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1.0 INTRODUCTION

This technical memorandum presents the geotechnical recommendations for the Sutter
Feasibility Study. These feasibility level recommendations are intended to facilitate the selection
of a final alternative. As a result, the recommendations of this report are general and not site-
specific, though each reach or segment recommendation is adjusted for large scale understanding
of local conditions. Additionally, construction considerations were provided to the Civil Design
section including typical design sections, haul and staging, construction sequencing, and borrow.
This technical memorandum was prepared not using the analysis typically to develop seepage
and stability mitigation measures (i.e. finite element seepage analysis or limit-equilibrium slope
stability calculations). Instead engineering judgment and experience on local projects was
utilized.

2.0 EVALUATION

This section presents the evaluation of the site conditions based on previous reports and studies,
which provides the basis upon which the conclusions and recommendation are developed for the
fix-in-place seepage measures.

2.1 Existing Conditien Report

The Corps existing condition report indicates that pervasive underseepage concerns exist through
the Sutter Feasibility Study area. Each reach has existing conditions where design criteria are
not met for embankment geotechnical requirements (i.e. underseepage and stability). Breach
failure before overtopping has happened three times during the life of this levee system (1909,
1911, and 1955) near Shanghai Bend, just south of Yuba City; the 1955 breach resulted in 38
fatalities. Without seepage control measures, the system will be subject to failure at less-than-
overtopping loading conditions in the future. Levee modifications to the levee systems of the
Yuba Basin on the opposite side of the Feather River, including Reclamation District 784 and the
City of Marysville levees, have improved or are in the process of improving adjacent systems.
Historically, at least one levee system on the Feather River has failed during each major flood
during the last century.

2.2 External Document Review

Previous work for this project includes studies done by the local sponsors, the State of California
Department of Water Resources and the Sutter Butte Flood Control Agency. This work was
reviewed and utilized as part of the basis of our evaluation of the existing conditions , and used
to develop the conclusions and recommendations presented for the Sutter — Butte Feasibility
Study. These reports indicate that the levees of the Sutter —Butte Basin, including the east (left)
levee of the Sutter Bypass from Wadsworth Canal to the Feather River, and the Feather River
west (right) levee from Thermolito Afterbay Dam to the Sutter Bypass (see Map Plate 1), do not
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meet steady-state stability criteria for underseepage. The extent to which each reach fails to meet
design criteria varies, but without exception, each reach has locations that do not meet
underseepage criteria, often in multiple locations.

2.3

Key Assumptions

The following assumptions were used in the evaluation of the existing conditions (including for a
potential ring levee around Yuba City, bypass and setback levees.) and for the analyzed
alternatives.

Levees will be modified or constructed considering seepage control or stability measures
to provide embankment performance in accordance with USACE criteria for the entire
levee system.

Seepage and stability mitigation will be provided by construction of a cut-off wall along
the entire system for all alternatives. Alternative selections are not based on a choice of
seepage or stability mitigation measure. Selection of different mitigation measures such
as seepage berms, relief wells, or cut-off walls along each reach is considered a design
refinement and will be addressed in PED. Cutoff walls are less impactful to the
environment and do not require the acquisition of real estate. The cost of soil-bentonite
(SB) cutoff walls is competitive with berm construction.

The exception to cutoff walls as seepage control mitigation measures are:

Existing Relief Well Systems: used to the maximum extent possible in the reaches
south of Yuba City at Shanghai Bend and Abbot Lakes/Star Bend.

Seepage and Stability Berms: used in the northern reach near Thermalito Afterbay.
The sponsor had previous indicated an interest and using gravel from the Oroville
Goldfields dredger tailings to facility environmental mitigation. The presence of this
gravel very close to the levee makes berm construction highly cost-effective in this
area.

Fix-in-place levee modifications have adequate subsurface geotechnical data for the
development of feasibility level alternatives. For ring, setback, and bypass levees, there
is no geotechnical subsurface data meeting the needs of a feasibility study. In order to
develop feasibility recommendations that provide a reasonable basis for comparing
alternatives, the structural measures for existing levees and new levees should ideally
have a similar level of detail. This would best be achieved by having subsurface
information and loading conditions developed to the same level of detail for new and
existing levees. Since this is not possible without subsurface data on the ring, bypass and
setback levee measures, a parametric approach was used. This approach was based only
on a generalized understanding of the subsurface condition in Sutter and Butte counties,
combined with past experience on fix-in-place and setback construction projects in the
area (Yuba Basin).
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The parametric approach uses the maximum and minimum expected value concept. For
example, design of a cutoff wall used estimates of the minimum and maximum expected
depth and percentage of reach length requiring seepage control. After the maximum and
minimum values were chosen, they were used to guide the selection of expected value.
The median value was not used directly. These values were provided to civil designer so
that quantities could be developed.

New levees founded on older alluvium and located away from depressions, ditches or
canals will likely require less seepage control (e.g. cutoff walls, seepage berms, etc) by
percent of length.

New levees will require more seepage control by percentage of length if the levee is taller
(e.g. 8 feet or more) and less if it is shorter (e.g. 8 feet or less).

For existing and new levees, deep cutoffs requiring specialized technology (e.g. deep soil
mixing, jet grouting, etc) were considered design refinements and are not recommended
at the feasibility level. It is expected that the reaches requiring the use of these methods
will be short (e.g. bridge abutments or major utility crossing which may be left in place,
etc). The increased cost of deep soil mixing (DSM) at $25 per square foot versus SB
cutoff walls using slurry methods and excavators at $12 per square foot is significant;
however, the percentage of the reaches is likely less than one percent of the entire project
length. If long reaches requiring deep seepage control were encountered, the design level
determination would most likely be the utilization of seepage using seepage berms or
relief wells in lieu of cutoff walls.

For areas where levee modification is required, including the addition of seepage control
or stability mitigation, the resulting levee after construction will provide 1V:2H landside
and 1V:3H waterside slopes and a 20-ft crest width.

O&M easements for existing levees will be provided in the design of reaches requiring
modification to not less than that prescribed by the current O&M manual. Additional
O&M should be required to 15 or 20 ft of the landside to when feasible.

Vegetation removal for ETL 1110-1-571 compliance will require at a minimum, removal
of all non-compliant vegetation on the upper two-thirds of the waterside of the levee, the
crest, landside slope and the existing landside easement.(if less than 15 feet, than a
flooding easement will be required at least 15 feet from the landside toe free of woody
vegetation)

Seismic evaluation will be performed later in the Feasibility Study process, but seismic
considerations are not considered to have a significant impact in alternative selection.
Seismic analyses will be performed only to evaluate the extent of the damages but the
levee alternatives will be not be affected by the seismic evaluation.

A levee design template will be used by the civil and cost engineers to develop quantities
based on inputs from this geotechnical engineering report. This template was developed
by URS, and takes input for several key factors of a levee modification design (e.g.
existing levee height and crest width, new depth of cutoff wall or width of seepage berm)
and provides a parametric cost estimate for the levee segment for which this template is
applied. The typical sections used are provided in the plates for Typical Drawing in this
report.
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3.0 CONCLUSIONS

The following geotechnical engineering conclusions are based on the evaluation of the
subsurface conditions identified along the levees part of the Sutter basin and on the past
performance of these levee and of the levees east site of Feather River. These conclusions are
based heavily on engineering judgment which is guided strongly by experience in the local
region and knowledge of the local soils.

3.1 General Conclusions for Fix-in-Place Alternatives

Based on the results of seepage and stability modeling, the existing levee system fails seepage
design criteria within every reach, typically within multiple subreaches, and at a range of water
surface profiles. The existing levee system fails to meet seepage and stability to varying degrees
through the system, and underseepage mitigation in every reach is required to varying degrees.

3.2 Conclusions by Structural Segment

The conclusions are presented in clockwise order beginning with the Wadsworth Canal at the
East/West Interceptor and progressing along the Sutter Bypass and Feather River to Thermalito
Afterbay. Structural measure designations were developed by the Sutter PDT, and are broken
down by geotechnical reach for the fix-in-place alternatives.

