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Economic Analysis

Project Name:

Sutter Basin Pilot Feasibility Study—Flood Risk Management Project

The study area is located in Sutter and Butte Counties, California and is roughly
bounded by the Feather River, Sutter Bypass, Wadsworth Canal, Sutter Buttes, and

Project Briefing: Cherokee Canal. The study area covers approximately 300 square miles and
includes the communities of Yuba City, Live Oak, Gridley, Biggs and Sutter with a
total population of 80,000.
The authority for USACE to study Flood Risk Management and related water
S o resources problems in the Sacramento River Basin, including the study area in Sutter
tudy Authority:

and Butte Counties, is provided in the Flood Control Act of 1962 (Public Law 87-
874).

Purpose and Scope:

The purpose of this document is to present the economic analysis conducted for the
Sutter Basin Pilot Feasibility Study. This includes descriptions of the
methodologies, assumptions, data and results of both the without and with project
conditions. The document presents findings related to flood risk, potential flood
damages, and flood risk management benefits. Additionally, this analysis coincides
with the planning modernization paradigm of employing sound qualitative analysis
guided by professional judgment rather than heavily based quantitative processes
during the planning phase of study process.

The economic analysis is in accordance with standards, procedures, and guidance of
the U.S. Army Corps of Engineers. The Planning Guidance Notebook (ER 1105-2-
100) serves as the primary source for evaluation methods. Also, guidance for risk-
based analysis was obtained from EM 1110-2-1619 and ER 1105-2-101. Unless
otherwise noted, benefits and costs values are expressed in October 2012 prices
utilizing the FY'12 discount rate of 3.75% and analyzed over a 50-year period of
analysis. Economic Modeling was performed using the Corps FRM-PCX certified
HEC-FDA (v1.2.5a) model.

Organization of
Document:

This document is organized as follows:

Section 1 describes the study area and planning process conducted to date
Section 2 reviews the data used in the analysis and without-project conditions
Section 3 evaluates the final array of alternatives

Section 4 compares the final array of alternatives

Section 5 presents the Other Social Effects analysis

Section 6 discusses the Regional Economic Development impacts

Section 7 summarizes the economic analyses
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1. STUDY BRIEFING

Planning Study. The Sutter Basin Pilot Feasibility Study was selected for inclusion in the National Pilot
Program in February 2011. The pilot initiative provides an opportunity to test principles that have been
outlined in the U.S. Army Corps of Engineers (USACE) Recommendations for Transforming the Current
Pre-Authorization Study Process (January 2011), which was drafted by a workgroup of planning and
policy experts from USACE and the Officer of the Assistant Secretary of the Army for Civil Works, ASA
(CW), referred to as the 17+1 Team. This new process requires heavy involvement as well as input and
decisions from the Vertical Team at multiple points throughout the study. The pilot study is divided into
four phases, each with a key decision point and associated In-Progress Reviews (IPRs). Table 1
summarizes the four pilot study phases and associated decision points. Based on the pilot program
principles, the Sutter Basin Pilot Feasibility Study strategy focuses on utilizing an appropriate level of
detail based on the decisions being made at each stage of the study. This strategy includes qualitative
analysis that will be increasingly detailed at each Decision Point or IPR and early screening of
alternatives with little probability of implementation.

Table 1. Pilot Study Phases and Associated Decision Points

Pilot Study Phase Decision Point Date
Scoping 1 — Federal Interest Determination Aug 2011
Analysis 2 — Tentatively Selected Plan and Draft Report March 2013
Review 3 — Civil Works Review Board Summer 2013*

Confirmation 4 — Chief’s Report Fall 2013*

*Dates are pending confirmation from vertical team.

Throughout the planning process, the Sutter Project Delivery Team (PDT) has recorded major milestones
in the following documents:

e Appendix I, Measure Screening and Alternative Selection— This Progress Document details the
broad array of management measures that were developed based on information from existing
reports and studies, as well as public input and professional judgment. This document provides
descriptions of the measures evaluated at the Critical Thinking Charette and indicate whether
each one was retained or dropped and the reason(s) for screening.

e Appendix Il, Draft Alternative Evaluation and Selection of Final Alternatives— This Progress
Document is a compilation of a series of memorandums from the following disciplines:
economics, civil design, real estate, cost engineering, hydrology, hydraulics, and geotechnical.
These documents form the basis for selection of the final array of alternatives.

This documentation is in support of Appendix 11, Evaluation and Comparison of the Final Array of
Alternatives and Identification of the Tentatively Selected Plan. This document includes the description,
evaluation and comparison of the final array of alternatives. For additional detail on the economic
methodologies and step taken in the refinement of the draft array of alternatives, please see Progress
Document #2, Economic Appendix.

Study Area. The 300 square mile study area is located in Butte and Sutter Counties California. A map
showing the location of the study area relative to the watershed is provided as Plate #1. A map of the
study area topography is provided in Plate #2, which shows elevation ranges from 110 feet to 30 feet.
The study area is encircled by federal project levees along the Sutter Bypass, Feather River, Cherokee
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Canal, Wadsworth Canal and the high ground of the Sutter Buttes. The federal levees are features of the
Sacramento River Flood Control Project (SRFCP), authorized by Congress in 1917. The SRFCP
incorporated features such as levees, weirs, and pumping facilities into a system of leveed river channels
and flood bypass channels to provide Flood Risk Management benefits to the Sacramento Valley.

Population estimates from 2010 Census are tabulated by economic impact area in Table 2. A map of the
estimated population density throughout the study area is provided in Plate #3.

Table 2. Population

Economic Impact Area | Population
Yuba City Urban 67,370
Biggs Urban 1,760
Gridley Urban 6,380
Live Oak Urban 8,360
Sutter County Rural 6,340
Butte County Rural 4,900
Total 95,110

The primary sources of flooding within the study area are the Butte Basin, Sutter Bypass, Feather River,
Cherokee Canal, Wadsworth Canal, and local interior drainage. Flood depths and frequency vary
throughout the study area. Probability of flooding within the study area is primarily related to the stage of
floodwaters within the river channels and the geotechnical probability of levee failure at flood stage. The
Sacramento River Flood Control Project levees were often constructed of poor foundation materials such
as river dredge spoils that does not meet current engineering standards. These legacy levees are relied
upon today to provide FRM for numerous communities within the Sacramento Valley.

Historical Assessment. In 1955, flood waters from a levee breach encompassed a significant portion of
the study area inundating 6,000 homes, drowning 38 people, injuring 3,200 individuals, and requiring 600
people to be rescued by helicopter (Plate #4). From 1950 to 2011, extensive flood fighting has occurred
during 19 events, and levee failures adjacent to the Sutter Basin took place in 1986 and 1997. Flooding
historically has occurred during the months of December through February with air temperatures of 38 to
55°F and water temperatures of 45 to 55°F; temperatures which significantly increase risk of death by
exposure.

Recent geotechnical analysis and evaluation of historical performance during past floods indicate the
project levees within the study area do not meet USACE levee design standards and are at risk of breach
failure at stages less than overtopping. This was evidenced by historical boils and heavy seepage at stages
less than authorized design flows. Underseepage failures are sudden and unpredictable, resulting in
minimal warning time, and ineffectiveness of evacuation plans. Though, almost every location within the
study area is afforded some flood risk reduction by these levees, the risk of unexpected levee failure
coupled with the consequence of flooding presents a continued threat to public safety, property, and
critical infrastructure.



2. REVIEW OF EXISTING CONDITIONS

Floodplain Area and Economic Inventory. An economic inventory was assembled following standard
USACE methods. For the study area, a base geographic information system (GIS) inventory with parcel
attribute data was provided by the local sponsor for both Sutter and Butte Counties. Field visits were
conducted to collect and validate the base inventory data. Parcels with structures were categorized by
land use and grouped into residential, commercial, industrial or public categories. The value of
damageable structures was estimated based on depreciated replacement values. The total value of
damageable property (structures and contents) within the Sutter Basin study area is estimated at $6.9
billion (Table 3). Table 4 displays the structural inventory by land use category.

Table 3. Value of Damageable Property
October 2012 Prices (Values in 1,000’s)

. Structures and Contents
Economic
Impact Area | Commercial | Industrial | Public | Residential | Total
Biggs 6,600 2,400 0 74,600 83,600
Gridley 72,200 51,900 3,500 286,800 414,300
Live Oak 25,600 3,700 42,000 319,900 391,200
Yuba City 1,054,800 417,800 | 334,400 3,593,600 | 5,400,700
Rural Butte 3,900 45,700 0 200,300 249,800
Rural Sutter 9,000 39,600 18,500 275,000 342,200
Total 1,172,200 561,000 | 398,500 4,750,100 | 6,881,900

Table 4. Structural Inventory —Existing Conditions
Number of Structures within 0.2% (1/500yr) Annual Chance Floodplain

Seniamie Commercial | Industrial | Public | Residential | TOTAL
Impact Area

Biggs 18 1 0 586 605

Gridley 81 7 4 1,931 2,023
Live Oak 51 5 23 2,088 2,167
Yuba City 872 210 122 18,760 19,964
Rural Butte 10 16 0 1,242 1,268
Rural Sutter 10 29 8 1,162 1,209
Total 1,042 268 157 25,769 27,236

HEC-FDA Modeling Efforts. For the economic analysis, the existing levees were separated into thirteen
levee reaches and a representative breach location was chosen for each reach. When the study area
becomes inundated, the floodwaters flow from north to south and then pool in the southern portion of the
study area to twenty feet or more. Therefore, a levee breach at the northern section of the Feather River
would result in a larger inundation area than a breach at the southern portion, but does not necessarily
mean that a northern breach has the highest risk (probability and consequence). Because the levees
around the Sutter study area have distinct deficiencies, each has a different probability of failure in any




given flood event. The probability of flooding from each source is based on the hydrologic frequency,
stage-discharge relationship and geotechnical performance. These parameters serve as inputs into the
Corps FRM-PCX certified HEC-FDA model (v1.2.53).

Without-Project Damages. The main analytical tool used to perform the economic analysis was the
Hydrologic Engineering Center’s Flood Damage Analysis (HEC-FDA) software. This program stores the
engineering probability data (hydrologic, hydraulic, and geotechnical) and the economic consequence
data (structure/content inventory and depth-percent damage curves), and is used to model the flooding
problem and potential alternative solutions in the study area. By relating the economic inventory data to
the floodplain data, the HEC-FDA software computes economic stage-damage curves. Through
integration of the main engineering relationships (exceedance probability-discharge curves, rating curves,
and geotechnical levee fragility curves) and the main economic relationship (stage-damage curves), the
HEC-FDA software computes project performance statistics and expected annual damages/benefits. The
results of the economic modeling are then used as input into the net benefit and benefit-to-cost analyses
and may also aid in plan formulation, all of which are performed external to the HEC-FDA software.

The HEC-FDA without project conditions model results (expected annual damages) for structures,
contents, automobiles, and agriculture are shown, by economic impact area (EIA) in Table 5. The total
study area without project damages are estimated to be $114 million.

Table 5. Expected Annual Damages—Without Project Condition
October 2012 Prices (Values in $1,000s), 3.75 Discount Rate

Economic Damage Category
Impact . . . . . .

Area Agriculture Autos Commercial | Industrial Public | Residential Total
Biggs 4 88 80 30 0 488 689
Gridley 5 176 998 296 48 973 2,495
Live Oak 9 240 322 52 464 1,435 2,523
Yuba City 246 4,175 15,477 6,342 4,207 26,031 56,477
Rural Butte 1,875 134 51 260 0 759 3,079
Rural Sutter 16,227 1,928 1,110 5,660 3,383 18,476 46,783

Total 18,366 6,739 18,039 12,639 8,101 48,162 112,046

Without Project Performance. In addition to damages estimates, HEC-FDA reports flood risk in terms

of project performance. Three statistical measures are provided, in accordance with ER 1105-2-101, to
describe performance risk in probabilistic terms. These include annual exceedance probability, long-term

risk, and assurance by event.

o Annual exceedance probability measures the chance of having a damaging flood in any given
year.
e Long-term risk provides the probability of having one or more damaging floods over a period of
time.




e Assurance is the probability that a target stage will not be exceeded during the occurrence of a
specified flood.

The worst project performance statistics may not necessarily be associated with the breach location
producing the largest economic damages. For example, an impact area may be subject to flooding from
two different rivers. River A might have a higher likelihood of flooding than River B but River B’s
associated floodplain (consequence) may be larger and cause more damages. If that is the case, then
project performance (likelihood of flooding) is not the primary dictator in consequence. Nevertheless, if a
proposed project alleviates River B’s floodplain, the project performance is still limited by River A’s
performance. For the Yuba City economic impact area, performance is dictated by an index point along
the Sutter Bypass. However, the associated floodplain does not impact Yuba City until the 0.2% ACE
whereas a break along the Feather River poses imminent damages due to its associated consequence
(floodplain) even though it statistically has a higher performance when compared to the Sutter Bypass.
Project performance statistics for each area under without project conditions is displayed in Table 6.

Table 6. Project Performance by Economic Impact Area—Without Project Condition

Annual
. Exceedance Long Term Risk Assurance by Event
Economic Impact | Breach Probability
Area Location
: 10-yr | 30-yr | 50-yr G T G o
Median | Expected period | period | period 10% | 2% | 1% | 0.20%
Biggs F9.0R 0.07 0.08 550 | 91% | 98% | 82% | 61% | 58% | 32%
Gridley F9.0R 0.07 0.08 55% | 91% | 98% | 82% | 61% | 58% | 32%
Live Oak F9.0R 0.07 0.08 55% | 91% | 98% | 82% | 61% | 58% | 32%
Yuba City F5.0R 0.04 0.04 33% | 70% | 86% | 85% | 67% | 60% | 22%
Rural Butte F9.0R 0.07 0.08 550 | 91% | 98% | 82% | 61% | 58% | 32%
Rural Sutter S4.0L 0.45 0.52 99% | 100% | 100% | 33% | 30% | 22% | 6%

Agricultural Damages. ER 1105-2-100, Appendix E, beginning on page E-113 includes specific
guidance for studies where the primary damages occur to agricultural crops. Primary damages in this
evaluation focus on the crop damage, loss of stored crops, and loss of farm equipment. These damages
are directly related, and evaluated with special consideration for the expected time of seasonal flooding as
well as the variability associated with crop prices and yields. The identified hydrologic/hydraulic
variables, discharge associated with exceedence frequency and conveyance roughness and cross-section
geometry, also apply to agricultural studies. Based on empirical analyses conducted for past Corps
projects, subject matter expertise from the agricultural economist and professional judgment, the project
delivery team expects agricultural damages to total 10-15% of total project damages; amounts which are
not expected to drive plan selection. A simplified approach was developed for this study based on stage-
damage curves for land use types within the study area and simplifying calculations by utilizing 1,000 ft
by 1,000 ft hydraulic model grid elements. For detailed information regarding data collection,
assumptions, and methodology see the Memorandum for File titled “Agricultural Damages for Final
Alternative Comparison” dated 22 February 2013 (Enclosure 1).




3. ALTERNATIVE EVALUATION

Plan Formulation and Description of Alternatives. The plan formulation process develops and

evaluates alternative plans to address the needs and desires of society as expressed in specific planning
objectives. Accordingly, the tentatively selected plan best satisfies the objectives as well as the Federal
interests, which are consistent with the Federal Water Resources Council’s Principles and Guidance
(P&G) and the Planning guidance Notebook (ER-1105-2-100). What follows is a brief timeline of the
planning process leading up to the final array of alternatives. More detail can be found in Progress
Document #1.

1)

)

)

(4)

Management Measures (Critical Thinking Charette): A broad array of management measures
was developed based on information from existing reports and studies, as well as public input and
professional judgment. Following the initial screening of measures, the team identified four
themes (strategies) for plan formulation (1- Consequence Management Focused on Public Safety,
2-Urban FRM, 3-Maximize Existing System with FRM Focus, and 4-Ecosystem Restoration
Focus). These themes were used to establish a preliminary array of conceptual alternatives by
grouping measures according to the primary focus of each theme.
Preliminary Array of Alternative: Each alternative was further developed and quantities, costs
and economic benefits were estimated at a reconnaissance level. The use of these results was
solely to screen out those preliminary alternatives that did not appear economically justified even
in the most favorable conditions.
Refinement of Draft Array of Alternatives (Value Engineering Study): The remaining
alternatives were furthered refined. This resulted in combining and eliminating some of the
alternatives as well as refining and optimizing those that were retained by adding or removing
measures in order to ensure a robust array of draft alternatives. The draft array of alternatives
were then evaluated in further detail, and screened to a final array of alternatives. See Economic
documentation in support of Appendix 11, Draft Alternative Evaluation and Selection of Final
Alternatives, for more detail.
Final Array of Alternatives: The final array of alternatives carried forward for final comparison
include:

e Alternative SB-1: No Action

e Alternative SB-7: Fix-in-place the Feather River, Sunset Weir to Laurel Avenue

e Alternative SB-8: Fix-in-place the Feather River, Thermalito to Laurel Avenue

With-Project Modeling Results. Benefits were determined by incorporating increments of levee fixes

into the HEC-FDA model that represent various with-project improvements. Flood risk management
benefits (Table 8) equal the difference between the without project damages (Table 5) and the with-
project residual damages (Table 7).



Table 7. Expected Annual Damages—Alternative Conditions
October 2012 Prices (Values in $1,000s), 3.75 Discount Rate

Economic Impact Area
Alternative Bigas | Gridle Live Yuba Rural Rural Total
99 y Oak City Butte Sutter
SB-1: No Action 689 2,495 2,523 56,477 3,079 46,783 112,046
SB-7: Fix-in-place Feather
River, Sunset Weir to Laurel 689 2,495 2,523 8,289 3,079 31,071 48,146
Avenue
SB-8: Fix-in-place Feather
River, Thermalito to Laurel 263 348 396 8,281 1,467 30,721 41,476
Avenue
Table 8. Annual Benefits—Alternative Conditions
October 2012 Prices (Values in $1,000s), 3.75 Discount Rate
Economic Impact Area
Alternative Bigas | Gridle Live Yuba Rural Rural Total
99 y Oak City Butte Sutter
SB-1: No Action - - - - - - -
SB-7: Fix-in-place Feather
River, Sunset Weir to Laurel - - - 48,188 0 15,712 63,900
Avenue
SB-8: Fix-in-place Feather
River, Thermalito to Laurel 426 2,147 2,127 48,196 1,612 16,062 70,570
Avenue

Probability Distribution of Damages Reduced. In accordance with ER 1105-2-101, flood damages

reduced were determined as mean values and by probability exceeded. Table 9 shows the benefits for
each alternative for a probability distribution and expected value. The damage reduced column represents
the expected benefits for each alternative, while the probability damage reduced indicate the confidence
of benefits exceeding the indicated amount. For example, Alternative SB-7 has expected benefits of $57
million at the 50% confidence interval, and 75% confidence that benefits will be equal to or greater than
$37 million. The range in probability distribution of damages reduced is indicative of the uncertainty in
the benefits estimates, which incorporates all the uncertainties in hydrology, hydraulics, geotechnical and
economics in the HEC-FDA model. The uncertainty in damages reduced is a critical component when

selecting an optimal plan during the plan formulation process. Professional judgment guides the

determination of an alternative meeting a reasonable level of confidence regarding positive net benefits.




Table 9a. Probability Distribution of Damages Reduced—Study Area
October 2012 Prices (Values in $1,000s), 3.75 Discount Rate

SB-1: No Action 112,046 | 112,046 0 0 0 0

SB-7: Fix-in-place Feather River, | 1,5 500 | 48946 | 63900 | 35742 | 52323 | 87,895
Sunset Weir to Laurel Avenue

SB-8: Fix-in-place Feather River, | 1,5 006 | 41476 | 70570 | 38445 | 58915 | 97,166
Thermalito to Laurel Avenue

Table 9b. Project Performance by Economic Impact Area—Alternative SB-7

Biggs F9.0R 0.07 0.08 55% 91% 98% | 82% | 61% | 58% | 32%
Gridley F9.0R 0.07 0.08 55% 91% 98% | 82% | 61% | 58% | 32%
Live Oak F9.0R 0.07 0.08 55% 91% 98% | 82% | 61% | 58% | 32%
Yuba City F3.0R | 0.002 0.003 3% 8% 13% | 99% | 99% | 97% | 48%
Rural Butte F9.0R 0.07 0.08 55% 91% 98% | 82% | 61% | 58% | 32%
Rural Sutter S4.0L 0.45 0.52 99% 99% 99% | 33% | 30% | 22% | 6%

Table 9b. Project Performance by Economic Impact Area—Alternative SB-8

Biggs FO.0R | 0.002 0.002 2% 7% 11% | 99% | 99% | 97% | 64%
Gridley FO.0OR | 0.002 0.002 2% 7% 11% | 99% | 99% | 97% | 64%
Live Oak FO.0R | 0.002 0.002 2% 7% 11% | 99% | 99% | 97% | 64%
Yuba City F3.0R | 0.002 0.003 3% 8% 13% | 99% | 99% | 97% | 48%
Rural Butte FO.0R | 0.002 0.002 2% 7% 11% | 99% | 99% | 97% | 64%
Rural Sutter S4.0L 0.45 0.52 99% | 99% | 99% | 33% | 30% | 22% | 6%




4. ALTERNATIVE COMPARISON

Net Benefit Analysis. Economic feasibility and project efficiency are determined through a benefit-cost
analysis. For a project to be feasible, benefits must exceed costs and the most efficient alternative is one
that maximizes net benefits (annual benefits minus annual costs). The identification of such alternative is
referred to the National Economic Development Plan (NED). Table 10 summarizes the net benefit
analysis of the final array of alternatives using probability reduced damages at varying confidence
intervals in terms of benefits and costs (25%, 50% and 75%), while Table 11 shows the net benefit
analysis using the mean computed benefits and cost at an 80% confidence level* per standard USACE
practice.

Table 10. Net Benefits? (Varying Confidence Intervals)—Final Array of Alternatives
October 2012 Prices (Values in $Millions), 3.75 Discount Rate

! Standard practice in Corps Feasibility Studies.

2 Net Benefits and Benefit to Cost Ratios are a result of Monte Carlo simulations using triangular distributions of annual benefit and annual costs
confidence intervals as inputs.
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Table 11. Net Benefits (Mean, Standard Corps Practice)—Final Array of Alternatives
October 2012 Prices (Values in $Millions), 3.75 Discount Rate

Residual Floodplains: Residual 1% ACE floodplains® for the final array of alternatives are shown in
figures below. SB-7 reduces adverse flooding effects but benefits are primarily centered on Yuba City.
The alternative features do not address the significant flooding risk in the communities of Biggs, Gridley,
and Live Oak. SB-8 reduces the residual risk for the northern communities.

Residual Population at Risk (PAR): PAR within the 1% ACE floodplain for the No Action Alternative
is 94,600. SB-7 reduces the 1% floodplain PAR to 38,200, while SB-8 reduces PAR to approximately
6,600.

3 1% floodplains are based on the inundation from any levee having less than 95% assurance. The assurance estimate was based on geotechnical,
hydraulic, and hydrologic uncertainty.
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Figure 1: 1% ACE Residual Floodplains for the Final Array
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5. OTHER SOCIAL EFFECTS

Purpose and Methodology. This portion of the economic analysis documents the results of the Other
Social Effects (OSE) account analysis associated with the Sutter Basin Pilot Feasibility Study. The
analysis is intended to provide a portrait of the social landscape of the study area and offer a glimpse as to
the vulnerability of the populations that call Sutter Basin their home.

A concern for social effects associated with water resources development and management has long been
part of federal water resources planning guidance, appearing as the Social Well-being Account in 1972
Principles and Standards, and later as the OSE account in the Principles and Guidance (P&G) adopted in
1983 and in the Corps’ ER 1105-2-100. However, since the adoption of the P&G there has been a
tendency to discount the role and importance of OSE factors in water resources planning. Now, new
guidance is being promulgated and implemented—principally EC 1105-2-409 Planning in Collaborative
Environment—is placing much greater emphasis on the importance of including a broad range of
considerations in planning. In addition to NED factors, other considerations, including social factors
addressed in the OSE account, are to be used to develop appropriate water resources solutions.

Essentially, the OSE account serves to answer the following question:

How are social connectedness, community social capital,
and community resiliency likely to change in the absence

of a solution to a water resource issue? How are vulnerable
populations likely to be affected?

Metrics:

e Social Connectedness will be measured using Gender, Race & Ethnicity, Age, Rural/Urban
Communities, Rentals vs. Homeownership and Occupation.

e Community Social Capital will be measured using Education, Family Structure, Rural vs.
Urban Communities and Population Growth.

o Community Resilience will be measured using Income, Political Power, Prestige,
Employment Loss, Residential Property, Infrastructure/Lifetime, Family Structure and
Medical Services.

This assessment is in accordance with standards, procedures, and guidance of the U.S. Army Corps of
Engineers. The Planning Guidance Notebook (ER 1105-2-100) serves as the primary source for
evaluation methods of flood risk management studies and was used as a reference for this analysis.
Additionally, the Institution for Water Resources Handbook on Applying ““Other Social Effects” Factors
in Corps of Engineers Water Resources Planning (IWR 09-R4) served instrumental in conducting the
analysis.

This report analyzes the social effects related to the without and with-project conditions. The 1% annual
chance exceedance (ACE) floodplain serves as the basis for the analysis of impact.

Historic Digest. The topography of the Sutter Basin is composed primarily of the gentle flatlands of the
Sacramento Valley. Prior to the settlement of European populations, the basin was dominated by
immense wetlands and riparian forest. The historic habitats of Sutter Basin supported large populations
of waterfowl and other wildlife. In the 1830s, European settlers started to cultivate the basing for
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agricultural use. Other practices included livestock grazing and controlled burns. The late 1800s brought
gold miners during the Gold Rush and later cattle drivers that stayed to continue to use the rich soil for
agriculture production. This resulted in lower areas and interior valleys being sparsely inhabited by
ranchers and farmers. By the 1930s, the majority of the basin was cultivated for agricultural production
and cattle grazing. Currently, the basin is a major agricultural center in northern California. Sutter basin
is composed of two counties, Sutter and Butte. Both of which are primarily agricultural communities.
The 2001 Census of Agriculture classifies 88% of Sutter County’s acreage of being in farms. The five
leading crops based are rice, peaches, walnuts, dried plums, and tomatoes. Within the Sutter Basin study
area boundary, Sutter County includes two cities (Yuba City and Live Oak), and Butte County includes
another two cities (Biggs and Gridley).

Social Profile. A first key step in helping the decision-makers gain a better understanding of the social
landscape—e.g., identifying who lives in the study area, who has a stake in the problem or issue and why
it is important to them. This fundamental step entails performing a profile of the area in terms of basic
social statistics, and to make such presentation of information meaningful by providing useful
comparisons and rankings. The preparation of the social profile is not the OSE analysis. Social profiling
provides the basic level of understanding about the social conditions, but more in-depth analysis is
required to target areas of special concern or relevance to the specifics of the water resources issues. The
basic social statistics discussed below are indicators used to portray basic information about the social life
and the processes of the area under study. The development of these basic social characteristics (Table
12) present a portrait of the study area.

The 300 square mile study area is home to over 95,110 people. Approximately 88% of the total
population abides in one of four incorporated cities. Yuba City makes up the majority of the population
with 64,900 individuals. The communities of Live Oak, Gridley and Biggs have 8,400, 6,600, and 1,700
persons, respectively. The remainder of the population of 11,240 individuals reside in the surrounding
rural areas of Sutter and Butte Counties. The study has seen a significant increase in population over the
last decade. The growth has been primarily centered in Yuba City, which saw its population grow from
36,760 people in 2000 to 60,510 in 2006, a 65% increase.

The median age of the study area is consistent with State and national averages; as is the population over
65. However, the population under 18 years of age is higher in the study are (>28%) compared to State
(25%) and national (24%) averages. Education statistics indicate lower levels of attainment. The percent
of individuals over 25 with a high school degree (or equivalent) and percent of college graduates are
lower than State and national averages.

Variances in race and ethnicity in communities may impose language and cultural barriers that affect
ability to cope with natural hazards. The Hispanic presence is evident given they make up at least 28% of
the population in each community. Live Oak’s population is composed of 48.8% of individuals of
Hispanic origin, which is significantly higher than the State average of 37.6% and greatly exceeds the
national average of 16.3%.

Median household income for the study area ranges from $36,563 (Gridley) to $48,830 (Yuba City).
Both of which are below State ($61,632) and national (52,762) averages. The persons living at or below
the poverty level in the study area are 22.7%, 21.4% and 15% for Biggs, Gridley and Yuba City,
respectively. All of which are larger than the State (14.4%) and national (14.3%) averages.
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The total labor force in the study area is estimated at 40,000, with an unemployment rate of 14.7%, 8.4%,
and 9.3% in Biggs, Gridley and Yuba City, respectively. Total private wage or salary workers estimated
to be 75% (Biggs), 65% (Gridley) and 69% (Yuba City) with 17% (Biggs), 25% (Gridley) and 20%
(Yuba City) of the labor force rated as government workers. Approximately, 7% (Biggs), 11% (Gridley)
and 11% (Yuba City) of the labor force was considered to be self-employed, not incorporated. The
average wage per job so the study area is between $22,300 to $28,100.

Table 12. Basic Social Characteristics—Sutter Basin Study Area
2010 Census Demographic Data

Study Area Community

Basic Social Statistic California | National
Biggs | Gridley | Live Oak | Yuba City
Population
Current Population (2010) 1,760 6,380 8,360 67,370 | 37,254,000 | 308,746,000
Age
Median Age 35.1 33.1 317 33 35.2 37.2
% 65 and above 10.9% 14.1% 10.7% 11.7% 11.4% 13.0%
% under 18 28.1% 28.7% 30.6% 28.2% 25.0% 24.0%
Race and Ethnicity
Asian 0.5% 3.7% 11.4% 17.0% 12.8% 4.7%
Black 0.4% 0.5% 1.4% 2.2% 5.8% 12.2%
Hispanic 34.0% 45.6% 48.8% 28.4% 37.6% 16.3%
White 60.5% 46.7% 35.0% 47.4% 40.1% 63.7%
Other 4.6% 3.5% 3.4% 5.0% 3.7% 3.1%
Education
% HS Graduates 75.1% 64.6% - 77.6% 80.8% 85.4%
% College Graduates 9.3% 10.1% - 19.2% 30.2% 28.2%
Income and Poverty Status
0% Unemp|0yed 14.7% 8.4% - 9.3% 6.5% 5.6%
Median Household Income | $44,485 | $36,563 - $48,830 $61,632 $52,762
Persons below Poverty (%) 22.7% 21.4% - 15.0% 14.4% 14.3%
Housing
Homeownership Rate 69.4% 57.8% 65.9% 56.9% 55.9% 65.1%
% of Mobile Homes 2.7% 3.6% - 4.4% 3.9% 6.6%
Quality of Life
Average Household Size 3.37 3.63 3.88 3.49 3.45 2.58
Language Other than English | 55 600 | 43 704 i 40.1% 43.2% 20.3%
Spoken at Home
Mean travel time to work 26.4 21 i 28 27 25 4

(minutes)
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Social Effects Assessment.

Social Vulnerability and Resiliency: Social vulnerability is a term described by the sensitivity of a
population to natural hazards, where as resiliency refers to the population’s ability to respond to and
recover from the impacts of such hazard. The characteristics that are recognized as having an influence
on social vulnerability generally include age, gender, race and socioeconomic status. Other
characteristics include population segments with special needs or those that lack the normal social safety
nets necessary in disaster recovery, such as the physically or mentally challenged, non-English speaking
immigrants, transients and seasonal tourists. The quality of human settlements (housing type and
construction, infrastructure and lifelines) and the built environment are also important in understanding
social vulnerability, especially as these characteristics influence potential economic losses, injuries, and
fatalities from natural hazards. Table 13 provides discussion of factors that may dictate vulnerability and
ability to cope with natural hazards, along with an assessment as it relates to the Sutter Basin study area.

Table 13. Social Vulnerability and Resiliency Indicators
Assessment of the Sutter Basin Study Area

Indicator Discussion Assessment
Income, This measure focuses on ability to absorb losses and enhance | As a measure, median household income of
political resilience to hazard impacts. Wealth enables communities to the study area is less than the State and
power, and absorb and recover from losses more quickly due to insurance, | national average. The communities may be
prestige social safety nets, and entitlement programs. at a disadvantage in recovery efforts.
Although data is not specifically available
concerning the wage rate of male versus
Women can have a more difficult time during recovery than female for the study area, it is recognized
. that a smaller percent of women are
Gender men, often due to sector-specific employment, lower wages loved in the labor force in the stud
and family care responsibilities. employed in . iy
area than in the larger metropolitan city of
Sacramento. However, the percent of
variation of this factor is quite small.
It is recognized that the study areas has a
significant Hispanic population, which may
Race and ethnicity may impose language and cultural barriers | pose a risk to the resiliency of the
Race and ; . S : . .
Ethnicity that affect access to post-disaster funding and residential community. Of particular note is the fact
locations in high hazard areas. that between 33-43% of the population
speak a language other than English at
home.
Extremes of the age spectrum inhibit the movement out of Those over 65 years of age are estimated at
harm’s way. Parents lose time and money caring for children | 11-14%, which is similar to State and
Age when daycare facilities are affected, elderly may have national averages. Those under 5 years of
mobility constraints or mobility concerns increasing the age are estimated at around 8%, which is
burden of care and lack of resilience. slightly above State and national averages.
The potential loss of employment following a disaster The current unemployment rate of the
Employment | exacerbates the number of unemployed workers in a study area is higher than the State, which
Loss community, contributing to a slower recovery from the indicates that there may be financial issues

disaster.

in dealing with re-establishing housing.

Rural/Urban

Rural residents may be more vulnerable due to lower incomes,
and more dependent on locally based resource extraction
economies (farming and fishing). High-density areas (urban)

Because 12% of the population reside in the
rural areas of the study area, there may be
concern in their ability to recover from
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complicate evacuation from harm’s way.

natural hazards.

The value, quality, and density of residential construction

Percentage of mobile homes are similar to

Residential affect potential losses and recovery. For example, expensive ;
. . . State averages, both of which are less than
Property homes are costly to replace, while mobile homes are easily .
o the national average.
destroyed and less resilient to hazards.
Loss of sewers, bridges, water, communications, and The sr_naller communities of Biggs, Grld_ley,
L . and Live Oak are at a greater risk of coping
Infrastructure | transportation infrastructure may place an insurmountable . A ;
- : : " with a natural hazard given their lack of
and Lifelines | financial burden on the smaller communities that lack the ; .
. . - financial resources when compared to the
financial resources to rebuild. . .
larger urban community of Yuba City.
Housing rentals range between 30-43% of
People that rent typically do so because they are either Sutter 3asm S hqusehpld§. The high rental
. ; : population highlights indications of
transient or do not have the financial resources for home . o
. . ’ community cohesion issues. Research
ownership. They often lack access to information about A
Renters . S . indicates that renters do not have the same
financial aid during recovery. In the most extreme cases, : : :
. . - community pride as owners thereby having
renters lack sufficient shelter options when lodging become : - .
. . more barriers to direct community
uninhabitable or too costly to afford. . . .
involvement in redeveloping the
community after a natural hazard.
Some occupations, especially those involving resource
extraction, may be severely impacted by a hazard event. Self-
employed fisherman suffer when their means of production is
lost and may not have the requisite capital to resume work in a | Because the study area’s industry is
. timely fashion and thus will seek alternative employment. primarily driven by agricultural production,
Occupation . - - ! e .
Migrant workers engaged in agriculture and low skilled many workers may have a difficult time
service jobs (housekeeping, childcare, and gardening) may coping with natural hazards.
similarly suffer, as disposable income fades and the need for
services decline. Immigration status also affects occupational
recovery.
Families with large numbers of dependents or single-parent The literature indicates that families having
Eamil households often have limited finances to outsource care for over 4 or more persons have more financial
Struct{Jre dependents, and thus must juggle work responsibilities and difficulty than those of lesser numbers.
care for family members. All affect the resilience torecover Accordingly, community planners need to
from hazards. be aware of pending issues.
With between 23-35% of Sutter Basin’s
Education is strongly linked to socioeconomic status, with residents having less than high school
Education higher educational attainment resulting in greater lifetime education there may be constraints in the
earnings. Lower education constrains the ability to understand | ability of those residents to adequately deal
warning information and access to recovery information. with local, state, and federal information
requirements surrounding recovery efforts.
Sutter Basin has grown significantly in the
past 10 years. A rapid growth rate in
population is highly correlated with low
. Lo . . . community cohesion. The sense of
Counties experiencing rapid growth lack available quality belonaing. cooperation. and strona sense of
housing and the social services network may not have had ging, coop ’ : g
. . . . . : community pride are dynamic factors,
Population time to adjust to increased populations. New migrants may not . A .
- - . which assist in the restoration of the
Growth speak the language and not be familiar with bureaucracies for

obtaining relief or recovery information, all of which increases
vulnerability.

community after a catastrophic event. Due
to rapid growth in Yuba City, community
bonds and sense of owning community
issues may not be as strong as other more
slowly growing cities like Biggs, Gridley,
and Live Oak.
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Medical
Services

Sutter Basin has many medical facilities
available to its general population. This
indicates very high medical assistance
should natural hazard occur. Additionally,
the nearby city of Sacramento is equipped
to provide some medical assistance to the
residents of Sutter Basin.

Health care providers, including physicians, nursing homes,
and hospitals are important post-event sources of relief. The
lack of proximate medical services will lengthen immediate
relief and result in longer recovery from disasters.

Environmental Justice: Executive Order 12898 concerning environmental justice provides direction on
the analysis of social and economic effects that would be applicable to proposed flood risk management
projects. Signed by President Clinton in 1994, EO 12898 (Federal Actions to Address Environmental
Justice in Minority and Low-Income Populations) requires that environmental analyses of proposed
Federal actions address any disproportionately high and adverse human health or environmental effects
on minority and low-income communities. Additionally, EO 13045 (Protection of Children from
Environmental Health Risks and Safety Risks) requires Federal agencies to identify, assess, and address
disproportionate environmental health and safety risks to children from Federal actions.

(1% Step) According to the guidelines established to assist the Federal and State agencies in
examining potential for environmental justice impacts, the first step in conducting an environmental
justice analysis is to define minority and low income populations. Based on these guidelines, a
minority and low-income population is present in a project study area if:

e The minority population of the affected area exceeds 50 percent or the minority population
percentage of the affected area is meaningfully greater than the minority population
percentage in the general population or other appropriate unit of geographic analysis.

e The project study area is composed of 50 percent or more people living below the poverty
threshold, as defined by the U.S. Census Bureau, or it is significantly greater than the
poverty percentage of the general population or other appropriate unit of geographic
analysis.

(2™ Step) The second step of an environmental justice analysis requires a finding of a high and
adverse impact. The executive orders address the impacts on the demographic, economic, and social
factors that could measurably alter the economic condition (i.e., the availability of employment), the
accessibility of goods, infrastructure and services, and the quality of life in the area of influence.
These types of impacts would be significant to the affected population. More specifically, a proposed
project alternative would have a significant socioeconomic impact if it were to result in any of the
following effects:

e Long-term increase in population that could not be accommodated by regional infrastructure
(i.e., housing, utilities, roads, hospitals and schools) or services (such as police and
emergency services)

e A reduction in the availability of affordable housing, which could occur either through a
large increase in housing prices or a large decline in the supply of affordable housing

e Long-term displacement of population that could not be accommodated within the region
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e Long-term displacement or disruption of local businesses that could not be accommodated
within the region

e Aloss in community facilities, events, populations, or major industry that would result in an
overall loss in community cohesion

o Disruption of emergency services or creation of a public health risk that could not be
avoided by the public, especially if it would particularly affect the health and safety of
children

(3" Step) A proposed project alternative would have an environmental justice impact if it were to
cause impacts that are disproportionately high and adverse, either directly, indirectly or cumulatively.
To make a finding that disproportionately high and adverse effects would likely fall on a minority or
low-income population, three conditions must be met simultaneously:

e There must be a minority or low-income population in the impact zone

e A high and adverse impact must exist

e The impact must be disproportionately high and adverse on the minority or low-income
population

Review of real estate records and discussion with USACE Sacramento District PDT disclosed that the
construction of Alternative SB-7 and SB-8 have no major direct impact to residents in the immediate area.
Implementing the proposed alternative would have a beneficial impact on the regional economy due to
increased expenditures in the regional economy during the construction period. However, increased
construction-related traffic, delays, and detours as well as an increased population due to the presence of a
construction workforce can result in increased social tension during the construction period.

Nevertheless, the conclusion based on the environmental justice criteria, is that there is no highlt adverse
impact due to construction of either alternative project.

Life Safety Evaluation. Methods to calculate economic losses from natural hazards are fundamental to
the planning process. However, such losses only capture part of the impact of natural hazards, and
alternatives based only on reducing such damages miss a wide range of other important effects. A critical
missing element from the current flood damage assessment approach is estimating the potential for loss of
life and injury associated with flood events and flood damage reduction interventions. Current
methodology has reached high level of sophistication but requires significant technical resources.
However, the planning modernization paradigm calls for approaches that employ sound qualitative
analysis guided by professional judgment rather than heavily focused high resource consuming
guantitative processes.

Economists conducting the Sutter Basin Pilot Feasibility Study decided to make use of the Levee
Screening Tool (LST) to facilitate preliminary assessment of the general condition and associated risks of
levees in support of loss of life estimation. The LST provides an initial quantitative risk estimate to assist
local, state, and Federal stakeholders in identification and prioritization of funding needs for levees of
concern. All inputs for the LST will be estimated from readily available data. Estimates of the flood
loading are made from information such as design documents, gage records, flood insurance studies, or
project specific studies. An assessment of performance is based on results of the routine levee inspection
and an engineering assessment of performance related items from the levee inspection checklist based on
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a review of design documents and other relevant engineering data. Life safety consequences within the
study area are estimated from readily available data.

The risk associated with levee segments and systems can be characterized by considering the magnitude
and likelihood of a hazard (i.e. loading), the conditional response of the levee given the loading (i.e.
performance), and the potential consequences that result from the combination of loading and response.
Various loading scenarios may be possible as a result of the types of loading (e.g. flood), operational
performance (e.g. gate closure), human intervention (e.g. sandbagging during a flood fight), or outcomes
external to the levee system (e.g. upstream reservoir operations or failure of a nearby levee system).
Performance of the levee can be described by one of the following inundation scenarios: 1) Breach prior
to overtopping, 2) Overtopping with breach, 3) Overtopping without breach, and 4) Component
malfunction. Multiple performance modes (e.g. seepage and piping, overtopping, floodwall stability) can
influence performance of the levee system and each performance mode can have different consequences
depending on the location and severity of a levee breach. Consequences can also be influenced by
various factors such as the effectiveness of warnings and evacuations and the depth, velocity, and rate of
rise of flooding. The three primary inputs (load, performance, consequences) can be combined using
probabilistic methods to obtain a risk estimate represented as a probability distribution of potential
consequences. The expected value of risk (i.e. average annual) is often computed from this distribution
and used as a point estimate of the risk. Point estimate results are commonly displayed on an f,N chart
with the vertical axis representing the annual likelihood of inundation and the horizontal axis representing
the average magnitude of consequences. A conceptual representation of the risk framework is provided in
Figure 1.

Figure 2. Conceptual Risk Framework
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The consequence portion of the LST includes computation that allow for an estimate of loss of life caused
by inundation due to breach or overtopping of a levee. Readily available data and information are used
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along with limited analysis to assess the potential consequences related to a breach prior to overtopping of
a levee segment. The consequences section of the LST is subdivided into the categories of general
information, evacuation effectiveness, fatality rate computation, and critical infrastructure. For additional
information on methodology please see the Levee Screening Tool: Methodology and Application
(November 2011, RMC-CPD-1).

The computed fatalities under a breach scenario for the without-project condition are estimated to be 388
and 489 for day and night settings, respectively. Table 14 indicates the results of the application of the
LST to the estimated population under each alternative scenario. To the approximately 38,300 people at
risk under Alternative SB-7, the potential loss of life estimate is 157 (day) and 197 (night) lost lives. And
to approximately 6,640 people at risk under Alternative SB-8, the potential loss of life estimate is 27
(day) and 34 (night).

Table 14. Loss of Life Estimate

Alternative
Community SB-1 SB-7 SB-8
Day Night Day Night Day Night
Biggs 6 8 6 8 0 0
Gridley 26 33 26 33 0 0
Live Oak 34 43 34 43 0 0
Yuba City 276 348 47 59 14 18
Rural Butte 20 25 20 25 0 0
Rural Sutter 26 32 24 30 13 16
Total 388 489 157 197 27 34

In addition to loss of life evaluation, other metrics were developed to assess the vulnerability of
individuals living in the study area. Table 15 describes the metrics used to further evaluate life safety and
Table 16 shows their results by alternative.

Table 15. Description of Metrics

Evaluation Metric Description

Number of people within the 1% ACE Floodplain based on the 2010
census blocks.

Population at Risk (People)

Number of fire stations, police stations, hospitals, senior living

Critical Infrastructure (Facilities) facilities, and jails that are of life safety significance.

Assesses the vulnerability of populations with regards to the number

Evacuation Routes (# of Routes) of escape routes available during flood events.

Potentially developable land within the 0.2% ACE floodplain. Acres

Wise Use of Floodplains (Acres) of land with 1% ACE flood depths less than 3 feet.

Table 16. Summary of Life Safety Metrics
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Alternative

Evaluation Metric
SB-1 | SB-7 | SB-8

Population at Risk (People) 94,600 |38,200| 6,600
Critical Infrastructure (Facilities) 28 11 1
Evacuation Routes (# of Routes) 0 1 5

Wise Use of Floodplains (Acres) |71,800 (88,200{100,200

Population at Risk. The population at risk of flooding from a 1% ACE flood event is 94,600 for the
without project condition (Alternative SB-1). A remaining population of 38,200 and 6,600 are at risk of
flooding from Alternative SB-7 and SB-8, respectively. Of special concern is the population over the age
of 65 living within the study area since those individuals have been shown to be at higher risk of life loss
in flood events. The community of Gridley has above average representation of individuals age 65 or
older.

Critical Infrastructure. A significant amount of critical infrastructure is located within the Sutter study
area. Critical infrastructure is a term used by governments to describe assets that are essential for the
functioning of a society and economy from a national perspective. Most commonly associated with the
term are facilities for fire stations, police stations, hospitals, senior living facilities, and prisons. The
benefits of Alternative SB-7 are primarily centered around Yuba City and still at risk are 11 of the critical
infrastructure in the communities of Biggs, Gridley and Live Oak.

Evacuation Routes. The primary urban centers in the region are Yuba City, Biggs, Gridley, and Live
Oak. These communities are all located on or near California State Route 99, which runs north-south
through the region. Each community is also relatively close to California State Route 20, a major east-
west roadway, which could also be used in an evacuation. Highway 20 takes a generally straight east-west
path across the Sacramento River and the Sutter Bypass on its way to Yuba City. The route crosses
Highway-99 west of central Yuba City, and runs east through the northern Yuba City to the Feather

River, which it crosses on the 10" Street Bridge into Marysville. The Sutter County Evacuation and Mass
Shelter/Care Plan identifies Highway 20, 99 and 113 as the primary evacuation routes in the region. These
routes are subject to change since these routes are event-specific and official routes are established by the
County Sheriff’s office during an emergency. The Butte County Office of Emergency Management does
not have published evacuation routes at this time, but anticipates Highway 99, 162 and Colusa Highway
could be used as conditions allow. During the 1997 event, seven different evacuation zones were
established over seven days due to constantly changing conditions and levee breaks®. The main
evacuation routes used for this flood event were Highway-99 north and Highway-113 south. Highway-20
west and Highway-99 south were used intermittently since all portions of these roads were not accessible
at all times during the flood.

Evacuation preparation can be made days in advance for predictably rain events. For example, a 0.2%
ACE (1/500 year event) rain storm would be identified by meteorologist and residents could be given
notice days in advance. As a significant rain event nears, warnings and evacuation efforts would be
increased and reiterated. This would allow time for evacuation of immobile residents and other people
with special evacuation needs (hospitals, rest homes, jails, elderly individuals, schools) via the established
routes. However, none of the historical flooding evacuations in the region have been due to foreseen

* Source: Sutter County Office of Emergency Management.
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weather events. Historical flood evacuations in the region have been from levee failures due to
underseepage, which is characterized by its unpredictability and sudden occurrence. The result is
evacuations after levees have failed and widespread flooding is in progress. The 1955 flood occurred due
to a levee break in late December where no prior evacuation notice was given. In the 1997 flood, Yuba
City was evacuated and during the evacuation a levee on the east side of the Feather River near Olivehurst
(which was not evacuated) broke.

The residual 1% ACE (1/100 year event) resulting from Alternative SB-7 impacts every major urban
center and nearly every primary evacuation route in the region. The floodplain is due to potential levee
failure upstream of Sunset Weir. All routes out of Biggs, Gridley and Live Oak are impacted by the
residual floodplain. The only egress from Yuba City would be Highway 20 east into Marysville, which is
a community surrounded by a ring levee. Additionally, heading eastbound entails driving over a four lane
bridge that is not expected to adequately handle the additional traffic flow, and may create a bottle neck
limiting evacuation.

Wise Use of Floodplains. A determination must be made as to whether the increase in potentially
developable floodplain area is acceptable under Corps policy, or can be avoided or mitigated to an
acceptable level within a justified cost. It is important to remember that the floodplain metric used in this
analysis is a simple index based on physical parameters. The metric does not attempt to forecast future
population growth, economic conditions, or government decisions that will constrain future floodplain
development. Those factors should be considered in conjunction with the metric.

Without and With-Project Comparison. Corps assessment of beneficial and adverse effects are based
on comparison of with-project alternatives to the future without-project alternative condition expected to
prevail. The social effects of the alternatives have both direct and indirect effects. Direct effects result
immediately from construction of the projects, whereas indirect effects result from the effects of the
project on the existing social landscape in the study area. A first step is describing or characterizing the
alternatives in terms of descriptors such as magnitude (number of individuals affected), location
(concentration of effects), timing and duration (when the effects will start and how long they are expected
to last), and associated risks. Table 17 provides a description of the effects of each alternative, including
the no action.
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Table 17. Characterization of Alternative Effects

SB-1

SB-7

SB-8

1. ALTERNATIVE DESCRIPTION

Alternative SB-1: The No Action
provides no physical project
constructed by the Federal
Government.

Alternative SB-7: The plan is a
Feather River fix-in-place levee
alternative from Sunset Weir to
Laurel Avenue.

Alternative SB-8: The plan is a
Feather River fix-in-place levee
alternative from Thermalito to
Laurel Avenue.

2. OTHER SOCIAL EFFECTS

Summary

Continued flood risk and
consequences in the Sutter Basin
including the communities of
Yuba City, Live Oak, Gridley,
and Biggs.

Flood Warning Emergency
Evacuation Plan (FWEEP)
mitigation is problematic for
types of levee failures and limited
evacuation routes. Significant life
safety residual risk to the
communities of Yuba City, Live
Oak, Gridley, and Biggs.

Flood Warning Emergency
Evacuation Plan (FWEEP)
mitigation is problematic for types
of levee failures and limited
evacuation routes. Life safety
residual risk to the communities of
Yuba City, Live Oak, Gridley, and
Biggs are significantly reduced.

Population at

Approximately 96,600 individuals
are within the 1% ACE

38,200 people remain in the 1%
ACE floodplain.

6,600 people remain in the 1%
ACE floodplain.

Risk floodplain (60% of population is removed (93% of population is removed
plain. from the 1% ACE residual from the 1% ACE residual
floodplain.) floodplain)
Loss of Life Potential loss of lives: Potential loss of lives: Potential loss of lives:
Day-388, Night-489 Day-157, Night-197 Day-27, Night-34
. 28 structure deemed as critical . .
Critical . . 11 structures remain at risk from . .
from a national perspective are at 1 structure is at risk from floods.
Infrastructure - floods.
risk from floods.
Offers one problematic route for | 5 evacuation routes are available in
E . In the event of a flood, no evacuation during a flood event. the event of a flood. A flood
vacuation ; . . . . X i
R evacuation route is available out A flood warning and evacuation warning and evacuation plan would
outes . .
of the basin. plan would not be as effective and | have more robustness and
limited. redundancy.
Wise Use of Currently,_71,800 acres of land 88,200 acres would be potentially 100,2Q0 acres (_)f land would be
; are potentially available for future - potentially available for future
Floodplains available for future development.
development. development.
The social vulnerability index Majority of the community of
score (SoVi) indicates the study Yuba City is afforded flood risk The four existing communities are
Social area to be medium to high reduction, however the provided flood risk reduction, and
Vulnerability vulnerability. The No Action communities of Live Oak, social vulnerability is minimized

alternative may leave
communities unable to cope with
the recovery from a flood hazard.

Gridley, and Biggs remain at risk
of flood hazards and may be
unable to cope and recover.

due to a decrease in the probability
of flood hazards occurring.

Residual Risk and
Consequences

Residual Risk remains high
throughout the study area

Residual Risk for Life Safety is
reduced for most of the Yuba City
urban area.

Residual Risk for Life Safety is
reduced in the high risk
communities: Yuba City, Live Oak,
Gridley and Biggs.
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6. REGIONAL ECONOMIC DEVELOPMENT

Purpose and Methodology. The U.S. Army Corps of Engineers (USACE) Planning Guidance Notebook
(ER 1105-2-100) states that while National Economic Development and Environmental Quality accounts
are required, display of the Regional Economic Development effects are discretionary. The Corps’ NED
procedures manual affirms that RED benefits are real and legitimate; however, the concern (from a
Federal perspective) is that they are often offset by RED costs in other regions. Nevertheless, for the
local community these benefits are important and can help them in making their preferred planning
decisions.

Although the RED account is often examined in less detail than NED, it remains useful. For example,
Hurricane Katrina caused a significant economic hardship to not just the immediate Gulf Coast but for
entire counties, watersheds, and the State of Louisiana. Besides the devastating damage to homes (which
are often captures by the NED account), hundreds of thousands lost their jobs, property values fell, and
tourism and tax revenues declined significantly and moved to other parts of the U.S. In this example, the
RED account can provide a better depiction of the overall impact to the region.

The distinction between NED and RED is a matter of perspective, not economics. A non-federal partner
may consider the impacts at the state, regional, and local levels to be a true measure of a project’s impact
or benefit, whereas from the Corps’ perspective, this may not constitute a national benefit. Gains in RED
to one region may be partially or wholly offset by losses elsewhere in the nation. For example, if a
Federal project enables a firm to leave one state to locate in the newly-protected floodplain of another
state, the increase in regional income for the project area may come at the expense of the former area’s
loss. As such, they may not influence the net value of the nation’s output of goods and services and
should be excluded from NED computations.

RED Concepts. The RED account has been given less emphasis in the Corps’ past or current guidance.
Perhaps the most extensive statement on RED appeared in the Principles and Guidance earlier version, the
Principles and Standards:

“Through its effects—both beneficial and adverse—on a region’s income, employment, population,
economic base, environment, social development and other factors, a plan may exert a significant
influence on the course and direction of regional development. The regional development account
embraces several types of beneficial effects, such as (a) increased regional income, (b) increased
regional employment, (c) population distribution, (d) diversification of regional economic base, and
(e) enhancement of environmental conditions of special regional concern.”

Econometric analysis allows for the evaluation of the full range of economic impacts related to specific
economic activities (construction and procurement) by calculating the direct, indirect and induced effects
of the activities in the specific geographical designation.

e Direct Effects: consist of economic activity contained exclusively within the designated sector.
This includes all expenditures made by the companies or organizations in the industry and all
employees who work directly for them.

o Indirect Effects: define the creation of additional economic activity that results from linked
business, suppliers of goods and services, and provisions of operating inputs.
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e Induce Effects: measure the consumption expenditures of direct and indirect sector employees.

Input-output(l/O) models are characterized by their ability to evaluate the effects of industries on each
other. Unlike most typical measures of economic activity that examine only the total output of an
industry or the final consumption demand provided by a given output, 1/O models provide a much more
comprehensive view of the interrelated economic impacts. 1/0 analysis is based on the notion that there is
a fundamental relationship between the volume of output of an industry and the volume of the various
inputs used to produce that output. Industries are often grouped into production, distribution,
transportation, and consumption. Additionally, the 1/0 model can be used to quantify the multiplier
effect. In economics, the multiplier effects refers to the idea that an increase in spending can lead to even
greater increase in income and consumption, as monies circulate or multiply through the economy.

Flood Risk Management RED Considerations. There are particular effects for each type of project
improvement as they relate to the RED account. The estimation of RED flood-related effects can be very
complex. Ata minimum, the RED analysis should include a qualitative description of the types of
businesses at risk from flooding, particularly those that could have a significant adverse impact (output,
employment, etc.) upon the community or regional economies if their operations should be disrupted by
flooding and how this would be affected by the recommended project. The potential RED effects to flood
risk management projects are summarized in Table 18.

Table 18. Potential RED Effects to Flood Risk Management

RED Factor Potential RED Effects
Construction Additional construction related activity and resulting spillovers to suppliers
R Increased local business revenues as a consequence of reduced flooding, particularly
evenues :

from catastrophic floods

Tax Revenues Increased income and sales taxes from the direct project and spillover industries
Short-term increase in construction employment; with catastrophic floods, significant

Employment losses in local employment (apart from the debris and repair businesses, which may
show temporary gains)

Population Distribution Disadvantage groups may benefit from the creation of a flood-free zone

Potential increase in wealth for floodplain residents as less is spent on damage

Increased Wealth . L :
property, repairs, etc and potential increase in property values.

Regional Economic System Results. A variety of software programs are available to determine the RED
impacts for each project. Depending on the level of effort, project purpose, precision requirements and
size of the study area, application will most likely vary. The Corps of Engineers’ Institute for Water
Resources along with the Louis Berger Group has developed a regional economic impact modeling tool
called Regional Economic System (RECONS) that provides estimates of regional and national job
creation, retention and other economic measures. The expenditures made by the USACE for various
services and products generate economic activity that can be measures in jobs, income, sales and gross
regional product. RECONS automates calculations and generates estimates of economic measures
associated with USACE’s annual civil work program spending. RECONS was built by extracting
multipliers and other economic measures from more than 1,500 regional economic models that were built
specifically for USACE’s project locations by the Minnesota IMPLAN Group. These multipliers were
then imported into a database and RECONS matches various spending profiles to the matching industry
sectors by location to produce economic impact estimates. RECONS will be used as a means to
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document the performance of direct investment spending of the USACE, as it allows users to evaluate
project and program expenditures associated with the annual expenditure.

The economic impacts presented below show the Sutter study area and the State of California’s inter-
related economic impacts resulting from an infusion of flood reduction construction funds. For this
analysis, the study area and the State of California were both used as the geographic designation to assess
the overall economic impacts of the construction funds. This places a frame around the economic impacts
where the activity is internalized. Leakages (payments made to imports or value added sectors, which do
not in turn re-spend the dollars within the area) are not included in the total impacts.

Table 19 serves to demonstrate the complex nature of the Yuba City Metropolitan Statistical Area (MSA)
in 2008. There are approximately 64,844 persons employed in the MSA of Yuba City, California
providing an output to the national of $8,214,000,000 annually.

