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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 Il. The
PACR supports revisions to the SRBPP to add 80,000 LF of bank protection to Phase Il as
authorized. The PACR demonstrates that the SRBPP Phase 11 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 Engineering 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 was used for the design effort. This ETL expired and has been
replaced by ETL 1110-2-583. 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 Division 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.
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1.3 Initial Array Plan 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 ETL
1110-2-571. 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 bench.

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 Initial Array Plan (1AP).
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 IAP
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 IAP.

The IAP is a prototype for the SRBPP Phase 11 80,000 LF, which is managed as a bank
protection program. As a program, erosion sites are 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
IAP demonstrates how effective, fully mitigated bank protection may be achieved throughout
the SRFCP system. Even though the erosion sites vary year to year, the IAP 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 IAP
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 ETL 1110-2-583 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
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state and federally listed fish species. Additionally, in light of ETL 1110-2-583, 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 IAP, 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 IAP 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.

1.4.1 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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Figure 1- Sacramento River Watershed Map
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1.5 Scope
1.5.1 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.

1.5.2 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 11 of the PACR and refer to the EIS/EIR for further detail on these regions.

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

© 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.

© 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.

© 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
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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):

© 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;

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

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

The project levees begin on the right (west) bank just downstream of Chico Landing. Upstream
of the levees, high flows on the river flow into the Butte Basin, a trough created by subsidence,
to the east. The Colusa Basin Drain, a similar trough located to the west of the river, intercepts
runoff from west side tributaries. The Yolo Bypass directs high flows to protect the Cities of
Sacramento and West Sacramento.

The SRFCP relies on a system of weirs and bypasses to supplement the capacity of the
Sacramento River main channel. Sacramento River flows spill over the Tisdale Weir, through
the Tisdale Bypass and into the Sutter Bypass. The Colusa Weir is the next structure to spill; it
directs flows into the lower Butte Basin via the Colusa Bypass. Flows spill over the Moulton
Weir into the Butte Basin. The Fremont Weir spills Sacramento River flood flows into the
Yolo Bypass. The Sacramento Weir spills flows into the Sacramento Bypass, which in turn
feeds the Yolo Bypass. The Yolo Bypass diverts flood flows around Sacramento and West
Sacramento and empties back into the Sacramento River in the Delta.

The Tisdale Weir is usually the first flood overflow structure to spill. When the Sacramento
River reaches 23,000 cubic-feet per second (cfs), flows spill over the Tisdale Weir, through the
Tisdale Bypass and into the Sutter Bypass. The Colusa Weir is the next structure to spill; when
the river reaches 30,000 cfs, flows spill into the lower Butte Basin via the Colusa Bypass.
Flows spill over the Moulton Weir into the Butte Basin at 60,000 cfs. In comparison, at 90,000
cfs upstream of the levees, overflows start into the Butte Basin, and if flood flows exceed
300,000 cfs upstream of the levees, the Sacramento River could be expected to spill into the
Colusa Basin.
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During major flood events, the four major upstream reservoirs: Shasta on the Sacramento River,
Folsom on the American River, Oroville on the Feather River, and the Butte Basin intercept and
store initial surges of runoff and provide a means of regulating floodflow releases to
downstream levee streams, channels, and bypass floodways. To achieve the full benefits of the
reservoirs, specific downstream channel capacities must be maintained. Reservoir

operation is coordinated not only among various storage projects but also with downstream
channel and floodway carrying capacities.

Shasta is a multipurpose dam that regulates flows from its 6,420 square mile watershed. The
watershed excludes Goose Lake. The project serves agricultural, municipal, and industrial
demands through provision of 4.5 million acre-feet of total storage, 1.3 million acre-feet of
which is allocated to flood control. Electric power generation is an integral component of
system operation. At Colusa, the local drainage area of the Sacramento River, between Shasta
Dam and Colusa, is 6,180 square miles. The only flow control in the reach is Black Butte Dam
on Stony Creek. This dam creates a 144,000 acre-foot multipurpose reservoir. Oroville Dam
provides 3.5 million acre-feet of storage on the Feather River for several purposes; 750,000
acre-feet of storage is allocated to flood control. The north fork of the Yuba River is
uncontrolled except for New Bullards Bar Dam, which provides 960,000 acre-feet of storage
(170,000 acre-feet is for flood control).

The Sacramento Flood Control System (reservoirs, original levees, and bypasses) provides
protection to about 2.1 million acres of highly productive agricultural land, as well as to the
cities of Sacramento, West Sacramento, Yuba City, Marysville, Colusa, Gridley, Live Oak,
Courtland, Isleton, Rio Vista and numerous smaller communities. Approximately 2.5 million
lives will be protected by the project. The Valley is laced with agriculture and related
infrastructure, including irrigation works (diversions, pumping plants, canals and drains), roads
and bridges. Major transportation routes are Interstate Highways 5 and 80, and State Highways
50, 99, 45, 20, and 160. Under existing, without project conditions, an estimate $250 million
worth of damages can be expected annually to the Sacramento River Basin.

1.7 Other Related Projects

Major projects have improved or altered SRFCP elements. Unless otherwise noted, the Corps
is the lead agency for the projects. These include the following:

© Yuba River Basin Project is strengthening and realigning levees along the Yuba and
Feather Rivers, as well as strengthening the ring levee around Marysville.

© American River Common Features Project has raised and strengthened many miles of
levees along the Lower American River and some portions of the Sacramento River
protecting the City of Sacramento. Studies are underway that could lead to further
improvements to levees protecting the Natomas area of Sacramento.

@

West Sacramento Project has improved levees that protect West Sacramento.

@

Hamilton City Project will setback or raise the west levee of the Sacramento River
protecting Hamilton City, in Glenn County.
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Sacramento Metropolitan Area Project raised and strengthened Sacramento River
project levees protecting Sacramento and West Sacramento.

Sacramento River Systems Evaluation Project strengthened Sacramento River project
levees that were found to be deficient.

Natomas Levee Improvement Program primarily corrects levee underseepage problems
and Sacramento River project levees and other levees that protect the Natomas basin.
The improvements are currently being done in phases. Construction is financed and
being accomplished by the Sacramento Area Flood Control Agency.

Early Implementation Program Projects is a state initiative to fund urban flood
improvement projects. Projects that are in construction or have been recently completed
within the SRBPP area are West Sacramento Levee Improvement Program, West
Feather River Levee Project, and Three Rivers Levee Improvement Authority which
includes improvements surrounding the South Yuba County Area.

Other projects that have affected the SRFCP are the Sacramento River Major and Minor
Tributaries Project and the Chico Landing to Red Bluff Project.
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Figure 2- Sacramento Flood Control Project Levees
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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 IAP, rather than a typical specific plan and design, is
necessary to provide the flexibility needed to respond to the variable characteristics of erosion.
This IAP 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 IAP 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 IAP provides a realistic
representation of the measures, real estate requirements, construction footprint and costs for the
80,000 LF.

2.2 Initial Array Plan Defined

The 1AP identifies 106 actual erosion sites on the SRFCP that total 77,436 LF. These 106 actual
erosion sites are used as a representative sample of what the Phase 11 SRBPP will have to
address during implementation. Out of a pallet 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 Initial Array Plan Development Process

Development of the IAP 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 IAP 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
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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 a bank
protection measure identified. Supplemental environmental documentation will be required, and
a supplemental DDR may be prepared, as well as plans and specifications. Implementation is
further discussed in Section 8.2 Site Selection and Implementation of the PACR and its Site
Selection Process appendix, Appendix B. If about 8,000 LF are constructed each year, the
program would last ten years, to 2025 (see Figure 3).
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Figure 3 - Relationship between the Programmatic Plan and Implementation
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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, Appendix 1 Programmatic Plan Framework Memorandum, and the
EIS/EIR. The Programmatic Plan Framework Memorandum (PPFM) and EIS/EIR demonstrate
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 Measure Riparian Bank Bench'witﬁ Measure 4c: Bank Fill
Measure 1: Stone 3 with Revegetation and Riparian and Stone
Details Setback ~ Protection o\ . Revegetation ab%ve and below _ etland Protection
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 2 X X X
IWM above
Summer/Fall X X
Waterline
IWM below
Summer/Fall X
Waterline
Installation of
Stone X X X X
Protection
Adjacent Levee X
Construction
Sethack Levee X
Construction
Existing Levee
Breach e X
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Table 2 - AR Report and EA Erosion Repair Measures Comparison

Phase 11 80,000 Linear Feet Engineering Documentation

2009 Alternatives Report Report
Alt 1: No Action No Action
Alt 2: Design 1 — Bank fill rock slope with revegetation Measure 2: Bank Fill Stone Protection with No On-site
Alt 3: Design 1 with Site Specific Modification R//I%%itjrtéog: Bank Fill Stone Protection with On-Site Vegetation

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

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

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 Measure 4b: Riparian Bench with Revegetation and WM

above and below Summer/Fall Waterline
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 Measure 4c: Riparian and Wetland Benches with Revegetation

Alt 9: Design 4 — With Site Specific Modification

Alt 10: Sethack Levee Measure 1: Setback Levee
(No Alternative) Measure 3: Adjacent Levee
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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 ETL
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
4.1.1 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, beginning in 1998,
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
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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

© O OO e @

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.

4.1.2 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 11 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.
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© 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 EA Appendix 2 Civil Design with MACES Estimate. No additional
topographic surveys or geotechnical evaluations were completed for this report,
although these items may be required during design.

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

Using the procedures outlined in the Programmatic Plan Framework Memorandum, 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).

4.1.4 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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Figure 4- Conceptual Cross Section- Vegetation Free Zone Analysis
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4.2 Bank Protection Measures Selection

4.2.1 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 c, 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 EA
Appendix 2 Civil Design with MCACES Estimate 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 25 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 5.3 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 23.9 R Single Site Adjacent Levee
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Site Identification Recommended Repair Measure

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
Steamboat Slough RM 26.0 L Single Site Adjacent Levee

Sutter Slough RM 24.7 R Single Site Setback Levee
Sacramento River RM 22.7 L Single Site Adjacent Levee
Sacramento River RM 232 L Single Site Adjacent Levee
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Figure 5 - Regional Location Map
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Figure 6- Conceptual Multi-Suite Erosion Locations
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4.2.2 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 31 L Measure 2

Knights Landing Ridge Cut LM 4.3 L Measure 2

Knights Landing Ridge Cut LM 518 L Measure 2

Willow Slough LM 6.9 R Measure 2

Yolo Bypass LM 0.1 R Measure 2

Yolo Bypass LM 2.0 R Measure 2

Yolo Bypass LM 2.8 R Measure 2
Sacramento River RM 215 L Measure 4c
Sacramento River RM 225 L Measure 4c

Sacramento River RM 24.8 L Measure 2

4.3 Evaluate Mitigation Measures
4.3.1 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.
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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 Environmental document.

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
4.4.1 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.
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4.4.2 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.
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5.0 Description of Initial Array Plan

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 ETL 1110-2-583) and determine repair measures and cost opinions for the PBPP.

Table 5 - Summary of Erosion Site Attributes

AIEITEITES Revised Repair
Site Identification Site Length Report Repair Measurep
Measure
1A Cache Creek LM 3.9 L 433 Setback Levee
1A Cache Slough RM 15.9 L 182 Design 4 Measure 2
1A Cache Slough RM 228 R 630 Design 4
1A Cache Slough RM 236 R 1209 Design 4 Measure 2
1A DeepWaterShip v 59 N/A No Action
Channel
Deep Water Ship .
1A Channel LM 5.01 L N/A No Action
1A Georgiana Slough RM 0.3 L 1027 Design 4 e
1A Georgiana Slough RM 1.7 L 1250 Design 4 Combined Setback
1A Georgiana Slough RM 25 L 736 Design 4 Leue
1A Georgiana Slough RM 3.6 L 1364 Design 4
1A Georgiana Slough  RM  37a L 209 Design 4 Measure 1
i ) Combined Setback
1A Georgiana Slough RM  3.7b L 268 Design 4 Levee
1A Georgiana Slough RM 4.0 L 705 Design 4
1A Georgiana Slough RM 4.3 L 1319 Design 4
1A Georgiana Slough RM 45 L 90 Design 4 Measure 3
i ) Combined Adjacent
1A Georgiana Slough RM 4.6 L 1346 Design 4 Levee
1A Georgiana Slough RM 5.3 L 3171 Design 4
1A Georgiana Slough RM 6.1 L 1729 Design 4 Measure 3
1A Georgiana Slough RM 6.4 L 398 Design 4 Measure 1
Combined Setback
1A Georgiana Slough RM 6.6 L 744 Design 4 Levee
1A Georgiana Slough RM 6.8 L 1335 Design 4 Measure 3
1A Georgiana Slough RM 8.3 L 483 Design 4 Measure 3
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. . . Alternativeg Revised Repair
Site Identification Site Length Report Repair Measure
Measure
1A Georgiana Slough RM 9.3 L 1228 Design 4
1A K”igm;ga‘fmg M 02 R 768 Design 1 Measure 2
1A ng?(}; ;%’L‘img M 30 L 1279 Design 1 Measure 2
1A ngm;ga‘:i”g M 31 L 368 Design 1 Measure 2
1A ngm;ga‘:i”g M 43 L 577 Design 1 Measure 2
1A K”igihéz ;%TJT”Q M 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
1B* Lowekﬁlrgf"can RM 73 R 446 No Action
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 2438 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
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Alternatives
Site Identification Site Length Report Repair

Revised Repair

Measure
Measure

1B Sacramento River RM  56.6 L 86 Design 2
1B Sacramento River RM  56.7 R 665 Design 3
1B* Sacramento River RM  58.4 L 707 Design 1
1B*** Sacramento River RM  60.1 L 455 Design 2
1B Sacramento River RM  62.9 R 175 Design 3
1B Sacramento River RM  63.0 R 87 Design 3
1B Sacramento River RM 744 R 200 Design 3
1B Sacramento River RM 753 R 2761 Design 1
1B Sacramento River RM 777 R 224 Design 1
1B Sacramento River RM 783 L 657 Design 1
2 Bear River RM 0.8 L 233 Design 1
2 Cherokee Canal LM 14.0 L 184 No Action
2 Cherokee Canal LM 21.9 L 1800 Design 1
2 Feather River RM 0.6 L 288 Design 2
pad Feather River RM 5.0 L 910 Design 2
2 Sacramento River RM  86.3 L 3134 Design 1
ikid 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  131.8 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  136.6 L 615 Design 2
2 Sacramento River RM  138.1 L 1365 Design 2
2 Yuba River LM 2.3 L 1356 Setback Levee
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3
3
3
3

. . . Alternativeg Revised Repair
Site Identification Site Length Report Repair Measure

Measure

Deer Creek LM 24 L 496 Design 1
Elder Creek LM 1.44 L 334 Design 2
Elder Creek LM 3.0 R 65 Design 2
Elder Creek LM 41 L N/A No Action
Sacramento River RM 1528 L 198 Design 3
Sacramento River RM 1630 L 1213 Design 3
Sacramento River RM  168.3 L 546 Design 3
Sacramento River RM 1720 L 525 Design 3

*  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.

5.1.1 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 Appendix C of
the PACR, Programmatic Real Estate Plan.

5.1.2 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%

© @ o @
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® 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 IAP was prepared a more detailed cost estimate was developed and is
displayed in Appendix 2 of this Engineering Appendix, Civil Design Appendix with MCACES
Estimate. This is shown as Appendix d. to the Civil Design Appendix, Cost Opinion, 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 Appendix d, Costs of Appendix 2, Civil Design
with MCACES Estimate of the EA.

Table 6 - First Cost Price Level Summarization

Region Site Identification First Construction Cost

1A Cache Creek LM 3.9 L $638,661
1A Cache Slough RM 15.9 L $1,619,596
1A Cache Slough RM 22.8 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 17 L $30,143,038
1A Georgiana Slough RM 25 L
1A Georgiana Slough RM 36 L
1A Georgiana Slough RM 3.7a L $6.331,012
1A Georgiana Slough RM 3.7b L
1A Georgiana Slough RM 4.0 L
1A Georgiana Slough RM 43 L
1A Georgiana Slough RM 45 L
1A Georgiana Slough RM 4.6 L $16,809,762
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
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Region Site Identification First Construction Cost

1A Georgiana Slough RM 9.3 L $4,551,611
1A Knights Landing Ridge Cut LM 0.2 R $69,460
1A Knights Landing Ridge Cut LM 3.0 L $408,793
1A Knights Landing Ridge Cut LM 31 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
1Ax* Steamboat Slough RM 23.2 L $0
1A Steamboat Slough RM 23.9 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 25.8 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 2.6 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 215 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 353 R $1,652,501
1B** Sacramento River RM 354 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
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Region Site Identification First Construction Cost

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
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 219 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
20 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 1034 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 1233 L $567,168
2 Sacramento River RM 123.7 R $1,022,553
2 Sacramento River RM 1279 R $2,108,298
2 Sacramento River RM 131.8 L $562,176
2 Sacramento River RM 1329 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
US Army Corps of Engineers 41

Sacramento Bank Protection Project, Phase 11 80,000 Linear Feet
Engineering Appendix June 2014



Engineering Appendix

Site Identification First Construction Cost

2 Yuba River LM 23 L $1,227,930
3 Deer Creek LM 24 L $448,710
3 Elder Creek LM 14 L $717,833
3 Elder Creek Elder LM 3.0 R $106,712
ok Creek Sacramento LM 4.1 L $0
3 River Sacramento RM 152.8 L $1,260,297
3 River Sacramento RM 163.0 L $2,160,285
3 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.
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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
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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- AlternativesReport Erosion Sites

______ JIIII?lOF t Alternatlves Report Erosion Repair Sltes
T ee
1in = 6,000 ft A DRAFT O Alternative Report Repair Sites C: J County Boundary — — Highway
H R [ ] HDR Revised Repair Measure —Freeway - MajorRoad
ONE COMPANY IVl = yyS.J.rioru. — —  —— — CEEIeSonRiPnkERES B M- 863586,
US Army Corpsof Engineers 65

Sacramento Bank Protection Project, Phae Il 80,000 Linear Feet
Engineering Appendix June 2014



Engineering Appendix

This page intentionally left blank.

US Army Corps of Engineers 66
Sacramento Bank Protection Project, Phase 11 80,000 Linear Feet
Engineering Appendix June 2014



Engineering Appendix

Figure 19- Alternatives Report Erosion Sites
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Figure 20- AlternativesReport Erosion Sites

0 6000 N Alternatives Report Erosion Repair Sites
_T_:___ eet O Alternative Report Repar Sites CJ County Boundary —  — Highway
1in =6,000 ft DRAFT
H R [ ] HDR Revised Repair Measure — — Freaway — — Major Road
ONE COMPANY :MllI'fy Sot111;.,., - — — — — — —_— — — — CilliiiVoiididtioknkdl Rii BT iNOIB856
US Army Corpsof Engineers 69

Sacramento Bank Protection Project, Ph#le80,000 Linear Feet
Engineering Appendix June 2014



Engineering Appendix

This page intentionally left blank.

US Army Corps of Engineers 70
Sacramento Bank Protection Project, Phase 11 80,000 Linear Feet
Engineering Appendix June 2014



Engineering Appendix

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 1AP.
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 are analyzed. The five action
alternatives, or “NEPA/CEQA alternatives,” apply site-specific bank protection measures
(design solutions) to the same 106 sites. The site-specific bank protection measure applied to
each site will in most cases vary from one NEPA/CEQA alternative to another. The IAP is one
of the NEPA/CEQA alternatives.

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

6.1 Intra-Group Efficiencies

The IAP 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 7,
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Standard Procedure for Updating Supplemental O&M Manuals, describes how the
supplemental manuals are updated.

6.3 Construction Schedule

Construction of the Phase 11 80,000 LF of bank protection is scheduled to begin in 2014
(Figure 27). Historically, a good rule of thumb for the SRBPP is that bank protection is
constructed at about 8,000 LF per year. At this rate, construction of the 80,000 LF is estimated
to be completed in ten years from start of construction. A series of specific, supplemental
DDRs include a specific Real Estate plan and specific NEPA/CEQA documents. Sites selected
from annual erosion surveys are further detailed in the PACR, Section 8.2 Site Selection and
Implementation.

Repair of critical erosion sites will be expedited as much as possible. Some sites may require a
more extensive design process, such as a setback levee, or otherwise could experience schedule
delays. Repairs will continue at other sites if these critical erosion sites experience delays.
Some sites may require a long permitting process. During this process construction will
continue at other sites so as not to delay erosion repair at critical erosion sites. Some sites will
require a more extensive design process, such as a setback levee.

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 restraints, planting factors, and other
factors unique to each site.

Section 8.2 Site Selection and Implementation of the PACR provides a more detailed
account of construction scheduling.
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Figure 27 - Construction Schedule

6.4 Deviations from Initial Array Plan during Implementation

As discussed earlier, the IAP is a representation of 80,000 LF of bank protection. The actual
constructed bank protection will be different. The IAP demonstrates how bank protection
meets project goals, complies with Corps policy and environmental regulations, and it serves a
valuable starting point to guide implementation of the bank protection program. The program,

however, 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:
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® 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 IAP complies with ETL 1110-2-583, with no variances.
Currently, no variances apply for the IAP. 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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PHASE || PROGRAMMATIC PLAN
FRAMEWORK MEMORANDUM

Sacramento River Bank Protection Project September 18, 2009

1. References

a. Corps of Engineers. ETL 1110-2-571, Guidelines for Landscape Planting and Vegetation
Management at Levees, Floodwalls, Embankment Dams, and Appurtenant Structures. 10 April
2009

b. Programmatic Biological Assessment for the Sacramento River Bank Protection Project
Phase Il. US. Army Corps of Engineers. October 2007. Prepared by Stillwater Sciences,
Davis, CA.

c. Biological Opinion, Section 7 Programmatic Formal Consultation on the Sacramento River
Bank Protection Project Phase |1, Contra Costa, Sacramento, Solano, Sutter, Yolo, Placer, San
Joaquin, butte, Colusa, Glen, and Tehama Counties, California. U.S. Fish and Wildlife
Service. June 23 2008 (amended June 24 2008 and July 2 2009).

d. Biological Opinion, Programmatic Consultation for Phase Il of the Sacramento River Bank
Protection Project. National Marine Fisheries Service. July 2, 2008 (amended July 30 2008
and July 27 2009).

e. California Levees Roundtable. California’s Central Valley Flood System Improvement
Framework. February 2009

f. Corps of Engineers. Alternatives Report — 80,000 LF (104 Sites) Sacramento River Bank
Protection Project. Contractors: Kleinfelder, Geomatrix. April 2009

g. Draft Decision Document Report, Sacramento River Watershed, Sacramento River Bank
Protection Project — Phase 111, Phase | & Il. August 2008

h. Geotechnical Levee Practice. Corps of Engineers, Sacramento District, Engneering
Division, Geotechnical Engineering Branch. Effective April 11 2008.
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2. Introduction

The Army Corps of Engineers (Corps) is charged to implement an additional 80,000 linear feet
of bank protection as part of Sacramento River Bank Protection Project (SRBPP) Phase Il. A
Post Authorization Change (PAC) report is required before construction can proceed. The PAC
will include an EDR, Real Estate Plan and a programmatic Environmental Impact
Statement/Environmental Impact Report (EIS/EIR). Common to all documents will be a
programmatic bank protection plan.

This plan will include actual erosion sites. One or more alternative methods of protection will
be specified at each site. Actual sites and construction may vary from the programmatic plan,
but the plan must be realistic so that the PAC can report on environmental effects, costs, and
benefits.

An early and important step in the development of the programmatic bank protection plan is to
establish a pallet of alternatives that are effective, complete, acceptable, and efficient. For the
plan to be acceptable, it must comply with ETL 1110-2-571 (ETL), reference 1.a.

3. Objectives and Scope

This memo applies Corps ETL guidance to bank protection conceptual alternatives. This has
been reviewed by Corps and State of California DWR Product Delivery Team members and
represents a consensus that the alternatives herein are acceptable and effective. This memo
provides a basis to move forward with the bank protection programmatic plan.

This memao establishes rules and a framework for development of the programmatic bank
protection plan. A pallet of constructible alternative bank protection measures is described in
this memo, along with a preliminary analysis of under what circumstances they might be used.
A vegetation free zone per the ETL is overlaid onto attached cross sections.

It should be emphasized that the alternative development concepts, while appropriate for the
planning phase, will require further engineering analysis during design phase. Much of the
descriptions are for purposes of development of a programmatic plan and a programmatic EIS
and EIR. In the future, detailed hydraulic analyses and geotechnical designs at actual sites will
determine the extent of critical structures, projections of levee prisms, vegetation-free zones
and vegetation management zones. Vegetation management and in-stream woody material
(IWM) placement will be further evaluated to assure levee inspection, flood fighting, and
structural integrity. The concepts herein are considered sufficiently conservative to provide a
realistic picture of bank protection that would satisfy Corps design guidelines.

4. Background

The Corps is developing a PAC and EIS/R on the SRBPP Phase Il 80,000 linear feet of erosion
protection at sites on the Sacramento River & tributaries.
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Authorization

WRDA 2007 authorized that 80,000 linear feet of bank protection be added to the original
Phase Il authorization. The original authorization was in 1974. WRDA 2007 authorization
reads as follows:

Sec. 202. The Secretary of the Army, acting through the Chief of Engineers is
authorized to initiate the second phase of the bank erosion control works and setback
levees on the Sacramento River California, authorized by the Flood Control Act of 1960,
in accordance with the Recommendations of the Chief of Engineers in House Document
Numbered 93-151; except that the lineal feet in the second phase shall be increased from
405,000 lineal feet to 485,000 lineal feet.

House Document numbered 93-151 is a Chief of Engineers Report on Sacramento Bank
Protection Project, California - Second Phase, dated September 13 1973. This document
discusses the need for bank protection. It states that “To adequately protect the levees” that
have eroded or where their berms have eroded and threatens the safety of the levee, “it has been
necessary to clear the waterside levee slope, and face it with stone, ..... ”. The report also states
the need to avoid destruction to fish and wildlife habitat. The report also provides standards of
design. “The berm or levee would be cleared as necessary with due consideration for
preserving vegetation.” Plate I11 of the document shows typical sections, with trees and other
vegetation preserved on all parts of the levee.

