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Dear Mr. Mack:

Kleinfelder is pleased to present this Revised Geotechnical Basis of Design (BOD) Report for the Yuba
River South Levee Evaluation. This report has been prepared as part of the Upper Yuba Levee
Improvement Project for the Three Rivers Levee Improvement Authority, located within Reclamation
District 784 in Yuba County, California. The purpose of this report is to summarize the levee geotechnical
conditions, analyses, and recommendations to be used during remedial levee design.

The contents of this report are bound in two volumes and include: 1) cover letter, 2) report text, 3) plates,
and 4) appendices. Appendix O includes our responses to comments received from the Board of Senior
Consultants (BOSC) based on review of the draft version of this report, and includes the locations of the
revisions to allow the BOSC to perform its back check review. This report has been revised to present
updated and additional recommendations to the project designers subsequent to publication of the
original draft and final versions. Significant revisions, deletions, and insertions made since publication of
the previous version of this report are reflected with blue font. We recommend careful review of all parts
of this report to ensure proper consideration of the potential soil and groundwater related issues relevant
to both design and construction.

Kleinfelder appreciates the opportunity to work with you on this project. If you have any questions
regarding the contents of this report, or if we may be of further assistance, please contact the
undersigned.

Respectfully submitted,

KLEINFELDER WEST, INC. e

Byron C. Anderson, PG, CEG fimothy-A. Williams, PE, GE
Senior Engineering Geologist Geotechnical Group Manager

Zia Zafir, PhD, PE, GE
Principal Engineer
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1 INTRODUCTION

1.1 GENERAL

Kleinfelder has evaluated seepage and slope stability conditions for the south levee of
the Yuba River between Simpson Lane and the Yuba Gold Field within Reclamation
District 784 (RD 784) in Yuba County, California, for HDR, Inc. (HDR) on behalf of the
Three Rivers Levee Improvement Authority (TRLIA).

Kleinfelder gathered information from a variety of sources to prepare this Geotechnical
Basis of Design Report (GBODR), including:

Previous soil borings and laboratory testing information provided by the United
States Army Corps of Engineers (USACE) for the previous Problem Identification
Report (PIR) that included this levee segment

Previous soil borings advanced for the PIR prepared in 2006

Soil borings and cone penetration tests (CPTs) advanced along the levee crest,
at the levee toe, on the waterside of the levee, and in the field between 100 to
300 feet from the levee to satisfy the USACE-recommended exploration interval
of no more than 1,000 feet

Laboratory solil testing results
Ground surface topography from HDR
Design water surface elevations provided by MBK Engineers (MBK)

Surficial geologic mapping and geomorphic assessment by William Lettis &
Associates (WLA)

Helicopter electromagnetic (HEM) differential resistivity survey data provided by
the State of California Department of Water Resources (DWR)

As-built data of levee improvements
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Available historical information regarding the Yuba River South Levee (YRSL)

Kleinfelder divided the subject portion of the YRSL into five reaches based on groupings
of subsurface profiles and similar levee configurations. Representative cross sections
were then developed for evaluation of slope stability and seepage according to the
USACE and DWR guidelines.

The evaluation and results presented in this report are based on information available at
the time we performed this study. This report includes recommendations related to the
geotechnical aspects of project design and construction. Conclusions and
recommendations presented in this report are based on the subsurface conditions
encountered at the locations of our explorations and the provisions and requirements
outlined in the Limitations section of this report. Recommendations presented herein
should not be extrapolated to other areas or used for other projects without Kleinfelder’s
prior review.

1.2 SITE LOCATION

The site is located in Yuba County southeast of Marysville, California. The site location
relative to cities, rivers, and existing roadways is shown on Plate 1-1. Stationing
referred to in this report was established by HDR. The subject portion of the YRSL
extends from Simpson Lane at approximate Station 102+00 (Project Levee Mile (PLM)
2.2) to the Yuba Gold Field at approximate Station 303+59 (PLM 6.1) and is
approximately four miles long.

1.3 PURPOSE AND SCOPE OF SERVICES

The purpose of publishing this GBODR is to present a Basis of Design (BOD)-level
evaluation summarizing project background information, subsurface conditions
encountered, and engineering analysis results. The results of this data review and
analyses were used to develop recommendations related to through seepage,
underseepage, settlement, seismic stability, and static slope stability
remediation/strengthening in support of project design. Included in this report are
remedial design recommendations provided for four reaches as well as construction
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recommendations for earthwork grading, combined seepage/stability berms, and
seepage cutoff walls.

The objective of this GBODR is to provide recommendations for mitigation of potential
levee seepage and slope stability deficiencies with respect to levee safety criteria
established by USACE and DWR.

1.4 LEVEE PERFORMANCE ISSUES NOT ADDRESSED
This report primarily addresses the geotechnical aspects of levee performance issues

related to seepage and slope stability. Other levee performance issues not within the
scope of this study and, therefore, not addressed in this report include the following:

1. Freeboard 5. Levee penetrations
2. Erosion control and monitoring 6. Internal drainage
3. Closure devices 7. Encroachments

4. Operation and maintenance 8. Geometry

Each of these issues should be addressed as part of an overall levee performance
assessment.

1.5 PROJECT DATUMS AND COORDINATE SYSTEM

Elevation references in this report are in feet and are based on the National Geodetic
Vertical Datum of 1929 (NGVD29). All elevations reported herein refer to the NGVD29
datum. Northing and easting coordinates shown on boring logs in Appendix A are
based on the California Coordinate System Zone 2 and the 1983 North American
Datum (NAD83). Kleinfelder understands this datum and this NGVD29 coordinate
system are being used in project design and construction documents.

1.6 LEVEE ALIGNMENT

The subject portion of the YRSL extends from Simpson Lane at approximate Station
102+00 (PLM 2.2) to the Yuba Gold Field at approximately Station 303+59 (PLM 6.1)
and is approximately four miles long. The levee crown is covered with a gravel-
surfaced patrol road. Simpson Lane crosses the levee at the west end of the project.
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Dantoni Road crosses the levee at Station 164+50. The active channel of the Yuba

River is located approximately 7,000 to 8,000 feet north of the study area. Older,
inactive channels of the Yuba River are located at or near the waterside toe of the
levee. The levee alignment and stationing are shown on the Plan and Profile (Plates 1-

3 through 1-5) with an accompanying Legend and Notes (Plate 1-2).

1.7 EXISTING LEVEE GEOMETRY

The levee crown width is approximately 20 feet and the levee height varies between 5
and 17 feet above the landside toe with an average height between 10 to 12 feet. The
waterside toe is typically several feet above the landside toe due to accumulation of
sediments within the Yuba River channel. Approximate crown elevations vary between
+82 and +96. Approximate landside toe elevations range from +68 to +83. The
landside slopes generally range between 1.9H:1V (Horizontal:Vertical) and 3H:1V. The
waterside slopes generally range between 2.8H:1V and 4H:1V. Between Stations
220+00 and 271+00, the waterside toe has been removed exposing a 3- to 4-foot high
vertical face. A pond for collecting cow effluent is present on the levee landside
between Stations 196+00 and 208+00 and runs parallel to sub-parallel to the levee.
The geometry and location of this pond relative to the levee are described in detail in
Section 4.6.

1.8 LEVEE TOPOGRAPHY

The August 2003 Yuba River levee topographic surveys performed by USACE were
field verified by HDR and used for the topographic drawings for the project. This
information was provided to Kleinfelder in the form of a terrain model which was used as
a base to produce transverse levee cross sections for use in seepage and slope stability
analyses. Top-of-boring elevations for borings performed for this study were estimated
from the provided topographic terrain model.

1.9 INVESTIGATION REACH DESIGNATIONS

The subject portion of the YRSL was previously divided into three sections consistent
with earlier levee investigations. The PIR (Kleinfelder 2009) divided the alignment into
six reaches. Further subsurface characterization and refinement of the mitigation
designs for this GBODR have resulted in the consolidation of the alignment into five
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reaches, as presented in Table 1.1. The reach designations are shown on the Plan and
Profiles (Plates 1-3 through 1-5).

Table 1.1 - Summary of YRSL Sections and Reaches

PIR GBODR .
Section Reach Reach Bg%;?ig':g Sti?i%n
(2009) (2010)

10 10A 10A 102+00 136+50

10 and 11 10B 10B 136+50 189+50
11 10B, 11A and 11B 11 189+50 221+00

11 and 12 11B, 12A and 12B 12 221400 288+00
11 and 12 12A and 12B 13 288+00 303+59

Reach 10A is not included in the BOD-level evaluation. The analyses performed for the
PIR indicated the mitigation constructed for this portion of the levee alignment should
meet USACE and DWR criteria for through seepage, underseepage, and slope stability
for the 100- and 200-Year water surface elevations (WSE).
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2 BACKGROUND INFORMATION

2.1 PREVIOUS STUDIES

Kleinfelder reviewed the following documents in support of this GBODR:

“Geotechnical Report for Subsurface Explorations, Levee Evaluations, Yuba County,
California,” The MARK Group, dated September 2, 1988

“Geotechnical Stability Assessments, Levee Evaluations, Yuba County, California,”
The MARK Group, dated April 21, 1989

USACE report dated October 1989 entitled “Office Report, Geotechnical Evaluation
of Levees in Yuba, Sutter, and Butte Counties”

USACE report dated January 1990 entitled “Sacramento River Flood Control System
Evaluation, Initial Appraisal Report — Marysville/Yuba City Area”

USACE contract drawings entitled “Sacramento River Flood Control Project
Phase II, Levee Reconstruction, Contract 2A (Site B and Site 7),” dated July 25,
1996

USACE as-built drawings entitled “Sacramento River Flood Control Project Phase I,
Levee Reconstruction, Contract 2B, Sites 6, 7, and 13,” dated June 24, 1997 (some
revisions noted in 2000)

“Report on Feasibility of Yuba-Feather Supplemental Flood Control Project,” GEI
Consultants, Inc., dated June 2003

USACE Seepage Analysis Computations and Results for the Feather River Left
Bank Levee and The Yuba River Left Bank Levee, dated May 2004

“Problem Identification Report, Yuba River Left Bank Levee, Highway 70 to SPRR
(Approximate PLM 0.32 TO 0.91), Reclamation District 784, Yuba County,
California,” Kleinfelder, Inc. (File No. 43299), dated June 11, 2004
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USACE draft report entitled “Yuba River Basin Investigation General Re-evaluation

Report; Geotechnical Evaluation of Existing Levee Conditions,” dated January 3,

2005

USACE levee subsurface profile drawings for the Feather River left bank levee and
the Yuba River left bank levee, received from Sacramento District USACE in April
2005

USACE detailed logs of several explorations performed in 1988, 1991, 1995, 1996,
1997, 1999, 2001, and 2004 along the subject levees

“Draft Problem Identification Report, Yuba River Left Bank Levee, SPRR to Simpson
Lane (Approximate PLM 0.9 to 2.2), Reclamation District 784, Yuba County,
California,” Kleinfelder, Inc. (File No. 51730), dated June 14, 2005

“Problem Identification Report, Feather River and Yuba River Left Bank Levees,
Reclamation District 784, Yuba County, California,” Kleinfelder, Inc. (File No. 55887),
dated February 20, 2006

William Lettis & Associates. (WLA 2008), “Summary of Surficial Geologic Mapping”

“Problem Identification Report, Upper Yuba Levee Improvement Project, Yuba River
South Levee Evaluation, Simpson Lane to Yuba Gold Field,” Kleinfelder, Inc. (File
No. 97419) dated September 29, 2009

“Administrative Draft Geotechnical Basis of Design Report, Upper Yuba Levee
Improvement Project, Yuba River South Levee Evaluation,” Kleinfelder, Inc. (File No.
104634) dated December 10, 2009.