Table 19. Regional Profile
Yuba City Metropolitan Statistical Area, California
(Values in Millions, 2012 Dollars)

Industry Output Ihzgr?]re GRP Employment
Accommodations and Food Service $190 $62 $94 3,507
Administrative and Waste Management Services $179 $80 $109 2,682
Agriculture, Forestry, Fishing and Hunting $698 $176 $326 6,260
Arts, Entertainment, and Recreation $49 $14 $21 753
Construction $539 $222 $243 3,686
Education $262 $222 $250 4,491
Finance, Insurance, Real Estate, Rental and Leasing $503 $111 $350 3,523
Government $1,203 $859 $1,077 11,767
Health Care and Social Assistance $594 $335 $385 6,389
Imputed Rents $678 $89 $431 3,901
Information $342 $37 $75 603
Management of Companies and Enterprises $37 $14 $19 233
Manufacturing $1,115 $152 $233 2,698
Mining $243 $56 $147 555
Professional, Scientific, and Technical Services $258 $118 $144 2,421
Retail Trade $574 $240 $390 7,058
Transportation and Warehousing $268 $101 $141 2,476
Utilities $166 $28 $77 201
Wholesale Trade $315 $120 $206 1,639
Total $8,214 $3,036 $4,718 64,844

The total remaining costs for the project is estimated at 431,000,000 and 751,000,000 for alternative SB-7
and SB-8, respectively. In conducting the regional economic development analysis, the costs needed to
be adjusted for two items: (1) interest during construction and (2) purchase of land. Interest during
construction is the interest that is paid back to the federal treasury to cover the bond payments made in the
construction of the project. These funds are not expended within the region and therefore are not included
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within the regional analysis. Similarly, the purchase of land, not counting administrative costs, are
considered as transfer payments from one party to another and not considered in the analysis.

Table 20 is based on the average annual regional expenditures that are expected over the remaining
construction period. The construction schedule for alternative SB-7 is five years and seven years for
alternative SB-8. Over that period of construction, a total of 384,062,000 (SB-7) and 686,692,000 (SB-8)
is anticipated to be spent in the Sutter Basin study area in order to complete construction effort and place
the project beneficial status. The average construction expenditure is the anticipated amount divided by
the years of constructions, 76,812,000 (SB-7) and 98,098,000 (SB-8).

Table 20. Input Assumptions
Yuba City Metropolitan Statistical Area, California
(Values in Thousands, 2012 Dollars)

Spending Local Percentage Capture
Category Spending Ammount ;
SB7 SB8 Local State National
Aggregate 10% 38,406 | 68,669 94% 96% 99%
Materials
Other Materials 1% 3,841 6,867 100% 100% 100%
Equipment 35% 134,422 | 240,342 90% 99% 100%
Construction Labor 54% 207,393 | 370,814 100% 100% 100%
Total 100% 384,062 | 686,692 - - -

Direct expenditures expected for construction of earthen levees are spent primarily in two sectors of the
economy, construction labor and equipment. Both account for 89% of the total project expenditures.
Local capture rates are computed with RECONS to show where the output from expenditures are realized.
As indicated in Table 20, all of the construction labor is expected to occur within the MSA, and 90% of
the equipment is expected to be provided from within the study area, and 99% from within the State of
California.

Table 21 summarizes the expected economic impacts in terms of monetary output, number of jobs, labor
income and gross regional product. USACE is planning on expending approximately $77,000,000 for
SB-7 or $98,000,000 for SB-8 on the project. Of this total project expenditure, approximately
$74,000,000 for SB-7 or $94,000,000 for SB-8 will be captured within the regional impact area. The rest
will be leaked out to the State of California or the nation. The expenditures made by the USACE for
various services and products are expected to generate additional economic activity, which can be
measured in jobs, income, sales, and gross regional product as summarized in Table 22-24.

Of significant note to the study area is the creation of jobs. Currently, the unemployment rate in the study
area (8.4% in Gridley, 9.3% in Yuba City and 14.7% in Biggs) is higher than state (6.5%) and national
(5.6%) averages, and the number of jobs gained within the region demonstrates the multiplier effect of
this infusion of construction funds for this project.
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Table 21. Summary of Economic Impacts
Yuba City Metropolitan Statistical Area, California
(2012 Dollars)

Alternative SB-7

Alternative SB-8

Total Spending Regional State National Regional State National
$384,062,000 | $384,062,000 | $384,062,000 | $686,692,000 | $686,692,000 | $686,692,000
Output | $73,713,365 | $76,225,904 | $76,697,970 | $94,141,009 | $97,349,830 | $97,952,716
. Job 5,344 5,386 5,397 9,556 9,630 9,649
Direct Labor
Impact Income $51,467,519 | $52,135,157 | $52,306,415 | $65,730,335 | $66,582,991 | $66,801,709
GRP $59,477,394 | $60,876,748 | $61,141,251 | $75,959,928 | $77,747,074 | $78,084,878
Output | $125,962,039 | $153,322,937 | $202,554,134 | $160,868,975 | $195,812,199 | $258,686,476
Total Job 7,324 8,099 9,469 13,095 14,480 16,930
Impact hactz)or;e $68,495,021 | $78,658,749 | $94,442,866 | $87,476,544 | $100,456,871 | $120,615,125
GRP $90,623,778 | $106,865,898 | $134,174,527 | $115,737,681 | $136,480,861 | $171,357,330
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Table 22. Economic Impacts—Regional Level

Yuba City Metropolitan Statistical Area, California

(2012 Dollars)

Alternative SB-7

Alternative SB-8

Industry Sector Labor Labor
Sales Jobs Income GRP Sales Jobs Income GRP
Mining and
quarrying sand,
ng;’r‘;'i'c";"’r‘]ﬁ& $21,697,457 | $123 | $11,326,872 | $13,143,722 | $38,794,440 $219 | $20,252,126 | $23,500,604
refractory
minerals
pholesale trade | $379,606 $2 $156,322 $291,353 $678,724 $4 $279,499 $520,931
Transport by rail $575,297 $2 $176,467 $305,113 $1,028,615 $3 $315,517 $545,534
\':’vratnsport by $87,856 $0 $35,097 $38,076 $157,084 $0 $62,753 $68,080
Direct ater
Effects tTrLacrl‘fpo”by $12,769,011 $90 $6,502,420 | $7,554,866 | $22,830,630 $162 | $11,626,143 | $13,507,386
Construction of
other new
nonresidential $4,608,744 $30 $1,589,650 | $2,125,508 $8,240,304 $54 $2,842.249 | $3,800,348
structures
Commercial &
industrial
machinery & $121,055,375 $398 $30,157,286 | $66,534,853 $216,443,588 $711 $53,920,375 | $118,962,436
equipment
rental/leasing
Labor $207,393,480 | $4,699 | $207,393,480 | $207,393,480 | $370,813,680 | $8,402 | $370,813,680 | $370,813,680
Total Direct Effects $368,566,825 | $5,344 | $257,337,593 | $297,386,971 | $658,987,065 | $9,556 | $460,112,343 | $531,719,499
Secondary Effects $261,243,369 | $1,980 | $85,137,512 | $155,731,920 | $467,095,760 | $3,539 | $152,223,464 | $278,444,272
Total Effects $629,810,195 | $7,324 | $342,475,105 | $453,118,892 | $1,126,082,826 | $13,095 | $612,335,807 | $810,163,770
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Table 23. Economic Impacts—State Level

Yuba City Metropolitan Statistical Area, California
(2012 Dollars)

Alternative SB-7

Alternative SB-8

Industry Sector Labor Labor
Sales Jobs Income GRP Sales Jobs Income GRP
Mining and quarrying sand,
gravel, clay, & ceramic and $21,697,457 $123 $11,326,872 $13,143,722 $38,794,440 $219 $20,252,126 $23,500,604
refractory minerals
Wholesale trade businesses $564,590 $3 $237,707 $435,390 $1,009,471 $6 $425,014 $778,464
Transport by rail $841,594 $3 $261,098 $448,343 $1,504,746 $5 $466,837 $801,624
Transport by water $292,567 $1 $116,876 $128,879 $523,101 $1 $208,971 $230,432
Direct
Effects Transport by truck $12,769,011 $90 $6,502,420 $7,554,866 $22,830,630 $162 $11,626,143 $13,507,886
Construction of other new
nonresidential structures $4,608,744 $30 $1,589,650 $2,125,508 $8,240,304 $54 $2,842,249 $3,800,348
Commercial & industrial
machinery & equipment $132,962,079 $437 $33,247,683 $73,153,551 $237,732,438 $781 $59,445,917 | $130,796,481
rental/leasing
Labor $207,393,480 | $4,699 | $207,393,480 | $207,393,480 $370,813,680 $8,402 | $370,813,680 | $370,813,680
Total Direct Effects $381,129,521 | $5,386 | $260,675,786 | $304,383,738 $681,448,811 $9,630 | $466,080,937 | $544,229,520
Secondary Effects $385,485,165 | $2,713 | $132,617,959 | $229,945,753 $689,236,579 $4,850 | $237,117,163 | $411,136,507
Total Effects $766,614,686 | $8,099 | $393,293,745 | $534,329,491 | $1,370,685,390 | $14,480 | $703,198,099 | $955,366,027
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Table 24. Economic Impacts—National Level
Yuba City Metropolitan Statistical Area, California
(2012 Dollars)

Total Effects

Mining and quarrying sand,

gravel, clay, & ceramic and $21,697,457 $123 $11,326,872 $13,143,722 $38,794,440 $219 $20,252,126 $23,500,604

refractory minerals

Wholesale trade businesses $572,245 $3 $241,075 $441,350 $1,023,158 $6 $431,036 $789,122

Transport by rail $1,094,648 $3 $342,266 $585,701 $1,957,200 $6 $611,962 $1,047,216

Transport by water $423,734 $1 $169,276 $188,624 $757,625 $2 $302,660 $337,254

Transport by truck $13,474,219 $96 $6,861,536 $7,972,107 $24,091,523 $172 $12,268,233 $14,253,901

Construction of other new

nonresidential structures $4,608,744 $30 $1,589,650 $2,125,508 $8,240,304 $54 $2,842,249 $3,800,348

Commercial & industrial

machinery & equipment $134,225,323 $441 $33,607,922 $73,855,763 $239,991,084 $789 $60,090,014 $132,052,017

rental/leasing

Labor $207,393,480 $4,699 $207,393,480 | $207,393,480 $370,813,680 $8,402 $370,813,680 $370,813,680
$383,489,851 $5,397 $261,532,077 | $305,706,255 $685,669,014 $9,649 $467,611,961 $546,594,143
$629,280,820 $4,072 $210,682,253 | $365,166,380 | $1,125,136,318 $7,281 $376,693,912 $652,907,165

$1,012,770,671 $9,469 $472,214,329 | $670,872,635 | $1,810,805,332 | $16,930 | $844,305,873 | $1,199,501,308
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7. ECONOMIC SUMMARY

A summary table of the cost benefit analysis, other social effects assessment and the regional economic
development benefits is detailed in Table 25.

Table 25. Summary of Analyses

SB-1

SB-7

SB-8

1. PLAN DESCRIPTION

Alternative SB-1: The No
Action provides no physical
project constructed by the
Federal Government.

Alternative SB-7: The plan is
a Feather River fix-in-place
levee alternative from Sunset
Weir to Laurel Avenue.

Alternative SB-8: The plan is a
Feather River fix-in-place levee
alternative from Thermalito to
Laurel Avenue.

2. SUMMARY OF IMPACT ANALYSES

A. National Economic Development (NED)

1. Annual Damages $ 112,046,000 $ 48,146,000 $ 41,476,000
2. Annual Benefits $- $ 63,900,000 $ 70,570,000
3. Total Project Costs $- $ 432,000,000 $ 748,110,000

a. IDC $- $ 44,000,000 $ 107,000,000

b. 0&M $- $ 280,000 $ 450,000

c. Annual Cost $- $ 21,000,000 $ 38,000,000

d. Construction 5 vears 7

Period y years
4. Annual Net Benefits $- $ 43,000,000 $ 33,000,000
5. Benefit-to-Cost Ratio - 3.0 1.9
B. Other Social Effects (OSE)

Population at Risk

Approximately 96,600
individuals are within the 1%
ACE floodplain.

38,200 people remain in the
1% ACE floodplain.

(60% of population is removed
from the 1% ACE residual
floodplain.)

6,600 people remain in the 1%
ACE floodplain.

(93% of population is removed
from the 1% ACE residual
floodplain)

Loss of Life

Potential loss of lives:
Day-388, Night-489

Potential loss of lives:
Day-157, Night-197

Potential loss of lives:
Day-27, Night-34

Critical Infrastructure

28 structure deemed as critical
from a national perspective are
at risk from floods.

11 structures remain at risk
from floods.

1 structure is at risk from floods.

Evacuation Routes

In the event of a flood, no
evacuation route is available
out of the basin.

Offers one problematic route
for evacuation during a flood
event. A flood warning and
evacuation plan would not be
as effective and limited.

5 evacuation routes are available
in the event of a flood. A flood
warning and evacuation plan
would have more robustness and
redundancy.

Wise Use of Floodplains

Currently, 71,800 acres of land
are potentially available for
future development.

88,200 acres would be
potentially available for future
development.

100,200 acres of land would be
potentially available for future
development.

Social Vulnerability

The social vulnerability index
score (SoVi) indicates the study
area to be medium to high
vulnerability. The No Action
alternative may leave

Majority of the community of
Yuba City is afforded flood
risk reduction, however the
communities of Live Oak,
Gridley, and Biggs remain at

The four existing communities
are provided flood risk
reduction, and social
vulnerability is minimized due to
a decrease in the probability of
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SB-1

SB-7

SB-8

communities unable to cope
with the recovery from a flood
hazard.

risk of flood hazards and may

be unable to cope and recover.

flood hazards occurring.

Residual Risk and
Consequences

Residual Risk remains high
throughout the study area

Residual Risk for Life Safety
is reduced for most of the
Yuba City urban area.

Residual Risk for Life Safety is
reduced in the high risk
communities: Yuba City, Live
Oak, Gridley and Biggs.

C. Regional Economic

Development (RED)—Regional Direct Impacts

Output $8,214,000,000 SB-1 + $73,713,000 (5yrs) SB-1 + $94,141,000 (7yrs)
Job 64,844 SB-1 + 5,344 (5yrs) SB-1 + 9,556 (7yrs)

Labor Income $3,036,000,000 SB-1 + $51,468,000 (5yrs) SB-1 + $65,730,000 (7yrs)
Gross Regional Product $4,718,000,000 SB-1 + $60,877,000 (5yrs) SB-1 + $75,960,000 (7yrs)

34




" -

PLATE #1

-

Legend

| sutter Basin Study Area
m Sacramento Basin
Cf) Watershed Boundary
’ Lake or Reservoir
Designated Floodway
~ .~ River or Stream

City

'.-"f—r"-_?"'_r%_:_{(e_-_- .
", Almanor 3

Reno
L ]
¢
~B - 4
2 ! 28 o
A {ndian Valley & 4
: AR Reservoir o ;}Y ba City dt W - Lake
Y 2 = . | Tahoe
: 3t c%p’»:é?/ 7 I~ |
West Lakel : ¢
'ijfom IS S
PACIFIC .l’-_}aké\*--«“"’"_':“ -
‘ - @ -
B
A et
PR, )
~~—Sacramento
* |
dﬁvv
v’ .
. ()5 2
Stockto
S S ¢

prepa%ﬁ by Jim Mars, USACE
i



L2PDWJEG
Typewritten Text

L2PDWJEG
Text Box
PLATE #1


TS AN By T
THT \ 14 N £ 4
Q [PLATE#2 | | Oroville Lake Fé
| & Richvale |/ ' [{/ i S
C Butte i S, i . .
) f RIS J 2 Elevation in Feet
) { @ 20010300
Y ¥
' 160 to 200
1§ Basin j -
_____ % J @ 140t0160
)
@0 1200140 |
"/ Il
S 0 1o0to120 |
.~ 90t0 100
FiF 80 to 90
CoOuNTY : AR 70 to 80
_ 60 to 70
I Ak 50 to 60
.T,fER,, / o I 40t050
N BUTTES 4+ ™
B bl S 0 s0to40
ColuEa / . 20 1o 30
\ -
.
Shanghai
Bend
COLUSA SUGTER
o ._ : i ", Star
L COUNTY 1 2, COUNNY " Bend
| % |
Legend
“N_ Federal Levee
(. City Limits
_____ e = O S
. VSR . : ~
[ . 1Miles £
| I couNTY
0 5 10 \ Preparedlby Jim Mars, USACE



L2PDWJEG
Text Box
PLATE #2


PLATE #3 | cFavile Folillé

Richvaier_".

¥

sUTTEY

ri,

_ cCoOuUyrlTy J
Biggse

Gridley -
r

Population per Acre (2010)
Sparse (less than 4)

Low Density (5 to 9)

B Vedium Density (10 to 19)
- High Density (greater than 20)
T ey — ==

fUDA

CQUYNTY

o ST
;.‘.éf.-r g A
e

;Jf’. 4 T s

. T
1

3 U TEE 250

COUNTY |

Legend
| “\_  Federal Levee

- City Limits
Study Area Extent

| . . 1 Miles

# Nicolaus !
0 5 10 * !

|Prepared|by Jim Mars, USACE

COUNTY



L2PDWJEG
Text Box
PLATE #3


Appendix B
Plan Formulation




B1. Pertinent Correspondence




MAY -7 2013

MEMORANDUM FOR DIRECTOR OF CIVIL WORKS

SUBJECT: Sutter Basin, California — Deviation from the National Economic
Development Pian

| am responding to the Army Corps of Engineers {Corps) memorandum dated
March 18, 2013, which requests an exception 1o the policy that requires decision
documents to recommend the National Econon : Development (NED) Plan. The
exception would allow the subject draft feasibility report and draft environmental impact
statement to tentatively recommend a Locally Preferred Plan {LPP) for flood risk
management improvements. The request indicates that the Sutter Butte Fiood Control
Agency and the Central Valley Flood Protection Board, as the non-Federal sponsors,
support the LPP in lieu of the NED Plan in order to comply with California Government
Code requirements for a 200-year level of protection for urban and urbanizing areas by
2025.

Based on the matenals provided, the LPP would reduce the vulnerability of a larger
ation and additional critical infrastructure, reduce economic flood risks to a greater

exient, and provide more evacuation routes relative to the NED Plan. The LPP would cost
about $290,000,000 more than the NED Plan. As proposed, the non-Federal sponsors
wol | be responsible for the entire extra cost, which would increase the non-Federal
cost share from about $148,000,000 for the NED Plan to about $438,000,000 for the
LPP. The Federal cost share of initial construction, estimated at $275,000,000, would
remain the same for the M~ ") Plan and the LPP.

In addition to the request for an exception, the Corps provided responses on
April 17, 2013, to questions my staff raised about the study and the two plans. The
responses resolved all but three of those concerns. First, significant population growth
during the 50-year period of analysis appears likely and must be explicitly considered in
evaluating the public safety aspects of the final altematives and measures for managing
the respective residual risks. Second, the effect of induced development on the public
safety aspects of the final alternatives and the residual risks must be assessed. If a
reasonable estimate of induced development cannot be achieved, then the analyses
should assume full development of areas designated as potentially developable. Areas
with temporary restrictions on development shc d be consikc ‘ed potentially
developable unless the Corps can demonstrate that the temporary restnctions would
become pemmanent. Third, the effects of altematives and their respective induced
development and population growth on natural floodplain functions, including the
ecological and hydrologic functions, must be assessed.
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After i Il rec idedto grantthe requ ited policy
exception, subjecttothe «o..w ..cou. ... ., the information « ¢t ed above into the final
decision uments. Thedc mentss uld be explicit about compliance with EO 11988,
particularly the determination of practicable altematives. The draft feasibility report and
¢ tenvironn _ ital impact statement may tentatively select the LPP and be released
for public review. | concur that the added cost of the LPP relative to the NED Plan,
currently estimated at $290,000,000, would be a 100 percent non-Federal cost, with the
remainder of the first cost shared 65 percent Federal, 35 percent non-Federal
consis' 1t with current policy.

D il len

Jo-Ellen Darcy
ant Secretary of the Amy
(Civil Works)




DEPARTMENT OF THE ARMY
U.S. ARMY CORPS OF ENGINEERS
441 G STREET, NW
WASHINGTON, DC 20314-1000

AETENTION OF /¢ FeR Y

MEMORANDUM FOR MAJOR SUBORDINATE COMMANDS

SUBJECT: Civil Works Program - National Pilot Program: Initial Pilot Study Selection

ch £e)

1. Reference memorandum dated 3 February 2011, subject: Civil Works Program - Pilot Study
Implementation. The Pilot Program is intended to validate concepts of a new pre-authorization
(planning) study paradigm that shortens the timeframe for completion of a planning study, while
maintaining the quality and integrity of the analyses. The purpose of this memorandum is to
announce the selection of the initial pilot studies for the National Pilot Program.

2. In the referenced memorandum input on three potential pilot studies was requested: Central
Everglades, FL; Jordan Creek (Springfield), MO; and Sutter Basin, CA. The intent was to select
two pilot studies on 10 February 2011 from these three studies unless more suitable studies were
brought forward prior to 8 February 2011. Additional pilot studies will be selected from the
nominations due by 23 February 2011.

3. No additional pilot studies were proposed by the close of business 7 February 2011 due date,
so the selection panel proceeded with the three potential pilot studies outlined in the 3 February
2011 memorandum. The selected pilot studies are Jordan Creek (Springfield), MO and Sutter
Basin, CA. Central Everglades, FL will remain under consideration for future selection as a pilot
study. '

e Jordan Creek (Springfield), MO has available Federal and non-Federal funds
necessary to complete the study. The Feasibility Scoping Meeting (FSM) is
currently scheduled for March 2011, and strong engagement and support of the
sponsor, as well as existing vertical team engagement makes this project ideal for
initial selection. Southwestern Division supports the study for inclusion as a pilot.

o Sutter Basin, CA is in the FY 2011 and 2012 President’s Budget at an adequate
level to complete the study. While the FSM for the study has been held,
information discovered during planning has resulted in integration and
consideration of new data and an expanded study area. The study has the strong
support of South Pacific Division and the study sponsor for inclusion in the
National Pilot Program.

4. Congratulations to these project delivery teams on their selection as the first representatives of

the National Pilot Program. The National Pilot Program studies will proceed with vertical team
coordination, a kick-off webinar, and pilot project activity scoping, including refinement and
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communication of expectations, development of the path forward, and further definition of
outcomes and indicators of success. The webinar will provide additional information and
direction on the pilot program and will be held prior to 28 February 2011. Pilot Program project
delivery teams will be contacted no later than 18 February 2011 to coordinate dates for the
scoping meetings. The scoping meeting will be the official start of the National Pilot Program
and will be held in early to mid-March.

5. We look forward to receipt of your additional nominations and appreciate your
responsiveness and commitment to this important Civil Works initiative.
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This Report Summary is in support of Decision Point #2 and
Presentation. Additional background information on the Sutter Basin
pilot process, plan formulation, evaluation metrics, etc. can be found in
the supporting Read Aheads for Decision Point #2.

As a Read Ahead, a Draft Report Table of Contents with referenced
supporting and IPR directed documents (MFRs, papers, reports, etc)
generated by the PDT during the pilot and plan formulation process is
provided to show how the work efforts and documents will flow into an
integrated Draft Report.

The Report Summary has been modified to be consistent with the actual
Decision Point # 2 presentation, reflecting modifications in the
identification and analysis of alternatives after the original document
was prepared; and to provide additional information as requested by the
Vertical Team after the Decision Point Conference to support the
District’s recommendations to identify the Locally Preferred Plan as the
Tentatively Selected Plan with full Federal cost participation as
prescribed by Section 103 of WRDA 1986.
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1. INTRODUCTION

Purpose. The purpose of the Report Summary is to document the planning process leading up to the
recommendation of the tentatively selected plan (TSP) and in doing so reaffirm Federal interest, identify
the national economic development (NED) plan, identify the locally preferred plan (LPP), and evaluate
residual risk. Plans were evaluated at a suitable level of detail for the identification of the NED and LPP
plans. Refined analysis, including total project costs, will be presented in the Draft Feasibility Report.
Section 8 recommends the Tentatively Selected Plan (TSP).

Study Authority. The authority for the USACE to study Flood Risk Management (FRM) and related water
resources problems in the Sacramento River Basin, including the study area in Sutter and Butte Counties, is
provided in the Flood Control Act of 1962, Pub. L. No. 87-874, § 209, 76 Stat. 1180, 1196 (1962).

Local Sponsors. The non-Federal project sponsors include the State of California Central Valley Flood
Protection Board (CVFPB) and the Sutter and Butte County Flood Control Agency (SBFCA).

Study Background. The Sutter Basin Feasibility Study was initiated in 2000 and a Feasibility Scoping
Meeting was held in January 2005. However the study remained essentially inactive until the formation of
the Sutter Butte Flood Control Agency (SBFCA), which agreed to serve as the local partner along with
the Central Valley Flood Protection Board (CVFPB) in 2007. In 2010, the Sutter Basin population passed
a $6.65 million per year assessment to study and implement a project to reduce flood risks to the basin.
This action was a strong public endorsement of the need for immediate action to address the flood threat,
particularly since the area is an economically disadvantaged community under California State guidelines
with widespread unemployment, and the approved assessment rates are among the highest in California.

Pilot Program. The Sutter Basin Feasibility Study is one of the first two studies selected for inclusion in
the National Pilot Program in February 2011. The pilot initiative provides an opportunity to test principles
that were developed by a workgroup of planning and policy experts from USACE and the Office of the
Assistant Secretary of the Army for Civil Works (ASA (CW)), referred to as the 17+1 Team, for the
purpose of modernizing the Civil Works Planning Program to better address the many water resource
challenges facing the nation.

The revised study paradigm envisions a more predictable, and efficient process which significantly
lessens the time required to complete a feasibility study. This new process requires heavy involvement as
well as input and timely decisions from the Vertical Team at multiple points throughout the study.
Further, the process emphasizes the early identification of the federal interest in resolving a water
resource problem.

The study process continues to use sound professional engineering, economics, and environmental
judgment and analyses, but appropriately focuses the amount and type of data collected and analysis on
the risk and consequences of the decisions being made. Costs and benefit estimates presented herein are
based on an appropriate level of detail for screening of draft alternatives to a final array. The appropriate
level of detail was selected considering that comparative cost estimates are more accurate than absolute
cost estimates. This is because similar errors are made for all alternatives. The range of confidence in
cost and benefit estimates is presented in a table comparing the alternatives. To avoid confusion, only
mean estimates are described in the text.

After approval by the ASA-CW a more detailed total project cost estimate will be completed and certified
for the Recommended Tentative Selected Plan (TSP). It is anticipated that the certified total project cost
estimate and the benefits of the TSP will deviate from the values presented in this report. However the
estimates are expected to fall within the range of estimates provided.



The new study paradigm recognizes that qualitative optimization of any factor, including net national
economic development benefit, should not be the primary factor in the Corps decision for a
recommendation for federal investment. Alternative Comparison and Selection recognizes that there is no
single “best” plan, and there are a variety of approaches (quantitative and qualitative) to multi-criteria
decision making.

The pilot study is divided into four phases, each with a key decision point and associated In-Progress
Reviews (IPRs). Table 1 summarizes the four pilot study phases and associated decision points. Based on
the pilot program principles, the Sutter Basin Pilot Feasibility Study strategy focuses on utilizing an
appropriate level of detail based on the decisions being made at each stage of the study. This strategy
includes qualitative analysis that will be increasingly detailed at each Decision Point or IPR and early
elimination of alternatives with little probability of implementation.

Table 1. Pilot Study Phases and Associated Decision Points

Pilot Study Phase Decision Point Date
Scoping 1 — Federal Interest Determination Aug 2011
Analysis 2 — Tentatively Selected Plan Nov 2012
Review 3 — Civil Works Review Board Summer 2013*

Confirmation 4 — Chief’s Report Fall 2013*

*Dates are pending confirmation from vertical team.

Central Valley Flood Protection Plan. The Central Valley Flood Protection Act of 2008 (CVFPA),
passed by the California legislature as Senate Bill (SB) 5, directs local flood risk management efforts. The
CVFPA, along with other companion legislation, required the Central Valley Flood Protection Board to
adopt the Central Valley Flood Protection Plan (CVFPP) by July 2012. The purpose of the CVFPP was
to guide California’s participation in managing flood risk along the Sacramento and San Joaquin River
systems. The CVFPA requires a 200-year (with 95% assurance (or “freeboard”)) level of flood protection
for urban and urbanizing areas by the year 2025.

The CVFPP proposes an initial system wide investment approach for sustainable, integrated flood
management in areas currently protected by facilities of the State Plan of Flood Control (SPFC). This
investment approach includes system and regional elements, some of which are located in the Sutter Pilot
study area. The CVFPP was adopted by the State in July 2012. The Sutter Basin Pilot Study is
continuing close coordination with these CVFPP efforts and is a key means of implementing a portion of
the CVFPP.

The CVFPA, recognizing the urgent need to improve the existing flood protection system, allows urban
flood improvement projects (Early Implementation Projects) to be funded with State bond funds in
advance of full implementation of the CVFPP. Proposed improvements must be for flood management
construction projects that: rehabilitate, reconstruct, replace, improve, or add to the facilities of the State
Plan of Flood Control; reduce or avoid risk to human life in urban areas; and not impair or impede future
changes to regional flood protection. Construction of 3,400 feet of setback levee to replace a portion of
the existing west bank Feather River levee south of Yuba City was recently completed within the Sutter
Basin study area under the Early Implementation Program to address through-seepage, underseepage, and
flow constriction issues. A request for approval under 33 USC § 408 was granted and an application for
consideration of Section 104 credit was approved in 2009.



SBFCA is proposing another levee improvement project along the Feather River west levee under the
Early Implementation Program. This project proposes to construct levee improvements between the
Thermalito Afterbay and an area north of the Feather River/Sutter Bypass confluence. The project will
address through-seepage, underseepage, and embankment instability of the levees, by meeting current
design standards. A Pre-Design Formulation Report was completed in August of 2011 and the 60%
design was completed in March 2012. An EIS/EIR is being prepared for the project as part of a Section
408 application to obtain permission from USACE to alter project levees. The non-federal project
sponsors will seek in-kind credit for this local project under the provisions of Section 221 of the Flood
Control Act of 1970, as amended.



2. STUDY BRIEFING

Study Area. The 300 square mile Sutter Basin study area is located in Northern California in Sutter and
Butte Counties within the 14,000 sg. mile Sacramento River Watershed as shown in Figure 1. The study
area, which is approximately 50 miles north of Sacramento, is bounded by the Feather River on the east,
the high ground of the Sutter Buttes on the west, the Sutter Bypass on the southwest, and Cherokee Canal
and the Butte River on the northwest. Existing levees along the Feather River, Sutter bypass, Cherokee
canal, and Wadsworth Canal as well as the Butte Basin are features of the Sacramento River Flood
Control Project (SRFCP), authorized by Congress in 1917. The SRFCP incorporated features such as
levees, weirs, and pumping facilities into a system of leveed river channels and flood bypass channels to
provide Flood Risk Management benefits to the Sacramento Valley. The existing levees provide FRM
benefits to the Sutter River Basin study area; however, the current condition of the levees are assessed to
have relatively high risk of failure as a result of through and under seepage concerns.

Figure 1: Sutter Basin Study Area

Red Bluff

Legend

\_ Federal Levee
Study Area Extent

Designated Floodway

County Boundary

.S
— — S

0 10 20 4 <F
b Sanlamdlu

The study area is primarily rural, with extensive agricultural areas and low population density. Yuba City
is the largest community in the study area, located midway in the basin adjacent to the Feather River. The
northern basin ‘gold rush era’ cities of Biggs, Gridley, and Live Oaks are situated roughly along the
north-south railroad and State Highway 99 corridors.



Existing Conditions. Existing conditions are those at the time the study is conducted and form the basis
for extrapolation to other conditions. Existing conditions within the study area are discussed below.

Topography. As shown in Figure 2, the floodplain elevations (excluding the high ground of Sutter Buttes)
range from 110 feet-NAVDS88 in the northeast to 30 feet-NAVD88 in the southwest.

Figure 2. Sutter Basin Topography

Oroville

Elgvation in Fest

i 1 |F '-‘_ Wl o
'ﬁ s B cowm
9'99_50 B woow

B 0w

Gridley ks 10018 120

Q:_? 9040 100

LT
7010 80
o T
Wi
4010 80

sutfEn

sl Live Dak
b t‘}
]] o
_JE i

e

M io 40

Colusa

\

Legend |
" Federal Levee
CIJ-J City Limits

Geotechnical Levee Performance. From initial information and modeling during plan formulation, the
primary risk of flooding in the Sutter Basin is the result of geotechnical failure of the existing levees not
hydrologic or hydraulic factors which result in levee overtopping. Recent geotechnical analysis and
evaluation of historical performance during past floods indicate the project levees within the study area do
not meet USACE levee design standards and are at risk of breach failure at stages considerably less than
levee crest elevations. This was evidenced by historical boils and heavy seepage at stages less than
authorized design flows!. Underseepage failures are sudden and unpredictable, resulting in minimal
warning time, and ineffectiveness of evacuation plans. The risk of unexpected levee failure coupled with
the consequence of flooding presents a continued threat to public safety, property, and critical
infrastructure. Initial WSEL’s where a seepage related levee failure becomes possible are as low as the
20% (1/5) event in most cases along the Feather River. At the 10% (1/10) WSEL, the probability of
failure can range from 10-20%, while at the 1% (1/100) WSEL these probabilities of failure range from
30-45% depending upon the location along the river.

Hydraulics. Multiple levee breach scenarios were modeled along the Feather River and Sutter Bypass to
assist in the analysis of the study alternatives. Floodplains resulting from levee breaches differ
significantly in nature depending on the location of the breach as illustrated in Figure 3. Simulated
breaches along the northern portion of the Feather River flood the northern basin in a shallow (up to 6
feet) northeast to southwest flooding flow. Breaches from the Sutter Bypass and southern most portion of

! Design flows obtained from USACE file drawing 50-10-334, Levee Channel Profiles, 15 March 1957. For a discussion and comparison of
design flows vs. regulated and peak unregulated flows see Progress Document #2; Technical Support Documentation of the Sutter Basin Pilot
Feasibility Study.



the Feather River only flood the deeper (up to 25 feet) southern basin area and do not impact the northern
portion of the basin. The velocity of floodwaters varies depending on the proximity to the breach
location. For those structures/people within 1,000 feet of a breach the velocity could be high enough to
knock structures off of their foundations. This high risk velocity area would consist mainly of the small
population of Yuba City within 1,000 feet of the river and would see velocities well above 6 feet per
second (fps). But, the majority of Yuba City and all of Biggs, Gridley and Live Oak are outside this area
and could expect to see flood velocities between 2-3 fps.

Figure 4 shows the composite 1% ACE floodplain for the Sutter Basin.

Figure 3. Simulated Levee Breach Scenarios
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Figure 4.

1% ACE Without Project Floodplain
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Economics. Based upon the 2010 Census, the population of the Sutter Basin is estimated to be 95,360 and
distributed as shown in Table 2.

Table 2. Population Within Study Area

Economic Impact Area | Population
Town of Sutter 250

Yuba City Urban 67,370

Biggs Urban 1,760

Gridley Urban 6,380

Live Oak Urban 8,360

Sutter County Rural 6,340
Butte County Rural 4,900
TOTAL 95,360

Demographics: Median household income for the study area ranges from $36,563 (Gridley) to $48,830
(Yuba City). Both of which are below State ($61,632) and national (52,762) averages. The persons living
at or below the poverty level in the study area are 22.7%, 21.4% and 15% for Biggs, Gridley and Yuba
City, respectively. All of which are above the State (14.4%) and national (14.3%) averages.

The total labor force in the study area is estimated at 40,000, with an unemployment rate of 14.7%, 8.4%,
and 9.3% in Biggs, Gridley and Yuba City, respectively. Total private wage or salary workers estimated
to be 75% (Biggs), 65% (Gridley) and 69% (Yuba City) with 17% (Biggs), 25% (Gridley) and 20%
(Yuba City) of the labor force rated as government workers. Approximately, 7% (Biggs), 11% (Gridley)
and 11% (Yuba City) of the labor force was considered to be self-employed, not incorporated. The
average wage per job so the study area is between $22,300 to $28,100.

Variances in race and ethnicity in communities may impose language and cultural barriers that affect
ability to cope with natural hazards. The Hispanic presence is evident given they make up at least 28% of
the population in each community. Live Oak’s population is composed of 48.8% of individuals of
Hispanic origin, which is significantly higher than the State average of 37.6% and considerably exceeds
the national average of 16.3%.

Inventory: An economic inventory was assembled following standard USACE methods. For the study
area, a base geographic information system (GIS) inventory with parcel attribute data was provided by the
local sponsor for both Sutter and Butte counties. Field visits were conducted to collect and validate the
base inventory data. Parcels with structures were categorized by land use and grouped into residential,
commercial, industrial or public categories. The value of damageable structures was estimated based on
depreciated replacement values. The total value of damageable property (structures and contents) within
the Sutter Basin study area is estimated at $6.9 Billion (October 2011 prices). Table 3 displays the
structural inventory by land use category. Total study area without project expected annual damages are
approximately $108 million.

2 Some demographic data was unavailable for the City of Live Oak.



Table 3. Structural Inventory —Existing Conditions®
Number of Structures within 0.2% (1/500yr) Annual Chance Floodplain

Economic Impact Area | Commercial | Industrial | Public | Residential | TOTAL
Biggs 18 1 0 586 605
Gridley 81 7 4 1,931 2,023
Live Oak 51 5 23 2,088 2,167
Yuba City 872 210 122 18,760 19,964
Town of Sutter 0 0 0 0 0

Rural Butte 10 16 0 1,242 1,268
Rural Sutter 10 29 8 1,162 1,209
TOTAL 1,042 268 157 25,769 27,236

Climate. The study area is located within the northern portion of California’s Central Valley. The
Sacramento Valley is a semi-arid region with an annual rainfall of approximately eighteen inches. There
are two distinct annual seasons, a hot dry summer and a cool wet winter. Approximately eighty percent
of the annual rainfall occurs in between October to March.

Environmental. Sutter County is primarily rural, with extensive agricultural areas and a low population
density. The county is one of California’s major agricultural counties and its traditional job base is
agriculture. A number of Federal and State listed species are known to occur or potentially occur in the
study area. Many of these species are located within the riparian areas along the Feather River.

Historic Flooding. In 1955, flood waters from a levee breach encompassed a significant portion of the
study area inundating 6,000 homes, drowning 38 people, injuring 3,200 individuals, and requiring 600
people to be rescued by helicopter. From 1950 to 2011, extensive flood fighting has occurred during 19
events, and deadly levee failures adjacent to the Sutter Basin took place in 1986 and 1997 which reduced
stress on the levees surrounding the Sutter Basin and may have resulted in avoiding failure of these
levees. Flooding historically has occurred during the months of December through February with air
temperatures of 38 to 55°F and water temperatures of 45 to 55°F; temperatures which significantly
increase risk of death by exposure”.

Future Without-Project Conditions. The future without-project condition is the most likely condition
expected to exist in the future in the absence of a proposed water resources project and constitutes the
benchmark against which alternatives are evaluated. These forecasts of future conditions are from the
base year (year when a project is expected to be operational) to the end of the period of analysis (50
years). Future without-project conditions for this study are projected assuming a base year of 2020 and a
50-year period of analysis out to year 2070. Assumptions regarding the future without-project condition
are listed below:

e For purposes of evaluating the transfer of flood risk, the future without-project condition will
assume the levees do not fail due to geotechnical conditions since their original design was not
based on failure assumptions.

e Ongoing levee maintenance will result in no change to geotechnical conditions and levee

® Based on empirical analyses conducted for past Corps projects, subject matter expertise from the agricultural economist and professional
judgment, the project delivery team expects agricultural damages to total 10-15% of total project damages; amounts which are not expected to
drive plan selection. A simplified approach was developed for this study.

4 United States Coast Guard



performance curves.

e Oroville and New Bullards Bar reservoirs on the Feather and Yuba River Systems will continue to
be operated using the existing rule curves.

e Vegetation and topographic conditions within the channel are expected to remain the same as
existing conditions.

e Remaining natural areas are not expected to substantially decline in acreage and value over the
period of analysis.

e Economic analysis assumes the future without-project condition damages are equal to existing
conditions. Because any future without project development would take place outside/above the
mean 1% (1/100) ACE floodplain boundary and because any future damages would be discounted
back to present value, the future condition is not expected to impact the plan formulation process
significantly.

e Since refinements, additions, and deletions of elements associated with the System wide Investment
Approach presented in the 2012 CVVFPP are anticipated, these elements will not be included in the
future without-project condition.

¢ Flood frequency will be based upon existing conditions. However, a sensitivity analysis of climate
change impacts on hydrologic frequency, flood damages, and alternative selection will be
conducted. This approach was based on a review of uncertainty in recent climate model analysis.

e Assumes Three Rivers Levee Improvement Authority (TRLIA) Feather River setback levee has
been constructed.

e Section 104 of WRDA 86 allows for the plan formulation analysis to exclude work conducted by
the sponsor from the without project condition, thereby allowing the work to potentially be
incorporated in to the recommended plan, if it is found to be in the Federal interest. Since the
application for consideration of Section 104 credit for the completed Star Bend setback levee was
approved in 2009 prior to the moratorium on consideration of Section 104 credit by the ASA (CW),
this project will not be considered part of the future without-project condition.

e Vertical Team policy guidance provided at In-Progress Review #1 recommended that the Feather
River West Levee Project proposed by the project sponsor will not be considered part of the future
without-project condition (assumes no contract prior to the Chief’s Report for the pilot study). If
appropriate after the feasibility report is completed, the sponsor may request credit consideration
for this local project under the provisions of Section 221 of the Flood Control Act of 1970, as
amended. This may be accomplished in accordance with ER 1165-2-208 guidelines.
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3. PLANNING OBJECTIVES AND OPPORTUNITIES

Following inclusion of the Sutter Basin Feasibility Study in the National Pilot Program, the Project
Delivery Team (PDT) and non-Federal sponsors participated in a study risk workshop with several
members of the Vertical Team during which the following problem, opportunity, objective, and constraint
statements were developed and refined.

Problems.
e A high risk of flooding from levee failure threatens the public safety as well as property and critical
infrastructure throughout the study area
e Existing levees have isolated the floodplains from waterways, which has eliminated significant
floodplain habitats for native species, including Federally listed species and other special status
species; also, conversion of high value habitats to other land uses has reduced the abundance,
distribution and diversity of native species

Opportunities.
e Land formerly converted by mining or agriculture can be restored to more natural habitats in
conjunction with FRM
o Facilities can be included at recommended FRM and Ecosystem Restoration (ER) features to provide
public access and use and improved outdoor recreation experiences

Objectives.” The study objectives were developed through the integration and use of the four planning
accounts, which include national economic development (NED), environmental quality (EQ), regional
economic development (RED), and other social effects (OSE).

o Reduce the risk to life, health, and public safety due to flooding

o Reduce the risk of property damage due to flooding

e Reduce the risk of damage to critical infrastructure due to flooding

e Encourage wise use of the floodplain

e In conjunction with FRM, restore floodplain connectivity and associated dynamic riverine processes

e In conjunction with FRM, restore aquatic, wetland, riparian and terrestrial habitats for special status
and other native species

e In conjunction with FRM and ER, improve the public’s access to and use of outdoor recreational
opportunities in the study area

Constraints.
e Minimize adverse hydraulic effects where they could result in economic damages to others
e Minimize significant adverse impacts to the human environment
e Comply with applicable Federal laws, regulations, and policies such as the National Environmental
Policy Act, Endangered Species Act, Fish and Wildlife Coordination Act, Clean Water Act, and the
National Historic Preservation Act.

Evaluation Metrics. Evaluation metrics were developed to compare alternatives. During plan
formulation, as measures and alternatives were developed, better and more cost effective ecosystem and
recreational opportunities were identified that were not conjunctive to the FRM measures and alternatives
being carried forward to the array of alternatives. These objectives, ecosystem and recreation, were
therefore not integrated into the final evaluation metrics and the multi-criteria analysis which directed
focus on the life safety metrics.

> Additional non-Federal objective entailed reducing the probability of flooding to urban and urbanizing areas to less than 0.5% (1/200) annual
chance exceedance due to CA State Law requiring a 200-year level of flood risk management by the year 2025.
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The Sutter Basin Pilot Study Re-scoping Plan stated that it was anticipated that evaluation and
comparison of the final array of alternatives would be based on monetary and non-monetary
effects, qualitative and quantitative data, and economic, public safety, environmental, and
regional criteria. The evaluation criteria (Table 4) identified were based on both existing Corps
policy, including the Principles and Guidelines, and Planning Guidance Notebook.

Table 4. Evaluation Criteria based on P&G and PGN

Study Obijectives Evaluation Metric

() Reduce the risk of life, health, and public safety due to flooding

Population at Risk
Critical Infrastructure-Life
Safety
Evacuation Routes

(b) Reduce the risk of property damage due to flooding

NED Costs
NED Benefits

(c) Reduce the risk of damage to critical infrastructure due to flooding

Critical Infrastructure-Life
Safety

(d) Encourage the wise use of the floodplain

Potentially Developable
Floodplain (Acres)

Definitions of the evaluation metrics used in the Sutter Basin Feasibility study are shown in
Table 5. These evaluation metrics were presented and discussed during the In-progress Review
Meeting #4 on 26 June 2012 and were approved by the Vertical Team.

Table 5. Description of Metrics

Evaluation Metric

Description

Population at Risk (People)

Number of people within the 1% ACE Floodplain based on the 2010 census
blocks.

Critical Infrastructure (Facilities)

Number of fire stations, police stations, hospitals, senior living facilities, and jails
that are of life safety significance.

Evacuation Routes (# of Routes)

Assesses the vulnerability of populations with regards to the number of escape
routes available during flood events.

Potentially Developable
Floodplain (Acres)

Potentially developable land within the 0.2% ACE floodplain. Acres of land with
1% ACE flood depths less than 3 feet.
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4. PLAN FORMULATION

The plan formulation process develops and evaluates alternative plans to address the needs and desires of
society as expressed in specific planning objectives. Accordingly, the tentatively selected plan best
satisfies the objectives as well as the Federal interest, which are consistent with the Federal Water
Resources Council’s Principles and Guidelines (P&G) and the Planning Guidance Notebook (ER-1105-2-
100).

Management Measures. A broad array of management measures was developed based on information
from existing reports and studies, as well as public input and professional judgment. These measures were
presented at the Sutter Basin Pilot Study Critical Thinking Charette held at the Sacramento District on
July 18-19, 2011. The charette was attended by the PDT and non-Federal sponsors, along with several
members of the Vertical Team and the National Pilot Program 17+1 Team. The team reviewed each
measure, identified additional measures, and then evaluated the measures based on study objectives, study
constraints, and Water Resources Council Principles and Guidelines (P&G) criteria. A group decision was
made as to whether each measure should be retained or dropped from further consideration. Progress
Document #1 provides a description of the measures evaluated at the charette and indicates whether each
one was retained or dropped and the reason(s) for dropping.

Preliminary Alternative Formulation and Evaluation. Following the initial screening of measures, the
team identified four themes (strategies) for plan formulation. The themes included the following: 1)
Consequence Management Focused on Public Safety, 2) Urban FRM Focus, 3) Maximize Existing
System with FRM Focus, and 4) Ecosystem Restoration Focus. These themes were used to assist the team
in establishing a preliminary array of conceptual alternatives by grouping measures according to the
primary focus of each theme. Based on the measures grouped under each theme, the team identified a
total of nine conceptual alternatives®. Most alternatives are comprised primarily of new levees or
strengthening of existing levees. Following the charette, each alternative was further developed and
guantities, costs and economic benefits were estimated for each alternative. The use of these results was
used solely to screen out those preliminary alternatives that do not appear economically justified even in
the most favorable conditions.

Draft Alternative Evaluation and Comparison. A combined Value Engineering (VE) Study and
Planning Charette was held from October 31st to November 4th, 2011. The VE methodology was
incorporated into the planning process at an early stage of the study to compare, refine, and optimize
alternatives based on multiple criteria in order to ensure a robust array. This process also provided an
opportunity to validate the array of preliminary alternatives and to ensure that significant alternatives had
not been overlooked. The VE Study/Charette was attended by the PDT and non-Federal sponsors, the
Sacramento District (SPK) VE Officer and South Pacific Division (SPD) VE Program Manager, the SPD
Plan Formulation Lead, and representatives from the National Pilot Program 17+1 Team. Based on the
discussions during the combined VE Study/Charette, the team identified alternatives with very similar
functions in addition to those with little probability of implementation. This resulted in combining and
eliminating some of the alternatives as well as refining and optimizing those that were retained by adding
or removing measures in order to ensure a robust array. The draft array of alternatives (shown in Figure 5)
evaluated in further detail includes:

= Alternative SB-1: No Action Alternative.

6 L . . . . . .
A matrix with the array of conceptual alternatives and measures associated with each of these alternatives is also included in Progress
Document #1 where the nine conceptual alternatives are described by theme.
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= Alternative SB-2: Fix in Place Feather River from Sunset Weir to Star Bend - This
alternative involves strengthening the existing Feather River levee in the immediate
vicinity of Yuba City and reduces risk to the Yuba City urban core.

= Alternative SB-3: Yuba City Ring Levee — This alternative includes the construction of a
new levee surrounding Yuba City and reduces risk to the primary urban center.

= Alternative SB-4: Little “J” Levee — This alternative includes strengthening the Feather
River levees north of Yuba City and construction of a new levee on the south and west of
Yuba City. Reduction of risk is focused on Yuba City and the northern communities of
the Basin.

= Alternative SB-5: Fix in Place Feather River, Thermalito Afterbay to Star Bend- This
alternative includes SB-2 but extends levee improvements north to Thermalito.

= Alternative SB-6: Fix-in-Place Feather River, Sutter Bypass, and Wadsworth Canal- This
alternative consists of the Sutter Bypass / Wadsworth Canal Levee Improvements and the
Feather River Levee Improvements.

= Alternative SB-7: Fix in Place Feather River, Sunset Weir to Laurel Ave- This alternative
includes SB-2 but extends Feather River fix-in-place levee improvements south of Yuba
City to Laurel Ave that specifically addresses residual risk of Yuba City southeastern
areas.

= Alternative SB-8: Fix-in-Place Feather River from Thermalito Afterbay to Laurel Ave —
This alternative focuses on the Feather River Levee Improvements north to Thermalito
and south to Laurel Ave. Reduction in risk is focused on Yuba City and the northern
communities of the basin.

Figure 5: Alternatives
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Identification of the NED Alternative. Table 6 summarizes the expected annual net benefits and the
benefit to cost ratio ranges for each of the draft array of alternatives. The economic analysis indicates the
national economic development alternative to be SB-7, as it maximizes net benefits. Alternative SB-7
comprises of fixing-in-place the existing Feather River from Sunset Weir down river to Laurel. The total
first cost estimate is $423 with annual net benefits of $37 million. Figure 6 shows the Alternative SB-7,
NED plan and the resulting with project residual floodplain.

Table 6: Alternative Economic Evaluation and Comparison’

Total First Cost IDC [Annualized Cost + O&M Annual Benefits Annual Net Benefits Benefit to Cost Ratio
Alternative
Low . High . Low Mid High Low Mid High " .
0/
20%) Mid (50%) (80%) Mid @0%) | 50%) | ©0%) | (75%) | Go%) | (25%) Low Mean | High Low Mean | High

SB-1: No Action 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 | 0.0 | 00

SB-2: Minimal Fix in Place,

Sunset Weir to Star Bend 290 319 361 | 24 14 16 18 24 38 73 14 29 48 19 | 29 | 41

SB-3: Yuba City Ring Levee | 411 451 507 53 21 23 26 25 41 71 8 23 40 13 2.0 2.7

SB-4: Little J Levee 729 798 899 94 37 40 45 31 46 87 -3 14 36 0.9 1.4 1.9

SB-5: Fix-in-Place, Thermalito

to Star Bend 549 608 694 72 28 31 35 29 45 81 4 21 41 11 (1.7 | 23

SB-6: Fix-in-Place, Feather
River, Sutter Bypass and 1,018 | 1,131 (1,297 | 183 53 59 67 46 73 134 -3 24 58 0.9 1.4 2.0
Wadsworth Canal

SB-7: Fix-in-Place, Sunset Weir
to Laurel Ave

386 423 479 41 19 21 24 32 51 92 18 37 60 18 | 2.7 3.8

SB-8: Fix-in-Place, Thermalito
to Laurel Ave

645 713 812 | 100 33 37 42 36 58 101 7 28 52 12 1.8 2.4

Alternatives SB-2 and SB-7 result in the highest net benefits. Further evaluation of the NED
Alternative (SB-7) when compared to (SB-2) indicates that the NED plan reasonably maximizes
economic benefits and provides additional outputs in terms of the other accounts (Table 7).
Alternative SB-2 consists of fixing-in-place the Feather River levees from Sunset Weir to the
downstream end of Star Bend. The total first cost estimate is $319 million with annual net
benefits of $29 million. Benefits are concentrated in the primary urban center of the study area,
Yuba City. The next added fix, Alternative SB-7, comprises of fixing-in-place the existing
Feather River levees from Sunset Weir down river to Laurel Avenue. This alternative consists of
SB-2 fixes plus an additional 13.4 mile of levee fixes. The total first cost estimate is $423 million
with annual net benefits of $38 million. The additional investment of $104 million results in an
increase in net benefits of $8 million. The incremental benefit-to-cost ratio is 2.6. Benefits for
this additional reach are also centered in Yuba City, but address significant flood risk to the
southern urban portion of the city. Fixing this reach provides flood risk reduction to
approximately an additional 18,500 people.

7 The net benefits were computed using screening level cost estimates, which incorporated results from a cost risk analysis. As such, a range of
confidence was derived for each cost estimate and computed benefits. This range indicates the reliability of the estimate and benefits.
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Table 7: SB-2 and SB-7

Item Alternative SB-1 | Alternative SB-2 | Alternative SB-7
(from mean economic range number) No Action 1% Increment NED
Investment Cost (millions)
First Cost - 319 423
Interest During Construction - 24 41
Total - 343 464
Annual Cost (millions) -
Interest and Amortization - 15.8 20.7
OMRR&R - 0.2 0.4
Subtotal - 16 21
Annual Benefits FRM (millions) - 38 51
Multi Objective Accounts (non-monetary)
Population Remaining at Risk (people) 94,600 56,700 38,200
Critical Infrastructure (facilities) 28 11 11
Evacuation Routes (number of routes) 0 1 1
Wise Used of Floodplains (acres) 71,800 83,800 88,200
Net Annual FRM Benefits (millions) - 29 37
FDR Benefit to Cost Ratio - 2.9 2.7
FDR Benefit to Cost Ratio (at 7%) - 1.7 1.6
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5. RESIDUAL RISK OF THE NED ALTERNATIVE

Description of Residual Risk. The NED Alternative (SB-7) reduces adverse flooding effects but
benefits are primarily centered on Yuba City. The alternative features do not address the significant
flooding risk in the communities of Biggs, Gridley, and Live Oak. Residual risk of the NED alternative
was assessed by the life safety metrics, described in Table 5. Given the NED residual 1% ACE
floodplain® (Figure 6), substantial residual risk to Biggs, Gridley, Live Oak, and Yuba City remain (Table
8).

Figure 6. Alternative SB-7 NED Plan (1% ACE Residual Floodplain)
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1% floodplains are based on the inundation from any levee having less than 95% assurance. The assurance estimate was based on geotechnical,
hydraulic, and hydrologic uncertainty.
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Table 8. Residual Risk of the NED Alternative, 1% ACE Floodplain

) : Alternative
Evaluation Metric SB-1: No Action NED Plan

Population at Risk 94,600 38,200

(People)

Critical Infrastructure

(Facilities) * "

Evacuation Routes 0 1

(Number of Routes)

Wise Use of Floodplains 71,800 88,200

(Acres)

Population at Risk. A remaining population of 38,200 is at risk of flooding. Of special concern is the
population over the age of 65 living within the study area since those individuals have been shown to be
at higher risk of life loss in flood events. Both Butte (15.6%) and Sutter (13.0%) counties are above the
state average (11.7%) for percentage of persons 65 years of age and over®.

Critical Infrastructure. A significant amount of critical infrastructure is located within the Sutter study
area. Critical infrastructure is a term used by governments to describe assets that are essential for the
functioning of a society and economy from a national perspective. Most commonly associated with the
term are facilities for fire stations, police stations, hospitals, senior living facilities, and prisons. The
benefits of the NED Alternative (SB-7) are primarily centered around Yuba City and still at risk are 11
elements of the critical infrastructure in the communities of Biggs, Gridley and Live Oak.

Evacuation Routes. The primary urban centers in the region are Yuba City, Biggs, Gridley, and Live
Oak. These communities are all located on or near California State Route 99, which runs north-south
through the region. The Sutter County Evacuation and Mass Shelter/Care Plan identifies Highways 20, 99
and 113 as the primary evacuation routes in the region. These routes are subject to change since these
routes are event-specific and official routes are established by the County Sheriff’s office during an
emergency. The Butte County Office of Emergency Management does not have published evacuation
routes at this time, but anticipates Highways 99, 162 and the Colusa Highway could be used as conditions
allow. During the 1997 event, seven different evacuation zones were established over seven days due to
constantly changing conditions and levee breaks™. The main evacuation routes used for this flood event
were Highway-99 north and Highway-113 south. Highway-20 west and Highway-99 south were used
intermittently since all portions of these roads were not accessible at all times during the flood.

Evacuation preparation can be made days in advance for predictable flood events within the major river
system surrounding the study area. As river water levels raise and are predicted to reach flood stages,
warnings and evacuation efforts would be increased and reiterated. This would allow time for evacuation
of immobile residents and other people with special evacuation needs (hospitals, rest homes, jails, elderly
individuals, schools) via the established routes. However, none of the historical flooding evacuations in
the region have been due to foreseen events. Historical flood evacuations in the region have been from
levee failures due to underseepage, which is characterized by its unpredictability and sudden occurrence.

9 Source: U.S. Census Bureau (2012).
10 Source: Sutter County Office of Emergency Management.
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The result is evacuations after levees have failed and widespread flooding is in progress. The 1955 flood
occurred due to a levee break in late December where no prior evacuation notice was given. In the 1997
flood, Yuba City was evacuated and during the evacuation a levee on the east side of the Feather River
near Olivehurst (which was not evacuated) broke.

The residual 1% ACE (1/100 year event) resulting from the NED Alternative affects every major urban
center and nearly every primary evacuation route in the region. The floodplain is due to potential levee
failure upstream of Sunset Weir. All routes out of Biggs, Gridley and Live Oak are affected by the
residual floodplain. The only egress from Yuba City would be Highway 20 and 5™ Street bridges east into
Marysville, which is a community surrounded by a ring levee. Additionally, heading eastbound entails
driving over a four lane bridge that is not expected to adequately handle the additional traffic flow, and
may create a bottle neck limiting evacuation.

The District has initiated coordination with California Department of Transportations (CalTrans) to
understand their criteria for road closures and evacuation during flood events. Standards for road closures
are based less on depth and more on length of roadway affected by flooding. Road closures are
determined based upon safety concerns and are authorized by the California Highway Patrol. Residual
flooding in the northern area Sutter Basin associated with the NED Plan would encompass a majority or
all primary roadways and would have a high likelihood of being considered impassable and/or closed
using the above criteria. The sponsor has finalized its Flood Plain Management Plan, which includes
coordination with State transportation authorities. The District will verify that the Future Without-Project
Condition and No-Action Plan accurately represent the State and local response criteria for flood events.

Wise Use of Floodplains. A determination must be made as to whether the increase in potentially
developable floodplain area is acceptable under Corps policy, or can be avoided or mitigated to an
acceptable level within a justified cost. It is important to remember that the floodplain metric used in this
analysis is a simple index based on physical parameters. The metric does not attempt to forecast future
population growth, economic conditions, or government decisions that will constrain future floodplain
development. For example, current zoning ordinances in Sutter and Butte County’s General Plan indicate
restrictive policies, which govern future development. Local policies, combined with recent state
legislation and federal regulations are expected to limit developable land. These factors should be
considered in conjunction with the metric.
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6. ADDRESSING RESIDUAL RISK

The NED Alternative (SB-7) reduces adverse flooding effects but significant residual risks remain. With
the aim of buying down the residual risk, the PDT found the most cost-effective incremental alternative to
the NED to be Alternative SB-8. Figure 7 displays the residual 1% ACE floodplain associated with
Alternative SB-8. In order to better understand the nature of residual flooding and flood risk associated
with the NED Plan and LPP, the District has refined flood plain mapping to 1 foot intervals for the 2%,
1%, 0.5%, and 0.2% ACE. Please see Attachment 2, MFF urban floodplains.

