since it is impossible to predict future erosion, the PSI provides a
representation of what erosion repair will be constructed in future years. Therefore, the actual sites and
bank erosion measures that will be constructed during the implementation phase will vary from the sites
and measures presented in this PSI.

The PSl s a prototype for the SRBPP Phase II 80,000 LF, which is managed as a bank protection
program. As a program, erosion sites are typically identified, monitored, and repaired on an annual
basis. The description of the full process of monitoring erosion, development of bank protection
designs and cost estimates, financing, environmental compliance and construction is provided in the
PACR and is labeled the Programmatic Bank Protection Plan (PBPP). The PSI demonstrates how
effective, fully mitigated bank protection may be achieved throughout the SRFCP system. Even though
the erosion sites vary year to year, the PSI promotes a broad, system-wide perspective and avoids a
piecemeal site-by site planning approach. Setback levees, for example, provide environmentally
complete bank protection at one or more sites and can provide mitigation for other sites.

By including a variety of representative sites throughout the Sacramento River system, the PSI
demonstrates that effective bank protection measures may be applied to any sites throughout the project
area. It further demonstrates that bank protection may be achieved in compliance with EP 1110-2-18
and other design guidelines.

The erosion protection design process included early consideration of environmental impacts and
mitigation. This is important because erosion protection measures can potentially impact state and
Federally listed fish species. Additionally, in light of EP 1110-2-18, bank protection may result in the
loss of high value riparian vegetation. To avoid or mitigate for losses, the bank protection design
process included modeling changes to fish habitat and accounting for losses of riparian vegetation.
The design of bank protection at actual sites was a collaborative team effort between engineering and
environmental disciplines. Bank protection designs were tested against the Standard Assessment
Methodology (SAM) model to determine a design’s effect on several focal fish species, including
state and Federal-listed threatened and endangered species that may occur in the SRBPP area. Effects



to riparian vegetation were avoided or mitigated on-site, or mitigated off-site. Environmental impacts
are discussed in the programmatic Environmental Impact Statement and Environmental Impact Report
(EIS/EIR) that accompany the PACR.

Through the PSI, the Engineering Appendix provides conceptual designs, drawings, real estate
requirements, and costs for bank protection. The cost estimates include preliminary real estate costs
and environmental mitigation costs, and serve as a representation of what the 80,000 LF of bank
protection might cost.

The PSl is also used to determine economic feasibility of the various economic sub-basins as discussed
in the PACR main report. After determining the feasibility of each basin, a Reduced Array Plan (RAP)
is developed. The RAP consists of only LF within economically feasible sub-basins. Costs from the
RAP are extrapolated on a per linear foot basis to 80,000 linear feet to obtain a project cost for the
SRBPP.

1.4 Location

The SRBPP program area extends south-to-north along the Sacramento River from the town of Collinsville
at River Mile (RM) 0, upstream to Chico at RM 194, and includes reaches of lower Elder and Deer Creeks.
The SRBPP 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 0-21), as well as portions of
Threemile, Steamboat, Sutter, Miner, Georgiana, and Cache Sloughs.

Sacramento River Watershed

The Sacramento River Watershed drains the northern part of the Central Valley into the middle and
lower reaches of the Sacramento River (Figure 1). The Sacramento River is approximately 327 miles
long and drains over 27,000 square miles of land. The upper watershed of the Sacramento River region
includes the drainages above Lake Shasta and Lake Oroville. The valley drainages include the upper
Colusa and Cache Creek watershed on the west side of the valley, and the Feather River and American
River watersheds on the east side of the valley.

Land uses in the Sacramento River Basin are principally agricultural, silvicultural, and open space, with
urban development focused around the City of Sacramento. Other urban developed areas include
Marysville, Davis, Woodland, Vacaville, Dixon, Redding, Chico, Yuba City and various Sierra Nevada
foothill towns. Agriculture is the dominant land use followed by urban development. About 2,300 mi? in
the watershed are devoted to agricultural use.
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1.5 Scope

Functional Scope

As described in the 1973 Chief’s Report, the SRBPP is a long-range program of bank protection and levee
setbacks to protect the existing banks and levees within the SRFCP. Bank protection in the form of
erosion repairs will be either on the waterside berm or the levee if there is no berm. Critical areas must
continue to be protected to maintain the safety of the SRFCP. The SRBPP does not specifically include
other levee corrective measures such as seepage and cutoff walls, slope stability, or raising low spots
along the levee crests. However, these may be included to meet USACE standards, such as with the
construction of a setback levee. Incidental improvement in levee seepage conditions is possible if the
repair results in a lengthening and preservation of the levee’s seepage path.

Geographic Scope

The geographic scope includes the banks and levees of the SRFCP. The SRFCP is along the
Sacramento River from Elder Creek near Tehama to its confluence with the San Joaquin River in the
Delta. The SRFCP includes a number of tributaries, sloughs, and bypass channels (Figure 2).

In 1982, Congress specifically authorized extension of the SRBPP upstream of the SRFCP
levee system from RM 176 left/184 right to RM 194 (public law 97-377).

As summarized below, the SRBPP is separated into 4 geographic locations: 1A, 1B, 2, and 3. See
Figure 2 of the PACR and refer to the EIS/EIR for further detail on these regions.

e Region 1a - Within Region 1a, the Sacramento River flows below Isleton (River Mile (RM) 20) into
the Delta, forming a distribution network of sloughs and channels.

e Region 1b - Region 1b includes the mainstream 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 confluence with the Sacramento River
upstream to RM 13, Natomas East Main Drain, Natomas Cross Canal, and Coon Creek Group
Interceptor Unit 6.

e Region 2 - Within Region 2, the mainstream 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). Feather River and its tributaries in Region 2 extend from the confluence with the
Sacramento River to RM 31 at the Western Canal Left Bank.

e Region 3 - Region 3 includes the Sacramento River downstream of Chico Landing (RM 194) to
Colusa (RM 143).

1.6 Sacramento River Flood Control Project

The SRFCP was authorized by the Flood Control Act of 1917 (Public Law 64-367) and includes a
system of levees, weirs, pumping plants, and bypasses designed to safely convey Sacramento River
and tributary flood flows. The project provides protection to about 2.1 million acres of highly
productive agricultural land, as well as protection to the cities of Sacramento, West Sacramento,
Yuba City, Marysville, Colusa, Gridley, and other communities. The SRFCP is operated and
maintained by the Department of Water Resources, State of California. The Corps provides
assurance that the project is maintained to Federal standards. The flood management system
responsible for protecting these resources in the Sacramento Valley has expanded with the addition
of projects, such as the Sacramento River and Major and Minor Tributaries Flood Control Project,
the American River Common Features Project and the Sacramento River Flood Control System



Evaluation Project. This project includes the following major features (see Figure 2):

e Approximately 1,300 miles of levees along the Sacramento River extending from River Mile
(RM) 0 at Collinsville to Chico Landing, RM 194, distributary sloughs, the lower reaches of
the major tributaries (American, Feather, Yuba and Bear Rivers) and additional minor
tributaries;

e The Moulton, Colusa, Tisdale, Fremont, and the Sacramento Flood Overflow Weirs; and

e The Butte Basin and Sutter and Yolo Bypasses and Sloughs.

1.7 Datum

All data provided in this report is based on the NAVDS88 vertical datum. The North American Vertical
Datum of 1988 (NAVD88) was established by the National Geodetic Survey. The datum was based on an
adjustment of high order differential leveling throughout the United States with the final adjustment
completed in 1988. The datum was based on adjusting the leveling network to a single benchmark near the
great lakes. This datum is currently supported by the NGS. [This section added to final appendix by
SPK.]
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2.0 Programmatic Bank Protection Plan Overview

Erosion along the Sacramento River is a dynamic, unpredictable process that demands flexibility to adapt
to changing conditions. An PSI, rather than a typical specific plan and design, is necessary to provide the
flexibility needed to respond to the variable characteristics of erosion. This PSI will be followed up by a
series of specific, supplemental Design Document Reports (DDRs) that will provide a basis for design of
bank protection at sites identified through the site selection process.

The PSI is representative of how and where the added 80,000 LF of bank protection will be constructed.
The plan establishes bank protection measures at each of 106 erosion sites from the AR, totaling 77,436
LF, which approximates the 80,000 LF authorized in WRDA2007.

2.1 SRBPP Phase Il Program

The SRBPP Phase Il is a program developed for bank and levee rehabilitation responding to
erosion problems that are identified in the field during annual reconnaissance and site selection.
Erosion problems occur throughout the Sacramento River Flood Control System and are
unpredictable. A plan of definitive bank protection cannot be developed due to the unpredictable
nature of erosion. Therefore, an AIP is developed. The PSI provides a realistic representation of
the measures, real estate requirements, construction footprint and costs for the

80,000 LF.

2.2 Priority Site Inventory Defined

The PSI identifies 106 actual erosion sites on the SRFCP that total roughly 80,000 LF. These 106
sites are used as a representative sample of what the Phase II SRBPP will have to address during
implementation. Out of a pallete of bank protection measures developed by the Corps, one
measure is applied to each site. A conceptual design and cost estimate is then developed for each
site.

2.3 Priority Site Inventory Development Process

Development of the PSI follows a rational process to achieve a technically sound and complete
plan. Measures are applied consistently throughout the system taking into account the unique
characteristics of each site. The process builds on work already accomplished by the Corps, as
presented in the AR. The AR did not define a vegetation free zone. Delineation of this zone is
needed to develop bank protection that is in conformance with vegetation management policy.
The PSI was developed taking into account the vegetation free zone so that as much on-site
environmental mitigation as possible is included.

This process was done by a multidisciplinary team that included environmental specialists as well
as engineers. A major aspect of this plan is avoiding or mitigating negative impacts to fish habitat.
The Sacramento River and tributaries are spawning and juvenile rearing habitat for a number of
migratory fish species listed under the Federal Endangered Species Act. The process includes
evaluating the bank protection measures at sites using the SAM model, which determines gains
and losses to fish habitat. The SAM model, as well as many of the bank protection measures
discussed below, was developed through consultations between the Corps and the U.S. Fish and
Wildlife Service and the National Marine Fisheries Service under provisions of the Endangered
Species Act. These consultations were carried out for bank protection actions previous to the
current 80,000 LF.



2.4 Implementation Phase

During the implementation phase, sites to receive bank protection will be identified on an annual
basis. Geotechnical analyses, hydraulic analyses, and surveys will be conducted, and bank
protection measures identified. Supplemental environmental documentation will be required, and a
supplemental DDR will be prepared, as well as plans and specifications. Implementation is further
discussed in Section 2.3.3 Site Selection and Implementation of the PACR and its Site
Selection and Implementation Procedure Appendix, Appendix B.