“Geotechnical Borrow Site Evaluation, TRLIA Borrow Area 1, Upper Yuba Levee
Improvement Project, Yuba River South Levee Evaluation,” Kleinfelder, Inc. (File No.
106539) dated February 11, 2010.

Geotechnical Basis of Design Report, Upper Yuba Levee Improvement Project,
Yuba River South Levee Evaluation,” Kleinfelder, Inc. (File No. 104634) dated March
9, 2010.
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“Geotechnical Borrow Site Evaluation, TRLIA Borrow Area 1, Upper Yuba Levee
Improvement Project, Yuba River South Levee Evaluation,” Kleinfelder, Inc. (File No.
106539) dated June 7, 2010.

2.2 HISTORICAL FLOOD EVENTS

The subject portion of the YRSL has experienced four significant flood events since
being constructed. These record flood events occurred in 1955, 1964, 1986, and 1997.

The estimated flow of the 1964 flood event was 180,000 cubic feet per second (cfs)
based on interpretation of flood marks and extension of the rating curve, which are
considered less reliable than the measurements for the 1997 event. Levee failure
occurred approximately 1%z miles downstream of Simpson Lane during the 1986 flood
event. In January 1997, a large amount of rainfall occurred at high elevation in the
Sierra Nevada after a deep accumulation of snow. This resulted in significant runoff in
the Yuba River. A USACE flood-routing study estimated a maximum flow of 161,000
cfs in the river at the time. Therefore, the 1997 event is considered the reliable
maximum flow event.

2.3 LEVEE IMPROVEMENTS

Improvements in the form of cutoff walls and drained stability berms have been
constructed along the levee and are discussed below. Construction details from the
1997 USACE Levee Improvement project are included in Appendix M.

2.3.1 Cutoff Walls

USACE constructed a soil-cement-bentonite (SCB) cutoff wall in 1997 between
approximately Stations 102+00 and 143+50. The cutoff wall was constructed to about
Elevation +42 between Stations 102+00 to 136+50 and to about Elevation +47 between
Stations 136+50 to 143+50. The project was completed in 1997. TRLIA constructed a
slurry cutoff wall in 2006 to about Elevation +40 to overlap the west end of this cutoff
wall and to tie into a project to the west of Simpson Lane (Section 10).
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2.3.2 Stability Berms and Drains

The following drained stability berms were constructed by USACE along the project
alignment. The as-built drawings (USACE 1997) indicate these stability berms were

constructed using toe drains with Type | rock and geotextile fabric.

Stations 140+80 to 174+60: USACE constructed a drained stability berm and toe
drain. The stability berm is about 5 feet thick and about 10 feet wide with a top
elevation of about +75. The berm includes a 1-foot-wide inclined drain on the
face and base of the levee. A 1-foot-thick by 6- to 6%-foot-deep toe drain was

also constructed. The project was completed in 1998.

Stations 176+10 to 190+50: USACE constructed a drained stability berm and toe
drain. The berm is about 5 feet thick and about 10 feet wide with a top elevation
of about +75. The berm includes a 1-foot-wide inclined drain on the face and
base of the levee. A 1-foot-thick by 6%-foot deep toe drain was also constructed.

The project was completed in 1998.

Stations 197+80 to 211+50: USACE constructed a drained stability berm. The
berm was 5 feet thick and 10 feet wide with a top elevation of about +77 to +79.
The berm included a 1-foot-wide inclined drain on the face and base of the levee.
A 1-foot-thick by 5- to 6-foot-deep toe drain was also constructed. The project

was completed in 1998.
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3 GEOLOGY AND GEOMORPHOLOGY

3.1 GEOLOGIC SETTING

The subject site is located in the eastern portion of the Sacramento Valley, the northern
portion of the Great Central Valley of California. The Sacramento Valley contains
thousands of feet of accumulated fluvial, overbank, and fan deposits resulting from
erosion of the adjacent Sierra Nevada Mountains to the east, Klamath and Cascade
Mountains to the north, and Northern Coast Range to the west. These deep alluvial
deposits pinch out as the boundaries of the basin are approached.

The Yuba River is one of several major natural drainages that discharge west from the
Sierra Nevada Mountains. The Yuba River flows into the Feather River near Marysville.
From this confluence the Feather River flows south to its confluence with the
Sacramento River approximately 10 miles northwest of downtown Sacramento. The
Yuba River channels were significantly altered during the mid to late nineteenth century
as a result of debris washing downstream from hydraulic gold mines in the Sierra
Nevada Foothill region. Within the Central Valley the Yuba River has been confined by
man-made levees constructed in the early 1900s. Within the study area, these levees
were generally constructed on Historical (including mine debris), Holocene, and
Pleistocene alluvium.

The project site has been mapped by a number of geologists at a regional scale
including Jennings, et al. (1977), Wagner, et al. (1981), and Helley and Harwood
(1985). Jennings, et al. (1977) and Wagner, et al. (1981) are both compilation maps
that reflect mapping by previous authors and thus show geologic interpretation similar to
Helley and Harwood (1985). Helley and Harwood’s (1985) map focused on Quaternary
geologic units based on geomorphology and was performed at a scale of 1:62,500 and
is presented on Plate 3-1. More recently WLA (2008) mapped geomorphic units at a
scale of 1:20,000 for the purposes of feasibility level levee evaluation and design. These
maps provide the most detailed surficial geologic mapping available of the project area.
WLA'’s most recent geomorphic map of the project area is reproduced on the Surficial
Geologic Map (Plate 3-2). The major surficial geologic deposits are referenced similarly
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by both WLA and Helley and Harwood, and are summarized below (from youngest to
oldest).

Dredge Tailings (t/DT/DT present): Historical and present tailings and other
disturbed ground. Mapped by WLA (2008) immediately northeast of Reach 12.

Overbank Deposits (Rob): Historical sand, silt, and clay deposited during high-
stage water flow overtopping channel banks. Mapped by WLA (2008) as
underlying and/or adjacent to the landside toe of the levee along most of the
project alignment.

Crevasse Splay Deposits (Rcs and Hcs): Historical (Rcs) and Holocene (Hcs)
fine to coarse sand with minor lenses of gravel deposited from breaching of
natural or artificial levees. Mapped by WLA (2008) as underlying parts of
Reaches 11 and 12.

Alluvium (Qa and Ra): Alluvium (Qa) is mapped by Helley and Harwood (1985)
as underlying most of the project alignment and consists of Historical and
Holocene high energy fluvial deposits (i.e., sand and gravel), overbank fan
deposits (i.e., sand, silt, and clay), and unconsolidated, loose mine debris. WLA
(2008) maps Recent Alluvium (Ra) underlying and/or adjacent to almost the
entire waterside toe of the levee as well as the landside of the levee from
approximate Station 273+00 to the northeast end of the project.

Riverbank Formation (Qru, Qrl): Mid-Pleistocene (estimated 130,000-450,000
years of age) alluvium consisting of gravel, sand, silt, and clay. The upper
member of the Riverbank Formation (Qru) is typically semi-consolidated to
consolidated and medium-dense to dense. The lower member of the Riverbank
Formation (Qrl) is typically consolidated and very dense. Both units often contain
strongly cemented layers. The upper member of the Riverbank Formation is
mapped by Helley and Harwood (1985) adjacent to Reach 10B and southeast of
the other reaches. WLA (2008) mapped both the upper and lower members of
the Riverbank Formation southeast of the project alignment.
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3.2 GROUNDWATER

According to DWR Bulletin 118 (DWR 2003), the project is located along the northern
boundary of the South Yuba Subbasin, which comprises part of the greater Sacramento
Valley Groundwater Basin. The Historical dredge tailing deposits and Historical to
Holocene stream channel and floodplain deposits upon which the YRSL was
constructed are considered to be highly permeable and allow for large volumes of
groundwater recharge within the subbasin.

Kleinfelder reviewed available groundwater level and trend data from DWR including an
Internet water data library (http://wdl.water.ca.gov/gw/) of groundwater depth
measurements from numerous monitoring wells throughout the State. The DWR data
and additional information from the Yuba County Water Agency (Onsoy, et al. 2005)
indicate groundwater within the project area is typically unconfined and flows from east
to west. Recharge in the project area typically occurs in the east along the mountain
front and along the channel of the Yuba River. Historically, the groundwater levels
within the center of the South Yuba Subbasin had been depressed to levels well below
sea level due to groundwater pumping. By the 1990s, however, the groundwater levels
had risen due to a decrease in groundwater pumping and increase in surface water

supply.

The available data from DWR were reviewed for seven wells nearest the segment of the
YRSL alignment under study for this project. Generally, the data confirm the previously
discussed past and current groundwater conditions for the South Yuba Subbasin,
including a local east-to-west flow direction and a slight increase in groundwater
elevations within the last 30 to 40 years. The data also show a typical seasonal
fluctuation in groundwater elevation with peaks typically in winter to spring months.
Graphs of the data showing the groundwater patterns described above were selected
from two of the seven wells. These graphs along with a map depicting the locations of
the two wells are presented on Plate 3-3. The graphs show the groundwater level in
Well 15NO4E20E001M has generally ranged between approximately Elevations +35
and +50 and has slightly increased during the past 40 years. The groundwater level in
Well 15NO4E15A001M has typically ranged between approximately Elevations +40 and
+70. The graph for Well 15NO4E15A001M also shows the groundwater level dropped
between the initial reading in January 1948 and January 1979, and the level has since
gradually increased. Several prominent groundwater level spikes are present in the
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records for both wells corresponding to past high precipitation (El Nino) seasons and

river flow events, confirming a strong connection between the river and groundwater

levels within the study area.