3.2.1  Wadsworth Canal (§87J)

The levee in this reach is approximately 20 ft in height (as measured from the landside toe to
crest) at the downstream end, and the upper one-half of the segment, the levee is less than 7 feet
tall, dropping to 3 feet at the upstream connection to the interceptor canals. A one-half mile
long, 30 to 60 ft deep centerline soil-cement-bentonite (SCB) cutoff wall was constructed in this
segment by the Corps near the downstream connection with the Sutter Bypass. Exploration
performed by the State of California as part of their levee evaluation show that upstream of the
cutoff wall, borings indicate sand layers covered by a thin impervious blanket or next to the
surface which may require seepage control. Considering the adequate existing cutoff wall, the
underseepage concerns upstream of the cutoff wall, and the lack of height of the levee upstream,
a seepage control consisting of a seepage cut-off wall is recommended along approximately 25%
of the segment. Based on the geotechnical conditions and of the existing cut-off wall, the depth
varies between 20 and 50 feet, with an average depth of 40 ft.

3.2.2  Sutter Bypass (87I)

The geotechnical and geomorphologic data provided by the State of California for the levee
evaluation studies were used to evaluate the existing conditions and to recommend the mitigation
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alternatives. Exploratory borings and cone penetrometer testing (CPT) spaced at 1000 ft
intervals, a long history of general past performance issues, and a series of seepage control
measures of unknown quality and performance (toe drains, small seepage berms) indicate that
additional seepage mitigation is required. The geology of this area consists of shallow basin
deposits overlying hard pan layers. The general direction of geologic trend of soil deposits is
roughly perpendicular to the levee, meaning a high frequency of small sand deposits is likely.
The borrow pit cut through the hardpan layer near the waterside levee toe for construction of the
existing levee creates a direct seepage connection to underlying sand layers. These factors
indicate this levee has seepage concerns. Seepage cut-off wall is recommended for 100% of the
reach, the depths of positive cutoff walls being relatively shallow (30 ft depth) but vary as much
as 20 to S0 ft.

3.2.3  Sutter Bypass (STH)

Borings and CPTs spaced at 1000 ft intervals, a long history of general past performance issues,
and a series of seepage control measures of unknown quality and performance (toe drains, small
seepage berms) indicate that additional seepage mitigation is required. The geology of this area
consists of shallow basin deposits overlying hardpan clay layers. The general direction of
geologic trend of soil deposits is roughly perpendicular to the levee, meaning a high frequency of
small sand deposits is also likely and not easily detected by 1000-ft spaced borings. This reach
contains Gilsizer Slough which is the active overbank flow channel from the Feather River to the
west. The borrow pit cut through the hardpan layer near the waterside levee toe to construct the
existing levee creates a direct seepage connection to underlying sand layers. These factors
indicate this levee has seepage concerns and combined with the borings at Gilsizer Slough the
cutoff wall may be deeper than other reaches of the Sutter Bypass. Seepage cut-off wall is
recommended for 100% of the reach, the depths of positive cutoff walls relatively shallow (30 ft
depth) but vary as much as 20 to 75 ft.

3.2.4  Sutter Bypass (87G)

Borings and CPT spaced at 1000 fi intervals, a long history of general past performance issues,
and a series of seepage control measures of unknown quality and performance (toe drains, small
seepage berms) indicate that seepage mitigation is required. The geology of this area consists of
shallow basin deposits overlying hardpan layers. The general direction of geologic trend of soil
deposits is roughly perpendicular to the levee, meaning a high frequency of small sand deposits
is likely. The borrow pit cut through the hardpan near the waterside levee toe for construction of
the existing levee creates a direct seepage connection to underlying sand layers. These factors
indicate this levee has seepage concerns. The levee height in this reach is the tallest of the entire
Sutter Bypass. Therefore, seepage cut-off wall is recommended for 100% of the reach, the
depths of positive cutoff walls being relatively shallow (30 ft depth) but vary as much as 20 to 50
ft.

3.2.5  Feather River (S7F)
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The levee in this reach is tall (20 plus ft), and irrigation ditches are excavated near the landside
levee toe. Borings and CPTs indicate shallow sand layers and thin to moderate blanket
thicknesses that may lead to seepage sand boils. Seepage cut-off walls are recommended for
75% of the reach, the depths of positive cutoff walls to being moderately deep, 50 ft, but vary as
much as 20 to 75 ft.

3.2.6  Feather River (S7E)

The levee in this reach is tall (20 plus ft), and has irrigation ditches excavated near the landside
toe. Borings indicate deep sand layers and thin to moderate blanket thicknesses that may lead to
high gradients and sand boils, however portions of the reach have deep clay foundations. A
portion of this reach has existing relief wells. Seepage cutoff walls are recommended for 25% of
the reach, and relief well collection system on additional 25% of the reach length. We expect
depths of positive cutoff walls to be moderately deep, 65 ft, but vary as much as 20 to 75 ft.

3.2.7  Feather River (S7D/S5D)

The levee in this reach is tall (20 plus ft), and has irrigation ditches excavated near the landside
toe. Borings indicate shallow and deep sand layers and thin to moderate blanket thicknesses that
may lead to high gradients at the levee toe; however, portions of the reach have deep clay
foundations. A portion of this reach has existing relief wells. Seepage cutoff walls is
recommended for 50% of the reach and an additional 15% will require relief well collection
system modification. We expect depths of positive cutoff walls to be moderately deep, 65 ft, but
vary as much as 20 to 75 ft.

3.2.8  Feather River (87C)

The levee in this reach is tall (20 plus ft), and has irrigation ditches excavated near the landside
toe. Borings indicate shallow and deep sand layers and thin to moderate blanket thicknesses that
may lead to high gradients at the levee toe. Based on these considerations, seepage cut-off wall
is recommended for 75% of the reach. The depths of positive cutoff walls should be moderately
deep, 65 ft, but vary as much as 20 to 75 ft.

3.2.9 Feather River (§7B)

The levee in this reach variable in levee height from as little as 3 feet to as much as 15 ft, and has
ditches excavated along the landside toe, including the major irrigation Sutter Butte Canal.
Borings indicate shallow sand layers that may lead to high gradients at the levee toe for parts of
this reach. Seepage control may be required as part the method in which the Sutter Butte Canal
will be addressed. Based on these considerations, seepage cutoff walls are necessary for 100%
of the reach, and we expect depths of positive cutoff walls to be moderately deep, 65 ft, but vary
as much as 20 to 75 ft.
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3.2.10 Feather River (S7A)

The levee in this reach varies in height from 3 to 4 feet to 18 ft. Borings indicate shallow sand
layers and thin to moderate blanket thicknesses that may be seepage paths. The levee may
require modification to address insufficient geometry in the Goldfields portion. Based on these
considerations, seepage mitigation is recommended for 50% of the segment, seepage and
stability mitigation for 25% of the segment and stability mitigation is required for 25% of the
reach. Seepage berms and stability berms may be the best mitigation here, due to the sponsor’s
interest in using local borrow sources.

3.3 General Conclusions for New Levees (Setback Levees. Ring Levees and Cross Levees)

Based on experience with new levees, including setback levees previously constructed within the
basin (e.g. Star and Shanghai Bends in Levee District 1, and the Feather River Setback Levee in
Reclamation District 784), new levees will require a cutoff wall for some percentage of length,
though typically to a lesser extent than existing levees, This is likely due to the distance from
active river channels, and the lower likelihood of founding the levee on poor foundation
conditions. Therefore we conclude that new levees far from the active river system will need
seepage mitigation measures at a lower rate per unit length.

3.4 Conclusions by Reach

The conclusions for new levee segments are presented in clockwise order beginning with the
Wadsworth Canal at the East/West Interceptor and progressing along the Sutter Bypass and
Feather River to Thermalito Afterbay.

3.4.1  Sutter Bypass Setback Levee (S91)

Seepage mitigation is assumed to be similar to the associated segment of the existing Sutter
Bypass levee. Increased seepage path length by moving the levee back from the waterside
borrow pit may result in a lower percentage of cutoff walls, but it will not eliminate the need for
seepage control,

3.42  Sutter Bypass Setback Levee (S9H)

Seepage mitigation is assumed to be similar to the associated segment of the existing Sutter
Bypass levee. Increased seepage path length by moving the levee back from the waterside
borrow pit may result in a lower percentage of cutoff walls, but it will not eliminate the need for
seepage control.

3.43  Sutter Bypass Setback Levee (S9G)
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Seepage mitigation is assumed to be similar to the associated segment of the existing Sutter
Bypass levee. Increased seepage path length by moving the levee back from the waterside
borrow pit may result in a lower percentage of cutoff walls, but it will not eliminate the need for
seepage control.