Figure 7. Alternative SB-8 (1% ACE Residual Floodplain)
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Using life safety metrics and accounts to address the significant residual risk of the NED Plan other
measures and alternatives were investigated and evaluated with Alternative SB-8 identified as a next
increment plan to the NED plan that effectively and efficiently reduces the residual risk and consequences
to life safety in the northern urban areas and other parts of Sutter Basin. To further ensure that
Alternative SB-8 structural and formulation strategy were valid, a cost comparison of Alternative SB-8
was performed, at a conceptual level of detail, to verify the structural measures of Alternative SB-8 were
the most cost effective in addressing the residual risk and consequences left by the NED Plan.
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The District identified risk reduction measures to reduce loss of life and improve the function of critical
infrastructure facilities. Ring levees were considered to be ineffective for facilities like hospitals, the
correctional institution, and the assisted living center because the functionality of the facilities would be
compromised for an average flood event, which is estimated to be 2-3 weeks (using actual historical flood
events in this study area as reference). Raising smaller facilities such as the police stations and the fire
stations might be economically justified, but they would not maintain their functionality during the
duration of a flood event.

Specific measures to improve evacuation during a flood event were also evaluated. Measures considered
included modification to the roads used for evacuation. Because flooding in the northern portion of the
study area is extensive sheet flow, embankment modifications to road and the railroad would need to be
raises; culverts would not convey the wide area extent of the sheet flows. Raising roads was considered
to be cost prohibitive relative to other measures. Raising the railroad is considered to be more costly than
raising a road so that measure was similarly screened out. Additional investigation of potential
evacuation routes and destinations, such as the Sutter Buttes, will be done as part of the life safety
incremental assessment of SB-7 and SB-8, to be included in the Draft Feasibility Report. Please see
Attachment 1, Decision Point #2 Slides, slides 50-56).

Evaluation of critical infrastructure and evacuation life safety measures will continue to be refined for the
Draft Feasibility Report.

Fixing in place levees structural measures of Alternative SB-8 are estimated at an additional cost
(compared to the NED plan) of: $260 to $330 Million. The costs for various comparable nonstructural
measures addressing similar residual risk areas are listed below:

» Elevate Houses: ~$650 million

= Evacuation Route — Elevated Causeway: ~$600 Million

» Ring Levees around Live Oak, Gridley, and Biggs: ~$375 Million
* Buyouts: ~$1Billion

Alternative SB-8 is the multi-objective/account alternative that is cost effective and best reduces flooding
and reduces residual risk of life safety in the Sutter Basin. Alternative SB-8 is comprised of Alternative
SB-7 fixes plus fixing-in-place the existing northern Feather River levees from Sunset Weir up to
Thermalito. The total first cost estimate is $713 million with annual net benefits of $26 million.

The additional investment of $290 million in project cost (Alternative SB-8 first cost minus the NED
Alternative cost) buys down the residual risk of the NED Alternative and provides significant non-
monetized benefits (displayed in Table 9). The population at risk of flooding from a 1% ACE flood event
(Plate #8) decreases from 38,200 to 6,600, life safety related critical infrastructure at risk is reduced from
11 to 1, and the number of evacuation routes increases from 1 to 5. It should be noted that the additional
investment of $290 million for the LPP increment produces an incremental annual benefit of $7 million.
While this is not enough to justify the full cost of the increment, it justifies more than half of it. The LPP
would reduce risk to an additional 32,000 people in an area that has historically had loss of life in a flood
event. The RMC is conducting a Levee Safety Alternatives Evaluation of the NED and LPP the week of
25 February 2013.
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Table 9. Summary of Life Safety Metrics, 1% ACE Floodplain

Alternative
Evaluation Metric

SB-1: No Action NED SB-8
Population at Risk 94,600 38,200 6,600
(People)
Critical Infrastructure
(Facilities) 28 1 !
Evacuation Routes 0 1 5
(Number of Routes)
Wise Use of Floodplains 71,800 88,200 100,200
(Acres)

In significantly reducing the residual risk of the NED Alternative, the next incremental alternative (SB-8)
is supported by the local sponsors and can be considered the federal plan in terms of comprehensiveness
and completeness. Alternative SB-8 is proposed as the Locally Preferred Plan (LPP) with strong federal
interest. Furthermore, considering an objective of the study is to reduce risk to lives, perhaps the LPP
increment of levee (17.7 miles) is in fact non-separable from the levee improvements included in the
NED Plan from a life safety perspective.

Please also refer to Attachment 1, Decision Point #2 presentation slides 47-70, for initial comparison of
NED and LPP, which is also being refined for the Draft Feasibility Report.
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7. FINAL ARRAY OF ALTERNATIVES & COMPARISON

With the identification of the NED Plan and the LPP, a final array of alternatives was established for the

study:

No Action: Alternative SB-1

NED: Alternative SB-7 reconfirms federal interest, reduces flood risk to most of Yuba
City area, but leaves considerable residual risk to the northern communities of the basin

and parts of Yuba City.

LPP: Alternative SB-8 reconfirms federal interest the same as the NED plan, but
significantly reduces residual risk of the NED in the northern communities of the basin
and parts of Yuba City. It has also been identified in terms of multi-objective planning

the comprehensive federal plan.

As a final step in the multi-objective planning process, a pair-wise comparison and evaluation was
completed between the NED plan and the LPP to determine the recommended Tentatively Selected Plan
(TSP) as shown in Table 10.

Table 10: Final Array of Alternative Plans- Comparison Summary of Accounts and Criteria

NO ACTION

NED PLAN

LPP PLAN

. PLAN DESCRIPTION

Alternative SB-1: The No
Action provides no physical
project constructed by the
Federal Government.

Alternative SB-7: The NED
plan is a Feather River fix-in-
place levee alternative from
Sunset Weir to Laurel Avenue.

Alternative SB-8: The LPP plan
is a Feather River fix-in-place
levee alternative from Thermalito
to Laurel Avenue.

2. MULTI-OBJECTIVE PLANNING ASSESSEMENT

A. National Economic Development (NED) — mean or mid-range numbers
1. Project Cost $0 $423,000,000 $713,000,000
2. Annual Cost $0 $21,000,000 $37,000,000
3. Total Annual Benefit | $0 $51,000,000 $58,000,000
4. Annual Net Benefits | $0 $37,000,000 $28,000,000
5. Benefit — Cost Ratio | N/A 2.7 1.8

B. Environmental Quality (EQ)

. Environmental Safety

High potential for contaminated
flood waters from the northern
community urban facilities
(water treatment plants; gas
stations; etc)

High potential contaminated
flood waters from the northern
community urban facilities
(water treatment plants; gas
stations; etc)

Lower flood risk and lower risk
of potentially contaminated flood
waters from the northern urban
community facilities (water
treatment plants; gas stations;
etc)

N

. Ecosystem

The Sutter Basin is located
along the Pacific Flyway that
serves millions of migrating
waterfowl during the winter
migration (flooding) season for

Under residual flooding,
thousands of acres remain
impacted, negatively affecting
“stop-over” feeding and resting
areas with potential wildlife

Residual flooding is primarily
concentrated in the south most
part of the basin allowing for
significant availability of acres
for “stop-over” feeding and
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NO ACTION

NED PLAN

LPP PLAN

foraging and rest. Flooding
would negatively affect “stop-
over” feeding and resting areas
with potential wildlife health
issues with contaminated
waters.

health issues with
contaminated waters.

resting. There is a lesser risk
from urban area contamination

C. Regional Economic Development (RED)

1. RED Effects to Flood
Risk Management and
Region

Future flooding would destroy
part of the infrastructure
resulting in a loss in the
region’s ability to produce
goods and services. Little to no
RED benefits.

A 4-year period of construction
can result in positive spillovers
to suppliers, short-term
increases in construction
related employment, increase
revenues for local businesses
and a potential increase in
wealth for floodplain residents,
as less is spent on damaged
property repairs.

Population and economic
centers of the basin would be
flooded resulting in slow
regional recovery.

Similar to NED, but effects will
extend for a 6-year period of
construction resulting in
additional RED benefits.

Major population and economic
centers will have reduced risk of
flooding resulting in faster
regional recovery.

D. Other Social Effects (OSE) — Life Safety Evaluation

Metrics

1. Life, Health, and
Safety

Continued flood risk and
consequences in the Sutter
Basin including the
communities of Yuba City, Live
Oak, Gridley, and Biggs.

Flood Warning Emergency
Evacuation Plan (FWEEP)
mitigation is problematic for
types of levee failures and
limited evacuation routes.
Significant life safety residual
risk to the communities of
Yuba City, Live Oak, Gridley,
and Biggs.

Flood Warning Emergency
Evacuation Plan (FWEEP)
mitigation is problematic for
types of levee failures and
limited evacuation routes. Life
safety residual risk to the
communities of Yuba City, Live
Oak, Gridley, and Biggs are
significantly reduced.

1a.Remaining Population
at Risk

Approximately 94,600
individuals are within the 1%
ACE floodplain.

38,200 people remain in the
1% ACE floodplain.

(60% of population is removed
from the 1% ACE residual
floodplain for NED.)

6,600 people remain in the 1%
ACE floodplain.

(93% of population is removed
from the 1% ACE residual
floodplain for SB-8)

1b. Loss of Life Estimate
For 1% ACE event
(Based on Hurricane
Katrina loss of life ratio)

Potential loss of 112 lives.

Potential loss of 45 lives.

Potential loss of 8 lives.

1c. Critical Infrastructure
— Life Safety

28 structure deemed as critical
from a national perspective are
at risk from floods.

11 structures remain at risk
from floods.

1 structure is at risk from floods.

1d. Evacuation Routes
(See comparative plates
below)

In the event of a flood, no
evacuation route is available out
of the basin.

Offers one problematic route
for evacuation during a flood
event. A flood warning and
evacuation plan would not be
as effective and limited.

5 evacuation routes are available
in the event of a flood. A flood
warning and evacuation plan
would have more robustness and
redundancy.
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NO ACTION

NED PLAN

LPP PLAN

le. Wise Use of
Floodplains

Note: fix-in-place
measures are only
bringing levees up to
authorized elevation and
performance.

Currently, 71,800 acres of land
are potentially available for
future development.

88,200 acres would be
potentially available for future
development.

100,200 acres of land would be
potentially available for future
development.

(additional 12,000 potential acres
calculated compared to NED)

2. Social Vulnerability
(Study Area Resiliency)

The social vulnerability index
score (SoVi) indicates the study
area to be medium to high
vulnerability. The No Action
alternative may leave
communities unable to cope
with the recovery from a flood
hazard.

Majority of the community of
Yuba City is afforded flood
risk reduction, however the
communities of Live Oak,
Gridley, and Biggs remain at
risk of flood hazards and may
be unable to cope and recover.

The four existing communities
are provided flood risk reduction,
and social vulnerability is
minimized due to a decrease in
the probability of flood hazards
occurring.

3. Residual Risk and
Consequences

Residual Risk remains high
throughout the study area

Residual Risk for Life Safety is
reduced for most of the Yuba
City urban area.

Residual Risk for Life Safety is
reduced in the high risk
communities: Yuba City, Live
Oak, Gridley and Biggs.

E. Federal Planning Criteria

The local sponsors and public

The local sponsors and public

Acceptability N/A support levee fixes and support levee fixes and
improvements. improvements.
Addresses the primary Addresses the primary planning
Effectiveness N/A planning objectives of reducing | objectives of reducing FRM and
FRM and some life safety. life safety.
. Economic analysis and outputs | Economic analysis and outputs
Etficiency N/A identified identified
Significant residual risk of life | Reduces residual risk of life
Completeness N/A safety in the northern basin safety to Yuba City and the

communities of Biggs, Gridley,
and Live Oaks.

communities of Biggs, Gridley,
and Live Oaks.
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Alternative Comparison.

Population at Risk. A more specific comparison figures were developed in comparing the NED plan
with the LPP (SB-8). The NED plan removed 60% of the basin population out of the 1% ACE
floodplain while the LPP (SB-8) removed 93% of the basin population out of the 1% ACE floodplain.
(See Table 11)

Table 11: Remaining Population at Risk

Reduction
Community Population | Population of

Remaining | Remaining | Population
at Risk at Risk at Risk

Yuba City 11,400 3,500 7,900

Biggs 1,500 20 1,480
Gridley 6,400 0 6,400
Live Oak 8,400 0 8,400
Sutter Rural 5,800 3,100 2,700
Butte Rural 4,800 20 4,780

Total 38,200 6,600 31,600

Evacuation Routes. The availability and access of evacuation route options tied to the sudden
unpredictable nature of recent flood events is a critical comparison factor of the NED vs. to the LPP.
With the population centers spread throughout the middle and northern sections of the Basin, having
multiple routes to choose from is critical to evacuation planning and real time evacuation. Adjoining
basins to the southwest, south, and east, either has lower levels of flood protection or is surrounded by
water during flood events, making them dangerous locations for evacuees. The NED plan provides only
one route to the city of Marysville which has historically been surrounded by water in flood events and is
currently in final planning stages for a ring levee FRM project. (Figure 8).
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Figure 8. Comparison of NED and LPP Evacuation Routes (1% ACE Residual Floodplains)
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Critical Infrastructure. In terms of response and recovery of flood events for life safety, the NED plan
leaves numerous critical infrastructure facilities at in the 1% ACE residual floodplain in the cities of
Biggs, Gridley, Live Oak, and part of Yuba City (Figure 9). A partial list is provided here:

= 1 Hospital (45 beds)

= 2 Police stations

= 5 Fire stations

= 1 Assisted living center (99 beds)

= 3 City hall buildings

= 1 Correctional Facility (305 inmate capacity)
= 3 Water and sewer treatment facilities

= Multiple telecommunication facilities
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Figure 9. Critical Infrastructure-Life Safety Comparison
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Wise Use of Floodplains. Potentially developable land in terms of 1% ACE residual floodplains were
calculated as an evaluation metric to enable general comparison of potentially developable floodplain
under the NED Plan vs. the LPP assuming land is developable if the 1% ACE floodplain depths are 3-
The calculation estimates the potential of roughly 12,000 additional acres made
The LPP includes conservation easements that could be
purchased by the local sponsor to mitigate potential residual loss of life. See Attachment 1, slides 59-60.

feet or less (Figure 10).
available with the LPP vs. the NED plan.

Sutter Basin is an agriculturally focused region. The local and state partners have several existing land
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use commitments and constraints in the Sutter Basin in regards to development in the floodplain:

o Williamson Act Contracts: These rolling 10-year agreements between government and farmers to
preserve the agricultural and open space in rural California by offering landowners tax breaks on
the assessed land value.

e Conservation Easements: Agreements between landowners and an agency (USFWS, etc) which
permanently precludes future development.

¢ Flood Risk Natifications: Annual flood risk notifications sent to all property owners.
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Figure 10: Potentially Developable Floodplain Comparison
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Loss of Life. Estimates of potential loss of life were made for this study for areas identified as rescue
areas and for the areas identified as evacuation area. These estimates are based upon actual loss of life
ratios experienced in 2005 by the population of New Orleans during the Hurricane Katrina levee failures.
Boyd et al. assumed that of the inhabitants in a flooded area, 80% evacuated and 10% found shelter in a
specialty facility (such as the Superdome or high school), leaving approximately 10% of the population in
a flooded area exposed to the flood event. Based on actual fatalities in New Orleans a mortality rate of
1.18% was determined for the population exposed to the flood event.

As indicated in Table 12, application of the Katrina ratio to the approximately 94,800 population within
the No Action population at risk associated with a Feather River levee failure results in the potential loss
of 112 lives, to the approximately 38,300 people within the NED residual floodplain results in the
potential loss of 45 lives, to the approximately 6,640 people in Alternative SB-8 residual floodplain
results in the potential loss of 8 lives. Note that these are preliminary values. Many factors will influence
the mortality rate from a flooding disaster, including timing of the breach (day or night), population
located near the breach, and availability of flood warning and evacuation routes. The preliminary analysis
provides an indication of the loss of life lives that might be expected. In the California Central Valley, the
risk of a large flood is seasonal. The majority of rainfall occurs in the November through March rainy
season, making the area most vulnerable to winter floods. Standing or working in water which is cooler
than 75 °F (24 °C) will remove body heat more rapidly than it can be replaced, resulting in hypothermia.
Cold water removes heat from the body 25 times faster than cold air. About 50% of that heat loss occurs
through the head. Physical activity such as swimming or other struggling in the water increases heat loss.
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Hypothermia (decreased body temperature) develops more slowly than the immediate effects of cold
shock. Survival curves show that an adult dressed in average clothing may remain conscious for an hour
at 40 °F and perhaps 2-3 hours at 50 °F (water temp.). Any movement in the water accelerates heat loss.
Survival time can be reduced to minutes. Hands rapidly become numb and useless. Without thermal
protection, swimming is not possible. The victim, though conscious, is soon helpless. Without a life
jacket, drowning is unavoidable.

Table 12: Estimated Loss of Life (1% ACE Residual Floodplain)

Economic Estimated Loss of Life
Impact Area No Action NED (SB-7) LPP (SB-8)
Biggs 2 2 0
Gridley 8 8 0
Live Oak 10 10 0
Yuba City 80 13 4
Rural Butte 6 6 0
Rural Sutter 7 7 4
Total 112 45 8

Other Alternative Comparison Considerations and Factors.

Levee Safety Program — Baseline Conditions Risk Assessment. Levee Safety Program — Baseline
Conditions Risk Assessment (BCRA). The Sutter Basin area is one of five areas selected to undergo a risk
assessment by the USACE Risk Management Center (RMC). Within the Levee Safety Program
framework, the BCRA is a quantitative risk assessment to advance the goal of the Levee Safety Program
to work with stakeholders to assess, communicate, reduce, and manage risk associated with levee
systems.

The Sutter Basin BCRA will include risk assessments of the baseline (existing conditions). Data collected
as part of the Sutter Basin Feasibility study will be used by the RMC to assist in the development of the
baseline. Once the baseline is established the RMC will evaluate the NED and LPP alternatives developed
during the Sutter Study. The risk will be characterized by the combination of the probabilities of failure
estimated for each failure mode and the consequences (life loss and damages) associated with that failure.
Risk will be reported in terms of annualized life loss and estimated annual damages. Preliminary results
are expected to be available in the spring of 2013.

Executive Order 11988. The objective of the Sutter Basin study is to reduce flood risk within the study
area. The study is responsive to the EO 11988 objective of “avoidance, to the extent possible, of long-
and short-term adverse impacts associated with the occupancy and modification of the base flood plain
and the avoidance of direct and indirect support of development in the base flood plain wherever there is a
practicable alternative”. The proposed features focus on reducing the threat of flooding to the existing
urban areas, altering a scattered footprint difference between the NED and LPP within the northern
floodplain (Figure 10). These features would reduce the hazard and risk associated with floods thereby
minimizing the effects of floods on life safety, health, and welfare to the existing population, and would
preserve the natural and beneficial values of the base floodplain. For these reasons the proposed plan is in
compliance with EO 11988.
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Emergency Costs and Evacuation Planning. NED losses associated with public goods and services
include some of the costs incurred as part of actions required to respond to a flood emergency. The type
of costs that could be incurred and considered NED losses are those associated with the following
activities, which may employ staff and equipment:

= Structure clean-up: monetary damages associated with the removal of debris generated by
damage structures due to flooding

= Displacement: temporary relocation of residents, and subsistence costs (incremental costs
above those that would be normally incurred)

= Public assistance/emergency response services

An expert-opinion elicitation panel comprised of professionals having significant, relevant experience in
the field of emergency response convened in Sacramento, CA (2009) with the goal of developing
estimates of the economic cost associated with various emergency related damage categories (evacuation,
debris activities, public services, utilities, etc) . Initial modeling results for district studies, as a proportion
of structure and content damages, ranged from 1-3%.

Additionally, road damages and traffic-related costs associated with detours and extra time traveled by
motorists due to potential flooding in the Sutter Basin was forgone based on prior experiences, which
have shown such damage categories to be relatively minimal when compared to structural damages.
Nevertheless, it is recognized that in order to detail the magnitude of flooding problems in the Sutter
Basin, the economic analyses can be conducted. However, because these damages categories are not
expected to drive plan selection it was omitted from the analysis. If deemed necessary, emergency costs,
road damages and traffic disruption analyses can be conducted during refinement of tentatively selected
plan (TSP).

Non-Federal Sponsors’ Request.

Sutter Butte Flood Control Agency and the State’s California Central Valley Flood Protection Board are
the non-Federal sponsor for the Pilot Feasibility Study. The LPP Plan is supported by both the non-
Federal sponsors as this plan addresses the flood risk of Yuba City and the residual flood risk and
consequences of life safety to the existing cities of Biggs, Gridley, Live Oaks, and parts of Yuba City that
the NED Plan does not. The non-Federal sponsors agree to pay for the determined cost share of the LPP.

The LPP also meets the requirements of Senate Bill (SB) 5 which stipulates that urban and urbanizing
areas of 10,000 or greater must achieve 1/200 ACE level of flood risk management. It should be noted
that the southern deeper part of the basin would remain in the 1/100 ACE floodplain.

TSP Recommendation. The multi-objective comparison and assessment between the NED Plan and the
LPP are summarized in Table 10. Both the NED and LPP provide significant benefits that exceed the
costs. While the NED Plan is more efficient than the LPP, both plans are efficient. Both the NED and
LPP are complete since they each contain all necessary elements for the project to function independently.
In a multi-objective context that equably emphasizes flood risk reduction and residual risk to life safety
across all accounts and criteria, the LPP can be recommended as the Tentatively Selected Plan.
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8. RECOMMENDATION OF THE TSP

Both the NED (SB-7) and the LPP (SB-8) provide significant benefits that exceed the costs. While the
NED Plan is more efficient than the LPP, both plans are efficient (B/C >1). Both plans are complete in
that they include all necessary elements needed for the project to function without relying on other
activities. The LPP plan is more effective in that it provides greater flood risk reduction benefits and
addresses residual risk of life safety within the Sutter Basin. Based upon the information developed in
support of the Decision Point 2 Conference, and the conclusions that can be drawn from that information
and were presented to the Vertical Team, the LPP (SB-8) will be recommended as the Tentatively
Selected Plan (TSP) in the Draft Feasibility Report.

Cost Sharing. Table 13 presents two cost sharing scenarios for Federal/non-Federal cost allocation for
the TSP: full Federal participation as established by Section 103 of WRDA 1986; limited Federal
participation where the Federal share is limited to the Federal share of the NED alternative. The range in
confidence of cost estimates are displayed in Table 6, the mean estimates are used in the table below.

Table 13. Cost Allocation Scenarios for TSP ($1,000)"

Cost Allocation NED LPP
Full Federal Limited Federal
Participation Participation
Non-Federal
LERRD $48,333 $71,073 $71,073
Cash $99,717 $178,477 $366,977
Sub Total $148,050 $249,550 $438,050
Federal
Construction $274,950 $463,450 $274,950
Total Project Cost $423,000 $713,000 $713,000

Full Federal Cost Participation. The estimated total project first cost for the TSP is $713 million, with
an estimated Federal cost of $463 million and a non-federal cost of $250 million.

Limited Cost Share. The estimated total project first cost for the TSP is $713 million. Federal costs are
capped at 65% of the NED plan ($275million) with an estimated to non- federal cost $438 million.

Recommendation.

The recommendation for the tentatively selected plan is the LPP Alternative. To recommend the LPP as
the TSP, a Policy Exception Request will be developed and forwarded to the ASA (CW). With a
confirmation of a recommended TSP, the PDT is scheduled to move forward in refining and finalizing an
integrated draft EIS/EIR-feasibility report for concurrent public, internal and external peer reviews.

1 LERRDs are based preliminary estimates based screening level cost estimates.
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9. SUMMARY

Recent geotechnical analysis of project levees reveal significant adverse flooding impacts as a
result of underseepage failures, which are sudden and unpredictable, resulting in minimal warning
time, and ineffectiveness of evacuation plans.

The total value of damageable property within the Sutter Basin study area is estimated at $6.9
billion.

Management measures were developed and formed the basis of the preliminary alternatives,
which were evaluated and resulted in a draft array of alternatives of which SB-7 was identified as
the NED Alternative, affirming federal project interest.

The NED residual 1% ACE floodplain showed significant adverse flooding impacts remained
given that the alternative only addressed flooding impacts in one of the four existing
communities.

An assessment of the residual risk of the NED Alternative using life safety metrics served to
illustrate the magnitude of the flooding impacts. The metrics were population at risk, critical
infrastructure, availability of evacuation routes and the potential developable acres.

With the aim of buying down the residual risk, the PDT found the most cost-effective incremental
alternative to the NED to be Alternative SB-8.

The additional investment of $290 million in project cost (Alternative SB-8 first cost minus the
NED Alternative cost) buys down the residual risk of the NED Alternative and provides
significant non-monetized benefits. Total annual benefits increase from $51 to $58 million. The
population at risk of flooding from a 1% ACE flood event decreases from 38,200 to 6,600,
critical infrastructure at risk (within the 1% ACE floodplain) is reduced from 11 to 1, and the
number of evacuation routes increases from 1 to 5. A preliminary estimate of the potential loss of
life indicates a substantial reduction from 45 lives (NED) to 8 lives (LPP).

The wise use of floodplain metric used in the analysis is a simple index based on physical
parameters, and does not account for current restrictive zoning ordinances, which govern and
limit future development.

The final array of alternatives includes the No Action, NED and LPP.

The LPP (Alternative SB-8) is recommended as the TSP that comprehensively addresses flood
risk and the residual risk to life safety and is the federal plan.
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B3. Plan Formulation, Multi-Criteria Analysis




CESPK-PD-W 28 November 2012

MEMORANDUM FOR FILE

SUBJECT: Sutter Basin Pilot Feasibility Study; Multi-Objective Analysis of Flood Risk
Management Alternatives

1. References:

a. Recommendations for Transforming the Current Pre-Authorization Study Process,
USACE, January 2011

b. Sutter Basin Pilot Study Draft Re-Scoping Plan, 1 September 2011

c. Developing a Feasibility Study with Multiple Planning Objectives, 31 May 2012,
SMART Guide, planning.usace.army.mil/toolbox/

2. Purpose

The purpose of this memorandum is to describe the multi-objective analysis used for the
evaluation and comparison of the final array of alternatives, and for the selection of the
tentatively recommended plan.

3. Background

The Sutter Basin Feasibility Study was selected as a Planning Modernization pilot study to test
principles that have been outlined in the USACE Recommendations for Transforming the Current
Pre-Authorization Study Process (January 2011) and associated materials. One of the five key
elements highlighted by the Recommendations is the use of a multi-criteria approach to
alternative selection, including moving away from the rote acceptance of National Economic
Development (NED) or National Ecosystem Restoration (NER) as the sole criterion for plan
selection. This element of the Recommendations also suggests the use of less detailed
quantitative analysis and more judgment, including the use of weighted criteria. These
Recommendations were based on the recognition of shortcomings in past practices, as well as
anticipation of the proposed Principles and Requirements.

The Sutter Basin Pilot Study Re-scoping Plan (Reference 1.b) stated that it was anticipated that
evaluation and comparison of the final array of alternatives would be based on monetary and
non-monetary effects, qualitative and quantitative data, and economic, public safety,
environmental, and regional criteria. The final array of alternatives would be evaluated and
compared through a comprehensive trade-off analysis, which might involve unequal weighting
of criteria. The alternative with the greatest net benefits would be identified; but may not be
chosen as the Tentatively Selected Plan (TSP) based on the results of the trade-off analysis.


http://planning.usace.army.mil/toolbox/

4. Approach

The evaluation criteria identified in the Re-scoping Plan were based on both existing Corps
policy, including the Principles and Guidelines (P&G) and Planning Guidance Notebook (PGN),
and the proposed Principles and Requirements (P&R). Pursuant to the Recommendations, the
Sutter pilot study team developed a multi-objective approach to plan evaluation and selection
that would consider all of the planning objectives identified for the study, rather than only the
NED and NER objectives.

The Planning Objectives identified in the Re-scoping Plan are:

Reduce the risk to life, health, and public safety due to flooding.

Reduce the risk of property damage due to flooding.

Reduce the risk of damage to critical infrastructure due to flooding.

Encourage wise use of the floodplain.

In conjunction with Flood Risk Management (FRM), restore floodplain connectivity and

associated dynamic riverine processes.

e In conjunction with FRM, restore aquatic, wetland, riparian, and terrestrial habitats for
special status and other native species.

e In conjunction with FRM and ER, improve the public’s access to and use of outdoor
recreational opportunities in the study area.

e Additional Non-Federal Sponsor Objective: Reduce the probability of flooding to urban

and urbanizing areas to less than 0.5 (1/200) Annual Chance Exceedance with assurance..

5. Evaluation Criteria

The Project Delivery Team (PDT) decided the evaluation criteria for the multi-objective analysis
should focus on the first four objectives, which are the FRM objectives. The ER and Recreation
objectives are secondary to FRM and therefore are best considered as additions to the TSP.
Alternatives that would fulfill the additional Non-Federal Sponsor Objective for FRM were
included in the preliminary alternatives to allow potential identification of a Locally Preferred
Plan (LPP) by the sponsor.

The PDT also selected evaluation criteria that would identify significant differences between the
preliminary alternatives. Some potential criteria that were considered, including environmental
justice, were not selected because initial evaluations did not indicate significant differences
among the preliminary alternatives.

The PDT initially selected the following evaluation criteria/metrics:

NED Costs

NED Benefits

Annualized Population at Risk
Critical Infrastructure — Life Safety
Critical Infrastructure — Regional
Wise Use of Floodplain

o o0 o



g. Environmental Effects
h. Ecosystem Restoration

The definitions of the specific metrics for these criteria, and the processes by which they were
quantified, are detailed in separate memoranda.

After the metrics had been quantified, the PDT decided that two of the metrics should not be
used in the multi-objective analysis. The ecosystem restoration metric was not used because all
of the potential ecosystem restoration measures under consideration were separable from the
FRM measures. The critical infrastructure - regional metric was not used because nearly all of
the identified facilities were agricultural processing facilities that were not likely to be active
during the flood season and that were also included in the NED benefit metric.

6. Multi-Objective Analysis: Alternate Methods Applied

Several methods of multi-objective analysis were tested to identify a method that would be
informative and transparent. These methods were based in part on concepts presented in the
Planning SMART Guide (Reference 1.c), as well as discussions within the task group that
addressed multiple-objective planning for the Planning SMART initiative.

a. Method A: Cost Effectiveness and Incremental Cost Analyses Using Weighted Criteria

Method A used modified Cost Effectiveness and Incremental Cost Analyses (CE/ICA) based
on the standard Corps methodology for optimizing mitigation and restoration plans. This method
was intended to allow incremental benefits to be compared to incremental costs in an
optimization process. The net values of five output metrics (b, c, d, f and g in Item 5, above) for
the eight preliminary alternatives were normalized to a scale of 0 to 1 using the percent of
maximum method. In each case, a normalized value of 1.00 was assigned to the most beneficial
(or least adverse) net output and a normalized value of 0.00 was the least beneficial net output.
See Table 1 for the calculation of the normalized values for the six alternatives.

Rather than selecting a single set of weights for the five output criteria, the PDT decided to apply
different sets of weights (i.e., multiple weightings) as a sensitivity analysis. If a single
alternative was cost-effective, or very few alternatives were cost-effective, across a reasonable
range of weightings, that result would provide a basis for plan selection. A wide range of
potential weightings was tested using this modified CE/ICA method. Certified IWR Planning
Suite software was used to perform CE/ICA.

In this study, the modified CE/ICA method did not provide results that could easily be used to
select a plan. The lack of a clear result was partially due to the lack of an objective basis for
judging the maximum incremental cost that would be justified for a mixture of various outputs.
In addition, the ICA method compares outputs to costs, similar to a benefit-to-cost ratio.
Although that process identifies the relative cost-efficiency of the alternatives, it does not
identify which alternative produces the greatest net beneficial outputs, which would be more
consistent with the Corps’ national planning objectives. Consequently, when there are large
differences in the scales of alternatives, the ICA method tends to favor smaller, more cost-



Table 1. Normalization of Values for Metrics

Environmental

Life Safety Critical Infrastructure Effects Wise Use of Floodplain
Economic Benefits b =1lv Develonabl Cost
Population at Risk Evacuation Routes Life Safety Facilities | Project Footprint otentially evelopable
. Floodplain Area
Alternative
($Mil Annual) (Total Pop in 1% Floodplain) | (Number - Low Risk) (Number at Risk) (Acres) (Acres) ($Mil Annual)
Gross | Normal | Gross Net Normal Gross Normal Gross | Net | Normal| Gross | Normal | Gross Net Normal | Gross | Normal

SB-1: No Action 0 0.00 94618 0 0.00 0 0.00 28 0 0.00 0 1.00 71,832 0 1.00 0 0.00
SB-2: Minimal Fix-in-Place 38 0.51 56686 | 37932 0.40 1 0.20 10 18 0.64 22 0.89 83,770 | 11,938 0.84 16 -0.26
SB-3: Yuba City Ring Levee 41 0.55 27250 | 67368 0.71 1 0.20 9 19 0.68 194 0.00 79,339 | 7,507 0.90 24 -0.39
SB-4: Little J Levee 46 0.62 3783 90835 0.96 2 0.40 1 27 0.96 174 0.10 | 101,309 | 29,477 0.60 42 -0.68
SB-5: Fix-in-Place, Thermalito| 5 061 | 27647 | 66971 | 0.71 3 0.60 1 27 | 096 | 33 0.83 | 95661 | 23829 | 0.68 32 -0.52
to Star Bend
SB-6: Fix-in-Place, Feather
River, Sutter Bypass and 74 1.00 101 94517 1.00 5 1.00 0 28 1.00 50 0.74 146,006 | 74,174 0.00 62 -1.00
Wadsworth Canal
SB-7: Fix-in-Place, Sunset 51 0.69 | 38209 | 56409 | 0.60 1 0.20 10 | 18 | 064 27 0.86 | 88,223 | 16,391 | 0.78 2 035
Weir to Laurel Avenue
SB-8: Fix-in-place, Themalito | ¢ 078 | 6648 | 87970 | 0.93 3 0.60 1 27 | 09 | 39 0.80 | 100,230 | 28,398 | 0.62 39 0.63
to Laurel Avenue




efficient alternatives, such as Alternatives SB-2 and SB-7. Because the results of Method A
were not consistent with the objective of maximizing net beneficial effects, the details of those
results are not presented here.

In this study, the modified CE/ICA method did not provide results that could easily be used to
select a plan. The lack of a clear result was partially due to the lack of an objective basis for
judging the maximum incremental cost that would be justified for a mixture of various outputs.
In addition, the ICA method compares outputs to costs, similar to a benefit-to-cost ratio.
Although that process identifies the relative cost-efficiency of the alternatives, it does not
identify which alternative produces the greatest net beneficial outputs, which would be more
consistent with the Corps’ national planning objectives. Consequently, when there are large
differences in the scales of alternatives, the ICA method tends to favor smaller, more cost-
efficient alternatives, such as Alternatives SB-2 and SB-7. Because the results of Method A
were not consistent with the objective of maximizing net beneficial effects, the details of those
results are not presented here.

b. Method B: Multi-Criteria Decision Analysis

In an effort to avoid the shortcomings of the CE/ICA approach, use of a Multi-Criteria
Decision Analysis was tested. The same normalized values were used as in Method A (Table 1),
but with the addition of NED Costs as an additional criterion. Techniques that were used for the
trade-off analysis in the 2004 Hamilton City feasibility report were applied to this study. Those
techniques included assigning a negative normalized value to costs, so that the ultimate total
weighted product calculated for each alternative represents a net combined output (i.e., beneficial
effects minus cost). Another specific technique used was to assign weights to NED costs and
NED benefits in the same ratio as the ratio of the maximum NED costs to the maximum NED
benefits. Because the raw benefit and cost values were normalized using the percent of
maximum method, the use of the ratio of maximum values to select the weights for benefits and
costs ensures that dollars of costs and dollars of benefits are weighted equally in the trade-off
analysis. This technique avoids significant distortions that can otherwise easily occur due to the
weighting process.

As in Method A, rather than selecting a single set of weights for the five output criteria, the PDT
decided to apply different sets of weights (i.e., multiple weightings) as a sensitivity analysis.
Table 2 illustrates various results from multi-criteria decision analyses using different sets of
weights.

Scenarios 1A-1D show the results of varying the weights for NED costs and benefits from
maximum to low levels, while assigning equal weight to the other four criteria. If only NED
benefits and costs are considered (Scenario 1A), then the result is that Alternatives SB-7 is
preferred over all of the other alternatives. If the additional non-NED criteria are given even
weights (Scenarios 1B-1D), then the result is that Alternative SB-7 is still preferred until the total
weight assigned to NED benefits and costs is reduced to below 60%. With less than 60% weight
assigned to the NED criteria, and the remaining greater-than-40% weight evenly distributed
among the remaining four criteria (Scenario 1D), Alternative SB-8 is preferred.



Table 2. Selected Examples of Multi-Criteria Decision Analysis Using Various Weightings

WEIGHTS (PREFERENCES) WEIGHTED PRODUCTS COMMENTS
Scenario | Benefits| LS Pop| LS Evac| Critical| Environ| Floodplain| Cost| Total| Alt 2| Alt 3| Alt 4| Alt 5| Alt 6| Alt 7| Alt 8

1A 54% 0% 0% 0% 0% 0% 46% |100%| 0.16 | 0.13 ] 0.03 | 0.10 | 0.09 | 0.21 | 0.14 [NED Only

1B 50% 1% 1% 2% 2% 2% 42% |100%| 0.20 | 0.16 | 0.07 | 0.15 | 0.14 | 0.25 | 0.19 |Even weights for non-NED

1C 40% 3% 3% 7% 6% 7% 34% [100% | 0.29 | 0.23 | 0.18 | 0.27 | 0.24 | 0.33 | 0.31 |Even weights for non-NED

1D 32% 6% 5% 10% 10% 10% 27% | 100%| 0.37 ] 0.28 | 0.26 | 0.38 | 0.34 | 0.40 | 0.41 |Even weights for non-NED

2A 35% 9% 9% 18% 0% 0% 29% [ 100% | 0.27 | 0.28 | 0.31| 0.35 | 0.42 | 0.32 | 0.40 |Life safety very heavily weighted
2B 35% 8% 9% 9% 5% 5% 29% [ 100%| 0.30 | 0.26 | 0.25] 0.33 | 0.35 | 0.34 | 0.38 |Life safety moderately weighted
3A 35% | 0% 0% | 0% | 0% | 36% [29%|100%] 0.41]0.40]0.24]0.31]0.06 | 0.42 | 0.31 [Floodplain very heavily weighted

Notes: Bold indicates preferred alternatives based on indicated weighting. For Scenario 1 only, Population at Risk and Evacuation metrics are
combined in the Life Safety criterion to avoid double-weighting of life safety factors.




Of course, alternatives other than Alternatives SB-7 or SB-8 can be preferred depending upon
the weights that are assigned to the selection criteria. Scenario 2A shows that Alternative SB-6
is favored if a relatively high weight is given to the three criteria related to Life Safety, including
Critical Infrastructure. However, if the Critical Infrastructure criterion is more moderately
weighted with moderate weights given to the other criteria (Scenario 2B), then Alternative SB-8
is preferred.

Scenario 3A shows that Alternative SB-7 is favored even if a relatively high weight is given to
the Floodplain criterion.

c. Method C: Pair-wise Comparison

Because the Method B Multi-Criteria Decision Analysis resulted in multiple top-ranked plans
based upon a reasonable range of weightings, a pair-wise comparison was used to highlight the
significant differences between pairs of alternatives. Because recommendation of the NED Plan
is the Corps norm, any other alternative must be compared to the NED Plan and found to be
superior in order to be recommended as the Federal Interest Plan. Consequently, the use of pair-
wise comparison is a good fit with the Corps’ current planning policies.

In this study, pair-wise comparison was used to address the following question:

e Should a plan other than the NED Plan be recommended as the Federal Interest Plan based on
consideration of all four P&G accounts?

This question was addressed by comparing alternative plans (Alternatives SB-2, SB-3, SB-4, SB-
5, SB-6, and SB-8) to the NED Plan (Alternative SB-7).

Table 3. Alternative SB-2 versus Alternative SB-7

Costs Beneficial Adverse
First Cost| Ann Cost | AnnBen | Net Ben Decrease_ 'n Evacuation | Critical Inf | Env Effect | Floodplain
Pop at Risk
Alt SB-2 319 16 38 22 37932 1 18 22 11,938
Alt SB-7 423 22 51 29 56409 1 18 27 16,391
Diff -104 -6 -13 -7 -18477 0 0 -5 -4,453
% Diff -25% -27% -25% -24% -33% 0% 0% -19% -27%

Alternative SB-2 can be considered the first increment, as it is the smallest increment and is
contained within all of the other alternatives. Alternative SB-2 significantly reduces net benefits
compared to Alternative SB-7 while minimally reducing environmental effects and providing a
smaller reduction in the population at risk. However, Alternative SB-2 substantially reduces the
acreage of potentially developable floodplain. If the potential floodplain development effects of
Alternative SB-7 are considered to be acceptable, or can be avoided or mitigated to an acceptable
level, then there would be no reason to consider recommending Alternative SB-2 rather than
Alternative SB-7.



Table 4. Alternative SB-3 versus Alternative SB-7

Costs Beneficial Adverse
First Cost| Ann Cost | Ann Ben | Net Ben Decrease_ n Evacuation | Critical Inf | Env Effect | Floodplain
Pop at Risk
Alt SB-3 451 24 41 17 67368 1 19 194 7,507
Alt SB-7 423 22 51 29 56409 1 18 27 16,391
Diff 28 2 -10 -12 10959 0 1 167 -8,884
% Diff 7% 9% -20% -41% 19% 0% 6% 619% -54%

When compared to Alternative SB-7, Alternative SB-3 provides substantially less net NED
benefit and has a significantly larger environmental effects footprint. The major advantages of
Alternative SB-3 are reductions in the population at risk and the acreage of potentially
developable floodplain.

Table 5. Alternative SB-4 versus Alternative SB-7

Costs Beneficial Adverse
First Cost | Ann Cost | Ann Ben | Net Ben EZS::‘S;,;E Evacuation | Critical Inf | Env Effect | Floodplain
i
Alt SB-4 798 42 46 4 90835 2 27 174 29,477
Alt SB-7 423 22 51 29 56409 1 18 27 16,391
Diff 375 20 -5 -25 34426 1 9 147 13,086
% Diff 89% 91% -10% -86% 61% 100% 50% 544% 80%

Alternative SB-4 provides substantially lower net NED benefits compared to Alternative SB-7, but
performs significantly better than Alternative SB-7 for life safety and critical infrastructure criteria.
Alternative SB-4 would have a significantly larger environmental effects footprint and a
significantly larger increase in the potentially developable floodplain area compared to
Alternative SB-7.

Table 6. Alternative SB-5 versus Alternative SB-7

Costs Beneficial Adverse
First Cost| Ann Cost | AnnBen | Net Ben Decrease. ' Evacuation | Critical Inf | Env Effect Floodplain
Pop at Risk
Alt SB-5 608 32 45 13 66971 3 27 33 23,829
Alt SB-7 423 22 51 29 56409 1 18 27 16,391
Diff 185 10 -6 -16 10562 2 9 6 7,438
% Diff 44% 45% -12% -55% 19% 200% 50% 22% 45%

The major advantages of Alternative SB-5 over Alternative SB-7 are the increases in all life
safety/critical infrastructure criteria. However, Alternative SB-5 would result in a significant
decrease in net NED, while having a greater environmental effect footprint and a greater increase
in the potentially developable floodplain.




Table 7. Alternative SB-6 versus Alternative SB-7

Costs Beneficial Adverse
First Cost| Ann Cost | Ann Ben | Net Ben Decrease. n Evacuation | Critical Inf | Env Effect | Floodplain
Pop at Risk
Alt SB-6 1131 62 74 12 94517 5 28 50 74,174
Alt SB-7 423 22 51 29 56409 1 18 27 16,391
Diff 708 40 23 -17 38108 4 10 23 57,783
% Diff 167% 182% 45% -59% 68% 400% 56% 85% 353%

Costs for Alternative SB-6 are nearly three times as much as for Alternative SB-7, but the flood
risk reduction benefits are only 45% higher; as a result, the net NED benefits for Alternative SB-
6 are significantly lower than for Alternative SB-7. Alternative SB-6 would reduce the
population at risk by an additional 68%, remove 10 additional critical infrastructure facilities
from the 1% annual chance floodplain, and provide four more evacuation routes than Alternative
SB-7. Alternative SB-6 has a larger environmental effects footprint than Alternative SB-7. A
prominent difference between the two alternatives is that Alternative SB-6 would increase the
potentially developable floodplain area by over three times as much as Alternative SB-7. In
order for Alternative SB-6 to be recommended over Alternative SB-7, a very high value would
have to be placed on the additional life safety/critical infrastructure outputs provided by
Alternative SB-6 to offset the disadvantages of Alternative SB-6 due to its much higher costs,
lower net NED benefits, and much greater increase in potentially developable floodplain area.

Table 8. Alternative SB-8 versus Alternative SB-7

Costs Beneficial Adverse
First Cost| Ann Cost | Ann Ben | Net Ben Decrease_ n Evacuation | Critical Inf | Env Effect | Floodplain
Pop at Risk
Alt SB-8 713 39 58 19 87970 3 27 39 28,398
Alt SB-7 423 22 51 29 56409 1 18 27 16,391
Diff 290 17 7 -10 31561 2 9 12 12,007
% Diff 69% 77% 14% -34% 56% 200% 50% 44% 73%

Alternative SB-8 would triple the number of evacuations routes, reduce the population at risk by
an additional 56%, and remove 9 additional critical infrastructure facilities from the 1% annual
chance floodplain, at a 77% higher cost than Alternative SB-7. Alternative SB-8 increases the
environmental effects footprint and potentially developable floodplain area compared to
Alternative SB-7. If the increases in life safety/critical infrastructure criteria are considered to
outweigh the increase in costs, reduction in net benefits, and increases in adverse effects, then
Alternative SB-8 would be preferred over Alternative SB-7.

7. Conclusions

Several methods of multi-objective analysis were applied to the Sutter Basin alternatives:
Method A (Cost Effectiveness and Incremental Cost Analyses Using Weighted Criteria) did not
indicate a clear choice among the alternatives due to the lack of an objective basis for judging the

maximum incremental cost that would be justified for a mixture of various outputs.

Method B (Multi-Criteria Decision Analysis) demonstrated that Alternative SB-7 is the preferred
alternative over the widest range of relatively balanced weightings, or if the floodplain criterion



is heavily weighted. Method B also demonstrated that other alternatives would be favored if
certain criteria were heavily weighted along with the NED benefit and cost criteria. Alternative
SB-6 is favored if the three life safety criteria (evacuation, critical infrastructure, and population
at risk) are heavily weighted. Alternative SB-8 is preferred if less than 60% weight is given to
the NED criteria, with the three life safety criteria given moderately higher weights than the
environmental effects and floodplain criteria.

Method C (Pair-wise Comparison) provided the clearest comparison of the alternatives and of
the trade-offs among them in terms of beneficial and adverse effects. This method focused on
whether a deviation from recommendation of the NED Plan is warranted. The analysis found
that if the additional life safety/critical infrastructure benefits of Alternative SB-8 are considered
to outweigh the higher costs, reduction in net NED benefits, increased environmental footprint,
and increase in potentially developable floodplain, then Alternative SB-8 would provide greater
net monetary and non-monetary benefits than the NED Plan, Alternative SB-7. In order for
Alternative SB-6 to be recommended rather than the NED Plan, a very high value would have to
be placed on the life safety/critical infrastructure criteria to offset the disadvantages of
Alternative SB-6, which are its much higher costs, lower net NED benefits, and significantly
greater increases in the environmental footprint and potentially developable floodplain area.

In conclusion, the combined results of the three methods of multi-objective analysis indicate that
consideration given to the metric for the potentially developable floodplain area is a key factor in
identifying the recommended Tentatively Selected Plan (TSP).

A determination must be made as to whether the increases in potentially developable floodplain
area due to Alternatives SB-6, SB-7, and SB-8 are acceptable under Corps policy, or can be
avoided or mitigated to an acceptable level within a justified cost. In making that determination,
it is important to remember that the floodplain metric used in this analysis is a simple index
based on physical parameters. The floodplain metric does not attempt to forecast future
population growth, economic conditions, or government decisions that will constrain future
floodplain development. The metric also does not account for existing land use regulations and
easements within the Basin. Those aspects should be considered in conjunction with the
floodplain metric. The floodplain metric should be used to identify the specific locations where
increases in the potentially developable floodplain area could occur. That information can be
used to further assess the residual risks, including residual flood depths, associated with different
alternative plans.

A second key factor in identifying the recommended TSP is the relative importance placed on
the three life safety criteria (population at risk, evacuation, and critical infrastructure), relative to
the importance placed on maximizing net NED benefits and minimizing the environmental
effects footprint and potentially developable floodplain area. The NED plan, Alternative SB-7,
would be the best choice for the TSP if all of the non-NED criteria are given equal importance
and less than 40% combined weight, based on Method B. If the non-NED criteria are given
equal importance and more than 40% combined weight, than Alternative SB-8 would be the
preferred plan. If very high importance is given maximizing life safety, compared to all other
criteria, then the most comprehensive and costly plan, Alternative SB-6 would be the favored
choice for the TSP.
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This Report Summary is in support of Decision Point #2 and
Presentation. Additional background information on the Sutter Basin
pilot process, plan formulation, evaluation metrics, etc. can be found in
the supporting Read Aheads for Decision Point #2.

As a Read Ahead, a Draft Report Table of Contents with referenced
supporting and IPR directed documents (MFRs, papers, reports, etc)
generated by the PDT during the pilot and plan formulation process is
provided to show how the work efforts and documents will flow into an
integrated Draft Report.

The Report Summary has been modified to be consistent with the actual
Decision Point # 2 presentation, reflecting modifications in the
identification and analysis of alternatives after the original document
was prepared; and to provide additional information as requested by the
Vertical Team after the Decision Point Conference to support the
District’s recommendations to identify the Locally Preferred Plan as the
Tentatively Selected Plan with full Federal cost participation as
prescribed by Section 103 of WRDA 1986.
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1. INTRODUCTION

Purpose. The purpose of the Report Summary is to document the planning process leading up to the
recommendation of the tentatively selected plan (TSP) and in doing so reaffirm Federal interest, identify
the national economic development (NED) plan, identify the locally preferred plan (LPP), and evaluate
residual risk. Plans were evaluated at a suitable level of detail for the identification of the NED and LPP
plans. Refined analysis, including total project costs, will be presented in the Draft Feasibility Report.
Section 8 recommends the Tentatively Selected Plan (TSP).

Study Authority. The authority for the USACE to study Flood Risk Management (FRM) and related water
resources problems in the Sacramento River Basin, including the study area in Sutter and Butte Counties, is
provided in the Flood Control Act of 1962, Pub. L. No. 87-874, § 209, 76 Stat. 1180, 1196 (1962).

Local Sponsors. The non-Federal project sponsors include the State of California Central Valley Flood
Protection Board (CVFPB) and the Sutter and Butte County Flood Control Agency (SBFCA).

Study Background. The Sutter Basin Feasibility Study was initiated in 2000 and a Feasibility Scoping
Meeting was held in January 2005. However the study remained essentially inactive until the formation of
the Sutter Butte Flood Control Agency (SBFCA), which agreed to serve as the local partner along with
the Central Valley Flood Protection Board (CVFPB) in 2007. In 2010, the Sutter Basin population passed
a $6.65 million per year assessment to study and implement a project to reduce flood risks to the basin.
This action was a strong public endorsement of the need for immediate action to address the flood threat,
particularly since the area is an economically disadvantaged community under California State guidelines
with widespread unemployment, and the approved assessment rates are among the highest in California.

Pilot Program. The Sutter Basin Feasibility Study is one of the first two studies selected for inclusion in
the National Pilot Program in February 2011. The pilot initiative provides an opportunity to test principles
that were developed by a workgroup of planning and policy experts from USACE and the Office of the
Assistant Secretary of the Army for Civil Works (ASA (CW)), referred to as the 17+1 Team, for the
purpose of modernizing the Civil Works Planning Program to better address the many water resource
challenges facing the nation.

The revised study paradigm envisions a more predictable, and efficient process which significantly
lessens the time required to complete a feasibility study. This new process requires heavy involvement as
well as input and timely decisions from the Vertical Team at multiple points throughout the study.
Further, the process emphasizes the early identification of the federal interest in resolving a water
resource problem.

The study process continues to use sound professional engineering, economics, and environmental
judgment and analyses, but appropriately focuses the amount and type of data collected and analysis on
the risk and consequences of the decisions being made. Costs and benefit estimates presented herein are
based on an appropriate level of detail for screening of draft alternatives to a final array. The appropriate
level of detail was selected considering that comparative cost estimates are more accurate than absolute
cost estimates. This is because similar errors are made for all alternatives. The range of confidence in
cost and benefit estimates is presented in a table comparing the alternatives. To avoid confusion, only
mean estimates are described in the text.

After approval by the ASA-CW a more detailed total project cost estimate will be completed and certified
for the Recommended Tentative Selected Plan (TSP). It is anticipated that the certified total project cost
estimate and the benefits of the TSP will deviate from the values presented in this report. However the
estimates are expected to fall within the range of estimates provided.



The new study paradigm recognizes that qualitative optimization of any factor, including net national
economic development benefit, should not be the primary factor in the Corps decision for a
recommendation for federal investment. Alternative Comparison and Selection recognizes that there is no
single “best” plan, and there are a variety of approaches (quantitative and qualitative) to multi-criteria
decision making.

The pilot study is divided into four phases, each with a key decision point and associated In-Progress
Reviews (IPRs). Table 1 summarizes the four pilot study phases and associated decision points. Based on
the pilot program principles, the Sutter Basin Pilot Feasibility Study strategy focuses on utilizing an
appropriate level of detail based on the decisions being made at each stage of the study. This strategy
includes qualitative analysis that will be increasingly detailed at each Decision Point or IPR and early
elimination of alternatives with little probability of implementation.

Table 1. Pilot Study Phases and Associated Decision Points

Pilot Study Phase Decision Point Date
Scoping 1 — Federal Interest Determination Aug 2011
Analysis 2 — Tentatively Selected Plan Nov 2012
Review 3 — Civil Works Review Board Summer 2013*

Confirmation 4 — Chief’s Report Fall 2013*

*Dates are pending confirmation from vertical team.

Central Valley Flood Protection Plan. The Central Valley Flood Protection Act of 2008 (CVFPA),
passed by the California legislature as Senate Bill (SB) 5, directs local flood risk management efforts. The
CVFPA, along with other companion legislation, required the Central Valley Flood Protection Board to
adopt the Central Valley Flood Protection Plan (CVFPP) by July 2012. The purpose of the CVFPP was
to guide California’s participation in managing flood risk along the Sacramento and San Joaquin River
systems. The CVFPA requires a 200-year (with 95% assurance (or “freeboard”)) level of flood protection
for urban and urbanizing areas by the year 2025.

The CVFPP proposes an initial system wide investment approach for sustainable, integrated flood
management in areas currently protected by facilities of the State Plan of Flood Control (SPFC). This
investment approach includes system and regional elements, some of which are located in the Sutter Pilot
study area. The CVFPP was adopted by the State in July 2012. The Sutter Basin Pilot Study is
continuing close coordination with these CVFPP efforts and is a key means of implementing a portion of
the CVFPP.

The CVFPA, recognizing the urgent need to improve the existing flood protection system, allows urban
flood improvement projects (Early Implementation Projects) to be funded with State bond funds in
advance of full implementation of the CVFPP. Proposed improvements must be for flood management
construction projects that: rehabilitate, reconstruct, replace, improve, or add to the facilities of the State
Plan of Flood Control; reduce or avoid risk to human life in urban areas; and not impair or impede future
changes to regional flood protection. Construction of 3,400 feet of setback levee to replace a portion of
the existing west bank Feather River levee south of Yuba City was recently completed within the Sutter
Basin study area under the Early Implementation Program to address through-seepage, underseepage, and
flow constriction issues. A request for approval under 33 USC § 408 was granted and an application for
consideration of Section 104 credit was approved in 2009.



SBFCA is proposing another levee improvement project along the Feather River west levee under the
Early Implementation Program. This project proposes to construct levee improvements between the
Thermalito Afterbay and an area north of the Feather River/Sutter Bypass confluence. The project will
address through-seepage, underseepage, and embankment instability of the levees, by meeting current
design standards. A Pre-Design Formulation Report was completed in August of 2011 and the 60%
design was completed in March 2012. An EIS/EIR is being prepared for the project as part of a Section
408 application to obtain permission from USACE to alter project levees. The non-federal project
sponsors will seek in-kind credit for this local project under the provisions of Section 221 of the Flood
Control Act of 1970, as amended.



2. STUDY BRIEFING

Study Area. The 300 square mile Sutter Basin study area is located in Northern California in Sutter and
Butte Counties within the 14,000 sg. mile Sacramento River Watershed as shown in Figure 1. The study
area, which is approximately 50 miles north of Sacramento, is bounded by the Feather River on the east,
the high ground of the Sutter Buttes on the west, the Sutter Bypass on the southwest, and Cherokee Canal
and the Butte River on the northwest. Existing levees along the Feather River, Sutter bypass, Cherokee
canal, and Wadsworth Canal as well as the Butte Basin are features of the Sacramento River Flood
Control Project (SRFCP), authorized by Congress in 1917. The SRFCP incorporated features such as
levees, weirs, and pumping facilities into a system of leveed river channels and flood bypass channels to
provide Flood Risk Management benefits to the Sacramento Valley. The existing levees provide FRM
benefits to the Sutter River Basin study area; however, the current condition of the levees are assessed to
have relatively high risk of failure as a result of through and under seepage concerns.

Figure 1: Sutter Basin Study Area
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The study area is primarily rural, with extensive agricultural areas and low population density. Yuba City
is the largest community in the study area, located midway in the basin adjacent to the Feather River. The
northern basin ‘gold rush era’ cities of Biggs, Gridley, and Live Oaks are situated roughly along the
north-south railroad and State Highway 99 corridors.



Existing Conditions. Existing conditions are those at the time the study is conducted and form the basis
for extrapolation to other conditions. Existing conditions within the study area are discussed below.

Topography. As shown in Figure 2, the floodplain elevations (excluding the high ground of Sutter Buttes)
range from 110 feet-NAVDA88 in the northeast to 30 feet-NAVD88 in the southwest.

Figure 2. Sutter Basin Topography
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Geotechnical Levee Performance. From initial information and modeling during plan formulation, the
primary risk of flooding in the Sutter Basin is the result of geotechnical failure of the existing levees not
hydrologic or hydraulic factors which result in levee overtopping. Recent geotechnical analysis and
evaluation of historical performance during past floods indicate the project levees within the study area do
not meet USACE levee design standards and are at risk of breach failure at stages considerably less than
levee crest elevations. This was evidenced by historical boils and heavy seepage at stages less than
authorized design flows'. Underseepage failures are sudden and unpredictable, resulting in minimal
warning time, and ineffectiveness of evacuation plans. The risk of unexpected levee failure coupled with
the consequence of flooding presents a continued threat to public safety, property, and critical
infrastructure. Initial WSEL’s where a seepage related levee failure becomes possible are as low as the
20% (1/5) event in most cases along the Feather River. At the 10% (1/10) WSEL, the probability of
failure can range from 10-20%, while at the 1% (1/100) WSEL these probabilities of failure range from
30-45% depending upon the location along the river.