3.0 Erosion Protection Measures

A number of erosion protection measures have been developed by the Project Development
Team (PDT). A range of measures is formulated to meet the varying erosion and mitigation
requirements at a variety of sites throughout the system. The measures may be implemented at
a given erosion site. The measures are described in detail in the main report of the PACR,
Engineering Appendix, and the

EIS/EIR. The EIS/EIR demonstrates how bank protection would be applied given a number of
different levee and bank conditions.

Table 1 gives a summary/comparison listing the details associated with each repair measure.
These measures were revised and expanded from what are listed as alternatives in the AR. For
reference, Table 2 lists the measures in the AR and matches them with the measures of this
Engineering Appendix.

Table 1 - Repair Measures Summary

Measure 2 : Measure 4a: Measure 4b: Riparian Measure 5:
Bank Fill Riparian Bank - RIp Measure 4c: Bank Fill
. Measure . Bench with L
Measure 1: Stone 3. with Revegetation and Riparian and Stone
Setback Protection By Revegetation 9 Wetland Protection
. Adjacent IWM above and below . .
Levee with No On- and IWM above Benches with | with On-
- Levee Summer/Fall . .
site Summer/Fall Waterline Revegetation Site
Vegetation Waterline Vegetation
Revegetation
Outside of VFZ X X X
Riparian
Bank/Bench X X X X
IWM above
Summer/Fall X X
Waterline
WM below
Summer/Fall X
Waterline
Installation of
Stone X X X X
Protection
Adjacent Levee X
Construction
Setback Levee X
Construction
Existing Levee X X

Breach



Table 2 - AR Report and EA Erosion Repair Measures Comparison

2009 Alternatives Report Phase Il 80,000 Linear Fer‘t’a(ta IIJE(l:rg;tjlneerlng;] Documentation

Alt 1: No Action
Alt 2: Design 1 — Bank fill rock slope with revegetation

Alt 3: Design 1 with Site Specific Modification

Alt 4: Design 2 — Low riparian bench with revegetation and large wood material
enhancements above the summer/fall waterline recommended for sites upstream
of RM 30

Alt 5: Design 2 with Site Specific Modification

Alt 6: Design 3 — Low riparian bench with revegetation and large woody material
enhancements above and below the summer/fall waterline recommended for sites
upstream of RM 30

Alt 7: Design 3 with Site Specific Modification

Alt 8: Design 4 — Delta smelt design - low riparian and wetland benches with
revegetation recommended for sites downstream of RM 30

Alt 9: Design 4 — With Site Specific Modification
Alt 10: Setback Levee

(No Alternative)

No Action

Measure 2: Bank Fill Stone Protection with No On-site
Vegetation
Measure 5: Bank Fill Stone Protection with On-Site Vegetation

Measure 4a: Riparian Bank with Revegetation and IWM above
Summer/Fall Waterline

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

Measure 4c: Riparian and Wetland Benches with Revegetation

Measure 1: Setback Levee

Measure 3: Adjacent Levee



4.0 Plan Development Details

A rigorous process was conducted to evaluate each erosion site and assign a revised repair
measure if required. Erosion repairs, as described in the AR, must be vetted for vegetation
management compliance. If the repair alternative is non-compliant then a new repair
measure must be defined.

This plan development defines five erosion protection measures and the process for which a
protection measure is assigned to an individual site, or in some instances a group of sites. The
process takes into consideration the geographical location, the quantity and quality of existing
riparian and riverine aquatic habitat, channel hydraulics, and major structures (houses, pumping
plants, etc.) adjacent to the landside toe of the levee. The overall goal is to balance
programmatic cost with retaining existing habitat and reduce potential mitigation for fish and
wildlife.

4.1 Develop Erosion Site Cross Sections

Step 1: Site selection

Most but not all erosion sites presented in the AR were identified in the annual Field
Reconnaissance Report (FRR) prepared by the Corps in 2007. Each year, following the 1997
storm events, personnel from the Sacramento District Corps and the California Department of
Water Resources (DWR) Division of Flood Maintenance (acting on behalf of the local sponsor,
the Central Valley Flood Protection Board) conduct a field reconnaissance review of the
Sacramento River Flood Control System. The primary purpose of the review is to monitor and
document the condition of the previously identified erosion sites, inventory any new erosion
sites, and identify critical erosion sites that appear to be an imminent threat to the structural
integrity of the flood control system.

The sites are geographically distributed throughout the SRFCP area and are representative of
varying conditions found in different reaches throughout the project. Sites are along the
Sacramento River main-stem, Delta sloughs, and along a number of tributaries. These include
Bear River, Feather River, Cache Creek, Georgiana Slough, Yolo Bypass, Cherokee Canal,
Cache Slough, Deep Water Ship Channel, Deer Creek, Elder Creek, Knights Landing Ridge,
Cut Lower American River, Natomas Cross Canal, Steamboat Slough, Sutter Slough, Willow
Slough and Yuba River.

The AR recommended a selected repair alternative for each of the 106 erosion sites from a
group of ten bank protection alternatives. The ten alternatives provided in the AR include the
four designs proposed by the Corps Sacramento District (described in the Framework Memo)
which is referred to in the AR as designs 1 through 4. Each of the four designs included an
additional alternative with a site specific modification, as well as a no action and setback
alternative. A description of each alternative can be found in the AR. The AR also includes an
aerial view exhibit of each erosion site which provides the location of critical points such as the
upstream and downstream limits, existing encroachments, location of cross section measured
during site reconnaissance and location of site photo. In addition, the AR includes a conceptual



repair cross section which provides the erosion surface at the most critical point and the
selected repair alternative. The AR evaluated a minimum of three alternatives for most sites
while considering the no action alternative for all sites. Each site was evaluated based on the
following criteria:

© General Site Description

@ Levee and Bank Conditions

@ Existing Environmental Conditions and Constraints

@ Site Features and Improvements

@ Site Access

<« Evaluation of Bank Protection Alternatives

® Input from Agencies

© Recommended Alternative, Conceptual Design and Preliminary Cost

A For a more detailed description of the AR evaluation criteria refer to EA Appendix
2 Civil Design with MCACES Estimate.

Step 2: Site Reconnaissance

Site evaluation includes establishing the landside and waterside toe, delineating levee geometry
such as levee crown elevation and width, side slopes, waterside levee geometry, i.e. benches
and water surface elevation. Site evaluation also includes establishing the quantity and quality
of vegetation and identifying any major structures that might be impacted by a repair
alternative.

Sources of information:

@ Alternatives Report — 80,000 linear feet (106 Sites) Sacramento River Bank Protection
Project, 2009: This report and associated field notes provided existing levee geometry,
mean summer water surface elevation and upstream and downstream existing levee and
bank geometry conditions.

@ Sacramento River HEC-RAS model. A steady state HEC-RAS model of unverifiable
origin and purpose likely based on the USACE Comprehensive Study UNET model
geometry. Despite the questions about this model, a spot check of the model indicates
that the model can be used for the purposes of this programmatic document. However,
the model should not be used in any future work efforts on this or other projects. The
spot check and the results are documented in a separate memorandum of record with the
subject of "Sacramento River Bank Protection Project, Phase II 80,000 LF,
PACR/EA/EIS/EIR, Sufficiency of Hydraulic Model Used”. The spot check indicates
the geometry is likely similar or identical to the Comprehensive Study geometry. The
origin of the hydrology of this model is not known and it is not certified. However this
analysis does not use the hydrology information, only the model geometry.



@ Revetment Database: US Army Corps of Engineers, 2007. Sacramento River Bank
Protection Project Database. US Army Corps of Engineers, Sacramento District. The
U.S. Fish and Wildlife Service (USFWS) and the National Marine Fisheries Service
(NMFS) issued biological opinions (BOs) in 2001, under their jurisdiction pursuant to
the Endangered Species Act (ESA), in response to the threatened and endangered status
of several fish species that use the SRBPP area for habitat or passage.

In early 2002, an interagency working group (IWG) comprised of representatives from
the Corps, the California State Reclamation Board (the local sponsor for the SRBPP),
Department of Water Resources (DWR), USFWS, NMFS, and California Department of
Fish and Game (CDFG) developed protocols for collecting revetment data in the

SRBPP act area (USFWS 2002). The IWG was established in 2001 to support the work
of the SRBPP. Its primary goals are to identify, evaluate, design, and endorse
conservation measures that are consistent with biological opinions.

Development of levee and bank geometry was completed using the above sources and is
presented in Subappendix A2 Civil Design with Costs Estimates. No additional
topographic surveys or geotechnical evaluations were completed for this report,
although these items may be required during design.

Step 3: Overlay Vegetation Free Zone (VFZ) on Site Alternatives

Using the procedures outlined in the PACR and the EIS/EIR, the levee and bank geometry and
critical structure were defined for each site. The critical structure must be established to
determine the VFZ. The VFZ is established by identifying the landside and waterside levee
toes, then extending 15 feet outward from each toe to establish the VFZ boundary. The
waterside levee toe is established by projecting the landside levee toe horizontally to the point
where it intersects the projected 3:1 waterside levee slope. The entirety of the levee surface
within this boundary would be prohibited from planting as defined in the ETL. The vegetation
free zone is then overlaid on the levee erosion site (Figure 4).

Step 4: Retain Acceptable Sites

Each erosion site from the AR was evaluated for ETL compliance. With the VFZ defined for
each site it was determined which of the repair alternatives, as presented in the AR, proposed
planting within VFZ. The initial analysis revealed that some repair alternatives were clearly not
within the VFZ while others were clearly within the VFZ. But a number of the sites were
marginally encroaching into the VFZ. Therefore the initial analysis revealed that 34 sites were
compliant, 33 sites marginally encroached and 39 sites would require an alternative repair
measure. Upon further analysis of the marginal sites, it was determined that the repair as
presented in the AR could be slightly modified by reducing the planting area which would
make the site compliant with the ETL. As a result, only 39 sites would require a revised
Alternative Repair Measure.
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4.2 Bank Protection Measures Selection

Step 5: Assign Erosion Protection Measures to Non-ETL Compliant Sites

The AR used different versions of Alternative 2 Bank Fill Stone Protection Slope and
Alternative 4 a, b, and ¢, banks with vegetation and in-stream woody material. For the sites
which need a viable alternative, this evaluation attempted to apply Alternative 1 Setback Levee
and Alternative 3 Adjacent Levee.

After completing the ETL compliance analysis, 39 of the 106 erosion sites required a revised
alternative repair measure. Certain criteria were used to assign Alternative 1 or 3 to an erosion
site. These criteria include the quantity and quality of the existing vegetation, the amount of
existing waterside vegetation based on the riprap database, channel hydraulic impacts and
landside structures. Of the 39 sites assessed, ten of the sites were assigned Alternative 1 —
Setback Levee, and 16 sites were assigned Alternative 3 — Adjacent Levee. Refer to
Subappendix A2 Civil Design with Cost Estimates for a detailed discussion.