Groundwater was encountered in several of the exploratory borings advanced along the
levee alignment during previous and current investigations. The elevation of the
groundwater surface, where encountered in the borings, generally exhibits a trend of
increasing elevation in the upstream direction, as would be expected given the local
hydrogeologic conditions. The elevations of groundwater encountered in the previous
USACE Borings 2F-01-03 and -04 (Elevations +67 and +62, respectively) and the
recently-completed Boring KB-08-22 (Elevation +61) agree closely with the groundwater
elevations measured in nearby Well 15NO4E15A001M for the corresponding dates of
measurement. An accurate evaluation of stabilized groundwater levels was not
possible in many of the borings due to the mud-rotary drilling methods employed and
the requirements that the borings be abandoned and grouted upon completion of
drilling.

The groundwater elevations and soil moisture conditions within the project area will
fluctuate depending on the actual regional and local recharge, river stage, rainfall,
irrigation practices, or runoff conditions. The evaluation of such factors is beyond the
scope of this investigation.

3.3 GEOMORPHOLOGY

The geomorphic processes and stratigraphic distribution of the soils in the area of the
subject portion of YRSL are described in detail by WLA (2008). This work reviewed
data and findings from published works including aerial photographs, topographic maps,
surficial geologic maps, and soil maps. A similar review was performed by Kleinfelder
for this investigation and the results of this review were generally consistent with the
findings of WLA (2008). A brief summary of the geomorphic model is presented below.

Historical and Holocene age alluvial deposits associated with present-day stream
channels and mining debris associated with hydraulic mining of the mid-nineteenth
century overlay the Riverbank Formation throughout most of the project alignment. The
mining debris was washed down from the Sierra Nevada foothills region to the east and
may also cover channels of the Historical and Holocene age Yuba River. The
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alignments of the Yuba River channels were significantly altered as a result of the
discharged mining debris. This mining debris reportedly spread out over a width of 1 to
3 miles, covered an area of 25 square miles, and raised the base of the Yuba and
Feather Rivers confluence an estimated 13'% feet (Lindgren 1911). Mining debris
deposits within these channels typically consist of silt and sand. The underlying
Historical and Holocene alluvium consist of silt, sand, and gravel derived from both the
reworked Riverbank Formation and bedrock of the Sierra Nevada Mountains.

The Riverbank Formation underlies the shallow deposits of Historical and Holocene
alluvium across the entire project area. This formation represents west sloping alluvial
fans and terraces derived from erosion of the Sierra Nevada Mountains east of the
project area. These fans were deposited during the Middle and Late Pleistocene
primarily by west-flowing streams and rivers. Uplift and westward tilting of the Sierra
Nevada Mountains combined with episodic erosion and deposition of sediments
resulted in younger deposits incised into older deposits to form nested terraces. This
pattern of erosion and deposition also resulted in the older fan deposits generally being
more dissected. Rates of erosion along these channels are likely a direct result of
glacio-eustatic changes (Shlemon 1972). Lower sea levels during glacial epochs would
have resulted in increased gradients and rates of incision producing relatively high
energy deposits (sands, gravels, and cobbles). Conversely, higher sea levels during
non-glacial periods would have resulted in reduced gradients, less erosion, and
relatively lower energy deposits of clays, silts, and sands.

Review and comparison of Historical topographic maps with current topographic maps
(Plates 3-4 through 3-6), aerial photographs, and geologic maps of the Yuba River in
the project area reveal features indicative of graded rivers. A number of oxbow scars,
channel remnants, and outside meander erosion scars can be identified north, south,
and crossing beneath the existing levee system as shown on Plate 3-7. These
Historical remnant river features are evidence these rivers have migrated across the
floodplain creating and abandoning channels throughout the process. These
abandoned channels are typically filled with loose granular sediments deposited by the
river when it flowed through the channels. However, often the coarse-grained alluvium
is “capped” by a relatively thin layer of silt and/or clay deposited from the river during
more recent (post abandonment) flood stages. During these flood events the river
overtops its current channels and carries with it finer-grained materials that are
deposited outside of the channels as the river recedes. Eventually these overbank
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deposits accumulate and can eliminate evidence of the older, abandoned river
channels. The approximate locations of abandoned channels identified by Helley and
Harwood (1985), WLA (2008), and Kleinfelder (2009) that cross beneath the levee
within the project area are presented below in Table 3.1.

Table 3.1 - Locations of Abandoned River and
Tributary Channel Deposits

Feature Stations
Channel Deposit 146+00 to 155+00
Channel Deposit 190+50 to 205+00
Channel Deposit 191+00 to 264+00
Channel Deposit 234+00 to 236+00
Channel Deposit 238+50 to 243+00
Channel Deposit 252+50 to 256+00
Channel Deposit 261+00 to 281+00
Channel Deposit 266+50 to 269+00
Channel Deposit 287+00 to 304+00

3.4 GEOPHYSICAL SURVEY

The results of a HEM geophysical survey flown in 2008 were used to aid in the
interpretation of the subsurface soil conditions and the development of the subsurface
models along each reach. Fugro West, Inc., flew the HEM geophysical survey over
YRSL in conjunction with its work for DWR. DWR has agreed to share this information
and Kleinfelder has reviewed the results.

These surveys are conducted by flying three lines along the length of the levee. These
lines are normally centered over the waterside toe, crown, and landside toe. The data
from these surveys are then interpreted in profiles. Combined with the geologic map
and boring information, the HEM survey helps identify changes in sediment materials
and provides a qualitative, continuous geologic interpretation along the levee alignment.

HEM maps the electromagnetic conductivity of the subsurface materials. Generally
speaking, finer-grained sediments are less resistive, and coarser-grained sediments are
more resistive.
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URS has processed and reported the HEM data in profiles related to the helicopter flight

path. Results from landside toe, crown, and waterside toe of the HEM geophysical
survey are presented in Appendix D. The cooler colors (blues and greens) generally
represent lower resistivity values and thus fine-grained sediments (i.e., clay). The
warmer colors (reds and purples) generally represent higher resistivity values and thus
coarse-grained sediments (i.e., sand and gravel). The colors between blue and purple
(yellow and orange) generally represent intermediate graded materials (i.e., silts and
silty/clayey sands).

Evaluation of HEM data along the subject portion of YRSL identified six zones of
intermediate to high-resistivity along the project alignment. The first zone consists of a
shallow layer between approximately Stations 129+00 and 174+00. This layer is
generally 5 to 25 feet thick starting at the ground surface and consisting of multiple
layers shown as yellow, orange, and red. These layers are broken intermittently by
narrow zones of relatively low-resistivity material (green shades). Two relatively deeper
high-resistivity layers are identified below this upper layer, separated by low-resistivity
blanket material shown as shades of blue and green. These deeper layers of yellow,
orange, and red extend from approximately Stations 132+00 to 136+00 and 156+00 to
174+00. However, the HEM survey line flown along the levee landside toe did not
identify a deep high-resistivity zone between Stations 132+00 and 136+00, suggesting
this layer may not be continuous beneath the levee.

Alternating zones of small intermediate resistivity (primarily yellow and orange) and low
resistivity (shades of blue and green) were identified between approximately Stations
174+00 and 206+00. These layers extend from the ground surface to a depth of about
15 feet and generally are shown as discontinuous across the levee. The exceptions are
an intermediate resistivity zone that is shown as continuous beneath the levee between
Stations 183+00 and 188+00, and a high-resistivity zone between Stations 191+00 and
200+00.

A well-defined boundary was identified in the HEM survey at approximately Station
207+00, extending from the near surface to the maximum depth of the interpreted HEM
survey (150 feet). This boundary is characterized by a relatively abrupt change from
low-(green) to high-(red) resistivity. Below approximately 75 feet, this boundary is
characterized by a change from low-(green) to medium-(yellow) resistivity. This zone of
generally medium- to high-resistivity continues to the northeast end of the project
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alignment. The highest zones of resistivity appear to extend to a depth of about 30 to

40 feet below the levee toe ground surface.

3.5 SUBSURFACE GEOLOGY

A review of boring logs and HEM data was performed to interpret subsurface data
relative to mapped geologic formations and to identify coarse-grained deposits. This
review found that the boring logs were generally consistent with surface mapping by
WLA (2008) which indicated the majority of the near-surface soils consist of fine-grained
overbank deposits. One exception included coarse-grained, near-surface silty sands
and poorly graded sands encountered between approximately Stations 114+50 to
125+00 (Borings KB-08-01, -02, and -04, and USACE Borings 2F-97-8 and 2F-97-9)
where WLA mapped overbank (fine-grained) deposits. A second exception was
between approximately Stations 277+50 and 295+00. Borings drilled within this area
(KB-08-29, KB-08-31, KB-08-32, KB-09-21, KB-09-26, and KSB-09-15, and USACE
Boring 2F-01-02) encountered primarily fine-grained materials typical of overbank
deposits, but the area was mapped as alluvium and channel deposits.

Beneath the surficial deposits, undifferentiated Holocene alluvium consisting
predominantly of sand, silty sand, and silt with lesser amounts of clay and gravel were
encountered. These soils ranged between 5 and 28 feet below the landside levee toe
ground surface. Underlying these soils, late Pleistocene alluvium was encountered.
These late Pleistocene soils were differentiated from the younger, overlying soils by
increased blow counts, a generally higher coarse-grained content, and darker color
hues of brown, red-brown, and gray. These late Pleistocene soils are generally
consistent with descriptions of the Riverbank Formation. However, it is likely that thin,
discontinuous layers of younger Modesto Formation form a transition between the
Holocene deposits and the Riverbank Formation. Due to the difficulty in differentiating
the Modesto Formation, its general absence throughout most of the project alignment,
and the minimal impact it has to the project evaluation and mitigation designs, no
attempt was made to discern between it and the Riverbank Formation. The subsurface
conditions are described in further detail in Section 4.4.
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4 SITE CHARACTERIZATION

4.1 PREVIOUS SITE INVESTIGATIONS

Previous investigations have been conducted along the subject segment of the YRSL
by USACE in 1988, 1997, and 2001 and by Kleinfelder in 2005. A total of 29 borings
were drilled for these investigations. Drilling methods and logs for the USACE
investigations could not be verified. However, stick logs of the explorations performed
by USACE were provided to Kleinfelder and are presented on the plan and profile
sheets (Plates 1-3 through 1-5). Kleinfelder's previous PIR-level investigations utilized
8-inch diameter hollow-stem augers, 4-inch diameter rotary-wash borings, or a
combination of both hollow-stem auger and rotary-wash methods. The exploratory
boring locations are presented on the Exploration Location Map (Plate 4-1), and are
shown graphically on the plan and profile sheets (Plates 1-3 through 1-5).