3.44  Lower Feather River Setback Levee (S11)

Depending on the final alignment, seepage control may be reduced below levels on the Sutter
Bypass and south Feather River segment, due to the presence of an intact waterside blanket.

3.4.5  Star Bend Setback Levee (S12)

Based on borings for the Star Bend Setback Levee, seepage mitigation is required through the
entire reach to depths of approximately 40 to 60 ft.

3.4.6  Yuba City, Ring Levee — South (S4) and J-Levee - South (S6)

Ring levees are assumed to be relatively short, and if they are constructed in areas with an intact
blanket on the waterside of the levee (likely in this area based on experience), a lesser percentage
of cutoff walls is expected. Seepage control is likely for one-third of this alignment.

3.47  Yuba City, Ring Levee — West (S4), J-Levee — West Lower (S6) and J-Levee —
West Upper (S6)

Ring levees are assumed to be relatively short, and if they are constructed in areas with an intact
blanket on the waterside of the levee (likely in this area based on experience), a lesser percentage
of cutoff walls is expected. Seepage control is likely for one-third of this alignment.

3.4.8  Yuba City, Ring Levee — North (S4)

Ring levees are assumed to be relatively short, and if they are constructed in areas with an intact
blanket on the waterside of the levee (likely in this area based on experience), a lesser percentage
of cutoff walls is expected. Seepage control is likely for one-third of this alignment.

3.49  Northern Feather River Setback Levee (510)

There is more uncertainty with the foundations conditions in this reach. Deep coarse-grained
materials are known to exist in the Biggs area, so seepage mitigation is likely to be extensive.
Also, this area was an overflow area for the Feather River during the 1800’s and early 1900’s.
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This indicates that shallow sand layers and a high-frequency of sand lenses or stringers are likely
to be present. Seepage mitigation is likely for 100% of the reach.

4.0 RECOMMENDATIONS

Recommendations for typical design sections (templates), new levees, construction staging and
hauling, borrow, and structural segment-specific recommendations are provided within this
section.

4.1 Typical Design Sections

Typical design sections are provided in the Plates section of this memorandum. These include
all typical designs, which correspond to the templates used by URS in their parametric analysis
performed for this project.

4.2 New Levee Design

All levees designs shall provide 1V:3H fandside and waterside slope with a 20 ft crest width and
15 ft waterside and 20 ft landside O&M easements. Table 3 provides typical levee corridor
widths, and Typical Detail Plates 6 and 7 provide the geometrical relationships of new levees
with and without SB slurry walls.

4.3 Construction Staging and On-Site Hauling

Levee modification projects typically require long linear haul routes for on-site construction and
staging areas situated at periodic intervals. For long sturry wall projects, we recommend that 2
acre sites every 2500 linear feet of levee. Typically slurry wall construction requires bentonite
slurry ponds, and typically these are located about every one-half mile. The bentonite slurry is
pumped to the active excavation site through pipes. Major staging areas are also required.
Major staging areas are where equipment maintenance, employee parking and job trailers are
located. Assume 5 acres for a typical 5 mile long slurry wall project. Multiple concurrent cutoff
wall projects may require a large central staging area.

4.4 Borrow

We recommend that 15 miles as a typical haul distance for borrow. Values as low as 10 or as
high as 30 may be reasonable, but 15 miles is conservative, and higher values are not warranted
considering that suitable material can be typically found within the basin. Itis likely that borrow
will become cost prohibitive if not obtained within this distance, primarily due to air quality
impacts. A conservative shrinkage percentage should be used. We recommend 15% at the
feasibility level.
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4.5 Seepage and Stabilitvy Mitigation by Structural Measure

These recommendations are presented as ranges (i.e. remediate reach X with a cutoff wall along
50 to 100% of the reach with a depth ranging from 20 ft to 60 ft). The measures are presented in
a clockwise organization beginning on the Wadsworth Canal and progressing through the Sutter
Bypass and Feather River to Thermalito Afterbay.

4.6 Fix-in-Place Measures

This section presents recommendation for seepage and stability mitigation, presented by fix-in—
place structural segment.

4.6.1  Wadsworth Canal

Construct a centerline SB cutoff wall for 25% of the reach, to an expected depth of 40, with a
range of typical depths of 20 to 50 ft.

4,6.2  Sutter Bypass (S7I)

Construct a centerline SB cutoff wall for 100% of the reach, to an expected depth of 30 fi, with a
range of typical depths of 20 to 50 ft.

4.6.3  Sutter Bypass (STH)

Construct a centerline SB cutotf wall for 100% of the reach, to an expected depth of 30 ft, with a
range of typical depths of 20 to 75 ft.

4.6.4  Sutter Bypass (87G)

Construct a centerline SB cutoff wall for 100% of the reach, to an expected depth of 30 fi, with a
range of typical depths of 20 to 50 ft.

4.6.5  Feather River (S7F)

Construct a centerline SB cutoff wall for 75% of the reach, to an expected depth of 50 ft, with a
range of typical depths of 20 to 75 ft.

4.6.6  Feather River (S7E)
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Construct a centerline SB cutoff wall for 25% of the reach, to an expected depth of 40 ft, with a
range of typical depths of 20 to 75 ft.

4.6.7  Feather River (S7D/S5D)

Construct a centerline SB cutoff wall for 50% of the reach, to an expected depth of 50 ft, with a
range of typical depths of 20 to 75 ft. Modify existing relief well systems by reconfiguration of
the collection system, including lower well head rise height from 4 above grade to 1 ft below
grade for 15% of the reach for a total of 65% seepage mititgation.

4.6.8  Feather River (S85C)

Construct a centerline SB cutoff wall for 75% of the reach, to an expected depth of 65 i, with a
range of typical depths of 20 to 75 ft.

4.6.9  Feather River (S5B)

Construct a centerline SB cutoff wall for 100% of the reach, to an expected depth of 65 ft, with a
range of typical depths of 20 to 75 ft.

4.6.10 Feather River (S5A)

Construct a seepage berm for 75% of the reach, to height of 5 ft and width of 12 ft. Constructa
stability berm for 50% of the reach, with a height of 12 ft and top width of 12 ft. The resulting
segment recommendation is for 50% of the segment to have a seepage berm only, 25% to have a
stability berm only and 25% to have a combined seepage and stability berm.

4.7 Ring, Bypass and Setback Measures

This section presents recommendation for seepage control for new levees, presented by ring,
bypass or setback levee structural segment.

4.7.1  Sutter Bypass Setback Levee (S9I)

Construct a centerline SB cutoff wall for 100% of the reach, to an expected depth of 35 ft, with a
range of typical depths of 20 to 50 ft.

4.7.2  Sutter Bypass Setback Levee (SOH)
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Construct a centerline SB cutoff wall for 100% of the reach, to an expected depth of 35 ft, with a
range of typical depths of 20 to 50 ft.

4.7.3  Sutter Bypass Setback Levee (S9G)

Construct a centerline SB cutoff wall for 100% of the reach, to an expected depth of 35 ft, with a
range of typical depths of 20 to 50 ft.

4.7.4  Lower Feather River Setback Levee (S11)

Construct a centerline SB cutoff wall for 50% of the reach, to an expected depth of 35 ft, with a
range of typical depths of 30 to 70 ft.

4.7.5  Star Bend Setback Levee (S12)

Construct a centerline SB cutoff wall for 100% of the reach, to an expected depth of 65 ft, with a
range of typical depths of 30 to 70 ft.

4.7.6  Yuba City, Ring Levee — South (S4) and J-Levee - South (S6)

Construct a centerline SB cutoff wall for 34% of the reach, to an expected depth of 35 ft, with a
range of typical depths of 30 to 60 ft.

4.777  Yuba City, Ring Levee — West (84), J-Levee - West Lower (S6) and J-Levee —
West Upper (S6)

Construct a centerline SB cutoff wall for 34% of the reach, to an expected depth of 35 ft, with a
range of typical depths of 30 to 60 ft.

4.7.8  Yuba City, Ring Levee — North (S4)

Construct a centerline SB cutoff wall for 34% of the reach, to an expected depth of 35 ft, with a
range of typical depths of 30 to 60 ft.

4.7.9  Nerthern Feather River Setback Levee (510)

Construct a centerline SB cutoff wall for 100% of the reach, to an expected depth of 75 ft, with a
range of typical depths of 20 to 75 ft.