ETL 1110-2-571

ETL 1110-2-571 provides vegetation management guidelines for levees and other flood risk
management structures. This ETL does the following:

» Establishes a “vegetation free zone” on levees that spans all critical structures of the
levee (toe-to-toe) plus a minimum additional 15’ on each side.

» Provides for the construction of an overbuilt structure on a root free zone for planting
on the land side of levees

» Describes how to apply for a variance and under what circumstances a variance might
be granted.

Biological Opinions (SRBPP ESA Consultation)

Due to the presence of Endangered Species Act — listed species, the FWS and NMFS in 2001
issued separate Biological Opinions (BO’s) for Phase Il bank protection that pre-dates the
80,000 linear feet. In response to the BO’s the Corps in 2007 finalized a Programmatic
Biological Assessment (reference 1.b.). FWS and NMFS, in response to the Corps’ request for
consultation under the Endangered Species Act, used information from the Biological
Assessment to prepare the most recent BO’s. The FWS BO is dated June 23 2008 (reference
1.c.); the NMFS BO is dated July 2 2008 (reference 1.d.). The NMFS BO was amended in July
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2008 to include 13 additional sites, and July 2009 to include 12 sites. The FWS BO was
amended in June 2008 to include 13 sites and July 2009 to include 12 sites.

» The BO’s list and describe alternative bank protection measures that are acceptable as
on-site mitigation. Opportunities for off-site mitigation are described.

>  While NMFS and FWS have not issued BO’s for the 80,000 LF it is assumed herein
that these resource agencies would require similar mitigation to avoid a Jeopardy
Opinion.

» BO’sissued by NMFS and FWS for the previous phase Il work.

o specifies 4 designs:
- rock slope with revegetation, and
- 3 designs with riparian and wetland berms.

o specifies “off site compensation” at 2 sites

California’s Central Valley Flood System Improvement Framework

The Central Valley Flood System Improvement Framework (reference 1.e.) is a collaboration
by the California Levees Roundtable, a partnership of Federal, State, and local agencies
(including the Corps) that was formed in 2007 to address vegetation issues affecting the levee
system in the Central Valley. This presents an outline of short-term actions underway or to be
initiated before the Central Valley Flood Protection Plan is completed in 2012.

The framework recognizes numerous threats to performance of Central Valley levees, including
encroachments, through-seepage, under-seepage, seismic loading, structural instability, and
vegetation. These threats will be looked at comprehensively in the Central Valley Flood
Protection Plan and other planning studies, such as the Corps’ Central Valley Integrated Flood
Management Study, and Sacramento River Bank Protection Project Phase |11 General
Reevaluation. Pending completion of studies, the state must demonstrate positive progress in
achieving the Framework’s short term goals and maintenance objectives to remain eligible for
PL84-99 emergency and rehabilitation assistance. One important short term milestone is
managing vegetation on levees. Levee maintaining agencies are required to maintain
vegetation in accordance with DWR’s Interim Levee Inspection Criteria for Vegetation. The
Criteria is:

Trees must be trimmed up five feet above the ground (12 feet above the crown road)
and thinned enough for visibility and access. Brush, weeds, or other vegetation over
12 inches high blocking visibility and access within these levee areas should be
trimmed, thinned, mowed, burned, dragged, or otherwise removed in an allowed
manner. These criteria apply on the entire landside slope plus a 10-foot wide
easement beyond the landside toe. On the waterside, these criteria apply to vegetation
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on only the top 20 feet (slope length) of the levee slope. Below the 20 feet, all
vegetation is allowed.

The Framework recognizes that the criteria do not meet ETL guidance but do provide for short-
term measureable progress. These criteria will remain in effect until 2012, at which time it will
be reconsidered based on contents of the Central Valley Flood Protection Plan.

SRBPP Phase Il Alternatives Report

To initiate a programmatic plan an alternatives report was developed by Kleinfelder Associates
under contract to the Corps (reference 1.f.). The report provides conceptual designs for bank
protection to 153 sites in the study area. For each site, an erosion protection alternative was
described and a cross section provided. The sites employ BO-approved alternatives.

The Alternatives Report was prepared before finalization of ETL 1110-2-571, therefore the
issue of vegetation free zones was not addressed. The total length of the bank protection is
about 77,000 linear feet. Some sites may be constructed in the near future under the original
phase Il authority.

It is the intent of the PDT to use the Alternatives Report as much as possible to aid the
development of the EDR programmatic plan.

5. Historic Approach to Bank Protection

Phase | and Phase Il bank protection measures

The Draft Decision Document (reference 1.g.) summarizes Phase | and Phase 1l bank protection
measures. These include setback levees, meander belt (allow streams to meander within
existing levees), limited bank protection (rock revetment to sustained high-water mark), and
bank protection (revetment, modified revetment, and non-revetment). The appendices list
completed bank protection work. Although the Phase I list is incomplete, it shows that rip rap
was used extensively.

Since 2001 the Corps has been working with NMFS and FWS to improve bank protection
designs and provide on-site compensation. The referenced BO’s specify repairs that the
SRBPP is to use for the 24,000 LF of remaining Phase |1 sites (previous to the 80,000 LF).
Most repairs will be accomplished by incorporating rock berms that serve as buffers against
extreme toe scour and shear stress while providing space for planting riparian vegetation and
creating a platform to support aquatic habitat features, and provide shallow-water habitat for
juvenile fish rearing and refugia. This design is intended to protect existing shaded riverine
aquatic habitat and create elements of natural shaded riverine aquatic habitat that otherwise
would be lost as a result of project construction activities and continued erosion. Two types of
berms will be used: (1) riparian berms, and (2) wetland berms.
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6. Corps Guidance for Vegetation on Levees

ETL 1110-2-571

Guidance is in Ref. 1.a. ETL 1110-2-571, Guidelines for Landscape Planting and Vegetation
Management at Levees, Floodwalls, Embankment Dams, and Appurtenant Structures.

Vegetation Free Zone

This is a 3 dimensional corridor that surrounds all levees and critical appurtenant
structures. The only acceptable vegetative ground cover is perennial grasses that are
able to tolerate mowing to as low as 3 inches (sec. 4-8)

Purpose:

The vegetation free zone must be free of obstructions to assure access by personnel and
equipment for surveillance, inspection, maintenance, monitoring, and flood-fighting
(sec. 2-2). 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) (sec 2-4).

Extent:

The minimum width of the vegetation free zone shall be the width of the levee plus 15
feet on each side, measured from the outer edge of the outermost critical structure (sec.
2-2, 2nd bullet).

e The ETL does not specifically mention if the vegetation free zone includes or
excludes “natural bank”, but the term “structure” suggests it does not include the
natural bank (if its is not a structural part of the levee). Figure 23, found on page 6-
17 of the ETL, shows that the extent of the vegetation free zone is measured from
the toe of the structural levee. The landside toe is where the structural levee
landside slope meets the natural grade. Figure 23 shows the waterside toe may be
determined by projecting from the landside toe. However, during design phase an
engineering analysis is needed to more accurately determine the waterside toe of
the structural levee.

e There may be instances where it may be prudent to extend the vegetation free zone
beyond the structural levee, or establish a vegetation management zone. An
example is if there is no substantial natural bank, and / or if there are other risk
reducing factors such as the levee slope is greater than 3:1, or especially erosive
hydraulic forces are present, protection of the slope below the structural levee may
be considered critical.
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Planting Berm

Planting berms (or banks) are overbuild structures with no system reliability function.
They must be of sufficient depth to accommodate proposed vegetation while
precluding root penetration into the root-free zone. Planting berms may be considered
for use on the land side only (sec 4-2).

Root Free Zones provide a margin of safety between vegetation on planting berms and
the structural levee (sec 2-5). Root Free Zones are a minimum of 3’ deep (Figures 13-
15).

Vegetation Management Zones

This is an option that allows further vegetation removal and management outside the
vegetation free zone. This may be appropriate on planting berms which are deemed
critical defenses for levees.

Variances

The local sponsor may request a variance to further enhance environmental values or to
meet state or Federal laws & regulations. A vegetation variance must ensure 4 points:
(1) safety, functionality, structural integrity are maintained; (2) accessibility for
surveillance, monitoring, inspection, maintenance and flood fighting are maintained;
(3) periodic clearing of some types of vegetation will be performed to maintain items
above; and (4) will not substitute for poor maintenance (sec. 1-3 (b)).

At the time of this memorandum, new rules regarding variances are being written. As
the rules are being revised, the Corps will not accept new variance requests.

7. Application of ETL 1110-2-571 to SRBPP Phase I

The following are descriptions of how the ETL is interpreted for development of the
programmatic plan for the 80,000 linear feet.

The ETL Provides the Appropriate Standard for SRBPP Phase Il

Since bank protection is rehabilitation of a Federal Project Levee, the programmatic plan should
follow the ETL Federal guidance. A potential alternative standard, developed by the California
Levees Roundtable and shown above as part of the Central Valley Framework, is for short term
maintenance. The Framework is interim guidance to 2012. Construction of bank protection will
begin in 2011 and last approximately 8 years. Thus, most of the bank protection work would be
done after the Framework expires. In an IRC held on 12 November 2008, the vertical team
directed that bank protection must comply with the ETL. Thus the bank protection plan will use
the standard provided by the ETL for both the design of berms and slope protection and for
removal of existing vegetation on the waterside of sections of levee receiving bank protection.
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ETL Takes Precedence over Chief’s Report

The SRBPP Phase 11 80,000 linear feet was authorized in WRDA 2007. The authorization (see
citation above) references House Document Numbered 93-151, which is the SRBPP Phase 11
Chief’s Report dated 13 September 1973. The Chiefs Report indicates that existing vegetation
may be incorporated into the bank protection of levees and berms. Thus, there is an argument
that direction from Congress is to preserve vegetation on levees, and that this direction supersedes
ETL 1110-2-571. However, there are several reasons that make the case that the ETL takes
precedence over the authorization. They are: (1) the authorization only indirectly specifies bank
protection designs by referencing the Chief of Engineers Report; (2) Corps vegetation
management policy has evolved since the Chief of Engineers Report, and (3) Direction from
Congress does not include technical design guidance; the intent typically is what to build, not
how to build it. The programmatic plan will follow the Chief of Engineers Report to the extent
that bank protection designs are in conformance with ETL 1110-2-571.

Regional Variance to the ETL

The programmatic bank protection plan will assume that a regional variance is not required for
implementation of any alternative bank protection. The alternative bank protection measures are
intended to be compliant with the ETL without the need for a variance. A variance request is not
part of the scope of this PAC and not reflected in its schedule.

Instream Woody Material is Treated Similar to Vegetation

Instream woody material (IWM) is dead branches and limbs that are anchored to the bank near
the summer/fall water surface. IWM is on-site mitigation for loss of fish habitat. For the
programmatic plan, IWM will not be placed in vegetation free zones.

Waterside Toe Establishes the Minimum Outermost Critical Structure

The waterside toe of the levee is the edge of the structural levee, which, for the bank protection
alternatives, is the outermost critical structure, according to the ETL. For this programmatic
plan, the waterside toe generally is the point of intersection between the 3:1 waterside slope and
the projection of the landside natural grade. The waterside toe is a point on the physical levee
slope, or on the levee prism if it is greater. In the case of the physical levee exceeding the levee
minimum geometry, the programmatic plan will use the actual physical slope to establish the
waterside toe.

See Section 8 below for a discussion of levee minimum geometry and levee reshaping.

The vegetation free zone extends on the levee a minimum of 15 feet to the waterside of the
waterside toe. Although the above rule is adequate for the programmatic plan, a more accurate
placement of the toe will be determined during design through engineering analysis. At some
sites the berm may be considered crucial to the performance of the levee. In this case the berm
may be considered the outermost critical structure, and the vegetation free zone may be
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expanded in the programmatic plan, or during design phase a vegetation management zone may
be instituted.

The Adjacent Setback Levee Alternative Complies with the ETL

An adjacent setback levee is shown in Figure CS-1. A new adjacent landside levee
incorporates part of the old levee into its structure. A levee prism may be projected on the new
adjacent levee. As determined by geotechnical analysis, the prism defines the structural levee.
Portions of the old, former levee may be outside the levee prism, and all or part of the waterside
slope may be outside the vegetation free zone of the structural levee. The adjacent levee as
conceptualized in figure CS-1and for the programmatic plan, complies with the ETL. During
design phase, geotechnical evaluation may be required to show that the material in the former
levee within the new levee prism is structurally sound.

Vegetation Management Zones

It is anticipated that for the programmatic plan no vegetation management zones will be
delineated. If levee access and inspection are needed beyond the minimum, the vegetation free
zone would be expanded. Vegetation management zones may be instituted during design and
construction phase.

8. Changes to Existing Levee Geometry

Figure 1 is a cross section of a minimum levee prism or geometry. The geometry is from
Geotechnical Levee Practice (reference 1.h.). Levee geometry is a geometrical rendering of the
levee that defines height, width, and slopes. The levee geometry starts with a landside toe
which projects upward at a 3:1 slope for Sacramento River levees, major tributary levees, and
bypass levees. The landside slope extends to a hinge point at the top of the levee. From the
hinge point there is a 20" wide crown towards the waterside hinge point. The levee projects
down from this point at a 3:1 slope. The waterside toe is the intersection of the waterside slope
(or slope projection) with the natural grade. For the purposes of the programmatic plan, for
most sites the natural grade is a horizontal line extending from the landside toes.

At most sites a natural or man-made bank or berm extends water-ward from the levee. The
berm is outside of the levee geometry. The berm may be extended and fortified with rock both
to provide additional levee defense and to provide a place for planting vegetation.

The actual levee cross sections vary in height, width, and shape throughout the project area.
Some levees exceed the geometry and some levees have dimensions and/or slopes that do not
meet the minimum geometry. For levee sections that exceed the minimum geometry, the full
physical levee will be considered the critical structure. The initial assumption is that the
original design as exists on the ground is correct. The waterside toe will be the intersection of
the physical levee waterside slope with a horizontal line drawn from the waterside toe.

Page 9



Levee protection against erosion is the basic objective of the project. However at some sites
there may be opportunities to extend and/or reshape levee sections to meet the minimum
geometry thereby improving levee stability. There is leeway within the project to stabilize a
levee if, besides having a critical erosion problem, it also has a high risk of failure from
slipping or overturning. There are other instances where meeting minimum levee geometry is
not practicable. For instance, in the Sacramento San Joaquin Delta extending the waterside
slope to 3:1 would reduce channel capacity. If improving levee stability is not practicable,
erosion protection would be the only improvement,

The basic rule that the programmatic plan will follow is that the minimum levee geometry or
the actual physical levee, whichever is bigger, will determine the size of levee. In some
instances it is not practicable to widen levees as the new levee slope would extend too far into
the channel. The bank protection would place rock along the waterside slope with a slope of
greater (steeper) than 3:1 but less than 2:1 slope. If the slope is steeper than 2:1 the plan would
include broadening and reshaping the levee.

9. Levee Alternative Measures

The following are descriptions of basic bank protection alternatives that may or may not
comply with the ETL 1110-2-571. Section 9 describes how existing vegetation would be
treated for those alternatives that involve protection of the existing levee. Section 10 is an
evaluation of how each alternative complies with the ETL.

No-Action Alternative

Under the no-action alternative, the Corps would not implement bank protection along
Sacramento River 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 the Corps or state flood control agencies would eventually implement bank
protection along various sites along Sacramento River 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 loss of mature riparian
habitat but would increase the value of shallow aquatic habitat by the addition of in-stream
woody material into the river system. (Although bank erosion is a natural phenomenon, the
channelization of project reaches have increased erosive forces. Thus, in the case of the
Sacramento River, at lease some erosion may be considered induced by the SRFCP.) In
addition, vegetation may be removed as part of local O&M. This vegetation loss would be
mitigated by those performing the O&M action.
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Alternative 1: Setback Levee

The levee setback alternative entails constructing a new levee some distance landward of the
existing levee. The new levee would have minimum levee geometry in accordance with
Geotechnical Levee Practice (2008). The land between the setback and the old levee would act
as a floodplain. Land use in the new floodplain would be determined on a site-by-site basis.
The floodplain may be used for off-site mitigation, such as vegetation planting or IWM
placement, for other bank erosions sites. The old levee could be breached in several locations
or removed completely to allow high flows to inundate the new floodplain. Vegetation on the
new setback levee and 15’ from each toe would be restricted to mown perennial grass and
managed as a vegetation-free zone.

Alternative 2: Bank Fill Rock Slope with no On-Site Vegetation

The bank fill rock slope with only mown grass or no revegetation design entails installing
revetment along the levee slope and stream bank from the levee’s toe to crest, or other elevation
determined through engineering analysis. For purposes of the programmatic plan, it is assumed
rock slope protection will extend from the levee’s toe to the 1957 profile. If needed, the levee
waterside slope would be regraded to a 3H to 1V slope or other slope determined through
engineering analysis. Vegetation would be limited to grass that would be mowed. If there is a
natural bank distinct from the levee that requires erosion protection, it would be treated with rip
rap.

Alternative 3: Adjacent Levee

The adjacent levee alternative involves the construction of a new levee embankment adjacent to
and landward of the existing levee. The new levee would be to Corps standards and would
have minimum levee geometry in accordance with Geotechnical Levee Practice (2008). The
landward portion and possibly all or portions of the water side of the old levee could be an
integral, structural part of the new levee. Vegetation and IWM could be placed on the old levee
but would be done so that roots do not affect the new levee. Placement of trees would not
occur in the vegetation free zone of the new adjacent levee. This vegetation free zone would be
determined along with the structural elements of the new levee by engineering analysis during
design.

Alternative 4a: Riparian Berm with Revegetation and IWM above
Summer/Fall Waterline

The low riparian berm with revegetation and IWM above the summer/fall waterline design
entails installing revetment along the levee toe and upper bank as well as creating a rock/soil
berm. For the programmatic plan rock would be placed to the 1957 profile elevation, although
this could change during design. Riparian vegetation and IWM would be limited to the
vegetation free zone. The berm may be widened to accommodate a minimum planting space.
This design is typically applicable to sites above Sacramento River Mile 30. If needed, the
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levee waterside slope would be regraded to a 3 to 1 slope or other slope determined by
engineering analysis.

For the purpose of the programmatic plan the riparian berm is considered to be a non critical
structure. Later detail design may determine that the berm may be deemed a Vegetation
Management Zone where vegetation would be maintained for access and inspection and thus
preserve the integrity of the berm as a line of defense for the levee.

Instances of Alternative 4a are illustrated as cross sections in Figures CS-3, CS-4, CS-5, CS-6,
CS-8, and CS-9. The cross sections do not distinguish between Alternatives 4a or 4b because
the alternatives only vary with respect to vegetation and IWM. The berm designs do not vary.
Alternativs 4a and 4c may have their berms placed below the summer/fall waterline.

Alternative 4b: Riparian Berm with Revegetation and IWM above and
below Summer/Fall Waterline

The low riparian berm with revegetation and IWM above and below the summer/fall waterline
design entails installing revetment along the levee toe and upper bank and levee waterside slope
to the 1957 profile elevation, although this could change during design. Riparian vegetation
and IWM would be limited to the vegetation free zone. The rock/soil berm will provide space
to support riparian vegetation and provide a place to anchor IWM. IWM will also be placed
beyond the berm below the summer/fall waterline, thereby increasing the types and extent of
mitigation. This design is typically applicable to sites above Sacramento River Mile 30. If
needed, the levee waterside slope would be regraded to a 3 to 1 slope or other slope determined
by engineering analysis.

For the purpose of the programmatic plan the riparian berm is considered to be a non critical
structure. Later detail design may determine that the berm may be deemed a critical structure
requiring a Vegetation Management Zone. In this case, vegetation would be maintained for
access and inspection and thus preserve the integrity of the berm as a line of defense for the
levee.

Instances of Alternative 4b are illustrated as cross sections in Figures CS-3, CS-4, CS-5, CS-6,
CS-8, and CS-9.

Alternative 4c: Riparian and Wetland Berms with Revegetation

The low riparian and wetland berm with revegetation and IWM design entails installing
revetment along the levee toe and upper bank and levee waterside slope to the 1957 profile
elevation, although this could change during design. Riparian and wetland vegetation and
IWM would be limited to the vegetation free zone. The rock/soil berm will provide space to
support riparian vegetation and provide a place to anchor IWM. The design also includes a
wetland berm below the summer/fall waterline to further increase habitat quality. This design
is intended for sites downstream of Sacramento River Mile 30 and is targeting mitigation of
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impacts to delta smelt habitat. If needed, the levee waterside slope would be regraded to a 3 to
1 slope or other slope determined by engineering design.

For the purpose of the programmatic plan the riparian berm is considered to be a non critical
structure. Later detail design may determine that the berm may be deemed a Vegetation
Management Zone where vegetation would be maintained for access and inspection and thus
preserve the integrity of the berm as a line of defense for the levee.

Instances of Alternative 4c are illustrated as cross sections in Figures CS-3, CS-4, CS-5, CS-6,
CS-7, CS-8, and CS-9.

Alternative 5: Bank Fill Rock Slope with On-Site Vegetation (No Berm)

Note that this alternative, as discussed in Section 10, does not comply with the ETL and is not
considered an alternative for use in the programmatic bank protection plan.

The bank fill rock slope with revegetation design entails installing revetment along the levee
slope and streambank from the levee’s toe to crest or other elevation determined by engineering
analysis including revegetation and IWM placement on the lower and upper bank. If needed,
the levee waterside slope would be regraded to a 3 to 1 slope or other slope determined by
engineering analysis. This design typically applies to locations where no berm exists.

10. Treatment of Existing Vegetation

Alternative 1

Vegetation on an old levee or portions of an old levee with a setback levee behind it could
remain assuming the old levee is not part of the new structural levee.

Alternatives 2 and 4

For Alternatives 2 and 4 existing vegetation other than approved grasses on the waterside slope
and on the natural bank within 15’ of the waterside toe would not be in compliance with the
ETL and would be removed. Vegetation removal would occur on the waterside slope of the
levee section that receives bank protection. Although some of this vegetation may be outside
the footprint of the construction, it is important that the project investment result in a levee that
meets design and maintenance criteria. The SRBPP Phase Il does not include removal of
existing vegetation from the landside levee slope.

Natural bank vegetation beyond the 15’ vegetation free zone but still within the construction
footprint could remain if it does not compromise construction of bank protection or levee
integrity, there is a reasonable chance the vegetation would survive rock placement, and it does
not impede levee inspection or flood fighting.

Removal of existing vegetation, including clearing of vegetation in the construction footprint, is
a local O&M responsibility. The programmatic plan and EIS/EIR, however, will use the
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without project condition that the vegetation is not removed. Therefore, vegetation removal
will be part of the project. Vegetation removal and its mitigation will be shown as a 100 percent
non-Federal expense. There is an efficiency to including removal in the plan because
mitigation opportunities would be better identified in the plan. The cost of mitigation for
vegetation removal, either on-site or off-site, would also be a local expense.

Alternative 3

Vegetation on the original waterside levee may lie within the vegetation free zone for the new
adjacent levee and therefore may need to be removed. Also vegetation on the old levee may
have to be removed as part of site preparation work for the new levee. For these cases, this
vegetation would be removed as part of the bank protection project but at 100 percent local
expense. The cost of mitigation for this vegetation removal, either on-site or off-site, would
also be a local expense. Other vegetation that may require removal for the new adjacent levee
would be removed as a cost shared part of the project. See Figure 2.

11. Viability of Alternatives for the Programmatic Plan

The alternatives vary in terms of compliance to the ETL, cost, and environmental impact. The
following is an analysis to determine the alternatives viability for inclusion in the bank
protection programmatic plan.

Alt 1 Setback Levee

ETL Compliance: Would be in full compliance.

Positives:
* Supported by resource agencies.
* Potential to provide off-site mitigation for other bank protection activities.
« Incidental but substantial river restoration benefits.
» Potential incidental reduction in flood risk.
Negatives:

Expensive to construct.

Land acquisition expensive and difficult or infeasible in many areas.

Would be technically difficult or infeasible in many areas due to topography,
soils, hydraulic problems.

Reliance as an Alternative:
Setback levees can be very effective, but due to cost, existing land use, and technical issues,
opportunities for setback levees in the programmatic plan may be limited.

Alt 2 Rock Slope

ETL Compliance: Would be in full compliance.
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Positives:
* Proven and effective & efficient bank protection measure.
Negatives:
 Not supported by resource agencies unless vegetation & IWM added (only
possible if eroding bank is of a substantial size, removed by 30’ (?) or more
from the waterside levee toe.
» May require hard to come by off-site mitigation.

Reliance as an Alternative:

Rocking is an important alternative that the programmatic plan will find appropriate at many
erosion sites. This is especially appropriate where the waterside levee toe is a substantial
distance from the natural bank. It has limited application where the natural bank either does not
exist or has a critical structural role.

Alt 3 Adjacent Levee

ETL Compliance: As stated above, this framework considers vegetation on original levees to
the water side of adjacent levees as in compliance with the ETL if it is determined to be outside
the structural adjacent levee vegetation free zone and the root free zone and it does not impede
inspection of the new levee.

Positives:
» The old levee may act as a riparian berm, thus likely supported by resource
agencies.
The old levee may be degraded to increase the size of the vegetation berm and
increase natural floodplain.
Potential to preserve existing riparian vegetation.
Possible but limited river restoration benefits.
New levee would be constructed to Corps standards, thus potential incidental
reduction in flood risk.
 Could negate local levee encroachment issues.
Negatives:
» Expensive to construct.
* Land acquisition may be infeasible in some areas.