4.2 FIELD EXPLORATION LOCATION SELECTION

To supplement earlier studies, 128 additional borings were drilled and 17 CPT
soundings were advanced for this BOD-level investigation. The locations for these
additional explorations were selected to provide sufficient characterization for project
design, to fill data gaps, and to meet the maximum recommended exploration spacing
of 1,000 feet as described in the USACE, Sacramento District Standard Operating
Procedure (SOP) for levee evaluations. Field explorations for the current project were
performed in four phases:

The first phase of exploration consisted of advancing crown and toe borings for
the PIR-level investigation between December 2008 and January 2009.

The second phase consisted of advancing both field and waterside borings for
the BOD-level investigation and was performed in July and August 2009. Since
the portion of the project between Stations 102+00 and 135+00 was found to not
be deficient for slope stability, through seepage or underseepage, field borings
were not advanced in this area.
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The third phase of exploration consisted of advancing sonic borings through the
levee crest and shallow auger borings in the field to supplement the BOD-level
exploration and gather specific subsurface information for design of the proposed
cutoff wall and seepage berm elements of the project. These explorations were
performed in September and October 2009.

The fourth phase of exploration consisted of advancing shallow borings along the
crown of the levee to investigate the existing levee embankment materials and
advancing CPT soundings along the crown of the levee to investigate the levee
foundation materials. This was performed to confirm the design of the proposed
cutoff wall element of the project. These explorations were performed in April
and May 2010.

The following process was used for selection of the exploration locations:

Geologic mapping review: As discussed in Section 3, geologic mapping focused
on identifying elements that may result in seepage pathways beneath the levee,
such as old channels and buried channels. Where these elements were
identified in the geologic mapping, a boring was advanced in the area.

HEM data: The warmer colors (reds and purples) of the HEM data generally
represent coarse-grained sediments (i.e., sand and gravel). Colors between blue
and purple (yellow and orange) generally represent intermediate graded
materials (i.e., silts and silty/clayey sands). Where so called “hot spots” (red and
purple zones) were observed in the HEM data, a boring was advanced in the
area.

Historical mapping: Historical mapping was used to further identify old channel
and levee locations. If this mapping indicated an old channel may be present, a
boring was advanced in the area.

Levee geometry and topography: This review was performed to identify areas of
likely improvements to correct geometry deficiencies and topographic features
that may affect levee performance (i.e., ditches, low areas, and ponds). Since
these areas would likely need analysis, borings were advanced in these areas to
provide site-specific subsurface information for the analysis.
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Existing borings: Existing borings were reviewed for applicability to the current
project. If a boring did not contain sufficient information (i.e., boring not drilled to
a sufficient depth, missing laboratory test data for significant layers) a
replacement boring was advanced.

Minimum spacing requirements: After advancement of the aforementioned
borings, the number of borings was checked for compliance with USACE
minimum criteria. Crown and landside borings were added as needed to meet
the maximum recommended spacing. An exception to this was that waterside
borings were not advanced at 1,000-foot spacings. The purpose of waterside
borings is to gather information on the waterside blanket for use in modeling.
However, the waterside of the levee is well characterized by the geologic
mapping as containing numerous old channels with the overall appearance of a
braided stream environment. It was judged that borings on the waterside would
be highly variable and potentially mislead the investigation, particularly if a boring
encountered fine-grained blanket material when the appropriate waterside
material should be coarse-grained channel infill material. Therefore, waterside
borings were advanced in only selected locations.

The location of the subsurface explorations advanced for this investigation relative to
project features is presented Table 4.1.

Table 4.1 - Distribution of Explorations

) ) Number of )
Exploration Location _ Reason for Exploration
Explorations

47 Borings | Levee composition, foundation, and

17 CPTs subsurface conditions beneath levee
Composition of blanket at levee toe and
subsurface conditions adjacent to levee
Waterside of Levee 7 Borings Composition of blanket on waterside
Landside Field — 300 Feet
from Levee Toe

Levee Crown

Landside Levee Toe 24 Borings

14 Borings | Composition of blanket away from levee

Advanced in area of seepage berm to
18 Borings | further investigate blanket composition
beneath seepage berm

Landside Field — 100 Feet
from Levee Toe
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4.3 CURRENT FIELD INVESTIGATION

Borings for the current investigation were drilled by subcontractors to Kleinfelder using a
CME 75 truck-mounted drill rig, a CME 85 truck-mounted drill rig, a CME 750X all-
terrain drill rig, an F-350 truck-mounted drill rig, and a truck-mounted rotosonic rig. The
borings were drilled between October 2008 and May 2010. Drilling methods utilized 8-
inch and 6-inch diameter hollow-stem augers, 4-inch diameter rotary-wash bit, a
combination of hollow-stem auger and rotary-wash bit (for a single boring), 4-inch
diameter solid-flight auger, or 6-inch diameter sonic-core barrel. The exploratory boring
locations are presented on the Exploration Location Map (Plate 4-1) and are shown
graphically on the plan and profile sheets (Plates 1-3 through 1-5).

A combination of hollow-stem auger and rotary-wash methods was used to drill borings
in 2008 (Borings KB-08-04 through -36). These borings were drilled through the levee
crown. The hollow-stem augers were advanced to the bottom of the levee embankment
and left in place as temporary casing and protection against hydraulic fracturing of the
levee. Rotary-wash drilling was then used below the augers to complete the borings.
Toe and field borings used both hollow-stem and rotary-wash techniques. It was found
that the rotary-wash methods did not allow for adequate sampling of the coarse-grained
deposits due to the fines being washed away and the gravel raveling into the borehole.
To improve sample recovery of the gravel materials, the second phase of drilling
performed in 2009 (Borings KB-09-01 through 26) utilized the hollow-stem auger
method. The hollow-stem auger acted as a casing to prevent the sand and fines in the
gravel from being washed away and the gravel from raveling into the borehole. Rotary-
wash methods were used only in cases where refusal was met using the hollow-stem
auger. Although this method improved sample recovery, the fines content, cementation,
and size of the gravel and cobble deposits were not sufficiently characterized to develop
representative stratigraphy for seepage and stability models. To obtain continuous
samples of this coarse material, sonic-core drill methods were utilized. The sonic-core
method utilized an inner core barrel with an outer casing advanced simultaneously
using rotation and a counterbalanced vibrator. The continuous core permitted
observation and detailed logging of the entire soil stratigraphy. Photographs were taken
of the sonic cores and are presented in Appendix C. Shallow borings utilizing hollow-
stem augers and solid-flight augers were advanced to further explore and characterize
existing levee embankment materials for potential reuse as embankment fill. CPT
soundings were advanced along the crown of the levee to investigate the levee
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foundation materials and to confirm the design depth of the proposed cutoff wall
element of the project. CPT soundings were used due to the reduced cost and
increased speed when compared to drilling. Several CPTs encountered refusal on
coarse gravels and, as a result, the planned CPT exploration program was reduced.

Table 4.2 summarizes the field exploration performed during this investigation.
Sections below discuss the data obtained from these explorations including boring logs,
field observations, groundwater level measurements, soil stratigraphy and classification,
and laboratory test results. The approximate locations of explorations performed along
the project alignment are shown on Plates 1-3 through 1-5 and 4-1. A complete
compilation of the logs of test borings and supporting laboratory data for the field

investigations listed in Table 4.2 are provided in Appendices A and B.

Table 4.2 - Summary of Field Investigations

. Exploration
Exploration - Type of ;
Company | Year Designation Quantity Exploration Lgca_tlon
evice
Rotary Wash /
2005 KB-05-## 6 Hollow-Stem Trimble Pro XR
Auger
Rotary Wash /
2008 KB-08-## 35 Hollow-Stem Trimble Pro XH
Auger
KS-09-## 5 Sonic Core Trimble Pro XH
Solid Flight
Kleinfelder KSB-09-## 17 Auger / Hollow- | Trimble Pro XH
2009 Stem Auger
Rotary Wash /
KB-09-## 24 Hollow-Stem Trimble Pro XH
Auger
Solid Flight
KSB-10-## a7 Auger / Hollow | Trimble Pro XH
2010 Stem Auger
C-10-## 17 CPT Trimble Pro XH
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Table 4.2 - Summary of Field Investigations (cont’d)

. Exploration
Exploration - Type of ;
Company | Year - : Quantity . Location
Designation Exploration Device
2F-88-## 4 Unknown Unknown
1988
CF-88-## 3 Unknown Unknown
USACE
1997 2F-97-## 3 Unknown Unknown
2001 2F-01-## 13 Unknown Unknown

4.4  SUBSURFACE CONDITIONS

The general profile of subsurface conditions for YRSL was developed based on the
geomorphic and geologic mapping described in Section 3 and the information gathered
from the site investigations listed in Table 4.1. The Holocene and mid-Pleistocene
deposits form four distinct, laterally continuous subsurface profiles beneath the project
levee. The levee material and the four subsurface profiles are described in detail below.

The existing levee from the downstream (southwestern) end to approximately Station
238+00 generally consists of sandy lean clay/silt (CL/ML) and silty sand (SM).
Upstream (northeast) of Station 238+00, explorations advanced from the levee crown
generally encountered relatively clean, poorly graded, fine- to medium-grained sand to
silty sand (SP, SP-SM, SM). Fines content typically ranged between 3 to 49 percent.

The first subsurface zone under the levee extends from approximately Stations 136+50
to 194+50 and includes three layers. The upper layer consists of Holocene alluvium
generally composed of silt and clay with lesser amounts of sand and silty sand. This
layer extends to elevations ranging between +64 and +51 where it overlies a laterally
continuous deposit of sand, gravel, and cobbles with lesser amounts of silty sand. The
exception to this is a former borrow pit mapped by WLA (2008) between Stations
140+80 and 163+20. Crown and landside toe borings drilled within this mapped unit
indicate the borrow pit was backfilled with 8 to 14 feet of silt and clay.
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The middle layer extends at depth to elevations ranging between +46 and +33 and likely
represents older Holocene mid-Pleistocene (Riverbank Formation) soils. This coarse-
grained middle layer appears to pinch out beneath the levee as it is absent in Boring
KS-09-02 (Station 189+50). The lowest layer generally consists of firm to hard silt and
clay with lesser amounts of sand and silty sand. This layer is also representative of the
Riverbank Formation. Boring KS-09-02 (Station 189+50) encountered coarse-grained
soils below Elevation +2 and a fine-grained layer of silt and clay at Elevation -33.
However, as there are no other borings that extend to these elevations downstream of
this boring, the lateral continuity of these two layers could not be assessed.