Hydraulics. Multiple levee breach scenarios were modeled along the Feather River and Sutter Bypass to
assist in the analysis of the study alternatives. Floodplains resulting from levee breaches differ
significantly in nature depending on the location of the breach as illustrated in Figure 3. Simulated
breaches along the northern portion of the Feather River flood the northern basin in a shallow (up to 6
feet) northeast to southwest flooding flow. Breaches from the Sutter Bypass and southern most portion of

! Design flows obtained from USACE file drawing 50-10-334, Levee Channel Profiles, 15 March 1957. For a discussion and comparison of
design flows vs. regulated and peak unregulated flows see Progress Document #2; Technical Support Documentation of the Sutter Basin Pilot
Feasibility Study.



the Feather River only flood the deeper (up to 25 feet) southern basin area and do not impact the northern
portion of the basin. The velocity of floodwaters varies depending on the proximity to the breach
location. For those structures/people within 1,000 feet of a breach the velocity could be high enough to
knock structures off of their foundations. This high risk velocity area would consist mainly of the small
population of Yuba City within 1,000 feet of the river and would see velocities well above 6 feet per
second (fps). But, the majority of Yuba City and all of Biggs, Gridley and Live Oak are outside this area
and could expect to see flood velocities between 2-3 fps.

Figure 4 shows the composite 1% ACE floodplain for the Sutter Basin.

Figure 3. Simulated Levee Breach Scenarios
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Figure 4.

1% ACE Without Project Floodplain
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Economics. Based upon the 2010 Census, the population of the Sutter Basin is estimated to be 95,360 and
distributed as shown in Table 2.

Table 2. Population Within Study Area

Economic Impact Area | Population
Town of Sutter 250

Yuba City Urban 67,370

Biggs Urban 1,760

Gridley Urban 6,380

Live Oak Urban 8,360

Sutter County Rural 6,340
Butte County Rural 4,900
TOTAL 95,360

Demographics: Median household income for the study area ranges from $36,563 (Gridley) to $48,830
(Yuba City). Both of which are below State ($61,632) and national (52,762) averages. The persons living
at or below the poverty level in the study area are 22.7%, 21.4% and 15% for Biggs, Gridley and Yuba
City, respectively. All of which are above the State (14.4%) and national (14.3%) averages.”

The total labor force in the study area is estimated at 40,000, with an unemployment rate of 14.7%, 8.4%,
and 9.3% in Biggs, Gridley and Yuba City, respectively. Total private wage or salary workers estimated
to be 75% (Biggs), 65% (Gridley) and 69% (Yuba City) with 17% (Biggs), 25% (Gridley) and 20%
(Yuba City) of the labor force rated as government workers. Approximately, 7% (Biggs), 11% (Gridley)
and 11% (Yuba City) of the labor force was considered to be self-employed, not incorporated. The
average wage per job so the study area is between $22,300 to $28,100.

Variances in race and ethnicity in communities may impose language and cultural barriers that affect
ability to cope with natural hazards. The Hispanic presence is evident given they make up at least 28% of
the population in each community. Live Oak’s population is composed of 48.8% of individuals of
Hispanic origin, which is significantly higher than the State average of 37.6% and considerably exceeds
the national average of 16.3%.

Inventory: An economic inventory was assembled following standard USACE methods. For the study
area, a base geographic information system (GIS) inventory with parcel attribute data was provided by the
local sponsor for both Sutter and Butte counties. Field visits were conducted to collect and validate the
base inventory data. Parcels with structures were categorized by land use and grouped into residential,
commercial, industrial or public categories. The value of damageable structures was estimated based on
depreciated replacement values. The total value of damageable property (structures and contents) within
the Sutter Basin study area is estimated at $6.9 Billion (October 2011 prices). Table 3 displays the
structural inventory by land use category. Total study area without project expected annual damages are
approximately $108 million.

2 Some demographic data was unavailable for the City of Live Oak.



Table 3. Structural Inventory —Existing Conditions®
Number of Structures within 0.2% (1/500yr) Annual Chance Floodplain

Economic Impact Area | Commercial | Industrial | Public | Residential | TOTAL
Biggs 18 1 0 586 605
Gridley 81 7 4 1,931 2,023
Live Oak 51 5 23 2,088 2,167
Yuba City 872 210 122 18,760 19,964
Town of Sutter 0 0 0 0 0

Rural Butte 10 16 0 1,242 1,268
Rural Sutter 10 29 8 1,162 1,209
TOTAL 1,042 268 157 25,769 27,236

Climate. The study area is located within the northern portion of California’s Central Valley. The
Sacramento Valley is a semi-arid region with an annual rainfall of approximately eighteen inches. There
are two distinct annual seasons, a hot dry summer and a cool wet winter. Approximately eighty percent
of the annual rainfall occurs in between October to March.

Environmental. Sutter County is primarily rural, with extensive agricultural areas and a low population
density. The county is one of California’s major agricultural counties and its traditional job base is
agriculture. A number of Federal and State listed species are known to occur or potentially occur in the
study area. Many of these species are located within the riparian areas along the Feather River.

Historic Flooding. In 1955, flood waters from a levee breach encompassed a significant portion of the
study area inundating 6,000 homes, drowning 38 people, injuring 3,200 individuals, and requiring 600
people to be rescued by helicopter. From 1950 to 2011, extensive flood fighting has occurred during 19
events, and deadly levee failures adjacent to the Sutter Basin took place in 1986 and 1997 which reduced
stress on the levees surrounding the Sutter Basin and may have resulted in avoiding failure of these
levees. Flooding historically has occurred during the months of December through February with air
temperatures of 38 to 55°F and water temperatures of 45 to 55°F; temperatures which significantly
increase risk of death by exposure”.

Future Without-Project Conditions. The future without-project condition is the most likely condition
expected to exist in the future in the absence of a proposed water resources project and constitutes the
benchmark against which alternatives are evaluated. These forecasts of future conditions are from the
base year (year when a project is expected to be operational) to the end of the period of analysis (50
years). Future without-project conditions for this study are projected assuming a base year of 2020 and a
50-year period of analysis out to year 2070. Assumptions regarding the future without-project condition
are listed below:

e For purposes of evaluating the transfer of flood risk, the future without-project condition will
assume the levees do not fail due to geotechnical conditions since their original design was not
based on failure assumptions.

e Ongoing levee maintenance will result in no change to geotechnical conditions and levee

® Based on empirical analyses conducted for past Corps projects, subject matter expertise from the agricultural economist and professional
judgment, the project delivery team expects agricultural damages to total 10-15% of total project damages; amounts which are not expected to
drive plan selection. A simplified approach was developed for this study.
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performance curves.

e Oroville and New Bullards Bar reservoirs on the Feather and Yuba River Systems will continue to
be operated using the existing rule curves.

e Vegetation and topographic conditions within the channel are expected to remain the same as
existing conditions.

e Remaining natural areas are not expected to substantially decline in acreage and value over the
period of analysis.

e Economic analysis assumes the future without-project condition damages are equal to existing
conditions. Because any future without project development would take place outside/above the
mean 1% (1/100) ACE floodplain boundary and because any future damages would be discounted
back to present value, the future condition is not expected to impact the plan formulation process
significantly.

e Since refinements, additions, and deletions of elements associated with the System wide Investment
Approach presented in the 2012 CVVFPP are anticipated, these elements will not be included in the
future without-project condition.

¢ Flood frequency will be based upon existing conditions. However, a sensitivity analysis of climate
change impacts on hydrologic frequency, flood damages, and alternative selection will be
conducted. This approach was based on a review of uncertainty in recent climate model analysis.

e Assumes Three Rivers Levee Improvement Authority (TRLIA) Feather River setback levee has
been constructed.

e Section 104 of WRDA 86 allows for the plan formulation analysis to exclude work conducted by
the sponsor from the without project condition, thereby allowing the work to potentially be
incorporated in to the recommended plan, if it is found to be in the Federal interest. Since the
application for consideration of Section 104 credit for the completed Star Bend setback levee was
approved in 2009 prior to the moratorium on consideration of Section 104 credit by the ASA (CW),
this project will not be considered part of the future without-project condition.

e Vertical Team policy guidance provided at In-Progress Review #1 recommended that the Feather
River West Levee Project proposed by the project sponsor will not be considered part of the future
without-project condition (assumes no contract prior to the Chief’s Report for the pilot study). If
appropriate after the feasibility report is completed, the sponsor may request credit consideration
for this local project under the provisions of Section 221 of the Flood Control Act of 1970, as
amended. This may be accomplished in accordance with ER 1165-2-208 guidelines.
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3. PLANNING OBJECTIVES AND OPPORTUNITIES

Following inclusion of the Sutter Basin Feasibility Study in the National Pilot Program, the Project
Delivery Team (PDT) and non-Federal sponsors participated in a study risk workshop with several
members of the Vertical Team during which the following problem, opportunity, objective, and constraint
statements were developed and refined.

Problems.
e A high risk of flooding from levee failure threatens the public safety as well as property and critical
infrastructure throughout the study area
e Existing levees have isolated the floodplains from waterways, which has eliminated significant
floodplain habitats for native species, including Federally listed species and other special status
species; also, conversion of high value habitats to other land uses has reduced the abundance,
distribution and diversity of native species

Opportunities.
e Land formerly converted by mining or agriculture can be restored to more natural habitats in
conjunction with FRM
o Facilities can be included at recommended FRM and Ecosystem Restoration (ER) features to provide
public access and use and improved outdoor recreation experiences

Objectives.” The study objectives were developed through the integration and use of the four planning
accounts, which include national economic development (NED), environmental quality (EQ), regional
economic development (RED), and other social effects (OSE).

o Reduce the risk to life, health, and public safety due to flooding

o Reduce the risk of property damage due to flooding

e Reduce the risk of damage to critical infrastructure due to flooding

e Encourage wise use of the floodplain

e In conjunction with FRM, restore floodplain connectivity and associated dynamic riverine processes

e In conjunction with FRM, restore aquatic, wetland, riparian and terrestrial habitats for special status
and other native species

e In conjunction with FRM and ER, improve the public’s access to and use of outdoor recreational
opportunities in the study area

Constraints.
e Minimize adverse hydraulic effects where they could result in economic damages to others
e Minimize significant adverse impacts to the human environment
e Comply with applicable Federal laws, regulations, and policies such as the National Environmental
Policy Act, Endangered Species Act, Fish and Wildlife Coordination Act, Clean Water Act, and the
National Historic Preservation Act.

Evaluation Metrics. Evaluation metrics were developed to compare alternatives. During plan
formulation, as measures and alternatives were developed, better and more cost effective ecosystem and
recreational opportunities were identified that were not conjunctive to the FRM measures and alternatives
being carried forward to the array of alternatives. These objectives, ecosystem and recreation, were
therefore not integrated into the final evaluation metrics and the multi-criteria analysis which directed
focus on the life safety metrics.

> Additional non-Federal objective entailed reducing the probability of flooding to urban and urbanizing areas to less than 0.5% (1/200) annual
chance exceedance due to CA State Law requiring a 200-year level of flood risk management by the year 2025.

11



The Sutter Basin Pilot Study Re-scoping Plan stated that it was anticipated that evaluation and
comparison of the final array of alternatives would be based on monetary and non-monetary
effects, qualitative and quantitative data, and economic, public safety, environmental, and
regional criteria. The evaluation criteria (Table 4) identified were based on both existing Corps
policy, including the Principles and Guidelines, and Planning Guidance Notebook.

Table 4. Evaluation Criteria based on P&G and PGN

Study Obijectives Evaluation Metric

() Reduce the risk of life, health, and public safety due to flooding

Population at Risk
Critical Infrastructure-Life
Safety
Evacuation Routes

(b) Reduce the risk of property damage due to flooding

NED Costs
NED Benefits

(c) Reduce the risk of damage to critical infrastructure due to flooding

Critical Infrastructure-Life
Safety

(d) Encourage the wise use of the floodplain

Potentially Developable
Floodplain (Acres)

Definitions of the evaluation metrics used in the Sutter Basin Feasibility study are shown in
Table 5. These evaluation metrics were presented and discussed during the In-progress Review
Meeting #4 on 26 June 2012 and were approved by the Vertical Team.

Table 5. Description of Metrics

Evaluation Metric

Description

Population at Risk (People)

Number of people within the 1% ACE Floodplain based on the 2010 census
blocks.

Critical Infrastructure (Facilities)

Number of fire stations, police stations, hospitals, senior living facilities, and jails
that are of life safety significance.

Evacuation Routes (# of Routes)

Assesses the vulnerability of populations with regards to the number of escape
routes available during flood events.

Potentially Developable
Floodplain (Acres)

Potentially developable land within the 0.2% ACE floodplain. Acres of land with
1% ACE flood depths less than 3 feet.
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4. PLAN FORMULATION

The plan formulation process develops and evaluates alternative plans to address the needs and desires of
society as expressed in specific planning objectives. Accordingly, the tentatively selected plan best
satisfies the objectives as well as the Federal interest, which are consistent with the Federal Water
Resources Council’s Principles and Guidelines (P&G) and the Planning Guidance Notebook (ER-1105-2-
100).

Management Measures. A broad array of management measures was developed based on information
from existing reports and studies, as well as public input and professional judgment. These measures were
presented at the Sutter Basin Pilot Study Critical Thinking Charette held at the Sacramento District on
July 18-19, 2011. The charette was attended by the PDT and non-Federal sponsors, along with several
members of the Vertical Team and the National Pilot Program 17+1 Team. The team reviewed each
measure, identified additional measures, and then evaluated the measures based on study objectives, study
constraints, and Water Resources Council Principles and Guidelines (P&G) criteria. A group decision was
made as to whether each measure should be retained or dropped from further consideration. Progress
Document #1 provides a description of the measures evaluated at the charette and indicates whether each
one was retained or dropped and the reason(s) for dropping.

Preliminary Alternative Formulation and Evaluation. Following the initial screening of measures, the
team identified four themes (strategies) for plan formulation. The themes included the following: 1)
Consequence Management Focused on Public Safety, 2) Urban FRM Focus, 3) Maximize Existing
System with FRM Focus, and 4) Ecosystem Restoration Focus. These themes were used to assist the team
in establishing a preliminary array of conceptual alternatives by grouping measures according to the
primary focus of each theme. Based on the measures grouped under each theme, the team identified a
total of nine conceptual alternatives®. Most alternatives are comprised primarily of new levees or
strengthening of existing levees. Following the charette, each alternative was further developed and
guantities, costs and economic benefits were estimated for each alternative. The use of these results was
used solely to screen out those preliminary alternatives that do not appear economically justified even in
the most favorable conditions.

Draft Alternative Evaluation and Comparison. A combined Value Engineering (VE) Study and
Planning Charette was held from October 31st to November 4th, 2011. The VE methodology was
incorporated into the planning process at an early stage of the study to compare, refine, and optimize
alternatives based on multiple criteria in order to ensure a robust array. This process also provided an
opportunity to validate the array of preliminary alternatives and to ensure that significant alternatives had
not been overlooked. The VE Study/Charette was attended by the PDT and non-Federal sponsors, the
Sacramento District (SPK) VE Officer and South Pacific Division (SPD) VE Program Manager, the SPD
Plan Formulation Lead, and representatives from the National Pilot Program 17+1 Team. Based on the
discussions during the combined VE Study/Charette, the team identified alternatives with very similar
functions in addition to those with little probability of implementation. This resulted in combining and
eliminating some of the alternatives as well as refining and optimizing those that were retained by adding
or removing measures in order to ensure a robust array. The draft array of alternatives (shown in Figure 5)
evaluated in further detail includes:

= Alternative SB-1: No Action Alternative.

6 L . . . . . .
A matrix with the array of conceptual alternatives and measures associated with each of these alternatives is also included in Progress
Document #1 where the nine conceptual alternatives are described by theme.
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= Alternative SB-2: Fix in Place Feather River from Sunset Weir to Star Bend - This
alternative involves strengthening the existing Feather River levee in the immediate
vicinity of Yuba City and reduces risk to the Yuba City urban core.

= Alternative SB-3: Yuba City Ring Levee — This alternative includes the construction of a
new levee surrounding Yuba City and reduces risk to the primary urban center.

= Alternative SB-4: Little “J” Levee — This alternative includes strengthening the Feather
River levees north of Yuba City and construction of a new levee on the south and west of
Yuba City. Reduction of risk is focused on Yuba City and the northern communities of
the Basin.

= Alternative SB-5: Fix in Place Feather River, Thermalito Afterbay to Star Bend- This
alternative includes SB-2 but extends levee improvements north to Thermalito.

= Alternative SB-6: Fix-in-Place Feather River, Sutter Bypass, and Wadsworth Canal- This
alternative consists of the Sutter Bypass / Wadsworth Canal Levee Improvements and the
Feather River Levee Improvements.

= Alternative SB-7: Fix in Place Feather River, Sunset Weir to Laurel Ave- This alternative
includes SB-2 but extends Feather River fix-in-place levee improvements south of Yuba
City to Laurel Ave that specifically addresses residual risk of Yuba City southeastern
areas.

= Alternative SB-8: Fix-in-Place Feather River from Thermalito Afterbay to Laurel Ave —
This alternative focuses on the Feather River Levee Improvements north to Thermalito
and south to Laurel Ave. Reduction in risk is focused on Yuba City and the northern
communities of the basin.

Figure 5: Alternatives

9 7 = ) =)

SB-2

A

No Action Feather River
Alternative at Yuba City
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Feather River Thermalito Feather River, Sutter Feather River Sunset Feather River Thermalito
Afterbay to Star Bend Bypass, and Wadsworth Weir to Laurel Ave Afterbay to Laurel Ave
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Identification of the NED Alternative. Table 6 summarizes the expected annual net benefits and the
benefit to cost ratio ranges for each of the draft array of alternatives. The economic analysis indicates the
national economic development alternative to be SB-7, as it maximizes net benefits. Alternative SB-7
comprises of fixing-in-place the existing Feather River from Sunset Weir down river to Laurel. The total
first cost estimate is $423 with annual net benefits of $37 million. Figure 6 shows the Alternative SB-7,
NED plan and the resulting with project residual floodplain.

Table 6: Alternative Economic Evaluation and Comparison’

Total First Cost IDC [Annualized Cost + O&M Annual Benefits Annual Net Benefits Benefit to Cost Ratio
Alternative
Low . High . Low Mid High Low Mid High " "
0/
(20%) Mid (50%) (80%) Mid @0%) | 50%) | ©0%) | (75%) | Go%) | (25%) Low Mean | High Low Mean | High

SB-1: No Action 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 | 0.0 | 00

SB-2: Minimal Fix in Place,

Sunset Weir to Star Bend 290 319 361 | 24 14 16 18 24 38 73 14 29 48 19 | 29 | 41

SB-3: Yuba City Ring Levee | 411 451 507 53 21 23 26 25 41 71 8 23 40 13 2.0 2.7

SB-4: Little J Levee 729 798 899 94 37 40 45 31 46 87 -3 14 36 0.9 1.4 1.9

SB-5: Fix-in-Place, Thermalito

to Star Bend 549 608 694 72 28 31 35 29 45 81 4 21 41 11 (1.7 | 23

SB-6: Fix-in-Place, Feather
River, Sutter Bypass and 1,018 | 1,131 |1,297 | 183 53 59 67 46 73 134 -3 24 58 0.9 1.4 2.0
Wadsworth Canal

SB-7: Fix-in-Place, Sunset Weir
to Laurel Ave

386 423 479 41 19 21 24 32 51 92 18 37 60 18 | 2.7 3.8

SB-8: Fix-in-Place, Thermalito
to Laurel Ave

645 713 812 | 100 33 37 42 36 58 101 7 28 52 12 1.8 2.4

Alternatives SB-2 and SB-7 result in the highest net benefits. Further evaluation of the NED
Alternative (SB-7) when compared to (SB-2) indicates that the NED plan reasonably maximizes
economic benefits and provides additional outputs in terms of the other accounts (Table 7).
Alternative SB-2 consists of fixing-in-place the Feather River levees from Sunset Weir to the
downstream end of Star Bend. The total first cost estimate is $319 million with annual net
benefits of $29 million. Benefits are concentrated in the primary urban center of the study area,
Yuba City. The next added fix, Alternative SB-7, comprises of fixing-in-place the existing
Feather River levees from Sunset Weir down river to Laurel Avenue. This alternative consists of
SB-2 fixes plus an additional 13.4 mile of levee fixes. The total first cost estimate is $423 million
with annual net benefits of $38 million. The additional investment of $104 million results in an
increase in net benefits of $8 million. The incremental benefit-to-cost ratio is 2.6. Benefits for
this additional reach are also centered in Yuba City, but address significant flood risk to the
southern urban portion of the city. Fixing this reach provides flood risk reduction to
approximately an additional 18,500 people.

7 The net benefits were computed using screening level cost estimates, which incorporated results from a cost risk analysis. As such, a range of
confidence was derived for each cost estimate and computed benefits. This range indicates the reliability of the estimate and benefits.
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Table 7: SB-2 and SB-7

Item Alternative SB-1 | Alternative SB-2 | Alternative SB-7
(from mean economic range number) No Action 1% Increment NED
Investment Cost (millions)
First Cost - 319 423
Interest During Construction - 24 41
Total - 343 464
Annual Cost (millions) -
Interest and Amortization - 15.8 20.7
OMRR&R - 0.2 0.4
Subtotal - 16 21
Annual Benefits FRM (millions) - 38 51
Multi Objective Accounts (non-monetary)
Population Remaining at Risk (people) 94,600 56,700 38,200
Critical Infrastructure (facilities) 28 11 11
Evacuation Routes (number of routes) 0 1 1
Wise Used of Floodplains (acres) 71,800 83,800 88,200
Net Annual FRM Benefits (millions) - 29 37
FDR Benefit to Cost Ratio - 2.9 2.7
FDR Benefit to Cost Ratio (at 7%) - 1.7 1.6
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5. RESIDUAL RISK OF THE NED ALTERNATIVE

Description of Residual Risk. The NED Alternative (SB-7) reduces adverse flooding effects but
benefits are primarily centered on Yuba City. The alternative features do not address the significant
flooding risk in the communities of Biggs, Gridley, and Live Oak. Residual risk of the NED alternative
was assessed by the life safety metrics, described in Table 5. Given the NED residual 1% ACE
floodplain® (Figure 6), substantial residual risk to Biggs, Gridley, Live Oak, and Yuba City remain (Table
8).

Figure 6. Alternative SB-7 NED Plan (1% ACE Residual Floodplain)
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1% floodplains are based on the inundation from any levee having less than 95% assurance. The assurance estimate was based on geotechnical,
hydraulic, and hydrologic uncertainty.
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Table 8. Residual Risk of the NED Alternative, 1% ACE Floodplain

) : Alternative
Evaluation Metric SB-1: No Action NED Plan

Population at Risk 94,600 38,200

(People)

Critical Infrastructure

(Facilities) * "

Evacuation Routes 0 1

(Number of Routes)

Wise Use of Floodplains 71,800 88,200

(Acres)

Population at Risk. A remaining population of 38,200 is at risk of flooding. Of special concern is the
population over the age of 65 living within the study area since those individuals have been shown to be
at higher risk of life loss in flood events. Both Butte (15.6%) and Sutter (13.0%) counties are above the
state average (11.7%) for percentage of persons 65 years of age and over®.

Critical Infrastructure. A significant amount of critical infrastructure is located within the Sutter study
area. Critical infrastructure is a term used by governments to describe assets that are essential for the
functioning of a society and economy from a national perspective. Most commonly associated with the
term are facilities for fire stations, police stations, hospitals, senior living facilities, and prisons. The
benefits of the NED Alternative (SB-7) are primarily centered around Yuba City and still at risk are 11
elements of the critical infrastructure in the communities of Biggs, Gridley and Live Oak.

Evacuation Routes. The primary urban centers in the region are Yuba City, Biggs, Gridley, and Live
Oak. These communities are all located on or near California State Route 99, which runs north-south
through the region. The Sutter County Evacuation and Mass Shelter/Care Plan identifies Highways 20, 99
and 113 as the primary evacuation routes in the region. These routes are subject to change since these
routes are event-specific and official routes are established by the County Sheriff’s office during an
emergency. The Butte County Office of Emergency Management does not have published evacuation
routes at this time, but anticipates Highways 99, 162 and the Colusa Highway could be used as conditions
allow. During the 1997 event, seven different evacuation zones were established over seven days due to
constantly changing conditions and levee breaks™. The main evacuation routes used for this flood event
were Highway-99 north and Highway-113 south. Highway-20 west and Highway-99 south were used
intermittently since all portions of these roads were not accessible at all times during the flood.

Evacuation preparation can be made days in advance for predictable flood events within the major river
system surrounding the study area. As river water levels raise and are predicted to reach flood stages,
warnings and evacuation efforts would be increased and reiterated. This would allow time for evacuation
of immobile residents and other people with special evacuation needs (hospitals, rest homes, jails, elderly
individuals, schools) via the established routes. However, none of the historical flooding evacuations in
the region have been due to foreseen events. Historical flood evacuations in the region have been from
levee failures due to underseepage, which is characterized by its unpredictability and sudden occurrence.

9 Source: U.S. Census Bureau (2012).
10 Source: Sutter County Office of Emergency Management.
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The result is evacuations after levees have failed and widespread flooding is in progress. The 1955 flood
occurred due to a levee break in late December where no prior evacuation notice was given. In the 1997
flood, Yuba City was evacuated and during the evacuation a levee on the east side of the Feather River
near Olivehurst (which was not evacuated) broke.

The residual 1% ACE (1/100 year event) resulting from the NED Alternative affects every major urban
center and nearly every primary evacuation route in the region. The floodplain is due to potential levee
failure upstream of Sunset Weir. All routes out of Biggs, Gridley and Live Oak are affected by the
residual floodplain. The only egress from Yuba City would be Highway 20 and 5™ Street bridges east into
Marysville, which is a community surrounded by a ring levee. Additionally, heading eastbound entails
driving over a four lane bridge that is not expected to adequately handle the additional traffic flow, and
may create a bottle neck limiting evacuation.

The District has initiated coordination with California Department of Transportations (CalTrans) to
understand their criteria for road closures and evacuation during flood events. Standards for road closures
are based less on depth and more on length of roadway affected by flooding. Road closures are
determined based upon safety concerns and are authorized by the California Highway Patrol. Residual
flooding in the northern area Sutter Basin associated with the NED Plan would encompass a majority or
all primary roadways and would have a high likelihood of being considered impassable and/or closed
using the above criteria. The sponsor has finalized its Flood Plain Management Plan, which includes
coordination with State transportation authorities. The District will verify that the Future Without-Project
Condition and No-Action Plan accurately represent the State and local response criteria for flood events.

Wise Use of Floodplains. A determination must be made as to whether the increase in potentially
developable floodplain area is acceptable under Corps policy, or can be avoided or mitigated to an
acceptable level within a justified cost. It is important to remember that the floodplain metric used in this
analysis is a simple index based on physical parameters. The metric does not attempt to forecast future
population growth, economic conditions, or government decisions that will constrain future floodplain
development. For example, current zoning ordinances in Sutter and Butte County’s General Plan indicate
restrictive policies, which govern future development. Local policies, combined with recent state
legislation and federal regulations are expected to limit developable land. These factors should be
considered in conjunction with the metric.
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6. ADDRESSING RESIDUAL RISK

The NED Alternative (SB-7) reduces adverse flooding effects but significant residual risks remain. With
the aim of buying down the residual risk, the PDT found the most cost-effective incremental alternative to
the NED to be Alternative SB-8. Figure 7 displays the residual 1% ACE floodplain associated with
Alternative SB-8. In order to better understand the nature of residual flooding and flood risk associated
with the NED Plan and LPP, the District has refined flood plain mapping to 1 foot intervals for the 2%,
1%, 0.5%, and 0.2% ACE. Please see Attachment 2, MFF urban floodplains.

Figure 7. Alternative SB-8 (1% ACE Residual Floodplain)

FFE / ~ 4 "\ orovile 2 ¥
) Richvale ' 9%

COUNTY L BUTTE i

Depth in feet
less than 1|
1t03
M 3t05
@ 5t10
@ 10to15
7| @ 151020
) @ 20t 25
@ 251030

J eounry Bigg-gm

,Gridlegg.—:?

Colusa ) L BUTEES Lo ~mu 1
e - B ot P 3
"\\? . == ";;’ g ‘af. G

P il

SUT TI‘:'R
COLUZA ) “.,‘l‘ COUNTY

Legend
*“\.r Alternative SB-8

" _ Federal Levee

. J City Limits

"} Study Area Extent

i
: SouNTY
I

Prepared by Jim Mars, USACE

Using life safety metrics and accounts to address the significant residual risk of the NED Plan other
measures and alternatives were investigated and evaluated with Alternative SB-8 identified as a next
increment plan to the NED plan that effectively and efficiently reduces the residual risk and consequences
to life safety in the northern urban areas and other parts of Sutter Basin. To further ensure that
Alternative SB-8 structural and formulation strategy were valid, a cost comparison of Alternative SB-8
was performed, at a conceptual level of detail, to verify the structural measures of Alternative SB-8 were
the most cost effective in addressing the residual risk and consequences left by the NED Plan.
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The District identified risk reduction measures to reduce loss of life and improve the function of critical
infrastructure facilities. Ring levees were considered to be ineffective for facilities like hospitals, the
correctional institution, and the assisted living center because the functionality of the facilities would be
compromised for an average flood event, which is estimated to be 2-3 weeks (using actual historical flood
events in this study area as reference). Raising smaller facilities such as the police stations and the fire
stations might be economically justified, but they would not maintain their functionality during the
duration of a flood event.

Specific measures to improve evacuation during a flood event were also evaluated. Measures considered
included modification to the roads used for evacuation. Because flooding in the northern portion of the
study area is extensive sheet flow, embankment modifications to road and the railroad would need to be
raises; culverts would not convey the wide area extent of the sheet flows. Raising roads was considered
to be cost prohibitive relative to other measures. Raising the railroad is considered to be more costly than
raising a road so that measure was similarly screened out. Additional investigation of potential
evacuation routes and destinations, such as the Sutter Buttes, will be done as part of the life safety
incremental assessment of SB-7 and SB-8, to be included in the Draft Feasibility Report. Please see
Attachment 1, Decision Point #2 Slides, slides 50-56).

Evaluation of critical infrastructure and evacuation life safety measures will continue to be refined for the
Draft Feasibility Report.

Fixing in place levees structural measures of Alternative SB-8 are estimated at an additional cost
(compared to the NED plan) of: $260 to $330 Million. The costs for various comparable nonstructural
measures addressing similar residual risk areas are listed below:

» Elevate Houses: ~$650 million

= Evacuation Route — Elevated Causeway: ~$600 Million

» Ring Levees around Live Oak, Gridley, and Biggs: ~$375 Million
* Buyouts: ~$1Billion

Alternative SB-8 is the multi-objective/account alternative that is cost effective and best reduces flooding
and reduces residual risk of life safety in the Sutter Basin. Alternative SB-8 is comprised of Alternative
SB-7 fixes plus fixing-in-place the existing northern Feather River levees from Sunset Weir up to
Thermalito. The total first cost estimate is $713 million with annual net benefits of $26 million.

The additional investment of $290 million in project cost (Alternative SB-8 first cost minus the NED
Alternative cost) buys down the residual risk of the NED Alternative and provides significant non-
monetized benefits (displayed in Table 9). The population at risk of flooding from a 1% ACE flood event
(Plate #8) decreases from 38,200 to 6,600, life safety related critical infrastructure at risk is reduced from
11 to 1, and the number of evacuation routes increases from 1 to 5. It should be noted that the additional
investment of $290 million for the LPP increment produces an incremental annual benefit of $7 million.
While this is not enough to justify the full cost of the increment, it justifies more than half of it. The LPP
would reduce risk to an additional 32,000 people in an area that has historically had loss of life in a flood
event. The RMC is conducting a Levee Safety Alternatives Evaluation of the NED and LPP the week of
25 February 2013.
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Table 9. Summary of Life Safety Metrics, 1% ACE Floodplain

Alternative
Evaluation Metric

SB-1: No Action NED SB-8
Population at Risk 94,600 38,200 6,600
(People)
Critical Infrastructure
(Facilities) 28 1 !
Evacuation Routes 0 1 5
(Number of Routes)
Wise Use of Floodplains 71,800 88,200 100,200
(Acres)

In significantly reducing the residual risk of the NED Alternative, the next incremental alternative (SB-8)
is supported by the local sponsors and can be considered the federal plan in terms of comprehensiveness
and completeness. Alternative SB-8 is proposed as the Locally Preferred Plan (LPP) with strong federal
interest. Furthermore, considering an objective of the study is to reduce risk to lives, perhaps the LPP
increment of levee (17.7 miles) is in fact non-separable from the levee improvements included in the
NED Plan from a life safety perspective.

Please also refer to Attachment 1, Decision Point #2 presentation slides 47-70, for initial comparison of
NED and LPP, which is also being refined for the Draft Feasibility Report.
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7. FINAL ARRAY OF ALTERNATIVES & COMPARISON

With the identification of the NED Plan and the LPP, a final array of alternatives was established for the

study:

No Action: Alternative SB-1

NED: Alternative SB-7 reconfirms federal interest, reduces flood risk to most of Yuba
City area, but leaves considerable residual risk to the northern communities of the basin

and parts of Yuba City.

LPP: Alternative SB-8 reconfirms federal interest the same as the NED plan, but
significantly reduces residual risk of the NED in the northern communities of the basin
and parts of Yuba City. It has also been identified in terms of multi-objective planning

the comprehensive federal plan.

As a final step in the multi-objective planning process, a pair-wise comparison and evaluation was
completed between the NED plan and the LPP to determine the recommended Tentatively Selected Plan
(TSP) as shown in Table 10.

Table 10: Final Array of Alternative Plans- Comparison Summary of Accounts and Criteria

NO ACTION

NED PLAN

LPP PLAN

. PLAN DESCRIPTION

Alternative SB-1: The No
Action provides no physical
project constructed by the
Federal Government.

Alternative SB-7: The NED
plan is a Feather River fix-in-
place levee alternative from
Sunset Weir to Laurel Avenue.

Alternative SB-8: The LPP plan
is a Feather River fix-in-place
levee alternative from Thermalito
to Laurel Avenue.

2. MULTI-OBJECTIVE PLANNING ASSESSEMENT

A. National Economic Development (NED) — mean or mid-range numbers
1. Project Cost $0 $423,000,000 $713,000,000
2. Annual Cost $0 $21,000,000 $37,000,000
3. Total Annual Benefit | $0 $51,000,000 $58,000,000
4. Annual Net Benefits | $0 $37,000,000 $28,000,000
5. Benefit — Cost Ratio | N/A 2.7 1.8

B. Environmental Quality (EQ)

. Environmental Safety

High potential for contaminated
flood waters from the northern
community urban facilities
(water treatment plants; gas
stations; etc)

High potential contaminated
flood waters from the northern
community urban facilities
(water treatment plants; gas
stations; etc)

Lower flood risk and lower risk
of potentially contaminated flood
waters from the northern urban
community facilities (water
treatment plants; gas stations;
etc)

N

. Ecosystem

The Sutter Basin is located
along the Pacific Flyway that
serves millions of migrating
waterfowl during the winter
migration (flooding) season for

Under residual flooding,
thousands of acres remain
impacted, negatively affecting
“stop-over” feeding and resting
areas with potential wildlife

Residual flooding is primarily
concentrated in the south most
part of the basin allowing for
significant availability of acres
for “stop-over” feeding and
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NO ACTION

NED PLAN

LPP PLAN

foraging and rest. Flooding
would negatively affect “stop-
over” feeding and resting areas
with potential wildlife health
issues with contaminated
waters.

health issues with
contaminated waters.

resting. There is a lesser risk
from urban area contamination

C. Regional Economic Development (RED)

1. RED Effects to Flood
Risk Management and
Region

Future flooding would destroy
part of the infrastructure
resulting in a loss in the
region’s ability to produce
goods and services. Little to no
RED benefits.

A 4-year period of construction
can result in positive spillovers
to suppliers, short-term
increases in construction
related employment, increase
revenues for local businesses
and a potential increase in
wealth for floodplain residents,
as less is spent on damaged
property repairs.

Population and economic
centers of the basin would be
flooded resulting in slow
regional recovery.

Similar to NED, but effects will
extend for a 6-year period of
construction resulting in
additional RED benefits.

Major population and economic
centers will have reduced risk of
flooding resulting in faster
regional recovery.

D. Other Social Effects (OSE) — Life Safety Evaluation

Metrics

1. Life, Health, and
Safety

Continued flood risk and
consequences in the Sutter
Basin including the
communities of Yuba City, Live
Oak, Gridley, and Biggs.

Flood Warning Emergency
Evacuation Plan (FWEEP)
mitigation is problematic for
types of levee failures and
limited evacuation routes.
Significant life safety residual
risk to the communities of
Yuba City, Live Oak, Gridley,
and Biggs.

Flood Warning Emergency
Evacuation Plan (FWEEP)
mitigation is problematic for
types of levee failures and
limited evacuation routes. Life
safety residual risk to the
communities of Yuba City, Live
Oak, Gridley, and Biggs are
significantly reduced.

1a.Remaining Population
at Risk

Approximately 94,600
individuals are within the 1%
ACE floodplain.

38,200 people remain in the
1% ACE floodplain.

(60% of population is removed
from the 1% ACE residual
floodplain for NED.)

6,600 people remain in the 1%
ACE floodplain.

(93% of population is removed
from the 1% ACE residual
floodplain for SB-8)

1b. Loss of Life Estimate
For 1% ACE event
(Based on Hurricane
Katrina loss of life ratio)

Potential loss of 112 lives.

Potential loss of 45 lives.

Potential loss of 8 lives.

1c. Critical Infrastructure
— Life Safety

28 structure deemed as critical
from a national perspective are
at risk from floods.

11 structures remain at risk
from floods.

1 structure is at risk from floods.

1d. Evacuation Routes
(See comparative plates
below)

In the event of a flood, no
evacuation route is available out
of the basin.

Offers one problematic route
for evacuation during a flood
event. A flood warning and
evacuation plan would not be
as effective and limited.

5 evacuation routes are available
in the event of a flood. A flood
warning and evacuation plan
would have more robustness and
redundancy.
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NO ACTION

NED PLAN

LPP PLAN

le. Wise Use of
Floodplains

Note: fix-in-place
measures are only
bringing levees up to
authorized elevation and
performance.

Currently, 71,800 acres of land
are potentially available for
future development.

88,200 acres would be
potentially available for future
development.

100,200 acres of land would be
potentially available for future
development.

(additional 12,000 potential acres
calculated compared to NED)

2. Social Vulnerability
(Study Area Resiliency)

The social vulnerability index
score (SoVi) indicates the study
area to be medium to high
vulnerability. The No Action
alternative may leave
communities unable to cope
with the recovery from a flood
hazard.

Majority of the community of
Yuba City is afforded flood
risk reduction, however the
communities of Live Oak,
Gridley, and Biggs remain at
risk of flood hazards and may
be unable to cope and recover.

The four existing communities
are provided flood risk reduction,
and social vulnerability is
minimized due to a decrease in
the probability of flood hazards
occurring.

3. Residual Risk and
Consequences

Residual Risk remains high
throughout the study area

Residual Risk for Life Safety is
reduced for most of the Yuba
City urban area.

Residual Risk for Life Safety is
reduced in the high risk
communities: Yuba City, Live
Oak, Gridley and Biggs.

E. Federal Planning Criteria

The local sponsors and public

The local sponsors and public

Acceptability N/A support levee fixes and support levee fixes and
improvements. improvements.
Addresses the primary Addresses the primary planning
Effectiveness N/A planning objectives of reducing | objectives of reducing FRM and
FRM and some life safety. life safety.
. Economic analysis and outputs | Economic analysis and outputs
Etficiency N/A identified identified
Significant residual risk of life | Reduces residual risk of life
Completeness N/A safety in the northern basin safety to Yuba City and the

communities of Biggs, Gridley,
and Live Oaks.

communities of Biggs, Gridley,
and Live Oaks.
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Alternative Comparison.

Population at Risk. A more specific comparison figures were developed in comparing the NED plan
with the LPP (SB-8). The NED plan removed 60% of the basin population out of the 1% ACE
floodplain while the LPP (SB-8) removed 93% of the basin population out of the 1% ACE floodplain.
(See Table 11)

Table 11: Remaining Population at Risk

Reduction
Community Population | Population of

Remaining | Remaining | Population
at Risk at Risk at Risk
Yuba City 11,400 3,500 7,900

Biggs 1,500 20 1,480
Gridley 6,400 0 6,400
Live Oak 8,400 0 8,400
Sutter Rural 5,800 3,100 2,700
Butte Rural 4,800 20 4,780

Total 38,200 6,600 31,600

Evacuation Routes. The availability and access of evacuation route options tied to the sudden
unpredictable nature of recent flood events is a critical comparison factor of the NED vs. to the LPP.
With the population centers spread throughout the middle and northern sections of the Basin, having
multiple routes to choose from is critical to evacuation planning and real time evacuation. Adjoining
basins to the southwest, south, and east, either has lower levels of flood protection or is surrounded by
water during flood events, making them dangerous locations for evacuees. The NED plan provides only
one route to the city of Marysville which has historically been surrounded by water in flood events and is
currently in final planning stages for a ring levee FRM project. (Figure 8).
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Figure 8. Comparison of NED and LPP Evacuation Routes (1% ACE Residual Floodplains)
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Critical Infrastructure. In terms of response and recovery of flood events for life safety, the NED plan
leaves numerous critical infrastructure facilities at in the 1% ACE residual floodplain in the cities of
Biggs, Gridley, Live Oak, and part of Yuba City (Figure 9). A partial list is provided here:

= 1 Hospital (45 beds)

= 2 Police stations

= 5 Fire stations

= 1 Assisted living center (99 beds)

= 3 City hall buildings

= 1 Correctional Facility (305 inmate capacity)
= 3 Water and sewer treatment facilities

= Multiple telecommunication facilities
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Figure 9. Critical Infrastructure-Life Safety Comparison
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purchased by the local sponsor to mitigate potential residual loss of life. See Attachment 1, slides 59-60.

Sutter Basin is an agriculturally focused region. The local and state partners have several existing land

use commitments and constraints in the Sutter Basin in regards to development in the floodplain:

o Williamson Act Contracts: These rolling 10-year agreements between government and farmers to
preserve the agricultural and open space in rural California by offering landowners tax breaks on

the assessed land value.
e Conservation Easements: Agreements between landowners and an agency (USFWS, etc) which

permanently precludes future development.

¢ Flood Risk Natifications: Annual flood risk notifications sent to all property owners.
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Figure 10: Potentially Developable Floodplain Comparison
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Loss of Life. Estimates of potential loss of life were made for this study for areas identified as rescue
areas and for the areas identified as evacuation area. These estimates are based upon actual loss of life
ratios experienced in 2005 by the population of New Orleans during the Hurricane Katrina levee failures.
Boyd et al. assumed that of the inhabitants in a flooded area, 80% evacuated and 10% found shelter in a
specialty facility (such as the Superdome or high school), leaving approximately 10% of the population in
a flooded area exposed to the flood event. Based on actual fatalities in New Orleans a mortality rate of
1.18% was determined for the population exposed to the flood event.

As indicated in Table 12, application of the Katrina ratio to the approximately 94,800 population within
the No Action population at risk associated with a Feather River levee failure results in the potential loss
of 112 lives, to the approximately 38,300 people within the NED residual floodplain results in the
potential loss of 45 lives, to the approximately 6,640 people in Alternative SB-8 residual floodplain
results in the potential loss of 8 lives. Note that these are preliminary values. Many factors will influence
the mortality rate from a flooding disaster, including timing of the breach (day or night), population
located near the breach, and availability of flood warning and evacuation routes. The preliminary analysis
provides an indication of the loss of life lives that might be expected. In the California Central Valley, the
risk of a large flood is seasonal. The majority of rainfall occurs in the November through March rainy
season, making the area most vulnerable to winter floods. Standing or working in water which is cooler
than 75 °F (24 °C) will remove body heat more rapidly than it can be replaced, resulting in hypothermia.
Cold water removes heat from the body 25 times faster than cold air. About 50% of that heat loss occurs
through the head. Physical activity such as swimming or other struggling in the water increases heat loss.
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Hypothermia (decreased body temperature) develops more slowly than the immediate effects of cold
shock. Survival curves show that an adult dressed in average clothing may remain conscious for an hour
at 40 °F and perhaps 2-3 hours at 50 °F (water temp.). Any movement in the water accelerates heat loss.
Survival time can be reduced to minutes. Hands rapidly become numb and useless. Without thermal
protection, swimming is not possible. The victim, though conscious, is soon helpless. Without a life
jacket, drowning is unavoidable.

Table 12: Estimated Loss of Life (1% ACE Residual Floodplain)

Economic Estimated Loss of Life
Impact Area No Action NED (SB-7) LPP (SB-8)
Biggs 2 2 0
Gridley 8 8 0
Live Oak 10 10 0
Yuba City 80 13 4
Rural Butte 6 6 0
Rural Sutter 7 7 4
Total 112 45 8

Other Alternative Comparison Considerations and Factors.

Levee Safety Program — Baseline Conditions Risk Assessment. Levee Safety Program — Baseline
Conditions Risk Assessment (BCRA). The Sutter Basin area is one of five areas selected to undergo a risk
assessment by the USACE Risk Management Center (RMC). Within the Levee Safety Program
framework, the BCRA is a quantitative risk assessment to advance the goal of the Levee Safety Program
to work with stakeholders to assess, communicate, reduce, and manage risk associated with levee
systems.

The Sutter Basin BCRA will include risk assessments of the baseline (existing conditions). Data collected
as part of the Sutter Basin Feasibility study will be used by the RMC to assist in the development of the
baseline. Once the baseline is established the RMC will evaluate the NED and LPP alternatives developed
during the Sutter Study. The risk will be characterized by the combination of the probabilities of failure
estimated for each failure mode and the consequences (life loss and damages) associated with that failure.
Risk will be reported in terms of annualized life loss and estimated annual damages. Preliminary results
are expected to be available in the spring of 2013.

Executive Order 11988. The objective of the Sutter Basin study is to reduce flood risk within the study
area. The study is responsive to the EO 11988 objective of “avoidance, to the extent possible, of long-
and short-term adverse impacts associated with the occupancy and modification of the base flood plain
and the avoidance of direct and indirect support of development in the base flood plain wherever there is a
practicable alternative”. The proposed features focus on reducing the threat of flooding to the existing
urban areas, altering a scattered footprint difference between the NED and LPP within the northern
floodplain (Figure 10). These features would reduce the hazard and risk associated with floods thereby
minimizing the effects of floods on life safety, health, and welfare to the existing population, and would
preserve the natural and beneficial values of the base floodplain. For these reasons the proposed plan is in
compliance with EO 11988.

30



Emergency Costs and Evacuation Planning. NED losses associated with public goods and services
include some of the costs incurred as part of actions required to respond to a flood emergency. The type
of costs that could be incurred and considered NED losses are those associated with the following
activities, which may employ staff and equipment:

= Structure clean-up: monetary damages associated with the removal of debris generated by
damage structures due to flooding

= Displacement: temporary relocation of residents, and subsistence costs (incremental costs
above those that would be normally incurred)

= Public assistance/emergency response services

An expert-opinion elicitation panel comprised of professionals having significant, relevant experience in
the field of emergency response convened in Sacramento, CA (2009) with the goal of developing
estimates of the economic cost associated with various emergency related damage categories (evacuation,
debris activities, public services, utilities, etc) . Initial modeling results for district studies, as a proportion
of structure and content damages, ranged from 1-3%.

Additionally, road damages and traffic-related costs associated with detours and extra time traveled by
motorists due to potential flooding in the Sutter Basin was forgone based on prior experiences, which
have shown such damage categories to be relatively minimal when compared to structural damages.
Nevertheless, it is recognized that in order to detail the magnitude of flooding problems in the Sutter
Basin, the economic analyses can be conducted. However, because these damages categories are not
expected to drive plan selection it was omitted from the analysis. If deemed necessary, emergency costs,
road damages and traffic disruption analyses can be conducted during refinement of tentatively selected
plan (TSP).

Non-Federal Sponsors’ Request.

Sutter Butte Flood Control Agency and the State’s California Central Valley Flood Protection Board are
the non-Federal sponsor for the Pilot Feasibility Study. The LPP Plan is supported by both the non-
Federal sponsors as this plan addresses the flood risk of Yuba City and the residual flood risk and
consequences of life safety to the existing cities of Biggs, Gridley, Live Oaks, and parts of Yuba City that
the NED Plan does not. The non-Federal sponsors agree to pay for the determined cost share of the LPP.

The LPP also meets the requirements of Senate Bill (SB) 5 which stipulates that urban and urbanizing
areas of 10,000 or greater must achieve 1/200 ACE level of flood risk management. It should be noted
that the southern deeper part of the basin would remain in the 1/100 ACE floodplain.

TSP Recommendation. The multi-objective comparison and assessment between the NED Plan and the
LPP are summarized in Table 10. Both the NED and LPP provide significant benefits that exceed the
costs. While the NED Plan is more efficient than the LPP, both plans are efficient. Both the NED and
LPP are complete since they each contain all necessary elements for the project to function independently.
In a multi-objective context that equably emphasizes flood risk reduction and residual risk to life safety
across all accounts and criteria, the LPP can be recommended as the Tentatively Selected Plan.
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8. RECOMMENDATION OF THE TSP

Both the NED (SB-7) and the LPP (SB-8) provide significant benefits that exceed the costs. While the
NED Plan is more efficient than the LPP, both plans are efficient (B/C >1). Both plans are complete in
that they include all necessary elements needed for the project to function without relying on other
activities. The LPP plan is more effective in that it provides greater flood risk reduction benefits and
addresses residual risk of life safety within the Sutter Basin. Based upon the information developed in
support of the Decision Point 2 Conference, and the conclusions that can be drawn from that information
and were presented to the Vertical Team, the LPP (SB-8) will be recommended as the Tentatively
Selected Plan (TSP) in the Draft Feasibility Report.

Cost Sharing. Table 13 presents two cost sharing scenarios for Federal/non-Federal cost allocation for
the TSP: full Federal participation as established by Section 103 of WRDA 1986; limited Federal
participation where the Federal share is limited to the Federal share of the NED alternative. The range in
confidence of cost estimates are displayed in Table 6, the mean estimates are used in the table below.

Table 13. Cost Allocation Scenarios for TSP ($1,000)"

Cost Allocation NED LPP
Full Federal Limited Federal
Participation Participation
Non-Federal
LERRD $48,333 $71,073 $71,073
Cash $99,717 $178,477 $366,977
Sub Total $148,050 $249,550 $438,050
Federal
Construction $274,950 $463,450 $274,950
Total Project Cost $423,000 $713,000 $713,000

Full Federal Cost Participation. The estimated total project first cost for the TSP is $713 million, with
an estimated Federal cost of $463 million and a non-federal cost of $250 million.

Limited Cost Share. The estimated total project first cost for the TSP is $713 million. Federal costs are
capped at 65% of the NED plan ($275million) with an estimated to non- federal cost $438 million.

Recommendation.

The recommendation for the tentatively selected plan is the LPP Alternative. To recommend the LPP as
the TSP, a Policy Exception Request will be developed and forwarded to the ASA (CW). With a
confirmation of a recommended TSP, the PDT is scheduled to move forward in refining and finalizing an
integrated draft EIS/EIR-feasibility report for concurrent public, internal and external peer reviews.

1 LERRDs are based preliminary estimates based screening level cost estimates.
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9. SUMMARY

Recent geotechnical analysis of project levees reveal significant adverse flooding impacts as a
result of underseepage failures, which are sudden and unpredictable, resulting in minimal warning
time, and ineffectiveness of evacuation plans.

The total value of damageable property within the Sutter Basin study area is estimated at $6.9
billion.

Management measures were developed and formed the basis of the preliminary alternatives,
which were evaluated and resulted in a draft array of alternatives of which SB-7 was identified as
the NED Alternative, affirming federal project interest.

The NED residual 1% ACE floodplain showed significant adverse flooding impacts remained
given that the alternative only addressed flooding impacts in one of the four existing
communities.

An assessment of the residual risk of the NED Alternative using life safety metrics served to
illustrate the magnitude of the flooding impacts. The metrics were population at risk, critical
infrastructure, availability of evacuation routes and the potential developable acres.

With the aim of buying down the residual risk, the PDT found the most cost-effective incremental
alternative to the NED to be Alternative SB-8.

The additional investment of $290 million in project cost (Alternative SB-8 first cost minus the
NED Alternative cost) buys down the residual risk of the NED Alternative and provides
significant non-monetized benefits. Total annual benefits increase from $51 to $58 million. The
population at risk of flooding from a 1% ACE flood event decreases from 38,200 to 6,600,
critical infrastructure at risk (within the 1% ACE floodplain) is reduced from 11 to 1, and the
number of evacuation routes increases from 1 to 5. A preliminary estimate of the potential loss of
life indicates a substantial reduction from 45 lives (NED) to 8 lives (LPP).

The wise use of floodplain metric used in the analysis is a simple index based on physical
parameters, and does not account for current restrictive zoning ordinances, which govern and
limit future development.

The final array of alternatives includes the No Action, NED and LPP.

The LPP (Alternative SB-8) is recommended as the TSP that comprehensively addresses flood
risk and the residual risk to life safety and is the federal plan.
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CHAPTER 1 - INTRODUCTION
11 Project Description

The study area is located in Sutter and Butte Counties and is roughly bounded by the
Feather River, Sutter Bypass, Wadsworth Canal, Sutter Buttes, and Cherokee Canal. The existing
Sutter Basin Levee System (SBLS) consists of four mainline levees : Feather River West Levee
(FRWL or right levee), Sutter Bypass East Levee (SBEL or left levee), Wadsworth Canal East
Levee (WCEL or left levee) and Wadsworth Canal West Levee (WCWL or right levee), and
Cherokee Canal East Levee (CCEL or left levee) surrounding the communities of Yuba City,
Live Oak, Gridley, Biggs and other smaller towns in Sutter and Butte Counties, California.

For this Feasibility Study, planning measures were considered and combined to form a
preliminary array of conceptual alternatives. Through the plan formulation process, a draft array
of eight alternatives were defined as follows:

Alternative SB-1 — No action alternative (i.e. existing condition)

Alternative SB-2 — Minimal Fix-in-place Feather River Levees, Sunset Weir to Star Bend
Alternative SB-3 — Yuba City ring levee

Alternative SB-4 — Little “J” levee, Thermalito Afterbay to south of Yuba City
Alternative SB-5 — Fix-in —place Feather River Levees: Thermalito Afterbay to Star
Bend
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e Alternative SB-6 — Fix-in —place Feather River Levees: Sutter Bypass, and Wadsworth
Canal

e Alternative SB-7 — Fix-in —place Feather River Levees: Sunset Weir to Laurel Avenue

e Alternative SB-8 — Fix-in —place Feather River Levees: Thermalito Afterbay to Laurel
Avenue

This draft array of alternatives was analyzed and refined to a final array that includes 3 of
the alternatives (Alternatives SB-1, SB-7 and SB-8). These final alternatives were further
evaluated at a feasibility level of design to verify and determine the Tentatively Selected Plan
(TSP) for recommendation. See Plates 1-1 to 1-8 for maps of draft array of alternatives (note that
the reach identifications shown in these plates were revised during the final array analysis for
Alternatives SB-7 and SB-8 as shown on plate 2-2 and discussed in Paragraph 2.4).

1.2 Purpose and Scope

This Engineering Appendix provides a summary of the engineering analyses performed
by the Project Delivery Team (PDT) for the draft and final alternatives, including the
existing conditions. The appendix provides narrative descriptions of the final two
alternatives. The objective of this appendix (along with referenced subject matter
appendices) is to summarize the designs and cost estimates completed for the Feasibility
Study.

1.3 Coordination

The Project Delivery Team (PDT) worked closely with the local sponsor comprised of
the State of California Central Valley Flood Protection Board (CVFPB) and the Sutter Butte
Flood Control Agency (SBFCA) in the preparation of this appendix. The local sponsor’s design
team includes Peterson Brustad, Inc., HDR, Inc., Wood Rogers, Inc., and MHM, Inc.

SBFCA is a consortium of Sutter and Butte Counties, the Cities of Yuba City, Live Oak,
Gridley, and Biggs, and Levee Districts 1 and 9 of Sutter County. The agency was formed in
2007 to finance and construct regional levee improvements. The FRWL Improvement Project’s
goal is to improve the 44 miles of the right bank levee of the Feather River from the Thermalito
Afterbay outlet to the confluence with the Sutter Bypass under a Section 408 permit. The design
of the FWRL Improvement Project is being done ahead of the Feasibility Study as an Early
Implementation Project (EIP) for future cost share under the Feasibility Study. The SBFCA EIP
is at the 100% design level for a portion of the FRWL between Shanghai Bend and Live Oak.
The remaining portion of the SBFCA EIP is at the 65% design level.

Additional contacts were also made with local authorities (e.g. the U.S. Fish and Wildlife
Service, the United Auburn Indian Community and Enterprise Rancheria etc.) to obtain inputs to
the final feasibility design of Alternatives SB-7 and SB-8.

CHAPTER 2 - GENERAL DESIGN CONSIDERATIONS
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2.1 General

This chapter summarizes general design considerations used for evaluation of the draft
array and final array of alternatives. Refer to the subject matter appendixes for further detail of
the analyses. Features resulting from these analyses are provided in project descriptions of
Alternatives SB-7 and SB-8, Chapters 4 and 5, respectively.

A key concept of the Pilot Feasibility Study is to utilize an appropriate level of detail to
make risk informed decisions. ER 1110-2-1302 Civil Works Cost Engineering describes five
levels of detail. The classes are based on ASTM E 2516-06, Standard Classification for Cost
Estimate Classification System. The purpose of the classification system is to improve
communication among all the stakeholders involved with preparing, evaluating, and using cost
estimates (ASTM, 2011). Class definitions, as they relate to the Pilot Study are considered to
also describe a level of design and engineering commensurate with the level of detail in the cost
engineering classification. These class definitions are described below. Cost accuracies do not
necessarily apply to engineering and design but are of a level that is consistent with those

accuracies

Class 5 is the least accurate and is the minimum required for assessing rough
order of magnitude. The level of project definition is 0% to 2% of a complete
definition. The expected cost accuracy (+/-) is 4 to 20 times the accuracy of the
best (Class 1) estimate.

Class 4 is the minimum required for Reconnaissance/905b Reports and alternative
analysis in feasibility studies. The level of project definition is 1% to 15% of a
complete definition. The expected cost accuracy (+/-) is 3 to 12 times the
accuracy of the best (Class 1) estimate.

Class 3 is the minimum required for the feasibility NED Plan and Feasibility
Sponsor Preferred Plan. The level of project definition is 10% to 40% of a
complete definition. The expected cost accuracy (+/-) is 2 to 6 times the accuracy
of the best (Class 1) estimate.

Class 2 is minimum required for Planning, Engineering, and Design up to 90%
Plans and Specifications. The level of project definition is 30% to 70% of a
complete definition. The expected cost accuracy (+/-) is 1 to 3 times the accuracy
of the best (Class 1) estimate.

Class 1 is minimum required for Planning, Engineering, and Design 100 % Plans
and Specifications and the Independent Government Estimate. The level of
project definition is 50% to 100% of a complete definition. This is considered the
most accurate estimate. It does not imply that all unknowns and risk are
eliminated.
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The analysis of the existing condition (i.e. Alternative SB-1) forms the basis of
comparison to project alternatives. The analysis of the existing conditions was conducted at a
Class 4 level during the screening and selection of the draft array of alternatives. The analysis of
the existing condition was refined during the final analysis to a Class 3 level of detail.

Analysis of the draft array of alternatives is based on a Class 4 level of detail. The final
array of alternatives (including refinements to the without project conditions) are based on a
Class 3 level of detail and is referred to as Final Analysis in this report.

Another key concept in the Pilot Feasibility Study is to utilize existing information where
applicable. Since the local sponsor had already completed a 65% design for their Early
Implementation Project (EIP) the PDT reviewed and adopted information where applicable
(specifically, civil and geotechnical designs, quantity estimates, and utility relocations) All
design information was reviewed to ensure it was consistent with the planning objectives of the
study. Refer to the Civil and Geotechnical Design Appendixes for the review and adoption of
design information in the 65% EIP.