Reliance as an Alternative:

This alternative bank protection measure may be the only viable solution at some erosion sites.
It should be retained as an alternative as long as it is considered in ETL compliance or with
assurance that a variance will be granted. This is an important alternative that would be
appropriate at many sites.
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Alt 4 Berm with Riparian or Wetland Vegetation

ETL Compliance: This alternative complies with the ETL. The berm is not considered at the
programmatic plan phase as an engineered, critical structure. A portion of a berm may be
adjacent to the waterside levee toe and within the vegetation free zone. However vegetation
would be acceptable 15’ or more out from the toe on the berm, whether or not the berm is
natural or constructed.

Positives:

 Supported by resource agencies.

« Effective & potentially inexpensive mitigation to rock placement.
Negatives:

» There may be instances where a berm is a critical structure.

* A large berm could cause hydraulic problems.

Reliance as an Alternative:

This alternative would be appropriate for many, perhaps a majority of sites. A planted berm
may serve as on-site mitigation or possibly mitigate for other neighboring sites. It might not be
a viable alternative for reaches where hydraulics is critical and flows are erosive. This is an
appropriate alternative for the programmatic plan.

Alt 5 Bank Fill Rock Slope with On-Site Vegetation (No Berm)

ETL Compliance: Would not be in compliance. A variance would be difficult to justify due to
root penetration into the levee

Positives:
 Supported by resource agencies.
» Effective & potentially inexpensive mitigation to rock placement.

Negatives:
 Does not meet Corps standards.

Reliance as an Alternative:
This is not a viable alternative and should not be included in the programmatic plan.

12. Summary Bank Protection Palette for Bank Protection Plan

The proposed palette includes 4 of the 5 alternatives.
e The Rock Placement is in full compliance with ETL.

e The Setback Levee alternative is in full compliance with ETL.
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¢ The Berm with Riparian Vegetation (all variations) is in ETL compliance and
would be used extensively under some natural bank situations and would be a
useful alternative

o Adjacent levee is a useful alternative where the natural bank is a critical structure
and landside acquisition is limited.

13. Cross Sections

Attached are eleven cross sections that show how bank protection alternatives would be applied
under different site-specific circumstances. For all alternatives a waterside toe and the
vegetation free zone are shown.

Three of these Figures apply to Alternative 3: Adjacent levee. Cross Section CS-1 is with an
existing berm, Cross Section CS-2 is without an existing berm and Figure 2 shows the
vegetation removal for CS-2.

The seven remaining cross sections apply to Alternative 4a, 4b, or 4c, slope protection with
berm. These vary by the presence and condition of an existing berm, the need for slope
regrading, and the summer-fall water surface above or below the landside elevation.

14. Evaluation of Kleinfelder Alternatives Report Cross Sections

The Alternatives Report (reference 4™ bullet) primarily uses variations of Alternatives 4 and 5.

The Alternatives Report employs 8 bank protection designs (excluding no action and setback
levee alternatives). All 8 designs include vegetation on the revetment placed on levees and
berms. The cross sections however do not specify where vegetation would be placed, nor do
they show the waterside toes or the locations of vegetation free zones. Based on the bank
protection alternative descriptions, vegetation would be planted on levee slopes. In this respect
the cross sections of the Alternatives Report do not agree with the vegetation free zones
depicted in the ETL and this evaluation’s cross sections.

15. Key Assumptions on Vegetation Management and SBPP Phase Il
Programmatic Plan

¢ Bank protection will be in accordance with House Document 93-151 to the extent that
designs conform to the ETL.

¢ Alternatives conform to the ETL without the need for a variance.
o For the purposes of the programmatic plan, the waterside toe is the intersection of the

waterside slope of the levee with the natural grade. In the case of an oversized levee, the
programmatic plan will use the natural waterside slope (not a projected levee prism
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slope) to determine the waterside toe. Final determination of the structural levee will be
performed during the design phase.

o Vegetation may be planted on natural bank or artificial berms 15’ from toe.
¢ In-stream woody material (IWM) is considered vegetation subject to the ETL.

¢ Existing vegetation inside the vegetation free zone (waterside portion of the levee only)
would be removed as part of the project. The cost of removal and mitigation would be
part of the SRBPP but would be a 100 percent non-Federal cost.

Prepared by HDR Inc.

bR
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EXECUTIVE SUMMARY

The US Army Corps of Engineers (USACE), Sacramento District, presents this cost and
schedule risk analysis (CSRA) report regarding the risk findings and recommended
contingencies for the Sacramento River Bank Protection Project (SRBPP) Limited
Reevaluation Report (LRR). In compliance with Engineer Regulation (ER) 1110-2-1302
CIVIL WORKS COST ENGINEERING, dated September 15, 2008, a formal risk
analysis, Monte-Carlo based-study was conducted by the Project Development Team
(PDT) on remaining costs. The purpose of this risk analysis study is to present the cost
and schedule risks considered, those determined and respective project contingencies
at a recommended 80% confidence level of successful execution to project completion.

The SRBPP is a long-range construction project to identify significant erosion problems,
prioritize sites, and design and construct bank protection. Corrective measures are
applied only to affected banks and levees that are part of the Federal Sacramento River
Flood Control Project (SRFCP). Per Section 3031 of the Water Resources
Development Act of 2007 (WRDA 2007), an additional 80,000 LF of bank protection
was added to the original SRBPP Phase Il project authorization. The portion included in
this analysis represents an approximate 8,000 linear feet of protection deemed as the
economically justified portion of the authorization.

Cost estimates fluctuate over time. During this period of study, minor cost fluctuations
can and have occurred. For this reason, contingency reporting is based in cost and per
cent values. Should cost vary to a slight degree with similar scope and risks,
contingency per cent values will be reported, cost values rounded

Table ES-1. Project Contingency Results

Base Case
Project Cost Estimate $25,754,000
(Excluding Real Estate)
Confidence Level Project Value ($$) Contingency (%)

5% $1,030,000 4%
50% $4,378,000 17%
80% $6,439,000 25%
95% $8,241,000 32%

KEY FINDINGS/OBSERVATIONS RECOMMENDATIONS

The PDT worked through the risk register on 8 April 2014. It quickly became evident
that the team understands the project, the experienced risks and those risks already
incorporated into the current designs and estimated costs (i.e., the major risks have
already been experienced and mitigated through various means). The key risk drivers
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identified through sensitivity analysis suggest an 80% confidence level total contingency
of $6.4M. Findings indicate no schedule risks that would result in any substantial cost
impacts or resulting contingencies.

Cost Risks: From the CSRA, the key or greater Cost Risk items of include:

e EST-1: Quantities - During design or awarded it could be determined additional
erosion has occurred and quantities will increase.

e RE-4: Onsite Mitigation - Resource agencies requirements for onsite mitigation
continue to evolve, resulting in additional onsite mitigation requirements. ESA
consultations have yet to occur. Until consultations occur, restoration ratios have
not been established.

Moderate risks, when combined, can also become a cost impact; though no major
contributors were noted other than Water and Air Quality, Differing Site Conditions,
Offsite Mitigation and Construction Oversight.

Schedule Risks: All schedule risk drivers where either outside the scope of this risk
analysis and therefore not modeled or will be resolved prior to schedule impacts being
realized. Specific schedule risks identified included:

e PPM-3: Internal Red Tape — Discussions on Economic Justification have delayed
schedules. Economically disadvantaged sites are some 5 years or more from
implementation, allowing for sufficient time for resolution prior to site
implementation. This issue is not a Risk for Economically Justified Sites so will
not be considered for this evaluation.

e PPM-4: Project Partnership Agreement Signature — PPA signature is due within
the next year and must be signed for project to continue. USACE HQ and State
sponsor are currently at an impasse on signature of the PPA due to current ETL
policy (levee vegetation requirements). If PPA is not signed, project funding will
cease and project schedule will slip. Given the potential huge project impact if
PPA is not achieved, modeling this risk is outside scope of this risk analysis and
will not be included.

e PR-2: Design Criteria Agreement — Sponsor and USACE agreements on Levee
Vegetation. While the sponsor and USACE have managed to work around this
issue in the past, it is possible this issue will come to a head; requiring either
resolution or termination of this project. That discussion is outside the scope of
this risk analysis and will not be modeled here.
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MAIN REPORT

1.0 PURPOSE

Under the authority of the US Army Corps of Engineers (USACE), Sacramento District
presents this cost and schedule risk analysis, identified major risks and
recommendations for the total project cost and schedule contingencies for the
Sacramento River Bank Protection Project (SRBPP).

2.0 BACKGROUND

The SRBPP is a long-range construction project to identify significant erosion problems,
prioritize sites, and design and construct bank protection. Corrective measures are
applied only to affected banks and levees that are part of the Federal Sacramento River
Flood Control Project (SRFCP). Per Section 3031 of the Water Resources
Development Act of 2007 (WRDA 2007), an additional 80,000 LF of bank protection
was added to the original SRBPP Phase Il project authorization. The portion included in
this analysis represents an approximate 8,000 linear feet of protection deemed as the
economically justified portion of the authorization.

3.0 REPORT SCOPE

The scope of the risk analysis report is to identify cost and schedule risks with a
resulting recommendation for contingencies at the 80 percent confidence level using the
risk analysis processes, as mandated by U.S. Army Corps of Engineers (USACE)
Engineer Regulation (ER) 1110-2-1150, Engineering and Design for Civil Works, ER
1110-2-1302, Civil Works Cost Engineering, and Engineer Technical Letter 1110-2-573,
Construction Cost Estimating Guide for Civil Works. The report presents the
contingency results for cost risks for construction features. The CSRA excludes Real
Estate costs and does not include consideration for life cycle costs.

3.1 Project Scope

The formal process included extensive involvement of the PDT for risk identification and
the development of the risk register. The analysis process evaluated the Micro
Computer Aided Cost Estimating System (MCACES) cost estimate, project schedule,
and funding profiles using Crystal Ball software to conduct a Monte Carlo simulation and
statistical sensitivity analysis, per the guidance in Engineer Technical Letter (ETL)
CONSTRUCTION COST ESTIMATING GUIDE FOR CIVIL WORKS, dated September
30, 2008.



The project technical scope, estimates and schedules were developed and presented
by the Sacramento District. Consequently, these documents serve as the basis for the
risk analysis.

The scope of this study addresses the identification of concerns, needs, opportunities
and potential solutions that are viable from an economic, environmental, and
engineering viewpoint.

3.2 USACE Risk Analysis Process

The risk analysis process for this study follows the USACE Headquarters requirements
as well as the guidance provided by the Cost Engineering MCX. The risk analysis
process reflected within this report uses probabilistic cost and schedule risk analysis
methods within the framework of the Crystal Ball software. Furthermore, the scope of
the report includes the identification and communication of important steps, logic, key
assumptions, limitations, and decisions to help ensure that risk analysis results can be
appropriately interpreted.

Risk analysis results are also intended to provide project leadership with contingency
information for scheduling, budgeting, and project control purposes, as well as to
provide tools to support decision making and risk management as the project
progresses through planning and implementation. To fully recognize its benefits, cost
and schedule risk analysis should be considered as an ongoing process conducted
concurrent to, and iteratively with, other important project processes such as scope and
execution plan development, resource planning, procurement planning, cost estimating,
budgeting and scheduling.

In addition to broadly defined risk analysis standards and recommended practices, this
risk analysis was performed to meet the requirements and recommendations of the
following documents and sources:

e Cost and Schedule Risk Analysis Process guidance prepared by the USACE
Cost Engineering MCX.

e Engineer Regulation (ER) 1110-2-1302 CIVIL WORKS COST ENGINEERING,
dated September 15, 2008.

e Engineer Technical Letter (ETL) CONSTRUCTION COST ESTIMATING GUIDE
FOR CIVIL WORKS, dated September 30, 2008.

4.0 METHODOLOGY / PROCESS

The Cost Engineering MCX performed the Cost and Schedule Risk Analysis, relying on
local Sacramento District staff to provide expertise and information gathering. The initial
risk identification meeting also included qualitative analysis to produce a risk register
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that served as the draft framework for the risk analysis. Follow on meetings updated
project development and refined risk modeling. Participants in the risk identification
meeting included:

Risk Register Development Meeting

| Tuesday, April 8, 2014 |

Civil Design Hans Carota Sacramento District
Civil Design — Tech

Lead Pamlyn Hill Sacramento District
Planning Karin Lee Sacramento District
Cost Engineer Joe Reynolds Sacramento District
Real Estate Greg Garner DWR
Environmental Kip Young DWR

Planner Thomas Adams HDR

Cost Engineer Robert Vrchoticky Sacramento District
Real Estate Kelly Boyd Sacramento District
Cost Engineer Tri Duong Sacramento District
Project Manager Cynthia Brooks Sacramento District
Risk Analyst William Bolte Cost Engineering MCX

The risk analysis process for this study is intended to determine the probability of
various cost outcomes and quantify the required contingency needed in the cost
estimate to achieve the desired level of cost confidence. Per regulation and guidance,
the P80 confidence level (80% confidence level) is the normal and accepted cost
confidence level. District Management has the prerogative to select different
confidence levels, pending approval from Headquarters, USACE.

In simple terms, contingency is an amount added to an estimate to allow for items,
conditions or events for which the occurrence or impact is uncertain and that experience
suggests will likely result in additional costs being incurred or additional time being
required. The amount of contingency included in project control plans depends, at least
in part, on the project leadership’s willingness to accept risk of project overruns. The
less risk that project leadership is willing to accept the more contingency should be
applied in the project control plans. The risk of overrun is expressed, in a probabilistic
context, using confidence levels.

The Cost MCX guidance for cost and schedule risk analysis generally focuses on the
80-percent level of confidence (P80) for cost contingency calculation. It should be
noted that use of P80 as a decision criteria is a risk averse approach (whereas the use
of P50 would be a risk neutral approach, and use of levels less than 50 percent would
be risk seeking). Thus, a P80 confidence level results in greater contingency as
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compared to a P50 confidence level. The selection of contingency at a particular
confidence level is ultimately the decision and responsibility of the project’s District
and/or Division management.

The risk analysis process uses Monte Carlo techniques to determine probabilities and
contingency. The Monte Carlo techniques are facilitated computationally by a
commercially available risk analysis software package (Crystal Ball) that is an add-in to
Microsoft Excel. Cost estimates are packaged into an Excel format and used directly for
cost risk analysis purposes. The level of detail recreated in the Excel-format schedule
is sufficient for risk analysis purposes that reflect the established risk register, but
generally less than that of the native format.

The primary steps, in functional terms, of the risk analysis process are described in the
following subsections. Risk analysis results are provided in Section 6.

4.1 Identify and Assess Risk Factors

Identifying the risk factors via the PDT is considered a qualitative process that results in
establishing a risk register that serves as the document for the quantitative study using
the Crystal Ball risk software. Risk factors are events and conditions that may influence
or drive uncertainty in project performance. They may be inherent characteristics or
conditions of the project or external influences, events, or conditions such as weather or
economic conditions. Risk factors may have either favorable or unfavorable impacts on
project cost and schedule.

A formal PDT meeting held 8 April 2014 included capable and qualified representatives
from multiple project team disciplines and functions, including project management, cost
engineering, design, environmental compliance, and real estate

The initial formal meetings focused primarily on risk factor identification using
brainstorming techniques, but also included some facilitated discussions based on risk
factors common to projects of similar scope and geographic location. Additionally,
conference calls and informal meetings were conducted throughout the risk analysis
process on an as-needed basis to further facilitate risk factor identification, market
analysis, and risk assessment.

4.2 Quantify Risk Factor Impacts

The quantitative impacts (putting it to numbers of cost and time) of risk factors on
project plans were analyzed using a combination of professional judgment, empirical
data and analytical techniques. Risk factor impacts were quantified using probability
distributions (density functions) because risk factors are entered into the Crystal Ball
software in the form of probability density functions.



Similar to the identification and assessment process, risk factor quantification involved
multiple project team disciplines and functions. However, the quantification process
relied more extensively on collaboration between cost engineering and risk analysis
team members with lesser inputs from other functions and disciplines. This process
used an iterative approach to estimate the following elements of each risk factor:

Maximum possible value for the risk factor

Minimum possible value for the risk factor

Most likely value (the statistical mode), if applicable

Nature of the probability density function used to approximate risk factor
uncertainty

Mathematical correlations between risk factors

e Affected cost estimate and schedule elements

The resulting product from the PDT discussions is captured within a risk register as
presented in Appendix A for both cost and schedule risk concerns. Note that the risk
register records the PDT's risk concerns, discussions related to those concerns, and
potential impacts to the current cost and schedule estimates. The concerns and
discussions support the team’s decisions related to event likelihood, impact, and the
resulting risk levels for each risk event.

4.3 Analyze Cost Estimate and Schedule Contingency

Contingency is analyzed using the Crystal Ball software, an add-in to the Microsoft
Excel format of the cost estimate and schedule. Monte Carlo simulations are performed
by applying the risk factors (quantified as probability density functions) to the
appropriate estimated cost and schedule elements identified by the PDT.

Contingencies are calculated by applying only the moderate and high level risks
identified for each option (i.e., low-level risks are typically not considered, but remain
within the risk register to serve historical purposes as well as support follow-on risk
studies as the project and risks evolve).

For the cost estimate, the contingency is calculated as the difference between the P80
cost forecast and the baseline cost estimate. Each option-specific contingency is then
allocated on a civil works feature level based on the dollar-weighted relative risk of each
feature as quantified by Monte Carlo simulation. Standard deviation is used as the
feature-specific measure of risk for contingency allocation purposes. This approach
results in a relatively larger portion of all the project feature cost contingency being
allocated to features with relatively higher estimated cost uncertainty.

5.0 PROJECT ASSUMPTIONS

The following data sources and assumptions were used in determining the cost and
schedule risks.



a. The Sacramento District provided a 1 December 2014 Total Project Cost Summary
Excel Spreadsheet file electronically. The CSRA was performed on the final TPCS
Project Costs (excluding Real Estate).

b. The cost comparisons and risk analyses performed and reflected within this report
are based on project experience related to previous Phase 1 projects. The project
scoping is well understood, the bulk of risks have been incorporated into more recent
design and estimated construction costs. The contingency outcome of 20-25% was
expected to be lower than a standard Feasibility Report of 25-35%.

c. The Cost Engineering MCX guidance generally focuses on the eighty-percent level
of confidence (P80) for cost contingency calculation. For this risk analysis, the eighty-
percent level of confidence (P80) was used. It should be noted that the use of P80 as a
decision criteria is a moderately risk averse approach, generally resulting in higher cost
contingencies. However, the P80 level of confidence also assumes a small degree of
risk that the recommended contingencies may be inadequate to capture actual project
costs.

d. Only high and moderate risk level impacts, as identified in the risk register, were
considered for the purposes of calculating cost contingency. Low level risk impacts
should be maintained in project management documentation, and reviewed at each
project milestone to determine if they should be placed on the risk “watch list”.

6.0 RESULTS

The cost and schedule risk analysis results are provided in the following sections. In
addition to contingency calculation results, sensitivity analyses are presented to provide
decision makers with an understanding of variability and the key contributors to the
cause of this variability.

6.1 Risk Register

A risk register is a tool commonly used in project planning and risk analysis. The actual
risk register is provided in Appendix A. The complete risk register includes low level
risks, as well as additional information regarding the nature and impacts of each risk.

It is important to note that a risk register can be an effective tool for managing identified
risks throughout the project life cycle. As such, it is generally recommended that risk
registers be updated as the designs, cost estimates, and schedule are further refined,
especially on large projects with extended schedules. Recommended uses of the risk
register going forward include:

e Documenting risk mitigation strategies being pursued in response to the
identified risks and their assessment in terms of probability and impact.
e Providing project sponsors, stakeholders, and leadership/management with a
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documented framework from which risk status can be reported in the context
of project controls.

e Communicating risk management issues.

e Providing a mechanism for eliciting feedback and project control input.

e |dentifying risk transfer, elimination, or mitigation actions required for
implementation of risk management plans.

6.2 Cost Contingency and Sensitivity Analysis

The result of risk or uncertainty analysis is quantification of the cumulative impact of all
analyzed risks or uncertainties as compared to probability of occurrence. These results,
as applied to the analysis herein, depict the overall project cost at intervals of
confidence (probability).

Table 1 provides the construction cost contingencies calculated for the P80 confidence
level and rounded to the nearest thousand. The project cost contingencies for the P5,
P50, P80 and P95 confidence levels are also provided for illustrative purposes only.

Contingency was quantified as approximately $6.4 Million at the P80 confidence level
(25% of the baseline cost estimate). For comparison, the cost contingency at the P50
and P95 confidence levels was quantified as 17% and 32% of the baseline cost
estimate, respectively.

Table 1. Project Cost Contingency Summary

Base Case
Project Cost Estimate $25,754,000
(Excluding Real Estate)
Confidence Level Project Value ($3$) Contingency (%)

5% $1,030,000 4%
50% $4,378,000 17%
80% $6,439,000 25%
95% $8,241,000 32%

6.2.1 Sensitivity Analysis

Sensitivity analysis generally ranks the relative impact of each risk/opportunity as a
percentage of total cost uncertainty. The Crystal Ball software uses a statistical
measure (contribution to variance) that approximates the impact of each risk/opportunity
contributing to variability of cost outcomes during Monte Carlo simulation.
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Key cost drivers identified in the sensitivity analysis can be used to support
development of a risk management plan that will facilitate control of risk factors and
their potential impacts throughout the project lifecycle. Together with the risk register,
sensitivity analysis results can also be used to support development of strategies to
eliminate, mitigate, accept or transfer key risks.

6.2.2 Sensitivity Analysis Results

The risks/opportunities considered as key or primary cost drivers and the respective
value variance are ranked in order of importance in contribution to variance bar charts.
Opportunities that have a potential to reduce project cost and are shown with a negative
sign; risks are shown with a positive sign to reflect the potential to increase project cost.
A longer bar in the sensitivity analysis chart represents a greater potential impact to
project cost.

Figure 1 presents a sensitivity analysis for cost growth risk from the high level cost risks
identified in the risk register. Likewise, Figure 2 presents a sensitivity analysis for
schedule growth risk from the high level schedule risks identified in the risk register.

Figure 1. Cost Sensitivity Analysis

Caontribution to Variance View
Sensitivity: PROJECT CONTINGENCY (BASELINE ESTIMATE)
-3.0%  0.0% 3.0% 6.0% 9.0% 12.0% 15.0% 18.0% 21.0% 24.0% 27.0% 30.0% 33.0%
RE-4 - Onsite Mitigation 15.5% |
RE-3 - Water and Air Quality 37% |
COM-1 - Differing Site Cond... 11.3%
RE-6 - Historical Structures #
PR-1 - Flood Events and Oth... 7.3%
RE-5 - Cultural Resources S.T%
COM-5 - Construction Oversight 42%
RE-2 - Offsite Mitigation IT% ‘
LD-2 - Railroad Involvement 0.0%
TL-5 - Survey Data 0.0%
EST-2 - Ltility Relocations 0.0%
TL-4 - Rip Rap Supply 0.0%
TL-7 - Design Assumptions 0.0%
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6.3 Schedule and Contingency Risk Analysis

The Sacramento River Bank Protection Project (SRBPP) consists of multiple separate
sites with most if not all taking one construction season or less to complete. Individual
sites will be addressed as issues arise and delays at any one site will not impact overall
project completion schedule, therefore Schedule Risk Analysis becomes somewhat
irrelevant for this project.

7.0 MAJOR FINDINGS/OBSERVATIONS/RECOMMENDATIONS

This section provides a summary of significant risk analysis results that are identified in
the preceding sections of the report. Risk analysis results are intended to provide
project leadership with contingency information for scheduling, budgeting, and project
control purposes, as well as to provide tools to support decision making and risk
management as projects progress through planning and implementation. Because of
the potential for use of risk analysis results for such diverse purposes, this section also
reiterates and highlights important steps, logic, key assumptions, limitations, and
decisions to help ensure that the risk analysis results are appropriately interpreted.

7.1 Major Findings/Observations

Project cost summaries are provided in Table 2. Additional major findings and
observations of the risk analysis are listed below.

The PDT worked through the risk register on 8 April 2014. It quickly became evident
that the team understands the project, the experienced risks and those risks already
incorporated into the current designs and estimated costs (i.e., the major risks have
already been experienced and mitigated through various means). The key risk drivers
identified through sensitivity analysis suggest an 80% confidence level total contingency
of $8.1M. Findings indicate no schedule risks that would result in any substantial cost
impacts or resulting contingencies.

Cost Risks: From the CSRA, the key or greater Cost Risk items of include:

e EST-1: Quantities - During design or awarded it could be determined additional
erosion has occurred and quantities will increase.

e RE-4: Onsite Mitigation - Resource agencies requirements for onsite mitigation
continue to evolve, resulting in additional onsite mitigation requirements. ESA
consultations have yet to occur. Until consultations occur, restoration ratios have
not been established.