The second subsurface zone extends from approximately Stations 194+50 to 221+00.
This zone is characterized by several distinctive features not observed in adjacent
subsurface zones. The first feature is a well-defined channel deposit mapped by WLA
(2008) crossing beneath the levee between approximately Stations 191+00 and
204+00. This deposit was confirmed by the presence of silty sand and sand deposits
extending to a maximum depth of 18 feet from the levee toe ground surface in Borings
2F-01-08, KB-08-11 through -14, KS-09-03, and KB-09-07, -09, and -10. This deposit
likely grades into a crevasse splay deposit toward the landside of the levee toe, as
shown on the Surficial Geologic Map (Plate 3-2) (WLA 2008) and Plan and Profile (Plate
1-4). This second subsurface zone is also characterized by a laterally discontinuous silt
and clay blanket layer that was observed in the first (downstream) subsurface zone.
The blanket layer appears to pinch out between Borings KB-09-07 (Station 193+70) and
KB-08-11 (Station 194+50) and appears again in the waterside, crown, and landside
Borings KB-09-09, KS-09-03, KB-08-12, and KB-08-13 (Station 197+20). The layer
encountered in these four borings ranges between 1 and 4 feet thick. From this station,
the layer rises and thickens in the upstream direction, leveling off at Elevations +68 to
+73 (top of layer) with a thickness of 3 to 8 feet. Where this blanket layer is absent, silty
sand and clayey gravel exist. A 1- to 3-foot-thick layer of sand and silty sand underlying
the blanket layer likely represents the transition from Holocene to mid-Pleistocene
deposits. The lower fine-grained layer observed in the first subsurface zone also
appears to be discontinuous in this second subsurface zone. The layer was absent in
Borings KS-09-03 and KB-08-13 (near Station 197+25), KS-09-04 (near Station
206+50), and KB-08-17 (near Station 216+70). Also unique to this zone is the lack of a
fine-grained bottom layer. Three deep borings (KB-09-07, KS-09-03, and KS-09-04)
drilled in this area to Elevations -44 to -70 (130 and 150 feet deep) did not encounter a
fine-grained layer thicker than 5 feet below Elevation +17. The HEM survey results also
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indicate a sharp transition from fine- to coarse-grained materials near Station 207+00
(toward the east) as noted in Section 3.4. This layer is shown on the graphic HEM
results as beginning at a depth of about 12 feet below the landside levee toe and
continuing to the maximum depth analyzed of about 150 feet. Although this transition
could not be identified in the area of Station 207+00, it does correlate well with a
transition observed between Borings KS-09-02 (Station 189+50) and KB-09-07 (Station
193+60) which show a significant decrease in fine-grained soils and an increase in
coarse-grained soils, respectively.

The third subsurface zone extends from approximately Stations 221+00 to 274+00.
This zone is characterized by five layers. The uppermost layer generally consists of
sand and silty sand. This layer generally ranges between 4 and 9 feet thick and
represents a channel deposit under the levee and on the levee waterside as shown on
the Surficial Geologic Map (WLA 2008) and Plan and Profile (Plate 1-4). The upper part
of this channel deposit likely consists of hydraulic mining debris as discussed in Section
3.3. This mining debris generally consists of quartz-rich sandy material and was
observed not only in the channel deposit but was also observed in most landside field
area explorations (up to 300 feet from the levee toe). The extent and description of the
material are consistent with mapping of the mining debris deposit by USACE as shown
on Plate 3-6. This sandy layer is generally underlain by the second layer consisting of a
fine-grained blanket layer similar to that observed in the first subsurface zone. The top
of this blanket layer generally ranges between Elevations +80 and +68 and is 3 to 9 feet
thick. The bottom of this layer generally represents the transition between Holocene
and mid-Pleistocene deposits. The third layer in this subsurface zone generally
consists of gravels and cobbles with lesser amounts of sand and silty sand. The
cobbles observed ranged between 3 and 8 inches in maximum dimension. Fines
content of the gravels ranges between 5 and 47 percent. This coarse-grained deposit
extends from the bottom of the blanket layer to elevations ranging between +30 and
+50. These gravels and cobbles are underlain by the fourth layer, consisting of a
generally continuous fine-grained layer. The top of this layer is poorly defined as noted
by the relatively large elevation range of its upper surface (Elevations +30 to +50). This
undulating surface is likely due to the high-energy, erosive character of the fluvial
environment that deposited the overlying gravels. This fine-grained layer is generally 8
to 14 feet thick. The fifth and bottom layer identified in this zone consists of silty and
clayey sand, sand, gravel, and cobbles. These coarse-grained soils were encountered
to the maximum depth explored of Elevation -14.
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The fourth subsurface zone extends from approximately Station 274+00 to the northeast
end of the project at Station 303+59. This zone is characterized by both the upper and
lower fine-grained layers being laterally discontinuous. The upper fine-grained blanket
layer is absent in landside toe Borings KB-08-30, KB-08-33, and KB-08-35 (Stations
277+50, 296+50, and 299+20, respectively) and landside field Borings KB-09-20, KSB-
09-14, KSB-09-16, and KB-09-22 (Stations 277+50, 283+90, 295+60, and 301+30,
respectively). The blanket layer is present in the crown borings but appears to vary
considerably in thickness, ranging between 1 and 12 feet thick. Where present, the
contact between the blanket layer and the underlying coarse-grained soils ranges
between Elevations +71 and +67. The lower blanket layer was absent in crown Borings
KB-09-26, KB-08-34, and KB-09-25 (Stations 293+50, 299+25, and 302+00) and
landside toe Boring KB-08-36 (Station 302+00).

45 REACH 10A — STATIONS 102+00 TO 136+50

Reach 10A was described and evaluated in the Kleinfelder PIR dated September 28,
2009 (File No. 97419). The analyses performed for the PIR indicated the mitigation
constructed for this portion of the levee alignment should meet USACE and DWR
criteria for through seepage and slope stability for the 100- and 200-Year WSEs. No
exploration was performed within this reach for this investigation.

4.6 REACH 10B — STATIONS 136+50 TO 189+50

4.6.1 Description of Reach

Reach 10B is approximately 5,250 feet long with an existing SCB cutoff wall beneath
the levee crown for the western 650 feet of the reach. A drained stability berm was also
constructed at the landside levee toe along the entire reach. The cutoff wall was
constructed between approximately Stations 137+00 and 143+50. The approximate
limits of the cutoff wall are shown on the Plan and Profile (Plate 1-3). The 36-foot-deep
cutoff wall was excavated through the levee crown and terminated within a sand and
gravel layer that begins approximately 27 feet below the levee crest. The bottom of the
cutoff wall is at approximately Elevation +47.5.
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An existing landside drained stability berm with a top width of 10 feet and top elevation
of +75 is also present between Stations 140+80 and 174+60, and from Station 176+10
to beyond the end of the Reach. The berm was constructed with a 1-foot-thick
inclined/horizontal drain along the pre-existing landside slope. It extends from the
elevation of the top of the berm to a bottom drain trench and then outflowing via a
blanket layer toe drain at the toe of the berm (USACE 2000). The berm slope is
2.5H:1V. The typical section and details of the drained stability berm within the limits of
Reach 10B are presented in Appendix M.

4.6.2 Past Performance

No documentation of previous seepage and/or stability deficiencies were found within
this reach.

4.6.3 Subsurface Conditions

Existing Levee Embankment

The existing levee within this reach consists predominantly of a sandy lean clay and/or
silt (CL/ML) and silty sand (SM) core with a landside stability berm. The composition of
the levees changed to mostly silty sand along the upstream (northeastern) portion of the
reach. The composition of the stability berm materials is not known, as the as-built
records do not indicate materials used and no explorations were advanced through the
stability berm.

Levee Foundation Soils

Within Reach 10B, the foundation soils encountered below the levee embankment
typically consist of moist, soft to firm clays and silts extending from approximately
Elevations +55 to +70. These materials were underlain by a layer of moist-to-wet,
relatively clean to silty sand, gravel, and cobbles (from 3 to 38 percent fines) from
approximately Elevations +28 to +46. This layer was underlain by a fine-grained
aquitard of firm to hard, low to high plasticity silt and clay soils, extending to the bottom
of most explorations advanced within this reach (Elevations +2 to +28). Boring KS-09-
02 was the only boring advanced within this reach that encountered silty and poorly to
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well-graded sands and gravels with interbedded hard silt and clay layers below
Elevation +28. These soils extended to the maximum depth explored of Elevation -44.5.

Landside Levee Toe and Field

The near-surface soils on the landside of the levee consist of a blanket layer of moist,
soft clays and silts extending to approximately Elevation +57. These materials were
underlain by a layer of moist-to-wet, relatively clean to silty sands and gravels (from 3 to
38 percent fines) to approximately Elevations +28 to +46. This layer was underlain by a
fine-grained aquitard of firm to hard, low to high plasticity silt and clay soils extending to
the maximum depth explored landside of the levee (Elevation 0).