A summary of AR erosion sites that were combined or singularly assigned the setback or
adjacent repair measure is summarized below in Table 3. Figures 5 and 6 present the extents
of the combined repair measures.

Table 3 - Summary of Sites Assigned Setback or Adjacent Repair Measure

Site Identification Recommended Repair Measure

Georgiana Slough RM 0.3 L
Georgiana Slough RM 1.7 L Combined Setback Levee
Georgiana Slough RM 2.5 L
Georgiana Slough RM 3.6 L
Georgiana Slough RM 3.7a L

Combined Setback Levee
Georgiana Slough RM 3.7b L
Georgiana Slough RM 4.0 L
Georgiana Slough RM 43 L
Georgiana Slough RM 45 L

Combined Adjacent Levee
Georgiana Slough RM 4.6 L
Georgiana Slough RM 513 L
Georgiana Slough RM 6.1 L Single Site Adjacent Levee
Georgiana Slough RM 6.4 L

Combined Setback Levee
Georgiana Slough RM 6.6 L
Georgiana Slough RM 6.8 L Single Site Adjacent Levee
Georgiana Slough RM 8.3 L Single Site Adjacent Levee
Steamboat Slough RM 18.8 R Single Site Adjacent Levee
Steamboat Slough RM 239 R Single Site Adjacent Levee
Steamboat Slough RM 24.7 R Single Site Adjacent Levee
Steamboat Slough RM 25.0 L Single Site Adjacent Levee
Steamboat Slough RM 25.8 R Single Site Adjacent Levee



Site Identification Recommended Repair Measure

Steamboat Slough RM 26.0 L Single Site Adjacent Levee

Sutter Slough RM 247 R Single Site Setback Levee
Sacramento River RM 227 L Single Site Adjacent Levee
Sacramento River RM 232 L Single Site Adjacent Levee



Figure 5 - Regional Location Map
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Figure 6- Conceptual Multi-Suite Erosion Locations
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Step 6: Assign Measures to Remaining Sites

Sites with setback and adjacent levees were evaluated using the SAM model. Positive
environmental effects at sites are noted so that a measure could also serve as near-site
mitigation for another site with negative environmental effects. Where multiple erosion sites
were grouped together for a multi-site setback or adjacent levee, the additional length between
the actual erosion site boundaries was included in the calculation effects.

For the 14 remaining sites, an erosion protection measure is assigned that would minimize loss
of fish habitat. This could be Alternative 1 Bank Fill Stone Protection Slope or similar to what
was proposed in the AR. The environmental impacts of these measures would be evaluated and
reported for each site or aggregate of sites.

A summary of the remaining AR erosion sites that were assigned an Measure other than the
Setback or Adjacent repair measure is presented below in Table 4.

Table 4 - Summary of Sites Assigned ALT 2 or ALT 4c Repair Measure

Site Identification Recommended Repair Measure

Cache Slough RM 15.9 L Measure 2
Cache Slough RM 23.6 R Measure 2
Knights Landing Ridge Cut LM 0.2 R Measure 2
Knights Landing Ridge Cut LM 3.0 L Measure 2
Knights Landing Ridge Cut LM 3.1 L Measure 2
Knights Landing Ridge Cut LM 43 L Measure 2
Knights Landing Ridge Cut LM 5.3 L Measure 2
Willow Slough LM 6.9 R Measure 2

Yolo Bypass LM 0.1 R Measure 2

Yolo Bypass LM 20 R Measure 2

Yolo Bypass LM 28 R Measure 2
Sacramento River RM 215 L Measure 4c
Sacramento River RM 225 L Measure 4c
Sacramento River RM 248 L Measure 2

4.3 Evaluate Mitigation Measures
Step 7: Evaluate Site’s Impact to Fish Habitat

Once the VFZ is established the value of the sites’ resulting diminishment of existing or
potential vegetation may be determined.

Impacts to migratory fish were assessed by calculating the value of the existing riverbank
habitat for rearing Chinook Salmon fry/juveniles, a species/life stage that is greatly associated
with near shore habitat and is therefore susceptible to the effects of bank protection actions.



Habitat value was estimated using the relationships from SAM model, which relate several
features of the river bank habitat to assumed responses from fish. The model and evaluation are
described in the EIS/EIR.

There are two main variables in the SAM model that could be affected by VFZ restrictions:
shade and aquatic vegetation. A reduction in trees reduces the amount of shaded cover,
potentially increasing susceptibility to predation and, in smaller tributaries, increasing water
temperature. A reduction in trees and other vegetation within the VFZ reduces the amount of
inundated physical refuge habitat during higher water levels.

4.4 Develop Planning-Level Project Cost Estimate
Step 8: Develop Mitigation Plan

The aggregate environmental effects of all 106 sites were evaluated. The SAM model was used
to determine effects to fish habitat. Losses in riparian and fish habitat were established by the
environmental team.

In the lower regions of the study area, the Delta, the setback and adjacent levees provide net
positive effects to fish habitat and riparian vegetation. Where multiple erosion sites were
grouped together for a multi-site setback or adjacent levee, the additional length of non-eroded
levee bank between the erosion sites was included in the calculation of effects. The positive
effects of these levees were used to compensate for negative effects caused by bank protection
at the other erosion sites in this region. Thus, in the lower Delta region no additional mitigation
is required.

In the regions upstream of the Delta, most mitigation occurs on-site. For biological reasons it
was not considered appropriate to use the beneficial effects of Delta adjacent and setback
levees to compensate for construction upstream and removed from the Delta region. No
setback or adjacent levees were proposed in these regions. For some sites there is no realistic
opportunity to construct setback or adjacent levees due to neighboring development. For many
sites on-site mitigation was accomplished by taking opportunities to protect and restore
vegetation on portions of banks beyond the VFZ.

The construction cost estimate does not assume mitigation costs for cultural resources. Cultural
resources recovery costs are included in the total project cost as $1 million, about one-half
percent of construction cost. Cultural resources recovery costs are added onto the project cost
as shown in the PACR.

Step 9: Off-Site Mitigation Plan

The aggregate environmental effects of all 106 sites is evaluated and summarized in the
Environmental document. In the lower Delta regions it is self mitigating. The setback and
adjacent levees fully mitigate all regional erosion sites. In the regions upstream of the Delta,
most mitigation may occur on-site. However some off-site mitigation areas will be required to
provide full mitigation. Off-site mitigation will be considered to compensate for losses. Sites
are identified as part of the NEPA and CEQA process and are described in the Environmental
document. Any net positive effects to riparian vegetation will be reported. No cultural
resources mitigation costs were added.



5.0 De

scription of Priority Site Inventory

5.1 Overall Description

This section provides a discussion of the numbers of alternatives at sites, site relationships and
groupings, environmental mitigation.

Table 5 presents a summary of erosion site attributes which includes Region, Site Identification
listed in the AR, Site Length from the AR, AR Repair Measure and Revised Repair Measure.

A blank cell under ‘Revised Repair Measure’ means the AR recommended either No Action, or
the site was ETL compliant and no revision to the site repair was necessary. The distribution of
erosion sites within the Sacramento Flood Control System (Figures 7-25) presents each site,
identified by the abbreviation of the tributary and its associated River or Levee Mile location.
Figure 26 shows the process used to screen the 106 sites for compliance to ETL 1110-2-571
(now EP 1110-2-18) and determine repair measures and cost opinions for the PBPP.

Table 5 - Summary of Erosion Site Attributes

1A

1A
1A
1A

1A

1A

1A
1A
1A
1A
1A
1A
1A
1A
1A
1A
1A
1A

1A

1A

1A
1A
1A

1A

CUETR BT Revised Repair
Site Identification Site Length Report Repair P
Measure
Measure
LM 3.9 433

Cache Creek L Setback Levee
Cache Slough RM 15.9 L 182 Design 4 Measure 2
Cache Slough RM 228 R 630 Design 4
Cache Slough RM 236 R 1209 Design 4 Measure 2
Deep Water Ship 59 NIA No Action
Channel
Deep Water Ship )y 501 L NIA No Action
Channel
Georgiana Slough RM 0.3 L 1027 Design 4 Measure 1
Georgiana Slough RM 1.7 L 1250 Design 4 Combined Setback
GeorgianaSlough RM 25 L 736 Design 4 Levee
Georgiana Slough RM 3.6 L 1364 Design 4
Georgiana Slough RM 37a L 209 Design 4 Measure 1
) ) Combined Setback
Georgiana Slough RM 37b L 268 Design 4 Levee
Georgiana Slough RM 4.0 L 705 Design 4
Georgiana Slough RM 4.3 L 1319 Design 4
Georgiana Slough RM 45 L 90 Design 4 Measure 3
) ) Combined Adjacent
Georgiana Slough RM 46 L 1346 Design 4 Levee
Georgiana Slough RM 53 L 3171 Design 4
Georgiana Slough RM 6.1 L 1729 Design 4 Measure 3
Georgiana Slough RM 6.4 L 398 Design 4 Measure 1
Combined Setback
Georgiana Slough RM 6.6 L 744 Design 4 Levee
Georgiana Slough RM 6.8 L 1335 Design 4 Measure 3
Georgiana Slough RM 8.3 L 483 Design 4 Measure 3
Georgiana Slough RM 9.3 L 1228 Design 4
Ngislleneihy LM 0.2 R 768 Design 1 Measure 2

Ridge Cut



Alternatives

Revised Repair

Region Site Identification Site Length Report Repair Measure
Measure
1A K”igi‘gze}%ﬁing M 30 L 1279 Design 1 Measure 2
1A Knig?;zé_%rbc:ing LM 3.1 L 368 Design 1 Measure 2
1A K”ig?éze%r:ﬂmg IM 43 L 577 Design 1 Measure 2
1A K”igi‘;;""c'b‘:mg IM 53 L 8564 Design 1 Measure 2
1A Steamboat Slough RM 18.8 R 485 Design 4 Measure 3
1A Steamboat Slough RM 232 L N/A No Action
1A Steamboat Slough RM 239 R 369 Design 4 Measure 3
1A Steamboat Slough RM 247 R 911 Design 4 Measure 3
1A Steamboat Slough RM  25.0 L 272 Design 4 Measure 3
1A Steamboat Slough RM 258 R 244 Design 4 Measure 3
1A Steamboat Slough RM  26.0 L 516 Design 4 Measure 3
1A Sutter Slough RM 247 R 1736 Design 4 Measure 1
1A Sutter Slough RM 265 L 568 Design 4
1A Willow Slough LM 0.2 L N/A No Action
1A Willow Slough LM 0.7 L N/A No Action
1A Willow Slough LM 6.9 R 869 Design 1 Measure 2
1A Yolo Bypass LM 0.1 R 430 Design 1 Measure 2
1A Yolo Bypass LM 2.0 R 563 Design 1 Measure 2
1A Yolo Bypass LM 25 R 148 Design 1
1A Yolo Bypass LM 2.6 R N/A No Action
1A Yolo Bypass LM 3.8 R 1860 Design 1 Measure 2
18" Lower American gy 73 R 446 No Action
River
1B Sacramento River RM 215 L 162 Design 4 Measure 4c
1B Sacramento River RM 225 L 852 Design 4 Measure 4c
1B Sacramento River RM 227 L 309 Design 4 Measure 3
1B Sacramento River RM 232 L 589 Design 4 Measure 3
1B Sacramento River RM 233 L 257 Design 4
1B Sacramento River RM 248 L 782 Design 4 Measure 2
1B Sacramento River RM 252 L 338 Design 4
1B Sacramento River RM 316 R 446 Design 1
1B*** Sacramento River RM 353 R 197 Design 2
1B*** Sacramento River RM 354 R 96 Design 2
1B Sacramento River RM 385 R 359 Design 1
1B Sacramento River RM  56.5 R 373 Design 3
1B Sacramento River RM  56.6 L 86 Design 2
1B Sacramento River RM  56.7 R 665 Design 3
1B* Sacramento River RM 584 L 707 Design 1
1B*** Sacramento River RM  60.1 L 455 Design 2
1B Sacramento River RM 629 R 175 Design 3
1B Sacramento River RM  63.0 R 87 Design 3
1B Sacramento River RM 744 R 200 Design 3