Moderate risks, when combined, can also become a cost impact; though no major
contributors were noted other than Water and Air Quality, Differing Site Conditions,
Offsite Mitigation and Construction Oversight.
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Schedule Risks: All schedule risk drivers where either outside the scope of this risk
analysis and therefore not modeled or will be resolved prior to schedule impacts being
realized. Specific schedule risks identified included:

e PPM-3: Internal Red Tape — Discussions on Economic Justification have delayed
schedules. Economically disadvantaged sites are some 5 years or more from
implementation, allowing for sufficient time for resolution prior to site
implementation. This issue is not a Risk for Economically Justified Sites so will
not be considered for this evaluation.

e PPM-4: Project Partnership Agreement Signature — PPA signature is due within
the next year and must be signed for project to continue. USACE HQ and State
sponsor are currently at an impasse on signature of the PPA due to current ETL
policy (levee vegetation requirements). If PPA is not signed, project funding will
cease and project schedule will slip. Given the potential huge project impact if
PPA is not achieved, modeling this risk is outside scope of this risk analysis and
will not be included.

e PR-2: Design Criteria Agreement — Sponsor and USACE agreements on Levee
Vegetation. While the sponsor and USACE have managed to work around this
issue in the past, it is possible this issue will come to a head; requiring either
resolution or termination of this project. That discussion is outside the scope of
this risk analysis and will not be modeled here.
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Table 2. Project Cost Comparison Summary (Uncertainty Analysis)

Most Likel
Cost Estima};e $25,754,000
Confidence Level Project Cost Contingency Contingency % ‘
0% $22,663,520 ($3,090,480.00) -12.00%
5% $26,784,160 $1,030,160.00 4.00%
10% $27,556,780 $1,802,780.00 7.00%
15% $28,071,860 $2,317,860.00 9.00%
20% $28,329,400 $2,575,400.00 10.00%
25% $28,844,480 $3,090,480.00 12.00%
30% $29,102,020 $3,348,020.00 13.00%
35% $29,359,560 $3,605,560.00 14.00%
40% $29,617,100 $3,863,100.00 15.00%
45% $29,874,640 $4,120,640.00 16.00%
50% $30,132,180 $4,378,180.00 17.00%
55% $30,647,260 $4,893,260.00 19.00%
60% $30,904,800 $5,150,800.00 20.00%
65% $31,162,340 $5,408,340.00 21.00%
70% $31,419,880 $5,665,880.00 22.00%
75% $31,677,420 $5,923,420.00 23.00%
80% $32,192,500 $6,438,500.00 25.00%
85% $32,707,580 $6,953,580.00 27.00%
90% $33,222,660 $7,468,660.00 29.00%
95% $33,995,280 $8,241,280.00 32.00%
100% $38,373,460 $12,619,460.00 49.00%

7.2 Recommendations

Risk Management is an all-encompassing, iterative, and life-cycle process of project
management. The Project Management Institute’s (PMI) A Guide to the Project
Management Body of Knowledge (PMBOK® Guide), 4™ edition, states that “project risk
management includes the processes concerned with conducting risk management
planning, identification, analysis, responses, and monitoring and control on a project.”
Risk identification and analysis are processes within the knowledge area of risk
management. Its outputs pertinent to this effort include the risk register, risk
guantification (risk analysis model), contingency report, and the sensitivity analysis.

The intended use of these outputs is implementation by the project leadership with
respect to risk responses (such as mitigation) and risk monitoring and control. In short,
the effectiveness of the project risk management effort requires that the proactive
management of risks not conclude with the study completed in this report.

The Cost and Schedule Risk Analysis (CSRA) produced by the PDT identifies issues
that require the development of subsequent risk response and mitigation plans. This
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section provides a list of recommendations for continued management of the risks
identified and analyzed in this study. Note that this list is not all inclusive and should not
substitute a formal risk management and response plan.

Risk Management: Project leadership should use of the outputs created during the risk
analysis effort as tools in future risk management processes. The risk register should
be updated at each major project milestone. The results of the sensitivity analysis may
also be used for response planning strategy and development. These tools should be
used in conjunction with regular risk review meetings.

Risk Analysis Updates: Project leadership should review risk items identified in the
original risk register and add others, as required, throughout the project life-cycle. Risks
should be reviewed for status and reevaluation (using qualitative measure, at a
minimum) and placed on risk management watch lists if any risk’s likelihood or impact
significantly increases. Project leadership should also be mindful of the potential for
secondary (new risks created specifically by the response to an original risk) and
residual risks (risks that remain and have unintended impact following response).

Project Specific: Funding and bidding competition must be periodically re-evaluated to
ensure sufficient budget is available to perform the work objectives as authorized. .
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APPENDIX A — RISK REGISTER

Risk
No.

Risk/Opportunity Event

PROJECT & PROGRAM MGMT

Concerns

PDT Discussions

Project Cost

Schedule

Risk Level*

PPM-1

Scope Definition

Questions remain unsettled about
controlling criteria. Project is authorized
for additional 80,000 LF yet recent HQ
guidance now requires additional bank
protection to comply with Corps planning
policy (i.e. B/C ratios etc).

District has agreed to perform B/C economic
analysis for all sites deemed critical. Estimate is
based on 106 representative sites, of which some

12,000LF have economic justification. In the

future, sites may change but project costs and
risks will be based on 80,000 LF. Given the
potential huge project changes if economic
justification is required, modeling this risk is
outside scope of this risk analysis and will not be
modeled.

PPM-2

Project Priorities

Given the long project duration with
undefined critical path and conflicts with
District priorities; project has received
intermittent support. Only after
emergency events does this project
receive priority status.

Limited resources and project staffing turnover
affect continuity, lost efficiencies and schedule.
Districts historical averages have been used for
the estimate, it is possible design costs could
increase but only marginally at most.

LOW

Risk Level*

LOW

LOW

PPM-3

Internal Red Tape

Internal decision making process has
delayed project.

Discussions on Economic Justification have
delayed schedules. Economically disadvantaged
sites are some 5 years or more from
implementation, allowing for sufficient time for
resolution prior to site implementation. Not a Risk
for Economically Justified Sites so will not be
considered for this evaluation.

LOW

MODERATE

PPM-4

Project Partnership Agreement Signature

PPA signature is due within the next
year and must be signed for project to
continue.

USACE HQ and State sponsor are currently at an
impasse on signature of the PPA due to current
ETL policy (levee vegetation requirements). If
PPA is not signed, project funding will cease and
project schedule will slip. Given the potential
huge project impact if PPA is not achieved,
modeling this risk is outside scope of this risk
analysis and will not be included.

LOW
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Project Cost Schedule

Risk/Opportunity Event Concerns . . . .
Risk PDT Discussions Risk Level* Risk Level*
No.
CONTRACT ACQUISITION RISKS
Much of this work is conducive for small business
contracts. The estimate currently assumes full
and open contracts.
If individual sites are advertised via Small
Business, 8(a) contractors, anticipate additional
contract acquisition costs, construction costs and
CA-1 | Small Business vs. Full and Open Potential for Small Business Contracts | district resources for oversight and administration. LOW
Multiple sites could be awarded fifty miles or
Contracts will attempt to group sites by more apart limiting the number of small
Fiscal Year wherever practical to contractors able to perform the work and
minimize the number of individual potentially lends to more full and open large
CA-2 | Numerous Contracts contracts. business contracts. LOW LOW
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Project Cost Schedule
Risk/Opportunity Event Concerns . . . .
Risk PDT Discussions Risk Level* Risk Level*
No.
TECHNICAL RISKS
Borings will be done in a proactive attempt to locate any
HTRW. Estimate currently assumes no HTRW is located. It
is likely HTRW will be encountered, with marginal cost
impacts anticipated. When HTRW is encountered it is
HTRW could be encountered during site possible individual sites schedule may slip but overall project
TL-1 HTRW excavation and construction. schedule will not slip. MODERATE LOW
Limited exploratory borings have been taken.
Additional geotechnical investigation will be Depending on exploratory results, site specific design could
TL-2 Exploratory Borings required especially in areas of levee realignment. change. Design changes are anticipated to be marginal. MODERATE LOW
Borrow sources have not been located. Itis Estimate assumes purchased material. For large fill volumes
typically the contracts responsibility to procure this could be impossible. Haul distances or commercial
TL-3 Borrow/Fill Sources borrow material. prices could increase significantly. LOW
Rock placement has been ongoing since 1960's and will be
required for another 40years. Availability of suitable rip rap
TL-4 Rip Rap Supply Rock quarry availability over time. at current haul distances may not be possible. MODERATE LOW
For previous project locations obtaining temporary site
access has been delayed postponing survey data
consequently postponing design and resulting in
compressed schedules or construction schedules slipping to
next FY. Risk does not necessarily cause overall program
TL-5 Survey Data Delayed survey data. schedule impacts but does result in increased PED costs. MODERATE LOW
Design criteria changes have lead to changes for projects
put "on the shelf". When projects are awarded additional
Delays in procurement have resulted in need to design updates are required with marginal construction cost
TL-6 Design Criteria update designs for revised criteria. increases. MODERATE LOW
Current construction and design are all based on Many sites have been constructed. If inspections of
certain core design assumptions and principals. constructed sites show current design methodology is not
Changes to those assumptions would result in performing as expected designs could change resulting in
TL-7 Design Assumptions significant design re-work. significant design re-work. MODERATE LOW




Project Cost

Schedule

Risk Level*

Risk Level*

PDT Discussions

Risk Risk/Opportunity Event Concerns
No.
LANDS AND DAMAGES RISKS
Almost all areas will require real estate actions; ranging from letters
to State asking for easements on State land to acquisition of private
property. Real Estate costs have been developed for the

LD-1 Real Estate Acquisition

Large portions of the existing levee (majority) are still
privately owned. Design may require acquisition of new
real estate to enable repair requirements.

representative 106 sites, a majority of which required real estate
actions. Any variation in sites will probably experience similar real
estate costs. Current design features sections of riverside erosion
control that could instead be replaced with landside setback levees
requiring additional real estate acquisition with significant cost
impacts. Real Estate acquisition is critical driver for all project sites.
For Risk Mitigation purposes, site selection is flexible. If Real Estate
acquisition is difficult, different sites can be selected. Project is
scheduled for 40 years, allowing time for flexible real estate
acquisitions.

REAL ESTATE CONTINGENCY HAS BEEN DEVELOPED
INDEPENDENTLY AND WILL NOT BE INCLUDED IN THIS
EVALUATION.

Every effort will be made to work outside railroad properties, but
there are areas where the railroad is located on the levee. Given

LD-2

Railroad Involvement

Interactions with railroad have been problematic.

the 40 year project duration, PDT is being proactive and pursuing
difficult acquisitions with sufficient lead time to address issues prior
to fixes at sites.

REAL ESTATE CONTINGENCY HAS BEEN DEVELOPED
INDEPENDENTLY AND WILL NOT BE INCLUDED IN THIS
EVALUATION.

Estimate captures cost/scope for environmental mitigation
acquisition requirements. It is possible additional real estate will be
required.

MODERATE

LD-3

Environmental Mitigation - Real Estate

can be both on and off site.

REAL ESTATE CONTINGENCY HAS BEEN DEVELOPED
INDEPENDENTLY AND WILL NOT BE INCLUDED IN THIS

Real Estate acquisitions for environmental acquisitions
EVALUATION.

Variable nature of relocation requirements is difficult to quantify.
Real Estate estimates do well in capturing most known utility

LD-4

Utility Relocations

relocations.

requirements, but potential unknown utilities remain.

REAL ESTATE CONTINGENCY HAS BEEN DEVELOPED
INDEPENDENTLY AND WILL NOT BE INCLUDED IN THIS

Large number and variety of requirements for utility
EVALUATION.

MODERATE

LOW

LOW

LOW

LOW




Risk Risk/Opportunity Event Concerns . . Pr_OJeCt Cost Schedule
No. PDT Discussions Risk Level* Risk Level*
REGULATORY AND ENVIRONMENTAL RISKS
Additional species could result in additional
mitigation costs or design adaptations and
Additional species could be added to changes. It is unlikely to impact cost and no
RE-1 | Endangered Species Act ESA. impacts to schedule would be anticipated. LOW LOW
As sites information is further refined, it could be
discovered additional offsite mitigation efforts will
Additional offsite mitigation could be be required to offset impacts. Additional offsite
RE-2 [ Offsite Mitigation required. mitigation shouldn't impact schedule. LOW
Construction could require air quality
credits. Air quality is legislated by local
California Resource Board by county
and program will overlap multiple Baseline Estimate includes costs for monitoring.
regions. Construction could be halted or Marginal additional construction cost impacts
RE-3 | Water and Air Quality limited due to water quality impacts. should be encountered. MODERATE LOW
Resource agencies requirements for onsite
mitigation continue to evolve, resulting in
additional onsite mitigation requirements. ESA
consultations have yet to occur. Until
consultations occur, restoration ratios have not
Depending on Agencies, additional been established. Additional setback levees in
RE-4 | Onsite Mitigation onsite mitigation could be required. place of riverside repairs may be required. LOW
Estimate includes costs for cultural investigations
but no costs for mitigations. Cost need to be
added for some mitigation for discovery of cultural
It is possible cultural resources could be | sites; typically coordinating with local tribes and
RE-5 | Cultural Resources encountered. not removing but protecting resource on site. MODERATE LOW
Consultation with State SHIPO has yet Additional costs may be necessary for historic
RE-6 | Historical Structures to occur. documentation of existing levee. MODERATE LOW

A-5




Risk Risk/Opportunity Event Concerns . . Pr.OJeCt Cost Schedule
No. PDT Discussions Risk Level* Risk Level*
CONSTRUCTION RISKS
Inherent with any geotechnical design comes the
possibility of differing site conditions. Given the
nature of design solutions (either build new
setback levee or overlay existing levees) institute
conditions will not be exposed as much as on
Heavily dependent on geotechnical other typical levee projects. Anticipate lower risks
CON-1 | Differing Site Conditions design solutions. with this item. MODERATE LOW
Based on previous experience in the For setback levees, it is likely unknown utilities
project, unknown utilities have rarely will be encountered, for all other fixes unknown
CON-2 | Unknown Utilities been discovered. utility impacts are not anticipated. LOW LOW
While access may be remote or round-
about for some sites, site and
CON-3 | Site Access maintenance access is well established. Minimal Risk is anticipated. LOW LOW
All in water work must be completed
between April 15 to Nov 30. Depending
on contract award dates, durations, and | In general this has been a minimal risk, with worst
inefficient contractors some contracts case a one season schedule slip may occur,
could be limited or delayed to the impacting local contract schedule but not does
CON-4 | Construction Windows following construction season. not impact overall project schedule. LOW LOW
Given the large number of potential
sites/contracts per year, submittal turn
around times and construction oversight Based on previous expense, mods and claims
CON-5 | Construction Oversight could be an issue. have been experienced leading to cost increases. MODERATE LOW

A-6




Schedule

Risk Risk Tl [ Project Cost
No. IskiOpportunity Even Concerns PDT Discussions Risk Level* Risk Level*
ESTIMATE AND SCHEDULE RISKS
During design or awarded it could be determined
additional erosion has occurred and quantities will
EST-1 | Quantities Differences in quantities. increase. LOW
Variable nature of relocation requirements is
Large number and variety of difficult to quantify. Potential unknown utilities
EST-2 | Utility Relocations requirements for utility relocations. remain. MODERATE LOW
Estimate is based on "typical” fixes per
reach. A survey has been performed for
the project, but has only established a
single cross section per length of fix.
Specific designs, quantity takeoffs and Feasibility level estimates have been developed.
EST-3 | Estimate Assumptions and Quantities estimates have not been developed. Quantities could vary marginally. MODERATE LOW

A-7




Project Cost | Schedule
Risk Risk/Opportunity Event Concerns PDT Discussions Risk Level* Risk
No. Level*
Federal and Sponsor Funding has | Historically project has been funded $5 to $15 M per year which would be sufficient to
FL-1 | Funding Stream been sufficient. maintain projected construction schedule assumptions. LOW LOW
It is possible construction seasons could be delayed or postponed with storm or other
Flood Events and Other Acts Weather events could impact in weather events resulting in additional construction costs but minimal overall project
PR-1 | of God water construction. schedule impacts. MODERATE LOW
While the sponsor and USACE have managed to work around this issue in the past, it
is possible this issue will come to a head; requiring either resolution or termination of
Sponsor and USACE agreements | this project. That discussion is outside the scope of this risk analysis and will not be
PR-2 | Design Criteria Agreement on Levee Vegetation modeled here.

A-8




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 (~8,000LF)

The Sacramento River Bank Protection Project presented by
Sacramento District represents an approximate 8,000 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 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 December 19, 2014, the Cost MCX certifies the estimated total project cost:

FY 2015 Price Level: $39,460,000
Fully Funded Amount: $42,955,000

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.

m For Kim C. Callan, PE, CCE, PM

® Chief, Cost Engineering MCX
Walla Walla District




**x TOTAL PROJECT COST SUMMARY **** Printed:12/19/2014

Page 1 of 5
PROJECT: Sacramento River Bank Protection Project DISTRICT: SPK Sacramento District PREPARED:  12/3/2014
PROJECT NO: P2 105606 POC: CHIEF, COST ENGINEERING, Jeremiah Frost
LOCATION: Seven Economically Feasible Sub-Basins
This Estimate reflects the scope and schedule in report; Post Authorization Change Report - July 2014
- PROJECT FIRST COST TOTAL PROJECT COST
Civil Works Work Breakdown Structure ESTIMATED COST (Constant Dollar Basis) (FULLY FUNDED)
Program Year (Budget EC): 2015
Effective Price Level Date: 1 OCT 14
Spent Thru: TOTAL
FIRST
WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL 10/1/2013 COSsT ESC COSsT CNTG FULL
NUMBER Feature & Sub-Feature Description ($K) $K % $K %. ($K) ($K) $K) $K ($K) %. $K ($K) $K
A B C D E F G H I J M N o
02 RELOCATIONS $304 $76 25% $380 1.6% $309 $77 $386 $0 $386 9.2% $337 $84 $422
06 FISH & WILDLIFE FACILITIES $1,158 $290 25% $1,448 1.9% $1,181 $295 $1,476 $0| $1,476 6.6% $1,259 $315 $1,574
11 LEVEES & FLOODWALLS $1,984 $496 25% $2,480 1.5% $2,013 $503 $2,516 $0| $2,516 9.2% $2,197 $549 $2,747
16 BANK STABILIZATION $15,102 $3,776 25% $18,878 1.8% $15,381 $3,845 $19,226 $0| $19,226 7.8% $16,581 $4,145 $20,727
CONSTRUCTION ESTIMATE TOTALS: $18,548 $4,637 $23,185 1.8% $18,884 $4,721 $23,605 $0| $23,605 7.9% $20,375 $5,094 $25,469
01 LANDS AND DAMAGES $4,970 $1,740 35% $6,710 1.6% $5,052 $1,768 $6,820 $0| $6,820 6.0% $5,355 $1,874 $7,230
30 PLANNING, ENGINEERING & DESIGN $4,271 $1,068 25% $5,339 2.2% $4,363 $1,091 $5,454 $0| $5,454 12.3% $4,899 $1,225 $6,124
31 CONSTRUCTION MANAGEMENT $2,601 $673 25% $3,364 2.2% $2,749 $687 $3,436 $0| $3,436 15.7% $3,181 $795 $3,976
18 CULTURAL RESOURCE PRESERVATION $114 $28 25% $142 1.8% $116 $29 $145 $0 $145 7.5% $124 $31 $156
PROJECT COST TOTALS: $30,594 $8,145 27% $38,739 $31,164 $8,296 $39,460 $0  $39,460 8.9% $33,935 $9,019 $42,955
CHIEF, COST ENGINEERING, Jeremiah Frost
ESTIMATED FEDERAL COST: 65% $27,921
PROJECT MANAGER, Steve Osgood ESTIMATED NON-FEDERAL COST: 35% $15,034
CHIEF, REAL ESTATE, Sharon Caine ESTIMATED TOTAL PROJECT COST: $42,955

CHIEF, ENGINEERING, Rick Poeppelman

Filename: SacBank TPCS - Feas Only 20141215 JGN Review.xlsx
TPCS
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Page 2 of 5
**k% CONTRACT COST SUMMARY ****
PROJECT: Sacramento River Bank Protection Project DISTRICT:  SPK Sacramento District PREPARED:  12/3/2014
LOCATION: Seven Economically Feasible Sub-Basins POC: CHIEF, COST ENGINEERING, Jeremiah Frost
This Estimate reflects the scope and schedule in report; Post Authorization Change Report - July 2014
Civil Works Work Breakdown Structure ESTIMATED COST PROJECT FIRST °°$T TOTAL PROJECT COST (FULLY FUNDED)
(Constant Dollar Basis)
Estimate Prepared: 6/2/2014 Program Year (Budget EC): 2015
Effective Price Level: 10/1/2013 Effective Price Level Date: 1 OCT 14
RISK BASED
WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point ESC COSsT CNTG FULL
NUMBER  Feature & Sub-Feature Description ($K) $K % $K %. ($K) ($K) ($K) Date % $K ($K) $K
A B C D E F G H I J P L M N o
CONTRACT 1
16 BANK STABILIZATION Butte Basin, Sacramento River 152.8 L $891 $223 25% $1,114 1.8% $907 $227 $1,134 2017Q3 4.9% $952 $238 $1,190
16 BANK STABILIZATION Butte Basin, Sacramento River 163 L $1,307 $327 25% $1,634 1.8% $1,331 $333 $1,664 2017Q3 4.9% $1,397 $349 $1,746]
06 FISH & WILDLIFE FACILITIES Butte Basin, Sacramento River 152.8 L $77 $19 25% $96 1.9% $78 $20 $98 2017Q3 4.9% $82 $21 $103]
06 FISH & WILDLIFE FACILITIES Butte Basin, Sacramento River 163 L $308 $77 25% $385 1.9% $314 $78 $392 2017Q3 4.9% $329 $82 $412]
$0
CONSTRUCTION ESTIMATE TOTALS: $2,583 $646 25% $3,229 $2,631 $658 $3,289 $2,760 $690 $3,450
01 LANDS AND DAMAGES Butte Basin, Sacramento River 152.8 L $142 $50 35% $192 1.6% $144 $51 $195 2016Q3 2.8% $148 $52 $200
01 LANDS AND DAMAGES Butte Basin, Sacramento River 163 L $568 $199 35% $767 1.6% $577 $202 $779 2016Q3 2.8% $594 $208 $802]
30 PLANNING, ENGINEERING & DESIGN
2.5%  Project Management $65 $16 25% $81 2.2% $66 $17 $83 2016Q3 5.4% $70 $18 $88|
2.0% Planning & Environmental Compliance $52 $13 25% $65 2.2% $53 $13 $66 2016Q3 5.4% $56 $14 $70|
8.5% Engineering & Design $220 $55 25% $275 2.2% $225 $56 $281 2016Q3 5.4% $237 $59 $296
0.5% Reviews, ATRs, IEPRs, VE $13 $3 25% $16 2.2% $13 $3 $17 2016Q3 5.4% $14 $4 $18]
0.5% Life Cycle Updates (cost, schedule, risks) $13 $3 25% $16 2.2% $13 $3 $17 2016Q3 5.4% $14 $4 $18]
2.0% Contracting & Reprographics $52 $13 25% $65 2.2% $53 $13 $66 2016Q3 5.4% $56 $14 $70]
3.0%  Engineering During Construction $77 $19 25% $96 2.2% $79 $20 $98 2017Q3 9.5% $86 $22 $108
2.0% Planning During Construction $52 $13 25% $65 2.2% $53 $13 $66 2017Q3 9.5% $58 $15 $73]
2.0% Project Operations $52 $13 25% $65 2.2% $53 $13 $66 2016Q3 5.4% $56 $14 $70)
31 CONSTRUCTION MANAGEMENT
10.0%  Construction Management $258 $65 25% $323 2.2% $264 $66 $329 2017Q3 9.5% $289 $72 $361
2.0% Project Operation: $52 $13 25% $65 2.2% $53 $13 $66 2017Q3 9.5% $58 $15 $73]
2.5% Project Management $65 $16 25% $81 2.2% $66 $17 $83 2017Q3 9.5% $73 $18 $91
18 CULTURAL RESOURCE PRESERVATION $34 $9 25% $43 1.8% $35 $9 $43 2017Q3 4.9% $36 $9 $46|
CONTRACT COST TOTALS: " $4,298 $1,146 $5,444 $4,380 $1,167 $5,547 $4,606 $1,226 $5,832