4.6.4 Analytical Model

An analytical model was developed at Station 183+50 to represent the geometry,
stratigraphy, and seepage and stability conditions within Reach 10B. This model is
shown in Cross Section A-A’ (Plate 4-2) and was drawn based on topographic terrain
model data provided by HDR. The landside stability berm constructed for the USACE
Contract 2B Reconstruction is also shown. The shallow existing cutoff wall was shown
to be ineffective in the Kleinfelder PIR (2009) and, therefore, was not included in this
model. The model stratigraphy is based on the recent USACE and Kleinfelder Borings
2F-01-11, KB-08-09 and -10, and KB-09-05. The levee is modeled as silt with a crown
elevation of approximately +84 and a landside ground surface elevation of
approximately +70. A drained stability berm is included on the landward side, but due to
the unknown composition, the berm was modeled as silt for analysis of the seepage and
stability conditions. The chimney drain and base blanket layer drain were not included
in the model due to concerns about the performance and reliability of the drain system.
The soil blanket layer beneath the levee consists of low plasticity silt with a thickness of
about 6% to 8% feet (bottom at about Elevations +61.5 to +63.5). The blanket layer is
underlain by an approximately 31-foot thick layer of poorly graded gravel that extends to
approximately Elevation +32%. The gravel layer thins on the landside to approximately
15% feet thick. Below the gravel layer, an aquitard of clay approximately 4 to 18 feet
thick extends to Elevations +16.5 to +28.5. Below the aquitard, the basement layers of
the model consist of silty sand.
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4.7 REACH 11 - STATIONS 189+50 TO 221+00

4.7.1 Description of Reach

Reach 11 is approximately 3,150 feet long. The existing landside stability berm
described in Reach 10B continues within Reach 11 and terminates near Station
190+50, where the berm ties into a natural topographic high elevation area present
between approximately Stations 189+50 and 200+50. The existing stability berm
begins again at Station 197+80 and ends at Station 211+50. The existing drained
stability berm is 10 feet wide with a top elevation of +75 and was constructed with a 1-
foot-thick inclined/horizontal drain along the pre-existing landside slope. The drain
extends from elevation of the top of the berm to a bottom drain trench and then outflows
via a blanket layer toe drain at the toe of the berm (USACE 200). The berm slope is
2.5H:1V. The typical section and details of the existing drained stability berm with
Reach 11 are presented in Appendix M. Structures associated with a working dairy
farm are located near the landside levee toe between approximately Stations 190+00
and 196+50. A ditch used by the dairy to convey waste from the cows creates a pond
on the landside of the levee between approximately Stations 196+00 and 208+00. The
pond trends northwest from approximately Stations 208+00 to 206+50, coming to within
about 120 feet of the levee toe. The pond turns west/southwest at approximately
Station 206+50 and continues to its end at approximately Station 196+00, where it is
about 265 feet from the levee toe. The pond widens beginning at approximately Station
199+80, reaching a maximum width of approximately 220 feet at its southwest end.
Northeast (upstream) of the pond, the ground surface on the landside of the levee is
generally flat. The ground surface on the waterside of this section of the levee is also
generally flat with the exception of an earthen-fill mound that has been constructed
abutting the levee between approximately Stations 211+50 and 215+50. This mound is
approximately the same height as the levee between Stations 211+50 and 213+40.
The mound appears to be 1 to 2 feet higher than the surrounding ground surface from
Stations 213+40 to 215+50. A mobile home and other small structures have been
placed on this fill pad and are located less than about 20 feet from the levee crown.
This area to waterside of the levee was not explored.
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4.7.2 Past Performance

No documentation of previous seepage and/or stability deficiencies were found within
this reach.

4.7.3 Subsurface Conditions

Existing Levee Embankment

The existing levee embankment within this reach consists predominantly of a silty sand
(SM) core with some sandy silt (ML). The composition of the landside stability berm
material is unknown.

Levee Foundation Soils

The foundation soils encountered below the levee embankment typically consist of
moist, soft clays and silts interbedded with poorly graded sand and silty and clayey
sand. This interbedded group of soils extended to Elevations +55 to +68. Underlying
these materials were poorly to well-graded sands and gravels to silty sands and gravels.
Laterally discontinuous low to medium plasticity clays and silts were encountered
throughout much of the coarse-grained materials. These fine-grained soils were
generally about 2 to 12 feet thick. No bottom was identified to this layer, which was
encountered in borings advanced to Elevation -45.

Landside Levee Toe and Field

The near-surface soils on the landside of the levee consist of a poorly graded sand, and
silty and clayey sand interbedded with a discontinuous blanket layer of moist, soft clays.
These soils extended to about Elevations +56 to +62 and were underlain by a layer of
poorly to well-graded sands and gravels to silty sands and gravels (3 to 49 percent
fines) extending to the maximum depth explored of Elevation -45. Laterally and
vertically discontinuous low to medium plasticity clays and silts were encountered
intermittently throughout this layer.
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4.7.4 Analytical Model

Analytical models were developed at Stations 198+00 and 201+00 to represent the
geometry, stratigraphy, and seepage and stability conditions within Reach 11. These
models are shown in Cross Section B-B’ and C-C’ (Plates 4-3 and 4-4) and were drawn
based on topographic terrain model data provided by HDR. Both the landside stability
berm constructed for the USACE Contract 2B Reconstruction and the landside pond
present between Stations 196+00 to 208+00 are also shown. Based on survey data
obtained around the perimeter of the pond and observations made during investigations
performed for this study, the pond was modeled assuming a maximum depth of 10 feet
from surrounding ground surface. The slope gradient of the perimeter of the pond
ranges from about %H:1V to near vertical.

The model stratigraphy for Cross Section B-B’ at Station 198+00 is based on the recent
Kleinfelder explorations KB-08-12 and -13, KB-09-09 and -10, and KS-09-03. The levee
is modeled as silty sand with a crown elevation of approximately +84 and a landside
ground surface elevation of approximately +74. A drained stability berm is included on
the landward side, but, due to the unknown composition, the berm was modeled as silty
sand for analysis of the seepage and stability conditions. The chimney drain and base
blanket layer drain were not included in the model due to concerns about the
performance and reliability of the drain system. The soil beneath the levee consists of
an 11- to 15-foot-thick surficial layer of poorly graded sand overlying a discontinuous,
low to high plasticity clay layer with a thickness of 2% to 6 feet. Poorly graded gravel
was found beneath the sand and clay layers and extends from Elevations +29 to +41.
The exception to this geometry is a channel deposit encountered in Boring KS-09-03
that indicates the gravel layer extends to about Elevation +19. Low to high plasticity
clay as described above is modeled underlying the gravel along the waterside one-half
of the levee and silty sand is modeled along the landside one-half of the levee from
Elevations +6 to 0. Below the silty sand, the bottom layer consists of gravels with
discontinuous clay layers.

The model stratigraphy for Cross Section C-C’ at Station 201+00 is based on the recent
Kleinfelder explorations 2F-01-09, KB-08-14, and KB-09-10 and -11. The levee is
modeled as silty sand with a crown elevation of approximately +84 and a landside
ground surface elevation of approximately +74. The existing drained stability berm was
not included in the model constructed for Cross Section C-C’, as the stability berm is not
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continuous along the upstream portion of the reach represented by the model. The
depth of the adjacent landside pond is about 10 feet based on the results of recent
bathymetric surveying. The pond is 120 feet from the levee centerline, which
represents its closest location to the levee. The soil beneath the levee consists of a 35-
to 43-foot-thick layer of poorly graded gravel and cobble extending to Elevations +40 to
+31. An 11-foot-thick blanket layer of low plasticity silt was placed interbedded in this
gravel layer on the landside of the levee beginning at Elevation +70. A 9- to 18-foot-
thick silt layer underlies the gravel. A second gravel layer underlies the silt and is
modeled extending to Elevation -33. The bottom layer underlying the gravel consists of
low to high plasticity clays.

4.8 REACH 12 — STATIONS 221+00 TO 288+00

4.8.1 Description of Reach

Reach 12 is approximately 6,700 feet long. According to the USACE Contract 2B
Levee Reconstruction project, no improvements have been constructed for this portion
of levee. The majority of the land use on both sides of the levee is orchards. Access
roads to the orchards have been constructed from the levee crown in the vicinity of
Stations 233+50, 250+50, 257+50, and 266+00.

4.8.2 Past Performance

Historically, this levee reach has only had river water reported on the levee slope during
the 1997 flood event. Severe erosion occurred during this event along the waterside
embankment slope of the upper portion of the reach. This area was repaired/
reconstructed by USACE.

4.8.3 Subsurface Conditions

Existing Levee Embankment

The existing levee within this reach consists predominantly of poorly graded sand to
silty sand (SP, SP-SM, SM) core with percent fines ranging from 3 to 49 percent. The
exception to this condition was identified in numerous borings advanced through the

104634/SAC10R334 Page 32 of 105 June 11, 2010
Copyright 2010 Kleinfelder



levee crown that encountered a levee core composed of sand with two- to five-feet-thick
layers of silt.

Levee Foundation Soils

The foundation soils encountered below the levee embankment typically consist of
near-surface, interbedded clean sand, silty sand, clayey sand, and low plasticity clays
and silts to Elevations +62 to +75. In most cases the clean sand overlies the clay and
silt. These surficial materials are underlain by a layer of moist to wet, relatively clean to
silty and clayey sands and gravels (from 4 to 49 percent fines). This layer extends from
Elevations +36 to +49 and is underlain by a fine-grained aquitard of firm to hard, low to
high plasticity silt and clay. These fine-grained soils extend to Elevations +22 to +36.
Materials encountered below the fine-grained layer consisted predominantly of silty and
poorly to well-graded sands and gravel, with interbedded hard silt and clay layers to the
maximum depth explored beneath the levee (Elevation -14).

Levee Toe and Field

The stratigraphy and soils present to the landside of the levee are similar to those
present under the levee embankment (described above).

4.8.4 Analytical Model

Two analytical models were developed at Stations 243+50 and 254+00 to represent the
geometry, stratigraphy, and seepage and stability conditions within Reach 12. The
model Cross Sections D-D’ and E-E’ were drawn based on the topographic terrain
model data provided by HDR and are presented on Plates 4-5 and 4-6.

Model Cross Section D-D’ stratigraphy is based on the recent Kleinfelder explorations
KB-08-23 and -24, and KB-09-15 and -16A drilled in the area of Station 243+50. The
levee core embankment is modeled as silty sand and poorly graded sand with a crown
elevation of approximately +88 and a landside ground surface elevation of
approximately +78. The foundation soil beneath the levee consists of a 7- to 10-foot-
thick layer of low to high plasticity clay. This clay is also modeled from the landside
levee toe extending approximately 250 feet toward the landside. Beyond this point the
silty sand layer extends to the surface. The waterside blanket layer was modeled as
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poorly graded sand extending to a depth of about 10 feet. The sand and clay layers
overlie silty sand extending to Elevations +58.5 to +66. Poorly graded gravel with 3- to
8-inch cobbles underlies the silty sand and extends to Elevations +40 to +41. This layer
was modeled extending approximately 250 feet landward from the landside levee toe
where it abuts a silt layer of the same thickness. Underlying this silt and the gravel layer
is a low to high plasticity clay modeled to approximate Elevation +31. Silty sand was
modeled extending beneath the clay to Elevations +22 to +23. The bottom layer of the
model consists of poorly graded gravel.