2.2 Datum

The North American Datum of 1983 (NAD 83) State Plane California Coordinate System
Zone 11 (U.S. Survey Feet) was used for horizontal control. The North American Vertical Datum
of 1988 (NAVD 88) was used as the vertical datum.

2.3  Alignment and Stationing
2.3.1 General

This section describes the alignment and stationing developed for the Class 4 and Class 3
analyses. Refer to the Civil Design Appendix for further details.

2.3.2 Draft Array of Alternatives SB-1 through SB-8

Alignment stationing were defined for three levee segments during the analysis of the
draft array of alternatives. These include: (1) Feather River West Levee or right levee, (2) Sutter
Bypass East Levee or left levee, and (3) Wadsworth Canal East Levee or left levee. The project
levee alignments were developed based on surveyed data from the National Levee Data Base.
The stationing of each levee segment begins with station 0+00 at the intersection with the levee
segment at the downstream end, and increases in an upstream direction. See Plate 2-1 for details.

2.3.3 Final Array of Alternatives: SB-7 and Alternative SB-8

For Alternatives, SB-7 and SB-8, the project levee alignment follows the existing levee
centerline of the FRWL except at Star Bend where the levee alignment follows the centerline of
the setback levee. The stationing begins with station 10+00 at the confluence of the FRWL at the
SBEL and increases in an upstream (north) direction. This levee stationing conforms to the
existing levee centerline and accounts for recent changes in the alignment, such as the Star Bend

13



SBFS Engineering Appendix

Setback Levee (between station 478+68 and station 512+00). At locations where levee
relocations (e.g. roughly between station 1432+70 and station 1754+30 etc.) are proposed,
supplementary levee alignments stationing necessary for designs and analyses were established.
See Plate 2-2 for details.

2.4 Alternative Reaches
24.1 General

This section describes the alternative reaches developed for the analyses of the draft array
and final array of alternatives. Refer to the Civil Design Appendix for further details.

2.4.2 Draft Array of Alternatives SB-1 through SB-8

The evaluation of the existing condition (SB-1) and Alternatives SB-2 through SB-8 were
based on a 28 reaches (see Plate 2-1). Sixteen of these reaches are existing levee segments. The
other 12 reaches are either proposed setback or new (Ring and ”J”) levee segments. Reaches
were defined based on similarity in geotechnical and proposed structural fix.

2.4.3 Final Array of Alternatives SB-7 and SB-8

A new reach identification system was developed for the analysis of Alternatives SB-7
and SB-8 (see Plate 2-2). Alternative SB-7 is defined by 21 reaches (2A-North, 2B, 3... 21)
starting from station 180+00 (approximately 2,000 linear feet south of Laurel Avenue) and
ending at station 1433+83 (immediately north of Sunset Weir). Alternative SB-8 is defined by 41
reaches (2A-North, 2B, and 3 to 41) starting from station 180+00 (approximately 2,000LF south
of Laurel Avenue) and ending at station 2368+00 (Thermalito Afterbay). The reaches were also
tabulated and shown in Table 4-2 (for Alternative SB-7) and Table 5-2 (for Alternative SB-8).
These reaches are a refinement of the reaches in 2.4.2 above based on refinement of the proposed
structural fixes.

2.5 Survey Data
2.5.1 General

This section of the report describes the survey data used for this study. Refer to the Civil
Design Appendix for further details.

2.5.2 Topographic Data

The project employed topographic information obtained from three sources. LIDAR data
acquired in 2008 were obtained from DWR’s Central Valley Floodplain Evaluation and
Delineation (CVFED) Program and Urban Levee Evaluation (ULE) Program. Topographic data
at 2 foot contour intervals were obtained from surveys performed for the USACE during the
2002 Sacramento and San Joaquin Basins Comprehensive Study. The 2002 topography was
based on the National Geodetic Vertical Datum of 1929 (NGVD 29). The surveyed data was
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converted to the North American Vertical Datum of 1988 (NAVD 88) in 2010. The 2010
converted bathymetry was used throughout the study.

Land survey was completed to confirm the LiDAR topographic data. Results show that
cross section profiles based on CVFED and ULE Program’s LiDAR-based topographic data are
comparable with land surveyed elevation.These data sets were used in hydraulic and
geotechnical evaluations, site layouts and quantity estimates.

2.5.3 Bathymetric Data

Bathymetry of the Feather River was obtained from a bathymetry survey performed for
the USACE during the 2002 Sacramento and San Joaquin Basins Comprehensive Study at a
contour interval of 2 feet. The 2002 surveyed elevations were based on the National Geodetic
Vertical Datum of 1929 (NGVD 29). The surveyed data was converted to the North American
Vertical Datum of 1988 (NAVD 88) in 2010. The 2010 converted bathymetry was used
throughout the study.

2.6 Hydrology
2.6.1 General

A hydrologic analysis was completed for the sources of flooding within the study area.
The methodology and results are essentially identical for the analysis of the draft array and final
array of alternatives.

2.6.2 Hydrologic Analysis
2.6.3 Analysis of Alternatives SB-1 through SB-8

The Wadsworth Canal flood frequency curve was developed from graphical frequency
analysis of gage records at Wadsworth Canal near Sutter (DWR stream gage A05929) following
Bulletin 17B guidelines.

Flood frequency curves and 30 day balanced hydrographs for Cherokee Canal were
developed from gage records at Cherokee Canal near Richvale Gage (DWR stream gage
A02984) following Bulletin 17B guidelines. All alternatives except Alternative SB-3 (Yuba City
Ring levee) and SB-4 (Little “J” Levee) are based on the existing conditions hydrology.

Hydrology for the Sutter Bypass, Feather River and Butte Basin was based on the
Sacramento-San Joaquin Comprehensive study and Lower Feather River Floodplain mapping
study. The hydrologic analysis was derived from historical flood events and statistical analysis of
unimpaired or unregulated locations throughout the Sacramento River Basin. Unregulated flows
were hydrologically routed through the major reservoirs to develop unregulated and regulated
flows at downstream locations. The hydrographs were passed to hydraulic analysis for routing
through the flood control system.

Statistical analysis was used to develop curves describing peak unregulated flow versus
exceedance probability for seven exceedance events (50, 10, 4, 2, 1, 0.5, and 0.2 percent)

15



SBFS Engineering Appendix

throughout the project area. Flow frequency curves showing the unregulated flow frequency are
available in the Hydrology Appendix as plates at selected locations throughout the study area.
Tables of peak unregulated flows and the period of record, and design flow and peak regulated
flow are provided in tables in the Hydrology Appendix.

Authorized Design flows and regulated flow—frequency tabular values are shown in the
Table 2-1 below.

Table 2-1 1957 Design Flows compared to Regulated Peak Flows

1957 Regulated Peak Flows (CFS)
Authorized
Stream and Reach Design 50% 10% 4% 2% 1% 0.5% 0.2%
Flow ACE ACE ACE ACE ACE ACE ACE
(CFS)
Sacramento River
Colusa to Tisdale Weir 66,000 44,000 48,000 50,000 53,000 55,000 59,000 68,000
Tisdale Weir to Sutter Bypass 30,000 28,000 30,000 31,000 32,000 34,000 36,000 41,000
Feather River
Oroville to Honcut Creek 210,000 60,000 | 100,000 | 150,000 | 150,000 | 150,000 | 174,000 | 320,400
Honcut Creek to Yuba River 210,000 49,000 107,000 157,000 159,600 163,000 182,000 293,600
Yuba River to Bear River 300,000 71,000 | 192,000 | 256,000 | 281,000 | 283,000 | 360,000 | 534,000
Bear River to Sutter Bypass 320,000 78,000 | 211,000 | 288,000 | 321,000 | 336,000 | 409,000 | 574,000
Sutter Bypass
Meridian to Wadsworth Canal 150,000 57,000 | 102,000 | 126,000 | 155,000 | 184,000 | 228,000 | 327,000
Wadsworth Canal to Tisdale Weir 155,000 58,000 103,000 127,000 156,000 185,000 229,000 327,000
Tisdale Weir to Feather River 180,000 71,000 | 117,000 | 141,000 | 163,000 | 197,000 | 237,000 | 329,000
Feather River to Sacramento River 380,000 | 141,000 | 283,000 | 393,000 | 436,000 | 490,000 | 581,000 | 799,000
Wadsworth Canal
Tributary Specific Storm Centering 1,500 820 2,550 3,200 3,980 4,830 5,750 7,070
Cherokee Canal
Nelson Shipee Road to Western Canal 8,500
Western Canal to Afton Road 11,500 6,000 10,300 12,100 13,200 14,300 15,200 16,300
Afton Road to Gridley — Colusa Road 12,500

2.6.4 Interior Drainage Analysis

An interior drainage analysis was performed only for Alternatives SB-3 and SB-4. An
interior drainage analysis was not performed for the other alternatives because analysis of the
floodplains indicated it was not a factor in the evaluation and comparison of draft alternatives
would have similar hydrology as existing conditions except the for the interior drainage area.
Rainfall depths were extracted from the design rainfall analysis. The analysis is based on rainfall
depth-area-duration statistics. The runoff area within the alternatives was estimated from
topographic mapping. The loss rate coefficient was calibrated to match the peak flows shown the
West Yuba City master drainage study. A mean daily flow rate of 918 cfs was estimated for the
24.2 square mile area inside the levee using a 1-day, 10% ACE precipitation volume of 2.82
inches, and a rainfall-runoff coefficient of 0.5.

2.6.5 Final Analysis of Alternatives SB-7 and SB-8
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The hydrologic analysis performed for the draft array of alternatives was adopted for use
in the analysis of the final array of alternatives for Wadsworth Canal, Cherokee Canal, Feather
River, and Sutter Bypass. However, a more detailed interior drainage analysis was performed to
evaluate residual flooding. The analysis was performed by Peterson-Brustad Incorporated (PBI)
for the Sutter Butte Flood Control Agency (SBFCA). The interior drainage analysis evaluated
rainfall runoff and flood depths for 2% (1/50) ACE, 1% (1/100) ACE, 0.5% (1/200) ACE flood
events. Storm events with 24-hour and 96 hour durations were evaluated.

The analysis utilized an HEC-HMS model to compute sub basin runoff and a FLO-2D
two dimensional hydraulic model to route the runoff through the study area. A total of 16
drainage basins covering approximately 340 square miles were identified within the interior
drainage boundary. The drainage basins were further divided into a total of 77 sub basins. The
model included ten storm water pump stations that pump drainage water into the Feather River
or Sutter Bypass. The FLO-2D model uses a 1,000-foot by1,000-foot grid size and includes the
main drainage channels throughout the study area as channel elements.The resulting interior
drainage maps were reviewed and adopted for use in this study. Maps showing the residual
interior drainage are provided in the Hydraulic Design Appendix.

2.7 Hydraulic Design
2.7.1 General

This section describes general hydraulic design and analysis of the draft array and final
array of alternatives. Refer to the Hydraulic Design Appendix for further details.

2.7.2 Draft Array of Alternatives SB-1 through SB-8

Hydraulic analysis was conducted for design of project features and evaluation of each
alternative’s flood risk performance relative to the existing conditions. Based on a review of
historical conditions and proposed actions, the hydrologic and hydraulic conditions in the future
are assumed to be the same as existing conditions.

The flood risk performance of each alternative condition (including the existing condition) was
evaluated using Risk and Uncertainty methods. Flood risk is defined as the probability of a flood
event occurring and the consequences of occurrence. Flood risk was assessed using the USACE
FDA (flood damage assessment) model version 1.2.5a (USACE, 2010). The FDA model
combines flow-frequency, stage-discharge, geotechnical fragility, and stage-damage
relationships to estimate damages. Uncertainty in each relationship is incorporated by assigning
uncertainty estimates and applying a Monte Carlo type approach to combine the results.

Flow-frequency, stage discharge, and geotechnical frequency relationships reflect the exterior
(probability) side of the risk calculations. Inundation depth and stage-damage relationships
reflect the interior (consequence) side of the risk calculations. For the probability side of the risk
calculations, the hydraulic model assumptions are based on flows contained to the channel
(allowed to overtop without failure). For the consequence side of the risk calculations, the
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hydraulic model assumptions are based on levee breach failure or simply the depth for natural
overbank (non-levee) conditions.

Hydraulic analyses were conducted using five separate hydraulic models that were adapted from
existing hydraulic models utilized for studies within the Sacramento Valley. Water surface
profiles for Sutter Bypass and Feather River were computed using an HEC-RAS unsteady one-
dimensional flow model of the Sacramento River system. Water surface profiles for Wadsworth
Canal were computed using an HEC-RAS steady one-dimensional flow model. Water surface
profiles for Cherokee Canal were computed using an HEC-RAS unsteady one-dimensional flow
model. Water surface elevations for Butte Basin were based on the UNET unsteady model
results obtained from the Sacramento-San Joaquin Comprehensive Study. Inundation depths
from levee breach simulations were evaluated using a FLO-2D 2-dimensional unsteady flow
model of the study area.

The hydraulic design of project features, project performance, and description of residual
floodplains for the draft array of alternatives is provided in the Hydraulic Design Appendix.

2.7.3 Final Analysis of Alternatives SB-1, SB-7 and SB-8

The final hydraulic analysis of Alternatives SB-1, SB-7 and SB-8 was based on the same
approach as the evaluation of the draft array of alternatives. However, refinements were made to
the Wadsworth Canal model and Sutter Bypass and Feather River hydraulic model. The
Wadsworth Canal model was refined to include four bridges. The Sutter Bypass and Feather
River models were revised to include a diversion weir near Thermalito Afterbay. These
refinements were found to have negligible impacts on computed water surface profiles and flood
risk assessment.

2.7.3.1 Current Authorization and Requirement

The Authorized Design Water Surface (ADWS) is the 1957 design water surface (DWS).
The Authorized Top of Levee (ATOL) is the 1957 ADWS plus 3-foot free board.

2.7.3.2 Design Analysis

Water surface profiles were developed for use in the design of seepage measures, estimation of
project performance, and economic risk analysis. The top of levee was not based on a design
water surface profile. As required by ER 1105-2-101 Risk Analysis for Flood Damage
Reduction Studies, freeboard or similar buffers to account for hydrologic and geotechnical
uncertainties are no longer used for levee planning and design. Project performance is to be
described by annual exceedance probability (AEP) and long term risk rather than level of
protection. A description of the levee performance is provided at key index points in the Flood
Reduction Measures (FRM) performance section of the Hydraulics Appendix.
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Water surface profiles along the project reach of Alternative SB-7 and Alternative SB-8
were computed using the Sutter Bypass and Feather River HEC-RAS unsteady one-dimensional
flow model of the Sacramento River system. The model was calibrated to two historic flood
events that occurred in January 1997 and December 2005 - January 2006. Calibration efforts
were specifically focused on the Feather River, Sutter Bypass, and Wadsworth Canal. Detailed
calibration for all of the other rivers and storage areas within the HEC-RAS model was
considered outside of the scope of this study. Manning's roughness values range from 0.031 to
0.07 in the main channel and 0.05 to 0.10 in the overbanks.

Mean water surface profiles were simulated for 50% (1/2) ACE, 10% (1/10) ACE,
4% (1/25) ACE, 2% (1/50) ACE, 1% (1/100) ACE, 0.5% (1/200) ACE, and 0.2% (1/500) flood
events.

2.7.3.3 Top of Levee

The levee height will be reconstructed to the existing top of levee elevation or the ATOL
elevation (defined in Paragraph 2.7.3.1), whichever is higher. In no cases, will the levee height
exceed these profiles. This height was selected through the plan formulation process. The
selection of the levee height is described in the feasibility report and the economic appendix.

2.7.3.4 Erosion Protection/Levee Superiority and Resiliency

Levee superiority for a flood risk management system is the increment of levee height added in
order to increase the likelihood that an event exceeding the design event will result in controlled
flooding at the design overtopping section. To insure controlled flooding, erosion protection
features are required in the reach where initial levee overtopping will most likely occur.

Based on hydraulic analysis of the levee crest and water surface profiles, erosion protections
features (such as an articulated mat or anchored High Performance Turf Reinforced Mat
(HPTRM) etc.) are needed for 1 location within reach 7, the first point of overtopping, and 1
location within reach 23, another initial point of overtopping (see Plate 2-2 for map of project
reaches). For the purpose of this study, use of anchored HPTRM was assumed based on
Sacramento District’s knowledge of its performance history and familiarity with its cost. Other
products such as an articulated mat could also be considered. The purpose of these erosion
protection features is to increase the resiliency of the initial overtopping sections. The design
objective is to increase the flood warning and evacuation time prior to overtopping failure.

2.7.3.5 Interior Drainage

The levee construction, utility improvements and other relocations will temporarily
disrupt the storm drain systems; however, it is anticipated that the temporary disruption will not
cause any significant impacts to interior drainage of the basin since the levee construction is
expected to be within normal construction season (April through October) during which the
storm drain systems won’t be needed.
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The project also includes removal or downsizing of six culverts for Alternative SB-8.
Based on a site evaluation conducted by the local sponsors’ engineers, it is estimated that interior
drainage would not be impacted by the modification of these features. Further detailed analysis is
recommended during preconstruction engineering and design (PED).

2.8  Geotechnical Design
2.8.1 General

This section describes general geotechnical considerations for the evaluation of the
existing condition and describes the geotechnical design considerations for and recommendations
resulting from the Class 4 and Class 3 analyses. Refer to the Geotechnical Design Appendix for
further details.

2.8.2 Evaluation of the Existing Condition (Alternative SB-1)

The evaluation of the existing condition followed the conventional method for evaluating
the without-project condition during the screening and selection of alternatives. Risk-based
geotechnical analyses were performed to evaluate the existing levees. The first-order-second-
moment (FOSM) method, as recommended in ETL 1110-2-556, “Risk-Based Analysis in
Geotechnical Engineering for Support of Planning Studies” dated 28 May 1999, was followed
during the evaluation. In this approach, the uncertainty in performance is taken to be a function
of the uncertainty in model parameters. A set of conditional-probability-of-poor-performance
versus floodwater-elevation graphs (also known as fragility curves) were developed for the
existing levees as related to underseepage piping, stability and judgment. For all levee reaches in
the study except one, the underseepage piping performance mode accounts for virtually all of the
probability of poor performance, which agrees with the actual performance history of the levees.

The geotechnical analysis of the existing condition was also updated with additional
information (e.g. new boring logs etc.) during the Final Analysis (Class 3).

2.8.3 Class 4 Analysis of Alternatives SB-2 through SB-8

The analysis of Alternatives SB-2 through SB-8 followed the parametric approach during
the screening and selection of alternatives. The geotechnical recommendations for seepage and
stability modification for fix-in-place alternatives and seepage controls for non-fix-in-place
alternatives (e.g., new ring levees, setback levees, etc.) were developed based in large part using
engineering judgment. The approach assumed that cutoff walls were the primary method for
seepage control, and the design of the measures (e.g., length, depth, percentage of reach, etc) was
selected using judgment and the principal of most likely minimum and maximum for each value.
After identifying a range, an expected mean value was selected. Refer to Figures 2.1 and 2.9 of
the Civil Design Appendix for templates of typical modification measures developed for the
Class 4 analysis.

2.8.4 Final Analysis (Class 3) of Alternatives SB-7 and SB-8
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The Final Analysis (Class 3) of Alternatives SB-7 and SB-8 was based on the
conventional design approach for development of feasibility level design (35%; Class 3) using
existing subsurface explorations and deterministic seepage and stability analyses. The design
considerations and recommendations for the final alternatives are listed below.

2.8.4.1 Current Authorization and Requirement

USACE guidance for levee design requires geotechnical analysis (for seepage and slope
stability) to be performed at the 1957 Authorized Design Water Surface (1957 ADWS, defined
in Paragraph 2.7.3.1) at a minimum. The Sacramento District’s standard practice requires the
analyses to also be performed with the water surface at the 1957 Authorized Top of Levee (1957
ATOL, defined in Paragraph 2.7.3.1).

2.8.4.2 Design Analysis

The geotechnical analysis (for seepage and slope stability) for the design of Alternatives
SB-7 and SB-8 were based on the geotechnical analysis prepared for the SBFCA EIP (SBFCA
EIP was defined in Paragraph 1.3). The geotechnical analysis for the SBFCA EIP was conducted
at two water surfaces: (1) the SBFCA EIP’s design water surface (not the 1957 ADWS), and (2)
the hydraulic top of levee (HTOL).

The SBFCA EIP’s design water surface (SBFCA EIP’s DWS) is defined as:

e The 0.5% (1/200) ACE for the urban area upstream of station 461+00 (Reaches 5 — 41)
e The 1% (1/100) ACE for the rural area downstream of station 461+00 (Reaches 1 — 5).

The SBFCA EIP’s HTOL (SBFCA EIP’s HTOL) is defined as the lowest of:

e The SBFCA EIP’s DWS plus 3 feet
e The 0.2% (1/500) ACE water surface
e The existing levee crest elevation

In addition, SBFCA'’s analysis added an extra foot to the EIP’s design water surface
(SBFCA EIP’s DWS + 1 foot) and to the SBFCA EIP’s HTOL profiles (SBFCA EIP’s HTOL +
1 foot) for SBFCA EIP’s geotechnical analysis of the design of modification measures. The
additional foot, which originates in DWR’s Urban Levee Criteria, increases confidence in the
seepage and stability design.

The “SBFCA EIP’s DWS + 1 foot” and “HTOL + 1 foot” profiles were determined to be
comparable (within a foot) with the “1957 ADWS” and “1957 ATOL” profiles, respectively (see
Plate 2-5). The highest of the water surfaces (SBFCA EIP versus authorized) varies by location
along the Feather River. The SBFCA EIP geotechnical analysis showed seepage exit gradients
and slope stability factors of safety well within USACE criteria; adding an extra foot of water
would not change the recommended design modification measures. Therefore, for the purpose
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of this Feasibility Study, the SBFCA EIP’s geotechnical analysis was considered to be adequate
for use as the USACE’s final geotechnical analysis of Alternatives SB-7 and SB-8.

2.8.4.3 Modification Features

Where the existing levee meets the geotechnical analysis criteria, no modification is
needed. Where modification is required, cutoff walls are the primary feature for addressing
geotechnical deficiencies of the existing FRWL for the following reasons:

e Cutoff walls are highly effective when constructed correctly.

e Cutoff walls do not require the acquisition of additional permanent real estate.

e Cutoff walls do not require maintenance once constructed (except for monitoring
activities).

e Cutoff walls constructed by the conventional open-trench method are cost-comparable to
landside berms.

e Cutoff walls have minimal long-term environmental impact primarily due to their
location within the existing levee footprint.

Two primary modification measures of the FRWL were evaluated. In general, the
measures were a fully-penetrating soil-bentonite cutoff wall and a partially-penetrating soil
bentonite cutoff wall combined with a seepage berm or relief wells. Both measures would
include a partial levee degrade to obtain the needed working platform width. (A full levee
degrade is proposed where the levee has a severe burrowing rodent infestation or to prevent
having to use the more expensive deep soil mixing (DSM) method for cutoff wall construction
due to depth). A reach-by-reach cost comparison between the two measures showed a fully-
penetrating soil bentonite cutoff wall was the least-cost measure for most reaches. However, site
conditions dictated selection of a different measure for some reaches or portions of reaches.

Jet grout cutoff walls are proposed at locations where it is not practical to construct a
conventional soil bentonite cutoff wall (i.e. bridges, railroad crossings, and the Yuba City Water
Treatment Plant). Seepage berms by themselves are proposed for the northernmost end of the
FRWL because a conventional soil bentonite cutoff wall is not constructible through the cobble
levee. Partially penetrating cutoff walls combined with seepage berms or relief wells are
proposed for the southern end of the FRWL because fully-penetrating cutoff walls would be too
deep to be cost-effective. A cutoff wall with levee relocation and a cutoff wall with Sutter Butte
Main Canal (SBMC) relocation are proposed for some levee sections along the FRWL (north of
Sunset Weir, where the Sutter Butte Main Canal is located adjacent to the landside levee toe) to
obtain the required O&M corridors.

The recommended modification measures for Alternatives SB-7 and SB-8 are shown on
Plate 2-3.

2.8.4.4 Minimum Levee Template

The minimum levee template criteria obtained from four sources (USACE EM 1110-2-
1913, CESPK-ED-G-SOP-EDG-03 (SOP3), DWR Urban Levee Design Criteria, and the Code of
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California Regulations (Title 23 Division 1) are shown on Plate 2-4. As a levee modification
project, the Sacramento District allows a narrower crest width (not less than 15 ft) for existing
levees that have improvements constructed to address seepage and stability concerns. The
Sacramento District has adopted the following minimum levee template criteria:

Crest width: 15 feet minimum.
Landside slope: 2H:1V or flatter.
Waterside slope: 3H:1V or flatter.
Landside easement: 15 feet minimum.
Waterside easement: 15 feet minimum.

2.8.4.5 Levee Fill and Borrow

Type 1, Type 2 and Random fill materials are needed for levee, cutoff wall and seepage
berm constructions. Type 1 levee fill material will be used primarily as a clay core for the
reconstructed levee above the cutoff wall and for the cutoff wall’s soil-bentonite mix. Type 2
levee fill material will be used primarily for shells for the reconstructed levee above the cutoff
wall. Random fill will be used primarily for the seepage berm.

Excavated materials from the levee degrade are expected to be reusable for Type 1 and
Type 2 fills. Type 1 fill can be used as Type 2 and Random Fill. Type 2 fill can be used as
Random fill. It is expected that borrow materials will be needed for construction of the project.
The two primary types of borrow material for the levee and cutoff wall constructions are: Type 1
and Type 2. Source for borrow is discussed in Paragraph 2.6. Specifications for the two material
types are as follows:

e Type 1 Levee Fill: USCS classification of CL, SC, or CH; maximum particle size of 2
inches; minimum 35% by weight passing the #200 sieve; maximum liquid limit of 60;
plasticity index between 12 and 40.

e Type 2 Levee Fill: Maximum particle size of 2 inches; minimum 12% by weight passing
the #200 sieve; maximum liquid limit of 45.

Based on preliminary geotechnical investigations and standard practice, an approximately
20% increase should be applied to the total demand (to account for all material swell, loss and
shrinkage during excavation, transportation and placement, respectively) when estimating the
borrow amount needed. The approximate percentages of levee degrade suitable for levee fill are
shown in Table 2-2.

Table 2-2 Percentages of Levee Degrade Suitable for Levee Fill

Reach ID | Percentage for Levee Core | Fraction | Percentage for Levee Shell Fraction
(Type 1) (Type 2)
2A-North 5 0.05 95 0.95
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2B 5 0.05 95 0.95
3 5 0.05 95 0.95
4 5 0.05 95 0.95
5 5 0.05 95 0.95
6 5 0.05 95 0.95
7 40 0.4 60 0.6
8 0 0 85 0.85
9 0 55 0.55

10 0 70 0.7

11 0 100 1

12 NA NA NA NA

13 0 0 95 0.95

14 NA NA NA NA

15 NA NA NA NA

16 NA NA NA NA

17 0 0 100 1

18 15 0.15 85 0.85

19 30 0.3 70 0.7

20 0 100 1

21 0 100 1

22 15 0.15 85 0.85

23 0 90 0.9

24 0 100

25 0 100

26 0 100

27 80 0.8 20 0.2

28 15 0.15 85 0.85

29 NA NA NA NA

30 0 0 95 0.95

31 30 0.3 70 0.7

32 0 0 100 1

33 0 0 100 1

34 0 0 100 1

35 0 0 100 1

36 0 0 100 1
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37 0 0 100

38 0 0 100

39 NA NA NA NA
40 60 0.6 0

41 60 0.6 0

2.9 Civil Design
29.1 General

This section describes general civil design considerations for and recommendations
resulting from the Class 4 and Class 3 analysis.

2.9.2 Class 4 Analysis of Alternatives SB-2 through SB-8

The Class 4 civil design analysis of Alternatives SB-2 through SB-8 followed the
parametric approach in which site assessments were completed based on existing information
and aerial photos, and quantity estimates were completed based on typical design templates from
geotechnical design recommendations. Refer to the Civil Design Appendix for further details.

2.9.3 Final Analysis (Class 3) of Alternatives SB-7 and SB-8

The final civil design analysis of Alternatives SB-7 and SB-8 was based on a
conventional design approach for development of feasibility level design (35%; Class 3) with
detailed site assessments and deterministic analyses for encroachment and utility improvements,
and for quantity analysis. The design considerations are listed below. All civil design analysis
was based on hydraulic and geotechnical design recommendations provided in Paragraphs 2.7
and 2.8.

2.9.3.1 Embankment Geometry

The primary feature of the project is a cutoff wall which requires reconstruction of the
excavated levee embankment. The reconstructed embankment is required to meet the minimum
levee template criteria or to match the existing levee prism, whichever is larger (see Paragraph
2.8.4.4). The degraded levee will be reconstructed to the existing top of levee elevation or the
1957 authorized top of levee elevation, whichever is higher (see Paragraph 2.7.3.3).

In general, the existing levee prism of the FRWL currently appears to be larger than the
minimum levee template. At some locations, however, the landside slope was damaged and
needs to be reconstructed to meet the minimum levee template criteria (see Paragraph 2.8.4.4).
Plate G-2 shows the typical section for embankment reconstruction.

An active railroad embankment (Union Pacific Railroad) crosses the levee alignment at
approximate station 1130+00. The railroad embankment is about 4 feet lower than the levee. A
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stop log closure structure will be provided to meet the authorized levee height without causing
impacts to the UPRR’s operation. This structure will be closed during flood events.

There are three locations along the FRWL alignment, between station 1434+00 and
station 1957+00, where the SBMC encroaches into the proposed right-of-way. The levee will be
relocated toward the river at these locations (see Paragraph 2.9.3.3). The relocated levee is
required to meet the minimum levee template criteria (see Paragraph 2.8.4.4) and levee height
requirement (see Paragraph 2.7.4.3).

2.9.3.2 Right-Of-Way (ROW) Requirements

Currently, the existing FRWL’s right-of-way (ROW) corridor includes O&M corridors
which vary in width along the alignment and are discontinuous for a significant distance at some
locations. The minimum levee template criteria require the project levee to have a 15 feet
minimum O&M corridor on each side of the levee, along the levee toes (see Paragraph 2.8.4.4).
The O&M corridors are necessary for O&M and flood fighting purposes. Therefore, for this
feasibility study, additional real estate will be acquired to provide sufficient space for the O&M
corridors. Acquiring additional real estate will result in relocation of physical structures (e.qg.,
buildings, canals, etc.) along the alignment (see Paragraph 2.3). Where it is impractical to
acquire the additional real estate, the levee will be relocated toward the river (see Paragraph
2.9.3.3).

There will be one exception in regards to the minimum requirement for O&M corridor.
The exception covers the area between station 1904+00 and station 1957+00 where the SBMC is
encroaching into the proposed 15ft minimum landside easement. For this area, an existing 10ft
minimum natural berm, on the levee’s landside slope, will be utilized for O&M purposes without
any further actions (see Paragraph 2.9.3.3).

2.9.3.3 Relocations

To meet the minimum ROW requirements as stated above, acquisition of additional real
estate is necessary and will require relocations of certain physical structures. Any physical
structures falling within the ROW proposed will be considered potential relocations (except for
the encroachment of the SBMC). These relocations will be studied in greater detail in the PED
phase.

In the case of the SBMC, which encroaches into the proposed ROW at four locations
along the FRWL alignment between stations 1430+00 and 1957+00 (Plate 2-3), there were four
potential measures considered for each area to address the issue. The measures include:
construction of retaining wall in the landside slope, construction of a flood wall, levee relocation,
and canal relocation. Each measure was evaluated based on construction cost and impacts.

The proposed measures were also coordinated with the USFWS to obtain their inputs.
The flood wall and retaining wall options were eliminated because these structures were deemed
to create a substantial barrier for terrestrial wildlife species migration.
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Levee relocation was deemed to have the least overall impact and was selected as the
primary measure for addressing the issue. The relocated levee is required to meet the minimum
levee template criteria (see Paragraph 2.8.4.4) and height requirement (see Paragraph 2.7.3.3).
The cutoff wall will be constructed at the centerline of the relocated levee sections.

Canal relocation was selected for a small section along the alignment where the FRWL is
too close to the Feather River’s main channel to relocate the levee. This option was also selected
for a small section of the SBMC near the Sunset Weir Pump Station, around station 1430+00,
because it was deemed to be more cost effective than the levee relocation option which requires
relocation of the pump station’ electrical system.

At one of the four locations where the SBMC encroaches into the proposed ROW,
specifically between station 1904+00 and station 1957+00, an existing 10ft minimum natural
berm, on the levee’s landside slope, will be utilized for O&M purposes without any further
actions needed.

2.9.3.4 Encroachments

A comprehensive inventory of all encroachments (utilities, physical structures, and
woody vegetation) was completed based on existing data and field investigations. The existing
encroachment data came from multiple sources including the CVFPB encroachment list, the
USACE Periodic Inspection report, and as-built drawings of various projects located along the
FRWL alignment. Field investigations were conducted to validate and improve the existing
inventories.

The final encroachment list (Table 4-3 for Alternative SB-7 and Table 5-3 for Alternative
SB-8) shows numerous pipelines (both gravity and pressurized lines) and conduits (cables,
electrical lines etc.) crossing the existing FRWL embankment. The record also indicates a
number of utilities running parallel to the alignment (power poles, irrigation ditches, pipelines
etc.), physical structures (public, residential and commercial buildings), and woody vegetation
(mature trees) currently located within the proposed ROW. The encroachments were divided into
2 groups:

e Utilities and Physical Structures
e Woody Vegetations

The following Paragraphs outline the approach for addressing levee encroachment issues
(see Plate 2-6 for the utility handle chart).

2.9.3.4.1 Utilities and Physical Structures

This group was subdivided into 2 categories: levee prism encroachments and ROW
encroachments.

The levee prism encroachments are utility pipelines and conduits running perpendicular
to the levee alignment. Most of these pipeline and conduit crossings are either dated and do not
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comply with the current standard for levee encroachment or will be disrupted/otherwise impacted
by levee construction. These pipelines and conduits, therefore, will be removed before the cutoff
wall construction begins and replaced after the cutoff wall construction completes with proper
pipe materials. Gravity lines (storm drain) will be replaced in-place. Pressurized lines (irrigation
and drainage discharge lines, gas pipes, water and sewer lines etc.) and conduits (electrical and
communication lines, cables etc.) will be relocated above the 1957 Water Surface Elevation
(WSEL ) profile or 0.5% (1/200) ACE WSEL profile north of station 461+00, whichever is
greater and above the 1957 WSEL profile or 1% (1/100) ACE WSEL profile south of station
461+00, which ever greater. Where it is not feasible to relocate the pressurized pipelines above
the intended WSEL (e.g. at Sunset Weir pump station), these pipelines will be replaced in-place.
Pipes that are known to be recent installations will remain. All pipelines and conduits crossing
the levee alignment will be modified to include positive closure devices and meet the USACE
design criteria for levee penetrations in accordance with EM 1110-2-1913. Abandoned pipelines
and conduits will be removed. Typical improvement plans for these utility encroachments were
developed and shown in Plate G-3.

ROW Encroachments are the utilities and physical structures that are outside of the levee
prism but fall within the limits of the proposed ROW (see Paragraph 2.9.3.2). These structures
will be relocated outside of the proposed ROW prior to levee and seepage berm constructions.

Temporary bypass systems will be provided to minimize disruption to irrigation and other
utility services during the farming season. The utility improvements and relocations will disrupt
the storm drain systems; however, it is anticipated that the disruption will not cause any
significant impacts to interior drainage of the basin since the levee construction is expected to be
within normal construction season (April through October) during which the storm drain systems
won’t be needed.

Tables 4-3 and 5-3 provide detailed descriptions of all utilities, encroachments and the
proposed improvement for each site within the Alternatives SB-7 and SB-8, respectively.

2.9.3.4.2 Woody Vegetation on Levee

The FRWL currently has mature trees on the both the levee slopes and within 15 feet of
both the landside and waterside levee toes, with the majority of the trees being within 15 feet of
the toes in some locations. USACE Engineering Technical Letter (ETL) 1110-2-571 (Guidelines
for Landscape Planting and Vegetation Management at Levees, Floodwalls, Embankment Dams,
and Appurtenant Structures, 10 April 2009) establishes a vegetation-free zone to provide a
reliable corridor of access to, and along, levees, floodwalls, embankment dams, and apparent
structures, to assure adequate access by personnel and equipment for surveillance, inspection,
maintenance, monitoring, and flood-fighting, and to prevent root penetration into the levee that
could compromise its structural integrity. It is, therefore, required that the O&M corridors and
levee embankment will be free of all woody vegetation in accordance with the Vegetation-Free
Zone (VFZ) requirements in the ETL 1110-2-571.

The local sponsor, in their EIP, proposed allowing woody vegetation to temporarily
remain within the EIP’s ROW and the adoption of a life cycle adaptive management approach to
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address noncompliant vegetation removal overtime. The Sacramento District’s PDT considered
two options to address this issue. The first option was to require complete compliance with the
ETL by removal of all woody vegetations within the VFZ. The second option was to require
removal of all woody vegetation in the upper 2/3 of the waterside levee slope, the entire landside
slope, within 15 feet of the landside toe and obtaining a vegetation variance for trees in the lower
1/3 of the waterside slope and within 15 feet of the waterside toe. The estimated cost differential
of ETL 1110-2-571 compliance between the options appeared to be within the overall feasibility
study cost contingency.

Because there is no significant cost differential, the first option, complete compliance
with the ETL 1110-2-571, is the final recommendation (with exceptions to be considered on a
case-by-case basis during the design phase).

2.9.3.5 Quantity Estimate

Quantity estimates were completed for levee construction and utility improvements in
accordance with ETL 1110-2-573 Construction Cost Estimating Guide for Civil Works and ER
1110-2-1302 Civil Works Cost Engineering.

The quantity estimates were completed on a reach by reach basis. The estimates for levee
excavation and backfill took into account the swell and shrinkage factors, respectively, based on
the geotechnical design recommendations (see Paragraph 2.8.4.5). The excavation quantities
were estimated based on a degrade level placed at half of the levee height. The backfill quantities
were estimated based on the recommended levee geometry (see Paragraph 2.9.3.1). Borrow
quantities were estimated based on the total demand and the quantities of reusable levee degrade.
A 20% increase was applied to the total demand, defined as the additional backfill quantities
needed beyond the reusable levee degrade, to account for all material swell, loss and shrinkage
during excavation, transportation and placement, respectively. The quantities of reusable levee
degrade were estimated based on the recommended percentages of reusable material (see
Paragraph 2.8.4.5). Cutoff wall quantities were estimated separately for each type of cutoff wall
(soil bentonite cutoff wall, deep soil mix cutoff wall, and jet grouting cutoff wall).

2.10 Borrow Sites and Disposal Areas
2.10.1 General

This section describe general considerations for borrow and disposal areas for the Class 4
and Class 3 analyses. Refer to the Geotechnical and Civil Design Appendixes for further details.

2.10.2 Class 4 Analysis of Alternatives SB-2 through SB-8

Borrow sites and disposal areas were not specifically identified during the screening and
selection of alternatives. For borrow, the general assumption was that suitable borrow materials
could be typically found within the basin and that the borrow sites would be within 15-mile to
30-mile radius of the construction sites. It is assumed that borrow would likely become cost
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prohibitive if not obtained within this distance, primarily due to air quality impacts. A
conservative shrinkage factor of 15% was used for estimating borrow quantities.

2.10.3 Final Analysis (Class 3) of Alternatives SB-7 and SB-8

Detailed analyses of borrow sites and disposal areas were completed for the final
alternatives. The considerations are detailed below.

2.10.3.1 Borrow Sites

While some of the embankment material removed during levee degrading will be re-used
to reconstruct the levee, it is anticipated that borrow materials will be needed to meet the levee
fill material specifications. Two primary types of borrow material needed for levee and cutoff
wall construction are: Type 1 levee fill, primarily used as a clay core for the reconstructed levee
above the cutoff wall and for the soil-bentonite mix, and Type 2 levee fill, primarily used for
shells for the reconstructed levee above the cutoff wall. Specifications for the two material types
are discussed in Paragraph 2.8.4.5.

There were 13 sites identified as potential borrow areas, five of which were eliminated as
a result of a preliminary screening process completed for each of the sites. The screening criteria,
detailed in the EIS, include contamination level, and relative location to the levee/seepage berm.
The design teams are currently in the process of sampling and testing the sites to ensure they
meet material requirements. The borrow sites are shown on Plates 4-3 and 5-3 for Alternatives
SB-7 and SB-8, respectively. Sampling and testing is ongoing for these potential borrow sites. It
was estimated that the borrow sites can provide up to 1,349,900 cubic yards of Type 1 fill
material, 459,800 cubic yards of Type 2 fill material, and 330,800 cubic yards of Random fill
material materials.

Alternative SB-8 may require up to cubic yards of 629,850 Type 1fill material, 809,850
cubic yards of Type 2 fill material, and 179,550 cubic yards of Random fill material.

2.10.3.2 Solid Waste Disposal Areas

The nearest solid waste facilities to the project area are the Ostrom Landfill (located east
of the project site, approximately 30 road miles south of the project Reach 2) and the Neal Road
Landfill (located 25 miles north of the project Reach 40).

The 225 acre Class Il Ostrum Landfill is permitted to accept the following types of
waste: solid waste; waste water treatment sludge; construction debris; food and green waste;
some types of contaminated soils; and non-friable asbestos. The landfill has a total maximum
permitted capacity of 43,467,230 cubic yards. In 2007, the Ostrum Landfill was reported to
have 39,223,000 cubic yards of remaining capacity (90% of total capacity).

The Neal Road Facility is permitted to accept the following types of waste: municipal
solid waste, inert industrial waste, demolition materials, special wastes containing nonfriable
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asbestos; and septage. The landfill has a total maximum permitted capacity of 25,271,900 cubic
yards. In June 2011, the Neal Road Landfill was reported to have 20,396,081 cubic yards of
remaining capacity (80% of total capacity).

Implementation of Alternative SB-8 may generate up to 813,000 cubic yards of solid
waste that would require disposal. Sources of solid waste related to construction activities would
include levee material, structural debris from removal of residences and agricultural structures,
roadway pavements, and levee material deemed unsuitable for reuse.

2.11 Construction Access, Haul Routes and Staging Areas
2.11.1 General

This section describes general considerations for hauling and staging activities for the
Class 4 and Class 3 analyses.

2.11.2 Class 4 Analysis of Alternatives SB-2 through SB-8

Haul routes and staging areas were not specifically identified during the screening and
selection of alternatives. For cost estimating purposes, it was assumed that a typical 15-mile haul
distance (30 miles round trip) would be sufficient for estimating hauling efforts from
theconstruction sites to borrow sites and disposal areas. Refer to the Civil Design Appendix for
further details.

2.11.3 Final Analysis (Class 3) of Alternatives SB-7 and SB-8

A hauling and staging plan was developed for Alternatives SB-7 and SB-8 during the
Final Analysis (Class 3). Plates 4-3 and 5-3 show the hauling and staging plans for the final two
Alternatives SB-7 and SB-8. The plans were developed based on the following assumptions from
historical/typical USACE cutoff wall construction projects:

e A 1.5-acre staging area is needed every 2,500 linear feet of levee construction.

e A 5-acre staging area is needed every 5 miles of levee construction to accommodate a job
trailer and staff parking.

e The haul route will be mainly on existing public roads, from the center of the source
(commercial/borrow source) to the center of the construction contract (see Plates 4-3 and
5-3).

e A 15 foot permanent road easement along the landside and water side edge of the project
features (see Paragraph 2.8) is sufficient for movement of construction equipments within
the construction site.

e The proposed staging areas are close to public roads for easy access and away from
active farm lands, orchards and residential homes (where possible) to minimize impacts
caused by construction activities.

e Permanent access to the existing levees will remain except where seepage berms are
proposed. Access ramps will be constructed at the seepage berm locations to provide new
maintenance access.
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2.12 Real Estate Requirements
2.12.1 General

This section describes general real estate requirements determined during the Class 4 and
Class 3 analyses. Additional details can be found in the Real Estate Appendix.

2.12.2 Class 4 Analysis of Alternatives SB-2 through SB-8

During the screening and selection of alternatives, the Sacramento District’s Engineering
Division delineated the project’s footprint and identified properties impacted by the project (refer
to the Civil Design Appendix for greater details). Based on this information, Real Estate Division
completed the real estate cost estimate for the draft array of alternatives using the parametric
approach in which the impacted properties were classified based on land use and each type of
land use was given an empirical unit cost. The preliminary real estate requirements for the levee
footprint, O&M corridor, and utility corridor were estimated as fee value only.

2.12.3 Final Analysis (Class 3) of Alternatives SB-7 and SB-8

The real estate estimate for the Final Analysis (Class 3) of Alternatives SB-7 and SB-8
was developed based on the conventional approach for development of feasibility level design.
During the Final Analysis, the Real Estate Plan was developed for Alternatives SB-7 and SB-8 in
accordance with ER 405-1-12 and based on the footprints delineating project requirements
developed by the Sacramento’s Engineering Division. The general Land, Easements, Rights-of-
way, Relocation and Disposal Areas (LERRD)’s requirements for the Real Estate Plan include:
the acquisition of flood protection levee easement, permanent road easement, utility easement,
drainage easement, temporary work area easement, borrow easement, and fee title. The basis for
different types of acquisition is as follows:

e The flood protection levee easement is required for the construction and operation and
maintenance of project features. The easement varies in width and is delineated by the toe
of existing levee and seepage berms (within the project’s limit), relocated levee segments
and new seepage berms.

e A 15 foot permanent road easement along the landside and waterside edge of the flood
protection levee easement, at a minimum, is needed for providing maintenance access to
and for flood fighting purposes along the toe of the project features.

e Flood protection levee easement and permanent road easement together will be sufficient
to cover the acquisition needed for the vegetation free zone and to allow for the
movement of construction equipments within the construction site.

e Additional utility easement (approximately 20ft beyond the permanent road easement for
O&M roads) may also be needed for obtaining utility corridors for relocation of utilities
parallel to the project’s alignment outside of the proposed ROW. This additional utility
easement was not specifically identified for the SBFS and will be estimated as percentage
of the total utility relocation costs.

e Drainage easement is required for the canal relocations.
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e Temporary work area easement is required for acquiring staging areas along the 41 mile
long alignment of the project.

e Borrow easement is required for potential borrow sites.

e Potential on-site mitigation areas will be acquired in fee title.

2.13 Environmental Considerations
2.13.1 General

This section describes environmental considerations for the draft and final arrays of
alternatives. Refer to the main integrated report for further details.

2.13.2 Evaluation of the Existing Condition (Alternative SB-1)

An inventory and forecast of future without-project conditions was conducted for the
study area using existing sources of information for the study area (e.g., county and city general
plans, and prior NEPA and CEQA environmental documentation). The results are described in
the Sutter Basin Feasibility Study Environmental Without-Project Conditions Report (ICF
International, 2012). This report and the EIS/EIR prepared for the SBFCA EIP forms the basis
for the “Affected Environment” and “No Action Alternative” sections of the Sutter Pilot
Feasibility Study/EIS/EIR. (The SBFCA EIP was defined in Paragraph 1.3 of this report.)

2.13.3 Class 4 Analysis of Alternative SB-2 through SB-8

The screening of alternatives from an environmental standpoint focused on qualitatively
assessing temporary and permanent impacts on the environment. The criteria include:
e Assessment of the potential for induced development in the floodplain.
e Minimization of land disturbance outside the existing levee footprint, loss of
farmland, impacts to existing structures.
e Minimization and avoidance of adverse effects on air and water quality, sensitive
habitat, and other resources.

Information from various data bases and existing reports was used in the evaluation. The primary
sources were the Sutter Basin Feasibility Study Environmental Without-Project Conditions
Report (ICF International, 2012) and the Environmental Constraints Analysis prepared for the
SBFCA EIP (ICF International, August 2011). The results of public involvement, NEPA
scoping, and coordination with the resource agencies were also used to assess alternatives.

2.13.4 Final Analysis (Class 3) of Alternatives SB-7 and SB-8

For the Final Analysis (Class 3) of Alternatives SB-7 and SB-8, the study heavily relied
on environmental surveys and the Draft EIS/EIR prepared for SBFCA EIP which was released
for public review in December 2012. Extensive information developed for the SBFCA EIP’s
EIS/EIR aided the study in determining environmental impacts and developing mitigation cost
estimates. The considerations are detailed below.
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2.13.4.1 Significant Impacts

Alternatives SB-7 and SB-8 are anticipated to result in the following significant and
unavoidable or potentially significant and unavoidable impacts. The main integrated report
discusses these impacts in greater details.

1. Air Quality Impacts

Project construction would result in temporary construction-related emissions. These
include:

e Exceedance of applicable thresholds for construction emissions

Emissions would be partially mitigated by reducing vehicle and equipment emissions and
implementing a fugitive dust plan. Despite the mitigation measures, the temporary construction
emissions are anticipated to be significant and unavoidable.

2. Noise Impacts

Implementation of any of the project alternatives would result in temporary but significant
effects related to construction noise and vibration to sensitive receptors near construction areas.
These might include:

e Exposure of Sensitive Receptors to Temporary Construction-Related Noise
e Exposure of Sensitive Receptors to Temporary Construction-Related Vibration

Noise-reducing mitigation measures and vibration-reducing construction practices may not be
sufficient to reduce the exposure of sensitive receptors to temporary construction noise and
vibration to less than significant.

3. Vegetation Impacts

Project construction is estimated to result in permanent impacts to riparian vegetation and
wetlands. These might include:

e Disturbance or Removal of Riparian Trees
e Potential Loss of Special-Status Plant Populations Caused by Habitat Loss Resulting
from Project Construction

Habitat compensation is proposed to mitigate losses with the goal of no net loss. Mitigation for
significant habitat losses would take place at the Star Bend Conservation Area on about 28 acres.
Mitigation needs not met at this site would occur at additional mitigation sites and/or mitigation
banks. Mitigation for needs for Alternative SB-7 are estimated at 56 acres. Alternative SB-8 is
estimated at 90 acres.

4. Visual Resources
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Construction potentially could result in significant visual effects in reaches with sensitive
viewers. These might include:

Temporary Visual Effects from Construction.
e Adverse Affects to a Scenic Vista.

e Substantial degradation of the Existing Visual Character or Quality of the Site and its
Surroundings.

e Creation of a New Source of Substantial Light or Glare that would Adversely Affect Day
and Nighttime Public Views.

The effect mechanisms are primarily vegetation removal and replacement of agricultural and
developed land use with seepage berms. Construction activities would also have temporary
visual effects.

5. Cultural Resources

Cultural resources are known to exist throughout the planning area. Cultural resources
could be disturbed and destroyed under any of the project alternatives. Impacts might include:

e Effects on Identified Archaeological Sites Resulting from Construction of Levee
Improvements and Ancillary Features

e Potential to Disturb Unidentified Archaeological Sites

e Potential to Disturb Human Remains

e Direct and Indirect Effects on Identified Historic Architectural/Built Environment

Resources Resulting from Construction Activities
While mitigation measures have been identified, the mitigation does not reduce effects to less
than significant. The cultural site assessment (CSA) is discussed in greater detail in Paragraph
2.15 of this report.
6. Hazardous, Toxic and Radioactive Wastes (HTRW)
HTRW is discussed in detail in Paragraph 2.14 of this report.
2.13.4.2 Other Impacts

Other environmental impacts are expected due to construction of the proposed
Alternatives SB-7 and SB-8. These include:

1. Flood Control and Geomorphic Conditions
Construction of any of the alternatives would be a flood control benefit in the planning
area although existing drainage patterns could be altered. Effects on local interior drainage would

be mitigated to less than significant by coordinating with owners and operators, preparing
drainage studies, and remediating effects through project design.
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2. Water Quality and Groundwater Resources

Dewatering of construction areas could result in the release of contaminants to surface or
groundwater. This impact would be mitigated to less than significant by implementing
provisions for dewatering effluent before it is discharged.

3. Geology, Soils, Seismicity and Mineral Resources

Construction activities associated with any of the alternatives would not result in any
significant impacts to geology, soils, seismicity, and mineral resources.

4. Traffic, Transportation and Navigation

Temporary increases in construction-related traffic, temporary road closures, emergency
response times, and other traffic, transportation and navigation effects from project
implementation were determined to be less than significant under all action alternatives.

5. Climate Change and Greenhouse Gas

Construction activity would cause a temporary and less than significant increase in
greenhouse gas emissions.

6. Wildlife

Construction activities could result in potential injury, mortality, or disturbance of
special-status and common species, which could affect local populations. Implementation of
mitigation measures would minimize or avoid these impacts and bring effects down to a less than
a significant level.

7. Fish and Aquatic Resources

No in-water construction is proposed that could directly affect fishery resources. No loss
of Shaded Riverine Aquatic cover and critical habitat would occur. Some loss of floodplain
riparian vegetation would occur but mitigation is proposed to offset this loss. Thus, the project is
not expected to significantly effect fish and aquatic resources.

8. Agriculture, Land Use and Socioeconomics

Project implementation would permanently convert farmland to nonagricultural use
where construction extends beyond the existing levee footprint. Overall, the project is intended
to preserve existing land use and socioeconomic conditions, especially for agriculture.
Additionally, flood control activities are typically considered public uses, which are largely
consistent with the land use policies and regulations governing the project area. Construction
activities would temporarily increase employment and personal income in the local area.
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9. Population, Housing and Environmental Justice

Project implementation of any of the alternatives will require displacement of existing
housing units. Permanent acquisition, relocation, and compensation services will be conducted
in compliance with Federal and State relocation laws. In cases where project construction is
temporarily disruptive to nearby residents, assistance would be provided for residents to relocate
temporarily during construction activities and provide compensation to residents for reasonable
rent and living expenses incurred as a result of relocation.

The alternatives would not result in disproportionately high and adverse effects on
minority populations and low-income populations from acquisition of homes because plenty of
vacant homes exist within the affected area to serve as replacement housing.

10. Recreation

The alternatives would not have any permanent effects on recreation in the project area.
Temporary access to recreational facilities along the Feather River would be an impact and
addressed by providing notification of construction area closures to protect public safety.

11. Utilities and Public Services

Construction of the project may damage drainage and irrigation systems and public utility
infrastructure, resulting in temporary disruptions to service. Coordination with drainage and
irrigation systems users, consultation with service providers, and implementation of appropriate
protection measures would minimize the possibility of any significant effects.

12. Public Health and Environmental Hazards

Project implementation has the potential to slightly increase risks to the public during
construction through use of equipment and fuels, but the increased risk is temporary. These risks
are minimized by implementation of a stormwater pollution prevention plan and the best
management practices (BMPs) it contains to control accelerated erosion, sedimentation, and
other pollutants during and after project construction.

2.13.4.3 Environmental Commitments

The following environmental commitments are proposed as part of the project to avoid
and minimize construction-related effects.

Avoidance measures for valley elderberry longhorn beetle.
Avoidance measures for giant garter snake.

Avoidance measures for Swainson’s hawk.

Avoidance measures for raptors.

Measures to minimize loss riparian vegetation.

Invasive plant species prevention measures.

Construction limitations near residences.
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Soil borrow site reclamation plan.

Post-construction operations and maintenance.

Stormwater pollution prevention plan.

Bentonite slurry spill contingency plan spill prevention, control and counter-measure
plan.

e Monitoring of turbidity in adjacent water bodies.

2.13.4.4 Fish and Wildlife Mitigation Facilities

The existing 49-acre Star Bend Conservation Area, located on the west levee of the
Feather River, approximately 6 miles south of Yuba City, is proposed as a elderberry transplant
site and riparian habitat compensation area for both Alternatives SB-7 and SB-8. In 2009, LD 1
of Sutter County proposed to construct the Feather River Setback Levee and Habitat
Enhancement Project at Star Bend to replace a portion of existing levee that poses a high risk of
failure in order to decrease the flood stage, velocity, and scour potential; increase and improve
floodplain habitat; and improve habitat connectivity between the Abbot Lake and O’Connor
Lakes Units of CDFW’s Feather River Wildlife Area. The Star Bend project created
approximately 55 acres of floodplain habitat, which included habitat enhancement and onsite
mitigation for impacted elderberry and riparian habitat.

e Approximately 21 acres have been used to date for elderberry transplants and
associated native plants. The remaining 28 acres are available at the conservation
area for compensating for impacts on elderberry shrubs and riparian habitat from
construction.

e Additional compensation needs will be addressed through purchase of credits
from a mitigation bank.

e A mitigation and monitoring plan has been prepared and accompanies the
integrated report.

2.14 Hazardous, Toxic and Radioactive Wastes (HTRW)
2.14.1 General

This section describes HTRW considerations during the Class 4 and Class 3 analyses for
the project area.

2.14.2 Class 4 Analysis of Alternatives SB-1 through SB-8

The project area consists of urban, suburban, and rural areas. Potential sources of
hazardous materials and waste may exist in the urbanized as well as agricultural areas adjacent to
the levees. The following hazardous materials may be present in the project area in a variety of
common contexts.

e Pesticides, herbicides, and fertilizers associated with agricultural lands.
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Petroleum hydrocarbons.

Underground storage tanks.

Contaminated debris including asbestos.
Lead associated with paints and structures.
Wastewater.

Pits or ponds.

Stormwater runoff structures.
Transformers that may contain PCBs.

2.14.2.1 Preliminary Site Assessment

A Preliminary Environmental Site Assessment was conducted by USACE in June-July of
2009. The Preliminary Environmental Site Assessment was conducted to identify recognized
environmental conditions, including presence or likely presence of any hazardous substance or
petroleum products under conditions that indicate an existing release, a past release, or the
material threat of a release into structures, the ground, groundwater, or surface waters of the
property. As part of the assessment, a database record search was conducted to identify any
known HTRW in the project area. Results of the Preliminary Environmental Site Assessment
included:

51 registered underground storage tanks and 3 aboveground storage tanks.
Five sources are listed as small and large generators of U.S. Environmental Protection
Agency (EPA)-regulated hazardous waste.
e Five sites that had leaking underground storage tanks, two of which have or had affected
public drinking water.
Six known or potential hazardous substance sites under investigation or cleanup.
Two waste discharge systems.
Two landfills.
12 suspected drug labs.
One pesticide-producing facility.

One additional site not included in the Preliminary Environmental Site Assessment was a
SuperFund site (Onstott Dusters, Inc.). For the majority of the sources, no records were found to
indicate that these potential sources have actually caused major contamination, although
investigations are still on-going. Several areas of concern were revealed during the investigation.
Most of these areas of concern involve registered underground storage tanks, hazardous waste
generators, minor tank leaks, underground storage tank removal and remediation, and accidental
releases.

During records research, no known contamination due to HTRW was confirmed within
the construction zone. In conclusion, no evidence was found to indicate that any other potential
sources of contamination would interfere with any planned construction of the levees. However,
implementation of Alternatives SB-7 and SB-8 would potentially result in effects on public
health and environmental hazards related to construction activity. These effects are judged to be
insignificant when mitigated by various plans and measures to be implemented before
construction including Stormwater Pollution and Prevention Plan, Phase 1/Phase II
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Environmental Site Assessment, Toxic Release Contingency Plan, Construction Site Safety
Measures, and Emergency Response Plan.

2.14.2.2 Storm Water Pollution Prevention Plan (SWPPP)

Because ground disturbance for the project would be greater than 1 acre, coverage would
be obtained under the EPA’s National Pollutant Discharge Elimination System (NPDES) general
construction activity stormwater permit. The Central VValley Regional Water Quality Control
Board administers the NPDES storm water permit program in Sutter and Butte counties.
Obtaining coverage under the NPDES general construction activity permit generally requires that
the project applicant prepare a stormwater pollution prevention plan (SWPPP) that describes the
best management practices that would be implemented to control accelerated erosion,
sedimentation, and other pollutants during and after project construction. The SWPPP would be
prepared prior to commencing earth-moving construction activities.