Filename: SacBank TPCS - Feas Only 20141215 JGN Review.xlsx
TPCS
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Page 3 of 5
**k% CONTRACT COST SUMMARY ****
PROJECT: Sacramento River Bank Protection Project DISTRICT:  SPK Sacramento District PREPARED:  12/3/2014
LOCATION: Seven Economically Feasible Sub-Basins POC: CHIEF, COST ENGINEERING, Jeremiah Frost
This Estimate reflects the scope and schedule in report; Post Authorization Change Report - July 2014
Civil Works Work Breakdown Structure ESTIMATED COST PROJECT FIRST co?'T TOTAL PROJECT COST (FULLY FUNDED)
(Constant Dollar Basis)
Estimate Prepared: 6/2/2014 Program Year (Budget EC): 2015
Effective Price Level: 10/1/2013 Effective Price Level Date: 1 OCT 14
WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point ESC COST CNTG FULL
NUMBER Feature & Sub-Feature Description ($K) $K % $K %, ($K) ($K) ($K) Date % $K ($K) $K
A B C D E F G H | J P L M N [e]
CONTRACT 2
16 BANK STABILIZATION Butte Basin, Sacramento River 168.3 L $1,177 $294 25% $1,471 1.8% $1,199 $300 $1,498 2018Q3 7.0% $1,283 $321 $1,604
16 BANK STABILIZATION Butte Basin, Sacramento River 172.0 L $631 $158 25% $789 1.8% $643 $161 $803 2018Q3 7.0% $688 $172 $860
16 BANK STABILIZATION Natomas, Sacramento River 78.3 L $1,075 $269 25% $1,344 1.8% $1,095 $274 $1,369 2018Q3 7.0% $1,172 $293 $1,465
16 BANK STABILIZATION Sacramento, Sacramento River 56.6 L $390 $98 25% $488 1.8% $397 $99 $497 2018Q3 7.0% $425 $106 $531]
16 BANK STABILIZATION Southport, Sacramento River 56.5 R $1,511 $378 25% $1,889 1.8% $1,539 $385 $1,924 2018Q3 7.0% $1,647 $412 $2,059
16 BANK STABILIZATION Southport, Sacramento River 56.7 R $3,892 $973 25% $4,865 1.8% $3,964 $991 $4,955 2018Q3 7.0% $4,242 $1,060 $5,302
06 FISH & WILDLIFE FACILITIES Natomas, Sacramento River 78.3 L $275 $69 25% $344 1.9% $280 $70 $350 2018Q3 7.0% $300 $75 $375
06 FISH & WILDLIFE FACILITIES Butte Basin, Sacramento River 168.3 L $176 $44 25% $220 1.9% $179 $45 $224 2018Q3 7.0% $192 $48 $240]
06 FISH & WILDLIFE FACILITIES Butte Basin, Sacramento River 172.0 L $81 $20 25% $101 1.9% $83 $21 $103 2018Q3 7.0% $88 $22 $110
06 FISH & WILDLIFE FACILITIES Sacramento, Sacramento River 56.6 L $8 $2 25% $10 1.9% $8 $2 $10 2018Q3 7.0% $9 $2 $11
06 FISH & WILDLIFE FACILITIES Southport, Sacramento River 56.5 R $37 $9 25% $46 1.9% $38 $9 $47 2018Q3 7.0% $40 $10 $50)
06 FISH & WILDLIFE FACILITIES Southport, Sacramento River 56.7 R $96 $24 25% $120 1.9% $98 $24 $122 2018Q3 7.0% $105 $26 $131
$0
CONSTRUCTION ESTIMATE TOTALS: $9,349 $2,337 25% $11,686 $9,522 $2,381 $11,903 $10,190 $2,548 $12,738]
01 LANDS AND DAMAGES Butte Basin, Sacramento River 168.3 L $284 $99 35% $383 1.6% $289 $101 $390 2017Q3 4.9% $303 $106 $409
01 LANDS AND DAMAGES Butte Basin, Sacramento River 172.0 L $568 $199 35% $767 1.6% $577 $202 $779 2017Q3 4.9% $606 $212 $818
01 LANDS AND DAMAGES Natomas, Sacramento River 78.3 L $142 $50 35% $192 1.6% $144 $51 $195 2017Q3 4.9% $151 $53 $204
01 LANDS AND DAMAGES Sacramento, Sacramento River 56.6 L $426 $149 35% $575 1.6% $433 $152 $585 2017Q3 4.9% $454 $159 $613
01 LANDS AND DAMAGES Southport, Sacramento River 56.5 R $426 $149 35% $575 1.6% $433 $152 $585 2017Q3 4.9% $454 $159 $613
01 LANDS AND DAMAGES Southport, Sacramento River 56.7 R $284 $99 35% $383 1.6% $289 $101 $390 2017Q3 4.9% $303 $106 $409
30 PLANNING, ENGINEERING & DESIGN
2.5% Project Management $234 $59 25% $293 2.2% $239 $60 $299 2017Q3 9.5% $262 $65 $327
2.0%  Planning & Environmental Compliance $187 $47 25% $234 2.2% $191 $48 $239 2017Q3 9.5% $209 $52 $262
8.5%  Engineering & Design $795 $199 25% $994 2.2% $812 $203 $1,015 2017Q3 9.5% $890 $222 $1,112]
0.5% Reviews, ATRs, IEPRs, VE $47 $12 25% $59 2.2% $48 $12 $60 2017Q3 9.5% $53 $13 $66|
0.5% Life Cycle Updates (cost, schedule, risks) $47 $12 25% $59 2.2% $48 $12 $60 2017Q3 9.5% $53 $13 $66|
2.0%  Contracting & Reprographics $187 $47 25% $234 2.2% $191 $48 $239 2017Q3 9.5% $209 $52 $262
3.0%  Engineering During Construction $280 $70 25% $350 2.2% $286 $72 $358 2018Q3 13.8% $326 $81 $407]
2.0%  Planning During Construction $187 $47 25% $234 2.2% $191 $48 $239 2018Q3 13.8% $217 $54 $272
2.0%  Project Operations $187 $47 25% $234 2.2% $191 $48 $239 2017Q3 9.5% $209 $52 $262]
31 CONSTRUCTION MANAGEMENT
10.0%  Construction Management $935 $234 25% $1,169 2.2% $955 $239 $1,194 2018Q3 13.8% $1,087 $272 $1,359
2.0%  Project Operation: $187 $47 25% $234 2.2% $191 $48 $239 2018Q3 13.8% $217 $54 $272]
2.5%  Project Management $234 $59 25% $293 2.2% $239 $60 $299 2018Q3 13.8% $272 $68 $340]
18 CULTURAL RESOURCE PRESERVATION $43 $11 25% $54 1.8% $44 $11 $54 2018Q3 7.0% $47 $12 $58"
CONTRACT COST TOTALS: || $15,029 $3,970 $18,999 $15,314 $4,045  $19,359 $16,512 $4,355 $20,867

Filename: SacBank TPCS - Feas Only 20141215 JGN Review.xlsx
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**k% CONTRACT COST SUMMARY ****
PROJECT: Sacramento River Bank Protection Project DISTRICT:  SPK Sacramento District PREPARED:  12/3/2014
LOCATION: Seven Economically Feasible Sub-Basins POC: CHIEF, COST ENGINEERING, Jeremiah Frost
This Estimate reflects the scope and schedule in report; Post Authorization Change Report - July 2014
Civil Works Work Breakdown Structure ESTIMATED COST PROJECT FIRST COS?T TOTAL PROJECT COST (FULLY FUNDED)
(Constant Dollar Basis)
Estimate Prepared: 6/2/2014 Program Year (Budget EC): 2015
Effective Price Level: 10/1/2013 Effective Price Level Date: 1 OCT 14
WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point ESC COSsT CNTG FULL
NUMBER Feature & Sub-Feature Description ($K) $K (% $K %) ($K) ($K) ($K) Date % $K ($K) $K
A B C D E F G H I J P L M N o
CONTRACT 3
02 RELOCATIONS Yolo, Cache Creek 3.9 L $304 $76 25% $380 1.6% $309 $77 $386 2019Q3 9.2% $337 $84 $422]
06 FISH & WILDLIFE FACILITIES West Sacramento, Sacramento River 62.9 R $13 $3 25% $16 1.9% $13 $3 $17 2019Q3 9.2% $14 $4 $18
06 FISH & WILDLIFE FACILITIES West Sacramento, Sacramento River 63.0 R $7 $2 25% $9 1.9% $7 $2 $9 2019Q3 9.2% $8 $2 $10
11 LEVEES & FLOODWALLS Yolo, Cache Creek 3.9 L $1,984 $496 25% $2,480 1.5% $2,013 $503 $2,516 2019Q3 9.2% $2,197 $549 $2,747|
16 BANK STABILIZATION West Sacramento, Sacramento River 63.0 R $327 $82 25% $409 1.8% $333 $83 $416 2019Q3 9.2% $364 $91 $454
16 BANK STABILIZATION West Sacramento, Sacramento River 62.9 R $453 $113 25% $566 1.8% $461 $115 $577 2019Q3 9.2% $504 $126 $629
$0
CONSTRUCTION ESTIMATE TOTALS: $3,088 $772 25% $3,860 $3,137 $784 $3,921 $3,424 $856 $4,280
01 LANDS AND DAMAGES West Sacramento, Sacramento River 62.9 R $284 $99 35% $383 1.6% $289 $101 $390 2018Q3 7.0% $309 $108 $417)
01 LANDS AND DAMAGES West Sacramento, Sacramento River 63.0 R $284 $99 35% $383 1.6% $289 $101 $390 2018Q3 7.0% $309 $108 $417
01 LANDS AND DAMAGES Yolo, Cache Creek 3.9 L $426 $149 35% $575 1.6% $433 $152 $585 2018Q3 7.0% $463 $162 $626|
30 PLANNING, ENGINEERING & DESIGN
2.5%  Project Management $77 $19 25% $96 2.2% $79 $20 $98 2018Q3 13.8% $90 $22 $112]
2.0% Planning & Environmental Compliance $62 $16 25% $78 2.2% $63 $16 $79 2018Q3 13.8% $72 $18 $90|
8.5% Engineering & Design $262 $66 25% $328 2.2% $268 $67 $335 2018Q3 13.8% $305 $76 $381
0.5% Reviews, ATRs, IEPRs, VE $15 $4 25% $19 2.2% $15 $4 $19 2018Q3 13.8% $17 $4 $22]
0.5% Life Cycle Updates (cost, schedule, risks) $15 $4 25% $19 2.2% $15 $4 $19 2018Q3 13.8% $17 $4 $22]
2.0% Contracting & Reprographics $62 $16 25% $78 2.2% $63 $16 $79 2018Q3 13.8% $72 $18 $90|
3.0%  Engineering During Construction $93 $23 25% $116 2.2% $95 $24 $119 2019Q3 18.3% $112 $28 $140
2.0% Planning During Construction $62 $16 25% $78 2.2% $63 $16 $79 2019Q3 18.3% $75 $19 $94]
2.0% Project Operations $62 $16 25% $78 2.2% $63 $16 $79 2018Q3 13.8% $72 $18 $90|
31 CONSTRUCTION MANAGEMENT
10.0%  Construction Management $309 $77 25% $386 2.2% $316 $79 $395 2019Q3 18.3% $373 $93 $467
2.0% Project Operation: $62 $16 25% $78 2.2% $63 $16 $79 2019Q3 18.3% $75 $19 $94]
2.5% Project Management $77 $19 25% $96 2.2% $79 $20 $98 2019Q3 18.3% $93 $23 $116
18 CULTURAL RESOURCE PRESERVATION $17 $4 25% $22 1.8% $18 $4 $22 2019Q3 9.2% $19 $5 $24||
CONTRACT COST TOTALS: || $5,257 $1,414 $6,671 $5,348 $1,438 $6,786 $5,898 $1,583 $7,481

Filename: SacBank TPCS - Feas Only 20141215 JGN Review.xlsx
TPCS



PROJECT:
LOCATION:
This Estimate reflects the scope and schedule in report;

Sacramento River Bank Protection Project
Seven Economically Feasible Sub-Basins

Printed:12/19/2014
Page 5 of 5

**x TOTAL PROJECT COST SUMMARY ****

**k CONTRACT COST SUMMARY *+**

DISTRICT: SPK Sacramento District
POC: CHIEF, COST ENGINEERING, Jeremiah Frost

PREPARED:  12/3/2014

Post Authorization Change Report - July 2014

Civil Works Work Breakdown Structure

WBS Civil Works
NUMBER Feature & Sub-Feature Description
A B
CONTRACT 4
16 BANK STABILIZATION
16 BANK STABILIZATION
16 BANK STABILIZATION
16 BANK STABILIZATION
06 FISH & WILDLIFE FACILITIES

CONSTRUCTION ESTIMATE TOTALS:

Yolo, Knights Landing Ridge Cut 0.2 R
Rio Oso, Bear River 0.8 L

Rio Oso, Feather River 0.6 L

Rio Oso, Feather River 5.0 L

Yolo, Knights Landing Ridge Cut 0.2 R

Yolo, Knights Landing Ridge Cut 0.2 R
Rio Oso, Bear River 0.8 L

Rio Oso, Feather River 0.6 L

Rio Oso, Feather River 5.0 L

01 LANDS AND DAMAGES
01 LANDS AND DAMAGES
01 LANDS AND DAMAGES
01 LANDS AND DAMAGES
30 PLANNING, ENGINEERING & DESIGN
2.5%  Project Management
2.0%  Planning & Environmental Compliance
8.5%  Engineering & Design
0.5% Reviews, ATRs, IEPRSs, VE
0.5% Life Cycle Updates (cost, schedule, risks)
2.0%  Contracting & Reprographics
3.0%  Engineering During Construction
2.0%  Planning During Construction
2.0%  Project Operations
31 CONSTRUCTION MANAGEMENT
10.0%  Construction Management
2.0%  Project Operation:
2.5%  Project Management
18 CULTURAL RESOURCE PRESERVATION

CONTRACT COST TOTALS:

ESTIMATED COST PROJECT FIRST CO$T TOTAL PROJECT COST (FULLY FUNDED)
(Constant Dollar Basis)
Estimate Prepared: 6/2/2014 Program Year (Budget EC): 2015
Effective Price Level: 10/1/2013 Effective Price Level Date: 1 OCT 14 FULLY FUNDED PROJECT ESTIMATE
COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point ESC COSsT CNTG FULL
$K $K % $K % $K $K $K Date % $K $K $K
c D E F G H ] J P L M N o)
$102 $26 25% $128 1.8% $104 $26 $130 2020Q3 11.3% $116 $29 $145]
$520 $130 25% $650 1.8% $530 $132 $662 2020Q3 11.3% $590 $147 $737|
$836 $209 25% $1,045 1.8% $851 $213 $1,064 2020Q3 11.3% $948 $237 $1,185)
$1,990 $498 25% $2,488 1.8% $2,027 $507 $2,533 2020Q3 11.3% $2,256 $564 $2,821]
$80 $20 25% $100 1.9% $82 $20 $102 2020Q3 11.3% $91 $23 $114]
$0
$3,528 $882 25% $4,410 $3,593 $898 $4,492 $4,001 $1,000 $5,001
$426 $149 35% $575 1.6% $433 $152 $585 2019Q3 9.2% $473 $165 $638|
$142 $50 35% $192 1.6% $144 $51 $195 2019Q3 9.2% $158 $55 $213]
$284 $99 35% $383 1.6% $289 $101 $390 2019Q3 9.2% $315 $110 $425]
$284 $99 35% $383 1.6% $289 $101 $390 2019Q3 9.2% $315 $110 $425]
$88 $22 25% $110 2.2% $90 $22 $112 2019Q3 18.3% $106 $27 $133]
$71 $18 25% $89 2.2% $73 $18 $91 2019Q3 18.3% $86 $21 $107|
$300 $75 25% $375 2.2% $306 $77 $383 2019Q3 18.3% $363 $91 $453]
$18 $5 25% $23 2.2% $18 $5 $23 2019Q3 18.3% $22 $5 $27|
$18 $5 25% $23 2.2% $18 $5 $23 2019Q3 18.3% $22 $5 $27|
$71 $18 25% $89 2.2% $73 $18 $91 2019Q3 18.3% $86 $21 $107|
$106 $27 25% $133 2.2% $108 $27 $135 2020Q3 23.0% $133 $33 $166
$71 $18 25% $89 2.2% $73 $18 $91 2020Q3 23.0% $89 $22 $112
$71 $18 25% $89 2.2% $73 $18 $91 2019Q3 18.3% $86 $21 $107|
$353 $88 25% $441 2.2% $361 $90 $451 2020Q3 23.0% $444 $111 $554
$71 $18 25% $89 2.2% $73 $18 $91 2020Q3 23.0% $89 $22 $112]
$88 $22 25% $110 2.2% $90 $22 $112 2020Q3 23.0% $111 $28 $138]
$20 $5 25% $25 1.8% $20 $5 $25 2020Q3 11.3% $22 $6 $28
$6,010 $1,616 $7,626 $6,123  $1,646 $7,769 $6,919  $1,856 $8,775]

Filename: SacBank TPCS - Feas Only 20141215 JGN Review.xlsx

TPCS



Public / SBU / FOUO

Comment Report: All Comments

Project: Sac Bank ATR - PACR, Engr Appx, EIS/EIR - Phase II 80K LF, Sacramento River Bank
Protection Project (SRBPP), California (P2# 105606)

Review: ATR PACR Cost Est REVISED (11-25 Aug 2014)

Displaying 24 comments for the criteria specified in this report.

Id Discipline DocType Spec Sheet Detail
5788254  Cost Engineering Cost Estimate n/a n/a n/a
Comment Classification: For Official Use Only (FOUOQO)

1. CONCERN: Please provide a reasonably complete statement indicating the purpose of this
review, how the cost documents will be used going forward, and indicate if a cost certification is
being requested. Will the documents be used to secure funding or authorization? Will the
documents be used in an economic analysis? Will the documents be submitted to HQ or to the
Division?

BASIS: ETL 1110-2-573 Construction Cost Estimating Guide for Civil Works, ER 1110-2-1302
Civil Works Cost Engineering, ER 1110-1-1300 Cost Engineering Policy and General
Requirements

SIGNIFICANCE: Medium

RESOLUTION: Respond to the concern and adjust the cited documents as indicated.

Submitted By: Gary Smith (651 260 1819). Submitted On: Sep 05 2014

1-0 Evaluation Concurred
Please provide a reasonably complete statement indicating the purpose of this review:
The purpose of this review is an un-certified ATR aligned with the Acquisition Life
Cycle as it relates to the ATR prior to the AGENCY DECISION MILESTONE.

how the cost documents will be used going forward: This estimate should be
considered as programmatic. The sites selected in the estimate are based on the 2007
priority site inventory. These were sites determined to need erosion repair based on
engineering criteria. The sites selected are a representative sample of the majority of
sites and the various types of fixes that will be done in the implementation of the
80,000 LF bank protection program. The actual repair sites will be determined and
developed on a roughly 3-5 year basis using the site selection process outlined in the
Appendix B of the PACR, and based on funding received, these site locations will go
through the certified ATR process.

Will the documents be used to secure funding or authorization? This project was
authorized in WRDA 2007 for the repair of 80,000 LF and is not tied to a specific
dollar value. The documents will be used for funding purposes.

Will the documents be used in an economic analysis? Yes, they have been used in the
economic analysis of this PACR.




Will the documents be submitted to HQ or to the Division? The documents will be
submitted to South Pacific Division for approval.

Submitted By: Joe Reynolds ((916) 557-7573) Submitted On: Sep 19 2014

1-1 Backcheck Recommendation Close Comment
Back Check: Understood. Comment Closed.

Submitted By: Gary Smith (651 260 1819) Submitted On: Oct 23 2014
Current Comment Status: Comment Closed

5788256  Cost Engineering Cost Estimate n/a n/a n/a
Comment Classification: For Official Use Only (FOUO)

2. CONCERN: Observation: Some of the comments are based my observation of cost and schedule
documents that are in conformance with the cost and schedule requirements. The purpose of these
comments is to record the aspects of the cost and schedule documents that have been considered in
the review. Your evaluation can be: concur. An evaluation is required in order for the reviewer to
close the comment.

BASIS: ETL 1110-2-573 Construction Cost Estimating Guide for Civil Works, ER 1110-2-1302
Civil Works Cost Engineering, ER 1110-1-1300 Cost Engmeenng Policy and General
Requirements

SIGNIFICANCE: Medium

RESOLUTION: Observation Comment. No Resolution Required.

Submitted By: Gary Smith (651 260 1819). Submitted On: Sep 05 2014

1-0 Evaluation Concurred
Concur

Submitted By: Joe Reynolds ((916) 557-7573) Submitted On: Sep 18 2014

1-1 Backcheck Recommendation Close Comment
Back Check: Observation Comment Closed.

Submitted By: Gary Smith (651 260 1819) Submitted On: Oct 23 2014
Current Comment Status: Comment Closed

5788260  Cost Engineering Cost Estimate n/a n/a n/a
Comment Classification: For Official Use Only (FOUO)

3. CONCERN: Files provided for this review are listed below. These are all cost engineering files.
Please provide files to define the scope of work.

BASIS: ETL 1110-2-573 Construction Cost Estimating Guide for Civil Works, ER 1110-2-1302
Civil Works Cost Engineering, ER 1110-1-1300 Cost Engineering Policy and General
Requirements

SIGNIFICANCE: Medium

RESOLUTION: Respond to the concern and adjust the cited documents as indicated.




Sac Bank Schedule dated 8 5 14.mpp

Cost Appendix.docx

JR CONSTRUCTION CONTRACT COMMENTS RESPONSES2.docx
SAC BANK PROJECT NOTES (Construction Contract).docx

Variable notes.docx

SacBank-NWW-FeasOnly.mlp

SacBank-SPK-FeasOnly 31Jul2014.mlp

2014_03_31_Sac_Bank Schedule Phasell.PDF

CSRA Report - SPK Sacramento Bank 2014 06_19.pdf
SacBank-NWW-FeasOnly.ldb

SacBank-SPK-FeasOnly 31Jul2014.1db

HAUL CYCLES .xls

SAC_BANK_Quantity Development CC#1xlIsx 3 07 14_Imp_ScheduleBEN.xIsx
SacBank TPCS - Feas Only 07172014 without Sutter.xlsx

SPX - Sacramento Bank - CSRA 2014-06-19.xlsx

Submitted By: Gary Smith (651 260 1819). Submitted On: Sep 05 2014

1-0 Evaluation Concurred
The following documents have been provided for review:

- Sac_Bank PACR_pre-Final Draft
- AppendixA-EngineeringMain Report-10Jul2014
- EA Appendix 2 Civil Design with Cost Estimates - July 10 - for COE rev

These documents in of themselves may not completely address this comment and may
need further definition.

Submitted By: Joe Reynolds ((916) 557-7573) Submitted On: Sep 18 2014

1-1 Backcheck Recommendation Close Comment
Back Check: Documents provided are sufficient. Comment Closed

Submitted By: Gary Smith (651 260 1819) Submitted On: Oct 23 2014
Current Comment Status: Comment Closed

5788263  Cost Engineering Cost Estimate n/a n/a n/a
Comment Classification: For Official Use Only (FOUO)

4. CONCERN: Two MII files have been provided, filenames SacBank-SPK-FeasOnly
31Jul2014.mlp = 8,345,073.39 and SacBank-NWW-FeasOnly.mlp = 6,645,636.50. Parts of both
estimates appear to be applied to the TPCS filename SacBank TPCS - Feas Only 07172014 without
Sutter.xlsx = $20,561,000. Please explain how the MII estimates are applied to the TPCS file
because the MII files do not add up to the TPCS file.

BASIS: ETL 1110-2-573 Construction Cost Estimating Guide for Civil Works, ER 1110-2-1302
Civil Works Cost Engineering, ER 1110-1-1300 Cost Engineering Policy and General
Requirements

SIGNIFICANCE: Medium




RESOLUTION: Respond to the concern and adjust the cited documents as indicated.

Submitted By: Gary Smith (651 260 1819). Submitted On: Sep 05 2014

1-0 Evaluation Concurred
This comment will be addressed when comment 5788265 is resolved since it has the
capacity to change all the numbers in the TPCS.

Submitted By: Joe Reynolds ((916) 557-7573) Submitted On: Sep 19 2014

1-1 Backcheck Recommendation Open Comment
Back Check: Comment remains open until comment 5788265 is resolved. Comment
remains open

Submitted By: Gary Smith (651 260 1819) Submitted On: Oct 23 2014

2-0 Evaluation Concurred
Concur

Submitted By: Joe Revnolds ((916) 557-7573) Submitted On: Oct 31 2014

2-1 Backcheck Recommendation Close Comment
Revised documents address the concern. Comment Closed

Submitted By: Gary Smith (651 260 1819) Submitted On: Nov 14 2014
Current Comment Status: Comment Closed

5788265  Cost Engineering Cost Estimate n/a n/a n/a
Comment Classification: For Official Use Only (FOUQ)

5. CONCERN: Two MII files have been provided, filenames SacBank-SPK-FeasOnly
31Jul2014.mlp = 8,345,073.39 and SacBank-NWW-FeasOnly.mlp = 6,645,636.50. These
estimates appear to have been prepared by different groups. If thése estimated costs are to represent
the project cost, the two estimates should be consistent in pricing and contractor markups. Prime
contractor JOOH = 15%, 12%, Prime Contractor HOOH = 7%, 8%, Prime Contractor Profit =
5.65%, 9.10%. Suggest that these 2 estimates be combined into 1 estimate and that the contractor
markups be adjusted to match the acquisition strategy. Also the detail items should be similar.
BASIS: ETL 1110-2-573 Construction Cost Estimating Guide for Civil Works, ER 1110-2-1302
Civil Works Cost Engineering, ER 1110-1-1300 Cost Engineering Policy and General
Requirements

SIGNIFICANCE: Medium

RESOLUTION: Respond to the concern and adjust the cited documents as indicated.

Submitted By: Gary Smith (651 260 1819). Submitted On: Sep 05 2014




1-0 Evaluation Concurred
In the process of forwarding the ATR package, there is one MII file that was not
submitted. This was for the Service Contract items NWW created. After re-review, it
appears that this file has a total mark up of approximately 16%. HOOH will be raised
from 6% to 10% which will produce a total mark up of 20% which is reasonable since
this type of contract typically does not have as much JOOH for growing, installing and
maintaining plants for the maintenance period. This file will be submitted with the
other two files after all modifications are completed.

The total markup for JOOH, HOOH & Profit originally resulted in 27.65% for
estimates provided by NWW and 29.1% for estimates provided by SPK. Markups for
NWW products will be adjusted to mimic the SPK products to account for the 1.45% in
overall difference and make them the same (JOOH, HOOH, Profit).

It is the intention of SPK not to combine the MII files into one. The estimate has been
divided into economic regions (sub-basins) to aid in determining economic benefits.
Due to the project covering over 100 river miles, haul distances and material sources
for all the sites are not the same. By keeping the economic sub-basins intact, it will be
easier in the future when we will need to do the required cost updates per ER
110-2-1302. The contracts are assembled using the priority site inventory, starting with
those sites that are the most critical. When the actual sites are determined, we will be
using the latest inventory to re-determine which sites will be addressed and confirm
that there is still a positive BCR for those regions with the sites chosen.

Please confirm whether this path forward will be acceptable and files will be modified
and submitted.

Submitted By: Joe Reynolds ((916) 557-7573) Submitted On: Sep 19 2014

1-1 Backcheck Recommendation Open Comment
Back Check: This path forward is acceptable. Comment will remain open until
modified files are submitted. Comment remains open.

Submitted By: Gary Smith (651 260 1819) Submitted On: Oct 23 2014
2-0 Evaluation Concurred

Per Evaluation 1 above, HOOH has been raised to 20% for the service contract in MII
file "SacBank-NWWService 310ct2014"

JOOH, HOOH & profit are now the same in the other 2 MII files that contain
construction cost only so that the overall mark ups are the same. Files have been
submitted via AMERDC for review.

Submitted By: Joe Revnolds ((916) 557-7573) Submitted On: Oct 31 2014

2-1 Backcheck Recommendation Close Comment
Revised documents address the concern. Comment Closed

Submitted By: Gary Smith (651 260 1819) Submitted On: Nov 14 2014
Current Comment Status: Comment Closed




5788267  Cost Engineering Cost Estimate n/a n/a n/a
Comment Classification: For Official Use Only (FOUO)

6. CONCERN: TPCS filename SacBank TPCS - Feas Only 07172014 without Sutter.xIsx =
$20,561,000 is divided into 4 contracts. When the 2 MII files are combined, the work should be
divided up in the MII file by the same contracts as found in the TPCS file.

BASIS: ETL 1110-2-573 Construction Cost Estimating Guide for Civil Works, ER 1110-2-1302
Civil Works Cost Engineering, ER 1110-1-1300 Cost Engineering Policy and General
Requirements

SIGNIFICANCE: Medium

RESOLUTION: Respond to the concern and adjust the cited documents as indicated.