Alternatives
Region Site Identification Site Length Report Repair
Measure

Revised Repair

Measure

1B Sacramento River RM 753 R 2761 Design 1
1B Sacramento River RM  77.7 R 224 Design 1
1B Sacramento River RM 783 L 657 Design 1
Bear River RM 0.8 L 233 Design 1
Cherokee Canal LM 14.0 L 184 No Action
Cherokee Canal LM 21.9 L 1800 Design 1
Feather River RM 0.6 L 288 Design 2
2% Feather River RM 5.0 L 910 Design 2
2 Sacramento River RM  86.3 L 3134 Design 1
2% Sacramento River RM  86.5 R 72 Design 3
2 Sacramento River RM  86.9 R 289 Design 3
2 Sacramento River RM 928 L 200 Design 1
2 Sacramento River RM 958 L 190 Design 1
2 Sacramento River RM  96.2 L 560 Design 1
2 Sacramento River RM  99.0 L 160 Design 1
2 Sacramento River RM 1013 R 352 Design 3
2 Sacramento River RM 1034 L N/A No Action
2 Sacramento River RM 1040 L 3459 Design 1
2 Sacramento River RM 1045 L 301 Design 2
2 Sacramento River RM 1160 L 612 Design 2
2 Sacramento River RM 1165 L 2465 Design 2
2 Sacramento River RM 1220 R 248 Design 3
2 Sacramento River RM 1223 R 341 Design 3
2 Sacramento River RM 1233 L 208 Design 3
2 Sacramento River RM 1237 R 120 Design 2
2 Sacramento River RM 1279 R 801 Design 1
2 Sacramento River RM 1318 L 339 Design 2
2 Sacramento River RM 1329 R 363 Design 2
2 Sacramento River RM 1330 L 1291 Design 2
2 Sacramento River RM 1338 L 197 Design 2
2 Sacramento River RM 1366 L 615 Design 2
2 Sacramento River RM  138.1 L 1365 Design 2
2 Yuba River LM 2.3 L 1356 Setback Levee
3 Deer Creek LM 24 L 496 Design 1
3 Elder Creek LM 1.44 L 334 Design 2
3 Elder Creek LM 3.0 R 65 Design 2
Kk Elder Creek LM 41 L N/A No Action
3 Sacramento River RM 1528 L 198 Design 3
3 Sacramento River RM 1630 L 1213 Design 3
3 Sacramento River RM 1683 L 546 Design 3
3 Sacramento River RM 1720 L 525 Design 3

Sacramento River 58.4 and Lower American River 7.3 have been erronecously included in the
analysis. These are not found in the erosion site inventory. They do not meet the requirements for
an erosion site under SRBPP. Leaving them in the analysis, however, does not make a significant
difference because of the programmatic nature of the bank protection plan and they still can function



as representative sites.

** Feather River 5.0L was erroneously referred to as Feather River 4.9L in the Alternatives Report and
potentially other documents.

*#* Sacramento River 35.3R, 35.4R, 60.1L, 86.5R, Elder Creek 4.1L, Steamboat Slough 23.2L, and
Yolo Bypass 2.5R have been repaired.

Step 10: Real Estate Requirements

Areas of land required for setback and adjacent levees were calculated. The acquisition cost for
these sites was estimated at $10,000 per acre, which is representative for agricultural land in the
Sacramento Valley. No lands costs were included for sites with Bank Fill Stone Protection or
with Riparian and Wetland Banks with Revegetation. No relocations costs were assumed for
the cost estimate.

An acquisition challenge at some sites is the disposition of encroachments, both permitted and
not permitted. Resolving permits and determining resultant relocation requirements at some
sites may add to the cost of the project. This issue is discussed in more detail in PACR
Appendix C Programmatic Real Estate Plan.

Step 11: Cost Estimate

The opinions of probable costs are summarized in Table 6. The summary is organized by
region and each site is identified by tributary/channel name, the levee/river mile marker and
which bank the repair resides on. Each total cost includes the following markups:

@ Escalation — 2%

@ Contingency — 20%

© Supervision, Inspection and Overhead — 8%

© Home Office Overhead — 8%

@ Profit — 8%



@ Bond - 1.25%

The total cost for the 77,436 LF of bank protection is $203,561,167 which gives an average
liner foot cost of $2,629.

After this cost for the PSI was prepared a more detailed cost estimate was developed and is
displayed in Subappendix A2.d. Cost and Schedule Risk Analysis Report This estimate was
used for the benefit — cost analysis described in the Economic Appendix. The cost is at an
alternative comparison level of detail.

These costs summarized below are initial cost opinions. More detailed cost analyses will be
required on a site by site basis as these erosion sites are developed for construction. For a more
detailed analysis of the cost opinions refer to Subappendix A2.d Cost and Schedule Risk
Analysis Report.

Table 6 - First Cost Price Level Summarization

Site Identification First Construction Cost

1A Cache Creek LM 39 L $638,661
1A Cache Slough RM 15.9 L $1,619,596
1A Cache Slough RM 228 R $527,206
1A Cache Slough RM 23.6 R $1,376,525
1A Deep Water Ship Channel LM 5.0 L $0
1A Deep Water Ship Channel LM 5.0 L $0
1A Georgiana Slough RM 0.3 L
1A Georgiana Slough RM 1.7 L $30,143,038
1A Georgiana Slough RM 2.5 L
1A Geor;;iana Slouéh RM 3.6 L
1A Georgiana Slough RM 3.7a L
1A Georgiana Slough RM 3.7b L e
1A Geor;;iana Slouéh RM 4.0 L
1A Georgiana Slough RM 43 L
1A Georgiana Slough RM 45 L

* S $16,809,762
1A Georgiana Slough RM 4.6 L
1A Georgiana Slough RM 5.3 L
1A Georgiana Slough RM 6.1 L $3,572,860
1A Georgiana Slough RM 6.4 L

$3,838,557

1A Georgiana Slough RM 6.6 L
1A Georgiana Slough RM 6.8 L $2,710,953
1A Georgiana Slough RM 8.3 L $1,037,195
1A Georgiana Slough RM 93 L $4,551,611
1A Knights Landing Ridge Cut LM 0.2 R $69,460



Site Identification First Construction Cost

1A Knights Landing Ridge Cut LM 3.0 L $408,793
1A Knights Landing Ridge Cut LM 3.1 L $177,096
1A Knights Landing Ridge Cut LM 4.3 L $459,340
1A Knights Landing Ridge Cut LM 5.3 L $3,263,940
1A Steamboat Slough RM 18.8 R $1,552,251
1A Steamboat Slough RM 232 L $0
1A Steamboat Slough RM 239 R $1,084,698
1A Steamboat Slough RM 24.7 R $2,819,727
1A Steamboat Slough RM 25.0 L $660,720
1A Steamboat Slough RM 258 R $519,721
1A Steamboat Slough RM 26.0 L $1,262,770
1A Sutter Slough RM 24.7 R $5,804,608
1A Sutter Slough RM 26.5 L $2,363,454
1A Willow Slough LM 0.2 L $0
1A Willow Slough LM 0.7 L $0
1A Willow Slough LM 6.9 R $258,406
1A Yolo Bypass LM 0.1 R $266,788
1A Yolo Bypass LM 2.0 R $447,880
1A*** Yolo Bypass LM 2.5 R $83,442
1A Yolo Bypass LM 26 R $0
1A Yolo Bypass LM 3.8 R $1,902,181
1B* Lower American River RM 7.3 R $0
1B Sacramento River RM 21.5 L $563,325
1B Sacramento River RM 22.5 L $1,869,692
1B Sacramento River RM 22.7 L $733,394
1B Sacramento River RM 23.2 L $1,422,810
1B Sacramento River RM 23.3 L $1,169,341
1B Sacramento River RM 24.8 L $3,395,102
1B Sacramento River RM 25.2 L $1,004,012
1B Sacramento River RM 31.6 R $3,084,148
1B*** Sacramento River RM 35.3 R $1,652,501
1B*** Sacramento River RM 35.4 R $340,496
1B Sacramento River RM 38.5 R $2,522,344
1B Sacramento River RM 56.5 R $1,262,827
1B Sacramento River RM 56.6 L $290,378
1B Sacramento River RM 56.7 R $5,695,436
1B* Sacramento River RM 58.4 L $1,332,361
1B*** Sacramento River RM 60.1 L $2,841,635
1B Sacramento River RM 62.9 R $402,035
1B Sacramento River RM 63.0 R $451,201
1B Sacramento River RM 74.4 R $499,086



Site Identification First Construction Cost

1B Sacramento River RM 75.3 R $3,143,933
1B Sacramento River RM 77.7 R $907,020
1B Sacramento River RM 78.3 L $1,539,346
2 Bear River RM 0.8 L $675,163
2 Cherokee Canal LM 14.0 L $0
2 Cherokee Canal LM 21.9 L $1,158,689
2 Feather River RM 0.6 L $1,288,932
2 Feather River RM 5.0 L $3,181,373
2 Sacramento River RM 86.3 L $6,011,173
2% Sacramento River RM 86.5 R $243,224
2 Sacramento River RM 86.9 R $1,226,930
2 Sacramento River RM 92.8 L $1,355,902
2 Sacramento River RM 95.8 L $1,031,518
2 Sacramento River RM 96.2 L $3,926,336
2 Sacramento River RM 99.0 L $1,114,291
2 Sacramento River RM 101.3 R $1,579,059
2 Sacramento River RM 103.4 L $0
2 Sacramento River RM 104.0 L $13,306,210
2 Sacramento River RM 104.5 L $1,063,851
2 Sacramento River RM 116.0 L $1,271,528
2 Sacramento River RM 116.5 L $8,083,110
2 Sacramento River RM 122.0 R $606,015
2 Sacramento River RM 122.3 R $1,012,648
2 Sacramento River RM 123.3 L $567,168
2 Sacramento River RM 123.7 R $1,022,553
2 Sacramento River RM 127.9 R $2,108,298
2 Sacramento River RM 131.8 L $562,176
2 Sacramento River RM 132.9 R $1,402,910
2 Sacramento River RM 133.0 L $1,635,862
2 Sacramento River RM 133.8 L $976,181
2 Sacramento River RM 136.6 L $1,547,692
2 Sacramento River RM 138.1 L $4,093,959
2 Yuba River LM 2.3 L $1,227,930
3 Deer Creek LM 24 L $448,710
3 Elder Creek LM 14 L $717,833
8 Elder Creek LM 3.0 R $106,712
g Elder Creek LM 4.1 L $0
3 Sacramento River RM 152.8 L $1,260,297
3 Sacramento River RM 163.0 L $2,160,285
3 Sacramento River RM 168.3 L $1,869,826
3 Sacramento River RM 172.0 L $1,031,255



*  Sacramento River 58.4 and Lower American River 7.3 have been erroneously included in the analysis.
These are not found in the erosion site inventory. They do not meet the requirements for an erosion
site under SRBPP. Leaving them in the analysis, however, does not make a significant difference
because of the programmatic nature of the bank protection plan and they still can function as
representative sites.