The specific best management practice that would be incorporated into the erosion and
sediment control plan and SWPPP would be site-specific and would be prepared by the
construction contractor in accordance with the Central Valley Regional Water Quality Control
Board Field Manual. However, the plan likely would include one or more of the following
standard erosion and sediment control best management practices.

e Timing of construction. The construction contractor would conduct all construction
activities during the typical construction season to avoid ground disturbance during the
rainy season.

e Staging of construction equipment and materials. To the extent possible, equipment
and materials would be staged in areas that have already been disturbed.

e Minimize soil and vegetation disturbance. The construction contractor would minimize
ground disturbance and the disturbance/destruction of existing vegetation. This would be
accomplished in part through the establishment of designated equipment staging areas,
ingress and egress corridors, and equipment exclusion zones prior to the commencement
of any grading operations.

e Stabilize grading spoils. Grading spoils generated during construction would be
temporarily stockpiled in staging areas. Silt fences, fiber rolls, or similar devices would
be installed around the base of the temporary stockpiles to intercept runoff and sediment
during storm events. If necessary, temporary stockpiles may be covered with an
appropriate geotextile to increase protection from wind and water erosion.

e Install sediment barriers. The construction contractor may install silt fences, fiber rolls,
or similar devices to prevent sediment-laden runoff from leaving the construction area.

e Stormwater drain inlet protection. The construction contractor may install silt fences,
drop inlet sediment traps, sandbag barriers, and/or other similar devices.

e Permanent site stabilization. The construction contractor would install structural and
vegetative methods to permanently stabilize all graded or otherwise disturbed areas once
construction is complete. Structural methods may include the installation of
biodegradable fiber rolls and erosion control blankets. Vegetative methods may involve
the application of organic mulch and tackifier and/or the application of an erosion control
seed mix. Implementation of a SWPPP would substantially minimize the potential for
project-related erosion and associated adverse effects on water quality.
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2.14.2.3 Discovery of Potential HTRW Sites During Construction

If any evidence of potential HTRW is found during construction, all work would cease,
and USACE would be notified by the contractor for further evaluation of the potential
contamination. Any unanticipated hazardous materials encountered during construction would
be handled according to applicable Federal, State, and local regulations. USACE would require
that a contingency plan that outlines steps to be taken before and during construction activities to
document soil conditions, as well as procedures to be followed if unexpected conditions are
encountered, be prepared by the contractor. The non-Federal sponsor is responsible for 100
percent of the cost to develop the clean-up procedures (remedial action plan) and to treat the
contamination in place or relocate the material (ER 1110-2-1150).

2.14.3 Final Analysis (Class 3) of Alternatives SB-7 and SB-8

The HTRW considerations from the screening and selection of alternatives apply to the
Final Analysis (Class 3) of Alternatives of SB-7 and SB-8. A Phase | Environmental Site
Assessment of HTRW for Alternative SB-7 or Alternative SB-8 would be complete in PED.

2.15 Cultural Impact Assessment
2.15.1 General

This section describes the CSA during the Class 4 and Class 3 analyses. Refer to the EIS
for further details.

2.15.2 Class 4 Analysis of Alternatives SB-1 through SB-8

The cultural resources impacted by the proposed conceptual alternatives were not
specifically identified during the screening and selection of alternatives. A statutory level set
aside of 1% of the federal share of construction costs (set by the Archeological and Historical
Preservation Act of 1974, Public Law 93-271) was applied and used as the cost estimate for the
draft array of Alternatives SB-1 through SB-8.

2.15.3 Final Analysis (Class 3) of Alternatives SB-7 and SB-8

The construction of Alternative SB-8 would result in impacts to the levee itself, the Sutter
Butte Canal, historic buildings and neighborhoods in Yuba City, other built environment
resources identified in the FRWLP EIS/EIR, and several known prehistoric archaeological sites
(CA-SUT-5, CA-SUT-10, CA-SUT-20, CA-SUT-77, CA-BUT-52, CA-BUT-53, CA-BUT-496,
CA-BUT-1123, and the unnamed site identified by UAIC). The geographically smaller
Alternative SB-7 would result in similar impacts, but would avoid the known prehistoric sites in
Butte County (CA-BUT-52, CA-BUT-53, CA-BUT-496, CA-BUT-1123).

Additional impacts may be identified as cultural resources inventories are completed,
including the borrow areas and utility relocations. These could result in further costs that would
be included in the cost estimate developed during PED.
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In light of this analysis, USACE will continue to use the 1% of the federal share of
construction costs set aside for data recovery of impacted cultural resources as a gross means of
estimating cost. USACE would only cost-share the project up to the cost of Alternative SB-7,
the Federal costs associated with both alternatives would be the same. Increased cultural
resources costs associated with the larger Alternative SB-8 including data-recovery
investigations, would be borne by the local sponsor.

2.16  Operation and Maintenance, Repair, Replacement and Rehabilitation (OMRR&R)
2.16.1 General

This section describes the OMRR&R considerations during the Class 4 and Class 3
analyses.

2.16.2 Class 4 Analysis of Alternatives SB-2 through SB-8

OMRR&R related activities were not specifically identified during the screening and
selection of alternatives. A brief investigation of OMRR&R costs was done by the local sponsor
by soliciting information from various levee districts (LDs) and State maintenance agencies
(MAs) within the Sutter Basin. The costs reflect a ratio of base costs to the summation of yearly
OMRR&R budgets for the various LDs and MAs. For estimating purposes, the assumed 8.5% of
construction cost for OMRR&R related activities for each of the alternatives were deemed to be
reasonable.

2.16.3 Final Analysis (Class 3) of Alternatives SB-7 and SB-8

The OMRR&R requirements, activities and costs were identified during the Final
Analysis (Class 3) of Alternatives SB-7 and SB-8.

2.16.3.1 General Requirements

The non-Federal sponsors (CVFPB and SBFCA) will be responsible for all OMRR&R
related activities upon transfer of the project which will in turn be delegated to the individual
levee maintenance authorities. The OMRR&R costs represent average cost to maintain the
project improvements throughout the project life. The OMRR&R for flood control features
would be performed in accordance with provisions of Title 33, Flood Control Regulation,
Maintenance and Operation of Flood Control Work, approved by Secretary of the Army , 9
August 1944, published 17 August 1944, Federal Register. The general intent of the regulations
is expressed as follows: “The structures and facilities constructed by the United States for flood
protection shall be continuously maintained in such a manner and operated at such times and for
such periods as may be necessary to obtain the maximum benefits.”

USACE’s resident engineer schedules and conducts joint acceptance inspections,
monitors correction of deficiencies, schedules and monitors OMRR&R training, ensures that all
as-built drawings are complete and accurate, and provides information/support for USACE to
prepare and distribute property transfer documentation.
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Prior to final acceptance of the project or an increment of the project, pre-final
inspections will be conducted on an area-by-area basis or may be conducted on a functional
basis. The purpose of these inspections is to ensure transfer of a complete, functional and
maintainable project, constructed fully in accordance with contract specifications and drawings.
Upon final acceptance of an area or the project, USACE will prepare and transfer an amended
OMRR&R manual for the project features and the non-Federal sponsor will assume OMRR&R.

2.16.3.2 Typical OMRR&R Activities
Typical OMRR&R activities both with and without project are considered to be::

e Vegetation removal and control in compliance with Corps of Engineers ETL 1110-2-571,
10 April 2009.

e Rodent control and repair of rodent damage.

Slope re-grading and reseeding.

Repair of waterside erosion.

Maintenance of relief wells and collection ditches.

Maintenance and repair of flap gates to minimize internal drainage.

Patrol road/ramp maintenance.

Inspection/patrolling including participation in Federal and State inspection programs,

routine patrolling to identify maintenance needs and to assure flood worthiness, and

continuous patrolling during high water conditions.

e Flood fighting

e Closure of the gap in the levee crown for passage of the railroad during high water
conditions to prevent flooding of Yuba City and vicinity.

Project implementation will likely result in increased cost /effort for some of these
activities and decreased cost/effort for others. Net change in OMRR&R cost/effort is considered
to be minimal.

A comparison of the estimated without project O&MRR&R and with project costs in
2012 dollars for the levees to be repaired under Alternatives SB-7 and SB-8 is shown in Table 2-
3

Table 2-3 OMRR&R Cost Estimates

Alternative W/O Project With Project Difference (Increase)
SB-7 $ 264,000 $ 277,000 $ 13,000
SB-8 $ 432,000 $ 454,000 $ 22,000

2.16.3.3 Vegetation

The without-project maintenance requirements for vegetation within the project area are
not altered by the USACE ETL 1110-2-571. The requirements remain as identified in the
Sacramento River Flood Control Project standard manual which states: “clearing of bushes,
trees, and other wild growth from the levee crown and slopes. Bushes and small trees may be
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retained on the waterside slope where desirable for the prevention of erosion and wave wash.
Where practicable, measures shall be taken to retard bank erosion by the planting of willows or
other suitable growths on areas riverward of the levees.”

Under USACE policy, it is expected that any potential levee project will be required to
fully comply with the USACE ETL 1110-2-571, unless a variance is obtained. The USACE ETL
1110-2-571 requires that no vegetation (with the exception of grasses) be allowed to grow within
the Vegetation-Free Zone (VFZ), defined in Paragraph 2.9.3.4.2) to assure adequate access by
personnel and equipment for surveillance, inspection, maintenance, monitoring, and flood-
fighting, and to prevent root penetration into the levee that could compromise its structural
integrity.

USACE guidance defines a variance as “alternative vegetation management standards to
be applied to a levee system or portion thereof that provide for the same levee functionality as
intended in ETL 1110-2-571" (Federal Register, February 17, 2012). Variances may only be
granted to allow the preservation of waterside vegetation below the upper third of the waterside
slope. Per the draft variance request procedure published in the Federal Register (February 17,
2012), no variance requests will be approved for noncompliant landside vegetation.

For the case of the Sutter Basin project, it is anticipated that the local sponsor will be
seeking a vegetation variance. However, attempting to obtain a variance during the feasibility
phase would require substantial time and cost and would be inconsistent with the USACE
SMART planning modernization effort. Therefore, the issue of ETL variance will be addressed
during the PED phase. Also during the PED phase, further consideration can be given to
avoiding and minimizing the removal of vegetation that provides significant habitat for
endangered species and other wildlife. Levee design modifications (overbuilding, etc) may be
implemented to avoid the loss of trees that are determined regionally significant, such as heritage
oak trees. Vegetation outside the construction footprint would be retained if it conforms to
established USACE vegetation policy at the time of PED, during detailed design and preparation
of construction plans and specifications. Vegetation removal requirements would be based on
full compliance with vegetation management guidelines in ETL 1110-2-571, or another approach
approved by USACE.

2.17 Cost Engineering
2.17.1 General

This section describes general considerations for the development of the cost estimates
during the Class 4 and Class 3 analyses. Refer to the Cost Engineering Appendix for further
details.

2.17.2 Class 4 Analysis of Alternatives SB-2 through SB-8

During the screening and selection of alternatives, the cost estimate for Alternatives SB-2
through SB-8 was developed using the parametric approach in which historical and unit costs
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were employed. The Parametric Cost Estimating MII Toolbox (spreadsheet format) was used to
prepare the cost estimate.

2.17.3 Final Analysis (Class 3) of Alternatives SB-7 and SB-8

The cost estimate, prepared by the Sacramento District’s Cost Engineering Section, for
the final feasibility design of Alternatives SB-7 and SB-8 followed the conventional approach for
developing cost estimates for feasibility level design (35%; Class 3). The cost estimate was
prepared in accordance with ER 1110-2-1302 and ETL 1110-2-573 for Cost Estimating. The cost
estimate was based on the quantity estimates provided by the Sacramento District’s Engineering
Division (see Paragraph 2.9.3.5 for quantity development). The construction contracts for each of
Alternatives, SB-7 and SB-8, were sequenced based on the approximated funding availability
and appropriation (see Tables 4-4 and 5-4).

2.18 Value Engineering
2.18.1 General

A combined Value Engineering (VE) Study and Planning Charette was held from 31
October to 4 November 2011. The VE methodology was incorporated into the planning process
at an early stage of the study to compare, refine, and optimize alternatives based on multiple
criteria. This process also provided an opportunity to validate the array of preliminary
alternatives and to ensure that significant alternatives had not been overlooked. The VE
Study/Charette was attended by the PDT and non-Federal sponsors, the SPK VE Officer and
SPD VE Program Manager, the SPD Plan Formulation Lead, and representatives from the
National Pilot Program 17+1 Team.

2.18.2 Methodology

The team reviewed initial alternative evaluation criteria and expanded these criteria based
on inputs from the group.The following are the final criteria that were used to assess each
alternative in combination with the conceptual level cost estimates for each alternative.

Life Safety

Flood Damage Benefits
Critical Infrastructure Impacts
Design Capacity Exceedance
Wise Use of Floodplain
Sustainability

Ecosystem Functionality
Environmental Impacts

Based on the discussions during the combined VE Study and Planning Charette, the team
identified alternatives with very similar functions as well as alternatives with little probability of
implementation. This resulted in combining and eliminating some of the alternatives as well as
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refining and optimizing those that were retained by adding or removing measures in order to
ensure a robust array. A draft array of potential alternatives was identified for further evaluation.

2.18.3 Results

Following is a summary of the recommendations for the draft array of 8 alternatives to
be carried forward for further evaluation.

Alternative SB-1 — No action alternative (i.e. existing condition)

Alternative SB-2 — Minimal fix-in-place Feather River Levees, Sunset Weir to Star Bend
Alternative SB-3 — Yuba City ring levee

Alternative SB-4 — Little “J” levee, Thermalito Afterbay to South of Yuba City
Alternative SB-5 — Fix-in —place Feather River Levees: Thermalito Afterbay to Star
Bend

e Alternative SB-6 — Fix-in —place Feather River, Sutter Bypass, and Wadsworth Canal
Levees

The VE Study and Planning Charette Report, which includes details on the relative
ratings of each of the original alternatives and the evaluation process, is included in Appendix B
of the Sutter Basin, CA Pilot Study, Progress Document#1 (30 May 2012).

Following the VE study, through additional plan formulation, two additional alternatives
were added to the draft array (because the economic net benefit analysis determined that
extending the fix-in-place reach further south increased the net benefits), these include:

e Alternative SB-7 — Fix-in-place Feather River Levees: Sunset Weir to Laurel Avenue

e Alternative SB-8 — Fix-in-place Feather River Levees: Thermalito Afterbay to Laurel
Avenue

CHAPTER 3 -EXISTING CONDITION
3.1 General

The purpose of this chapter is to provide an overview of the existing levee system
delineating the perimeter of the Sutter Basin. The discussion will focus on describing the existing
features. Hydraulic and geotechnical analyses of the existing condition and performance of the
levee system are discussed in Paragraphs 2.3 and 2.4 of this report. Refer to the Hydraulic and
Geotechnical Appendixes for greater details.

3.2  Existing Sutter Basin Levee System
The existing Sutter Basin Levee System (SBLS) consists of four mainline levees which

are Feather River West Levee (FRWL), Sutter Bypass East Levee (SBEL), Wadsworth Canal
East Levee (WCEL) and Cherokee Canal East Levee (CCEL) surrounding the communities of
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Yuba City, Live Oak, Gridley, Biggs and other smaller towns in Sutter and Butte Counties,
California.

These Local Maintenance Authority (LMA) entities include Levee District (LD) 1 of
Sutter County, LD 9 of Sutter County, and California Department of Water Resources
Maintenance Areas (MA 3, 7, 13, 16, Wadsworth Canal, and Sutter Bypass). These entities
maintain all levees within the study area. Plate 1-1 shows the existing SBLS and LMAs. The
levee segments in the study area are as follows:

e Feather River West Levee — MA 3: Right levee (on the west bank) of the Feather River
from Project Levee Mile (PLM) 0.00 at the Sutter Bypass confluence upstream to PLM
5.19 at the downstream boundary of the LD 1 segment.

e FRWL - LD 1: Right levee (on the west bank) of the Feather River from PLM 0.00 at the
boundary of MA 3 upstream to PLM 16.65 at the downstream boundary of the LD 9
segment.

e FRWL - LD 9: Right levee (on the west bank) of the Feather River from PLM 0.00 at the
LD 1 boundary upstream to PLM 6.24 at the downstream boundary of the MA16
segment

e FRWL - MA 16: Right levee (on the west bank) of the Feather River from PLM 0.00 at
the LD 9 boundary upstream to PLM 4.09 at the downstream boundary of the MA 7
segment.

e FRWL — MA 7: Right levee (on the west bank) of the Feather River from PLM 0.00 at
the MA 16 boundary upstream to PLM 12.07 at the downstream boundary of the
Hamilton Bend segment.

e FRWL - Hamilton Bend Area: Right levee (on the west bank) of the Feather River from
PLM 0.00 at the MA 7 boundary upstream to PLM 1.20 at the Thermalito Afterbay outlet
channel.

e SBEL - Downstream of Wadsworth Canal: Left levee (on the east bank) of the Sutter
Bypass from the confluence with the Wadsworth Canal at PLM 4.40 downstream
boundary to PLM 22.11 at the confluence with the Feather River.

e SBEL -Upstream of Wadsworth Canal: Left Levee (on the east bank) of the Sutter
Bypass from the confluence with the Wadsworth Canal at PLM 4.40 downstream
boundary to PLM 0.00.

e WCEL.: Left levee (on the south east bank) of the Wadsworth Canal from PLM 0.00 at
the confluence with the Sutter Bypass upstream to PLM 4.66 at the East Interceptor
Canal.
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e WCEL: Right levee (on the north west bank) of the Wadsworth Canal from PLM 0.00 at
the Sutter Bypass confluence upstream to PLM 4.66 at the West Interceptor Canal

e CCEL - MA 13: Left levee (on the south east bank) of the Cherokee Canal from PLM
9.90 at the Southern Pacific Railroad Bridge upstream to PLM 6.10 at the Western Canal
crossing (this partial segment is not part of the ULE program).

The following Paragraphs provide more details for reach of these levee segments.

3.2.1 Feather River West Levee — MA3

The MA 3 levee segment extends north (upstream) along the right bank of the Feather
River from PLM 0.00 at the Sutter Bypass left bank levee to PLM 5.19.

The levee crest elevation varies between 52 feet NAVD88 at the downstream end to 66
feet about half a mile downstream of the upstream end of the segment. The levee height varies
between 18 and 26 feet, with an average height of 22 feet. The crest width varies between 20
and 30 feet. The waterside slope varies between 1.6H:1V and 2.5H:1V. The landside slope
varies between 1.5H:1V and 3H:1V.

The levee soils consist mostly of alternating layers of silty sand and silt, with lesser
amounts of lean clay and sandy clay. The foundation consists of a sandy clay/clay/sandy silt
blanket 1 to 50 feet thick. In general, the blanket layer thickness decreases moving upstream
along the segment. There is no hardpan within the blanket layer. The underlying pervious layer
consists of sand, silty sand, and gravel.

After the 1997 flood, pervious toe drains with overlying stability berms were constructed
by USACE between PLM 2.28 and 2.43 (Sacramento River Flood Control Project Phase 1l
Levee Reconstruction, Site 11) and between PLM 3.46 and 3.83 (PL84-99 rehabilitation).

3.2.2 Feather River West Levee—- LD 1

The LD 1 segment of the Feather River extends north (upstream) along the right bank of
the Feather River from PLM 0.00 at the upstream end of the MA 3 segment to PLM 16.65 at the
downstream end of the LD 9 segment. Yuba City is adjacent to the upstream 6 miles of this
segment.

The crest elevation varies between 62 feet NAVD88 at the downstream end and 88 feet
NAVDA88 about 200 feet downstream of the upstream end of the segment. The levee height
varies between 19 and 25 feet, with an average height of 22 feet. The crest width varies between
15 and 22 feet. The waterside slope varies between 2H:1V and 3.5H:1V. The landside slope
varies between 1.8H:1V and 3.1H:1V. The waterside bench between the levee toe and the
riverbank varies from about 30 to 4,500 feet wide.

The levee soils consist of sandy silt, sandy clay, and clay with occasional zones of silty
sand downstream of Star Bend (PLM 0.00 to 5.7) and sand, silty sand, and clayey sand with
some zones of sandy silt and sandy clay upstream of Star Bend. The foundation soils are highly
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variable and consist of a clay, sandy clay and sandy silt blanket between 2 and 62 feet in
thickness. Occasional, discontinuous zones of the blanket are cemented into hardpan. The
blanket layer overlies a sand and gravel pervious layer that is up to 45 feet thick.

Relief wells were installed by USACE in 1955-1957. The City of Yuba City installed
additional relief wells between the old relief wells in the southern portion of the relief well area
in 1991. USACE installed new relief wells between the original relief wells in the northern
portion of the relief well area in 2000. The Shanghai Bend setback levee with a 25-foot deep
cutoff wall through the foundation was constructed by USACE after the 1997 flood under a
PL84-99 action. A permanent stability berm was constructed by LD 1 after the 1986 flood
(approximate PLM 14.00 to 15.5). After the 1997 flood USACE constructed a cutoff wall 40 to
55 feet deep between PLM 12.76 and 14.54. Riprap protection was installed near the Fifth Street
Bridge in Yuba City (PLM 14.27 to 14.57) after the 1997 flood. USACE installed relief wells
just north of Star Bend (PLM 4.56 to 5.42) after the 1997 flood. LD 1 constructed a setback
levee with a 40 to 65-foot deep soil-bentonite cutoff wall through the foundation in 2008 at Star
Bend (PLM 3.76 to 4.58). The without—project-condition assumes Star Bend setback levee was
not constructed. At PLM 1.5, USACE constructed a stability berm under a PL84-99
rehabilitation action after the 1997 flood.

3.2.3 Feather River West Levee— LD 9

The LD 9 segment extends north (upstream) along the right bank of the Feather River
from PLM 0.00 at the upstream end of the LD 1 segment to PLM 6.24 at the downstream end of
the MA 16 segment.

The levee crest elevation varies between 83 feet NAVD88 at the downstream end and 91
feet NAVDS88 near the upstream end of the segment. The levee height varies between 11 and 21
feet, with an average height of 19 feet. The crest width varies between 16 and 25 feet. The
waterside slope varies between 1.9H:1V and 3H:1V. The landside slope varies between 1.4H:1V
and 2.6H:1V. The SBMC (about 30 feet wide at the bottom and between 5 and 8 feet deep) is
adjacent to the landside levee toe over a portion of this segment. Smaller, localized drainage
ditches are at the landside levee toe in some areas where the SBMC is not adjacent to the toe.
Width of the waterside bench between the levee toe and the riverbank varies between 5 and
3,800 feet.

The levee soils consist of silt, sandy silt, and sandy lean clay with occasional silty sand.
The clay soils predominate at the downstream end of the segment and the silty and sandy soils
predominate towards the upstream end of the segment. The foundation soils consist of a sandy
clay/sandy silt blanket of variable thickness (average thickness 12 feet), sometimes cemented
into a hardpan, overlying a sand/silty sand pervious layer. The pervious layer has some gravel
lenses in the downstream half of the segment.

An active railroad embankment crosses the levee alignment at the LD1/LD 9 boundary.
The railroad embankment is about 4 feet lower than the levee. This opening is sandbagged
during flood events. Trench drains were placed at the landside levee toe between PLM 3.0 and
3.83 and between PLM 4.33 and 4.9 by LD 9 in 1992. The trenches were 4-5 feet deep and 2 feet
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wide and consisted of a geotextile lining around drain rock, with a perforated PVC pipe near the
bottom of the trench. USACE constructed a toe drain with a concrete V-ditch collector between
PLM 2.43 and 2.59 in 1998.

3.2.4 Feather River West Levee — MA 16

The MA 16 segment extends north (upstream) along the right bank of the Feather River
from PLM 0.00 at the upstream end of the LD 9 segment to PLM 4.09 at the downstream end of
the MA 7 segment.

The levee crest elevation varies between 91 feet NAVD@88 at the downstream end to 96
feet NAVD at the upstream end. The levee height varies between 7 and 14 feet, with an average
height of 10 feet. The crest width varies between 15 and 25 feet. The waterside slope varies
between 1.9H:1V and 3.2H:1V. The landside slope varies between 1.3H:1V and 3H:1V. The
SBMC is adjacent to the landside levee toe over a portion of this segment. The waterside bench
between the levee toe and the riverbank varies between 30 and 3,100 feet wide.

The levee soils consist mostly of sandy silt, with some zones of sandy clay. The
foundation consists of a clay/sandy silt blanket, at some locations cemented into hardpan,
between 0 and 50 feet thick (average thickness about 20 feet) overlying a pervious sand layer.
The pervious layer contains gravel in the upstream half of the segment.

3.2.5 Feather River West Levee - MA 7

The MA 7 segment extends north (upstream) along the right bank of the Feather River
from PLM 0.00 at the upstream end of the MA 16 segment to PLM 12.07 at the downstream end
of the Hamilton Bend segment.

The levee crest elevation varies between 96 feet NAVD88 at the downstream end and
135 feet NAVD88 at the upstream end. The levee height varies between 5 and 22 feet, with an
average height of 15 feet. The crest width varies between 15 and 25 feet. The waterside slope
varies between 1.9H:1V and 3.2H:1V. The landside slope varies between 1.3H:1V and 3H:1V.
The SBMC is adjacent to the landside levee toe over a portion of this segment. The waterside
bench between the levee toe and the riverbank varies between 5 and 4,800 feet wide.

The levee soils consist mostly of sandy silt, with some zones of sandy clay and
occasional lenses of sand. The foundation consists of a blanket of clay/sandy clay in the southern
portion of the segment and silt/silty sand in the northern portion of the segment. Thickness of the
blanket varies between 0 and greater than 80 feet; the average thickness is about 15 feet, and in
general the thickness decreases moving upstream along the segment. The pervious layer consists
of sand and gravel. The pervious layer is almost entirely gravel upstream of PLM 3.2. Dredge
tailings, consisting primarily of cobbles and gravel, have been placed on the waterside bench
over the upstream 4 miles of the segment.

USACE constructed a 50-foot deep cutoff wall between PLM 2.68 and 2.82 after the
1986 flood.
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3.2.6 Feather River West Levee — Hamilton Bend Area

The Hamilton Bend segment extends north (upstream) along the right bank of the Feather
River from PLM 0.00 at the upstream end of the MA 7 segment to PLM 1.20 at the Thermalito
Afterbay outlet channel.

The levee crest elevation varies between 134 feet NAVD88 at the downstream end and
139 feet NAVDS88 at the upstream end. The levee height varies between 3 and 24 feet, with an
average height of 14 feet. The crest width is 15-20 feet upstream of the headgate structure and
60-70 feet downstream of the headgate structure. The waterside slope varies between 2H:1V and
2.5H:1V. The landside slope varies between 1.5H:1V and 3H:1V. The waterside bench between
the levee toe and the riverbank varies between 50 and 1,100 feet wide.

The levee is constructed of clay upstream of the headgate structure and silty sand, gravel,
and cobbles (dredge tailings) downstream of the headgate structure. There is a thin clay blanket
underlying less than half of this levee segment. The pervious layer consists of silty sand, gravel,
and cobbles (dredge tailings) about 80 feet thick. The downstream 0.8 miles of the segment was
built through dredge tailings piles. The dredge tailings consist of silty sand, gravel, and cobbles
and are higher than the levee crest elevation at some locations.

The SBMC crosses the levee alignment at PLM 1.05-1.06. A concrete headgate structure
was built across the canal alignment. The headgate structure is 36 feet tall, 50 feet long, and 13.5
feet wide. The headgate structure was abandoned after construction of the upstream Oroville
Dam in 1968. The SBMC headgate structure’s crest elevation is lower than the crest elevation of
the adjacent levee.

3.2.7 Sutter Bypass East Levee
3.2.7.1 Downstream of Wadsworth Canal

The Sutter Bypass levee extends from the confluence with the Wadsworth Canal left
bank levee at PLM 4.4 to the south (downstream) along the left bank of the Sutter Bypass to the
confluence with the Feather River right bank levee at PLM 22.12.

The levee crest elevation varies from 52 feet NAVD88 at the downstream end to 60 feet
NAVDB88 at the upstream end. The levee height varies between 14 and 22 feet with an average
height of 19 feet. The crest width varies between 17 and 30 feet. The waterside slope varies
between 3H:1V and 4H:1V and the landside slope varies between 2.7H:1V and 4H:1V.

The levee soils consist mostly of lean and fat clays with occasional lenses of silt, sand,
and silty sand up to 4 feet thick. Subsurface soil conditions are variable over the Bypass
alignment, due to the geomorphology of the levee alignment cutting across numerous historic
small drainage channels at approximately 90 degree angles. The foundation consists of a clay
blanket 10-60 feet thick, with the layer thickness generally lower towards the downstream end of
the segment. A portion of the clay blanket is cemented at some locations, locally called
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“hardpan”. There are pockets of sand and silty sand within the clay blanket, varying between 4
and 20 feet thick. The top of some of these pockets is 6 feet below the top of the impervious
blanket layer. A widespread sand, silty sand, and gravel layer is underneath the clay blanket.

There is a 1-foot high, 50-foot wide berm at the landside levee toe, with a drainage ditch
located at the toe of the berm over most of this segment. In addition, in this area USACE has
previously constructed:

e A 2-foot wide, 15-foot deep toe drain trench between PLM 5.4 and 13 (McClatchy Road
to Gilsizer Slough) after the 1958 flood.

e A pervious toe drain and overlying stability berm between PLM 12.7 and 14.6 (Gilsizer
Slough to Everglade Road) after the 1986 flood.

e A toe drain trench and berm between PLM 4.4 and 5.4 (Wadsworth Canal to McClatchy
Road) after the 1997 flood.

e A 2-foot wide, 5-foot deep pervious toe trench with an overlying stability berm at PLM
17.6 in 2001.

e A pervious vertical drain in an abandoned railroad embankment on the landside of the
levee between PLM 21.88 and 22.07 (Feather River confluence to 1,000 feet upstream) in
2001.

3.2.7.2 Upstream of Wadsworth Canal

This levee segment extends along the right bank of the Sutter Bypass from PLM 0.00 at
high ground at the Sutter Buttes to the southeast (downstream) to the confluence of the right
bank levee of the Wadsworth Canal at PLM 4.31.

The levee height varies between 15 feet at the upstream end and 23 feet at the
downstream end. The crest width is 20 feet. The waterside slope varies between 3.5H:1V and
4H:1V and the landside slope varies between 2.5H:1V to 3H:1V.

There are no existing soil explorations on this levee segment

A project pump plant at PLM 2.7 pumps interior drainage water over the levee into the
Bypass There is also a drainage canal on the landside of the levee. The canal is located 15 to 50
feet from the landside toe and is about 5 feet deep and 12 feet wide at the bottom. USACE
constructed a pervious toe drain and overlying stability berm between PLM 3.7 to 4.3 after the
1997 flood.
3.2.8 Wadsworth Canal Levees

3.2.8.1 East (Left) Levee
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The left levee of the Wadsworth Canal extends to the northeast (upstream) from PLM
0.00 at the confluence with the Sutter Bypass to PLM 4.66 at the East Interceptor Canal.

The levee crest elevation varies between 60 feet NAVD88 at the downstream end to 65
feet NAVD88 at the upstream end. The levee height varies between 6 feet at the upstream end
and 26 feet at the downstream end. The crest width varies between 12 feet at the upstream end
and 27 feet at the downstream end. The waterside slope varies between 3H:1V and 3.5H:1V.
The landside slope varies between 2H:1V and 2.5H:1V. There is a relatively flat bench 10 to 35
feet wide between the waterside levee toe and the excavated canal sideslopes.

The levee soils consist of interbedded lean clay, fat clay, sand, and silty sand. Sand and
silty sand are the dominant soils over the downstream 1.4 miles of the levee segment. Clay soils
dominate in the upstream 3.3 miles of the levee. The levee is founded on Basin deposits,
generally 4 to 9 feet thick, consisting mostly of lean and fat clay with occasional lenses of silt
and sand. The Modesto Formation underlies the Basin deposits. The upper contact of the
Modesto Formation is characterized by very stiff to hard clays, called “hardpan” locally. Below
the hardpan, the Modesto Formation consists of silt, lean clay, and fat clay, with 1 to 9 foot thick
layers of sand and silty sand.

USACE constructed a soil-cement-bentonite cutoff wall between PLM 0.00 and PLM
0.57 in 2008. The depth of the cutoff wall varied between 42 and 63 feet.

3.2.8.2 West (Right) Levee

This levee segment extends from PLM 0.00 at the confluence with the right bank levee of
the Sutter Bypass to the northeast (upstream) along the right bank of the Wadsworth Canal to
PLM 4.66 at the West Interceptor Canal.

The levee height varies between 20 feet at the downstream end to 5 feet at the upstream
end. The crest width is 10-20 feet. The waterside slope varies between 3H:1V and 3.5H:1V.
The landside slope varies between 2H:1V and 2.5H:1V.

There are no known soil explorations in this levee segment. Since the canal is fairly small
(about 300 feet from levee crest centerline to levee crest centerline), it is anticipated that soil
conditions along the west bank levee would be similar to the left bank levee of the Wadsworth
Canal.

A small drainage canal is located at the landside levee toe over most of this segment.
3.2.9 Cherokee Canal East Levee — MA 13

The Cherokee Canal is located in the northwest portion of the project area. The Canal
discharges water into the Butte Sink, a low-lying area between the Sacramento River and the
Sutter Buttes. The entire canal is 23.1 miles long. The SBFS only includes the left bank levee
from PLM 9.90 at the Southern Pacific Railroad bridge to the northeast (upstream) to PLM 6.10
at the Western Canal confluence.
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The levee height is 6-10 feet and the crest width is 10-20 feet. The waterside slope varies
between 3H:1V and 3.5H:1V and the landside slope varies between 2.5H:1V and 3H:1V.

The levee is constructed of lean and fat clay, silt, and elastic silt. The foundation soils
consist of a silt and sandy silt blanket between 3 and 19 feet thick, overlying a pervious layer of
silty sand, clayey sand, and clean sand. Where the pervious layer consists of clean sand, it
generally contains silt lenses that are 2-4 feet thick.

An irrigation ditch is present at the landside toe.
CHAPTER 4 - ALTERNATIVE SB-7
41  General

Alternative SB-7 includes 21 reaches (2A-North to 21) along the FRWL alignment,
beginning at station 180+00 (approximately 2,000 feet south of Laurel Avenue) and ending at
station 1433+83 (Sunset Weir/Pumping Plant). The levee reaches are shown on Table 4-2 and
Plates 2-2 (for Alternative SB-7).

The following Paragraphs describe the project features and measures proposed for this
alternative. The proposed project features and measures for this alternative include:

Soil-Bentonite Cutoff Walls

Deep Soil Mix Cutoff Walls

Jet Grouting Cutoff Walls

Seepage Berms

Levee Relocations

Canal Relocations

Embankment Reconstruction/Landside Toe Fill
Seepage Interceptor System (Relief Wells, Drain Ditch and Pump Station)
Erosion Protections

Closure Structure

Utility Improvements

Utility Relocations

Structural Relocations

These proposed features and measures will rehabilitate, replace, or tie in and function in
junction with the existing system. The existing system (see Chapter 3) includes the following
features:

Existing Embankment

Existing Cutoff Walls

Existing Stability Berms

Existing Seepage Interceptor System (Relief Wells, Drain Ditch and Pump Station)
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e Existing Relief Wells
e Existing Closure Structures
e Existing Toe Drains

Table 4-1A and 4-1B and Plate 2-3 summarize different combinations of the existing and
proposed features for Alternative SB8 along its alignment. See the Engineering Plan drawings

for more details.

Table 4-1 Summary of Project Features for Alternative SB-7

Feature Description Quantity

No Modification Required 16,230LF

Cutoff Wall Only 84,700LF

Jet Grouting Cutoff Wall Only 560LF

Seepage Berm Only 350LF

Cutoff Wall with Full Levee Degrade and Existing Relief Wells 5,300LF

Cutoff Wall with Full Levee Degrade N/A

N o Cutoff Wall with Existing Relief Wells 5,930LF
Ne® Cutoff Wall with New Relief Wells (22 Wells) 2,500LF
D5 5 § Cutoff Wall with Seepage Berm 7,670LF
=3 g & | Cutoff Wall with Levee Relocation N/A
S g gl Cutoff Wall with Sutter Butte Canal Relocation 370LF
& Y @ Q | Cutoff Wall with Landside Toe Fill 1,870LF
<8 DSM Cutoff Wall (subpart of the Cutoff Wall Only area) 7,030LF
x - Erosion Protection 5,760LF
Utilities and Encroachments (Total) 269

Utilities and Encroachments (To be modified) 123

Land Acquisition 2,110AC

Impacted parcels 292

Potential structural demolitions 27

Closure Structures (stop logs) 1

4.2 Feature Description

This section provides general descriptions for each of the combinations listed in Table 4-
1. Refer to Table 4-2 and Plates G-1 and G-2 for levee improvements. Refer to Table 4-3 and

Plate G-3 for utility improvements.

4.2.1 No Modification Required

There are 4 levee sections along the FRWL alignment in SB-7 where modification is not
required. These sections are between: (1) 831+50 and 844+50, (2) 923+75 and 1006+24, (3)
1007+70 and 1024+00, and (4) 1027+50 and 1078+00, approximately (see Table 4-2 for more
details). Existing cutoff walls (30 to 50 feet in depth) are present within the first four levee

sections.
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4.2.2 Cutoff Wall Only

There are 7 levee sections along the FRWL alignment in SB7 where cutoff wall is the
only modification feature required. These sections are between: (1) 231+00 and 453+00, (2)
478+68 and 512+00, (3) 570+00 and 831+50, (4) 1078+00 and 1096+00, (5) 1098+10 and
1107+00, (6) 1125+70 and 1129+99, and (7) 1130+20 and 1429+00, approximately (see Table 4-
2 for more details).

4.2.3 Jet Grouting Cutoff Wall Only

There are 3 levee sections along the FRWL alignment in Alternative SB-7 where jet
grouting cutoff wall is the only modification feature required. These levee sections are between:
(1) 1006+04 and 1007+90, (2) 1095+80 and 1098+30, and (3) 1129+50 and 1130+67,
approximately (see Table 4-2 for more details).

4.2.4 Seepage Berm Only

There is 1 levee section along the FRWL alignment in Alternative SB-7 where seepage
berm is the only modification feature required. These levee sections are between: (1) 1024+00
and 1027+50, approximately (see Table 4-2 for more details).

4.2.5 Cutoff Wall with Full Levee Degrade and Relief Wells

The levee section between 844+50 and 897+50 along the FRWL alignment will be fully
degraded and reconstructed with a cutoff wall along the levee centerline. The proposed cutoff
wall will function in combination with the existing seepage interceptor system (including 52
relief wells, drain ditch and pump stations).

4.2.6 Cutoff Wall with Relief Wells

A cutoff wall is required for the area between station 512+00 and station 570+00. The
proposed cutoff wall will function in combination with the existing seepage interceptor system
(including 24 relief wells, A drainage ditch, and pump stations) between station 512+00 and
station 545+00. New seepage collector system (including 22 relief wells and a 2,500-foot long
concrete lined V-ditch) will be installed between station 545+00 and station 570+00 at 120-foot
interval. The new seepage interceptor system will be tied in with the existing one at station
545+00.

A cutoff wall is also required for the area between station 897+50 and station 923+75.
The proposed cutoff wall will function in combination with the existing seepage interceptor
system (including 24 relief wells, drain ditch and pump stations).

4.2.7 Cutoff Wall with Seepage Berm
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There are 2 levee sections where both a cutoff wall and a seepage berm are required.
These levee sections are approximately between: (1) 180+00 and 231+00, and (2) 453+00 and
478+68 (see Table 4-2 for more details).

4.2.8 Cutoff Wall with Levee Relocation
None of the levee sections within the limit of Alternative SB-7 requires levee relocation.
4.2.9 Cutoff Wall with Canal Relocation

The SBMC will be relocated away from the existing levee toe between 1429+00 and
1432+70. The existing canal section will be backfilled. A cutoff wall is required at this location
and will be constructed along the levee centerline.

4.2.10 Cutoff Wall with Landside Toe Fill

Cutoff wall is required for the area between 1107+00 and 1125+70. The landside toe
depression in this area will be filled.

4.2.11 Soil- Bentonite versus Deep Soil Mix (DSM) Cutoff Wall

The proposed cutoff walls vary in depth along the project alignment. At locations where a
cutoff wall is required (except for the jet grouting sites), the cutoff wall will be: soil bentonite
cutoff wall (if the wall is less than 75 feet in depth) or DSM cutoff wall (if the wall is greater
than 75 feet in depth). There are 4 levee sections along the FRWL alignment where DSM cutoff
walls are required. These sections are between: (1) 230+00 and 250+00, (2) 1125+00 and
1129+99, (3) 1130+20 and 1151+50, and (4) 1224+00 and 1248+00, approximately (see Table 4-
2 for more details). The wall’s depth at these locations varies between 75 and 120 feet. Between
844+50 and 897+50, an 85-foot deep soil bentonite cutoff wall is considered adequate for this
area.

4.2.12 Erosion Protection

An anchored HPTRM is required on the landside slope for the initial overtopping section
located in reach 7 between 547+00 and 604+60 in order to increase the sections resiliency and
enhance flood warning and evacuation time prior to overtopping failure from events that exceed
the design event.
4.2.13 Closure Structure

Stop log closure structure or equivalent is required at station 1130+00, where the UPRR
crosses the FRWL alignment.

4.2.14 Modification of Existing Utilities and Encroachments
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Table 4-4B summarizes the number of utilities and encroachments to be modified by
construction of Alternative SB-7. A total of 123 utility/encroachment items will be removed,
modified (to meet the USACE standard for levee penetrations) or relocated outside of the
proposed ROW. Refer to Table 4-3 for more detailed descriptions.

4.3  Environmental Mitigation Measures

For direct effects on woody riparian trees that cannot be avoided, compensation will be
provided for the loss of riparian habitat to ensure no net loss of habitat functions and values.
Compensation ratios will be based on site-specific information and determined through
coordination with the appropriate State and Federal agencies during the permitting process.
Compensation will be provided based on the ratio determined (e.g., 2:1 = 2 acres
restored/created/enhanced or credits purchased for every 1 acre removed). Compensation may be
a combination of offsite restoration or mitigation credits.

For elderberry shrubs and riparian habitat, 35 acres of mitigation acreage are available at
Star Bend. For Alternative SB-7 an estimated 56 acres would be required. Acreage in excess of
the 35 acres will require additional mitigation sites and/or mitigation banks.

For elderberry shrubs and riparian habitat, USACE will develop a restoration and
monitoring plan that describes how this habitat will be enhanced or recreated and monitored over
a minimum period of time, as determined by the appropriate State and Federal agencies.

The revegetation plan will be prepared by a qualified restoration ecologist and reviewed
by the appropriate agencies. The revegetation plan will specify the planting stock appropriate for
each riparian land cover type and each mitigation site, ensuring the use of genetic stock from the
project area. The plan will employ the most successful techniques available at the time of
planting. Success criteria will be established as part of the plan and will include a minimum of
80% revegetation success at the end of 5 years, 70% revegetation success after 3 year, and 75%
vegetative coverage after 5 years. USACE will monitor and maintain the plantings as necessary
for 3 years, including weed removal, irrigation, and plant protection. SBFCA will then assume
monitoring and maintenance responsibilities after year 3 and submit annual monitoring reports of
survival to the regulatory agencies issuing permits related to habitat effects, including DFG,
USACE, National Marine Fisheries Service, and USFWS. Replanting will be necessary if
success criteria are not met, and replacement plants subsequently will be monitored and
maintained to meet the success criteria. The riparian habitat mitigation will be considered
successful when the sapling trees established meet the success criteria, the habitat no longer
requires active management, and vegetation is arranged in groups that, when mature, replicate
the area, natural structure, and species composition of similar riparian habitats in the region.

4.4  Cultural Mitigation Measures
USACE negotiated a programmatic agreement (PA) with the California State Historic

Preservation Officer (SHPO) that outlines the specific processes that USACE will follow to
identify and treat cultural resources. The PA took effect after it was signed by USACE and the
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SHPO on June 8, 2012, and was subsequently transmitted to the Advisory Council on Historic
Preservation.

Following the terms of the PA, before construction begins, the following will occur:

e USACE and the SHPO would formally agree upon a final area of potential effect (APE)
for the project. The APE comprises the entirety of the area where cultural resources
could potentially be affected by the project.

e USACE, in consultation with the SHPO, would fully inventory the APE for cultural
resources. This inventory would include both the pedestrian survey efforts conducted to
date by ICF, as well as subsurface prospection efforts.

e In consultation with the SHPO, USACE would evaluate all cultural resources in the APE
for their eligibility for listing in the National Register of Historic Places (NRHP). Work
necessary for these evaluations may include detailed recordation, background research,
and test excavation.

e USACE; in consultation with the SHPO, the public, interested Native American Tribes,
or other identified stakeholders; would provide adequate mitigation to resolve any
adverse effects to NRHP eligible cultural resources (historic properties).

Alternative SB-7 is a subset of Alternative SB-8 and would impact fewer cultural
resources. Based on available information, it is possible to anticipate that construction of
Alternative SB-7 could affect known cultural resources including the levee, the historic buildings
and neighborhoods in Yuba City, other built environment resources identified in the FRWLP 408
EIS/EIR, and several prehistoric archaeological sites (CA-SUT-5, CA-SUT-10, CA-SUT-20,
CA-SUT-77, and the unnamed site identified by UAIC). USACE would follow the processes
outlined in the PA to resolve adverse effects to these resources.

Proposed borrow areas have not yet been surveyed. The records and literature search
indicates that one of the proposed borrow locations at Star Bend would impact a fourth
prehistoric archaeological site, CA-BUT-17. Inventories of the remaining borrow sites, and
other sites that may be defined in the future, could result in the identification of more impacts.

Any unknown cultural resources found in the course of further inventory work would be
evaluated for NR eligibility, and effects to those resources would be resolved as necessary,
following the processes outlined in the PA.

45  Borrow, Borrow Sites and Disposal Areas

Type 1, Type 2 and Random fill materials are needed for levee, cutoff wall and seepage
berm constructions. Type 1 levee fill material will be used primarily as a clay core for the
reconstructed levee above the cutoff wall and for the cutoff wall’s soil-bentonite mix. Type 2
levee fill material will be used primarily for shells for the reconstructed levee above the cutoff
wall. Random fill is used primarily for seepage berms.
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Excavated materials from levee degrade

are expected to be reusable for Type 1 and Type

2 fills. Type 1 fill can be used as Type 2 and Random Fill. Type 2 fill can be used as Random

fill. It is expected that borrow materials will be

The two primary types of borrow materi

needed for construction of the project.

al for the levee and cutoff wall constructions are:

Type 1 and Type 2. Specifications for the two material types are as follows:

Type 1 Levee Fill: USCS classification

of CL, SC, or CH; maximum particle size of 2

inches; minimum 35% by weight passing the #200 sieve; maximum liquid limit of 60;

plasticity index between 12 and 40.

Type 2 Levee Fill: Maximum particle size of 2 inches; minimum 12% by weight passing

the #200 sieve; maximum liquid limit of 45.

The borrow areas are sites 5, 7, 8 and 12 shown in Plate 4-3. The source for borrow is
discussed in Paragraph 2.10.3.1. A material balance analysis was completed for borrow

quantities based on the preliminary information
Tables 4-5 and 4-6.

and the results are shown cubic yards (cy) in

Table 4-5 Borrow Sites and Usage for SB-7 Volume of Material (Potential)
Borrow Sites and Usage Type 1 (cy) | Type 2 (cy) | Random (cy)
2 - CDFG (OWA - Cobble Borrow) 330,800
3 - Live Oak Detention Basin 150,000

4 - Lanza 235 Borrow 250,000

5 - Nevis Property 250,000

Left over after borrow for C2 - as type 1 197,900

Left over after borrow for C2 - as type 2 184,400

Left over after using borrow for C1 - as type 1 66,445

Left over after using borrow for C1 - as type 2 53,102

7 - Lanza 620 Acres Property 119,932 359,796

Left over after using borrow for A - as type 1 948 19,986

Left over after using borrow for A - as type 2

8 - Huston Property 330,000

Left over after using borrow for B - as type 1 199,279

Left over after using borrow for B - as type 2 33,687

11 - Silver Live Oak Property 250,000

12 - Silver Yuba City Property 100,000

Left over after borrow for SBFIP - as type 2 53,200

Total Potential 1,349,932 459,796 330,800
Table 4-6 Borrow Demand for SB-7 Volume of Material (Demand)
Borrow Sites and Usage Type 1 (cy) | Type 2 (cy) | Random (cy)
CONTRACT A 118,984 339,810

7 - Lanza 620 Acres Property 118,984 339,810

CONTRACT STAR BEND (SBFIP) 46,800
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12 - Silver Yuba City Property 46,800
CONTRACT B 130,721 165,592
8 - Huston Property 130,721 165,592
CONTRACT C1 117,955 13,343
5 - Nevis Property 117,955 13,343
CONTRACT C2 52,100 13,500
5 - Nevis Property 52,100 13,500
Total Demand 419,760 579,045 0

Implementation of Alternative SB-7/SB-8 may generate up to 813,000 cubic yards of
solid waste that would require disposal. Sources of solid waste related to construction activities
would include levee material, structural debris from removal of residences and agricultural
structures, roadway pavements, and levee material deemed unsuitable for reuse.

The nearest solid waste facilities to the project area are the Ostrom Landfill ( located east of
the project site, approximately 30 road miles from the southern end of the project at Reach 2)
and the Neal Road Landfill (located 25 miles north of the project Reach 40).

Assuming all of the estimated 813,000 cubic yards of waste material would require
permanent disposal, Alternative SB7/SB8 implementation would represent 2% of the Ostrom
Road Landfill and 4% of the Neal Road Landfill remaining capacities. However, the option of
beneficial reuse is likely to reduce the cubic yards of soil that require permanent disposal.

4.6  Construction Access, Haul Routes and Staging Areas

Haul route will be mainly on existing public roads (see Plate 4-3).
4.7 Real Estate Requirements

A total of 27 physical structures fall within the proposed ROW and, therefore, will be
demolished for construction of this alternative. All of these structures are within reach 16 (Yuba

City).

Approximately 2,110 acres will be acquired and 292 parcels will be impacted (refer to
the Real Estate Appendix for more details).

4.8  Operation and Maintenance, Repair, Replacement and Rehabilitation (OMRR&R)
4.8.1 Flood Damage Reduction Features
OMRR&R activities for flood control works are generally the same with and without the

project. However the cost and effort associated with each activity may increase or decrease as a
result of the project. These increases or decreases are considered to be roughly offsetting and net
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change in overall OMRR&R effort is judged to be insignificant. Expected impacts of the project
on these activities are as follows:

1. Construction activities including reconstruction of the upper half of the levee,
regarding of side slopes vegetation removal, rodent disruption and crown road reestablishment
will reduce maintenance costs in the short term.

2. Vegetation removal/control. For the purpose of this feasibility study it is assumed that,
absent the project, the State will gradually bring levees into compliance with USACE ETL 1110-
2-571 using a life cycle approach to vegetation management. Under this assumption, the
immediate compliance with the ETL required by the project will result in an interim increase in
cost and effort required for vegetation removal and control which will be offset initially by
clearing during construction. Net increase in OMRR&R cost is anticipated.

3. Rodent control/damage repair. Increase in embankment volume resulting from the
addition of seepage and stability berms could result in a slight increase in rodent related
maintenance activity.

4. Slope maintenance. Reduction in OMRR&R will occur due to reduction in seepage.
The VFZ required by USACE ETL 1110-2-571 the project area will reduce the need for periodic
levee toe regrading previously caused by farming operations.

5. Repair of waterside erosion. No additions or significant changes to erosion are
anticipated.

6. Maintenance of relief wells and collection ditches. Relief wells north of Shanghai
Bend will be converted to observation wells due to slurry wall taking over seepage control
function. These actions result in a net reduction in OMRR&R effort.

7. Maintenance and repair of flap gates and closure structures to minimize internal
drainage. A stop log closure structure for the railroad crossing at SBFCA station 1130+47,
reach 17 is a project feature added to prevent over topping at this location. This accomplished
without the project by sandbagging. The stop log structure will significantly reduce the effort to
close this gap. However, it remains a flood control feature that requires human intervention to
implement. This structure must remain functional to prevent flooding of Yuba City and vicinity.

8. Encroachments. Wet penetration encroachments will be improved or eliminated all
along the length of the project. Dry encroachments, such as power poles and vegetation will be
reduced. Result will be a decrease in OMRR&R costs.

9. Road/ramp maintenance. The addition of an O&M road at the toe of the levee for the
entire length of the levee in addition to the existing road on the levee crown will essentially
double the cost and effort associated with road maintenance. However, the added road will
enhance the efficacy of virtually all OMRR&R activities including inspections, patrolling and
flood fighting.
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10. Inspection/patrolling including participation in Federal and State inspection
programs, routine patrolling to identify maintenance needs and to assure flood worthiness, and
continuous patrolling during high water conditions. The added landside O&M toe road will
significantly enhance inspection and patrolling activities.

11. Flood fighting. The project flood control features (seepage berms, stability berms, and
cutoff walls) are intended to eliminate seepage and stability issues during high water. The added
O&M road at the landside levee toe should dramatically improve identification of any issues that
may develop during high water and facilitate their rapid repair.

4.8.2 Mitigation Features

For Alternative SB-7 an estimated 56 acres are designated for mitigation of habitat loss
due to project construction. An estimated 35 acres are available at the Star Bend mitigation site.
Additional mitigation needs will be accomplished with additional mitigation sites and/or
mitigation bank credits. USACE will enter into a contract to preserve the plantings for a term of
three years following completion of construction. At the end of this term the areas will be turned
over to the local sponsor who will maintain the areas to accomplish predetermined levels of re-
vegetation success targeted for 5 years from planting.

4.8.3 Estimated Annual OMRR&R Cost

The estimated cost of OMRR&R for Alternative SB-7 in 2012 dollars is $ 277,000 as
compared to $ 264,000 for the same levee reaches without the project.

49 Cost Estimate and Construction Schedule

The project is divided into 5 construction contracts: A, B, C1, C2 and Star Bend Fix-in-
place (SBFIP). Table 4-4 summarizes the extent, year of construction and project features for
each of the construction contracts. For more information on construction contracts and their
sequencing, refer to the Cost Engineering Appendix.

CHAPTER 5 - ALTERNATIVE SB-8
51  General
Alternative SB-8 includes 41 reaches (2A-North to 41) along the FRWL alignment,
beginning at station 180+00 (approximately 2,000 feet south of Laurel Avenue) and ending at
station 2368+00 (Thermalito Afterbay). The levee reaches are shown on Table 5-2 and Plate 2-2
(for Alternative SB-8).

The following Paragraphs describe the project features and measures proposed for this
alternative. The proposed project features and measures for this alternative include:

e Soil-Bentonite Cutoff Walls
e Deep Soil Mix Cutoff Walls
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features:

Jet Grouting Cutoff Walls

Seepage Berms

Levee Relocations

Canal Relocations

Embankment Reconstruction/Landside Toe Fill

Seepage Interceptor System (Relief Wells, Drain Ditch and Pump Station)

Erosion Protections
Closure Structure
Utility Improvements
Utility Relocations
Structural Relocations

These proposed features and measures will rehabilitate, replace, or tie in and function in
junction with the existing system. The existing system (see chapter 3) includes the following

Existing Embankment
Existing Cutoff Walls
Existing Stability Berms
Existing Seepage Interceptor System (Relief Wells, Drain Ditch and Pump Station)
Existing Relief Wells
Existing Closure Structures
Existing Toe Drains

Table 5-1A and 5-1B and Plate 2-3 summarize different combinations of the existing and
proposed features for Alternative SB-8 along its alignment. See the engineering plan drawings
for more details.

Table 5-1A Summary of Project Features for SB8

Feature Description Quantity

No Modification Required 28,220LF

Cutoff Wall Only 147,570LF

Jet Grouting Cutoff Wall Only 960LF

- Seepage Berm Only 5,350LF

o g S Cutoff Wall with Full Levee Degrade and Existing Relief Wells 5,300LF
a g é ® Cutoff Wall with Full Levee Degrade 600LF
2 5 < < | Cutoff Wall with Existing Relief Wells 5,930LF
2 £ g ' | Cutoff Wall with New Relief Wells (22 Wells) 2,500LF
= S 2 = | Cutoff Wall with Seepage Berm 7,670LF
£ 5 & ™ | Cutoff Wall with Levee Relocation 11,610LF
g Cutoff Wall with Sutter Butte Canal Relocation 1,540LF
o Cutoff Wall with Landside Toe Fill 1,870LF
DSM Cutoff Wall (subpart of the Cutoff Wall Only area) 19,790LF

Erosion Protection 7,660LF

Utilities and Encroachments (Total) 451
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Utilities and Encroachments (To be modified) 223
Land Acquisition 2,196AC
Impacted Parcel 468
Potential Structural Demolition 34
Closure structures (stop logs) 1

5.2  Feature Descriptions

This section provides general descriptions for each of the combinations listed in Table 5-
1. Refer to Table 5-2 and Plates G-1 and G-2 for levee improvements. Refer to Table 5-3 and
Plate G-3 for utility improvements.

5.2.1 No Modification Required

There are 7 levee sections along the FRWL alignment where modification is not required.
These sections are between: (1) 831+50 and 844+50, (2) 923+75 and 1006+24, (3) 1007+70 and
1024+00, (4) 1027+50 and 1078+00, (5) 1625+00 and 1673+00, (6) 1769+40 and 1813+30, and
(7) 2303+00 and 2331+00, approximately (see Table 5-2 for more details). Existing cutoff walls
(30 to 50 feet in depth) are present within the first four levee sections.

5.2.2 Cutoff Wall Only

There are 14 levee sections along the FRWL alignment where cutoff wall is the only
modification feature required. These sections are between: (1) 231+00 and 453+00, (2) 478+68
and 512+00, (3) 570+00 and 831+50, (4) 1078+00 and 1096+00, (5) 1098+10 and 1107+00, (6)
1125+70 and 1129+99, (7) 1130+20 and 1429+00, (8) 1451+50 and 1455+00, (9) 1461+00 and
1608+50, (10) 1624+70 and 1625+00, (11) 1673+00 and 1673+30, (12) 1766+00 and 1769+40,
(13) 1813+30 and 1900+50, and (14) 1903+50 and 2290+00, approximately (see Table 5-2 for
more details).

5.2.3 Jet Grouting Cutoff Wall Only

There are 4 levee sections along the FRWL alignment where jet grouting cutoff wall is
the only modification feature required. These levee sections are between: (1) 1006+04 and
1007+90, (2) 1095+80 and 1098+30, (3) 1129+50 and 1130+67, and (4) 1900+00 and 1904+00
approximately (see Table 5-2 for more details).

5.2.4 Seepage Berm Only

There are 3 levee sections along the FRWL alignment where seepage berm is the only
modification feature required. These levee sections are between: (1) 1024+00 and 1027+50, (2)
2290+00 and 2303+00, and (3) 2331+00 and 2368+00, approximately (see Table 5-2 for more
details).

5.2.5 Cutoff Wall with Full Levee Degrade and Relief Wells
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There are 2 levee sections along the FRWL alignment where the levee will be fully
degraded and reconstructed with a cutoff wall along the levee centerline These levee sections
area between: (1) 844+50 and 897+50, and (2) 1455+00 and 1461+00.

The proposed cutoff wall will function in combination with the existing seepage
interceptor system (including 52 relief wells, a drainage ditch and pump stations) between station
844+50 and station 897+50.

5.2.6 Cutoff Wall with Relief Wells

Cutoff wall is required for the area between station 512+00 and station 570+00. The
proposed cutoff wall will function in combination with the existing seepage interceptor system
(including 24 relief wells, a drainage ditch and pump stations) between station 512+00 and
station 545+00. A new seepage collector system (including 22 relief wells and a 2,500-foot long
concrete lined V-ditch) will be installed between station 545+00 and station 570+00 at 120-foot
interval. The new seepage interceptor system will be tied in with the existing one at station
545+00.