Submitted By: Gary Smith (651 260 1819). Submitted On: Sep 05 2014

1-0 Evaluation Concurred
Similar to comment 57882635, it is the intention of SPK not to combine the MII files
into one file. The estimate has been divided into economic regions to aid in
determining economic benefits. Due to the project covering over 100 river miles, haul
distances and material sources for all the sites are not the same. By keeping the
economic sub-basins intact, it will be easier in the future when we will need to do the
required cost updates per ER 110-2-1302. The contracts are assembled using the

~ priority site inventory, starting with those sites that are the most critical. When the

actual sites are determined, we will be using the latest inventory to re-determine which
sites will be addressed and confirm that there is still a positive BCR for those regions
with the sites chosen.

Please keep in mind that this project will be ongoing for 20+ years to reach the
authorized 80,000 LF of repair. It is our desire to leave the estimate in the most intact
and usable form due to this reason.

Also note that among the 3 files that there is not any duplication or overlap of
locations or construction and service contracts.

Submitted By: Joe Reynolds ((916) 557-7573) Submitted On: Sep 19 20 14

1-1 Backcheck Recommendation Close Comment
Back Check: Understood. Comment Closed.

Submitted By: Gary Smith (651 260 1819) Submitted On: Oct 23 2014
Current Comment Status: Comment Closed

5861925  Cost Engineering Cost Estimate n/a n/a n/a
Comment Classification: For Official Use Only (FOUO)

1. CONCERN: Observation: Some of the comments are based my observation of cost and schedule
documents that are in conformance with the cost and schedule requirements. The purpose of these

comments 18 to record the aspects of the cost and schedule documents that have been considered in
the review. Your evaluation can be: concur. An evaluation is required in order for the reviewer to




close the comment.

BASIS: ETL 1110-2-573 Construction Cost Estimating Guide for Civil Works, ER 1110-2-1302
Civil Works Cost Engineering, ER 1110-1-1300 Cost Engineering Policy and General
Requirements

SIGNIFICANCE: Medium

RESOLUTION: Observation Comment. No Resolution Required.

Submitted By: Gary Smith (651 260 1819). Submitted On: Nov 14 2014

1-0 Evaluation Concurred
concur

Submitted By: Joe Revnolds ((916) 557-7573) Submitted On: Dec 02 2014

1-1 Backcheck Recommendation Close Comment
Observation Comment Closed

Submitted By: Gary Smith (651 260 1819) Submitted On: Dec 10 2014
Current Comment Status: Comment Closed

5861928  Cost Engineering Cost Estimate n/a n/a n/a
Comment Classification: For Official Use Only (FOUO)

2. CONCERN: Observation: Estimate Structure

BASIS: ETL 1110-2-573 Construction Cost Estimating Guide for Civil Works, ER 1110-2-1302
Civil Works Cost Engineering, ER 1110-1-1300 Cost Engineering Policy and General
Requirements

SIGNIFICANCE: Medium
RESOLUTION: Observation Comment. No Resolution Required.

2.1. Estimate Structure
4,756,174 33% Direct Construction Labor $4,756,174, 33.05% of Direct Construction Cost
2,856,410 20% Direct Construction Equipment $2,856,410, 19.85% of Direct Construction Cost
7,612,583 53% Direct Construction Labor + Equipment $7,612,583, 52.9% of Direct Construction
Cost

6,183,992 43% Direct Construction Matl $6,183,992, 42.97% of Direct Construction Cost
593,695 4% Direct Construction Sub Bid $593,695, 4.13% of Direct Construction Cost

0 0% Direct Construction User $, 0% of Direct Construction Cost

14,390,271 100% Direct Construction Cost

2.2. Direct Cost Overrides
8 *M*




5 *E*

54 *O*

5*L*

55 *Sb*

119 total overrides

2.3. Notes and Folders
874 Notes

170 Unique

1087 detail

131 upper folder

359 lower folder

Submitted By: Gary Smith (651 260 1819). Submitted On: Nov 14 2014

1-0 Evaluation Concurred
Concur

Submitted By: Joe Reynolds ((916) 557-7573) Submitted On: Nov 14 2014

1-1 Backcheck Recommendation Close Comment
Observation Comment Closed

Submitted By: Gary Smith (651 260 1819) Submitted On: Dec-10 2014
Current Comment Status: Comment Closed

5861933  Cost Engineering Cost Estimate n/a n/a n/a
Comment Classification: For Official Use Only (FOUOQ)

1. CONCERN: Observation: Some of the comments are based my observation of cost and schedule
documents that are in conformance with the cost and schedule requirements. The purpose of these
comments is to record the aspects of the cost and schedule documents that have been considered in
the review. Your evaluation can be: concur. An evaluation is required in order for the reviewer to
close the comment.

BASIS: ETL 1110-2-573 Construction Cost Estimating Guide for Civil Works, ER 1110-2-1302

Civil Works Cost Engineering, ER 1110-1-1300 Cost Engineering Policy and General
Requirements

SIGNIFICANCE: Medium

RESOLUTION: Observation Comment. No Resolution Required.

Submitted By: Gary Smith (651 260 1819). Submitted On: Nov 14 2014




1-0 Evaluation Concurred
Concur

Submitted By: Joe Reynolds ((916) 557-7573) Submitted On: Nov 14 2014

1-1 Backcheck Recommendation Close Comment
Observation Comment Closed

Submitted By: Gary Smith (651 260 1819) Submitted On: Dec 10 2014
Current Comment Status: Comment Closed

5861935  Cost Engineering Cost Estimate n/a n/a n/a
Comment Classification: For Official Use Only (FOUO)

2. CONCERN: Observation: Estimate Structure

BASIS: ETL 1110-2-573 Construction Cost Estimating Guide for Civil Works, ER 1110-2-1302
Civil Works Cost Engineering, ER 1110-1-1300 Cost Engineering Policy and General
Requirements

SIGNIFICANCE: Medium
RESOLUTION: Observation Comment. No Resolution Required.

-2.1. Estimate Structure
4,756,174 33% Direct Construction Labor $4,756,174, 33.05% of Direct Construction Cost
2,856,410 20% Direct Construction Equipment $2,856,410, 19.85% of Direct Construction Cost
7,612,583 53% Direct Construction Labor + Equipment $7,612,583, 52.9% of Direct Construction
Cost
6,183,992 43% Direct Construction Matl $6,183,992, 42.97% of Direct Construction Cost
593,695 4% Direct Construction Sub Bid $593,695, 4.13% of Direct Construction Cost
0 0% Direct Construction User $, 0% of Direct Construction Cost
14,390,271 100% Direct Construction Cost

2.2. Direct Cost Overrides
8 *M*

5 *E*

54 *O*

5 *L*

55 *Sb*

119 total overrides

2.3. Notes and Folders
874 Notes

170 Unique

1087 detail

131 upper folder

359 lower folder



Submitted By: Gary Smith (651 260 1819). Submitted On: Nov 14 2014

1-0 Evaluation Concurred
concur

Submitted By: Joe Reynolds ((916) 557-7573) Submitted On: Nov 14 2014

1-1 Backcheck Recommendation Close Comment
Observation Comment Closed

Submitted By: Gary Smith (651 260 1819) Submitted On: Dec 10 2014
Current Comment Status: Comment Closed

5861942  Cost Engineering Cost Estimate n/a n/a n/a
Comment Classification: For Official Use Only (FOUO)

3. CONCERN: Significant Detail Items. The following detail items are based on a crew and a
developed time to complete the task. The time development is referenced in the notes "See
production spreadsheet for duration and quantities". The production worksheets are filename "Sac
Bank 80k LF - ProdQuant WORKSHEETS 2014v2.x1s" and filename "HAUL CYCLES.xls".
Please verify that the calculations are accurate and complete and have been applied in the MII
estimate correctly.

BASIS: ETL 1110-2-573 Construction Cost Estimating Guide for Civil Works, ER 1110-2-1302
Civil Works Cost Engineering, ER 1110-1-1300 Cost Engineering Policy and General
Requirements

SIGNIFICANCE: Medium

RESOLUTION: In the comment evaluations, please provide a detailed explanation of what has
been changed to the cost and schedule documents in response to the comment, including the
location of the change. Explain why the comment does not require a change to the documents if no
change is made. Address each statement or concern in the comment. In most cases, the comment is
intended clarify a concern and the clarification must be included in the documents, not just in the
evaluation. This will help to expedite the backcheck process in order to close comments as soon as
possible. Note that ATR completion could be significantly delayed if additional rounds of
backchecks and evaluations are required to get the clarification included in the documents.

3.1. detail Quarry Stone - Hauling (Quarry to Site) , 13,730 HR @ $114 per HR = $1,567,757, 11%
of the estimated direct construction cost, used 8 times in the estimate, overrides = N

3.2. detail Soil-Filled Quarry Stone - Hauling (Quarry to Site) , 8,485 HR @ $115 per HR =
$972,821, 7% of the estimated direct construction cost, used 9 times in the estimate, overrides = N

3.3. detail Embankment Fill - Hauling (Borrow to Site) , 7,245 HR @ $114 per HR = $826,163,
6% of the estimated direct construction cost, used 1 times in the estimate, overrides = N

3.4. detail Embankment Fill - Placement , 1,590 HR @ $307 per HR = $487,710, 3% of the
estimated direct construction cost, used 1 times in the estimate, overrides =N



Submitted By: Gary Smith (651 260 1819). Submitted On: Nov 14 2014

1-0 Evaluation Concurred
Spot checking of hours in spreadsheets with hours in estimate indicate that the the
hours have been transfered reasonably well. By this, I mean that the calculations may
indicate 2198 hours but 2200 hours have been used in the estimate. Off by only minor
rounding of numbers. The spreadsheets appear to have addressed the various sites and
their corresponding haul distances and times.

Submitted By: Joe Revnolds ((916) 557-7573) Submitted On: Dec 02 2014

1-1 Backcheck Recommendation Close Comment
Understood. Comment Closed

Submitted By: Gary Smith (651 260 1819) Submitted On: Dec 11 2014
Current Comment Status: Comment Closed

5861948  Cost Engineering Cost Estimate n/a n/a n/a
Comment Classification: For Official Use Only (FOUO)

4. CONCERN: The following detail items represent a significant % of the estimated direct
construction. The following detail items are based on a crew and a developed time to complete the
task. The production worksheets are filename "Sac Bank 80k LF - ProdQuant WORKSHEETS
2014v2.xlIs" and filename "HAUL CYCLES.xIs". Please verify that the calculations are accurate
and complete and have been applied in the MII estimate correctly.

BASIS: ETL 1110-2-573 Construction Cost Estimating Guide for Civil Works, ER 1110-2-1302
Civil Works Cost Engineering, ER 1110-1-1300 Cost Engineering Policy and General
Requirements

SIGNIFICANCE: Medium

RESOLUTION: In the comment evaluations, please provide a detailed explanation of what has
been changed to the cost and schedule documents in response to the comment, including the
location of the change. Explain why the comment does not require a change to the documents if no
change is made. Address each statement or concern in the comment. In most cases, the comment is
intended clarify a concern and the clarification must be included in the documents, not just in the
evaluation. This will help to expedite the backcheck process in order to close comments as soon as
possible. Note that ATR completion could be significantly delayed if additional rounds of
backchecks and evaluations are required to get the clarification included in the documents.

4.1. detail Barge Haul , 1,650 HR @ $267 per HR = $441,081, 3% of the estimated direct
construction cost, used 8 times in the estimate, overrides =N

4.2. detail Semi-End Dumps Trucking Service , 3,833 HR @ $100 per HR = $383,300, 3% of the
estimated direct construction cost, used 41 times in the estimate, overrides =N




4.3. detail Place Material from Barge , 210 HR @ $1,387.39 per HR = $291,352, 4% of the
estimated direct Labor and Equipment Construction Cost, 2% of the estimated total direct
construction cost, used 4 times in the estimate, overrides = N

4.4. detail Tug Mob or Demob , 768 HR @ $350.72 per HR = $269,355, 4% of the estimated direct
Labor and Equipment Construction Cost, 2% of the estimated total direct construction cost, used 4
times in the estimate, overrides =N

4.5. detail Load to Barge , 240 HR @ $721.08 per HR = $173,060, 2% of the estimated direct
Labor and Equipment Construction Cost, 1% of the estimated total direct construction cost, used 4
times in the estimate, overrides =N

4.6. detail Laborers, (Semi-Skilled) , 2,560 HR @ $56.77 per HR = $145,320, 2% of the estimated
direct Labor and Equipment Construction Cost, 1% of the estimated total direct construction cost,
used 20 times in the estimate, overrides = N

4.7. detail Soil Cover - Hauling (Borrow to Site) , 1,125 HR @ $114.47 per HR = $128,783, 2% of
the estimated direct Labor and Equipment Construction Cost, 1% of the est

Submitted By: Gary Smith (651 260 1819). Submitted On: Nov 14 2014

1-0 Evaluation Concurred
The calculations have been reviewed and appear reasonable.

Submitted By: Joe Reynolds ((916) 557-7573) Submitted On: Dec 10 2014

1-1 Backcheck Recommendation Close Comment
Understood. Comment Closed

Submitted By: Gary Smith (651 260 1819) Submitted On: Dec 11 2014
Current Comment Status: Comment Closed

5861950  Cost Engineering Cost Estimate n/a n/a n/a
Comment Classification: For Official Use Only (FOUO)

5. Concern: detail Quarry Stone - Placement , 705 HR @ $200 per HR = $140,942, 1% of the
estimated direct construction cost, used 8 times in the estimate, overrides = N Verify if the material
cost should be removed from this detail item.

BASIS: ETL 1110-2-573 Construction Cost Estimating Guide for Civil Works, ER 1110-2-1302

Civil Works Cost Engineering, ER 1110-1-1300 Cost Engineering Policy and General
Requirements

SIGNIFICANCE: Medium

RESOLUTION: In the comment evaluations, please provide a detailed explanation of what has
been changed to the cost and schedule documents in response to the comment, including the
location of the change. Explain why the comment does not require a change to the documents if no




change is made. Address each statement or concern in the comment. In most cases, the comment is
intended clarify a concern and the clarification must be included in the documents, not just in the
evaluation. This will help to expedite the backcheck process in order to close comments as soon as
possible. Note that ATR completion could be significantly delayed if additional rounds of
backchecks and evaluations are required to get the clarification included in the documents.

Submitted By: Gary Smith (651 260 1819). Submitted On: Nov 14 2014

1-0 Evaluation Concurred
It should be removed as shown. It is included in the "Buy Materials" subfolder.

Submitted By: Joe Reynolds ((916) 557-7573) Submitted On: Dec 10 2014

1-1 Backcheck Recommendation Close Comment
Understood. Comment Closed

Submitted By: Gary Smith (651 260 1819) Submitted On: Dec 11 2014
Current Comment Status: Comment Closed

5861951  Cost Engineering Cost Estimate n/a n/a n/a
Comment Classification: For Official Use Only (FOUO)

6. Concern: Observation: Excellent notes documenting material cost quotes.

BASIS: ETL 1110-2-573 Construction Cost Estimating Guide for Civil Works, ER 1110-2-1302
Civil Works Cost Engineering, ER 1110-1-1300 Cost Engineering Policy and General
Requirements

SIGNIFICANCE: Medium
RESOLUTION: Observation Comment. No Resolution Required.

6.1. detail Quarry Stone - Material , 91,510 TON @ $21.33 per TON = $1,951,474, 32% of the
estimated direct Material Construction Cost, 14% of the estimated total Direct Construction Cost,
used 8 times in the estimate, overrides = N

6.2. detail Soil-Filled Quarry Stone - Material , 61,648 TON @ $17.82 per TON = $1,098,441,
18% of the estimated direct Material Construction Cost, 8% of the estimated total Direct
Construction Cost, used 9 times in the estimate, overrides =N

6.3. detail In-Stream Wood (Dead Trees w/ Roots) , 1,069 EA @ $270.63 per EA = $289,298, 5%

of the estimated direct Material Construction Cost, 2% of the estimated total Direct Construction
Cost, used 9 times in the estimate, overrides = N

Submitted By: Gary Smith (651 260 1819). Submitted On: Nov 14 2014



1-0 Evaluation Concurred
Concur

Submitted By: Joe Reynolds ((916) 557-7573) Submitted On: Nov 17 2014

1-1 Backcheck Recommendation Close Comment
Observation Comment Closed

Submitted By: Gary Smith (651 260 1819) Submitted On: Dec 10 2014
Current Comment Status: Comment Closed

5861954  Cost Engineering Cost Estimate n/a n/a n/a
Comment Classification: For Official Use Only (FOUO)

7. Concern: detail Rip Rap , 48,771 TON @ $37.89 per TON = $1,847,823, 30% of the estimated
direct Material Construction Cost, 13% of the estimated total Direct Construction Cost, used 4
times in the estimate, overrides = N Quote documentation note reads :"Price from San Rafael
Quarry". This note should be expanded to include quote date and source

BASIS: ETL 1110-2-573 Construction Cost Esﬁmating Guide for Civil Works, ER 1110-2-1302
Civil Works Cost Engineering, ER 1110-1-1300 Cost Engineering Policy and General
Requirements

SIGNIFICANCE: Medium

RESOLUTION: In the comment evaluations, please provide a detailed explanation of what has
been changed to the cost and schedule documents in response to the comment, including the
location of the change. Explain why the comment does not require a change to the documents if no
change is made. Address each statement or concern in the comment. In most cases, the comment is
intended clarify a concern and the clarification must be included in the documents, not just in the
evaluation. This will help to expedite the backcheck process in order to close comments as soon as
possible. Note that ATR completion could be significantly delayed if additional rounds of
backchecks and evaluations are required to get the clarification included in the documents.

Submitted By: Gary Smith (651 260 1819). Submitted On: Nov 14 2014

1-0 Evaluation Concurred
Price from San Rafael Quarry "1-2-2013, Dutra Materials Price List" add to items that
where water side placement.

Submitted By: Joe Revnolds ((916) 557-7573) Submitted On: Dec 10 2014

1-1 Backcheck Recommendation Close Comment
Understood. Comment Closed

Submitted By: Gary Smith (651 260 1819) Submitted On: Dec 11 2014
Current Comment Status: Comment Closed

5861956  Cost Engineering Cost Estimate n/a n/a n/a




Comment Classification: For Official Use Only (FOUOQO)

8. CONCERN: From filename SacBank-NWW-FeasOnly 310¢t2014 ACQUISITION PLAN - The
prime contractor is expected to be an earthwork contractor responsible for general site work.
Subcontractors are provided for clearing, tree removal, erosion control seeding, landscaping and
paving. Hauling subcontractors previously used in the estimate have been substituted with sub-bid
costs based on local hauling rates for trucking 'brokers" in the Sacramento area. Please explain why
the acquisition plan does not appear to match the contractor sub contractor set up

BASIS: ETL 1110-2-573 Construction Cost Estimating Guide for Civil Works, ER 1110-2-1302
Civil Works Cost Engineering, ER 1110-1-1300 Cost Engineering Policy and General
Requirements

SIGNIFICANCE: Medium

RESOLUTION: In the comment evaluations, please provide a detailed explanation of what has
been changed to the cost and schedule documents in response to the comment, including the
location of the change. Explain why the comment does not require a change to the documents if no
change is made. Address each statement or concern in the comment. In most cases, the comment is
intended clarify a concern and the clarification must be included in the documents, not just in the
evaluation. This will help to expedite the backcheck process in order to close comments as soon as
possible. Note that ATR completion could be significantly delayed if additional rounds of
backchecks and evaluations are required to get the clarification included in the documents.

Submitted By: Gary Smith (651 260 1819). Submitted On: Nov 14 2014
1-0 Evaluation Concurred

In this area (location of project) most trucking is obtained from "brokers" A couple of
things come into play here. The current rate for trucking is based on an hourly rate
which is representative of the costs in the estimate. The brokers negociate a price from
the sub-haulers and there is not a set profit by either subhauler or broker, but the
consistant part is the hourly rate to the contractor. Contractor only adds their mark up.
The vast majority of rock/soils will come from a commercial pit, and since the it is not
government owned, and the drivers are only delivering materials and not performing
any other work, they are not paid prevailing wages which is also why the pricing is
consistent. Markups are reasonable.

Submitted By: Joe Revnolds ((916) 557-7573) Submitted On: Nov 21 2014
Backcheck not conducted
2-0 Evaluation Concurred

Detail items have been changed so that all occurrences of the haul are now identified in
the "sub-bid" item and the markup has now been changed to "Prime Contractor™.

Subcontractor Tab has also been modified to not include this subcontractor markup
option.

Submitted By: Joe Revnolds ((916) 557-7573) Submitted On: Dec 02 2014




2-1 Backcheck Recommendation Close Comment
Understood. Comment Closed

Submitted By: Gary Smith (651 260 1819) Submitted On: Dec 10 2014
Current Comment Status: Comment Closed

5861957  Cost Engineering Cost Estimate n/a n/a n/a
Comment Classification: For Official Use Only (FOUO)

9. CONCERN: Sac Bank-NWW-SERVICE_CONTRACT - 310ct2014. Verify the correct sales
tax, 7.75 in this contract and 8.25 in the other 2 contracts.

BASIS: ETL 1110-2-573 Construction Cost Estimating Guide for Civil Works, ER 1110-2-1302
Civil Works Cost Engineering, ER 1110-1-1300 Cost Engineering Policy and General
Requirements

SIGNIFICANCE: Medium

RESOLUTION: In the comment evaluations, please provide a detailed explanation of what has
been changed to the cost and schedule documents in response to the comment, including the
location of the change. Explain why the comment does not require a change to the documents if no
change is made. Address each statement or concern in the comment. In most cases, the comment is
intended clarify a concern and the clarification must be included in the documents, not just in the
evaluation. This will help to expedite the backcheck process in order to close comments as soon as
possible. Note that ATR completion could be significantly delayed if additional rounds of
backchecks and evaluations are required to get the clarification included in the documents.

Submitted By: Gary Smith (651 260 1819). Submitted On: Nov 14 2014

1-0 Evaluation Concurred
concur. tax has been adjusted.

Submitted By: Joe Revnolds ((916) 557-7573) Submitted On: Dec 10 2014

1-1 Backcheck Recommendation Close Comment
Understood. Comment Closed

Submitted By: Gary Smith (651 260 1819) Submitted On: Dec 11 2014
Current Comment Status: Comment Closed

5861963  Cost Engineering Cost Estimate n/a n/a n/a
Comment Classification: For Official Use Only (FOUO)

10. CONCERN: Verify the applied markups as indicated below. Explain why the MII Profit
Guidelines and bond table are not used for all 3 contracts,

BASIS: ETL 1110-2-573 Construction Cost Estimating Guide for Civil Works, ER 1110-2-1302
Civil Works Cost Engineering, ER 1110-1-1300 Cost Engineering Policy and General
Requirements




SIGNIFICANCE: Medium

RESOLUTION: In the comment evaluations, please provide a detailed explanation of what has
been changed to the cost and schedule documents in response to the comment, including the
location of the change. Explain why the comment does not require a change to the documents if no
change is made. Address each statement or concern in the comment. In most cases, the comment is
intended clarify a concern and the clarification must be included in the documents, not just in the
evaluation. This will help to expedite the backcheck process in order to close comments as soon as
possible. Note that ATR completion could be significantly delayed if additional rounds of
backchecks and evaluations are required to get the clarification included in the documents.

10.1. SacBank-NWW-FeasOnly 310c¢t2014
JOOH Running % 12.00 8.00

HOOH Running % 8.00 8.00

Profit Running % 9.10 9.10

Bond Running % 0.97 0.97

10.2. Sac Bank-NWW-SERVICE _CONTRACT - 310c¢t2014
HOOH Running % 6.00 6.00

JOOH Running % 2.00 2.00

Profit Running % 8.00 8.00

10.3. SacBank-SPK-FeasOnly 310¢t2014

JOOH (Calc) (Small Tools) % of Labor 2.00 0.00
JOOH (Calc) Overhead Calc 0.00 0.00

JOOH Running % 10.00 8.00

HOOH Running % 8.00 8.00

Profit Guideline Profit 9.10 9.10

Bond Bond Table 0.97 0.97

Submitted By: Gary Smith (651 260 1819). Submitted On: Nov 14 2014

1-0 Evaluation Concurred
The mark ups are essentially the same.

Profit for 10.1 is the same as the profit for 10.3 which was created using the PWG. The
same can be said for the bond rate. There are other risk items that have a significantly
bigger impact on the total cost.

10.2 is a different animal all together. The service contract, for the most part plantings
and maintenance of the plant material requires significantly less HOOH and JOOH

which is represented.

Submitted By: Joe Reynolds ((916) 557-7573) Submitted On: Nov 21 2014




1-1 Backcheck Recommendation Close Comment
Understood. Comment Closed.

Submitted By: Gary Smith (651 260 1819) Submitted On: Dec 10 2014

2-0 Evaluation Concurred
Bond cost of 1.5% was added to the service contract.
Prime Contractor changed so both construction cost estimates reflect the same percent.
Profit was figured using PWG for one estimate and resulting % was used for the other.
JOOH 12% & 8%
HOOH 8% & 8%
Profit: 9.1% & 9.1%
Bond: 1% & 1%

Submitted By: Joe Reynolds ((916) 557-7573) Submitted On: Dec 02 2014
Backcheck not conducted
Current Comment Status: Comment Closed

5861964  Cost Engineering Cost Estimate n/a n/a n/a
Comment Classification: For Official Use Only (FOUQ)

11. CONCERN Filename "SPK - Sacramento Bank - CSRA 2014-06-19.x1sm" WBS Costs tab
indicates baseline cost = Construction $26,457,000 + Non construction $16,426,000 =
$42,883,000. This is considerably different than the total of the MII estimates filename
"SacBank-SPK-FeasOnly 310¢t2014.mlp" 11,871,942 , "Sac
Bank-NWW-SERVICE_CONTRACT - 310ct2014.mlp" 581,204 "SacBank-NWW-FeasOnly
310c¢t2014.mlp" 6,645,637 , total = 19,098,783 construction cost and filename SacBank TPCS -
Feas Only 310c¢t2014.xlsx = $19,095,000 construction and non construction cost t $12,350,000 =
$31,445,000. It looks like the CSRA is based on incorrect estimated amounts and the developed
contingency % is applied in the tpcs. The CSRA needs to be redeveloped based on the actual
estimated amounts.