** Feather River 5.0L was erroneously referred to as Feather River 4.9L in the Alternatives Report and
potentially other documents.

*** Sacramento River 35.3R, 35.4R, 60.1L, 86.5R, Elder Creek 4.1L, Steamboat Slough 23.2L, and Yolo
Bypass 2.5R have been repaired.



Figure 7- Alternatives Report Erosion Sites
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Figure 8- Alternatives Report Erosion Sites
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Figure 9- Alternative Report Erosion Sites
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Figure 10- Alternatives Report Erosion Sites
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Figure 11 -Alternatives Report Erosion Sites

gure_15_32 Erosion_Sites_Mapbook.mxd | Last Updated : 07-26-11

docs\mxd\Are1 0VFi

Iternivs Report Erosion Repair Sites

1in =6,000 ft A DRAFT @  Alternative Report Repair Sites [__1 county Boundary Highway
= Freeway —— Major Road
@  HDR Revised Repair Measure

ONE COMPANY \Many N O S COE JV O2Sac Riv Bank EIR/EIS Project No. 86358

G\86356_COE_JV _02SacRivBank_EIR_EIS\map




Figure 12- Alternatives Report Erosion Sites
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Figure 13 -Alternative Report Erosion Sites
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Figure 14- Alternatives Report Erosion Sites
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Figure 15 -Alternatives Report Erosion Sites
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Figure 16- Alternatives Report Erosion Sites
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Figure 17- Alternatives Report Erosion Sites
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Figure 18- Alternatives Report Erosion Sites
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Figure 19- Alternatives Report Erosion Sites
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Figure 20- Alternatives Report Erosion Sites
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Figure 21 -Alternatives Report Erosion Sites
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Figure 22- Alternatives Report Erosion Sites
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Figure 23- Alternatives Report Erosion Sites
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Figure 24- Alternatives Report Erosion Sites
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Figure 25- Alternatives Report Erosion Sites
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Figure 26 - Network Diagram of Process
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6.0 Plan Alternatives

This Engineering Appendix describes a single bank protection programmatic plan, the PSL
However, NEPA and CEQA generally require that an EIS and EIR, respectively, consider a
range of alternatives that would attain most of the basic project purpose, need, and objectives
while avoiding or substantially lessening project effects. A range of reasonable alternatives is
analyzed to define the issues and provide a clear basis for choice among the options. The
NEPA and CEQA analysis also analyzes a no-action or no-project alternative.

In addition to a no-action alternative, five action alternatives with five sub-alternatives were
analyzed. The five action alternatives apply site-specific bank protection measures (design
alternatives) to each of the 106 representative erosion sites in the PSI. The site-specific bank
protection measure applied to each site varies from one alternative to another.

A description of the alternatives is in the PACR and the Programmatic EIS/EIR.

6.1 Intra-Group Efficiencies

The PSI demonstrates how intra-group efficiencies may take place. By grouping geographically
clustered sites, construction at one site could provide benefits to, or facilitate bank protection at
a neighboring site. To realize these efficiencies, a commitment is required to view the river as a
system and plan groupings of bank protection and mitigation sites, rather than designing and
constructing on an individual site-by-site basis. Advantages of a systematic approach are:

@ Ability to use one site as off-site mitigation for one or more other sites. Example is a
setback levee that would provide ecosystem benefits that could off-set losses at another
site). Other sites might be stone protection.

® Provide mitigation in advance of environmental impacts caused by bank protection.

6.2 Operations and Maintenance

Generally, operations and maintenance (O&M) for bank protection sites will include
periodic inspections, repair of bank protection if there is erosion undermining or otherwise
damaging the bank or levee, maintenance of vegetation on banks and in floodplains created
by setback levees, and inspection and maintenance of off-site mitigation areas. Bank
protection O&M is in addition to on-going SRFCP levee inspection and maintenance.

O&M requirements of bank protection generally coincide with the O&M requirements of
the SRFCP. The SRFCP is divided into 65 levee maintenance units. There is an O&M
manual for each unit. These are supplemental manuals to the overall Standard Operations
and Maintenance Manual which covers the entire SRFCP. Upon construction of bank
protection, the supplemental manual that includes that site is updated. EA Appendix A7,
Standard Procedure for Updating the Sacramento River Flood Control

Project Supplemental O&M Manuals, describes how the supplemental manuals

are updated.

6.3 Construction Schedule

Construction of the Phase II 80,000 LF of bank protection is scheduled to begin in 2023.
Historically, a good rule of thumb for the SRBPP was that bank protection was constructed at
about 8,000 LF per year, however since 1990 that number has been about 3,300 LF on
average. At this rate, construction of the 80,000 LF is estimated to be completed in 24 years



from start of construction. A series of specific, supplemental DDRs will include specific Real
Estate plans and specific NEPA/CEQA documents.

Repair of critical erosion sites will be expedited as much as possible. Some sites may require a
more extensive design process, or longer permitting process. This could include setback levees,
sites with challenging engineering or environmental considerations, or schedule delays. Repairs
will continue at other sites if these critical erosion sites experience delays so as not to delay
erosion repair at other critical erosion sites.

The schedule for repairing a single erosion site or constructing a setback levee will vary on a
site by site basis. The schedule depends on a number of factors including the measure selected,
site length, bank width, accessibility, environmental constraints, planting factors, and other
factors unique to each site.

6.4 Deviations from Priority Site Inventory during Implementation

As discussed earlier, the PSI is a representation of 80,000 LF of bank protection. The
actual constructed bank protection will be different. The PSI demonstrates how bank
protection meets project goals, complies with Corps policy and environmental
regulations, and it serves as a valuable starting point to guide implementation of the
bank protection program. The program will evolve to adapt to changes in erosion,
environmental, and market conditions, and revisions to policy.

Possible anticipated changes to the plan are listed below:

@ As erosion problems vary year to year, the bank protection plan will adapt to changing
conditions. The annual surveys may identify erosion sites as critical if erosion problems
worsen at a particular site. Other sites will be removed as an erosion sites once they are
repaired.

@ Detailed explorations, surveys, and hydraulic modeling of sites could result in revisions
to the erosion protection designs or changes to measures themselves.

@ Detailed designs and real estate appraisals, and changes to market prices could revise
cost estimates.

@ As discussed above, the PSI complies with EP 1110-2-18, with no variances.
Currently, no variances apply for the PSL If variances were requested and granted, it
could relax the extent of the vegetation removal, increase vegetation and/or in-stream
woody material placement, or result in revised measures.

© Mitigation requirements could change due to revisions to bank protection measures and
more detailed field surveys and analysis are completed. Supplemental Biological
Opinions and NEPA-CEQA documents will be developed during the implementation
design phase.

@ The construction schedule is not fully determined and is subject to change. Funding, the
number and extent of selected critical erosion sites, and complexity of detailed planning
and design are factors that influence schedule.
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1.0 Levee Geometry

Levee cross section geometry is critical to overlaying the vegetation free zone per the ETL and
the Framework Memo. The geometry is also important for developing quantities for cost
estimates. In addition, the waterside hinge point elevations relative to seasonal mean water
surface elevations are critical when figuring how the treatment of the waterside of levees
impacts fish habitat.

This evaluation relied on AR cross section elevation data from the AR and the Sacramento San
Joaquin Basins Comprehensive Study of 2002 by USACE, and on field notes from the AR.
This section only describes how elevation data for the cross sections were derived for a
geometrical analysis, actual design will include an geotechnical and hydraulic analysis along
with site specific conditions.

1.1 Comprehensive Repair Site Data Sheet

A Comprehensive Repair Site Data Sheet (data sheet) was prepared for each of the 107 erosion
repair sites. The data sheets can be found in Appendix A. Each data sheet contains the
information derived from the available technical resources and is presented as three individual
details, labeled DETAIL1, DETAIL 2 and DETAILS3. A description of each detail is presented
below.

1.1.1DETAIL1

This section of the data sheet presents the typical erosion repair cross section within the
upstream and downstream limits of the site. The title of each data sheet describes the repair site
location. For example; “Cache Creek 3.9L" describes the left bank of the Cache Creek tributary
at river mile 3.9. The cross section presented is considered the worst case scenario of bank
erosion along the extents of the individual repair site.

The cross section which was derived from the information provided in the AR contains the
existing levee geometry modified by erosion and is denoted as a shaded dashed line, along with
the AR recommended erosion repair surface which is denoted as a bold black line. Each cross
section contains dimensions which denote the limits of the VFZ relative to the waterside of the
levee. It is understood that the ETL establishes a VFZ across the entire levee prism which
includes the landside of the levee, but this analysis, based on the Framework Memo, was
limited to the portion of the levee that is being recommended for repair.

The two dots in the cross section represent the location of the landside and waterside toes.
These are critical points that must be established in order to define the limits of the VFZ. The
landside toe was established based on the information provided below under detail 2 while the
waterside toe was established based on information provided from both detail 2 and 3.

For a more detailed explanation of the process for defining the VFZ refer to the Framework
Memo.

Civil Design Sub-Appendix A1



1.1.2 DETAIL 2

Because there was no field investigation conducted by HDR as part of this analysis, and the
field notes provided in the AR only present detailed information on the waterside of the levee
prism, it was necessary to utilize other technical resources to establish the elevation of the
landside toe. This section of the data sheet presents a summary of the method and key
components used to determine the landside toe as well as establish the elevation of the
waterside toe. In short, the VFZ is defined as the area between a point beginning 15 feet
landward of the landside toe to a point 15 feet waterward of the waterside toe. Therefore, two
critical points necessary for establishing the limits of the VFZ are the landside and waterside
levee toes.