5.0 REFERENCES
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Project, August 2011, prepared by HDR, Wood Rodgers, URS and MHM

Sutter Butte Flood Control Agency, 60% design submittal package, West Feather River
Project, January 2012, prepared by HDR, Wood Rodgers, URS and MHM
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TABLES
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$73 Wadsworth 0 466 SBCL Cuoffwall | 25 | 40ft(Q0t050) | WA
S71 Sutter Bypass 4.4 12.65 SB CL Cutoff wall 100 30t (20t0 50) | N/A
s73 Sutter Bypass 12.65 1435 SBCL Cutoffwall | 100 | 3082010 75) | NA
S7TH Sutter Bypass 14.35 2237 SB CL Cutoff wall 100 30ftQ20t0 50) | N/A
. MA03000 |  MAS.19 o . .
STF Feather River 1LD1 0.00 LD12.70 SB CL Cutoff wall 75 SOft(20t075) | N/A
S7E Feather River | LD12.70 ID1620 | SBCLCuboffwall | 25 | 658(20t075) | NA
7D FeatherRiver | LD1620 | LD1105 B ’(f\]q ﬁ,‘“"ﬁ 0 | 6507 | NA
SSDISE- | peatherRiver | LD1105 | LD116.65 8B CL Cutoff 50 | 65201075 | NA
EAST wall
$5C Feather River | LD9 0.00 LD9550 | SBCLCutoffwall | 75 | 658(201075) | N/A
LDY 5.50] LD9 6.24
5B FeatherRiver | MA160 | MAI6469 | SBCLCutoffwall | 100 | 65R(201075) | N/A
MA7000 | MA7 180
MA7 1.80 — 50 2 128
ssA Fether River | MA7HB | MATI207 ) Sbility Berm
0.00 >0 necpag 75 150 ft 5t

! Modifications to the existing relief well system are required per section 4.6.7.

SFS_Geotech-Rec-Alt-Dev_Jan2013.Doex February 2013



TM for Geotechnical Recommendations, Sutter Basin, California

1351

591 Sutter Bypass Setback N/A N/A SB CL Cutoff wall 25 35 £t (20 to 50) N/A
S9H Sutter Bypass Setback N/A N/A SB CL Cutoff wall 25 35 £t (20 to 50) N/A
596G Sutter Bypass Setback N/A N/A SB CL Cutoff wall 25 35 £t (20 to 50) N/A
Sutter Bypass and N/A N/A
Feather River o - ” -
st Confluence Setback SB CL Cutoff wall 50 35 £ (20 to 50) N/A
Levee
s12 Star Bend Setback N/A N/A SB CL Cutoff wall 100 65 f1 (30 to 70} N/A
$4-SOUTH
Yuba City J-Levee N/A N/A SB CL Cutoff wall 34 35 £t (20 to 60) N/A
$6-SOUTH
S4-WEST
Yuba City J-Levee N/A N/A SB CL Cutoff wail 34 35 f1(20 to 60) N/A
S6-WEST
S6-WEST- - T
UPPER Yuba City J-Levee N/A N/A SB CL Cutoff wall 34 35 £1 (20 to 60) N/A
S4-NORTH Yuba City I-Levee N/A N/A SB CL Cutoff wail 34 35 ft (20 to 60) N/A
sg | NorthemFeatherRiver | 00 | g | sBL Cutoffwall | 100 | 758(20t050) | WA
Setback Levee

SFS_Geotech-Rec-Alt-Dev_Jan2013 Doex

February 2013
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131t

45 ft 15 1t 20 ft 45 ft 154 151t
S1f 171 208 510 171 151
STH 19 fi 206t 578 194 15 f
63 f 211 201t 63 ft 21 ft 15 ft
69 fit 231 20 ft 69 1t 231t 1530
TS/ 25fi 204 75 251t 15
81 ft 27t 20 ft 81 f 27 fi 15 fi
874t 2911 20 & 871 29 ft 151
93 ft 31ft 20 £t 93 ft 31ft 15

New Levee Construction
Corridor Width vs. Levee Height
300 ft
2501t
,/
200 ft g
£
=
=
[ ™
§ 150 ft /1,
8
100 ft —
P
,
50t
oft
3ft 5ft 7 9ft 11ft I13ft 15ft 178t 19ft 21t 23ft 25t 276t 29ft 31ft 331t
Levee Height

Lovee Corridor Width xIsx 6/4/2012
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MAP PLATES
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TYPICAL DETAIL PLATES
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CESPK-PD-R 15 June 2012
Revised 24 February 2013
MEMORANDUM FOR FILE: Sutter Basin Pilot Feasibility Study

SUBJECT: Compliance with ETL 1110-2-571
1. REFERENCES

a. Engineering and Design: Guidelines for landscape planting and vegetation
management at levees, floodwalls, embankment dams, and appurtenant
structures. Engineer Technical Letter (ETL), April 10, 2009.

b. White paper, Sutter Basin Pilot Feasibility Study, Engineer Technical Letter
1110-2-251 Compliance, dated 8 February 2013.

c. Feather River Sutter Basin Protection Area Periodic Inspection January 2010,
Report No. 1.

d. Memorandum for Record. Sutter Feasibility Study — Summary of vegetation
concerns impacting Sutter Project identified in the Periodic Inspection, dated
August 9, 2012.

e. Process for Requesting Variance from Vegetation Standards for Levees and
Floodwalls, Federal Register Notice (Friday, February 17, 2012).

f. Sutter Basin Feasibility Study, Future-Without Project Conditions Report,
December 2011.

g. Corps Memorandum, Reconstruction of U.S. Army Corps of Engineers
Structural Flood Damage Reduction Projects for which Non-Federal Interests
are Responsible for Operation, Maintenance, Repair, Rehabilitation and
Replacement, August 16, 2005.

h. Pre-Design Formulation Report, Feather River West Levee Project, Sutter-Butte
Flood Control Agency, August 2011.

2. PURPOSE

The purpose of this memorandum is to assess the extent of vegetation that is in non
compliance with ETL 1110-2-571 (Reference a), to assess the magnitude of the mitigation
that might be required, and to identify potential strategies in dealing with this issue. For
the study alternatives, impact scale, study risk, and ETL variance and ETL mitigation costs
are also identified.

3. BACKGROUND
USACE Vegetation Management.

USACE Engineer Technical Letter 1110-2-571, Guidelines for Landscape Planting and
Vegetation Management at Levees, Floodwalls, Embankment Dams, and Appurtenant
Structures, dated 10 April 2009, provides guidance for maintenance of said structures in
order to maintain the authorized level of flood risk management. The ETL mandates
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USACE will maintain a “vegetation free zone” (VFZ), a three dimensional zone
surrounding all levees, floodwalls, embankment dams, and critical appurtenant structures in
all flood damage reduction systems (shown below). The purpose of the vegetation-free-
zone is to provide a reliable corridor of access to and along federally authorized and
constructed flood risk management features for surveillance, inspection, maintenance,
monitoring, and flood-fighting.

% 15 OR DISTANCE TO EDGE OF NORMAL WATER SURFACE, IF LESS

*k iN'!HISat- X T TRANSITION ZONE, TEM| POHARYOBSTR\JCHONE‘!UMBSANDCRGWN
ISALLOWED DURING BE\IELMENTOF NEWPLAN’HNGS, FORUPTO mvr:ms )

N7 NORMAL WATER SURFACE

Tilustration from Chapter 6, Engineering Technical Letter 1110-2-571, dated 10 April 2009

Existing Project OMRR&R Requirements.
The following description of existing OMRR&R was excerpted from Reference b.

The Sutter study area is fully contained with the Sacramento River Flood Control Project
(SRFCP). The SRFCP OMRR&R requirements are contained within a standard manual for
the entire SRFCP with supplements outlining more detailed requirements for each Unit
within the project. The standard manual has been in place since 1955, In 1949,
Headquarters U.S. Army Corps of Engineers approved a deviation from the vegetation
standards in effect at the time. The sponsor is required to comply with the following
vegetation standards contained within the standard manual for the SRFCP. “The
Superintendent shall provide at all times such maintenance as may be required to insure
serviceability of the structure at the time of floods. Measures shall be taken to exterminate
burrowing animals and provide for clearing of brush, trees, and other wild growth from the
levee crown and slopes. Brush and small trees may be retained on the waterward 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.” In addition, each supplement applicable to the Sutter study

2
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area may have more detailed vegetation maintenance standards. Project sponsors for
completed levee projects are responsible for OMRR&R of the completed project as
provided in the O&M manuals. Issuance of the ETL setting forth new or clarified
vegetation and access standards for levee projects does not alter the project O&M
requirements and responsibilities. Inspections are conducted to document whether the
sponsor is fulfilling their OMRR&R obligations as outlined in the O&M manual and
inspection checklist and to determine if continued PL 84-99 rehabilitation assistance is
warranted based on the outcome of those inspections. Sponsors receiving an unacceptable
inspection rating may choose to pursue a conditional extension to PL 84-99 rehabilitation
program eligibility by using a System Wide Improvement Framework (SWIF) as outlined
in 29 November 2011 policy subject: Policy for Development and Implementation of
System-Wide Improvement Frameworks.