BASIS: ETL 1110-2-573 Construction Cost Estimating Guide for Civil Works, ER 1110-2-1302
Civil Works Cost Engineering, ER 1110-1-1300 Cost Engineering Policy and General
Requirements

SIGNIFICANCE: Medium

RESOLUTION: In the comment evaluations, please provide a detailed explanation of what has
been changed to the cost and schedule documents in response to the comment, including the
location of the change. Explain why the comment does not require a change to the documents if no
change is made. Address each statement or concern in the comment. In most cases, the comment is
intended clarify a concern and the clarification must be included in the documents, not just in the
evaluation. This will help to expedite the backcheck process in order to close comments as soon as
possible. Note that ATR completion could be significantly delayed if additional rounds of
backchecks and evaluations are required to get the clarification included in the documents.




Submitted By: Gary Smith (651 260 1819). Submitted On: Nov 14 2014

1-0 Evaluation Concurred
PLease review updated documents supplied. Revised TPCS has been suppied.

Submitted By: Joe Reynolds ((916) 557-7573) Submitted On: Dec 10 2014

1-1 Backcheck Recommendation Close Comment
CSRA TPCS and MII match up. Comment Closed.

Submitted By: Gary Smith (651 260 1819) Submitted On: Dec 11 2014
Current Comment Status: Comment Closed

5861965  Cost Engineering Cost Estimate n/a n/a n/a
Comment Classification: For Official Use Only (FOUO)

11. CONCERN Filename "SPK - Sacramento Bank - CSRA 2014-06-19.xIsm" WBS Costs tab
indicates baseline cost = Construction $26,457,000 + Non construction $16,426,000 =
$42,883,000. This is considerably different than the total of the MII estimates filename
"SacBank-SPK-FeasOnly 310ct2014.mlp" 11,871,942 , "Sac
Bank-NWW-SERVICE_CONTRACT - 310¢t2014.mlp" 581,204 "SacBank-NWW-FeasOnly
310ct2014.mlp" 6,645,637 , total = 19,098,783 construction cost and filename SacBank TPCS -
Feas Only 310c¢t2014.xIsx = $19,095,000 construction and non construction cost t $12,350,000 =
$31,445,000. It looks like the CSRA is based on incorrect estimated amounts and the developed
contingency % is applied in the tpcs. The CSRA needs to be redeveloped based on the actual
estimated amounts.

BASIS: ETL 1110-2-573 Construction Cost Estimating Guide for Civil Works, ER 1110-2-1302
Civil Works Cost Engineering, ER 1110-1-1300 Cost Engineering Policy and General
Requirements

SIGNIFICANCE: Medium

RESOLUTION: In the comment evaluations, please provide a detailed explanation of what has
been changed to the cost and schedule documents in response to the comment, including the
location of the change. Explain why the comment does not require a change to the documents if no
change is made. Address each statement or concern in the comment. In most cases, the comment is
intended clarify a concern and the clarification must be included in the documents, not just in the
evaluation. This will help to expedite the backcheck process in order to close comments as soon as
possible. Note that ATR completion could be significantly delayed if additional rounds of
backchecks and evaluations are required to get the clarification included in the documents.

Submitted By: Gary Smith (651 260 1819). Submitted On: Nov 14 2014

1-0 Evaluation Concurred
Please review updated documents supplied. This concerned has been updated.

Submitted By: Joe Reynolds ((916) 557-7573) Submitted On: Dec 10 2014




1-1 Backcheck Recommendation Close Comment
TPCS CSRA and MII match. Comment Closed.

Submitted By: Gary Smith (651 260 1819) Submitted On: Dec 11 2014
Current Comment Status: Comment Closed

5861967  Cost Engineering Cost Estimate n/a n/a n/a
Comment Classification: For Official Use Only (FOUO)

12. CONCERN: Filename "SPK - Sacramento Bank - CSRA 2014-06-19.xIsm". Please expand the
discussion to support the following worst case

TL-3 Borrow/Fill Sources basis for 10%

TL-4 Rip Rap Supply Basis for 10%

I generally believe that the worst cases are based on what could be expected instead of what is the
worst that could be expected and are not high enough. Please reconsider the worst case based on
what is the worst that could happen, not what is likely to happen.

BASIS: ETL 1110-2-573 Construction Cost Estimating Guide for Civil Works, ER 1110-2-1302
Civil Works Cost Engineering, ER 1110-1-1300 Cost Engineering Policy and General
Requirements

SIGNIFICANCE: Medium

RESOLUTION: In the comment evaluations, please provide a detailed explanation of what has
been changed to the cost and schedule documents in response to the comment, including the
location of the change. Explain why the comment does not require a change to the documents if no
change is made. Address each statement or concern in the comment. In most cases, the comment is
intended clarify a concern and the clarification must be included in the documents, not just in the
evaluation. This will help to expedite the backcheck process in order to close comments as soon as
possible. Note that ATR completion could be significantly delayed if additional rounds of
backchecks and evaluations are required to get the clarification included in the documents.

Submitted By: Gary Smith (651 260 1819). Submitted On: Nov 14 2014
1-0 Evaluation Concurred
Please review the current CSRA. It has been redone from this last review.

Submitted By: Joe Reynolds ((916) 557-7573) Submitted On: Dec 10 2014

1-1 Backcheck Recommendation Close Comment
Understood. Comment Closed.

Submitted By: Gary Smith (651 260 1819) Submitted On: Dec 11 2014
Current Comment Status: Comment Closed

5861969  Cost Engineering Cost Estimate n/a n/a n/a




Comment Classification: For Official Use Only (FOUO)

13. CONCERN: Filename "SPK - Sacramento Bank - CSRA 2014-06-19.xIsm". The following
items include contingencies developed elsewhere. Verify that the CSRA excludes these amounts
from all risk analysis.

LD-1 Real Estate Acquisition verify not included in $
LD-4 Utility Relocations verify not included in $
RE-2 Offsite Mitigation basis for 50%

BASIS: ETL 1110-2-573 Construction Cost Estimating Guide for Civil Works, ER 1110-2-1302
Civil Works Cost Engineering, ER 1110-1-1300 Cost Engineering Policy and General
Requirements

SIGNIFICANCE: Medium

RESOLUTION: In the comment evaluations, please provide a detailed explanation of what has
been changed to the cost and schedule documents in response to the comment, including the
location of the change. Explain why the comment does not require a change to the documents if no
change is made. Address each statement or concern in the comment. In most cases, the comment is
intended clarify a concern and the clarification must be included in the documents, not just in the
evaluation. This will help to expedite the backcheck process in order to close comments as soon as
possible. Note that ATR completion could be significantly delayed if additional rounds of
backchecks and evaluations are required to get the clarification included in the documents.

Submitted By: Gary Smith (651 260 1819). Submitted On: Nov 14 2014

1-0 Evaluation Concurred
Since the June/2014 CSRA, the CSRA has been refined ans does not include these in
the risk register.

Submitted By: Joe Reynolds ((916) 557-7573) Submitted On: Dec 10 2014

1-1 Backcheck Recommendation Close Comment
Understood. Comment Closed

Submitted By: Gary Smith (651 260 1819) Submitted On: Dec 11 2014
Current Comment Status: Comment Closed

5861970  Cost Engineering Cost Estimate n/a n/a n/a
Comment Classification: For Official Use Only (FOUO)

14. CONCERN: Observation. Except as noted above, the estimate documents are complete.
Reliable DQC, Adequate Scoping Documents, Complete Cost Engineering Appendix discussing
basis of the estimate and uncertainties associated with major cost items, Project Acquisition plan,
Project Notes, Quantity Development, Basis and development of TPC, Development of Contractor



and Subcontractor Markup, HOOH, JOOH, Profit, and Bond.

BASIS: ETL 1110-2-573 Construction Cost Estimating Guide for Civil Works, ER 1110-2-1302
Civil Works Cost Engineering, ER 1110-1-1300 Cost Engineering Policy and General
Requirements

SIGNIFICANCE: Medium

RESOLUTION: Observation Comment. No Resolution Required.

Submitted By: Gary Smith (651 260 1819). Submitted On: Nov 14 2014

1-0 Evaluation Concurred
Concur

Submitted By: Joe Revnolds ((916) 557-7573) Submitted On: Nov 14 2014

1-1 Backcheck Recommendation Close Comment
Observation Comment Closed

Submitted By: Gary Smith (651 260 1819) Submitted On: Dec 10 2014
Current Comment Status: Comment Closed

5861975  Cost Engineering Cost Estimate n/a n/a ~ n/a
Comment Classification: For Official Use Only (FOUO)

15. CONCERN: Observation: TPCS will have a final review upon completion of other documents.

BASIS: ETL 1110-2-573 Construction Cost Estimating Guide for Civil Works, ER 1110-2-1302
Civil Works Cost Engineering, ER 1110-1-1300 Cost Engineering Policy and General
Requirements

SIGNIFICANCE: Medium

RESOLUTION: Observation Comment. No Resolution Required.

Submitted By: Gary Smith (651 260 1819). Submitted On: Nov 14 2014

1-0 Evaluation Concurred
Concur

Submitted By: Joe Reynolds ((916) 557-7573) Submitted On: Nov 14 2014
Backcheck not conducted



2-0 Evaluation Concurred
Current TPCS has been submitted for review so that other comments can be closed
(total of 3 MII estimates equal the construction costs in the TPCS). This same TPCS
has been forwarded to Bill Bolte so that he can rerun the CSRA based on the
economically justified basins. I will forward a revised TPCS with the correct
contingency when available.

Submitted By: Joe Reynolds ((916) 557-7573) Submitted On: Dec 02 2014

2-1 Backcheck Recommendation Close Comment
Documents received. Comment Closed.

Submitted By: Gary Smith (651 260 1819) Submitted On: Dec 11 2014
Current Comment Status: Comment Closed

Public / SBU / FOUO
Patent 11/892,984 ProjNet property of ERDC since 2004.
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EXECUTIVE SUMMARY

The US Army Corps of Engineers (USACE), Sacramento District, presents this cost and
schedule risk analysis (CSRA) report regarding the risk findings and recommended
contingencies for the Sacramento River Bank Protection Project (SRBPP) Limited
Reevaluation Report (LRR). In compliance with Engineer Regulation (ER) 1110-2-1302
CIVIL WORKS COST ENGINEERING, dated September 15, 2008, a formal risk
analysis, Monte-Carlo based-study was conducted by the Project Development Team
(PDT) on remaining costs. The purpose of this risk analysis study is to present the cost
and schedule risks considered, those determined and respective project contingencies
at a recommended 80% confidence level of successful execution to project completion.

The SRBPP is a long-range construction project to identify significant erosion problems,
prioritize sites, and design and construct bank protection. Corrective measures are
applied only to affected banks and levees that are part of the Federal Sacramento River
Flood Control Project (SRFCP). Per Section 3031 of the Water Resources
Development Act of 2007 (WRDA 2007), an additional 80,000 LF of bank protection
was added to the original SRBPP Phase Il project authorization. The portion included in
this analysis is for some 16 sites with approximately 7,865 LF.

Cost estimates fluctuate over time. During this period of study, minor cost fluctuations
can and have occurred. For this reason, contingency reporting is based in cost and per
cent values. Should cost vary to a slight degree with similar scope and risks,
contingency per cent values will be reported, cost values rounded

Table ES-1. Project Contingency Results

Base Case
Project Cost Estimate $36,869,000
(Excluding Real Estate)
Confidence Level Project Value ($3$) Contingency (%)

5% $1,106,000 3%
50% $5,530,000 15%
80% $8,111,000 22%
95% $10,323,000 28%

KEY FINDINGS/OBSERVATIONS RECOMMENDATIONS

The PDT worked through the risk register on 8 April 2014. It quickly became evident
that the team understands the project, the experienced risks and those risks already
incorporated into the current designs and estimated costs (i.e., the major risks have
already been experienced and mitigated through various means). The key risk drivers
identified through sensitivity analysis suggest an 80% confidence level total contingency
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of $8.1M. Findings indicate no schedule risks that would result in any substantial cost
impacts or resulting contingencies.

Cost Risks: From the CSRA, the key or greater Cost Risk items of include:

e EST-1: Quantities - During design or awarded it could be determined additional
erosion has occurred and quantities will increase.

e RE-4: Onsite Mitigation - Resource agencies requirements for onsite mitigation
continue to evolve, resulting in additional onsite mitigation requirements. ESA
consultations have yet to occur. Until consultations occur, restoration ratios have
not been established.

Moderate risks, when combined, can also become a cost impact; though no major
contributors were noted other than Water and Air Quality, Differing Site Conditions,
Offsite Mitigation and Construction Oversight.

Schedule Risks: All schedule risk drivers where either outside the scope of this risk
analysis and therefore not modeled or will be resolved prior to schedule impacts being
realized. Specific schedule risks identified included:

e PPM-3: Internal Red Tape — Discussions on Economic Justification have delayed
schedules. Economically disadvantaged sites are some 5 years or more from
implementation, allowing for sufficient time for resolution prior to site
implementation. This issue is not a Risk for Economically Justified Sites so will
not be considered for this evaluation.

e PPM-4: Project Partnership Agreement Signature — PPA signature is due within
the next year and must be signed for project to continue. USACE HQ and State
sponsor are currently at an impasse on signature of the PPA due to current ETL
policy (levee vegetation requirements). If PPA is not signed, project funding will
cease and project schedule will slip. Given the potential huge project impact if
PPA is not achieved, modeling this risk is outside scope of this risk analysis and
will not be included.

e PR-2: Design Criteria Agreement — Sponsor and USACE agreements on Levee
Vegetation. While the sponsor and USACE have managed to work around this
issue in the past, it is possible this issue will come to a head; requiring either
resolution or termination of this project. That discussion is outside the scope of
this risk analysis and will not be modeled here.
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MAIN REPORT

1.0 PURPOSE

Under the authority of the US Army Corps of Engineers (USACE), Sacramento District
presents this cost and schedule risk analysis, identified major risks and
recommendations for the total project cost and schedule contingencies for the
Sacramento River Bank Protection Project (SRBPP).

2.0 BACKGROUND

The SRBPP is a long-range construction project to identify significant erosion problems,
prioritize sites, and design and construct bank protection. Corrective measures are
applied only to affected banks and levees that are part of the Federal Sacramento River
Flood Control Project (SRFCP). Per Section 3031 of the Water Resources
Development Act of 2007 (WRDA 2007), an additional 80,000 LF of bank protection
was added to the original SRBPP Phase Il project authorization. The portion included in
this analysis is for some 16 sites with approximately 7,865 LF.

3.0 REPORT SCOPE

The scope of the risk analysis report is to identify cost and schedule risks with a
resulting recommendation for contingencies at the 80 percent confidence level using the
risk analysis processes, as mandated by U.S. Army Corps of Engineers (USACE)
Engineer Regulation (ER) 1110-2-1150, Engineering and Design for Civil Works, ER
1110-2-1302, Civil Works Cost Engineering, and Engineer Technical Letter 1110-2-573,
Construction Cost Estimating Guide for Civil Works. The report presents the
contingency results for cost risks for construction features. The CSRA excludes Real
Estate costs and does not include consideration for life cycle costs.

3.1 Project Scope

The formal process included extensive involvement of the PDT for risk identification and
the development of the risk register. The analysis process evaluated the Micro
Computer Aided Cost Estimating System (MCACES) cost estimate, project schedule,
and funding profiles using Crystal Ball software to conduct a Monte Carlo simulation and
statistical sensitivity analysis, per the guidance in Engineer Technical Letter (ETL)
CONSTRUCTION COST ESTIMATING GUIDE FOR CIVIL WORKS, dated September
30, 2008.



The project technical scope, estimates and schedules were developed and presented
by the Sacramento District. Consequently, these documents serve as the basis for the
risk analysis.

The scope of this study addresses the identification of concerns, needs, opportunities
and potential solutions that are viable from an economic, environmental, and
engineering viewpoint.

3.2 USACE Risk Analysis Process

The risk analysis process for this study follows the USACE Headquarters requirements
as well as the guidance provided by the Cost Engineering MCX. The risk analysis
process reflected within this report uses probabilistic cost and schedule risk analysis
methods within the framework of the Crystal Ball software. Furthermore, the scope of
the report includes the identification and communication of important steps, logic, key
assumptions, limitations, and decisions to help ensure that risk analysis results can be
appropriately interpreted.

Risk analysis results are also intended to provide project leadership with contingency
information for scheduling, budgeting, and project control purposes, as well as to
provide tools to support decision making and risk management as the project
progresses through planning and implementation. To fully recognize its benefits, cost
and schedule risk analysis should be considered as an ongoing process conducted
concurrent to, and iteratively with, other important project processes such as scope and
execution plan development, resource planning, procurement planning, cost estimating,
budgeting and scheduling.

In addition to broadly defined risk analysis standards and recommended practices, this
risk analysis was performed to meet the requirements and recommendations of the
following documents and sources:

e Cost and Schedule Risk Analysis Process guidance prepared by the USACE
Cost Engineering MCX.

e Engineer Regulation (ER) 1110-2-1302 CIVIL WORKS COST ENGINEERING,
dated September 15, 2008.

e Engineer Technical Letter (ETL) CONSTRUCTION COST ESTIMATING GUIDE
FOR CIVIL WORKS, dated September 30, 2008.

4.0 METHODOLOGY / PROCESS

The Cost Engineering MCX performed the Cost and Schedule Risk Analysis, relying on
local Sacramento District staff to provide expertise and information gathering. The initial
risk identification meeting also included qualitative analysis to produce a risk register
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that served as the draft framework for the risk analysis. Follow on meetings updated
project development and refined risk modeling. Participants in the risk identification
meeting included:

Risk Register Development Meeting

| Tuesday, April 8, 2014 |

Civil Design Hans Carota Sacramento District
Civil Design — Tech

Lead Pamlyn Hill Sacramento District
Planning Karin Lee Sacramento District
Cost Engineer Joe Reynolds Sacramento District
Real Estate Greg Garner DWR
Environmental Kip Young DWR

Planner Thomas Adams HDR

Cost Engineer Robert Vrchoticky Sacramento District
Real Estate Kelly Boyd Sacramento District
Cost Engineer Tri Duong Sacramento District
Project Manager Cynthia Brooks Sacramento District
Risk Analyst William Bolte Cost Engineering MCX

The risk analysis process for this study is intended to determine the probability of
various cost outcomes and quantify the required contingency needed in the cost
estimate to achieve the desired level of cost confidence. Per regulation and guidance,
the P80 confidence level (80% confidence level) is the normal and accepted cost
confidence level. District Management has the prerogative to select different
confidence levels, pending approval from Headquarters, USACE.

In simple terms, contingency is an amount added to an estimate to allow for items,
conditions or events for which the occurrence or impact is uncertain and that experience
suggests will likely result in additional costs being incurred or additional time being
required. The amount of contingency included in project control plans depends, at least
in part, on the project leadership’s willingness to accept risk of project overruns. The
less risk that project leadership is willing to accept the more contingency should be
applied in the project control plans. The risk of overrun is expressed, in a probabilistic
context, using confidence levels.

The Cost MCX guidance for cost and schedule risk analysis generally focuses on the
80-percent level of confidence (P80) for cost contingency calculation. It should be
noted that use of P80 as a decision criteria is a risk averse approach (whereas the use
of P50 would be a risk neutral approach, and use of levels less than 50 percent would
be risk seeking). Thus, a P80 confidence level results in greater contingency as
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compared to a P50 confidence level. The selection of contingency at a particular
confidence level is ultimately the decision and responsibility of the project’s District
and/or Division management.

The risk analysis process uses Monte Carlo techniques to determine probabilities and
contingency. The Monte Carlo techniques are facilitated computationally by a
commercially available risk analysis software package (Crystal Ball) that is an add-in to
Microsoft Excel. Cost estimates are packaged into an Excel format and used directly for
cost risk analysis purposes. The level of detail recreated in the Excel-format schedule
is sufficient for risk analysis purposes that reflect the established risk register, but
generally less than that of the native format.

The primary steps, in functional terms, of the risk analysis process are described in the
following subsections. Risk analysis results are provided in Section 6.

4.1 Identify and Assess Risk Factors

Identifying the risk factors via the PDT is considered a qualitative process that results in
establishing a risk register that serves as the document for the quantitative study using
the Crystal Ball risk software. Risk factors are events and conditions that may influence
or drive uncertainty in project performance. They may be inherent characteristics or
conditions of the project or external influences, events, or conditions such as weather or
economic conditions. Risk factors may have either favorable or unfavorable impacts on
project cost and schedule.

A formal PDT meeting held 8 April 2014 included capable and qualified representatives
from multiple project team disciplines and functions, including project management, cost
engineering, design, environmental compliance, and real estate

The initial formal meetings focused primarily on risk factor identification using
brainstorming techniques, but also included some facilitated discussions based on risk
factors common to projects of similar scope and geographic location. Additionally,
conference calls and informal meetings were conducted throughout the risk analysis
process on an as-needed basis to further facilitate risk factor identification, market
analysis, and risk assessment.

4.2 Quantify Risk Factor Impacts

The quantitative impacts (putting it to numbers of cost and time) of risk factors on
project plans were analyzed using a combination of professional judgment, empirical
data and analytical techniques. Risk factor impacts were quantified using probability
distributions (density functions) because risk factors are entered into the Crystal Ball
software in the form of probability density functions.



Similar to the identification and assessment process, risk factor quantification involved
multiple project team disciplines and functions. However, the quantification process
relied more extensively on collaboration between cost engineering and risk analysis
team members with lesser inputs from other functions and disciplines. This process
used an iterative approach to estimate the following elements of each risk factor:

Maximum possible value for the risk factor

Minimum possible value for the risk factor

Most likely value (the statistical mode), if applicable

Nature of the probability density function used to approximate risk factor
uncertainty

e Mathematical correlations between risk factors

e Affected cost estimate and schedule elements

The resulting product from the PDT discussions is captured within a risk register as
presented in Appendix A for both cost and schedule risk concerns. Note that the risk
register records the PDT’s risk concerns, discussions related to those concerns, and
potential impacts to the current cost and schedule estimates. The concerns and
discussions support the team’s decisions related to event likelihood, impact, and the
resulting risk levels for each risk event.

4.3 Analyze Cost Estimate and Schedule Contingency

Contingency is analyzed using the Crystal Ball software, an add-in to the Microsoft
Excel format of the cost estimate and schedule. Monte Carlo simulations are performed
by applying the risk factors (quantified as probability density functions) to the
appropriate estimated cost and schedule elements identified by the PDT.

Contingencies are calculated by applying only the moderate and high level risks
identified for each option (i.e., low-level risks are typically not considered, but remain
within the risk register to serve historical purposes as well as support follow-on risk
studies as the project and risks evolve).

For the cost estimate, the contingency is calculated as the difference between the P80
cost forecast and the baseline cost estimate. Each option-specific contingency is then
allocated on a civil works feature level based on the dollar-weighted relative risk of each
feature as quantified by Monte Carlo simulation. Standard deviation is used as the
feature-specific measure of risk for contingency allocation purposes. This approach
results in a relatively larger portion of all the project feature cost contingency being
allocated to features with relatively higher estimated cost uncertainty.

5.0 PROJECT ASSUMPTIONS

The following data sources and assumptions were used in determining the cost and
schedule risks.



a. The Sacramento District provided a 2 June 2014 Total Project Cost Summary Excel
Spreadsheet file electronically. The CSRA was performed on the final TPCS Project
Costs (excluding Real Estate).

b. The cost comparisons and risk analyses performed and reflected within this report
are based on project experience related to previous Phase 1 projects. The project
scoping is well understood, the bulk of risks have been incorporated into more recent
design and estimated construction costs. The contingency outcome of 20-25% was
expected to be lower than a standard Feasibility Report of 25-35%.

c. The Cost Engineering MCX guidance generally focuses on the eighty-percent level
of confidence (P80) for cost contingency calculation. For this risk analysis, the eighty-
percent level of confidence (P80) was used. It should be noted that the use of P80 as a
decision criteria is a moderately risk averse approach, generally resulting in higher cost
contingencies. However, the P80 level of confidence also assumes a small degree of
risk that the recommended contingencies may be inadequate to capture actual project
costs.

d. Only high and moderate risk level impacts, as identified in the risk register, were
considered for the purposes of calculating cost contingency. Low level risk impacts
should be maintained in project management documentation, and reviewed at each
project milestone to determine if they should be placed on the risk “watch list”.

6.0 RESULTS

The cost and schedule risk analysis results are provided in the following sections. In
addition to contingency calculation results, sensitivity analyses are presented to provide
decision makers with an understanding of variability and the key contributors to the
cause of this variability.

6.1 Risk Register

A risk register is a tool commonly used in project planning and risk analysis. The actual
risk register is provided in Appendix A. The complete risk register includes low level
risks, as well as additional information regarding the nature and impacts of each risk.

It is important to note that a risk register can be an effective tool for managing identified
risks throughout the project life cycle. As such, it is generally recommended that risk
registers be updated as the designs, cost estimates, and schedule are further refined,
especially on large projects with extended schedules. Recommended uses of the risk
register going forward include:

¢ Documenting risk mitigation strategies being pursued in response to the
identified risks and their assessment in terms of probability and impact.
e Providing project sponsors, stakeholders, and leadership/management with a
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documented framework from which risk status can be reported in the context
of project controls.

e Communicating risk management issues.

e Providing a mechanism for eliciting feedback and project control input.

e |dentifying risk transfer, elimination, or mitigation actions required for
implementation of risk management plans.