The most current and accurate technical resource available is the Comprehensive Study
prepared by the USACE. This study provides a cross section at random intervals along the
Sacramento River and its tributaries. These intervals range from 1000 feet to 15,000 feet. Each
Ccross section contains an elevation point at the landside toe, the landside and waterside hinge
point of the levee crown and all critical grade break elevations on the waterside and landside of
the levee. A critical grade break would be characterized as an existing riparian bench or some
other large waterside feature. The landside would include seepage berms or stability berms.

The first step in HDR’s analysis was to establish the location of the actual repair site in relation
to a known cross section provided in the Comprehensive Study. In some instances, a
Comprehensive Study cross section was available at or near the actual repair site location. In
these cases the data from that individual cross section was used to establish the landside toe
elevation. In other instances, the repair site was not located near a known Comprehensive Study
cross section which would place the repair site some incremental distance between two
individual cross sections. In these cases, the landside toe elevation at the location of the repair
site was interpolated based on the data provided by each upstream and downstream cross
section. The result of this analysis is shown graphically in Detail 2 under the title “CROSS-
SECTION FROM DWR COMPREHENSIVE STUDY™. Each cross section is shown
graphically and labeled as “upstream x-section”, “downstream x-section” and “repair site x-
section” if interpolated. If not, only the “repair site x-section” is provided.

The second step in this analysis was to determine the actual elevation of the landside toe
relative to the cross section provided in the AR. A summary of this procedure is presented in
Detail 2 under the title “KEY DATA FOR DETERMINING LANDSIDE TOE”. When
reviewing the data provided in the Comprehensive Study and the elevation information
provided in the AR, it was evident that there were a minor discrepancies in the elevations at the
repair site location. This discrepancy ranged from two to five feet in elevation. Because of this
discrepancy the estimated Comprehensive Study toe elevation was not used. Instead, the
elevation difference between the Comprehensive Study crown and landside levee toe was
calculated. This elevation difference was then subtracted from the AR crown elevation to
determine the elevation of the landside toe relative to the AR repair site. This revised elevation
was then applied to the cross section in Detail 1 as the proposed landside toe.
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1.1.3 DETAIL 3

Because of the existing geometry of the waterside slope and in most instances heavy vegetation
and emergent benches that may be manmade, it is difficult, if not impossible, to establish the
location of the waterside toe by observation. In addition, the existing geometry of the waterside
slope has been altered by some form of bank erosion, in effect displacing the location of the
pre-eroded toe location. In an effort to recreate the existing eroded waterside slope geometry as
shown in Detail 1, the AR field notes were used and are presented in Detail 3 for reference.

1.1.4 Levee Geometry Summary

The critical elements necessary for conducting a comprehensive analysis and preparing an
accurate representation of the existing levee geometry with regard to requirements presented in
the ETL are the landside toe, waterside toe, levee crown waterside hinge point, and the
geometry of the waterside slope. Each of the aforementioned elements has been established
based on the preceding discussion on Details 1, 2 & 3. The final element needed to complete
the geometry of the existing levee cross section is establishing the waterside toe. This point is
not apparent by inspection; it is actually a point that must be established by determining the
landside toe.

As mentioned in the preceding discussion the waterside toe has been eroded, sediment may
have been deposited or soil has been placed over the waterside toe to create a waterside bench
or for a previous repair. Because of this, the waterside toe must be established by identifying
known points, and then assuming various projections of those points.

The first critical point to establish is the landside toe which is located at the intersection of the
existing ground and the landside slope. To establish the elevation of the waterside toe, the
elevation of the landside toe is projected infinitely in the waterward direction. Without borings
of the repair site and conducting a soils analysis it was assumed that the elevation of this line
would have been the elevation of the existing river bank prior to constructing the levee, and
serves at the horizontal element needed to establish the waterside toe.

The second critical point is the waterside levee crown hinge point. This is the point of
beginning for the waterside slope projection, which can either be an actual slope or an assumed
slope depending on the existing condition of the waterside bank geometry. In either case, the
minimum slope projection is a 2:1 ratio if the existing slope was greater; if less than a 2:1 ratio,
the actual slope was projected. Once the slope ratio was defined, that line was projected from
the waterside hinge point to the previously projected original ground elevation; this intersect is
considered the waterside toe and is presented as a blue dot in Detail 1.
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SACRAMENTO RIVER BANK PROTECTION
PROJECT

Hydraulics Evaluation Technical Memo March, 2011

The purpose of this technical memorandum (TM) is to provide hydraulics information
for the Sacramento River Bank Protection Project. No hydraulic modeling was
requested at this time; therefore, best available hydraulic modeling information from
the US Army Corps of Engineers (USACE) Comprehensive Study dated 2002 was used
for thisevaluation. HEC-RAS models for the Sacramento and San Joaguin Rivers,
obtained by conversion from the Comprehensive Study UNET models, were provided
to HDR by the California Department of Water Resources (DWR) for use with the
Central Valley Floodplain Evaluation and Delineation project. The Sacramento River
HEC-RAS model based on the NGVD 29 vertical datum was used to obtain hydraulic
modeling information from approximately half a mile upstream to approximately half a
mile downstream of each of the following river mile (RM) locations:

e Cache Slough - RM 15.9, RN 23.6
e GeorgianaSlough - RM 3.6, RM 3.7, RM 4.0
e Sacramento River - RM 21.5, RM 22.5, RM 22.7, 23.2

Table 1 provides the HEC-RAS stationing information and variations in water surface
elevations and channel velocities for the 100-year storm event at these locations
obtained from the Comprehensive Study.
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Table 1: Hydraulic Modeling Information from the 2002 Comprehensive Study

Variation in Water
Surface Elevation for

Start and End HEC-RAS

River Mile Location Variation in Channel

Stationing for Reach* Reach (ft, NGVD 29) Velocity for Reach (ft/s)

Cache Slough RM 15.9 RM 15.46 - RM 16.46 13.2t0 16.0 6to 11

Cache Slough RM 23.6 RM 23 - RM 24.25 21.3* 0.04t0 0.35
Georgiana Slough RM 3.6 RM 3.0 to RM 4.0 9.81t010.8 35t04.3
Georgiana Slough RM 3.7 RM 3.25 to RM 4.25 10.0t0 11.0 35t04.3
Georgiana Slough RM 4.0 RM 3.5 to RM 4.499 10.2t0 11.2 35t04.3
Sacramento River RM 21.5 RM 21.0 to 22.0 14.71t0 15.1 42104.6
Sacramento River RM 22.5 RM 22.0 to 23.0 15.1t0 15.5 42t04.7
Sacramento River RM 22.7 RM 22.25 to RM 23.25 15.2t0 15.6 41t04.7
Sacramento River RM 23.2 RM 22.75 to RM 23.75 15.4t0 15.8 41t04.7

Notes: *The reach considered for each river mile location extends from approximately half a mile upstream to approximately
half a mile downstream of that location.
“*For the reach from RM 23 to RM 24.25, the channel does not have adequate capacity to contain the 100-year flood.

The attachments to this TM include the following information for each of the RM
locations: HEC-RA'S schematic showing the location, output profile figures from HEC-
RAS for each reach, and HEC-RAS plots for all cross sections within that reach. Water
surface elevations and channel velocities for the 100-year storm event at each HEC-
RAS cross section are provided in the output profile figures.
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HEC-RAS Profile Drawing for Cache Slough RM 15.9
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HEC-RAS Profile Drawing for Cache Slough RM 23.6 Sheet 1
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HEC-RAS Profile Drawing for Georgiana Slough RM 3.6 and 3.7
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HEC-RAS Profile Drawing for Georgiana Slough RM 4.0
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HEC-RAS Profile Drawing for Sacramento River RM 21.5
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HEC-RAS Profile Drawing for Sacramento River RM 22.5
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HEC-RAS Profile Drawing for Sacramento River RM 22.7
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HEC-RAS Profile Drawing for Sacramento River RM 23.2
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Sacramento River Basin Model from UNET Plan: 100 Year Flood 1/9/2007
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Sacramento River Basin Model from UNET Plan: 100 Year Flood 1/9/2007
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Sub-Appendix A2. Cost Engineering

Total Project Cost Summary
Cost and Schedule Risk Analysis Report



- WALLA WALLA COST ENGINEERING
MANDATORY CENTER OF EXPERTISE

COST AGENCY TECHNICAL REVIEW
CERTIFICATION STATEMENT
For Project No. 105606

SPK — Sacramento River Bank Protection
Seven Economically Feasible Sub-Basins (~7,204LF)

The Sacramento River Bank Protection Project presented by
Sacramento District represents an approximate 77,204 linear feet of
protection deemed as the economically justified portion of the
authorization. It has undergone a successful Cost Agency Technical Review
(Cost ATR), performed by the Walla Walla District Cost Engineering Mandatory
Center of Expertise (Cost MCX) team. The Cost ATR included study of the
project scope, report, cost estimates, schedules, escalation, and risk-based
contingencies. This certification signifies the cost products meet the quality
standards as prescribed in ER 1110-2-1150 Engineering and Design for Civil
Works Projects and ER 1110-2-1302 Civil Works Cost Engineering.

As of March 19, 2019, the Cost MCX certifies the estimated total project cost:

FY 2019 Price Level: $51,048,000
Fully Funded Amount: $60,255,000

It remains the responsibility of the District to correctly reflect these cost values
within the Final Report and to implement effective project management controls
and implementation procedures including risk management throughout the life
of the project.