Periodic Inspection Report.

In January 2010, an Inspection of Completed Works (ICW) periodic inspection (PI)
(Reference ¢) was completed of the project levees surrounding the study area (Cherokee
canal was not included as is addressed in a separate report). The PI evaluated nine
segments and rated seven levee segments as unacceptable and two segments as minimally
acceptable due to a number of deficiencies, including vegetative growth. Figure 1
identifies the segments and responsible maintaining entities. The PIreport stated that
“unwanted vegetative growth” along with other issues “would not prevent the system from
performing as intended during the next flood event.”

4. EXISTING NONCOMPLIANT VEGETATION

Identification of noncompliant vegetation was determined based on two sources:
e 2010 Periodic Inspection Report
» Vegetation Surveys conducted in 2012

2010 Periodic Inspection (PT) Report.

The PI conducted in 2010, collected GIS-based data on noncompliant vegetation
(Reference c). The PI team gathered and recorded data electronically in the field using a
GPS enabled tablet PC and GIS software. Vegetation points and lines represent incidents
of non-compliance with ETL 1110-2-571. Separate tables were created for the Sutter
Bypass, Wadsworth Canal, and Feather River West levees (Reference d). The tables
present the data organized by levee mile for the Sutter Bypass and Wadsworth Canal
levees, and by SBFCA sub reaches for the Feather River levees. Figure 2 shows the
reaches of the Feather River West Levee, and the reaches of the Sutter Bypass and
Wadsworth Canal. The non-compliant vegetation (as defined by ETL 1110-2-571) was
categorized as being located on the upper third, middle third or lower third of the waterside

[#%)
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slope, the landside slope, the crest, the waterside 15-ft easement or landside 15-ft easement.
The purpose of the categories was to breakdown the incidents by degree of criticality.

The violations that were observed were either stands of vegetation or single trees or shrubs.
Other reports prepared by ICF for SBFCA’s Feather River West Levee Project (FRWLP)
were also reviewed to further confirm the extent of vegetation.

The PI evaluation of vegetation assumes that at least a 15-foot ROW exists at the levee
waterside and landside toe for levee maintenance and access. In some areas, the
preexisting real estate interest may be less than 15 feet. The existing operations and
maintenance manual permits brush and small trees to be present.

Existing vegetation is summarized below for the Feather River West Levee, Sutter Bypass
East Levee, and Wadsworth Canal South Levee. Noncompliant vegetation is most
abundant along the Feather River West Levee. Table 1 lists the significant vegetation
identified based on the maintenance entities shown in Figure 1.

The following is a summary of vegetation concerns identified from the PI (Reference c).

West Feather River Levee

The West Feather River levee has 95 and 93 vegetation incidents located on the landside
and waterside easements, respectively; and 79 vegetation incidents on the levee crest and
slopes. Of the 79 incidents on the levee itself, 41 of them are at critical locations on the
crest, landside slope and upper third of the waterside slopes. These critical incidents are
concentrated in Levee District (LD) 1 of Sutter County, LD 9 of Sutter County, and State
Maintenance Area (MA) 7/Hamilton Bend. These areas of greater critical vegetation
impact are located within areas of significant (high percentage of reach) seepage
mitigation, where cutoff wall construction is likely.

As shown in Figure 3, all 41 reaches, except one (reach 6), of the Feather River west levee,
had at least one incident of noncompliant vegetation found within the VFZ. The number of
incidents varied considerably between reaches; reach 16 had the most with 25 incidents,
and 19 of the 41 reaches (46%) had less than 2 incidents.

Sutter Bypass Levee

For the Sutter bypass, the results are shown in Figure 4. Compared to the Feather River
West Levee there was significantly less vegetation and of smaller size (primarily willows)
on or near the levees. Sutter Bypass, with 82 vegetation incidents, 61 of them located on
the waterside easement and 21 located on the landside easement and spread out over 18
miles, does not have a significant vegetation compliance problem with respect to ETL
1110-2-571.

Wadsworth Canal
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Wadsworth Canal, with three vegetation incidents, all located on the waterside or landside
easement and spread over 6 miles, does not have a significant vegetation compliance
problem with respect to ETL 1110-2-571.

Vegetation Surveys.

To assess impacts to vegetation from alternatives in the final array, vegetation surveys were
conducted in 2012 to identify the location of vegetation on and near the existing levees.
The data was collected using GIS. The surveys identified approximately 7,600 trees,
including riparian trees, orchards, and nonnative or ornamental trees, in the biological study
area (200-foot corridor along the levee alignment).

5. ENVIRONMENTAL REQUIREMENTS

In accordance with Council on Environmental Quality (CEQ) Regulations for
Implementing NEPA (40 CFR 1500-1508), and with Appendix C, paragraph C-3 of ER
1105-2-100, “Policy and Planning Guidance for Conducting Civil Works Planning
Studies (Planning Guidance Notebook)”, the planning of Corps projects must ensure that
project-related adverse environmental impacts (i.e., impacts to fish and wildlife resources)
have been avoided or minimized to the extent practicable, and that remaining unavoidable
significant adverse impacts are compensated to the extent justified. Corps regulations
stipulate that the Recommended Plan must contain sufficient mitigation measures to ensure
that the plan selected will have no more than negligible net adverse impacts on fish and
wildlife resources. Furthermore, a Cost Effectiveness Incremental Cost Analysis must be
performed to identify the most cost-effective mitigation plan.

As part of the feasibility study, mitigation costs for vegetation impacts will have to be
determined and a mitigation plan developed using incremental cost analysis and the
recommendations of the USFWS and other resource agencies. Under WRDA 2007,
Section 2036(a) , the Corps must fully develop a mitigation plan that includes the
following: 1) monitoring until successful, 2) criteria for determining ecological success, 3)
a description of available lands for mitigation and the basis for the determination of
availability, 4) the development of contingency plans (i.e., adaptive management), 5)
identification of the entity responsible for monitoring; and 6) establishing a consultation
process with appropriate Federal and State agencies in determining the success of
mitigation.

Significant vegetation losses that justify mitigation would either be mitigated through a
commercial mitigation bank and/or a mitigation site acquired in the project vicinity.
Mitigation site(s) selected would be located waterward of the project levees along the
Feather River on lands currently in agricultural production and that could be restored to
riparian habitat. Mitigation plans would be designed to avoid a net change in stage
discharge relationships.
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In regards to tree protection ordinances or policies that could affect construction, Sutter
County does not currently have any specific ordinances or programs (heritage tree
program) that protect native oaks in the County. The City of Yuba City protects trees
through implementation of general plan policies, and with specific ordinances for street
trees. General Plan Policy 8.4-G-3 states that heritage oaks would be preserved and
enhanced in the City. Policy 8.4-1-2 requires preservation of oak trees and other native trees
that are of significant size, by requiring site designs to incorporate these trees to the
maximum extent feasible (Reference e). Butte County also has no specific ordinances or
programs and no general plan policies concerning tree protection.

6. DISCUSSION

ETL variance guidance (Reference c) states “New federally authorized cost shared levee
projects shall be designed to meet the current vegetation management standards.” Tt is
expected that any potential levee project will be required to meet ETL 1110-2-571
requirements for congressional authorization and appropriation.

ETL Variance Procedure.

Corps guidance identifies the situations in which a Corps district may submit a vegetation
variance request. Corps 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" ( Reference ¢). 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, no variance requests
will be approved for noncompliant landside vegetation: “To ensure the ability to
implement floodfighting activities, such as placement of sandbags or other temporary
floodfight measures near the waterside crown, and to see areas of distress on the landside
during a flood event, typically the upper third of the waterside slope, the crown, the
landside slope, and within 15 feet of the landside toe (subject to preexisting real estate
interest) of the levee needs to remain vegetation free, as defined in ETL 1110-2-5717

(paragraph 9(d)).