Model stratigraphy for Cross Section E-E’ is based on recent Kleinfelder explorations
KB-08-25 and -26, and KB-09-17, -18, and -18A drilled in the area of Station 254+00.
The levee core embankment is modeled as poorly graded sand with an original crown
elevation of approximately +89.5 and a landside ground surface elevation of
approximately +80. The foundation beneath the levee consists of a 10- to 14-foot-thick
layer of poorly graded sand with the same properties as the levee material. This layer
extends approximately 50 feet toward the landside from the landside levee toe. From
this point, the layer is modeled as silty sand with the same thickness. Poorly graded
gravel with cobbles underlies the sands. This gravel layer extends to Elevation +45 and
is underlain by low to high plasticity clay modeled to Elevation +38. Beneath this clay is
the bottom layer consisting of silty sand.

49 REACH 13 - STATIONS 288+00 TO 303+59

4.9.1 Description of Reach

Reach 13 is approximately 1,560 feet long. According to the USACE Contract 2B
Levee Reconstruction project, no improvements have been constructed for this portion
of the levee. The upstream (northeast) end of the levee abuts gold dredge deposits of
the Yuba Gold Field. The gold dredge deposits consist predominantly of sandy gravel
and cobbles with interbeds of silt and clay that were randomly discharged during the
dredging operation as undulating, laterally continuous mounds. The upstream end of
the levee has been widened toward the waterside creating a turn-around for vehicles. A
3- to 4-foot-high earth fill pile has also been constructed at the landside toe of the levee
near the upstream terminus. A ditch exists parallel to the waterside levee toe along the
entire levee reach. This ditch is approximately 5 to 8 feet deep and has a bottom width

104634/SAC10R334 Page 34 of 105 June 11, 2010
Copyright 2010 Kleinfelder



of 50 to 75 feet. During the 1997 flood event, this ditch reportedly filled with water and
portions of the levee toe were scoured.

4.9.2 Past Performance

Historically, this levee reach has only had river water reported on the levee slope during
the 1997 flood event. Severe erosion was reported to have occurred along the
waterside embankment toe/slope of the reach. This area was repaired/reconstructed by
USACE.

4.9.3 Subsurface Conditions

Existing Levee Embankment

The existing levee embankment within this reach consists predominantly of a poorly
graded sand to silty and clayey sand (SP, SP-SM, SM, SC) core with percent fines
ranging from 3 to 44. The exception to this condition was encountered in Boring KB-09-
26 which was advanced through the levee crown and encountered approximately 2 feet
of silt overlying the materials described above.

Levee Foundation Soils

The foundation soils encountered below the levee embankment within the western one-
half of Reach 13 typically consist of near-surface, low to high plasticity clays and silts.
The eastern one-half of Reach 13 consists of clays and silts interbedded with silty and
clayey sand. These soils were encountered throughout Reach 13 to Elevations +67 to
+74. These surficial materials are underlain by a layer of moist to wet, relatively clean
to silty sands and gravels (from 5 to 49 percent fines) with interbedded hard silt and clay
layers to the maximum depth explored beneath the levee (Elevation -45).

Levee Toe and Field

The stratigraphy and soils present to the landside of the levee are similar to those
present under the levee embankment (described above).
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4.9.4 Analytical Model

Two analytical models were developed at Stations 288+00 and 301+00 to represent the
geometry, stratigraphy, and seepage and stability conditions within Reach 13. The
model Cross Sections F-F and G-G’ were drawn based on the topographic terrain
model data provided by HDR and are presented on Plates 4-7 and 4-8.

Model Cross Section F-F’ stratigraphy is based on the recent Kleinfelder explorations
KB-08-31, KB-08-32, and KB-09-21 drilled in the area of Station 288+00. The model
was developed to analyze seepage conditions only for the existing conditions and
currently proposed mitigation. The levee is modeled as silty sand with crown Elevation
+92, waterside toe Elevation +82, and landside toe Elevation +80. The levee foundation
and blanket layer consist of an 8- to 15-foot-thick layer comprised of silt and/or clay
extending to Elevation +67.5 on the waterside of the levee and transitioning to Elevation
+71.5 on the landside. The surface layer on the waterside extending down to Elevation
+74 is modeled as sand to account for the presence of coarser soils typically found on
the waterside of the levee and to account for potential scour of any thin fine-grained
waterside blanket layer material that may exist below the waterside ditch. The
foundation and blanket layer under the levee prism itself is modeled as a 2-foot-thick
clay layer extending to Elevation +77.5 underlain by a 3-foot-thick layer of relatively
clean sand extending to Elevation +74. The blanket layer to the landside of the levee is
modeled as silt and clay extending down to Elevation +71.5. A layer of poorly graded
gravel with cobbles and silty sand extending to Elevation +42 was modeled beneath the
blanket layer materials for the full extent of the model. Beneath the coarse-grained soil
zone, the remainder of the model includes a 7-foot-thick layer of silt overlying a base
layer of poorly graded sand.

Model Cross Section G-G’ stratigraphy is based on the recent Kleinfelder explorations
KB-08-36 and KB-09-22, -23, and -25 drilled in the area of Station 301+00. The levee
core embankment is modeled as silty sand with an original crown elevation of
approximately +96 and a landside ground surface elevation of approximately +82. The
foundation soil beneath the levee consists of a 10- to 12-foot-thick layer of low plasticity
silt. This layer extends approximately 7 feet toward the landside from the landside
levee toe. From this point, a landside blanket layer of silty sand (with the same material
properties as the levee) of the same thickness is modeled extending to the landside end
of the model. The silt blanket layer is modeled extending to the waterside of the levee
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at the base of the existing low-flow scour channel. A surficial layer of silty sand was
modeled overlying the silt blanket layer approximately 125 feet waterside of the levee
centerline beyond the limits of the waterside channel. The sand and silt layers are
underlain by poorly graded gravel with cobbles extending to Elevation +38. Silty sand
underlies the gravel and extends to Elevation +24. Poorly graded gravel with cobbles
and silty sand were modeled to approximately Elevations +7 and -3, respectively, and
poorly graded sand and poorly graded gravel were modeled beneath the silty sand to
Elevations -17 and -32, respectively. The bottom layer was modeled as silty sand.
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5 GEOTECHNICAL EVALUATION

5.1 DESIGN CRITERIA

The following section summarizes the project geotechnical design criteria and analysis
methodology based on the following USACE Engineer Manual (EM), Engineer
Technical Letter (ETL), and Standard Operating Procedure (SOP), and DWR Draft
Proposed Interim Levee Design Criteria (ILDC):

EM 1110-2-1913 “Design and Construction of Levees,” dated April 30, 2000

ETL 1110-2-569 “Design Guidance for Levee Underseepage,” dated May 1, 2005

SOP SPK EDG-03 “Geotechnical Levee Practice,” Revision 2, dated April 11,

2008

“Proposed ILDC for Urban and Urbanizing Area State-Federal Project Levees,”

Third Draft, dated May 15, 2009

USACE minimum levee cross section dimensions and slopes are provided in Table 5.1.

Table 5.1 - Minimum Levee Dimensions and Slopes

Dimension

Criteria

Levee crown width

Determined by others @

Landside levee slope

New levee: 3H:1V minimum @
Existing levee: 2H:1V minimum @2

Waterside levee slope

3H:1V minimum @

Note: 1. Minimum 20 ft. according to California Code of Regulations
(CCR Title 23), or as required for operations.
2. Criteria outlined in SPK EDG-03 referenced above.
3. 2H:1V slope allowed if supported by stability analysis and past

performance.

104634/SAC10R334
Copyright 2010 Kleinfelder

Page 38 of 105 June 11

, 2010



5.1.1 Seepage Analysis Design Criteria

The applicable USACE design criteria for underseepage exit gradients are summarized
in Table 5.2.

Table 5.2 - Allowable Exit Gradients (USACE)

Location Allowable Exit
Gradients @
Landside toe of levee 0.5
Toe of seepage berm 2 0.8 2

Notes: 1. Gradients are only applicable for 100-year and 200-Year WSEs. Higher WSEs
may have slightly higher allowable exit gradients based on current discussions
with USACE. Assumes a blanket layer minimum saturated soil unit weight = 112
pounds per cubic foot (pcf).
2. For the maximum width seepage berm (300 to 400 feet), current USACE criteria
allow gradients greater than 0.8. However, as outlined in ETL 1110-2-569,
judgment should be used in those cases where the gradient exceeds 0.8.

The applicable Draft ILDC (DWR 2009) for underseepage exit gradients for the 200-
Year + 3 feet WSE (Hydraulic Top of Levee; HTOL) are presented in Table 5.3.

Table 5.3 - Allowable Exit Gradients (DWR)

Location Allowable Exit
Gradients !
Landside toe of levee 0.6
Toe of seepage berm less than 300 feet wide 0.9

Note: 1. Assumes a blanket layer minimum saturated soil unit weight = 112 pcf.

Seepage through a levee embankment can occur during periods of high water.
Depending on the duration of the high water stage and the permeability of the levee
materials, seepage may exit on the landside slope (i.e., through seepage). There are
three potential through seepage related impacts on levee performance, stability, and
safety which are:

Piping (or transport by water flow) of fine-grained, erodible materials from within
the levee embankment
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Concentrated seepage conditions through more permeable layers within the
levee embankment

Increased seepage pressures resulting in reduced slope stability of the landside
slope

The USACE acceptance criteria for levee stability including through seepage forces is a
Factor of Safety (FOS) of at least 1.4 against slope failure under steady-state seepage
conditions for the design WSE. DWR Draft ILDC (DWR 2009) acceptance criteria for
levee stability including through seepage forces is a FOS of at least 1.2 against slope
failure under steady-state seepage conditions (200-Year + 3 feet WSE).

5.1.2 Seepage Berm Uplift

Impervious seepage berms can restrict flow, which increases the uplift pressure on the
bottom of the underlying blanket layer. The blanket layer may “lift” (move upward under
pressure) from the substratum and crack, allowing non-plastic foundation materials to
move (“pipe”) upwards. This mode of failure can occur before steady-state seepage
has fully developed in the berm, and, therefore, the calculation of an exit gradient is not
applicable.

USACE provides a procedure to evaluate the thickness of an impervious berm needed
to provide a given FOS against uplift at the blanket layer substratum boundary. The
procedure is outlined in USACE EM 1110-2-1913, Appendix C, Section C-3. The FOS
recommended by USACE is ambiguous. The April 30, 2000, version of EM 1110-2-
1913 has a handwritten change indicating the FOS is 2.8. However, the example
problem in Table C-2b of the same document uses a FOS of 1.6. A FOS of 2.8 is
roughly equivalent to an average exit gradient of 0.3 under steady-state conditions for a
material with a critical exit gradient of about 0.8. A FOS of 1.6 is roughly equivalent to
an average exit gradient of 0.5 for a material with a critical exit gradient of about 0.8.
Because the project team has adopted an exit gradient criteria of 0.5 for the 200-Year
WSE, the equivalent FOS of 1.6 is used to evaluate the minimum thickness of an
impervious seepage berm for the 200-Year WSE for this project. A FOS of 1.3 is
roughly equivalent to an average exit gradient of 0.6 for a material with a critical exit
gradient of about 0.8. Because the project team has adopted an exit gradient criteria of
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0.6 for the HTOL WSE, the equivalent FOS of 1.3 is used to evaluate the minimum
thickness of an impervious seepage berm for the HTOL WSE for this project.