J AC O B S . M I C H A E L. P _JD;\%iCt)a;SyJ\s/:IgCn::E?IPIERREJ 160569537

DN: c=US, 0=U.S. Government, ou=DoD, ou=PKI,

IERRE. 116056953 F it snaas

Michael P. Jacobs, PE, CCE
Chief, Cost Engineering MCX
Walla Walla District
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PROJECT NO: P2 105606

LOCATION:

Seven Economically Feasible Sub-Basins

This Estimate reflects the scope and schedule in report;

Post Authorization Change Report

POC: CHIEF, COST ENGINEERING, Theresa A. Gneiting-James

WBS
NUMBER
A

02
06
11
16

01
30
31

18

- PROJECT FIRST COST TOTAL PROJECT COST
Civil Works Work Breakd Struct ESTIMATED COST N
vil Works Work Breakdown Structure (Constant Dollar Basis) (FULLY FUNDED)
Program Year (Budget EC): 2019
Effective Price Level Date: 1 OCT18
Spent Thru: TOTAL
FIRST
Civil Works COsT CNTG CNTG TOTAL ESC COSsT CNTG TOTAL 10/1/2018 COST ESC COsT CNTG FULL
Feature & Sub-Feature Description $K (3K} %; (3K} %) (3K} $K (3K $K (3K} %; $K $K $K
B (o} D F G H | J M N (e}
RELOCATIONS $309 $96 31% $405 2.0% $315 $98 $413 $0 $413 17.1% $369 $114 $483)
FISH & WILDLIFE FACILITIES $4,011 $1,243 31% $5,254 2.0% $4,091 $1,268 $5,360 $0| $5,360 22.3% $5,004 $1,551 $6,555)
LEVEES & FLOODWALLS $2,384 $739 31% $3,123 2.0% $2,431 $754 $3,185 $0| $3,185 17.1% $2,848 $883 $3,730
BANK STABILIZATION $17,019 $5,276 31% $22,295 2.0% $17,361 $5,382 $22,742 $0| $22,742 15.0%  $19,958 $6,187 $26,144
CONSTRUCTION ESTIMATE TOTALS: $23,722 $7,354 $31,076 2.0% $24,199 $7,502 $31,700 $0| $31,700 16.4%  $28,178 $8,735 $36,914
LANDS AND DAMAGES $4,970 $1,740 35% $6,710 2.0% $5,070 $1,774 $6,844 $0| $6,844 11.9% $5,675 $1,986 $7,661
PLANNING, ENGINEERING & DESIGN $5,459 $1,692 31% $7,151 3.8% $5,667 $1,757 $7,423 $0| $7,423 21.2% $6,868 $2,129 $8,998
CONSTRUCTION MANAGEMENT $3,440 $1,066 31% $4,506 3.8% $3,571 $1,107 $4,678 $0| $4,678 33.0% $4,748 $1,472 $6,219
CULTURAL RESOURCE PRESERVATION $301 $93 31% $394 2.0% $307 $95 $402 $0 $402 15.2% $353 $110 $463|
PROJECT COST TOTALS: $37,892 $11,945 32% $49,837 $38,813  $12,235 $51,048 $0 $51,048 18.0%  $45,823  $14,432 $60,25—5|,

CHIEF, COST ENGINEERING, Theresa A. Gneiting-James

PROJECT MANAGER, Steve Osgood

CHIEF, REAL ESTATE, Diane Simpson ESTIMATED TOTAL PROJECT COST: $60,255

CHIEF, ENGINEERING, Rick Poeppelman
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**+* CONTRACT COST SUMMARY **+*

PROJECT: Sacramento River Bank Protection Project DISTRICT:  SPK Sacramento District PREPARED:  6/14/2018
LOCATION: Seven Economically Feasible Sub-Basins POC: CHIEF, COST ENGINEERING, Theresa A. Gneiting-James
This Estimate reflects the scope and schedule in report; Post Authorization Change Report
Civil Works Work Breakdown Structure ESTIMATED COST PROJECT FIRST COST TOTAL PROJECT COST (FULLY FUNDED)
(Constant Dollar Basis)
Estimate Prepared: 5/23/2018 Program Year (Budget EC): 2019
Effective Price Level: 10/1/2017 Effective Price Level Date: 1 OCT 18
RISK BASED
WBS Civil Works cosT CNTG CNTG TOTAL ESC  COST  CNTG TOTAL Mid-Point ESC cosT CNTG FULL
NUMBER  Feature & Sub-Feature Description $K) (3K %, (3K %, (3K $K) $K) Date %, $K) $K) $K)
A B c D E F G H | J P L M N o
CONTRACT GROUP 1
16 BANK STABILIZATION Butte Basin, Sacramento River 152.8 L {198 If} $1,075 $333 31% $1,409 2.0% $1,007 $340 $1,437 2022Q3 10.4% $1,211 $375 $1,586
16 BANK STABILIZATION Butte Basin, Sacramento River 163 L {1,213 If} $1,562 $484 31% $2,046 2.0% $1,593 $494 $2,087 2022Q3 10.4% $1,759 $545 $2,304
06 FISH & WILDLIFE FACILITIES Butte Basin, Sacramento River 152.8 L $24 $7 31% $31 2.0% $24 $8 $32 2022Q3 10.4% $27 $8 $35
06 FISH & WILDLIFE FACILITIES Butte Basin, Sacramento River 163.0 L $144 $45 31% $189 2.0% $147 $46 $192 2022Q3 10.4% $162 $50 $212]
06 FISH & WILDLIFE FACILITIES Butte Basin, Sacramento River 152.8 L - Revegeation & Plant Establishment $67 $21 31% $88 2.0% $68 $21 $90 2025Q1 18.8% $81 $25 $106
06 FISH & WILDLIFE FACILITIES Butte Basin, Sacramento River 163 L - Revegeation & Plant Establishment $217 $67 31% $284 2.0% $221 $69 $290 2025Q1 18.8% $263 $82 $345
06 FISH & WILDLIFE FACILITIES Butte Basin, Sacramento River 152.8 L - Monitoring $74 $23 31% $97 2.0% $75 $23 $99 2025Q1 18.8% $90 $28 $118
06 FISH & WILDLIFE FACILITIES Butte Basin, Sacramento River 163.0 L - Monitoring $455 $141 31% $596 2.0% $464 $144 $608 2025Q1 18.8% $552 $171 $722]
CONSTRUCTION ESTIMATE TOTALS: $3,618 $1,122 31% $4,739 $3,690  $1,144 $4,835 $4,144  $1,285 $5,429)
o1 LANDS AND DAMAGES Butte Basin, Sacramento River 152.8 L $142 $50 35% $192 2.0% $145 $51 $196 2021Q3 7.2% $155 $54 $210|
o1 LANDS AND DAMAGES Butte Basin, Sacramento River 163 L $568 $199 35% $767 2.0% $579 $203 $782 2021Q3 7.2% $621 $217 $838
30 PLANNING, ENGINEERING & DESIGN
2.5% Project Management $90 $28 31% $118 3.8% $93 $29 $122 2022Q1 11.8% $104 $32 $137]
2.0% Planning & Environmental Compliance $72 $22 31% $94 3.8% $75 $23 $98 2022Q1 11.8% $84 $26 $109|
8.5% Engineering & Design $308 $95 31% $403 3.8% $320 $99 $419 2022Q1 11.8% $358 $111 $468|
0.5% Reviews, ATRs, IEPRs, VE $18 $6 31% $24 3.8% $19 $6 $24 2022Q1 11.8% $21 $6 $27|
0.5% Life Cycle Updates (cost, schedule, risks) $18 $6 31% $24 3.8% $19 $6 $24 2022Q1 11.8% $21 $6 $27|
2.0%  Contracting & Reprographics $72 $22 31% $94 3.8% $75 $23 $98 2022Q1 11.8% $84 $26 $109
3.0%  Engineering During Construction $109 $34 31% $143 3.8% $113 $35 $148 2025Q2 26.0% $143 $44 $187|
2.0% Planning During Construction $72 $22 31% $94 3.8% $75 $23 $98 2025Q2 26.0% $94 $29 $123]
2.0% Project Operations $72 $22 31% $94 3.8% $75 $23 $98 2022Q1 11.8% $84 $26 $109|
31 CONSTRUCTION MANAGEMENT
10.0%  Construction Management $362 $112 31% $474 3.8% $376 $116 $492 2025Q2 26.0% $473 $147 $620|
2.0% Project Operation: $72 $22 31% $94 3.8% $75 $23 $98 2025Q2 26.0% $94 $29 $123]
2.5% Project Management $90 $28 31% $118 3.8% $93 $29 $122 2025Q2 26.0% $118 $36 $154]
18 CULTURAL RESOURCE PRESERVATION $45 $14 31% $60 2.0% $46 $14 $61 2022Q3 10.4% $51 $16 $67|
CONTRACT COST TOTALS: $5,728 $1,804 $7,532 $5,868 $1,848 $7,716 $6,648 $2,092 $8,740
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**+* CONTRACT COST SUMMARY **+*