During construction, existing vegetation would be removed adjacent to the riverward and
landside toes by root plowing or clearing and grubbing to create the vegetation free zone.
Since the landward side of the levee is currently maintained as an access road, very little
woody vegetation exists. Following construction, disturbed soils including levee side
slopes will be seeded with native grass seed to prevent wind and water erosion. A 15-foot-
wide vegetation management zone along the riverward and landside toe of the levee will be
permanently maintained to be devoid of trees and shrubs.

A variance request may be applicable because the subject levees are existing federally
authorized levees in which the existing O&M manual allows vegetation within the VFZ.
The existing O&M manual for the SRFCP states that "Brush and small trees may be
retained on the waterward slope where desirable for the prevention of erosion and wave

6
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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.”

Also per the variance guidance (Reference ¢), a vegetation variance can be considered if
one of the following applies:

a. Comply with applicable law concerning the environment, cultural or historic
preservation;

b. Protect the right of Tribal Nations, pursuant to treaty, statute, or Executive Order;
¢. Address a unique environmental consideration; and/or

d. Prior vegetation agreement in place.

Criteria (a), {¢), and (d) may be an appropriate basis to consider a variance to retain
vegetation. However, the guidance states that “even if one of the above criteria is met, life
safety is still paramount and the vegetation variance must assure that the structural integrity
and functionality of the levee are retained.” The levee must still be accessible for
maintenance, periodic inspection, monitoring during flood events, and access to perform
flood-fighting if required. Because the application process, analysis and review time will
be both lengthy and costly, a variance request should be considered in the preconstruction
engineering and design phase.

6. ETL COMPLIANCE SCENARIOS

For the evaluation of initial alternatives, two scenarios or strategies were identified to
address the ETL compliance issue for fix in place levee alternatives. The two scenarios
provide for the full disclosure of environmental effects to vegetation from the extreme of:
(1) removal of all (landside and waterside) levee vegetation, to the other extreme of (2)
vegetation that is within the construction footprint that would be impacted by levee
degrading and construction disturbance to construct the cutoff walls and/or seepage berms.
The scale of impacts, the mitigation and variance costs, and the risk to the study was
evaluated under each scenario for each alternative. The project alternatives are shown in
Figures 5-11.

Scenario: Establish VFZ Per ETL. All vegetation, other than perennial grasses, would
be removed from the levee slopes and out 15 feet from the waterside and landside levee
toes (subject to preexisting real estate interest). Vegetation within the direct construction
footprint will be removed.

a) Mitigation costs were estimated based on costs developed by SBFCA for the
Feather River from Thermalito Afterbay to Star Bend (Reference h). The number
of incidents for each alternative was compared to the SBFCA estimates, and used to
develop an estimate of mitigation costs based on a ratio of incidents identified in the
PL The estimate assumes riparian habitat is mitigated at a ratio of 2 acres for each
acre affected, using a mitigation bank cost of $100,000 to 140,000 per acre.
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b)

The study risk ranges from low to moderate risk depending on the amount of
vegetation removal under each alternative. The associated risks are that a jeopardy
opinion may be issued and that resource agency and public concerns could increase
project costs, or delay compliance with applicable environmental laws. However,
these risks could be substantially reduced by development of mitigation plan with
the resource agencies to compensate for the loss of vegetation.

Scenario: Variance Per ETL. Corps approval of a variance would be obtained either as
part of the pilot study or during the Preconstruction-Engineering and Design (PED) phase.
The variance would retain all vegetation outside the immediate construction footprint
located on the lower two thirds of the waterside levee slope and out 15 feet from the
waterside levee toe; all other levee vegetation would still be removed in accordance with
Corps policy.

a)

b)

)

Substantial engineering analysis would be required to support a variance request
and to determine what reaches would likely receive variance approval during PED.
This analysis would at a minimum entail identification of the tree species, size, root
ball size, scour potential if trees fall, increase in seepage gradient, reduction in
stability factor of safety, and conclusions regarding rationale for variance approval.

Costs to conduct the engineering analyses to support a waterside variance are based
on an assumed range of $10,000 to $30,000 per incident. Recent engineering
analysis costs have varied significantly from $6,334 per site (PL84-99) to $162,500
per site (Natomas 408 ($1.3 million to evaluate 8 areas)).

The study risk ranges from low to moderate depending on the alternative.
Alternatives with the most waterside vegetation retained by a variance would have
the highest risk if a variance was not granted.

The two scenarios were applied to each of the study alternatives. The estimated costs and
study risk are shown in Tables 2 and 3. As shown in Table 2 and 3, the assumed cost to
obtain a variance for the alternatives ranges between about $220,000 (SB-3, Ring Levee) to
$5.8 million (SB-6, Sutter Bypass) while the assumed mitigation cost of a VFZ is between
$1.8 (SB-3 Ring Levee) to $20.9 million (SB-6, Sutter Bypass). The noncompliant
vegetation located on the waterside of the levee could be retained if a variance was granted.
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7. FINAL ARRAY OF ALTERNATIVES

The planning study evaluated the initial study alternatives based on FRM benefits and costs
and determined a final array of alternatives. Alternatives SB-7 and SB-7 were carried
forward to the final array. The GIS-based vegetation land cover survey data was then used
to more accurately determine vegetation impacts and mitigation costs. Tables 4, 5, and 6
show the results for SB-7 and SB-8. Total mitigation costs are $4.32 million for SB-7, and
$9.01 million for SB-8 (Table 6). SB-7 would impact 25.07 acres of riparian forest, 1.30
acres of oak woodland and cause the loss of 129 elderberry shrubs. SB-8 would impact
41.68 acres of riparian forest and scrub shrub, 6.7 acres of oak woodland, and cause the
loss of 217 elderberry shrubs. Of the total estimated costs, VFZ requirements account for
$1.73 million (40%) for SB-7 and $4.50 million (50%) for SB-8.

8. RECOMMENDED APPROACH

The following recommended approach follows the recommendations provided in Reference
b.

a. Future without project condition will assume that project sponsors have maintained
the levee in accordance with the O&M manual or that deficiencies in maintaining
the levee to the requirements of the O&M manual are being or will be addressed in
an approved SWIF(As of this writing, the sponsor has submitted a SWIF draft
Letter of Intent).

b. With-project condition will include work, including required mitigation, necessary
to comply with access and vegetation requirements of the ETL, including the full
15-foot access (O&M) corridor/vegetation free easement extending from the toe of
the levee. Removal or an approved vegetation variance will be considered as being
in compliance with the ETL. However, a vegetation variance will not be issued until
the design phase of the project. For the feasibility study a vegetation variance will
generally not be assumed.

c. Forlevee segments where a new levee alignment is being proposed (e.g. setback
levee), the project as formulated will be in compliance with the ETL (vegetation
and access) and all costs associated with ETL compliance will be project costs
subject to cost sharing .

d. For levee segments where measures to strengthen existing levees are fix- in-place
recommendations (e.g. slurry wall, berms) the following will apply:

i. Iflocal maintenance has been in compliance with the O&M manual (no
deferred maintenance) then all costs associated with ETL compliance,
including access of additional real estate interests as may be necessary,
will be project costs subject to cost sharing.



1374

CESPK-PD-R 15 June 2012
SUBJECT: Compliance with ETL 1110-2-571

ii.  Iflocal maintenance has not been in compliance with the O&M manual,
project sponsors are responsible for achieving compliance with the O&M
manual and required costs to do so are non-federal, non-project costs
(Reference g). If a SWIF has been approved, the deferred maintenance
may be accomplished in accordance with the terms of the SWIF except
that deferred maintenance within the footprint of the new construction
must be completed by the sponsors before construction or during
construction by the government contractor.

e. During feasibility investigations sufficient information may not be available to
distinguish between deferred maintenance costs and new costs to achieve ETL
compliance; therefore for the feasibility effort all vegetation clearing and associated
mitigation within the construction footprint will be assumed to be a project costs
subject to cost sharing.