6.2 Cost Contingency and Sensitivity Analysis

The result of risk or uncertainty analysis is quantification of the cumulative impact of all
analyzed risks or uncertainties as compared to probability of occurrence. These results,
as applied to the analysis herein, depict the overall project cost at intervals of
confidence (probability).

Table 1 provides the construction cost contingencies calculated for the P80 confidence
level and rounded to the nearest thousand. The project cost contingencies for the P5,
P50, P80 and P95 confidence levels are also provided for illustrative purposes only.

Contingency was quantified as approximately $8.1 Million at the P80 confidence level
(22% of the baseline cost estimate). For comparison, the cost contingency at the P50
and P95 confidence levels was quantified as 15% and 28% of the baseline cost
estimate, respectively.

Table 1. Project Cost Contingency Summary

Base Case
Project Cost Estimate $36,869,000
(Excluding Real Estate)

Confidence Level Project Value ($$) Contingency (%)
5% $1,106,000 3%
50% $5,530,000 15%
80% $8,111,000 22%
95% $10,323,000 28%

6.2.1 Sensitivity Analysis

Sensitivity analysis generally ranks the relative impact of each risk/opportunity as a
percentage of total cost uncertainty. The Crystal Ball software uses a statistical
measure (contribution to variance) that approximates the impact of each risk/opportunity
contributing to variability of cost outcomes during Monte Carlo simulation.
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Key cost drivers identified in the sensitivity analysis can be used to support
development of a risk management plan that will facilitate control of risk factors and
their potential impacts throughout the project lifecycle. Together with the risk register,
sensitivity analysis results can also be used to support development of strategies to
eliminate, mitigate, accept or transfer key risks.

6.2.2 Sensitivity Analysis Results

The risks/opportunities considered as key or primary cost drivers and the respective
value variance are ranked in order of importance in contribution to variance bar charts.
Opportunities that have a potential to reduce project cost and are shown with a negative
sign; risks are shown with a positive sign to reflect the potential to increase project cost.
A longer bar in the sensitivity analysis chart represents a greater potential impact to
project cost.

Figure 1 presents a sensitivity analysis for cost growth risk from the high level cost risks
identified in the risk register. Likewise, Figure 2 presents a sensitivity analysis for
schedule growth risk from the high level schedule risks identified in the risk register.

Figure 1. Cost Sensitivity Analysis

Contribution to Variance View

Sensitivity: PROJECT CONTINGENCY (BASELINE ESTIMATE)
-30%  0.0%  30%  6.0%  9.0% 120% 150% 18.0% 21.0% 240% 270% 30.0% 33.0%

EST1 - Quanties T 1 T 1 s 1 [ 1

RE - Onsite Mitigation 214% ‘
RE-3 - Water and Air Quality 9.7% |
CON-1 - Differing Site Cond.... 8.7%

RE-6 - Histoncal Structures

RE-2 - Offsite Mitigation 7.1%
COM-5 - Construction Oversight 6.1%
PR-1 - Flood Events and Oth 3.5% |

RE-5 - Cultural Resources 3.3%
TL-7 - Design Assumptions 1.5%

Other _

10



6.3 Schedule and Contingency Risk Analysis

The Sacramento River Bank Protection Project (SRBPP) consists of multiple separate
sites with most if not all taking one construction season or less to complete. Individual
sites will be addressed as issues arise and delays at any one site will not impact overall
project completion schedule, therefore Schedule Risk Analysis becomes somewhat
irrelevant for this project.

7.0 MAJOR FINDINGS/OBSERVATIONS/RECOMMENDATIONS

This section provides a summary of significant risk analysis results that are identified in
the preceding sections of the report. Risk analysis results are intended to provide
project leadership with contingency information for scheduling, budgeting, and project
control purposes, as well as to provide tools to support decision making and risk
management as projects progress through planning and implementation. Because of
the potential for use of risk analysis results for such diverse purposes, this section also
reiterates and highlights important steps, logic, key assumptions, limitations, and
decisions to help ensure that the risk analysis results are appropriately interpreted.

7.1 Major Findings/Observations

Project cost summaries are provided in Table 2. Additional major findings and
observations of the risk analysis are listed below.

The PDT worked through the risk register on 8 April 2014. It quickly became evident
that the team understands the project, the experienced risks and those risks already
incorporated into the current designs and estimated costs (i.e., the major risks have
already been experienced and mitigated through various means). The key risk drivers
identified through sensitivity analysis suggest an 80% confidence level total contingency
of $8.1M. Findings indicate no schedule risks that would result in any substantial cost
impacts or resulting contingencies.

Cost Risks: From the CSRA, the key or greater Cost Risk items of include:

e EST-1: Quantities - During design or awarded it could be determined additional
erosion has occurred and quantities will increase.

e RE-4: Onsite Mitigation - Resource agencies requirements for onsite mitigation
continue to evolve, resulting in additional onsite mitigation requirements. ESA
consultations have yet to occur. Until consultations occur, restoration ratios have
not been established.

Moderate risks, when combined, can also become a cost impact; though no major
contributors were noted other than Water and Air Quality, Differing Site Conditions,
Offsite Mitigation and Construction Oversight.
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Schedule Risks: All schedule risk drivers where either outside the scope of this risk
analysis and therefore not modeled or will be resolved prior to schedule impacts being
realized. Specific schedule risks identified included:

e PPM-3: Internal Red Tape — Discussions on Economic Justification have delayed
schedules. Economically disadvantaged sites are some 5 years or more from
implementation, allowing for sufficient time for resolution prior to site
implementation. This issue is not a Risk for Economically Justified Sites so will
not be considered for this evaluation.

e PPM-4: Project Partnership Agreement Signature — PPA signature is due within
the next year and must be signed for project to continue. USACE HQ and State
sponsor are currently at an impasse on signature of the PPA due to current ETL
policy (levee vegetation requirements). If PPA is not signed, project funding will
cease and project schedule will slip. Given the potential huge project impact if
PPA is not achieved, modeling this risk is outside scope of this risk analysis and
will not be included.

e PR-2: Design Criteria Agreement — Sponsor and USACE agreements on Levee
Vegetation. While the sponsor and USACE have managed to work around this
issue in the past, it is possible this issue will come to a head; requiring either
resolution or termination of this project. That discussion is outside the scope of
this risk analysis and will not be modeled here.
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Table 2. Project Cost Comparison Summary (Uncertainty Analysis)

Most Likely
Cost Estimate

[ —

$36,869,000

I

Contingency %

Confidence Level Project Cost ‘ Contingency

0% $33,919,480 ($2,949,520) -8.00%

5% $37,975,070 $1,106,070 3.00%

10% $38,712,450 $1,843,450 5.00%

15% $39,081,140 $2,212,140 6.00%

20% $39,818,520 $2,949,520 8.00%

25% $40,187,210 $3,318,210 9.00%

30% $40,924,590 $4,055,590 11.00%
35% $41,293,280 $4,424,280 12.00%
40% $41,661,970 $4,792,970 13.00%
45% $42,030,660 $5,161,660 14.00%
50% $42,399,350 $5,530,350 15.00%
55% $42,768,040 $5,899,040 16.00%
60% $43,136,730 $6,267,730 17.00%
65% $43,505,420 $6,636,420 18.00%
70% $43,874,110 $7,005,110 19.00%
75% $44,242,800 $7,373,800 20.00%
80% $44,980,180 $8,111,180 22.00%
85% $45,717,560 $8,848,560 24.00%
90% $46,454,940 $9,585,940 26.00%
95% $47,192,320 $10,323,320 28.00%
100% $51,985,290 $15,116,290 41.00%

7.2 Recommendations

Risk Management is an all-encompassing, iterative, and life-cycle process of project
management. The Project Management Institute’s (PMI) A Guide to the Project
Management Body of Knowledge (PMBOK® Guide), 4™ edition, states that “project risk
management includes the processes concerned with conducting risk management
planning, identification, analysis, responses, and monitoring and control on a project.”
Risk identification and analysis are processes within the knowledge area of risk
management. Its outputs pertinent to this effort include the risk register, risk
quantification (risk analysis model), contingency report, and the sensitivity analysis.

The intended use of these outputs is implementation by the project leadership with
respect to risk responses (such as mitigation) and risk monitoring and control. In short,
the effectiveness of the project risk management effort requires that the proactive
management of risks not conclude with the study completed in this report.
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The Cost and Schedule Risk Analysis (CSRA) produced by the PDT identifies issues
that require the development of subsequent risk response and mitigation plans. This
section provides a list of recommendations for continued management of the risks
identified and analyzed in this study. Note that this list is not all inclusive and should not
substitute a formal risk management and response plan.

Risk Management: Project leadership should use of the outputs created during the risk
analysis effort as tools in future risk management processes. The risk register should
be updated at each major project milestone. The results of the sensitivity analysis may
also be used for response planning strategy and development. These tools should be
used in conjunction with regular risk review meetings.

Risk Analysis Updates: Project leadership should review risk items identified in the
original risk register and add others, as required, throughout the project life-cycle. Risks
should be reviewed for status and reevaluation (using qualitative measure, at a
minimum) and placed on risk management watch lists if any risk’s likelihood or impact
significantly increases. Project leadership should also be mindful of the potential for
secondary (new risks created specifically by the response to an original risk) and
residual risks (risks that remain and have unintended impact following response).

Project Specific: Funding and bidding competition must be periodically re-evaluated to
ensure sufficient budget is available to perform the work objectives as authorized. .
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APPENDIX A — RISK REGISTER

Risk
No.

Risk/Opportunity Event

PROJECT & PROGRAM MGMT

Concerns

PDT Discussions

Project Cost

Schedule

Risk Level*

PPM-1

Scope Definition

Questions remain unsettled about
controlling criteria. Project is authorized
for additional 80,000 LF yet recent HQ
guidance now requires additional bank
protection to comply with Corps planning
policy (i.e. B/C ratios etc).

District has agreed to perform B/C economic
analysis for all sites deemed critical. Estimate is
based on 106 representative sites, of which some

12,000LF have economic justification. In the

future, sites may change but project costs and
risks will be based on 80,000 LF. Given the
potential huge project changes if economic
justification is required, modeling this risk is
outside scope of this risk analysis and will not be
modeled.

PPM-2

Project Priorities

Given the long project duration with
undefined critical path and conflicts with
District priorities; project has received
intermittent support. Only after
emergency events does this project
receive priority status.

Limited resources and project staffing turnover
affect continuity, lost efficiencies and schedule.
Districts historical averages have been used for
the estimate, it is possible design costs could
increase but only marginally at most.

LOW

Risk Level*

LOW

LOW

PPM-3

Internal Red Tape

Internal decision making process has
delayed project.

Discussions on Economic Justification have
delayed schedules. Economically disadvantaged
sites are some 5 years or more from
implementation, allowing for sufficient time for
resolution prior to site implementation. Not a Risk
for Economically Justified Sites so will not be
considered for this evaluation.

LOW

MODERATE

PPM-4

Project Partnership Agreement Signature

PPA signature is due within the next
year and must be signed for project to
continue.

USACE HQ and State sponsor are currently at an
impasse on signature of the PPA due to current
ETL policy (levee vegetation requirements). If
PPA is not signed, project funding will cease and
project schedule will slip. Given the potential
huge project impact if PPA is not achieved,
modeling this risk is outside scope of this risk
analysis and will not be included.

LOW
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Risk
No.

Risk/Opportunity Event

Concerns

Project Cost Schedule

PDT Discussions Risk Level* Risk Level*

CONTRACT ACQUISITION RISKS

CA-1

Small Business vs. Full and Open

Potential for Small Business Contracts

Much of this work is conducive for small business
contracts. The estimate currently assumes full
and open contracts.

If individual sites are advertised via Small
Business, 8(a) contractors, anticipate additional
contract acquisition costs, construction costs and

district resources for oversight and administration. LOW

CA-2

Numerous Contracts

Contracts will attempt to group sites by
Fiscal Year wherever practical to
minimize the number of individual

contracts.

Multiple sites could be awarded fifty miles or
more apart limiting the number of small
contractors able to perform the work and
potentially lends to more full and open large

business contracts. LOW LOW




Project Cost Schedule
Risk/Opportunity Event Concerns . . . .
Risk PDT Discussions Risk Level* Risk Level*
No.
TECHNICAL RISKS
Borings will be done in a proactive attempt to locate any
HTRW. Estimate currently assumes no HTRW is located. It
is likely HTRW will be encountered, with marginal cost
impacts anticipated. When HTRW is encountered it is
HTRW could be encountered during site possible individual sites schedule may slip but overall project
TL-1 HTRW excavation and construction. schedule will not slip. MODERATE LOW
Limited exploratory borings have been taken.
Additional geotechnical investigation will be Depending on exploratory results, site specific design could
TL-2 Exploratory Borings required especially in areas of levee realignment. change. Design changes are anticipated to be marginal. MODERATE LOW
Borrow sources have not been located. Itis Estimate assumes purchased material. For large fill volumes
typically the contracts responsibility to procure this could be impossible. Haul distances or commercial
TL-3 Borrow/Fill Sources borrow material. prices could increase significantly. LOW
Rock placement has been ongoing since 1960's and will be
required for another 40years. Availability of suitable rip rap
TL-4 Rip Rap Supply Rock quarry availability over time. at current haul distances may not be possible. MODERATE LOW
For previous project locations obtaining temporary site
access has been delayed postponing survey data
consequently postponing design and resulting in
compressed schedules or construction schedules slipping to
next FY. Risk does not necessarily cause overall program
TL-5 Survey Data Delayed survey data. schedule impacts but does result in increased PED costs. MODERATE LOW
Design criteria changes have lead to changes for projects
put "on the shelf". When projects are awarded additional
Delays in procurement have resulted in need to design updates are required with marginal construction cost
TL-6 Design Criteria update designs for revised criteria. increases. MODERATE LOW
Current construction and design are all based on Many sites have been constructed. If inspections of
certain core design assumptions and principals. constructed sites show current design methodology is not
Changes to those assumptions would result in performing as expected designs could change resulting in
TL-7 Design Assumptions significant design re-work. significant design re-work. MODERATE LOW
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Project Cost

Schedule

Risk Level*

Risk Level*

PDT Discussions

Risk Risk/Opportunity Event Concerns
No.
LANDS AND DAMAGES RISKS
Almost all areas will require real estate actions; ranging from letters
to State asking for easements on State land to acquisition of private
property. Real Estate costs have been developed for the

LD-1 Real Estate Acquisition

Large portions of the existing levee (majority) are still
privately owned. Design may require acquisition of new
real estate to enable repair requirements.

representative 106 sites, a majority of which required real estate
actions. Any variation in sites will probably experience similar real
estate costs. Current design features sections of riverside erosion
control that could instead be replaced with landside setback levees
requiring additional real estate acquisition with significant cost
impacts. Real Estate acquisition is critical driver for all project sites.
For Risk Mitigation purposes, site selection is flexible. If Real Estate
acquisition is difficult, different sites can be selected. Project is
scheduled for 40 years, allowing time for flexible real estate
acquisitions.

REAL ESTATE CONTINGENCY HAS BEEN DEVELOPED
INDEPENDENTLY AND WILL NOT BE INCLUDED IN THIS
EVALUATION.

Every effort will be made to work outside railroad properties, but
there are areas where the railroad is located on the levee. Given

LD-2

Railroad Involvement

Interactions with railroad have been problematic.

the 40 year project duration, PDT is being proactive and pursuing
difficult acquisitions with sufficient lead time to address issues prior
to fixes at sites.

REAL ESTATE CONTINGENCY HAS BEEN DEVELOPED
INDEPENDENTLY AND WILL NOT BE INCLUDED IN THIS
EVALUATION.

Estimate captures cost/scope for environmental mitigation
acquisition requirements. It is possible additional real estate will be
required.

MODERATE

LD-3

Environmental Mitigation - Real Estate

can be both on and off site.

REAL ESTATE CONTINGENCY HAS BEEN DEVELOPED
INDEPENDENTLY AND WILL NOT BE INCLUDED IN THIS

Real Estate acquisitions for environmental acquisitions
EVALUATION.

Variable nature of relocation requirements is difficult to quantify.
Real Estate estimates do well in capturing most known utility

LD-4

Utility Relocations

relocations.

requirements, but potential unknown utilities remain.

REAL ESTATE CONTINGENCY HAS BEEN DEVELOPED
INDEPENDENTLY AND WILL NOT BE INCLUDED IN THIS

Large number and variety of requirements for utility
EVALUATION.

MODERATE

LOW

LOW

LOW

LOW

A-4



Risk Risk/Opportunity Event Concerns : ) Prpject Cost Schedule
No. PDT Discussions Risk Level* Risk Level*
REGULATORY AND ENVIRONMENTAL RISKS
Additional species could result in additional
mitigation costs or design adaptations and
Additional species could be added to changes. lItis unlikely to impact cost and no
RE-1 | Endangered Species Act ESA. impacts to schedule would be anticipated. LOW LOW
As sites information is further refined, it could be
discovered additional offsite mitigation efforts will
Additional offsite mitigation could be be required to offset impacts. Additional offsite
RE-2 | Offsite Mitigation required. mitigation shouldn't impact schedule. LOW
Construction could require air quality
credits. Air quality is legislated by local
California Resource Board by county
and program will overlap multiple Baseline Estimate includes costs for monitoring.
regions. Construction could be halted or Marginal additional construction cost impacts
RE-3 | Water and Air Quality limited due to water quality impacts. should be encountered. MODERATE LOW
Resource agencies requirements for onsite
mitigation continue to evolve, resulting in
additional onsite mitigation requirements. ESA
consultations have yet to occur. Until
consultations occur, restoration ratios have not
Depending on Agencies, additional been established. Additional setback levees in
RE-4 | Onsite Mitigation onsite mitigation could be required. place of riverside repairs may be required. LOW
Estimate includes costs for cultural investigations
but no costs for mitigations. Cost need to be
added for some mitigation for discovery of cultural
It is possible cultural resources could be | sites; typically coordinating with local tribes and
RE-5 | Cultural Resources encountered. not removing but protecting resource on site. MODERATE LOW
Consultation with State SHIPO has yet Additional costs may be necessary for historic
RE-6 | Historical Structures to occur. documentation of existing levee. MODERATE LOW




Risk

Risk/Opportunity Event
No.

CONSTRUCTION RISKS

Concerns

PDT Discussions

CON

-1 | Differing Site Conditions

Heavily dependent on geotechnical
design solutions.

Inherent with any geotechnical design comes the
possibility of differing site conditions. Given the
nature of design solutions (either build new
setback levee or overlay existing levees) institute
conditions will not be exposed as much as on
other typical levee projects. Anticipate lower risks
with this item.

Based on previous experience in the
project, unknown utilities have rarely
been discovered.

For setback levees, it is likely unknown utilities
will be encountered, for all other fixes unknown
utility impacts are not anticipated.

While access may be remote or round-
about for some sites, site and

maintenance access is well established.

Minimal Risk is anticipated.

All in water work must be completed
between April 15 to Nov 30. Depending
on contract award dates, durations, and
inefficient contractors some contracts
could be limited or delayed to the
following construction season.

In general this has been a minimal risk, with worst
case a one season schedule slip may occur,
impacting local contract schedule but not does
not impact overall project schedule.

CON-2 | Unknown Utilities
CON-3 [ Site Access
CON-4 | Construction Windows
CON-5

Construction Oversight

Given the large number of potential
sites/contracts per year, submittal turn
around times and construction oversight
could be an issue.

Based on previous expense, mods and claims

have been experienced leading to cost increases.

Project Cost Schedule
Risk Level* Risk Level*
MODERATE LOW
LOW LOW
LOW LOW
LOW LOW
MODERATE LOW




Schedule

Risk Risk/Opportunity Event Concerns . . Prgject Cost -
No. PDT Discussions Risk Level* Risk Level*
ESTIMATE AND SCHEDULE RISKS
During design or awarded it could be determined
additional erosion has occurred and quantities will
EST-1 | Quantities Differences in quantities. increase. LOW
Variable nature of relocation requirements is
Large number and variety of difficult to quantify. Potential unknown utilities
EST-2 | Utility Relocations requirements for utility relocations. remain. MODERATE LOW
Estimate is based on "typical" fixes per
reach. A survey has been performed for
the project, but has only established a
single cross section per length of fix.
Specific designs, quantity takeoffs and Feasibility level estimates have been developed.
EST-3 | Estimate Assumptions and Quantities estimates have not been developed. Quantities could vary marginally. MODERATE LOW




Project Cost

Schedule

Risk Risk/Opportunity Event Concerns PDT Discussions Risk Level* Risk
No. Level*
Federal and Sponsor Funding has | Historically project has been funded $5 to $15 M per year which would be sufficient to
FL-1 Funding Stream been sufficient. maintain projected construction schedule assumptions. LOW LOW
It is possible construction seasons could be delayed or postponed with storm or other
Flood Events and Other Acts Weather events could impact in weather events resulting in additional construction costs but minimal overall project
PR-1 | of God water construction. schedule impacts. MODERATE LOW
While the sponsor and USACE have managed to work around this issue in the past, it
is possible this issue will come to a head; requiring either resolution or termination of
Sponsor and USACE agreements | this project. That discussion is outside the scope of this risk analysis and will not be
PR-2 | Design Criteria Agreement on Levee Vegetation modeled here.




QUANTITIES

Folder level quantities obtained from Planning. See spreadsheet for values and locations.

PROJECT SCOPE

This baseline estimate is for the construction contract portion of the Sacramento Levee repair which has
been authorized for 80,000 LF. Approximately 94 preliminary sites have been selected. Assumed
construction contract items were obtained from the previous project shown below:

Sacramento River Bank Protection

FY 12 Erosion Repair Sites

Sacramento River RM 71.3R and 157.7R
Contract 6

90% CWE based on 95% P&S Submittals
Drawing No. 50-04-6329

Specification No. 1861

The included scope of work is as shown below:

[] Mobilization / Demobilization
[] Construction of temporary site access to permit trucks to place materials near water
[] Clearing and grubbing
[] Striping of top 2” of topsoil
[ ] Elderberry bush transplantation
[] SWPPP:
0 Stabilized access pad for each site
o0 3’ silt fence along site bank
0 3rows of straw wattles
1 Placement of quarry stone - Placed below summer mean water surface elevation (SMWSE)
] Soil filled quarry stone (30% soil, 70% quarry stone by VOL) - Placed above SMWSE
[] Placement of in-stream wood [appears as dead trees w/ roots placed at waterline]
[1 Placement of fascines [12 willow cuttings bundled together. Length ~ 6’. Placed near in-stream
wood]
[] Placement of 6” of soil cover - Placed above SMWSE
[1 Erosion control seeding [hydro seed area]
[1 Placement of a beaver barrier fence [placed above in-stream wood/fascines to protect vegetation
placed under service contract portion of contract from swimming beavers].
[ 1 On -Site signage to discourage human disruption of re-vegetated area and warn of fine/prison

penalties.

BASIS OF DESIGN
The previous bank protection project listed above in italics. New quantities were provided by Planning.

HAULING

Nordic Industries in Olivehurst, CA, Teichert Aggregates near Cool, CA, George Reed, Inc near lone,
CA and Dutra Materials in San Rafael, CA were the identified as potential sources of rip rap/quarry stone
material. Material would be delivered by barge from Dutra Materials and by truck from other potential
suppliers. Distances from the source to site were determined using GIS data. An analysis was conducted
to determine the most cost efficient source for each site. It was found that north of Sacramento River RM



60.0 it was more cost efficient to haul rip rap. In general, sites south of Sacramento River RM 60.0 would
obtain rip rap from Dutra Materials via barge. For certain very short reaches or those with very shallow
draft, it is more economical to truck the stone in. Haul distances for each site are noted within the
estimate.

CONSTRUCTION WINDOWS
To be determined. It is assumed that each of the preliminary sites will have its own construction and
service contract.

OVERTIME
This estimate now assumes overtime (10-hr days, 6 days per week) as it is anticipated that several sites
may be gathered into single contracts.

ACQUISITION PLAN

The prime contractor is expected to be an earthwork contractor responsible for general site work.
Subcontractors are provided for clearing, tree removal, erosion control seeding, landscaping and paving.
Hauling subcontractors previously used in the estimate have been substituted with sub-bid costs based on
local hauling rates for trucking ‘brokers” in the Sacramento area.

SITE ACCESS

This depends on each individual site. Often service roads are present and can be used for access. In some
sites, road improvement and/or creation will be needed. In other sites, access will be obtained through the
usage of barge platforms.

CONSTRUCTION METHODOLOGY
Standard earthwork methodology.

UNUSUAL CONDITIONS
None.

UNIQUE TECHNIQUES OF CONSTRUCTION
None.

EQUIPMENT AND LABOR AVAILABILITY & DISTANCE TRAVELED

This estimate meets Davis Bacon wage rates for Davis Bacon wage determinations for the Sacramento
County, General Decision Numbers CA 140009 as of 1/17/2014 and Wage Determination 2005-2056
06/19/2013. Equipment unit costs are obtained from the 2011 MCACES Equipment Library. Material
prices were obtained from quotes or pricelists obtained since January 2013, previous similar estimates and
the MCACES Cost Book. Sales tax is applied at 8.25%.

ENVIRONMENTAL CONCERNS
Costs for implementation of the SWPPP are included in the estimate. Costs for preparation are assumed to
be part of JOOH.

EQUIPMENT, LABOR RATES, MATERIAL AND OTHER COSTS
Labor rates utilized from LLS2014 (Local Labor Library - Sacramento 2014). Equipment prices obtained
from the MII 2011 Region 7 Manual. Material prices based off of prices found online.
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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.

1

March, 2011
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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* 0.04 t0 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 3.5t04.3
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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Location of Cache Slough RM 15.9 on HEC-RAS Schematic


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 Cache Slough RM 23.6 Sheet 1


HEC-RAS Profile Drawing for Cache Slough RM 23.6 Sheet 2
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Location of Georgiana Slough RM 3.6, RM 3.7 and RM 4.0 on HEC-RAS Schematic


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 3.6 and 3.7


HEC-RAS Profile Drawing for Georgiana Slough RM 4.0
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HEC-RAS Profile Drawing for Georgiana Slough RM 4.0
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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.



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.



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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