PROJECT: Sacramento River Bank Protection Project DISTRICT:  SPK Sacramento District PREPARED:  6/14/2018
LOCATION:  Seven Economically Feasible Sub-Basins POC: CHIEF, COST ENGINEERING, Theresa A. Gneiting-James
This Estimate reflects the scope and schedule in report; Post Authorization Change Report
Civil Works Work Breakdown Structure ESTIMATED COST PROJECT FIRST COST TOTAL PROJECT COST (FULLY FUNDED)
(Constant Dollar Basis)
Estimate Prepared: 5/23/2018 Program Year (Budget EC): 2019
Effective Price Level: 10/1/2017 Effective Price Level Date: 1 0CT18
WBS Civil Works cosT CNTG CNTG TOTAL ESC  COST CNTG TOTAL Mid-Point ESC cosT CNTG FULL
NUMBER Feature & Sub-Feature Description $K' (3K (%) (3K (%) (3K $K $K Date (%) $K $K $K
A B c D 3 F G H | J P L M N o
CONTRACT GROUP 2
16 BANK STABILIZATION Butte Basin, Sacramento River 168.3 L {546 LF} $1,399 $434 31% $1,832 2.0% $1,427 $442 $1,869 2023Q3 13.7% $1,622 $503 $2,125
16 BANK STABILIZATION Butte Basin, Sacramento River 172.0 L {525 LF} $745 $231 31% $975 2.0% $760 $235 $995 2023Q3 13.7% $864 $268 $1,131
16 BANK STABILIZATION Natomas, Sacramento River 78.3 L {657 LF} $1,253 $388 31% $1,642 2.0% $1,278 $396 $1,675 2023Q3 13.7% $1,453 $451 $1,904
16 BANK STABILIZATION Sacramento, Sacramento River 56.6 L {86 LF} $456 $141 31% $598 2.0% $466 $144 $610 2023Q3 13.7% $529 $164 $693]
16 BANK STABILIZATION Southport, Sacramento River 56.5 R {373 LF} $1,607 $498 31% $2,105 2.0% $1,639 $508 $2,147 2023Q3 13.7% $1,864 $578 $2,442|
16 BANK STABILIZATION Southport, Sacramento River 56.7 R {665 LF} $4,111 $1,274 31% $5,385 2.0% $4,193 $1,300 $5,493 2023Q3 13.7% $4,768 $1,478 $6,246
06 FISH & WILDLIFE FACILITIES Butte Basin, Sacramento River 168.3 L $65 $20 31% $85 2.0% $66 $20 $86 2023Q3 13.7% $75 $23 $98
06 FISH & WILDLIFE FACILITIES Butte Basin, Sacramento River 172.0 L $62 $19 31% $82 2.0% $64 $20 $83 2023Q3 13.7% $72 $22 $95
06 FISH & WILDLIFE FACILITIES Natomas, Sacramento River 78.3 L $78 $24 31% $102 2.0% $79 $25 $104 2023Q3 13.7% $90 $28 $118|
06 FISH & WILDLIFE FACILITIES Sacramento, Sacramento River 56.6 L $7 $2 31% $9 2.0% $7 $2 $10 2023Q3 13.7% $8 $3 $11
06 FISH & WILDLIFE FACILITIES Southport, Sacramento River 56.5 R $35 $11 31% $45 2.0% $35 $11 $46 2023Q3 13.7% $40 $12 $53
06 FISH & WILDLIFE FACILITIES Southport, Sacramento River 56.7 R $90 $28 31% $118 2.0% $92 $29 $121 2023Q3 13.7% $105 $32 $137|
06 FISH & WILDLIFE FACILITIES Butte Basin, Sacramento River 168.3 L - Revegeation & Plant Establishment $142 $44 31% $186 2.0% $145 $45 $190 2026Q1 22.4% $177 $55 $232|
06 FISH & WILDLIFE FACILITIES Butte Basin, Sacramento River 172.0 L - Revegeation & Plant Establishment $31 $10 31% $40 2.0% $31 $10 $41 2026Q1 22.4% $39 $12 $50
06 FISH & WILDLIFE FACILITIES ~ Natomas, Sacramento River 78.3 L - Revegeation & Plant Establishment $248 $77 31% $325 2.0% $253 $78 $331 2026Q1 22.4% $310 $96 $406
06 FISH & WILDLIFE FACILITIES Butte Basin, Sacramento River 168.3 L - Monitoring $205 $64 31% $269 2.0% $209 $65 $274 2026Q1 22.4% $256 $79 $335
06 FISH & WILDLIFE FACILITIES Butte Basin, Sacramento River 172.0 L - Monitoring $197 $61 31% $258 2.0% $201 $62 $263 2026Q1 22.4% $246 $76 $322|
06 FISH & WILDLIFE FACILITIES Natomas, Sacramento River 78.3 L - Monitoring $246 $76 31% $322 2.0% $251 $78 $329 2026Q1 22.4% $307 $95 $402|
06 FISH & WILDLIFE FACILITIES Sacramento, Sacramento River 56.6 L - Monitoring $32 $10 31% $42 2.0% $33 $10 $43 2026Q1 22.4% $40 $12 $52
Southport, Sacramento River 56.5 R & 56.7 R - Monitoring (assumed
06 FISH & WILDLIFE FACILITIES ~ combined) $389 $121 31% $510 2.0% $397 $123 $520 2026Q1 22.4% $486 $151 $636
CONSTRUCTION ESTIMATE TOTALS: $11,398 $3,533 31% $14,931 $11,627 $3,604 $15,231 $13,352 $4,139 $17,492
o1 LANDS AND DAMAGES Butte Basin, Sacramento River 168.3 L $284 $99 35% $383 2.0% $290 $101 $391 2022Q3 10.4% $320 $112 $432|
o1 LANDS AND DAMAGES Butte Basin, Sacramento River 172.0 L $568 $199 35% $767 2.0% $579 $203 $782 2022Q3 10.4% $640 $224 $863|
o1 LANDS AND DAMAGES Natomas, Sacramento River 78.3 L $142 $50 35% $192 2.0% $145 $51 $196 2022Q3 10.4% $160 $56 $216|
o1 LANDS AND DAMAGES Sacramento, Sacramento River 56.6 L $426 $149 35% $575 2.0% $435 $152 $587 2022Q3 10.4% $480 $168 $648|
o1 LANDS AND DAMAGES Southport, Sacramento River 56.5 R $426 $149 35% $575 2.0% $435 $152 $587 2022Q3 10.4% $480 $168 $648|
o1 LANDS AND DAMAGES Southport, Sacramento River 56.7 R $284 $99 35% $383 2.0% $290 $101 $391 2022Q3 10.4% $320 $112 $432|
30 PLANNING, ENGINEERING & DESIGN
2.5% Project Management $285 $88 31% $373 3.8% $296 $92 $388 2023Q1 16.1% $343 $106 $450)
2.0%  Planning & Environmental Compliance $228 $71 31% $299 3.8% $237 $73 $310 2023Q1 16.1% $275 $85 $360]|
8.5% Engineering & Design $969 $300 31% $1,269 3.8% $1,006 $312 $1,318 2023Q1 16.1% $1,167 $362 $1,529
0.5% Reviews, ATRs, IEPRs, VE $57 $18 31% $75 3.8% $59 $18 $78 2023Q1 16.1% $69 $21 $90
0.5% Life Cycle Updates (cost, schedule, risks) $57 $18 31% $75 3.8% $59 $18 $78 2023Q1 16.1% $69 $21 $90
2.0%  Contracting & Reprographics $228 $71 31% $299 3.8% $237 $73 $310 2023Q1 16.1% $275 $85 $360
3.0% Engineering During Construction $342 $106 31% $448 3.8% $355 $110 $465 2026Q2 30.7% $464 $144 $608|
2.0% Planning During Construction $228 $71 31% $299 3.8% $237 $73 $310 2026Q2 30.7% $309 $96 $405)
2.0% Project Operations $228 $71 31% $299 3.8% $237 $73 $310 2023Q1 16.1% $275 $85 $360)
31 CONSTRUCTION MANAGEMENT
10.0%  Construction Management $1,140 $353 31% $1,493 3.8% $1,183 $367 $1,550 2026Q2 30.7% $1,547 $480 $2,027|
2.0% Project Operation: $228 $71 31% $299 3.8% $237 $73 $310 2026Q2 30.7% $309 $96 $405)
2.5% Project Management $285 $88 31% $373 3.8% $296 $92 $388 2026Q2 30.7% $387 $120 $507|
18 CULTURAL RESOURCE PRESERVATION $142 $44 31% $187 2.0% $145 $45 $190 2023Q3 13.7% $165 $51 $216||
CONTRACT COST TOTALS: $17,945 $5,648 $23,594 $18,383 $5,786 $24,168 $21,405 $6,732 $28,137
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*** CONTRACT COST SUMMARY **+*

PROJECT: Sacramento River Bank Protection Project DISTRICT:  SPK Sacramento District PREPARED:  6/14/2018
LOCATION: Seven Economically Feasible Sub-Basins POC: CHIEF, COST ENGINEERING, Theresa A. Gneiting-James
This Estimate reflects the scope and schedule in report; Post Authorization Change Report
Civil Works Work Breakdown Structure ESTIMATED COST PROJECT FIRST COST TOTAL PROJECT COST (FULLY FUNDED)
(Constant Dollar Basis)
Estimate Prepared: 5/23/2018 Program Year (Budget EC): 2019
Effective Price Level: 10/1/2017 Effective Price Level Date: 1 0CT18
WBS Civil Works COsT CNTG CNTG TOTAL ESC COSsT CNTG TOTAL Mid-Point ESC COsT CNTG FULL
NUMBER Feature & Sub-Feature Description $K) (3K %, (3K} (%) (3K $K) $K) Date %, $K) $K) $K)
A B c D E F G H | J P L M N o
CONTRACT GROUP 3
02 RELOCATIONS Yolo, Cache Creek 3.9 L {480 LF} $309 $96 31% $405 2.0% $315 $98 $413 2024Q3 17.1% $369 $114 $483
06 FISH & WILDLIFE FACILITIES West Sacramento, Sacramento River 62.9 R {175 LF} $12 $4 31% $16 2.0% $13 $4 $16 2024Q3 17.1% $15 $5 $19
06 FISH & WILDLIFE FACILITIES West Sacramento, Sacramento River 63.0 R {87 LF} $6 $2 31% $8 2.0% $6 $2 $8 2024Q3 17.1% $7 $2 $10
06 FISH & WILDLIFE FACILITIES West Sacramento, Sacramento River 62.9 R & 63.0 R - Monitoring $98 $30 31% $128 2.0% $100 $31 $131 2027Q1 26.1% $126 $39 $165|
11 LEVEES & FLOODWALLS Yolo, Cache Creek 3.9 L $2,384 $739 31% $3,123 2.0% $2,431 $754 $3,185 2024Q3 17.1% $2,848 $883 $3,730
16 BANK STABILIZATION West Sacramento, Sacramento River 62.9 R $539 $167 31% $706 2.0% $550 $170 $720 2024Q3 17.1% $644 $200 $843]
16 BANK STABILIZATION West Sacramento, Sacramento River 63.0 R $384 $119 31% $503 2.0% $391 $121 $513 2024Q3 17.1% $458 $142 $601]
$0
CONSTRUCTION ESTIMATE TOTALS: $3,731 $1,157 31% $4,888 $3,806 $1,180 $4,986 $4,467 $1,385 $5,851
01 LANDS AND DAMAGES West Sacramento, Sacramento River 62.9 R $284 $99 35% $383 2.0% $290 $101 $391 2023Q3 13.7% $329 $115 $445|
01 LANDS AND DAMAGES West Sacramento, Sacramento River 63.0 R $284 $99 35% $383 2.0% $290 $101 $391 2023Q3 13.7% $329 $115 $445|
01 LANDS AND DAMAGES Yolo, Cache Creek 3.9 L $426 $149 35% $575 2.0% $435 $152 $587 2023Q3 13.7% $494 $173 $667|
30 PLANNING, ENGINEERING & DESIGN
2.5% Project Management $93 $29 31% $122 3.8% $97 $30 $126 2024Q1 20.4% $116 $36 $152]
2.0% Planning & Environmental Compliance $75 $23 31% $98 3.8% $78 $24 $102 2024Q1 20.4% $94 $29 $123]
8.5% Engineering & Design $317 $98 31% $415 3.8% $329 $102 $431 2024Q1 20.4% $396 $123 $519]
0.5% Reviews, ATRs, IEPRs, VE $19 $6 31% $25 3.8% $20 $6 $26 2024Q1 20.4% $24 $7 $31
0.5% Life Cycle Updates (cost, schedule, risks) $19 $6 31% $25 3.8% $20 $6 $26 2024Q1 20.4% $24 $7 $31
2.0% Contracting & Reprographics $75 $23 31% $98 3.8% $78 $24 $102 2024Q1 20.4% $94 $29 $123]
3.0%  Engineering During Construction $112 $35 31% $147 3.8% $116 $36 $152 2027Q2 35.7% $158 $49 $207]
2.0% Planning During Construction $75 $23 31% $98 3.8% $78 $24 $102 2027Q2 35.7% $106 $33 $138
2.0% Project Operations $75 $23 31% $98 3.8% $78 $24 $102 2024Q1 20.4% $94 $29 $123]
31 CONSTRUCTION MANAGEMENT
10.0% Construction Management $373 $116 31% $489 3.8% $387 $120 $507 2027Q2 35.7% $525 $163 $688|
2.0% Project Operation: $75 $23 31% $98 3.8% $78 $24 $102 2027Q2 35.7% $106 $33 $138
2.5% Project Management $93 $29 31% $122 3.8% $97 $30 $126 2027Q2 35.7% $131 $41 $172]
18 CULTURAL RESOURCE PRESERVATI