Matt Davis

Environmental Resources Branch
Sacramento District

U.S. Army Corps of Engineers
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FEATHER RIVER - SUTTER BASIN PROTECTION AREA
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Table 1. Sutter ETL Vegetation Inventory Summary

Feather River Afterbay
13 sites out of 18 with veg potentially not conforming to ETL
4 sites with large trees on crest (247-307)

LD1

36 sites out of 64 with potential ETL issues

1 site with 48" walnut in the landside toe

1 site with 72" cottonwood at WS toe

2 sites with 48" trees at the LS toe

6 sites with numerous unknown (30" & 48") at WS slope and 15' easement
8 sites with oaks (30" & 48)" at WS slope and 15' easement

LD9

5 sites out of 19 with potential ETL issues

1 site with 48" walnut in the landside toe

1 site with unknown 72"+ at WS slope and 15' easement
1 site with oaks 30" at WS slope and 15' easement

MA3

9 sites out of 31 with potential ETL issues

3 sites with 30"-48"/7 total at WS slope and 15' easement

1 site with unknown 36" on LS easement over seepage berm
1 site with unknown 24" on LS toe

MA7

27 sites out of 76 with potential ETL issues

10 sites with 30"-60" (numerous unknown) at WS slope and 15' easement
14 sites with 30"-60" (numerous unknown) at LS easement

MA 16

14 sites out of 29 with potential ETL issues

4 sites with 30"-48" (numerous unknown) at WS slope and 15' easement
3 site with 30"-60" (numerous unknown) at LS easement

Sutter Bypass

21 sites out of 79 with potential ETL issues

26 sites with 24"-48" (numerous unknown) at WS slope and 15' easement
8 site with 24" (numerous unknown) at LS easement

Wadsworth Canal
2 sites out of 3 with potential ETL issues

13
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Management Measures
included
— 7P Fix-in-Place Shanghal Bend to Star Bénd
ws §5P* - Fix-In-Place Sunsef Weir io Shanghai Bend
st $12 - Fix-ln-Place Star Bend
“partial medsure
Optional
S15 - Southern Refief Structure

This alternative consxsts of fi xmg-ln-place the Feather River levees from Sunset Weirup to and
A including & $tar Bend place. This also includes H ofa

= Federal Levee flood warning system, evacuation plan, & flood fight pre-siaging areas.

mememern: W30 ROAS

—c SBound: Option: - Other trictral fude of and critical
. County Boundary infrastricture in the foodplain; flood proofng at 1so!ated locations; elevating structures and
o Rivers t housing, securing large floatable objects,
Designated Floadyays constructing ring fevees at isolatad focations.
mwdv Area Extent Option: Southern Relisf Structure

Figure 5. SB —2 Alternative
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Management Measures

included

w— 4 - Yuba City Ring Levee

Optional

515 - Soithem Relief Structure

R TARANG
he Yuba City

A ring levee was estimated based on the 8.5% (1/200) Annual Chance Exceedance (ACE)

Legend

= Federal Levee ievee breach floodplain and additional height to provide 90% refiability. The eastern
e Wdjor RoAMS flank of the Yuba City ring fevee would ulilize the eXisting Feather River levée. The

— - — County Boundary fing levee was assumed to require two new pump stations to address interior drainage.
This alternative also includes non-structural measures of a fiood warning system,

= Rivers
U4 Designated Flaodsias evacuation plan, & flood fight pre-staging areas.
i Sty Adea Extent Option: Southern Relief Structure

Figure 6. SB -3 Alternative
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Management Measures
Included
i §5° < Fi-ip-Prace Themalito to Shanghaf Send
e S8 - Southem J Leves
“partial measure
Optional
L] i $18 - Southr Reiif Stistirs

This alt tive includes fix-in-place Feather River levees from

i FedoraiLevee Thermalito to Shanghai Bend, and con; g & new levee 1o the
e Wi B30 south and west of Yuba City (Little J). The "J" levée was assumed
sior Roads to require two new pump stalions to address interior drai

= otinty Boundary.
v Rivars
i Designited Floodways

m Study Area Extent

This altemative also includes non-structural meastires of a flood
warning system, evacuation plan, & flood fight pre-staging areas.

Option: Southern Reiief Structure

Figure 7. SB —4 Alternative
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Management Measures
included
s §5+ + Fixobn Place Thermalilo to Shanghal Bend
sweme 57° . Fis-in-Place Sharighai Bend fo Star Bend
ewere $12 - Fix-An-Place Star Bend
*partial measure

Optionat

= §15'- Souther Reflef Struoture’

This alternative consists of fixing-in-ptace Feather River levees from Thermalito up-to

Federal Levee and including a Star Bend fix-in-place.

e Major Roads . ., . . .
This alternative aiso inclutles non-strtictural measures of 3 flood warning system,

== Courily Boundary evacuation plan, & flood fight pre-staging areas.

wer Rivers
Designated Floddiays

e sty Area Extent

Option:  Southern Relief Structure

Figure 8. SB 5 Alternative
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d s ELhi

Management Measures
fncluded

s $5¢ 2 Fi-fr-Place Thermallte to Shanghial Bend
w7 - Fis-in-Place Shanghai Bend to Star Bend

89 & Fix-in-Place Sulter Bypass,
e §14 - Fix-ln-Place FeatherBypass Confluence
e 12 Fixdn-Place Star Bend

SB - 6 Alternative

*partial measure
Optional
$15 - Southeri Relisf Structure

This alternative consists of fixing-in- place the Feather River levees from Thermalito to
the confluence with the Sutter Bypass, and fixing-in-place the east levees of the
Sutter Bypass. Levees along the south side of Wadsworth Canal would also be
fixed-in-place, This afternative also includes a Star Bend fix-in-place.

This alternative also ingludes non-structural measures of a flood warning system,
evacuation plan, & flood fight pre-staging areas.

e Feederal Laves

mneone Major Roads
— = County Boundary
st Rivers

L¢' Designated Flaodways

R sty Area Extent

Option:: Southern Relief Structure

Figure 9. SB ~ 6 Alternative
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Management Measures : .
Included ‘ SB - 7 Alternative
many S7 - Fix-l-Place Shanghai Bend to Laurel Ave
s §50 - Fix:In-Place Sunset Weir to Shanghai Bend 0 2 4 8

Legend N This atlernative consisis cf fixing-in-place the Feather Rwer ievees from Sunset Weirlo 1 mile south of
e Fodieral Leves Laurel Ave. This includes of & flood warning system,
evacuation plan, & fiood fight pre-staging areas.

mewsoeen WA3j07 ROIAS
—-— County Boundary Option: Other tructurat and critieat
1 elevating structures-and

mrrastruclure n the foodplain; nood proo!mg at fsolated loca(lcn
't housing, securing large fivatable objects;

> Rivers
Designated Floodways constructing ring levees at isolated locations,

M&udyma Extent

Figure 10. SB-7 Alternative
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Rl s i
Management Measures
included
= 552 Fix-in-Place Thermalite o Shanghai Bend
w7 - Fik-in-Place Shanghai Bend o Laurei Ave

Legend N
& This alternative consists of fixing-in-place Feather River levess from Thermalito to
— Foderal Levee ’ .
1 mile south of Laurel Ave.
e NgjOF ROSAS )
= Gounty Boundary This alternative also includes non-struttural measures of a flood warning system,
» Rivers evacuation plan, & flood fight pre-staging areas.

Designated Floodways

F58 stuay area Extont

Figure 11. SB-8 Alternative
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Table 2
Scenario: Establish VFZ Per ETL
Alternative Number of | Mitigation Study Risk
Incidents Cost
SB-2, Minimal-Fix-in-Place 71 $3,301,911 | Low-Moderate. Extent of
(Feather reaches 6-21) o vegetation removal is less than SB-
$4,627.675 | 5 and SB-6 but more than SB-3 and
SB-4. Lower risk for jeopardy
opinion and resource agency and
public concerns.
SB-3, Ring Levee 38 $1,767,220 | Low. The least amount of
(Feather reaches 12-18) to vegetation removal compared to
$2.474,108 | other alternatives and therefore the
least potential for a jeopardy
opinion and project delays.
SB-4, Little J 179 $8,324,536 | Moderate. Same as SB-5.
(Feather reaches 12-41) to
$11,654,350
SB-5, Fix-in-Place, 200 $9.301,158 | Moderate. Substantial vegetation
Thermalito to Star Bend to removal. Along with SB-6, most
(Feather reaches 6-41) $13,021,621 | potential for a jeopardy opinion and
permit delays. Compensatory
mitigation would substantially
reduce identified risk.
SB-6, Sutter Bypass 321 $14,928,359 | Moderate. Most vegetation loss
(Feather reaches 1-41, to and the most potential risk due to
Sutter Bypass LM 0-22, $20,899,702 | greater risk of a jeopardy opinion
Wadsworth Canal LM 0-3) and permit delays. Compensatory
mitigation would substantially
reduce identified risk.
SB-7, Fix-In-Place, Feather 87 $4,046,003 | Low-Moderate. Same as SB-2.
River, Sunset Weir to south to
of Laurel Ave (Feather $5,670,531
reaches 2-21)
SB-8, Fix-In-Place, Feather 216 $10,045,250 | Moderate. Similar as SB-5.