A cutoff wall is also required for the area between station 897+50 and station 923+75.
The proposed cutoff wall will function in combination with the existing seepage interceptor
system (including 24 relief wells, drain ditch and pump stations).

5.2.7 Cutoff Wall with Seepage Berm

There are 2 levee sections where both a cutoff wall and a seepage berm are required.
These levee sections are between: (1) 180+00 and 231+00, and (2) 453+00 and 478+68,
approximately (see Table 5-2 for more details).
5.2.8 Cutoff Wall with Levee Relocation

The existing levee will be relocated 20 feet toward the river at three locations, between:

(1) 1432+70 and 1451+50, (2) 1608+50 and 1624+70, and (3) 1673+30 and 1754+30. A cutoff
wall is required at these locations and will be constructed along the relocated levee alignment.

5.2.9 Cutoff Wall with Canal Relocation
The SBMC will be relocated away from the existing levee toe at two locations: (1)
between 1429+00 and 1432+70, and (2) between 1754+30 and 1766+00. The existing canal

sections will be backfilled. A cutoff wall is required at these locations and will be constructed
along the levee centerline.

5.2.10 Cutoff Wall with Landside Toe Fill

A cutoff wall is required for the area between 1107+00 and 1125+70. The landside toe
depression in this area will be filled.
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5.2.11 Soil- Bentonite versus Deep Soil Mix (DSM) Cutoff Wall

The proposed cutoff walls vary in depth along the project alignment. At locations where a
cutoff wall is the required (except for the jet grouting sites), the cutoff wall will be: soil bentonite
cutoff wall (if the wall is less than 75 feet in depth) or DSM cutoff wall (if the wall is greater
than 75 feet in depth). There are 10 levee sections along the FRWL alignment where DSM cutoff
walls are required. These sections are between: (1) 230+00 and 250+00, (2) 1125+00 and
1129+99, (3) 1130+20 and 1151+50, (4) 1224+00 and 1248+00, (5) 1987+25 and 2002+00, (6)
2016+75 and 2036+75, (7) 2067+00 and 2088+00, (8) 2137+00 and 2148+00, (9) 2182+00 and
2196+50, (10) 2245+75 and 2292+00, approximately (see Table 5-2 for more details). The wall’s
depth at these locations will vary between 75 and 120 feet. Between 844+50 and 897+50, an 85-
foot deep soil bentonite cutoff wall is considered adequate for this area.

5.2.12 Erosion Protection

An anchored HPTRM is required on the landside slope for two initial overtopping levee sections
located in reaches 7 and 23 between: (1) 547+00 and 604+60, and (2) 1582+00 and 1601+00 to
increase the sections’ resiliency and enhance flood warning and evacuation time prior to
overtopping failure from events that exceed the design event.

5.2.13 Closure Structure

A stop log closure structure or equivalent is required at station 1130+00, where the
UPRR crosses the FRWL alignment.

5.2.14 Modification of Existing Utilities and Encroachments

Table 5-4B summarizes the number of utilities and encroachments to be modified by
construction of Alternative SB-8. A total of 223 utility/encroachment items will be removed,
modified (to meet the USACE standard for levee penetrations) or relocated outside of the
proposed ROW. Refer to able 5-3 for more detailed descriptions.

5.3 Environmental Mitigation Measures

For direct effects on woody riparian trees that cannot be avoided, compensation will be
provided for the loss of riparian habitat to ensure no net loss of habitat functions and values.
Compensation ratios will be based on site-specific information and determined through
coordination with the appropriate State and Federal agencies during the permitting process.
Compensation will be provided based on the ratio determined (e.g., 2:1 = 2 acres
restored/created/enhanced or credits purchased for every 1 acre removed). Compensation may be
a combination of offsite restoration or mitigation credits.

For elderberry shrubs and riparian habitat, 35 acres of mitigation acreage are available at
Star Bend. For Alternative SB-8,an estimated 90 acres would be required. Acreage in excess of
the 35 acres will require additional mitigation sites and/or mitigation banks
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For elderberry shrubs and riparian habitat, USACE will develop a restoration and
monitoring plan that describes how this habitat will be enhanced or recreated and monitored over
a minimum period of time, as determined by the appropriate State and Federal agencies.

The revegetation plan will be prepared by a qualified restoration ecologist and reviewed
by the appropriate agencies. The revegetation plan will specify the planting stock appropriate for
each riparian land cover type and each mitigation site, ensuring the use of genetic stock from the
project area. The plan will employ the most successful techniques available at the time of
planting. Success criteria will be established as part of the plan and will include a minimum of
80% revegetation success at the end of 5 years, 70% revegetation success after 3 year, and 75%
vegetative coverage after 5 years. USACE will monitor and maintain the plantings as necessary
for 3 years, including weed removal, irrigation, and plant protection. SBFCA will then assume
monitoring and maintenance responsibilities after year 3 and submit annual monitoring reports of
survival to the regulatory agencies issuing permits related to habitat effects, including DFG,
USACE, National Marine Fisheries Service, and USFWS. Replanting will be necessary if
success criteria are not met, and replacement plants subsequently will be monitored and
maintained to meet the success criteria. The riparian habitat mitigation will be considered
successful when the sapling trees established meet the success criteria, the habitat no longer
requires active management, and vegetation is arranged in groups that, when mature, replicate
the area, natural structure, and species composition of similar riparian habitats in the region.

5.4  Cultural Mitigation Measures

USACE negotiated a programmatic agreement (PA) with the California State Historic
Preservation Officer (SHPO) that outlines the specific processes that USACE will follow to
identify and treat cultural resources. The PA took effect after it was signed by USACE and the
SHPO on June 8, 2012, and was subsequently transmitted to the Advisory Council on Historic
Preservation.

Following the terms of the PA, before construction begins, the following will occur:

e USACE and the SHPO would formally agree upon a final area APE for the project. The
APE comprises the entirety of the area where cultural resources could potentially be
affected by the project.

e USACE, in consultation with the SHPO, would fully inventory the APE for cultural
resources. This inventory would include both the pedestrian survey efforts conducted to
date by ICF, as well as subsurface prospection efforts.

e In consultation with the SHPO, USACE would evaluate all cultural resources in the APE
for their eligibility for listing in the National Register of Historic Places (NRHP). Work
necessary for these evaluations may include detailed recordation, background research,
and subsurface test excavations.

e USACE; in consultation with the SHPO, the public, interested Native American Tribes,
or other identified stakeholders; would provide adequate mitigation to resolve any
unavoidable adverse effects to NRHP eligible cultural resources (historic properties).
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Alternative SB-8 could result in impacts to the levee itself, the Sutter Butte Canal,
historic buildings and neighborhoods in Yuba City, other built environment resources identified
in the FRWLP EIS/EIR, and several known prehistoric archaeological sites (CA-SUT-5, CA-
SUT-10, CA-SUT-20, CA-SUT-77, CA-BUT-52, CA-BUT-53, CA-BUT-496, CA-BUT-1123,
and the unnamed site identified by UAIC). USACE would follow the processes outlined in the
PA to resolve adverse effects to these resources.

Proposed borrow areas have not yet been surveyed. Inventories of the borrow sites, utility
relocations, and other sites that may be defined in the future, could result in the identification of
more impacts.

Any unknown cultural resources found in the course of further inventory work or during
construction would be evaluated for NR eligibility, and effects to those resources would be
resolved as necessary, following the processes outlined in the PA.

5.5  Fill, Borrow, Borrow Sites and Disposal Areas

Type 1, Type 2 and Random fill materials are needed for levee, cutoff wall and seepage
berm constructions. Type 1 levee fill material will be used primarily as a clay core for the
reconstructed levee above the cutoff wall and for the cutoff wall’s soil-bentonite mix. Type 2
levee fill material will be used primarily for shells for the reconstructed levee above the cutoff
wall. Random fill is used primarily for seepage berms.

Excavated materials from levee degrade are expected to be reusable for Type 1 and Type
2 fills. Type 1 fill can be used as Type 2 and Random Fill. Type 2 fill can be used as Random
fill. It is expected that borrow materials will be needed for construction of the project.

The two primary types of borrow material for the levee and cutoff wall constructions are:
Type 1 and Type 2. Specifications for the two material types (see Paragraph 2.4.4.3) are as
follows:

e Type 1 Levee Fill: USCS classification of CL, SC, or CH; maximum particle size of 2
inches; minimum 35% by weight passing the #200 sieve; maximum liquid limit of 60;
plasticity index between 12 and 40.

e Type 2 Levee Fill: Maximum particle size of 2 inches; minimum 12% by weight passing
the #200 sieve; maximum liquid limit of 45.

The borrow areas are sites 2to 5, 7, 8, 11 and 12 shown in Plate 5-3. Source for borrow is
discussed in Paragraph 2.6. A material balance analysis was completed for borrow quantities
based on the preliminary information and the results are show in Tables 5-5 and 5-6.

Table 5-5 Borrow Sites and Usage for SB-8 Volume of Material (Potential)
Borrow Sites and Usage Type 1 (cy) | Type 2 (cy) | Random (cy)
2 - CDFG (OWA - Cobble Borrow) 330,800
Leftover after using borrow for D2 151,280
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3 - Live Oak Detention Basin 150,000

Leftover after using borrow for D2 - as Type 1 92,150

Leftover after using borrow for D1 - as Type 1 0

4 - Lanza 235 Borrow 250,000

Leftover after using borrow for D1 - as Type 1 233,250

Leftover after using borrow for D1 - as Type 2 62,850

Leftover after using borrow for C2 - as Type 1 0

5 - Nevis Property 250,000

Leftover after using borrow for C2 - as Type 1 217,450

Leftover after using borrow for C2 - as Type 2 143,550

Leftover after using borrow for C1 - as Type 1 25,595

Leftover after using borrow for C1 - as Type 2 12,252

7 - Lanza 620 Acres Property 119,932 359,796
Leftover after using borrow for A - as Type 1 948

Leftover after using borrow for A - as Type 2 19,986
8 - Huston Property 330,000

Leftover after using borrow for B - as Type 1 199,279

Leftover after using borrow for B - as Type 2 33,687

11 - Siller Live Oak Property 250,000

12 - Siller Yuba City Property 100,000
I2_eft0ver after using borrow for SBFIP - as Type 53.200
Total Potential 1,349,932 459,796 330,800

Table 5-6 Borrow Demand for SB-8

Volume of Material (Demand)

Construction Contracts and Usage Type 1 (cy) | Type 2 (cy) | Random (cy)
CONTRACT A 118,984 339,810
Unknown (7 or within vicinity R of the contract) 118,984 339,810
CONTRACT STAR BEND (SBFIP) 46,800
12 - Siller Yuba City Property 46,800
CONTRACT B 130,721 165,592
8 - Huston Property 130,721 165,592
CONTRACT C1 117,955 13,343
5 - Nevis Property 117,955 13,343
CONTRACT C2 95,400 73,900
4 - Lanza 235 Borrow 62,850

5 - Nevis Property 32,550 73,900
CONTRACT D1 108,900 170,400
3 - Live Oak Detention Basin 92,150

4 - Lanza 235 Borrow 16,750 170,400
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CONTRACT D2 57,850 179,520
2 - CDFG (OWA - Cobble Borrow) 179,520
3 - Live Oak Detention Basin 57,850

Total Demand 629,810 809,845 179,520

Implementation of Alternative SB-7/SB-8 may generate up to 813,000 cubic yards of
solid waste that would require disposal. Sources of solid waste related to construction activities
would include levee material, structural debris from removal of residences and agricultural
structures, roadway pavements, and levee material deemed unsuitable for reuse.

The nearest solid waste facilities to the project area are the Ostrom Landfill ( located east of
the project site, approximately 30 road miles from the southern end of the project at Reach 2)
and the Neal Road Landfill (located 25 miles north of the project Reach 40).

Assuming all of the estimated 813,000 cubic yards of waste material would require
permanent disposal, Alternative SB7/SB8 implementation would represent 2% of the Ostrom
Road Landfill and 4% of the Neal Road Landfill remaining capacities. However, the option of
beneficial reuse is likely to reduce the cubic yards of soil that require permanent disposal.

5.6  Construction Access, Haul Routes and Staging Areas

Haul route will be mainly on existing public roads (see Plate 5-3).
5.7 Real Estate Requirements

A total of 34 physical structures fall within the proposed ROW and, therefore, will be
demolished for construction of this alternative. 27 of these structures are within reach 16 (Yuba

City). The remaining structures are in reaches 26 to 31.

Approximately 2,196 acres will be acquired and 468 parcels will be impacted (refer to
Real Estate Appendix for more details).

5.8  Operation and Maintenance, Repair, Replacement and Rehabilitation (OMRR&R)
5.8.1 Flood Damage Reduction Features

OMRR&R Activities for flood control works are generally the same with and without the
project. However the cost and effort associated with each activity may increase or decrease as a
result of the project. These increases or decreases are considered to be roughly offsetting and net
change in overall OMRR&R effort is judged to be insignificant. Expected impacts of the project
on these activities are as follows:
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1. Construction activities including reconstruction of the upper half of the levee,
regrading of side slopes vegetation removal, rodent disruption and crown road reestablishment
will reduce maintenance costs in the short term.

2. Vegetation removal/control. For the purpose of this feasibility study it is assumed that,
absent the project, the State will gradually bring levees into compliance with USACE ETL 1110-
2-571 using a life cycle approach to vegetation management. Under this assumption, the
immediate compliance with the ETL required by the project will result in an interim increase in
cost and effort required for vegetation removal and control (Offset initially by clearing during
construction). Net increase in OMRR&R cost anticipated.

3. Rodent control/damage repair. Increase in embankment volume resulting from the
addition of seepage and stability berms could result in a slight increase in rodent related
maintenance activity.

4. Slope maintenance. Reduction in OMRR&R will occur due to reduction in seepage.
The VFZ required by USACE ETL 1110-2-571 for the project area will reduce the need for
periodic levee toe regrading previously caused by farming operations.

5. Repair of waterside erosion. No additions. No significant change.

6. Encroachments. Wet penetration encroachments will be improved or eliminated
throughout the length of the project. Dry encroachments, such as power poles and vegetation will
be reduced. The result will be a decrease in OMRR&R costs.

7. Road/ramp maintenance. The addition of an O&M road at the toe of the levee for the
entire length of the levee in addition to the existing road on the levee crown will essentially
double the cost and effort associated with road maintenance. However, the added road will
enhance the efficacy of virtually all OMRR&R activities including inspections, patrolling and
flood fighting.

8. Encroachments. Wet penetration encroachments will be improved or eliminated all
along the length of the project. Dry encroachments, such as power poles and vegetation will be
reduced. Result will be decrease in OMRR&R costs.

9. Road/ramp maintenance. The addition of an O&M road at the toe of the levee for the
entire length of the levee in addition to the existing road on the levee crown will essentially
double the cost and effort associated with road maintenance. However, the added road will
enhance the efficacy of virtually all OMRR&R activities including inspections, patrolling and
flood fighting.

10. Inspection/patrolling including participation in Federal and State inspection
programs, routine patrolling to identify maintenance needs and to assure flood worthiness, and
continuous patrolling during high water conditions. The added landside O&M toe road will
significantly enhance inspection and patrolling activities.
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11. Flood fighting. The project flood control features (seepage berms, stability berms, and
cutoff walls) are intended to eliminate seepage and stability issues during high water. The added
O&M road at the landside levee toe should dramatically improve identification of any issues that
may develop during high water and facilitate their rapid repair.

5.8.2 Miitigation Features

For Alternative SB-8 an estimated 90 acres are designated for mitigation of habitat loss
due to project construction. An estimated 35 acres are available at the Star Bend mitigation site.
Additional mitigation needs will be accomplished with additional mitigation sites and/or
mitigation bank credits. USACE will enter into a contract to preserve the plantings for a term of
three years following completion of construction. At the end of this term the areas will be turned
over to the local sponsor who will maintain the areas to accomplish predetermined levels of re-
vegetation success targeted for 5 years from planting.

5.8.3 Estimated Annual OMRR&R Cost

The estimated cost of OMRR&R for Alternative SB-8 in 2012 dollars is $ 454,000 as
compared to $ 432,000 for the same levee reaches without the Project.

5.9 Cost Estimate and Construction Schedule

The project is divided into 7 construction contracts those are A, B, C1, C2, D1, D2 and
Star Bend Fix-in-place (SBFIP). Table 5-4 summarizes the extent, year of construction and
project features for each of the construction contracts. For more information on construction
contracts and their sequencing, refer to the Cost Engineering Appendix.
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Table 4-1B

Summary of Project Features for Alternative SB7

Engineering Measure Typical Segment Contract Beg. STA End. STA Length Length Length
Appendix Section of of per per per
Paragraph (Plate) Measure Measure Segment Contract Measure

(LF) (LF) (LF)

421 No Rehabilitation Required - 1 B 831+50  844+50 1,300 1,300

No Rehabilitation Required - 2 C1 923+75 1006+24 8,249

No Rehabilitation Required - 3 C1 1007+70 1024+00 1,630

No Rehabilitation Required - 4 C1l 1027+50 1078+00 5,050 14,930 16,230
422 Cutoff Wall Only G-2A 1 A 231+00  453+00 22,200 22,200

Cutoff Wall Only G-2A 2 SBFIP 478+68  512+00 3,332 3,340

Cutoff Wall Only G-2A 3 B 570+00  831+50 26,150 26,150

Cutoff Wall Only G-2A 4 C1l 1078+00 1096+00 1,800

Cutoff Wall Only G-2A 5 C1l 1098+10 1107+00 890

Cutoff Wall Only G-2A 6 C1l 1125+70 1129+99 429

Cutoff Wall Only G-2A 7 Cl 1130+20 1213+85 8,365 11,490

Cutoff Wall Only G-2A 7 Cc2 1213+85 1429+00 21,515 21,520 84,700
423 Jet Grouting Cutoff Wall Only G-2A 1 C1 1006+04 1007+90 186

Jet Grouting Cutoff Wall Only G-2A 2 C1 1095+80 1098+30 250

Jet Grouting Cutoff Wall Only G-2A 3 C1l 1129+50 1130+67 117 560 560
4.2.4 Seepage Berm Only G-2B 1 Cl 1024+00 1027+50 350 350 350
4.2.5 Cutoff Wall with Full Levee Degrade and Existing Relief Wells G-2D 1 Cil 844+50 897+50 5,300 5,300 5,300
4.2.5 Cutoff Wall with Full Levee Degrade G-2D - - 0+00 0+00 0 0 0
4.2.6 Cutoff Wall with Existing Relief Wells G-2C 1 B 512+00 545+00 3,300 3,300

Cutoff Wall with Existing Relief Wells G-2C 3 Cil 897+50 923+75 2,625 2,630 5,930
4.2.6 Cutoff Wall with New Relief Wells G-2C 2 B 545+00  570+00 2,500 2,500 2,500
4.2.7 Cutoff Wall with Seepage Berm G-2C 1 A 180+00  231+00 5,100

Cutoff Wall with Seepage Berm G-2C 2 A 453+00  478+68 2,568 7,670 7,670
4.2.8 Cutoff Wall with Levee Relocation G-2E - - 0+00 0+00 0 0 0
4.2.9 Cutoff Wall with Sutter Butte Canal Relocation G-2F 1 C2 1429+00 1432+70 370 370 370
4.2.10 Cutoff Wall with Landside Toe Fill G-2G 1 C1l 1107+00 1125+70 1,870 1,870 1,870
4211 DSM Cutoff Wall (already included in the Cutoff Wall Only section) G-2A 1 A 230+00  250+00 2,000 2,000

DSM Cutoff Wall (already included in the Cutoff Wall Only section) G-2A 2 C1 1125+00 1129+99 499

DSM Cutoff Wall (already included in the Cutoff Wall Only section) G-2A 3 C1l 1130+20 1151+50 2,130 2,630

DSM Cutoff Wall (already included in the Cutoff Wall Only section) G-2A 4 C2 1224+00 1248+00 2,400 2,400 7,030
4,212 Erosion Protection - 1 B 547+00 604+60 5,760 5,760 5,760
4.2.13 Closure Structure (Stop Log) - 1 C1l 1130+00 1130+00 - - -
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Table 4-2 Summary of Project Features for Alternative SB7
Reach Stationing Length Rehabilitation Approximate Dimensions Comments
(feet) Measure(s) of Primary Features
2A 180+00 to 2,250 Cutoff wall with 180+00 to 202+50: 100 ft. wide undrained seepage
North 202+50 Endralned seepage berm. Seepage berm 5 ft. thick at berm toe.
erm 180+00 to 202+50: Cutoff wall extending to an elevation
of 25 ft.
2B 202+50 to 1,616 Cutoff wall with 180+00 to 218+66: 100 ft. wide undrained seepage
218+66 Endralned seepage berm. Seepage berm 5 ft. thick at berm toe.
erm 202+50 to 218+66: Cutoff wall extending to an elevation
of 25 ft.
3 218+66 to 8,200 Cutoff wall 218+66 to 231+00: 100 ft. wide undrained seepage berm.
300+66 Seepage berm 5 ft. thick at berm toe.
Cutoff wall with 218+66 to 230+00: Cutoff wall extending to an elevation
undrained seepage of 25 ft. with 100 ft. wide undrained seepage berm.
berm Seepage berm 5 ft. thick at berm toe.
230+00 to 250+00: Cutoff wall extending to an elevation
of -35 ft.
250+00 to 289+00: Cutoff wall extending to an elevation
of -20 ft.
289+00 to 300+66: Cutoff wall extending to an elevation
of -12 ft.
4 300+66 to 11,001 Cutoff wall 300+66 to 312+00: Cutoff wall extending to an elevation
410+67 of -12 ft.

312+00 to 349+00: Cutoff wall extending to an elevation
of 15 ft.
349+00 to 368+00: Cutoff wall extending to an elevation
of 10 ft.

368+00 to 410+67: Cutoff wall extending to an elevation
of 20 ft.
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Table 4-2

Summary of Project Features for Alternative SB7

Reach

Stationing

Length
(feet)

Rehabilitation
Measure(s)

Approximate Dimensions
of Primary Features

Comments

410+67 to
478+68

6,801

Cutoff wall

Cutoff wall with
undrained seepage
berm

453+00 to 478+00: 300 ft. wide undrained seepage berm.

Seepage berm 5 ft. thick at berm toe.

410+67 to 417+00: Cutoff wall extending to an elevation
of 20 ft.

417+00 to 425+00: Cutoff wall extending to an elevation
of 10 ft.

425+00 to 456+00: Cutoff wall extending to an elevation
of 15 ft.
456+00 to 475+35: Cutoff wall extending to an elevation
of 15 ft.

475+35 to 478+68: Cutoff wall extending to an elevation
of 15 ft.

6 FIP

478+68 to
512+00

3,332

Cutoff wall

478+68 to 512+00: 65ft deep (from degrade line) cutoff
wall.

512+00 to
596+00

8,563

Cutoff wall

Cutoff wall with existing
and new relief wells

Erosion Protection

512+00 to 514+00: 65ft deep (from degrade line) cutoff
wall.

514+00 to 526+00: Cutoff wall tip elevation +15 feet
526+00 to 570+00: Cutoff wall tip elevation -5 feet
545+00 to 570+00: 22 new relief wells at 120 feet
spacing and 50 feet depth (including new concrete lined
V-ditch).

570+00 to 575+00: Cutoff wall tip elevation -5 feet
575+00 to 595+00: Cutoff wall tip elevation -10 feet
595+00 to 596+00: Cutoff wall tip elevation +15 feet

547+00 to 596+00: High Performance Turf Reinforce Mat
(HPTRM)

512+00 to 545+00: existing
seepage interceptor system (24
relief wells, ditch and pump
station) are to remain.

596+00 to
654+75

5,875

Cutoff wall

Erosion Protection

596+00 to 654+75: Cutoff wall tip elevation +15 feet

596+00 to 604+60: High Performance Turf Reinforce Mat
(HPTRM)
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Table 4-2

Summary of Project Features for Alternative SB7

Reach Stationing Length Rehabilitation Approximate Dimensions Comments
(feet) Measure(s) of Primary Features
9 654+75 to 5,175 Cutoff wall 654+75 to 670+00: Cutoff wall tip elevation +15 feet
706+50 670+00 to 697+00: Cutoff wall tip elevation +20 feet
697+00 to 706+50: Cutoff wall tip elevation -10 feet
10 706+50 to 6750 Cutoff wall 706+50 to 726+00: Cutoff wall tip elevation -10 feet
774+00 726+00 to 746+00: Cutoff wall tip elevation -5 feet
746+00 to 754+50: Cutoff wall tip elevation +5 feet
754+50 to 774+00: Cutoff wall tip elevation +25 feet
11 774400 to 5,600 Cutoff wall 774+00 to 784+50: Cutoff wall tip elevation +25 feet
830+00 784+50 to 827+50: Cutoff wall tip elevation -5 feet
827+50 to 830+00: Cutoff wall tip elevation +25 feet
12 830+00 to 1,500 No proposed 830+00 to 831+50: Cutoff wall tip elevation +25 feet 829+85 to 845+25: existing cutoff
845+00 rehabilitation measure (transition only) wall (23.5ft deep, tip elevation
with exception below 844+50 to 845+00: Cutoff wall tip elevation -26 feet 30.5)
(transition only)
Cutoff wall (transition
only, at both ends of
this reach)
13 845+00 to 8,200 Cutoff wall 844+50 to 897+50: Full levee degrade and 844+50 to 897+50: Existing
927+00 re-construction seepage interceptor system (52

Cutoff wall with full
levee degrade and
existing relief wells

844+50 to 849+00:
848+00 to 863+00:
863+00 to 877+00:
877+00 to 887+00:
887+00 to 893+00:
893+00 to 897+50:
897+50 to 923+75:

Cutoff wall tip elevation -20’ to -29’
Cutoff wall tip elevation -29’
Cutoff wall tip elevation -30’
Cutoff wall tip elevation -31’
Cutoff wall tip elevation -30’
Cutoff wall tip elevation -29’
Cutoff wall tip elevation +25’

relief wells, ditch and pump
stations) are to remain.

897+50 to 923+75: Existing
seepage interceptor system (29
relief wells, ditch and pump
stations) are to remain.

923+23 to 927+00: existing cutoff
wall (32.5ft deep, tip elevation
42.5)
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Table 4-2 Summary of Project Features for Alternative SB7

Reach Stationing Length Rehabilitation Approximate Dimensions Comments
(feet) Measure(s) of Primary Features
14 927+00 to 2,740 No proposed 927+00 to 954+40: existing cutoff
954+40 rehabilitation measure wall (32.5ft deep, tip elevation
42.5)

No as-built drawing available for
the existing cutoff wall.

15 954+40 to 1,410 No proposed 954+40 to 968+50: existing cutoff
968+50 rehabilitation measure wall (32.5ft deep, tip elevation
42.5)

No as-built drawing available for
the existing cutoff wall.
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Table 4-2

Summary of Project Features for Alternative SB7

Reach Stationing Length Rehabilitation Approximate Dimensions Comments
(feet) Measure(s) of Primary Features
16 968+50 to 11,150 Jet %routing cutoff wall 1006+04 to 1007+90 (5" Street bridge crossing): Jet 968+50 to 983+23: existing cutoff
1080+00 at5" Street bridge grouting cutoff wall tip elevation +40 feet wall (32.5ft deep, tip elevation

crossing.

Toe berm at 10" Street
bridge crossing.

Cutoff wall (transition
only, at the end of
Reach 16 to overlap
existing cutoff wall).

1023+90 to 1027+50 (10th Street bridge crossing): Toe
berm, 23 feet wide, approximately 7 feet thick at the
levee toe, 4H:1V slope at toe berm.

1077+85 to 1080+00: Cutoff wall tip elevation +30 feet
and backfill landside toe depression (transition only).

42.5)

983+23 to 996+23: existing cutoff
wall (22.5ft deep, tip elevation
52.5)

996+23 to 1006+24: existing cutoff
wall (32.5ft deep, tip elevation
42.5)

1007+90 to 1015+70: existing
cutoff wall (32.5ft deep, tip
elevation 42.5)

1015+70 to 1024+42: existing
cutoff wall (43ft deep, tip elevation
35)

1026+99 to 1079+66: existing
cutoff wall (39ft deep, tip elevation
38)
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Table 4-2

Summary of Project Features for Alternative SB7

Reach Stationing Length Rehabilitation Approximate Dimensions Comments
(feet) Measure(s) of Primary Features
17 1080+00 to 5,086 Cutoff wall 1107+00 to 1125+70: Backfill landside toe depression
1130+86 Jet grouting cutoff wall 1080+00 to 1089+00: Cutoff wall tip elevation +30 feet
at Yuba city water 1089+00 to 1096+00: Cutoff wall tip elevation +35 feet
treatment plant . . .
1095+80 to 1098+30: Jet grouting cutoff wall tip elevation
+35 feet
Jet grouting cutoff wall | 1098+10 to 1125+00: Cutoff wall tip elevation +35 feet
:i(tulszllé?t?/d North of 1125+00 to 1129+99: Cutoff wall tip elevation +0 feet
1129+50 to 1130+67: Jet grouting cutoff wall tip elevation
) +0 feet
Iagg(rjsg?oaoﬁlled 1130+20 to 1130+86: Cutoff wall tip elevation +0 feet
1130+00: Stoplog closure structure or equivalence
Closure Structure
18 1130+86 to 8,299 Cutoff wall 1130+86 to 1151+50: Cutoff wall tip elevation +0 feet
1213+85 1151+50 to 1159+50: Cutoff wall tip elevation +30 feet
1159+50 to 1169+50: Cutoff wall tip elevation +25 feet
1169+50 to 1189+50: Cutoff wall tip elevation +30 feet
1189+50 to 1209+50: Cutoff wall tip elevation +40 feet
1209+50 to 1213+85: Cutoff wall tip elevation +35 feet
19 1213+85to 8,398 Cutoff wall 1213+85 to 1219+75: Cutoff wall tip elevation +35 feet
1297+83 1219+75 to 1224+00: Cutoff wall tip elevation +5 feet
1224+00 to 1238+00: Cutoff wall tip elevation -28 feet
1238+00 to 1248+00: Cutoff wall tip elevation -42 feet
1248+00 to 1268+75: Cutoff wall tip elevation +3 feet
1268+75 to 1297+83: Cutoff wall tip elevation +35 feet
20 1297+83 to 7,650 Cutoff wall 1297+83 to 1298+75: Cutoff wall tip elevation +35 feet
1374+33

1298+75 to 1359+00:
1359+00 to 1369+00:
1369+00 to 1374+33:

Cutoff wall tip elevation +50 feet
Cutoff wall tip elevation +40 feet
Cutoff wall tip elevation +32 feet
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Table 4-2

Summary of Project Features for Alternative SB7

Reach Stationing Length Rehabilitation Approximate Dimensions Comments
(feet) Measure(s) of Primary Features
21 1374+33 to 5,950 Cutoff wall 1374+33 to 1386+50: Cutoff wall tip elevation +32 feet
1433+83

Levee relocation with
cutoff wall (transition
only)

Canal relocation

1386+50 to 1408+50: Cutoff wall tip elevation +55 feet
1408+50 to 1433+83: Cutoff wall tip elevation +40 feet

1429+00 to 1433+83 Sutter Butte Main Canal relocation.
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TABLE 4-3 ALTERNATIVE SB7 - LEVEE ENCROACHMENT LIST

Location (NAD 83)
Item | Reach STA Northing Easting Encroachment Proposed Levee Improvement Required Improvement Work Type | cover
No.
183 21 1430+55 2,216,425.27 6,664,383.06|Sunset Pump Station owned an operated by Sutter Extension Main Pump Cutoff wall with Sutter Butte canal ~ [The pipeline does not meet title 23 requirements and will IR(P) 15.6
Station. There is a 60 Inch steel pipe through the levee. Pump end has gate relocation need a positive shut-off structure installed and automatic
valves on structure. Automatic drainage gates on the landside end. drainage gate on waterside of levee. Replace in
accordance with USACE standard
184 21 1430+47 2,216,417.64 6,664,382.64|Sunset Pump Station owned an operated by Sutter Extension Main Pump Cutoff wall with Sutter Butte canal The pipeline does not meet title 23 requirements and will IR(P) 15.6
Station. There is a 60 Inch steel pipe through the levee. Pump end has gate relocation need a positive shut-off structure installed and automatic
valves on structure. Automatic drainage gates on the landside end. drainage gate on waterside of levee. Replace in
accordance with USACE standard
185 21 1430+40 2,216,410.86 6,664,382.27|Sunset Pump Station owned an operated by Sutter Extension Main Pump Cutoff wall with Sutter Butte canal ~ [The pipeline does not meet title 23 requirements and will IR(P) 15.6
Station. There is a 36 Inch steel pipe through the levee. Pump end has gate relocation need a positive shut-off structure installed and automatic
valves on structure. Automatic drainage gates on the landside end. drainage gate on waterside of levee. Replace in
accordance with USACE standard
186 21 1430+40 To construct and operate a vertical-perforated plate fish screen with a power Cutoff wall with Sutter Butte canal IR
operated brush on the right bank of Feather River. Located at Sunset Pump relocation
Plant.
187 21 1430+00 36" CM pipe crossing through levee. The O&M manual indicates this Cutoff wall with Sutter Butte canal There is no documenation of proper abandonment of the IR (G)
pipeline is located 50 feet south of Sunset Pump Station but it appears this relocation pipeline. We believe this pipeline was actually located at
pipeline is the same pipeline addressed in Permit 4556 and 4719 located at 1465+50 and removed per permit 4719. The type and size
Station 1465+50. The pipeline at Station 1465+50 was a 36 inch CMP appear to match the Reclamation Board Permit. Replace in
installed in 1913 and removed in 1964. It should have shown on the O&M accordance with USACE Standard.
manual.
188 21 1429+98 2,216,368.25 6,664,376.98|12 KV OH Power Cutoff wall with Sutter Butte canal EL OH
relocation
189 21 1429+68 2,216,338.71 6,664,376.58|12 KV OH Power Cutoff wall with Sutter Butte canal EL OH
relocation
190 21 1429+50 Existing rubble coffer dam constructed with Reclamation Board Permit 3610. Cutoff wall with Sutter Butte canal IR
Repair coffer dam. relocation
191 21 1428+50 Sutter Butte Main Canal Begin (Station 1428+50 to 1433+83) -Main Cutoff Wall Recommended Relocation between station 1429+00 to IR
Irrigation Canal approx 420 cfs 1433+83
192 21 To construct a 12 KV pole line extension adjacent to the levee and across the Cutoff Wall EL OH
floodway of the Feather River. The pole line will be located 30 feet from the
waterside toe of the levee and will parallel the levee for a distance of 792 feet,
thence across the floodway for a distance of 834 feet. The pole line extension
will consists of three 264 foot spans and three 278 foot spans.
193 21 1399+27 2,213,450.77 6,664,966.80|To install a 12 kv pole line across and along the right bank levee of the Cutoff Wall EL OH
Feather River.
194 21 To construct approximately 5,000 feet of lateral drain seepage relief trenches Cutoff Wall No work proposed and the seepage drain can remain. struc
with perforated pipe and drain rock at the landward toe of the right bank levee
for the Feather River. The proposed trench will be located at the landward
levee toe at approximately 2 feet in width and 4 feet deep. LM 3.00 to 3.83
and LM 4.36 to 4.91. End Seepage Interceptor Trench

To construct a well and septic tanks for 2 mobile homes and to extend
electrical service to well on right bank overflow area of Feather River

Cutoff Wall
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200

21

1391+96

2,212,767.43 6,665,226.86

To extend a 12 kv pole line out into the right bank levee and overflow area of
the Feather River

Cutoff Wall

EL

OH

201

21

1375+35

2,211,296.56 6,665,998.34

Sutter Extension Sunset Lateral Begin (Station 1375+35 to 1428+50) Open
irrigation ditch 15 feet from landside toe

Cutoff Wall

Relocate outside of of the proposed right-of-way.

Struc

202

21

1374+94

1374+33

2,211,260.36 6,666,016.66

To construct approximately 5,000 feet of lateral drain seepage relief trenches
with perforated pipe and drain rock at the landward toe of the right bank levee
for the Feather River. The proposed trench will be located at the landward
levee toe at approximately 2 feet in width and 4 feet deep. LM 3.00 to 3.83
and LM 4.36 to 4.91. Begin Seepage Interceptor Trench

Reach 20/21 Transition

Cutoff Wall

Struc

204

20

1350+00

To plant peach trees and to establish two wells and install pumping plants in
right bank overflow of the Feather River

Cutoff Wall

struc

205

20

1350+00

To extend 12 kv pole line parallel to the water ward toe of levee for a distance
of approximately 1,500 feet north from Koch Lane, on the right bank
overflow area of the Feather River/

Cutoff Wall

EL

OH

206

20

Excavation into toe of levee from 1 to 3 feet high and ground is tilled adajcent
to the landside toe. The CVFPB sent an encroachment violation notice on
August 17, 2011 to Julie M. Filter-Correll.

Cutoff Wall

Struc

207

20

1347+37

2,208,612.74 6,666,676.45

To install a 60 foot pole 86 feet from the landward toe of the levee, a 60 foot
pole 10 feet from the water ward toe of the levee and 6 additional poles on the
right bank overflow of the Feather River. The 12kv electrical service will be
extend across the levee to serve a pump installed under Permit 6380. The
span across the levee will be 234 feet. The clearance between the overhead
wires and the top of the levee will be 31 feet.

Cutoff Wall

EL

OH

208

20

1347+00

2,208,582.82 6,666,680.19

Missile Communication Cable System. Installation of an underground cable
at a minimum depth of 3 feet, a corrugated metal cutoff wall is located on
each cable, from Beale Air Force Base to the vicinity of Chico Airport,
crossing several channels in Butte, Placer, Sutter, and Yuba Counties. In
1968 the USACE requested approval to abandon the cable in-place and cut

Cutoff Wall

The cable does not meet title 23 requirements. According to
email from US Government to WR, the cable is no longer in
use and can be disposed. Replace in accordance with
USACE standard

TL

4.0

209

20

1345+00

To plant prune orchard on the right bank overflow area of the Feather River,
downstream from Koch Road

Cutoff Wall

Trees

210

20

1345+00

To retain walnut orchard on the right bank overflow area of the Feather River,
downstream from Koch Road

Cutoff Wall

Trees

211

TFo-install-3 -disel pipelines across-the right-bank-levee of the-
4 L4

Cutoff Wall
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212 20 1328+00 To construct a 12 kv aerial power line on the right bank overflow area of the Cutoff Wall EL OH
Feather River
213 20 1327+00 2,206,597.56 6,666,928.33|12KV overhead power line crossing Cutoff Wall EL OH
214 [ 20 1317+15] TFo-install-3 -disel pipelines-across-the right-bank-levee of the- Cutoff-wall SB{P)
215 20 1315+03 2,205,398.45 6,666,943.63|To construct approximately 5,000 feet of lateral drain seepage relief trenches Cutoff Wall Struc
with perforated pipe and drain rock at the landward toe of the right bank levee
for the Feather River. The proposed trench will be located at the landward
levee toe at approximately 2 feet in width and 4 feet deep. LM 3.00 to 3.83
and LM 4.36 to 4.91. End Seepage Interceptor Trench
216 20 1314+80 2,205,375.80 6,666,944.25|Micheli Storm Drainage Pump Station. To install a pump with 20 Inch steel Cutoff Wall The pipeline does not meet title 23 requirements and will SD(P) 2.0
discharge pipe through the right bank of the Feather River for the removal of need a positive shut-off structure installed and automatic
stormwater. drainage gate on waterside of levee. Replace in
accordance with USACE standard
218 | 20 1305+30; Cutoff- Wall SB{R)
19/20 1297+83 Reach 19/20 Transition
220 19 1293+66 2,203,266.22 6,666,867.99|End Concrete Lined Ditch on landside toe of levee Cutoff Wall Relocate outside of of the proposed right-of-way. struc
221 19 1293+66 2,203,266.22 6,666,867.99[12 KV Overhead Power line crossing of levee. One pole 6 foot from levee Cutoff Wall EL OH
toe.
222 19 To construct approximately 5,000 feet of lateral drain seepage relief trenches Cutoff Wall struc
with perforated pipe and drain rock at the landward toe of the right bank levee
for the Feather River. The proposed trench will be located at the landward
levee toe at approximately 2 feet in width and 4 feet deep. LM 3.00 to 3.83
and LM 4.36 to 4.91. Begin Seepage Interceptor Trench
223 19 1284+91 2,202,406.27 6,666,705.08|Begin Concrete Lined Ditch on landside toe of levee Cutoff Wall Relocate outside of of the proposed right-of-way. struc
224 19 1266+71 2,200,600.09 6,666,626.50| 12KV overhead power line crossing Cutoff Wall Relocate outside of of the proposed right-of-way. EL OH
225 19 1265+59 2,200,487.69 6,666,648.86|Sullivan Pump Station. 18 inch steel pipe through the levee. Pump and Gate Cutoff Wall The pipeline does not meet title 23 requirements and will IR(P) 18.3
valve in pump house on the channel bank. Concrete well on the bank. need a positive shut-off structure installed and anti-siphon
Siphon breaker in CMP riser on landside slope. (Sullivan Pump Station) device on waterside hinge of levee. The pipe line is
pressurized and need to be installed above the design water
surface. The current installation is at-grade. Replace in
accordance with Title 23
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226 19 1229+41 2,197,325.05 6,668,184.53|Kewal Singh IR PS. A 16 inch steel pipe through levee. Pump in pump Cutoff Wall The pipeline does not meet title 23 requirements and will IR(P) 3.00r]
house on channel bank. Gate valve on the waterside end. Concrete need a positive shut-off structure installed and anti-siphon deeper
standpipe. device on waterside hinge of levee. The pipeline is through

pressurized and will need to be installed about the design levee?
water surface. Replace in accordance with USACE
standard
227 19 1226+06 2,197,092.42 6,668,425.95(12 KV power pole located in landside slope Cutoff Wall Relocate outside of of the proposed right-of-way. EL OH
18/19 1213+85 Reach 18/19 Transition

228 18 Excavation into the toe of levee on waterside 0.5 to 3 feet high with near Cutoff Wall struc
vertical slope. CFPB sent an encroachment violation notice on July 27, 2011
to Kewall Singh.

229 18 1201+00 Wilbur Ranch Irrigation Water Well located within 50 feet of levee toe. Cutoff Wall well
Underconstruction as of March 6, 2012.

230 18 1200+69 2,194,694.58 6,669,169.33|Wilbur Ranch Irrigation Water Well located within 10 feet of levee toe. Cutoff Wall The water well does not meet Title 23 since too cloase to well
There is also a service pole and electrical panel. levee. The water well is located within the proposed right-

of-way for levee project. Relocate outside of of the
proposed riaht-of-wav.

23| 18 1200+69; 2:194,694-58/ 6,669,169:33 Cutoff WaH i RP) 2-8]

232 18 1195+20 Cutoff Wall EL OH

233 18- 1182+75 20-Inch-steel-pipeline-through-levee(rot-installed)~Plans-prepared-by-MHM Cutoff Wall Pipe-eas-never-instaHed—No-work: HRAY 3.0
Joh-No-78-158-

234 18 1181+50 Abandoned 8 inch steel pipe through levee. Pipe plugged on the waterside Cutoff Wall The pipeline does not meet title 23 requirements and will IR(A) 4.0
toe. need a positive shut-off structure installed and automatic

drainage gate on waterside of levee. Recommend Removal

235 18 1180+98 2,192,727.96 6,669,163.92(3 inch steel pipe through levee crown Cutoff Wall The pipeline does not meet title 23 requirements and will IR(P) 1.0
need a positive shut-off structure installed and automatic
drainage gate on waterside of levee. Recommend Removal

236 18 1180+50 One 12 inch steel pipe through levee. Pipe exposed on landside slope Cutoff Wall The pipeline does not meet title 23 requirements and will IR(P) 1.0

need a positive shut-off structure installed and automatic
drainage gate on waterside of levee. Recommend Removal

237 18 1180+00 To construct a 15 inch diameter corrugated metal drain pipeline across the Cutoff Wall SD(G)
overflow area and through the right bank of the Feather River. The proposed
pipeline will be 625 feet in length and have 15 feet of cover.

238 | 18 1182475 Cutoff WaH RP)
Reclamation Board

239 18 1174+05 2,192,034.01 6,669,096.85(Water Well and Pump 20 feet from Landside toe Cutoff Wall The water well is located within the proposed right-of-way well

for levee project. Relocate outside of of the proposed right-
of-way.

240 18 1170+04 2,191,638.99 6,669,057.61|12KV overhead power line crossing Cutoff Wall Relocate outside of of the proposed right-of-way. EL OH

241 18 1152+55 2,189,899.09 6,668,879.71(Twin 110 KV Tower line across Feather River Cutoff Wall EL OH

242 18 1138+22 2,188,574.27 6,668,732.99|12 KV and 40/60 KV power pole located in landside slope Cutoff wall Relocate outside of of the proposed right-of-way. EL OH
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243 18 1135+31 2,188,188.41 6,668,676.43|16 inch gas line through the levee. Marker post on the waterside shoulder Cutoff wall The pipeline does not meet title 23 requirements and will GL 315
need a positive shut-off structure installed. Replace in
accordance with USACE standard
244 18 1133+00 To construct 1,180 feet of 12 kv line in the right bank overflow area of the Cutoff wall EL OH
Feather River
18 1132+61 Levee District No. 1 Levees /Levee District No. 9 Transition
245 18 1132+09 2,187,967.19 6,668,647.98|8-5/8" steel pipeline within railroad right-of-way parallel to tracks Cutoff wall The pipeline does not meet title 23 requirements and will GL
need a positive shut-off structure installed. Replace in
accordance with USACE standard
246 18 1131+82 2,187,840.25 6,668,647.20(Fiber optic cable Cutoff wall The cable does not meet title 23 requirements. Replace in TL
accordance with USACE standard
17/18 1130+86 Reach 17/18 Transition
247 17 1130+47 2,187,705.38 6,668,643.93|Union Pacific Railroad Crossing. There is no stop log structure. Jet Grouting RR 6.0
248 17 1128+00 To construct a ramp on the waterside slope of the right bank levee on the Cutoff wall Struc
Feather River adjacent to the SPRR.
249 17 1127+48 2,187,405.84 6,668,629.29(Village Green Trailer Park - To install a 10 inch outfall pipe through the right Cutoff wall The pipeline does not meet title 23 requirements and will SD(P)
bank levee of the Feather River to provide storm drainage for a mobile home need a positive shut-off structure installed. Replace in
park. accordance with USACE standard
250 17 1125+00 An existing irrigation well in the right bank overflow area of the Feather Cutoff wall with landside toe fill Well
River.
251 17 1111+46 2,185,808.02 6,668,723.59(West Onstott Frontage Road Pump Station and Clark Avenue Pump Station Cutoff wall with landside toe fill The pipeline does not meet title 23 requirements and will SD(P) 11
Drainage Area. 16 Inch welded steel 7 GA asphalt coated storm drain need a positive shut-off structure installed. Replace in
discharge pipe over levee connected to 24 inch pipe in overflow area, outfall accordance with USACE standard
ditch, and pipes in floodway (Source: City of Yuba City Pump Station No. 4
and City of Yuba City Pump Station No. 2)
252 17 1107+82 2,185,444.63 6,668,754.75|12 KV crossing & power pole located in landside slope Cutoff wall with landside toe fill Relocate outside of of the proposed right-of-way. EL OH
253 17 To install an intertie to an existing waste water line and abandon Cutoff wall RW(P) 4.0
approximately 40 feet of 24 inch diameter pipe on the right bank of the
Feather River.
254 17 1096+81 2,184,421.28 6,669,119.50(Yuba City Water Treatment Plant 28" (29 25/32" OD) 7 GA welded steel Jet Grouting The pipeline does not meet title 23 requirements and will RW(P) 5.0
waterline pipe crossing of levee. New permit included installation of need a positive shut-off structure installed. Replace in
automatic drainage gates on pipelines. (copy of record drawings) accordance with USACE standard
255 17 1096+71 2,184,412.72 6,669,124.71| Yuba City Water Treatment Plant 24" 7 GA welded steel waterline pipe Jet Grouting The pipeline does not meet title 23 requirements and will RW(P) 4.7
crossing of levee. New permit included installation of automatic drainage need a positive shut-off structure installed. Replace in
gates on pipelines. (copy of record drawings) accordance with USACE standard
256 17 1096+62 2,184,404.80 6,669,129.53|Yuba City Water Treatment Plant 42"cement mortar lined and coated welded Jet Grouting The pipeline does not meet title 23 requirements and will RW(P) 25
steel pipe waterline crossing of levee (copy of record drawings) need a positive shut-off structure installed. Replace in
accordance with USACE standard
257 17 1096+50|to be installed to be installed Yuba City Water Treatment Plant 48"cement mortar lined and coated welded Jet Grouting This is a new pipelines that will meet Title 23 and USACE | RW(P) 2.0

steel pipe waterline crossing of levee (to be installed and requested by the
City of Yuba City)

requirements except as noted in variance column. Replace
in accordance with USACE standard
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258 17 1096+74 2,184,416.62 6,669,124.90|To install a 12 kv aerial pole line extension across the right bank levee of the Jet Grouting EL OH
Feather River. The pole line shall serve the Yuba City Water treatment Plant
intake pump station
259 17 1093+12 Telephone Call box on landside hinge point Cutoff wall Relocate outside of of the proposed right-of-way. TL
260 17 1086+33 Construction of an 80 foot high Monopole for a Cell Tower. The work Cutoff wall Cell
includes a 32' x 83' compound, PG&E 100 KVA transformer box, 600 AMP
PG&E Electrical Meter Service.
16/17 1080+00 Reach 16/17 Transition
261 16 1079+91 2,183,133.99 6,670,212.82|8 inch Gas Line Cutoff wall The pipeline does not meet title 23 requirements and will GL 315
need a positive shut-off structure installed. Replace in
accordance with USACE standard
262 16 1073+41 2,182,671.85 6,670,670.15|16 inch Gas Line (PG&E Map shows the gas main as 12 inch) No Rehabilitation Required The pipeline does not meet title 23 requirements and will GL 315
need a positive shut-off structure installed. Replace in
accordance with USACE standard
263 16 Excavation into the levee on the waterside approximately 0.5 to 2 feet, near No Rehabilitation Required struc
vertical in some places. Minor rutting, ponding, and depressions in the levee
toe road. CVFPB sent a encroachment violation notice on August 16, 2011 to
City of Yuba City.
264 16 1054+75 2,181,074.23 6,671,588.96| Telephone Call box on landside hinge point No Rehabilitation Required Relocate outside of of the proposed right-of-way. TL
265 16 1043+52(not verified Abandon 36 inch pipe No Rehabilitation Required The pipeline does not meet title 23 requirements and will SS(G)
need a positive shut-off structure installed and automatic
drainage gate on waterside of levee. Recommend Removal
266 16 1043+52 2,180,149.57 6,672,223.24| Abandoned 27 inch Centrifugal Spun Concrete Pipe. City of Yuba City No Rehabilitation Required The pipeline does not meet title 23 requirements and will SS(G) 38.6
Drawing 214-D per 1949 plans need a positive shut-off structure installed and automatic
drainage gate on waterside of levee. Recommend Removal
267 16 1043+45 2,180,137.11 6,672,230.51|To install a 36 Inch discharge pipe through right bank of Feather River. No Rehabilitation Required The pipeline does not meet title 23 requirements and will SD(P) 5.0
need a positive shut-off structure installed. Replace in
accordance with USACE standard
268 16 1043+27 2,180,126.23 6,672,235.13|To install a 24 inch wrapped steel pipe through the right bank levee of the No Rehabilitation Required The pipeline does not meet title 23 requirements and will SD(P) 2.0

Feather River

need a positive shut-off structure installed. Replace in
accordance with USACE standard
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269 16 1043+22 2,180,121.72 6,672,237.88|To construct a 24 inch steel pipe storm drainage discharge pipe crossing the No Rehabilitation Required The pipeline does not meet title 23 requirements and will SD(P) 4.0
west levee of the Feather River need a positive shut-off structure installed. Replace in
accordance with USACE standard
270 16 1043+03 2,180,106.36 6,672,244.70|Gilsizer Slough Storm Drain Facilities. A 16 inch welded steel discharge pipe No Rehabilitation Required The pipeline does not meet title 23 requirements and will SD(P) 13
crossing of levee. (copy of record drawings) need a positive shut-off structure installed. Replace in
accordance with USACE standard
271 16 1037+50 Not Verified Abandoned 8 inch gas line through levee. Removed per Permit 1445A No Rehabilitation Required Not sure if the abandonment meets title 23 requirements. GL
Pipe may need to be properly abandoned or completely
removed.
272 16 To construct approximately 4,400 lineal feet of filter trench adjacent to the No Rehabilitation Required
right bank levee of the Feather River. The proposed trench will be located at
the landward levee toe, be 3 feet wide and 4 feet deep.
273 16 1028+11 2,178,636.47 6,672,461.02|Power pole in waterside slope No Rehabilitation Required Relocate outside of of the proposed right-of-way. EL
274 16 1029+10 2,179,608.80 6,672,356.03|To bury existing two submarine telephone cables into two parallel trenches No Rehabilitation Required The conduit may not meet title 23 requirements. Replace TL 5.0
100 feet apart in the channel of the Feather River. Both cables were installed in accordance with USACE standard
per Permit 1334 in September 15, 1948. The permit stated the cable will be
buried to a depth of five feet in the levees.
275 16 1028+10 2,179,506.59 6,672,370.16|To bury existing two submarine telephone cables into two parallel trenches No Rehabilitation Required The conduit may not meet title 23 requirements. Replace TL 2.0
100 feet apart in the channel of the Feather River. Both cables were installed in accordance with USACE standard
per Permit 1334 in September 15, 1948. The permit stated the cable will be
buried to a depth of five feet in the levees.
276 16 1026+71 21,784,783.54 6,672,514.29|10" overside Drain line on the water side levee slope for bridge area drainage Seepage berm The pipeline does not meet title 23 requirements and will TL
need a positive shut-off structure installed and automatic
drainage gate on waterside of levee. Replace in accordance
with USACE standard
277 16- 1026+70; Seepage berm TL
278 16 1026+58 2,178,488.35 6,672,429.49(40 foot long retaining wall landside of levee just upstream of the Feather Seepage berm Road
River Bridge
279 16 1026+22 2,178,451.96 6,672,425.20|Feather River Bridge (SR 20) upstream side Seepage berm Bridge
280 16 1025+32 2,178,375.92 6,672,443.76|Feather River Bridge (SR 20) downstream side Seepage berm Bridge
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281 16 1025+32 2,178,375.92 6,672,443.76|Seismic Retro of Feather River Bridge and bike paths on both sides of bridge Seepage berm Bridge
282 16 1024+95 2,178,319.03 6,672,456.34|12 kv power line across levee Seepage berm Relocate outside of of the proposed right-of-way. EL OH
283 16 1024+70 Backfill Community Swimming Pool located near the base of the Feather Seepage berm struc

River Bridge (10th Street Bridge)
284 16 1024+48 2,178,296.55 6,672,470.53(40 foot long retaining wall landside of levee just downstream of the Feather Seepage berm Road

River Bridge
285 16 1021+95 2,178,044.07 6,672,487.29|12 kv power line across levee No Rehabilitation Required EL OH
286 16 1021+00 Telephone line on river slope of levee 260 feet downstream of Feather River No Rehabilitation Required TL

Bridge (10th Street Bridge)
287 16 1020+85 Abandon 4 inch pipe No Rehabilitation Required The pipeline does not meet title 23 requirements and will SD(G) 13

need a positive shut-off structure installed and automatic
drainage gate on waterside of levee. Recommend Removal

288 16 1020+30 2,177,879.35 6,672,496.38| Telephone Call box on waterside hinge point No Rehabilitation Required Relocate outside of of the proposed right-of-way. TL
289 16 1019+82 2,177,832.15 6,672,504.71|Power pole in waterside slope No Rehabilitation Required Relocate outside of of the proposed right-of-way. EL OH
290 16 1013+00 To place approximately 4,000 feet of blanket drain and filter trench on the No Rehabilitation Required Struc

right bank of levee of the Feather River upstream and downstream of the SR

20 Bridae
291 16 1010+75 2,176,773.87 6,672,930.97(Install Guy within in landside slope of levee, 12 kV overhead electric No Rehabilitation Required EL
292 16 1008+38 2,176,779.63 6,672,929.15|12 kv power line across levee No Rehabilitation Required Relocate outside of of the proposed right-of-way. EL OH
293 16 1007+50 To construct approximately 1,300 feet of 12 foot wide bicycle trail on the Jet Grouting Struc

crown of the right bank levee of the Feather River. The Project is located in

Yuba City between the 5th Street Bridge and the easterly extension of

Teanarden Avenue.
294 16 1007+50 4' by 3' deep erosion pocket. 4 foot vertical bank under Twin Cities Memorial Jet Grouting struc

Bridge
295 16 1007+50 To construct a bicycle trail for approximately 3.5 miles on the right bank Jet Grouting Road

levee other the Feather River from Shanghai Bend Road to Northgate

Boulevard
296 16 1007+50 Bike Path below Twin Cities Memorial Bridge Jet Grouting Road
297 16 1007+51 2,176,709.34 6,672,981.09|Twin Cities Memorial Bridge upstream side Jet Grouting Bridge
298 16 1007+46 2,176,706.50 6,672,984.37|Light pole in water side levee slope Jet Grouting Relocate outside of of the proposed right-of-way. EL OH
299 16 1007+06 2,176,671.72 6,673,005.93|Twin Cities Memorial Bridge downstream side Jet Grouting Bridge
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300 16 1006+93 2,176,642.84 6,672,995.25|Power line and Anchor in Levee (actual location) Jet Grouting EL

301 16 1006+60 2,176,647.27 6,673,046.63|Sacramento Northern Railroad Jet Grouting RR

302 16 1006+07 2,176,610.55 6,673,084.90|Power Pole and anchor in slope of levee. 100 feet south of the SNRR bridge Jet Grouting EL OH

w/ service power overhead

303 16 1006+00 City of Yuba City. To replace the existing retaining wall with an 8 foot high, Jet Grouting struc
76 foot long concrete retaining wall on the landside of the right (east) bank
levee of Feather River.

304 16 1005+80 Concrete steps and 4 inch diameter PVC pipe on the landward slope and a No Rehabilitation Required struc/IR

pump house within 10 feet of the landward toe. P)
305 16 1003+72 2,176,461.52 6,673,266.98|Power Pole and anchor in slope of levee. 300 feet south of the SNRR bridge No Rehabilitation Required Relocate outside of of the proposed right-of-way. EL OH
306 16 1000+50 A 3-wire barded wire fence with a gate within 5 feet of the levee toe and two No Rehabilitation Required struc

mature trees at the landward toe. The project is located on Keyser Street

307 16 999+90 A 120 foot long building at the landward toe No Rehabilitation Required Relocate outside of of the proposed right-of-way. struc

308 16 995+50 Authorize a 3-wire barded wire fence and two mature trees at the landward No Rehabilitation Required struc
toe. The project is located at 563??? Second Street

311 16 993+25 A building near the landward toe of the levee. No Rehabilitation Required struc
312 16 992+00 A shed, concrete wall, and chain-link fence with gate at landward toe. The No Rehabilitation Required struc
permit also covers two steel posts on the shoulder and seventeen mature trees
on the landward slope
313 16 991+00 A shed at the landward toe No Rehabilitation Required struc
314 16 992+00 A two-story garage and shop building at the landward toe and six mature trees No Rehabilitation Required Relocate outside of of the proposed right-of-way. struc
on the landward slope
315 16 989+75 A building at the landward toe and 21 mature trees and sprinkler system on No Rehabilitation Required Relocate outside of of the proposed right-of-way. struc
the landward slope.
316 16 988+05 2,175,065.02 6,673,942.87(3 inch steel pipe, does not appear to cross levee anymore No Rehabilitation Required The pipeline does not meet title 23 requirements and will IR(P)
need a positive shut-off structure installed and automatic
drainage gate on waterside of levee. Recommend Removal
317 16 989+20 A garage and a shed at the landward toe No Rehabilitation Required struc
318 16 988+50 Authorize a small building, a chain-link fence, four mature trees at the No Rehabilitation Required struc

landward toe, and five clumps of oleanders on the landward slope.
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319 16 987+60 Authorize a small building and a chain link fence on an existing retaining wall No Rehabilitation Required Recommended Relocation struc
at the landward toe, concrete stairs, a steel pipe frame, and two large mature
trees on the landward slope. A hose bib on the landward shoulder of the right
bank of levee.