River, Thermalito to south
of Laurel Ave (Feather
reaches 2-41)

to
$14,078,560
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Table 3
Scenario: Variance Per ETL

Alternative Number of Cost to Study Risk
Waterside Obtain
Incidents Variance

SB-2, Minimal Fix-in-Place 38 $380,000 | Low. Additional ESA consultation
(Feather reaches 6-21) to and NEPA compliance could be

$1,140,000 | required if a variance is not granted.
Mitigation costs would increase but
not significantly affect total project

costs.
SB-3, Ring Levee 22 $220,000 | Low. Similarto SB-2. Least amount
(Feather reaches 12-18) to of vegetation removal compared to

$660,000 other alternatives and therefore the
least potential impact from not
obtaining a variance.

SB-4, Little J 103 $1,030,000 | Moderate. Same as SB-53.
(Feather reaches 12-41) to

$3,090,000
SB-3, Fix-in-Place, 111 $1,110,000 | Moderate. In addition to the risks for
Thermatlito to Star Bend to other alternatives, this and alternative
(Feather reaches 6-41) $3.330,000 | SB-6 have the most vegetation

removal and thus the most potential
for a jeopardy opinion and project
delays if a variance is not obtained.

SB-6, Sutter Bypass 193 $1,930,000 | Moderate. Most vegetation loss and
(Feather reaches 1-41, to therefore the most potential risk to
Sutter Bypass LM 0-22, $5,790,000 | study if a variance is not granted.
Wadsworth Canal LM 0-3)

SB-7, Fix-In-Place, Feather 46 $460,000 Low. Same as SB-2.

River, Sunset Weir to south to

of Laurel Ave (Feather $1,380,000

reaches 2-21)

SB-8, Fix-In-Place, Feather 119 $1,190,000 | Moderate. Same as SB-3.

River, Thermalito to south to

of Laurel Ave (Feather $3,570,000

reaches 2-41)

23



1388

CESPK-PD-R 15 June 2012
SUBJECT: Compliance with ETL 1110-2-571

Table 4. Effects on Land Cover Types for Alternatives SB-7 and SB-8

Land Cover Types AltSB-7 Alt SB-8
(acres) (acres)
Riparian forest
Construction footprint 14.16 20.63
VFZ Requirement 9.61 14.00
BT a7 he3
Riparian scrub-shrub
Construction footprint NA 0.32
VFZ Requirement NA NA
Subtotal NA 0.32
0Oak woodland
Construction footprint NA NA
VFZ Requirement 1.30 6.73
Subtotal 1.30 6,73
Total 25.07 41.68

Table 5. Elderberry Shrub Impacts for Alternatives SB-7 and SB-8

Land Cover Types Alt SB-7 AltSB-8
(number of shrubs)  (number of shrubs)

Elderberry Shrub Loss

Construction footprint 31 52
VFZ Requirement 98 165
Total 129 217
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Table 6. Mitigation Cost Estimate for Alternatives SB-7 and SB-8

Land Cover Types AltSB-7 AltSB-8
(X $1 Million) (X $1 Million)
Riparian forest

Construction footprint 2.83 413
VFZ Requirement 1.92 2.80
Subtotal 4.75 6.93

Riparian scrub-shrub
Construction footprint NA 0.06
VFZ Requirement NA NA
 Subtotal NA 0.06

Oak woodland

Construction footprint NA NA
VFZ Requirement 0.26 1.35
Subtotal 0.26 1.35

Elderberry Shrub Loss
Construction footprint 0.42 0.70
VFZ Requirement 1.58 2.66
Subtotal 2.00 3.36
Construction footprint Total 3.25 4.89
VFZ Requirement Total 3.76 6.81
Grand Total* 4.32 9.01

*  Reduced to reflect VELB compensation providing riparian and oak woodland compensation.

Cost Assumptions: (1) Compensation ratio of 2:1 for all cover types
(2) Star Bend Mitigation Site is limited to 28.5 acres of available area at a cost of
$125,000 per acre.
(3) Elderberry mitigation would occur at Star Bend and would compensate for
riparian impacts in addition to VELB impacts;
(4) Mitigation needs not met at Star Bend would be addressed at a mitigation bank
at cost of $100,000 per acre; and
(5) VELB mitigation requirements based on the USFWS conservation guidelines.
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Table 4-4. Seepage Gradient Criteria
Feather River West Levee Rehabilitation Early Implementation Project - Task Order 1

Levee WSE Maximum Average
Condition {Location Condition Exit Gradient
Existing Landside levee toe DWSE 05
Conditions HTOL 06
Bottom of empty ditch at landside toe DWSE 05
HTOL 0.6
Bottom of ditch and landside field between toe and 150 feet from toe |DWSE linear interpolation
between 0.5 and 0.8
HTOL flinear interpolation
between 0.6 and 0.9
With Landside levee toe, without berm (e.g., with cutoff wall) DWSE + 1 foot |05
Rehabilitation HTOL + 1 foot |06
Measures Landside levee toe with relief wells DWSE + 1 foot |05
HTOL + 1 foot |06
Bottom of empty ditch at landside toe (without berm) DWSE + 1 foot |05
HTOL + 1 foot 0.6
Bottom of empty ditch 2 150 feet from toe, with or without berm DWSE + 1 foot 0.8
HTOL +1 foot 0.9
Botiom of ditch between toe and 150 feet from toe, with or without DWSE + 1 foot |linear interpolation
berm between 0.5 and 0.8
HTOL +1 foot linear interpolation
between 0.6 and 0.8
Landside levee toe, with berm DWSE + 1 foot |05
HTOL +1 foot 0.6
Toe of seepage berm, between landside toe and less than 100 feet |DWSE + 1 foot 0.8
from levee toe
HTOL + 1 foot  jdoes not increase more
than 20% from that
determined for the
DWSE
Toe of seepage berm between 100 feet and 300 feet from landside DWSE + 1 foot (0.8
levee toe
HTOL + 1 foot  juse engineering
judgment
Toe of seepage berm at or greater than 300 feet from landside levee JDWSE + 1 foot |use engineering
toe judgment
HTOL +1 foot use engineering
judgment

WSE = water surface elevation
DWSE = design water sutface elevation
HTOL = hydraulic top of levee
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Table 5-42: Summary of Geotechnical Analysis for 100 Year WSE
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Design WSE Rehabilitation Reach analyzed for Mc::ets. geotechnical
Reach (year) Needed for DWSE 100-year WSE? criteria for 100-year

and or HTOL? WSE?
1 100 Yes Yes No
2 100 Yes Yes No
3 100 Yes Yes No
4 100 Yes Yes No
5 200 Yes No No
6 200 No No Yes
7 200 Yes No No
8 200 Yes Yes No
9 200 Yes Yes No
10 200 Yes No No
11 200 Yes No No
12 200 No* No Yes*
13 200 Yes No No
14 200 No* No Yes*®
15 200 No* No Yes*
16 200 No No Yes
17 200 Yes No No
18 200 Yes Yes No
19 200 Yes Yes No
20 200 Yes Yes No
21 200 Yes Yes No
22 200 Yes Yes No
23 200 Yes Yes Yes
24 200 Yes Yes No
25 200 No Yes Yes
26 200 Yes Yes No
27 200 Yes Yes No
28 200 Yes Yes No
29 200 No Yes Yes
30 200 Yes Yes Yes
31 200 Yes No No
32 200 Yes No No
33 200 Yes Yes No
34 200 Yes No No
35 200 Yes Yes No
36 200 Yes No No
37 200 Yes Yes No
38 200 Yes No No
39 200 No* No Yes*
40 200 Yes Yes No
41 200 Yes Yes No

NOTE: * = Based on confirmation by receipt of as-constructed drawings or adequate confirmatory investigation.
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