320 16 986+75 A see-through fence on a 5 foot retaining wall, steps, and nine mature trees on No Rehabilitation Required struc
the landward slope.

321 16 986+00 Concrete steps with railing and pomegranate bush on landward slope. The No Rehabilitation Required struc
permit also covers a concrete retaining wall at the landward toe.

322 16 985+30 Chain Link fence with gate, three oleander trees, and steps within the No Rehabilitation Required struc
landward slope.

323 16 984+50 Chain Link fence with gate, three oleander trees, and steps within the No Rehabilitation Required struc
landward slope.

324 16 983+20 A building, barbed wire fence, and ten trees at landward toe No Rehabilitation Required struc

325 16 981+25 A 60 foot long see-through board fence and 75 foot long clothesline and No Rehabilitation Required struc
landward toe. A shed 5 feet from landward toe and a mature oak tree on the
landward slope

326 16 980+15 A chain-link fence with gate within 10 feet of landward toe No Rehabilitation Required struc

327 16 979+90 A see-through fence and storage shed within 10 feet of the landward toe. The No Rehabilitation Required struc
project is located at 265 Second Street, Yuba City, CA

328 16 979+40 A see-through fence and storage shed within 5 feet of the landward toe. The No Rehabilitation Required struc
project is located at 261 Second Street, Yuba City, CA

329 16 978+80 A Chain Link fence with gate within 5 feet of landward toe, a cedar tree at the No Rehabilitation Required struc
landward toe, and stone steps on the landward slope. This project is located
at 255 Second Street.

330 16 976+10 A shed and three trees at the landward toe of the right bank levee of the No Rehabilitation Required Relocate outside of of the proposed right-of-way. struc
Feather River. The project is located at 225 Second Street, Yuba City, CA
95591

331 16 975+40 A 6 foot high chain link fence and gate at the right bank levee of the Feather No Rehabilitation Required struc
River

332 16 974+25 A residence within 5 feet of the landward toe No Rehabilitation Required struc

333 16 973+30 A residence at landward toe and oak on the landward slope No Rehabilitation Required Relocate outside of of the proposed right-of-way. struc

334 16 975+00 To construct a restroom facility with septic tank and leach lines at the Yuba No Rehabilitation Required struc
City Boat Ramp on the right bank of the Feather River.

83b| 16 972+29 2 Inch Domestic Water Line serving the Yuba City Boat Dock. No Rehabilitation Required The pipeline does not meet title 23 requirements and will W(P)

need a positive shut-off structure installed. Replace in
accordance with Title 23

336 16 972+00 To construct improvement for the boat launching ramp and related facilities No Rehabilitation Required struc
on the right bank of the Feather River.

337 16 972+00 To construct improvement for the Yuba City Boat Ramp consisting of a paved No Rehabilitation Required struc

parking area, restroom facilities, floating boat dock and extension of concrete
boat ramp on the right bank of the Feather River.
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338 16 972+00 To reconstruct an existing access road to the Yuba-Sutter Boat Ramp on the No Rehabilitation Required struc
right bank of the Feather River
339 16 972+00 To maintain and operate existing boat dock for public use for boating, fishing, No Rehabilitation Required struc
and a campground with related facilities including a mobile home on the right
bank of the Feather River.
15/16 968+50 Reach 15/16 Transition No Rehabilitation Required
340 15 968+00 To construct 120 lineal feet of sheet piles retaining wall, and nine 10 x 10 No Rehabilitation Required Located within floodway. Does not affect levee project. struc
foot boat docks supported by seven 12 inc diameter steel piles to an existing
30 foot wide ramp (Yuba City Boat Ramp)
341 15 964+78 Telephone Call box on waterside hinge point No Rehabilitation Required Relocate outside of of the proposed right-of-way. TL
14/15 954+40 Reach 14/15 Transition No Rehabilitation Required
342 14 952+00 12 kv cable No Rehabilitation Required Relocate outside of of the proposed right-of-way. EL UG
13/14 927+00 Reach 13/14 Transition No Rehabilitation Required
343 13 925+16 Telephone Call box on waterside hinge point No Rehabilitation Required Relocate outside of of the proposed right-of-way. TL
344 13 925+00 To construct access ramps No Rehabilitation Required Located within floodway. Does not affect levee project. struc
345 | 13- 920+00 Consolidated-Area-Housing Authority-of Sutter County.—Strom-Drainage Pipe Cutof-Wall SBP)
1 need-a pr\cifi\lu shut-off structure-installed —R : ] n
i
346 13 913+19 2,168,046.21 6,673,496.81|Two 16 inch gas lines. (PG&E map shows the gas lines as 2-12 inch) Cutoff Wall The pipeline does not meet title 23 requirements and will GL 3.0
need a positive shut-off structure installed. Replace in
accordance with USACE standard
347 13 894+23 2,166,221.70 6,673,147.49|To install a 12kv buried power cable through the right bank levee and across Cutoff Wall The cable appears to meet title 23 requirements but the EL UG
the right bank overflow of the Feather River, a total distance of 896 feet. cutoff wall will remove improvements. Replace in
Poles will be installed near the top of the banks of the low water channel and accordance with USACE standard
aerial cable will be placed between the two poles which will be connected to
the underground cable.
348 13 893+84 2,166,181.41 6,673,142.43|Garden Highway Industrial Park. To install a 12 inch steel storm drain Cutoff Wall The pipeline does not meet title 23 requirements and will SD(P) 83
pipeline through the right bank levee of the Feather River (Source: City of need a positive shut-off structure installed. Replace in
Yuba City Pump Station No. 1) accordance with USACE standard
349 13 893+78 2,166,175.45 6,673,142.43|Burns Drive Storm Water Pump Station. 16 inch steel storm drain discharge Cutoff Wall The pipeline does not meet title 23 requirements and will SD(P) 2.7
pipe through levee. (Source: City of Yuba City Pump Station No. 1) need a positive shut-off structure installed. Replace in
accordance with USACE standard
350 13 881+40 2,164,942.19 6,673,036.13|Levee District No. 1 Relief Well Pump Station 6" pipes located just southeast Cutoff Wall The pipeline does not meet title 23 requirements and will RW(P) 51

of the Waste Water Treatment Plant. The waterside outlet structure has
cobbles and the flap gate is damaged or plugged. CVFPB sent a notice of
encroachment violation on August 16, 2011 to Sutter County.

need a positive shut-off structure installed.
Removal

Recommended
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351 13 881+43 2,164,944.70 6,673,036.17|Levee District No. 1 Relief Well Pump Station 14" pipes located just Cutoff Wall The pipeline does not meet title 23 requirements and will RW(P) 51
southeast of the Waste Water Treatment Plant. The waterside outlet structure need a positive shut-off structure installed. Recommended
has cobbles and the flap gate is damaged or plugged. CVFPB sent a notice of Removal
encroachment violation on August 16, 2011 to Sutter County.
352 13 856+23 2,162,702.52 6,674,085.34(South Yuba City Seepage Interceptor Pump Station 24 inch 7 GA Steel Pipe Cutoff Wall The pipeline does not meet title 23 requirements and will SD(P) 52
asphalt coated and wrapped with asphalt saturated felt discharge pipe (Source: need a positive shut-off structure installed. Recommended
City of Yuba City Pump Station No. ?) Removal
353 13 856+08 2,162,689.81 6,674,093.30|South Yuba City Storm Drainage Pump Station 24 inch 7 GA Steel Pipe Cutoff Wall The pipeline does not meet title 23 requirements and will SD(P) 5.2
asphalt coated and wrapped with asphalt saturated felt discharge pipe (Source: need a positive shut-off structure installed. Replace in
City of Yuba City Pump Station No. 3) accordance with USACE standard
354 13 Seepage Interceptor Trench and additional relief wells. The improvements Cutoff wall struc
were adjacent to the River Oaks subdivision between the wastewater
treatment plant and Shanghai Road. All work on landside of levee.
355 13 849+85 Telephone Call box on waterside hinge point Cutoff wall Relocate outside of of the proposed right-of-way. TL
356 13 Bike Path below Twin Cities Memorial Bridge Cutoff wall struc
12/13 845+00 Reach 12/13 Transition
357 12 Shanghai-Bend-Road-Setback-levee project No Rehabilitation Required strue
358 12 832+24|to be installed to be installed City of Yuba City Sewer 24 inch welded steel pipe mortar lined and coated No Rehabilitation Required This is a new pipelines that will meet Title 23 and USACE | SS(P) 2.0
pipe discharge pipe. This pipeline shall replace the existing 24 inch located at requirements except as noted in variance column.
Station 828+55. The existing pipeline will be removed and disposed.
359 12 832+17|to be installed to be installed City of Yuba City Sewer 2-24 inch welded steel pipe mortar lined and coated No Rehabilitation Required This is a new pipelines that will meet Title 23 and USACE SS(P) 2.0
pipe discharge pipe. This is a new pipeline requested by the City of Yuba requirements except as noted in variance column.
City.
11/12 830+00 Reach 11/12 Transition
360 11 828+55 2,160,267.77 6,675,134.01|City of Yuba City Sewer 24 inch welded steel pipe mortar lined and coated Cutoff Wall The pipeline does not meet title 23 requirements and will SS(P) 2.3
pipe (wall thickness 0.188" min) Discharge Pipe to river diffuser need a positive shut-off structure installed. Replace in
accordance with USACE standard
361 | 1+ Cuteff-wak SBiPy
10/11 774+00 Reach 10/11 Transition Cutoff Wall
362 10 771+30 Construct a gaging station approximately 150 feet downstream form the Cutoff Wall struc
present gaging station, known as Feather River below Shanghai Bend. It is
proposed to install an 8 foot high by 5 foot 4 inch square recorder house on
the right bank berm approximately 155 feet from centerline of levee.
363 10 750+40 2,152,869.21 6,673,338.66(115 kv steel tower transmission line crossing of levee Cutoff Wall EL OH
364 10 750+10 2,152,823.05 6,673,332.24|12 kv power line crossing of levee Cutoff Wall EL OH
9/10 706+50 Reach 9/10 Transition Cutoff Wall
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365 9 692+00 To construct 140 lineal feet of sheet piles retaining wall, and nine 10 x 20 Cutoff Wall Located within floodway. Does not affect levee project. struc
foot boat docks supported by seven 12 inch diameter steel piles to an existing
30 foot wide ramp (Boyd Pump Boat Ramp)
366 9 692+00 To improve the existing Boyd Pump Boat Launching Facility by widening the Cutoff Wall Struc
existing ramp to 30 feet with 4 foot walkways on each side, paving existing
access road, and expanding parking area by 25 spaces, and placing riprap on
the right bank of the Feather River.
367 9 692+00 To construct boat launching ramp, well, pump, pressure system, and sanitary Cutoff Wall Struc
facilities on the right bank overflow of the Feather River
368 9 689+09 2,146,949.33 6,672,031.04|Oswald Mutual Water Company (Boyd's Pump) 18 inch epoxy coated mortar Cutoff Wall The pipeline does not meet title 23 requirements. The IR(P) 27.6
lined steel pipe through existing 24 inch concrete pipe crossing of levee facility will need to go up and over the levee and will need a
positive shut-off structure installed and anti-siphon device.
Replace in accordance with USACE standard
369 9 689+00 2,146,953.52 6,672,029.11(To replace an existing pole line with a new pole line across the right bank Cutoff Wall EL OH
levee of the Feather River. A new pole will be placed 10 feet landward of the
landward toe of the levee and another pole will be placed 24 feet water ward
of the water ward toe of the levee.
370 9 689+00 2,146,953.52 6,672,029.11(To place a service line on a PG&E pole crossing the right bank levee of the Cutoff Wall TL OH
Feather River
371 9 688+90 Irrigation Production Well (located 25 foot west of landside levee toe) Cutoff Wall well
372 9 669+20 Sierra Gold Nursery. Service Pole, Electrical Panel, Meter, and Irrigation Cutoff Wall well
Production Well 30 feet from landside levee toe.
373 9 664+07 2,144,450.88 6,672,127.42(Sierra Gold Nursery. An 8 inch steel pipe through levee. This pipe was Cutoff Wall The pipeline does not meet title 23 requirements. The SD(P) 3.6
pressure checked and in 1984 as part of permit 13980 to connect to existing crossing will need a positive shut-off structure and anti-
pipe. siphon device installed. Replace in accordance with
USACE standard
374 9 664+20 To reconstruct and pave a 12 foot wide, approximately 1370 feet long road on Cutoff Wall struc 4.0
the landside toe of the right bank levee of the Feather River
8175} 9 655+50 Service Pole, Electrical Panel, Water Well, Pump, and irrigation facilities Cutoff Wall The water well is located within the proposed right-of-way well
for levee project. Relocate outside of of the proposed right-
of-way.
8/9 654+75 Reach 8/9 Transition
376 8 649+11 2,142,954.74 6,672,128.18|Construct #3/4 ACSR 12kv pole line across the right bank levee of the Cutoff Wall EL OH
Feather River, approximately 1900 feet southerly from Messick Road
extended easterly to the river. Extension to serve 50 HP agricultural pump for
C.E. Sullivan
377 8 647+74 2,142,830.08 6,672,119.48(Feather Water District North Pump Station 1-26" irrigation discharge pipes Cutoff Wall The pipeline does not meet title 23 requirements. The IR(P) 1.6
crossing will need a positive shut-off structure and anti-
siphon device installed. Replace in accordance with
USACE standard
378 8 647+70 2,142,826.16 6,672,118.89|Feather Water District North Pump Station 1-26" irrigation discharge pipes Cutoff Wall The pipeline does not meet title 23 requirements. The IR(P) 13

crossing will need a positive shut-off structure and anti-
siphon device installed. Replace in accordance with
USACE standard
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379 8 647+66 2,142,822.01 6,672,118.27|Feather Water District North Pump Station 1-26" irrigation discharge pipes Cutoff Wall The pipeline does not meet title 23 requirements. The IR(P) 14
crossing will need a positive shut-off structure and anti-
siphon device installed. Replace in accordance with
USACE standard
380 8 647+61 2,142,817.52 6,672,117.60|Feather Water District North Pump Station 1-26" irrigation discharge pipes Cutoff Wall The pipeline does not meet title 23 requirements. The IR(P) 13
crossing will need a positive shut-off structure and anti-
siphon device installed. Replace in accordance with
USACE standard
381 8 638+20 Service Pole, Electrical Panel, Water Well, Pump, Sand Seperator, Concrete Cutoff Wall The water well is located within the proposed right-of-way well
Pad, and irrigation facilities (20 feet west of levee toe) for levee project. Relocate outside of of the proposed right-
of-way.
382 8 622+79 Stand pipe, Service Pole, Electrical Panel, and Pump House, Water Well, and Cutoff Wall The water well does not meet Title 23 since too cloase to well
Pump at landside levee toe levee. The water well is located within the proposed right-
of-way for levee project. Relocate outside of of the
proposed right-of-wav.
383 8 622+79 2,140,350.59 6,671,955.66|Installation of a 12kv power line crossing of the right bank of the Feather Cutoff wall EL OH
River.
384 8 603+50 Service Pole, Electrical Panel, Water Well, Pump, Sand Seperator, Concrete Cutoff wall Relocate outside of of the proposed right-of-way. well
Pad, and irrigation facilities (40 feet west of levee toe)
718 596+00 Reach 7/8 Transition Cutoff wall
385 7 592+67 2,137,447.24 6,671,791.94]|12 kv power line across levee Cutoff wall EL OH
386 7 587+00 2,136,925.70 6,671,619.94|Spur Levee upstream of Abbott Lake Cutoff wall struc
387 7 WS Slope varies from 3:1 near crown to 2:1 to 1:1 at toe. Sloughing and Cutoff wall struc
caving toe. Along slope I is hummocky; possibly from local slumping.
388 7 caving and slumping at toe. Rip rap berm toe. Diffcult to evaluate due to Cutoff wall struc
vegetation growth.
389 7 560+00 To fill in approximately one mile of an existing irrigation ditch at the Cutoff wall with existing relief wells |Relocate outside of of the proposed right-of-way. Struc
waterside toe of the right bank of the Feather River.
390 7 Bank caving 3 to 4 feet high, intermittent repair with rip rap berm at base of Cutoff wall with existing relief wells struc
over steepened slope
391 7 560+00 To construct a water well with a 14 inch casing in the right bank overflow of Cutoff wall with existing relief wells well
the Feather River at Abbott Lake
392 7 560+00 To extend approximately 2,500 of 12kv electric service line in the right bank Cutoff wall with existing relief wells EL OH
overflow area of the Feather River near Abbott Lake to serve 25 HP Ag Pump
for A.S. Cozzolino.
393 7 557+00 Service Pole, Electrical Panel, Water Well, Pump, Sand Seperator, Concrete Cutoff wall with existing relief wells |Relocate outside of of the proposed right-of-way. well
Pad, and irrigation facilities (50 feet west of levee toe)
394 7 545+41 2,132,940.57 6,672,317.26|Crushed CMP Riser in Land Side Slope. Possible location of 8 inch steel Cutoff wall with existing relief wells | The pipeline does not meet title 23 requirements and will IR(A) &bl
pipe. need a positive shut-off structure installed and automatic
drainage gate on waterside of levee. Recommend Removal
395 7 536+73 2,132,153.19 6,672,681.57|Existing 10 inch steel pipe. Removed in 1964 by Levee District No. 1 as part Cutoff Wall IR(?)

of permit 4775
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396 7 536+64 2,132,149.73 6,672,692.81|5 inch steel drainage pipe Cutoff Wall The pipeline does not meet title 23 requirements and will SD(P) 2.0
need a positive shut-off structure installed and automatic
drainage gate on waterside of levee. Recommend Removal
397 7 532+00 to Taylor Brothers. 15 Inch Irrigation Main located within 15 feet of landside Cutoff Wall The pipeline is within twenty (20) feet of the levee toe and | IR (G)
596+00 toe does not meet Title 23. Relocate outside of of the proposed
right-of-way.
398 7 529+47 2,131,549.40 6,673,081.12Abandon 6 inch pipe Cutoff Wall The pipeline does not meet title 23 requirements and will IR(A) 4.0
need a positive shut-off structure installed and automatic
drainage gate on waterside of levee. Recommend Removal
399 7 515+00 Seepage Interceptor Trench for Star Bend Relief Well Pumps Cutoff Wall struc
400 7 512+08 2,130,379.55 6,674,329.99(Corp of Engineers Star Bend Road Relief Well Pump Station north 15" Steel Cutoff Wall The pipeline does not meet title 23 requirements. The SD(P) 3.8
Discharge Pipe Crossings crossing will need a positive shut-off device and structure
installed. Replace in accordance with USACE standard
401 7 512+04 2,130,375.66 6,674,332.71|Corp of Engineers Star Bend Road Relief Well Pump Station south 15" Steel Cutoff Wall The pipeline does not meet title 23 requirements. The SD(P) 3.7
Discharge Pipe Crossings crossing will need a positive shut-off device and structure
installed. Replace in accordance with USACE standard
402 7 510+97 2,130,288.81 6,674,393.77|12 kv power line crossing of levee Cutoff Wall EL OH
6/7 510+37 Reach 6/7 Transition Cutoff Wall
403 6 510+50 To retain a 12 kv overhead service line and four power poles in the right bank Cutoff Wall Relocate outside of of the proposed right-of-way. EL OH
overflow area of the Feather River.
404 6 510+36 2,130,239.19 6,674,428.41|Volcano Vista Farms 18 inch steel irrigation discharge pipe crossing of levee Cutoff Wall IR(P) 4.0
405 6 510+30 To install 20 hp irrigation pump and to retain an existing walnut orchard (35 Cutoff Wall IR(P)
acres) all on the right bank of the Feather. Now owned by Volcano Vista
Farms and located on Tudor Mutual Pump Station (relocated pipeline part of
permit 18438)
406 6 510+25 2,130,230.41 6,674,434.54| Tudor Mutual Water Company North 30 inch steel irrigation discharge pipes Cutoff Wall IR(P) 4.2
crossing of levee
407 6 510+20 2,130,222.24 6,674,437.45|Tudor Mutual Water Company South 30 inch steel irrigation discharge pipes Cutoff Wall IR(P) 4.1
crossing of levee
408 6 12 inch steel pipe through levee Cutoff Wall The conduit may meet title 23 requirements but will need to
be replaced during cutoff wall construction. Replace in
accordance with USACE standard
409 6 12 kv power line crossing of levee Cutoff Wall
410 6 12 kv power line crossing including 9 power poles and 3 anchors (appears to Cutoff Wall
cover permit 2502 and 5072)
411 6 Abandon 14 inch pipe (this pipeline removed as part of 2009 setback levee Cutoff Wall Recommended Removal IR(P) 4.1

project). Listed as 10" Steel in original 1955 O&M manual.
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412 6 509+00 To construct approximately 1,400 lineal feet of filter trench adjacent to the Cutoff Wall Struc
right bank levee of the Feather River
414 6 Fix in-place the existing levee with 65ft deep cutoff wall between station Cutoff Wall struc
478+68 and station 512+00
5/6 478+68 Reach 5/6 Transition Cutoff wall with seepage berm
5 461+00 Urban (200 year) North - Nonurban (100 year) South Transition Cutoff wall with seepage berm
416 5 460+11 2,125,845.57 6,676,268.36|Abandon 8" steel drainpipe. The CVFPB sent an encroachment violation Cutoff wall with seepage berm The pipeline does not meet title 23 requirements and will SD(P) 41
notice on August 16, 2011 to Dan Stephens Trust. need a positive shut-off structure installed and automatic
drainage gate on waterside of levee. Recommend Removal
417 5 442+80 2,124,212.69 6676803.8| Abandon 8" steel drainpipe Cutoff wall The pipeline does not meet title 23 requirements and will SD(P) 4.1
need a positive shut-off structure installed and automatic
drainage gate on waterside of levee. Recommend Removal
418 5 433+50 2,123,304.56 6,677,004.67|Power line across levee to service pole with meter on waterside slope of Cutoff wall Relocate outside of of the proposed right-of-way. EL OH
levee
419 5 409+00 to Taylor Brothers. 15 Inch Irrigation Main located within 15 feet of landside Cutoff wall The pipeline is within twenty (20) feet of the levee toe and | IR (G)
424+00 toe does not meet Title 23. Relocate outside of of the proposed
right-of-way.
420 5 417+661Not-Verified Gutoffwalt SB(G)
4/5 410+67 Reach 4/5 Transition Cutoff wall
421 4 410+53 2,121,173.09 66,776,661.21|Power line crossing to Feather Water District Pumps Cutoff wall EL OH
422 4 409+84 2,121,105.29 6,677,660.77|To install a 2 inch electrical conduit through the levee. The conduit will be Cutoff wall The conduit may meet title 23 requirements but will need to EL 2.0
buried in the levee slopes and through the crown with one foot of cover. The be replaced during cutoff wall construction. Replace in
conduit will provide electrical service to an existing pumping plant in the accordance with USACE standard
floodway of the Feather River.
423 4 409+66 2,121,086.77 6,677,660.88|Feather Water District South Pump Station 1-18" irrigation discharge pipes. Cutoff Wall The pipeline does not meet title 23 requirements. The IR(P) 0.8
The improvements include a reservoir at the landside toe of levee and a inlet crossing will need a positive shut-off device and structure
channel from river to waterside toe. and new anti-siphon device installed. Replace in
accordance with USACE standard
424 4 409+62 2,121,082.47 6,677,660.77|Feather Water District South Pump Station 1-18" irrigation discharge pipes. Cutoff Wall The pipeline does not meet title 23 requirements. The IR(P) 0.9
The improvements include a reservoir at the landside toe of levee and a inlet crossing will need a positive shut-off device and structure
channel from river to waterside toe. and new anti-siphon device installed. Replace in
accordance with USACE standard
425 4 409+58 2,121,078.48 6,677,660.82|Feather Water District South Pump Station 1-18" irrigation discharge pipes. Cutoff Wall The pipeline does not meet title 23 requirements. The IR(P) 0.8
The improvements include a reservoir at the landside toe of levee and a inlet crossing will need a positive shut-off device and structure
channel from river to waterside toe. and new anti-siphon device installed. Replace in
accordance with USACE standard
426 4 409+55 2,121,075.08 6,677,660.80| Taylor Brothers Farm Irrigation Pump Station. A inclined pump located on Cutoff Wall The pipeline does not meet title 23 requirements. The IR(P) 1.4
the waterside slope of levee with 14 Inch Pipeline through levee crossing will need a positive shut-off device and structure
and new anti-siphon device installed. Replace in
accordance with USACE standard
427 4 409+50 2,121,069.88 6,677,660.77|Feather Water District South Pump Station 1-18" irrigation discharge pipes. Cutoff Wall The pipeline does not meet title 23 requirements. The IR(P) 17

The improvements include a reservoir at the landside toe of levee and a inlet
channel from river to waterside toe.

crossing will need a positive shut-off device and structure
and new anti-siphon device installed. Replace in
accordance with USACE standard
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428 4 407+72 2,120,892.86 6,677,656.42| Abandoned pipe and structure at landside toe, pipe is 8 inch, but the headwall Cutoff Wall The pipeline does not meet title 23 requirements and no IR(A) 21.8
appears that it is ran through a larger older pipe possibly and old drainage longer in use. Recommend Removal
pipe.

429 4 407+72 2,120,892.86 6,677,656.42| Taylor Brothers Production Water Well (facilities located at levee toe). Cutoff Wall Relocate outside of of the proposed right-of-way. well

430 4 396+32 2,119,752.28 6,677,651.86|8 inch pipe crossing. Headwall at land toe, art on land side of crown, and cut Cutoff Wall The pipeline does not meet title 23 requirements and no IR(P) 41
pipe near water side toe. CVFPB sent a notice of violation notice on October longer in use. Recommend Removal
4. 2011.

431 4 396+50 to Taylor Brothers. 15 Inch Irrigation Main located within 15 feet of landside Cutoff Wall Relocate outside of of the proposed right-of-way. IR (G)

409+00 toe
432 4 396+50 to Feather Water District. 42 Inch Irrigation Main located within 10 feet of Cutoff Wall Relocate outside of of the proposed right-of-way. IR (G)
409+00 landside toe with standpipes

433 4 396+20 Feather Water District Irrigation Production Well (facilities located 10 foot Cutoff Wall well
west of toe). CVFPB sent a notice of violation notice on October 4, 2011.

434 4 386+63 2,118,786.69 6,677,704.40| Abandon 8 inch pipe crossing, stand pipe on land toe has been destroyed. Cutoff Wall The pipeline does not meet title 23 requirements and no IR(A) 4.6
CVFPB sent a notice of violation on October 4, 2011. longer in use. Recommend Removal

435 4 365+00 2,116,703.78 6,678,265.36|Abandon 8 inch pipe crossing, stand pipe on land toe has been removed. Cutoff Wall The pipeline does not meet title 23 requirements and no IR(A) 4.8

longer in use. Recommend Removal

436 4 342+27 2,114,521.83 6,678,856.40|Irrigation Production Well (located xx foot west of levee toe) Cutoff Wall Relocate outside of of the proposed right-of-way. well

437 4 320+00 Approximately 500 horizontal feet of vertical excavation in the levee toe, cut Cutoff Wall struc
1 to 3 feet high. CVFPB sent out a encroachment violation notice on July 27,
2011 to Monasterio Familv Trust.

438 4 313+00 Approximately 100 horizontal feet of vertical excavation in the levee toe, cut Cutoff Wall struc
about 3 feet high. Toe excavations are eroding and caving. CVFPB sent out
a encroachment violation notice on September 12, 2011 to Monasterio Family
Trust.

3/4 300+66 Reach 3/4 Transition

439 B3] 298+89 2,110,314.83 6,679,535.86|Removal of a portion and filling with concrete a portion of an abandoned 36 Cutoff wall The pipeline does not meet title 23 requirements and no IR(G)
inch steel pipe through the right bank levee of the Feather River longer in use. Recommend Removal

440 3 298+00 Approximately 600 horizontal feet of vertical excavation in the levee toe, cut Cutoff wall struc
1 to 3 feet high. Toe excavations are eroding and caving. The CVFPB sent
an encroachment violation notice on July 27, 2011 to Golden Gate Hop
Ranch. Inc..

441 3 298+67 2,110,292.12 6,679,458.78|Garden Highway Mutual Water - Irrigation Production Well #23 (located 30 Cutoff wall IR(W)
foot west of levee toe)

442 ) 298+38 2,110,262.81 6,679,553.51|Garden Highway Mutual Water 54 inch Irrigation Pump Station Discharge Cutoff wall The pipeline does not meet title 23 requirements. The IR(G) 25.1
Pipeline through Levee. The improvements include a inlet channel from the crossing will need a positive shut-off device and structure
river to the 200 feet from waterside toe of levee and irrigation canal at the toe installed and new pipe. Replace in accordance with
of the landside of levee. USACE standard

3 280+90 State Maintenance Area 3 / Levee District No. 1 Levees Transition Cutoff wall

443 3 279+50 Garden Highway Mutual Water - Irrigation Production Well #4 (located 90 Cutoff wall IR(W)
foot west of levee toe)

444 3 274+50 Garden Highway Mutual Water - Irrigation Production Well #22 (located 20 Cutoff wall The water well is located within the proposed right-of-way | IR(W)

foot west of levee toe)

for levee project. Relocate outside of of the proposed right-

of-way.
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TABLE 4-3 ALTERNATIVE SB7 - LEVEE ENCROACHMENT LIST

Location (NAD 83)

Item | Reach STA Northing Easting Proposed Levee Improvement Required Improvement Work Type | cover
No.
445 3 241+75 Garden Highway Mutual Water - Irrigation Production Well #18 (located 50 Cutoff wall IR(W)
foot west of levee toe)
446 3 219+00 Garden Highway Mutual Water - Irrigation Production Well #19 (located 90 Cutoff wall with seepage berm IR(W)
foot west of levee toe)
447 3 219+00 12 inch pipe. Appears to be removed by pipe laying on ground adjacent to Cutoff wall with seepage berm The pipeline does not meet title 23 requirements and no IR(A)
location longer in use. Recommend Removal
213 218+66 Reach 2/3 Transition
448 2 209+89 2,101,737.07 6,678,031.40|Electrical service crossing for pump Cutoff wall with seepage berm Relocate outside of of the proposed right-of-way. EL [OH
449 2 209+23 2,101,673.35 6,678,014.21|Kuster Private Irrigation Pump Station. 14 inch welded steel pipe crossing Cutoff wall with seepage berm The pipeline does not meet title 23 requirements. The IR(P) 3.0
crossing will need a positive shut-off device and structure
installed and new pipe. Replace in accordance with
USACE standard

[ ]Type 1A- Removal & Disposal of Abandoned Raised Pipe

I:lType 1B - Removal & Disposal of Abandoned Through Pipe
[ 1Type 2A - Removal & Replace of Raised Pipe
I:lType 2B - Removal & Replace of Through Pipe

[ 1Type 3A- Removal & Replace of Raised Pipe Adjacent to Canal
[ ]Type 3B - Removal & Replace of Through Pipe Adjacent to Canal
_Type 3C - Removal & Replace of Through Pipe Under Canal

I /< getation ETL Compliance

[ Relocation of Utility/Structure Outside of The Proposed ROW

I:lAdditional Works
[ "INot Applicable/No Rehabilitation Required

SD(G) Storm Water - Gravity
SD(P) Storm Water - Pressure
SS (G) Waste Water - Gravity
SS (P) Waste Water - Pressure
IR(G) Irrigation Line - Gravity
IR(P) Irrigation Line - Pressure
RW (P)  Raw Water - Pressure
W(P) Water Line - Pressure
RD
GL Gas Line
TL Telephone Line
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TABLE 4-3 ALTERNATIVE SB7 - LEVEE ENCROACHMENT LIST

Location (NAD 83)

Item | Reach STA Northing Easting Encroachment Proposed Levee Improvement Required Improvement Work Type | cover
No.

EL Electrical Line
SEEP
STRUC  Structure
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Table 4-4A Summary of Construction Contracts for Alternative SB7

o ™
2 ? = % N % -3 @ o~ N ?E
<E5Y |BoNS8 |2o%8 |0:2388 (8588
%Ev(\, N -0 %:ooN BN Do N
Features 5x2L | 882 ) g2, | SE2el|E22L
sa88 | 5282 | 5888 | 5885|5882
OCgda | § &8 | Cgds |ogga|0gas
© O (@) ~ — = —
L <t [Tg] 0 N
© —
No Rehabilitation Required N/A N/A 1,300LF 14,930LF N/A
Cutoff Wall Only 22,200LF 3,340LF 26,150LF 11,490LF 21,520LF
Jet Grouting Cutoff Wall Only N/A N/A N/A 560LF N/A
Seepage Berm Only N/A N/A N/A 350LF N/A
Cutoff Wall with Full Levee Degrade N/A N/A N/A N/A N/A
Cutoff Wall with Full Levee Degrade and Existing Relief Wells N/A N/A N/A 5,300LF N/A
Cutoff Wall with Existing Relief Wells N/A N/A 3,300LF 2,630LF N/A
Cutoff Wall with New Relief Wells (22 Wells) N/A N/A 2,500LF N/A N/A
Cutoff Wall with Seepage Berm 7,670LF N/A N/A N/A N/A
Cutoff Wall with Levee Relocation N/A N/A N/A N/A N/A
Cutoff Wall with Sutter Butte Canal Relocation N/A N/A N/A N/A 370LF
Cutoff Wall with Landside Toe Fill N/A N/A N/A 1,870LF N/A
DSM Cutoff Wall (subpart of the Cutoff Wall Only area) 2,000LF N/A N/A 2,630LF 2,400LF
Erosion Protection N/A N/A 5,760LF N/A N/A
Utilities & Encroachments (Total, Table 4-4B) 37 12 46 129 45
Utilities & Encroachments (To be modified, Table 4-4B) 27 4 19 53 20
Land Acquisition
Number of Impacted Parcel
Number of Potential Structural Demolition
Closure Structure N/A N/A N/A 1 N/A




Construction Contracts

Alt. SB7 A SBFIP B C1 C2
Table 4-4B Summary of Utilities & Encroachments for Construction Contracts

Color Types of Remediation Item No. | ItemNo. | Item No. | ItemNo. | Item No. | Item No.
Codes 1-451 | 415-451 | 403-414 | 357-402 | 228 - 356 | 142 - 227

Type 1A - Removal & Disposal of Abandoned Raised Pipe 16 6 0 3 6 1

Type 1B - Removal & Disposal of Abandoned Through Pipe 3 2 0 0 1 0

Type 2A - Removal & Replace of Raised Pipe 47 7 0 9 25 6

Type 2B - Removal & Replace of Through Pipe 1 1 0 0 0 0

Type 3A - Removal & Replace of Raised Pipe Adjacent to Canal 0 0 0 0 0 0

Type 3B - Removal & Replace of Through Pipe Adjacent to Canal 0 0 0 0 0 0

Type 3C - Removal & Replace of Through Pipe Under Canal 0 0 0 0 0 0

Vegetation ETL Compliance 10 3 1 0 0 6

Relocation of Utility/Structure Outside of The Proposed ROW 40 8 1 7 18 6

Additional Works 6 0 2 0 3 1

Not Applicable/No Rehabilitation Required 146 10 8 27 76 25

Total Number of Utilities & Encroachments 269 37 12 46 129 45

Total Number of Utilities & Encroachments To Be Modified 123 27 4 19 53 20




Table 5-1B  Summary of Project Features for Alternative SB8

Engineering Measure Typical Segment Contract Beg. STA End. STA Length Length Length
Appendix Section of of per per per
Paragraph (Plate) Measure Measure Segment Contract Measure

(LF) (LF) (LF)

5.2.1 No Rehabilitation Required - 1 B 831+50  844+50 1,300 1,300

No Rehabilitation Required - 2 C1 923+75 1006+24 8,249

No Rehabilitation Required - 3 C1 1007+70 1024+00 1,630

No Rehabilitation Required - 4 C1 1027+50 1078+00 5,050 14,930

No Rehabilitation Required - 5 C2 1625+00 1673+00 4,800 4,800

No Rehabilitation Required - 6 D1 1769+40 1813+30 4,390 4,390

No Rehabilitation Required - 7 D2 2303+00 2331+00 2,800 2,800 28,220
5.2.2 Cutoff Wall Only G-2A 1 A 231+00 453+00 22,200 22,200

Cutoff Wall Only G-2A 2 SBFIP 478+68 512+00 3,332 3,340

Cutoff Wall Only G-2A 3 B 570+00 831+50 26,150 26,150

Cutoff Wall Only G-2A 4 C1 1078+00 1096+00 1,800

Cutoff Wall Only G-2A 5 C1l 1098+10 1107+00 890

Cutoff Wall Only G-2A 6 C1l 1125+70 1129+99 429

Cutoff Wall Only G-2A 7 C1l 1130+20 1213+85 8,365 11,490

Cutoff Wall Only G-2A 7 C2 1213+85 1429+00 21,515

Cutoff Wall Only G-2A 8 C2 1451+50 1455+00 350

Cutoff Wall Only G-2A 9 C2 1461+00 1608+50 14,750

Cutoff Wall Only G-2A 10 Cc2 1624+70 1625+00 30

Cutoff Wall Only G-2A 11 C2 1673+00 1673+30 30 36,680

Cutoff Wall Only G-2A 12 D1 1766+00 1769+40 340

Cutoff Wall Only G-2A 13 D1 1813+30 1900+50 8,720

Cutoff Wall Only G-2A 14 D1 1903+50 2122+00 21,850 30,910

Cutoff Wall Only G-2A 14 D2 2122+00 2290+00 16,800 16,800 147,570
5.2.3 Jet Grouting Cutoff Wall Only G-2A 1 C1 1006+04 1007+90 186

Jet Grouting Cutoff Wall Only G-2A 2 C1 1095+80 1098+30 250

Jet Grouting Cutoff Wall Only G-2A 3 C1 1129+50 1130+67 117 560

Jet Grouting Cutoff Wall Only G-2A 4 D1 1900+00 1904+00 400 400 960
5.2.4 Seepage Berm Only G-2B 1 C1 1024+00 1027+50 350 350

Seepage Berm Only G-2B 2 D2 2290+00 2303+00 1,300

Seepage Berm Only G-2B 3 D2 2331+00 2368+00 3,700 5,000 5,350
5.2.5 Cutoff Wall with Full Levee Degrade and Existing Relief Wells G-2D 1 Cl 844+50  897+50 5,300 5,300 5,300
5.2.5 Cutoff Wall with Full Levee Degrade G-2D 2 C2 1455+00 1461+00 600 600 600
5.2.6 Cutoff Wall with Existing Relief Wells G-2C 1 B 512+00  545+00 3,300 3,300

Cutoff Wall with Existing Relief Wells G-2C 3 Cl 897+50  923+75 2,625 2,630 5,930
5.2.6 Cutoff Wall with New Relief Wells G-2C 2 B 545+00  570+00 2,500 2,500 2,500
5.2.7 Cutoff Wall with Seepage Berm G-2C 1 A 180+00  231+00 5,100

Cutoff Wall with Seepage Berm G-2C 2 A 453+00 478+68 2,568 7,670 7,670
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Table 5-1B  Summary of Project Features for Alternative SB8

Engineering Measure Typical Segment Contract Beg. STA End. STA Length Length Length
Appendix Section of of per per per
Paragraph (Plate) Measure Measure Segment Contract Measure

(LF) (LF) (LF)

5.2.8 Cutoff Wall with Levee Relocation G-2E 1 c2 1432+70 1451+50 1,880

Cutoff Wall with Levee Relocation G-2E 2 c2 1608+50 1624+70 1,620

Cutoff Wall with Levee Relocation G-2E 3 Cc2 1673+30 1674+37 107 3,610

Cutoff Wall with Levee Relocation G-2E 3 D1 1674+37 1754+30 7,993 8,000 11,610
5.2.9 Cutoff Wall with Sutter Butte Canal Relocation G-2F 1 Cc2 1429+00 1432+70 370 370

Cutoff Wall with Sutter Butte Canal Relocation G-2F 2 D1 1754+30 1766+00 1,170 1,170 1,540
5.2.10 Cutoff Wall with Landside Toe Fill G-2G 1 C1 1107+00 1125+70 1,870 1,870 1,870
5.2.11 DSM Cutoff Wall (already included in the Cutoff Wall Only section) G-2A 1 A 230+00  250+00 2,000 2,000

DSM Cutoff Wall (already included in the Cutoff Wall Only section) G-2A 2 C1 1125+00 1129+99 499

DSM Cutoff Wall (already included in the Cutoff Wall Only section) G-2A 3 C1 1130+20 1151+50 2,130 2,630

DSM Cutoff Wall (already included in the Cutoff Wall Only section) G-2A 4 Cc2 1224+00 1248+00 2,400 2,400

DSM Cutoff Wall (already included in the Cutoff Wall Only section) G-2A 5 D1 1987+25 2002+00 1,475

DSM Cutoff Wall (already included in the Cutoff Wall Only section) G-2A 6 D1 2016+75 2036+75 2,000

DSM Cutoff Wall (already included in the Cutoff Wall Only section) G-2A 7 D1 2067+00 2088+00 2,100 5,580

DSM Cutoff Wall (already included in the Cutoff Wall Only section) G-2A 8 D2 2137+00 2148+00 1,100

DSM Cutoff Wall (already included in the Cutoff Wall Only section) G-2A 9 D2 2182+00 2196+50 1,450

DSM Cutoff Wall (already included in the Cutoff Wall Only section) G-2A 10 D2 2245+75 2292+00 4,625 7,180 19,790
5.2.12 Erosion Protection - 1 B 547+00  604+60 5,760 5,760

Erosion Protection - 2 Cc2 1582+00 1601+00 1,900 1,900 7,660
5.2.13 Closure Structure (Stop Log) - 1 C1 1130+00 1130+00 - - -
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Table 5-2 Summary of Project Features for Alternative SB8
Reach Stationing Length Rehabilitation Approximate Dimensions Comments
(feet) Measure(s) of Primary Features
2A 180+00 to 2,250 Cutoff wall with 180+00 to 202+50: 100 ft. wide undrained seepage
North 202+50 Endralned seepage berm. Seepage berm 5 ft. thick at berm toe.
erm 180+00 to 202+50: Cutoff wall extending to an elevation
of 25 ft.
2B 202+50 to 1,616 Cutoff wall with 180+00 to 218+66: 100 ft. wide undrained seepage
218+66 Endralned seepage berm. Seepage berm 5 ft. thick at berm toe.
erm 202+50 to 218+66: Cutoff wall extending to an elevation
of 25 ft.
3 218+66 to 8,200 Cutoff wall 218+66 to 231+00: 100 ft. wide undrained seepage berm.
300+66 Seepage berm 5 ft. thick at berm toe.
Cutoff wall with 218+66 to 230+00: Cutoff wall extending to an elevation
undrained seepage of 25 ft. with 100 ft. wide undrained seepage berm.
berm Seepage berm 5 ft. thick at berm toe.
230+00 to 250+00: Cutoff wall extending to an elevation
of -35 ft.
250+00 to 289+00: Cutoff wall extending to an elevation
of -20 ft.
289+00 to 300+66: Cutoff wall extending to an elevation
of -12 ft.
4 300+66 to 11,001 Cutoff wall 300+66 to 312+00: Cutoff wall extending to an elevation
410+67 of -12 ft.

312+00 to 349+00: Cutoff wall extending to an elevation
of 15 ft.
349+00 to 368+00: Cutoff wall extending to an elevation
of 10 ft.

368+00 to 410+67: Cutoff wall extending to an elevation
of 20 ft.
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Table 5-2

Summary of Project Features for Alternative SB8

Reach

Stationing

Length
(feet)

Rehabilitation
Measure(s)

Approximate Dimensions
of Primary Features

Comments

410+67 to
478+68

6,801

Cutoff wall

Cutoff wall with
undrained seepage
berm

453+00 to 478+00: 300 ft. wide undrained seepage berm.

Seepage berm 5 ft. thick at berm toe.

410+67 to 417+00: Cutoff wall extending to an elevation
of 20 ft.

417+00 to 425+00: Cutoff wall extending to an elevation
of 10 ft.

425+00 to 456+00: Cutoff wall extending to an elevation
of 15 ft.
456+00 to 475+35: Cutoff wall extending to an elevation
of 15 ft.

475+35 to 478+68: Cutoff wall extending to an elevation
of 15 ft.

6 FIP

478+68 to
512+00

3,332

Cutoff wall

478+68 to 512+00: 65ft deep (from degrade line) cutoff
wall.

512+00 to
596+00

8,563

Cutoff wall

Cutoff wall with existing
and new relief wells

Erosion Protection

512+00 to 514+00: 65ft deep (from degrade line) cutoff
wall.

514+00 to 526+00: Cutoff wall tip elevation +15 feet
526+00 to 570+00: Cutoff wall tip elevation -5 feet
545+00 to 570+00: 22 new relief wells at 120 feet
spacing and 50 feet depth (including new concrete lined
V-ditch).

570+00 to 575+00: Cutoff wall tip elevation -5 feet
575+00 to 595+00: Cutoff wall tip elevation -10 feet
595+00 to 596+00: Cutoff wall tip elevation +15 feet

547+00 to 596+00: High Performance Turf Reinforce Mat
(HPTRM)

512+00 to 545+00: existing
seepage interceptor system (24
relief wells, ditch and pump
station) are to remain.

596+00 to
654+75

5,875

Cutoff wall

Erosion Protection

596+00 to 654+75: Cutoff wall tip elevation +15 feet

596+00 to 604+60: High Performance Turf Reinforce Mat
(HPTRM)
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Table 5-2

Summary of Project Features for Alternative SB8

Reach Stationing Length Rehabilitation Approximate Dimensions Comments
(feet) Measure(s) of Primary Features
9 654+75 to 5,175 Cutoff wall 654+75 to 670+00: Cutoff wall tip elevation +15 feet
706+50 670+00 to 697+00: Cutoff wall tip elevation +20 feet
697+00 to 706+50: Cutoff wall tip elevation -10 feet
10 706+50 to 6750 Cutoff wall 706+50 to 726+00: Cutoff wall tip elevation -10 feet
774+00 726+00 to 746+00: Cutoff wall tip elevation -5 feet
746+00 to 754+50: Cutoff wall tip elevation +5 feet
754+50 to 774+00: Cutoff wall tip elevation +25 feet
11 774400 to 5,600 Cutoff wall 774+00 to 784+50: Cutoff wall tip elevation +25 feet
830+00 784+50 to 827+50: Cutoff wall tip elevation -5 feet
827+50 to 830+00: Cutoff wall tip elevation +25 feet
12 830+00 to 1,500 No proposed 830+00 to 831+50: Cutoff wall tip elevation +25 feet 829+85 to 845+25: existing cutoff
845+00 rehabilitation measure (transition only) wall (23.5ft deep, tip elevation
with exception below 844+50 to 845+00: Cutoff wall tip elevation -26 feet 30.5)
(transition only)
Cutoff wall (transition
only, at both ends of
this reach)
13 845+00 to 8,200 Cutoff wall 844+50 to 897+50: Full levee degrade and 844+50 to 897+50: Existing
927+00 re-construction seepage interceptor system (52

Cutoff wall with full
levee degrade and
existing relief wells

844+50 to 849+00:
848+00 to 863+00:
863+00 to 877+00:
877+00 to 887+00:
887+00 to 893+00:
893+00 to 897+50:
897+50 to 923+75:

Cutoff wall tip elevation -20’ to -29’
Cutoff wall tip elevation -29’
Cutoff wall tip elevation -30’
Cutoff wall tip elevation -31’
Cutoff wall tip elevation -30’
Cutoff wall tip elevation -29’
Cutoff wall tip elevation +25’

relief wells, ditch and pump
stations) are to remain.

897+50 to 923+75: Existing
seepage interceptor system (29
relief wells, ditch and pump
stations) are to remain.

923+23 to 927+00: existing cutoff
wall (32.5ft deep, tip elevation
42.5)
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Table 5-2 Summary of Project Features for Alternative SB8

Reach Stationing Length Rehabilitation Approximate Dimensions Comments
(feet) Measure(s) of Primary Features
14 927+00 to 2,740 No proposed 927+00 to 954+40: existing cutoff
954+40 rehabilitation measure wall (32.5ft deep, tip elevation
42.5)

No as-built drawing available for
the existing cutoff wall.

15 954+40 to 1,410 No proposed 954+40 to 968+50: existing cutoff
968+50 rehabilitation measure wall (32.5ft deep, tip elevation
42.5)

No as-built drawing available for
the existing cutoff wall.
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Table 5-2

Summary of Project Features for Alternative SB8

Reach Stationing Length Rehabilitation Approximate Dimensions Comments
(feet) Measure(s) of Primary Features
16 968+50 to 11,150 Jet %routing cutoff wall 1006+04 to 1007+90 (5" Street bridge crossing): Jet 968+50 to 983+23: existing cutoff
1080+00 at5" Street bridge grouting cutoff wall tip elevation +40 feet wall (32.5ft deep, tip elevation

crossing.

Toe berm at 10" Street
bridge crossing.

Cutoff wall (transition
only, at the end of
Reach 16 to overlap
existing cutoff wall).

1023+90 to 1027+50 (10th Street bridge crossing): Toe
berm, 23 feet wide, approximately 7 feet thick at the
levee toe, 4H:1V slope at toe berm.

1077+85 to 1080+00: Cutoff wall tip elevation +30 feet
and backfill landside toe depression (transition only).

42.5)

983+23 to 996+23: existing cutoff
wall (22.5ft deep, tip elevation
52.5)

996+23 to 1006+24: existing cutoff
wall (32.5ft deep, tip elevation
42.5)

1007+90 to 1015+70: existing
cutoff wall (32.5ft deep, tip
elevation 42.5)

1015+70 to 1024+42: existing
cutoff wall (43ft deep, tip elevation
35)

1026+99 to 1079+66: existing
cutoff wall (39ft deep, tip elevation
38)

Page 5 of 11



Table 5-2

Summary of Project Features for Alternative SB8

Reach Stationing Length Rehabilitation Approximate Dimensions Comments
(feet) Measure(s) of Primary Features
17 1080+00 to 5,086 Cutoff wall 1107+00 to 1125+70: Backfill landside toe depression
1130+86 Jet grouting cutoff wall 1080+00 to 1089+00: Cutoff wall tip elevation +30 feet
at Yuba city water 1089+00 to 1096+00: Cutoff wall tip elevation +35 feet
treatment plant . . .
1095+80 to 1098+30: Jet grouting cutoff wall tip elevation
+35 feet
Jet grouting cutoff wall | 1098+10 to 1125+00: Cutoff wall tip elevation +35 feet
:i(tulszllé?t?/d North of 1125+00 to 1129+99: Cutoff wall tip elevation +0 feet
1129+50 to 1130+67: Jet grouting cutoff wall tip elevation
) +0 feet
Iagg(rjsg?oaoﬁlled 1130+20 to 1130+86: Cutoff wall tip elevation +0 feet
1130+00: Stop log closure structure or equivalence
Closure Structure
18 1130+86 to 8,299 Cutoff wall 1130+86 to 1151+50: Cutoff wall tip elevation +0 feet
1213+85 1151+50 to 1159+50: Cutoff wall tip elevation +30 feet
1159+50 to 1169+50: Cutoff wall tip elevation +25 feet
1169+50 to 1189+50: Cutoff wall tip elevation +30 feet
1189+50 to 1209+50: Cutoff wall tip elevation +40 feet
1209+50 to 1213+85: Cutoff wall tip elevation +35 feet
19 1213+85to 8,398 Cutoff wall 1213+85 to 1219+75: Cutoff wall tip elevation +35 feet
1297+83 1219+75 to 1224+00: Cutoff wall tip elevation +5 feet
1224+00 to 1238+00: Cutoff wall tip elevation -28 feet
1238+00 to 1248+00: Cutoff wall tip elevation -42 feet
1248+00 to 1268+75: Cutoff wall tip elevation +3 feet
1268+75 to 1297+83: Cutoff wall tip elevation +35 feet
20 1297+83 to 7,650 Cutoff wall 1297+83 to 1298+75: Cutoff wall tip elevation +35 feet
1374+33

1298+75 to 1359+00:
1359+00 to 1369+00:
1369+00 to 1374+33:

Cutoff wall tip elevation +50 feet
Cutoff wall tip elevation +40 feet
Cutoff wall tip elevation +32 feet
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Table 5-2

Summary of Project Features for Alternative SB8

Reach Stationing Length Rehabilitation Approximate Dimensions Comments
(feet) Measure(s) of Primary Features
21 1374+33 to 5,950 Cutoff wall 1374+33 to 1386+50: Cutoff wall tip elevation +32 feet
1433+83 1386+50 to 1408+50: Cutoff wall tip elevation +55 feet
Levee relocation with 1408+50 to 1433+83: Cutoff wall tip elevation +40 feet
cutoff wall (transition 1432+50 to 1433+83: Levee relocation (20ft riverward,
only) transition only)
1429+00 to 1433+83 Sutter Butte Main Canal relocation.
Canal relocation
22 1433+83 to 7,000 Cutoff wall 1433+83 to 1450+00: Levee relocation (20ft riverward) Full levee degrade and
1503+83 1451+50 to 1451+50: Levee relocation (20ft riverward, reconstruction recommended for a
Cutoft wallvith ful | ansiton oriy) partion ofthis reach due to severe
levee degrade 1455+00 to 1461+00: Full levee degrade and
re-construction
Levee relocation with 1433+83 to 1448+75: Cutoff wall tip elevation +40 feet
cutoff wall 1448+75 to 1468+83: Cutoff wall tip elevation +50 feet
1468+83 to 1503+83: Cutoff wall tip elevation +55 feet
23 1503+83 to 10,554 Cutoff wall 1503+83 to 1508+50: Cutoff wall tip elevation +55 feet
1609+37 1508+50 to 1528+75: Cutoff wall tip elevation +60 feet
Levee relocation with 1528+75 to 1566+50: Cutoff wall tip elevation +55 feet
CUEOﬁ wall (transition 1566+50 to 1608+75: Cutoff wall tip elevation +60 feet
only) 1608+50 to 1609+37: Levee relocation (20ft riverward,
transition only)
Erosion Protection 1582+00 to 1601+00: High Performance Turf Reinforce
Mat (HPTRM)
24 1609+37 to 1,449 Cutoff wall 1609+37 to 1612+00: Levee relocation (20ft riverward,
1623+86 transition only)

Levee relocation with
cutoff wall

1612+00 to 1623+00:
1623+00 to 1623+86:

transition only)

1608+75 to 1623+86:

Levee relocation (20ft riverward)
Levee relocation (20ft riverward,

Cutoff wall tip elevation +28 feet
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Table 5-2 Summary of Project Features for Alternative SB8
Reach Stationing Length Rehabilitation Approximate Dimensions Comments
(feet) Measure(s) of Primary Features
25 1623+86 to 5,051 No proposed 1623+86 to 1624+50: Levee relocation (20ft riverward,
1674+37 rehabilitation measure transition only)
with exception below | 1623+86 to 1625+00: Cutoff wall tip elevation +28 feet
(transition only)
Cutoff wall (transition 1673+00 to 1674+37: Cutoff wall tip elevation +65 feet
only, at both ends of (transition only)
this reach) 1673+00 to 1674+37: Levee relocation (20ft riverward,
transition only)
Levee relocation with
cutoff wall (transition
only)
26 1674+37 to 3,274 Cutoff wall 1674+37 to 1675+00: Levee relocation (20ft riverward, Cutoff wall tip elevations to be
1707+11 transition only) confirmed by additional
Levee relocation with 1675+00 to 1707+11: Levee relocation (20ft riverward) exploration (planned)
cutoff wall 1674+37 to 1707+11: cutoff wall tip elevation +65 feet
27 1707+11 to 1,449 Cutoff wall 1707+11 to 1721+60: Levee relocation (20ft riverward) Cutoff wall tip elevations to be
1721+60 1707+11 to 1721+60: cutoff wall tip elevation +65 feet confirmed by additional
. . exploration (planned)
Levee relocation with
cutoff wall
28 1721+60 to 4,771 Cutoff wall 1721+60 to 1753+00: Levee relocation (20ft riverward) Cutoff wall tip elevations to be
1769+31 1753+00 to 1754+50: Levee relocation (20ft riverward, con;‘lrmgd by ?ddltlc(;nal
Canal relocation transition only) exploration (planned)
1752+00 to 1766+00: Sutter Butte Main Canal
. . Relocation
Levee relocation with ) .
cutoff wall 1721+60 to 1727+75: cutoff wall tip elevation +65 feet
1727+75 to 1748+50: cutoff wall tip elevation +75 feet
1748+50 to 1769+31: cutoff wall tip elevation +45 feet
29 1769+31 to 4,402 No proposed No proposed rehabilitation
1813+33 rehabilitation measure measure as existing conditions

meet criteria
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Table 5-2

Summary of Project Features for Alternative SB8

Reach Stationing Length Rehabilitation Approximate Dimensions Comments
(feet) Measure(s) of Primary Features
30 1813+33 to 8,867 Cutoff wall 1813+33 to 1816+50: cutoff wall tip elevation +80 feet Waterside slope maintenance to
1902+00 1816+50 to 1848+25: cutoff walll tip elevation +30 feet aﬁdressl tS)Ioulghllng of stee%
. ) . . channel bank slopes may be
Jet grouting cutoff wall 1848+25 to 1866+00: cutoff wall tip elevation +70 feet required in the future.
1866+00 to 1877+75: cutoff wall tip elevation +47 feet
1877+75 to 1883+00: cutoff wall tip elevation +40 feet
1883+00 to 1900+50: cutoff wall tip elevation +27 feet
1900+00 to 1902+00: jet grouting cutoff wall tip elevation
+27 feet
31 1902+00 to 5,600 Cutoff wall 1902+00 to 1904+00: jet grouting cutoff wall tip elevation
1958+00 +27 feet
Jet grouting cutoff wall | 1903+50 to 1907+50: cutoff wall tip elevation +27 feet
1907+50 to 1917+50: cutoff wall tip elevation +44 feet
1917+50 to 1927+50: cutoff wall tip elevation +75 feet
1927+50 to 1937+00: cutoff wall tip elevation +50 feet
1937+00 to 1958+00: cutoff wall tip elevation +40 feet
32 1958+00 to 3,100 Cutoff wall 1958+00 to 1971+00: cutoff wall tip elevation +40 feet
1989+00 1971+00 to 1987+25: cutoff wall tip elevation +48 feet
1987+25 to 1989+00: cutoff wall tip elevation +10 feet
33 1989+00 to 13,300 Cutoff wall 1989+00 to 2002+00: cutoff wall tip elevation +10 feet
2122400

2002+00 to 2016+75:
2016+75 to 2036+75:
2036+75 to 2041+00:
2041+00 to 2067+00:
2067+00 to 2088+00:
2088+00 to 2122+00:

cutoff wall tip elevation +90 feet
cutoff wall tip elevation +20 feet
cutoff wall tip elevation +53 feet
cutoff wall tip elevation +38 feet
cutoff wall tip elevation +33 feet
cutoff wall tip elevation +90 feet
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Table 5-2

Summary of Project Features for Alternative SB8

Reach Stationing Length Rehabilitation Approximate Dimensions Comments
(feet) Measure(s) of Primary Features
34 2122+00 to 6,000 Cutoff wall 2122+00 to 2137+00: cutoff wall tip elevation +90 feet
2182+00 2137+00 to 2148+00: cutoff wall tip elevation +20 feet
2148+00 to 