When the hydraulic conductivity of the impervious seepage berm is significantly lower (1
to 2 orders of magnitude) than the hydraulic conductivity of the blanket layer, very little
head loss occurs in the blanket layer and high pressures develop at the bottom of the
berm (under steady-state conditions). The FOS against uplift at the seepage
berm/blanket layer boundary can be calculated by comparing the total weight of the
berm to the uplift pressure at the bottom of the berm. There is no widely recognized
criterion for this analysis. The evaluation should consider the flood-stage duration,
composition and thickness of the blanket layer material, and quantity of seepage at the
berm/blanket layer boundary when evaluating the results of a berm uplift analysis.

5.1.3 Slope Stability Analysis Design Criteria

USACE EM 1110-2-1913 identifies four types of loading conditions which require
evaluation for slope stability:

Case | - End of Construction: This case addresses slope stability at the end of
construction of either a new or raised levee requiring a minimum FOS of 1.3. This case
represents undrained conditions for impervious levee embankments and foundation
soils. Excess pore pressures are present because the low permeability soil has not had
time to drain since being loaded. Since no significant levee raise or new levee
construction is proposed for this project, the end of construction case is not applicable.

Case Il - Sudden Drawdown: This case represents the condition where the flood stage
water level saturates a portion of the waterside embankment and the water level then
falls at a rate faster than the soil can drain, inducing excess pore pressures. The
minimum required FOS is 1.0 for a short duration flood stage and 1.2 for a long duration
flood stage. Since the subject portion of the Yuba River is only considered capable of
short duration events, a minimum FOS of 1.0 will be used for this project.

Case lll - Steady-State Seepage from Full-Flood Stage: This condition occurs when the
water level remains at or near flood stage (200-Year WSE) for an extended period of
time. This condition fully saturates the levee embankment soils and a steady-state
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seepage phreatic surface develops. The minimum FOS in this case is 1.4 for the
landside slope of the levee.

Case IV — Earthquake: This case represents a preliminary screening analysis not
addressed in detail in the USACE manual. Similar to the draft DWR Draft ILDC for
levee protecting urban and urbanizing areas, Kleinfelder based its study on a 200-Year
return period earthquake event/motion. A winter water elevation of +70 was used in the
analyses to conservatively assess the susceptibility of the levee to large deformations
during the design seismic event.

The minimum FOSs recommended by USACE for these loading conditions are
summarized in Table 5.4.

Table 5.4 - Minimum Slope Stability Factor of Safety (USACE)

Case Minimum Factor of Safety
Case | - End of Construction 1.3
Case Il - Sudden Drawdown 1.0t01.2@
Case lll - Steady-State Seepage 1.4
Case |V - Earthquake Check for liquefaction and deformation

Notes: 1. FOS criteria from USACE EM 1110-2-1913.
2. FOS = 1.0 selected since this site is subject to short-duration flood stage
events.

The minimum FOSs recommended by the DWR Draft ILDC for landside slope stability
for the steady-state seepage condition are summarized in Table 5.5.

Table 5.5 - Minimum Slope Stability Factor of Safety (DWR)

Case Minimum Factor of Safety
Phreatic surface corresponding to the 14
design WSE (200-Year WSE) )
Phreatic surface corresponding to the HTOL 12
(200-Year + 3 feet WSE) '
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5.1.4 Seismic

There are no formal, comprehensive published guidelines for seismic evaluation of
levees. The DWR Draft ILDC (DWR 2009) indicates that for urban and urbanizing
areas, 200-Year return period ground motions should be used for seismic assessments.
However, there are no details about the methodology or specific design criteria for
liuefaction, nor are there details regarding acceptable/unacceptable levee
deformations under seismic loading conditions. Kleinfelder also understands USACE is
developing a guidance document on this topic, but no specific information is available at
this time. Therefore, Kleinfelder has developed its own methodology and design criteria
for seismic evaluations of YRSL, which are presented in Section 5.4.

5.1.5 Design Water Surface Elevations

MBK has performed hydraulic and hydrologic analyses and developed design water
surface profiles for YRSL. The design water surface profiles have been developed for
several scenarios considering partial to full breaches of the Yuba River south training
levee just downstream of the Yuba Gold Field, and have been based on site-specific
hydrology combined with conservative assumptions regarding flow through the Yuba
Gold Field. The WSE values used for Kleinfelder's 2009 PIR-level seepage and stability
analyses were based on the information provided by MBK in their hydraulics report
entitled “Hydraulic and Hydrologic Analysis for Yuba River Patrol Road Levee Project,”
dated November 2008 (MBK 2008). Additional analysis performed by MBK in 2009
resulted in revisions to the design water surface profiles for the project. MBK provided
the revised WSE data in electronic format to Kleinfelder via email on July 23, 2009. The
design WSEs used for the current seepage and stability analyses presented in this
report were determined from the analysis information provided by MBK for the scenario
in which the training levee has been fully removed by breaching (Scenario 2). Plots of
the design WSE profiles based on the information provided by MBK are provided in
Appendix F.

Seepage and slope stability analyses were performed for the 100-Year and 200-Year
WSEs to check levee performance for USACE criteria. These WSE profiles are shown
on the Plan and Profile (Plates 1-3 through 1-5), and the design WSE values for the
models are shown on each model cross section (Plates 4-2 through 4-8).
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Seepage and slope stability analyses for the 200-Year + 3 feet WSE, referred to as the
Hydraulic Top of Levee (HTOL) in the DWR Draft ILDC, were also performed to check
levee performance. The HTOL WSE does not always correspond to the actual top of
the existing levee. For model sections where the HTOL WSE value exceeds the
elevation of the top of the existing levee, the analyses were performed with the WSE set
to the top of existing levee elevation.

DWR revised the HTOL criteria from the Second to the Third Draft versions of the ILDC
(DWR 2008, 2009) to be either the 200-Year + 3 feet WSE or the 500-year WSE,
whichever is lower. Kleinfelder has not been provided the 500-year WSE profile and
has not conducted analyses for this WSE.

WSEs provided by MBK were based on the NGVD29 datum. Kleinfelder interpolated
WSEs from the information provided by MBK and used the WSE values presented in
Table 5.6 for the geotechnical analysis performed for this study.

Table 5.6 - Water Surface Elevations at Model Locations (feet, NGVD29)

YRSL Zgi'-e 100-Year | 200-Year iog-g::tr
Station Mile WSE WSE WSE
183750 3.48 T78.2 7810 184.0
198+00 375 +78.6 +81.7 +84.7
201+00 3.81 178.8 +81.9 +84.9
243+50 4.61 +81.4 +85.0 +88.0
254+00 4.81 +82.4 +85.8 +83.8
288+00 5.45 +84.9 +87.5 +90.5
301+00 5.70 +83.3 +89.7 192.7

5.1.6 Cross Sections and Mitigation Alternatives Studied

Seven geotechnical cross section models were developed along YRSL for analysis of
seepage and stability conditions based on variations in the subsurface profile and
existing levee conditions. The geotechnical cross sections were developed at Stations
183+50 (Cross Section A-A’), 198+00 (Cross Section B-B’), 201+00 (Cross Section C-
C"), 243+50 (Cross Section D-D’), 254+00 (Cross Section E-E’), 288+00 (Cross Section
F-F"), analyzed for seepage conditions only), and 301+00 (Cross Section G-G’) and are
shown on Plates 4-2 through 4-8. For each cross section analyzed, the primary
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explorations used for development of the subsurface stratigraphy and model
parameters (seepage and stability) used in the analyses are listed on the plates
included in Appendices G through K. The existing levee geometries and ground surface
elevations were obtained from topographic data files and design drawings provided by
HDR. The geometry of the cross sections, the elevations of strata boundaries, and/or
soil properties may not correspond directly to the information from any one specific
boring or exploration. Data from several explorations were typically used to develop the
stratigraphy for the cross sections with deference to the more conservative
interpretation where appropriate. Isolated interbeds and/or particularly discontinuous
(less predominant) layers were often either not used or combined into a more prevalent
layer.

As discussed previously, an existing cutoff wall is present within Reach 10B. However,
Kleinfelder's 2009 PIR-level modeling of seepage conditions for this reach indicate the
existing cutoff wall may be ineffective for mitigation of seepage deficiencies. Therefore,
the existing cutoff wall has not been included in the current model at Station 183+50
that represents the existing conditions of Reach 10B.

Alternatives considered for mitigation of seepage (and resultant stability) deficiencies of
the existing levee conditions included seepage cutoff walls and undrained combination
stability/seepage berms. Plate 5-1 shows the typical cross section of the proposed
mitigation using cutoff walls constructed with soil-bentonite (SB) materials and a
reconstructed levee prism consisting of homogenous embankment materials. Plate 5-2
shows the typical cross section of the proposed mitigation using combination
stability/seepage berms.

5.2 SEEPAGE ANALYSIS

Kleinfelder performed seepage analyses to evaluate the existing conditions and
proposed remedial alternatives for YRSL. Modeled cross sections were developed
based on evaluating a number of cross sections. Sections considered most
representative of the critical existing levee geometry and conditions, existing levee and
stability berm materials, and levee foundation materials and subsurface stratigraphy
were selected for each reach. The results of these analyses are summarized herein
and presented in graphical form in Appendices G, H, and J. Based on discussions with
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HDR, the following mitigations were selected for analysis, and seepage and slope
stability remediation:

A cutoff wall constructed along the centerline of the levee
An undrained combination stability/seepage berm constructed along the landside
of the levee

The respective dimensions of the mitigations (i.e., tip elevation of cutoff wall or width
and thickness of stability/seepage berm) used for the seepage analyses were
developed with respect to the subsurface conditions represented by each model cross
section. The analyses were performed to select the minimum mitigation required for
each particular modeled condition. Therefore, the dimensions of the mitigation
measures presented in each model should be considered the minimum required for
mitigation of seepage deficiencies within the reach of the levee represented by the
model cross section.

5.2.1 Permeability Parameters

A summary of the hydraulic conductivity values used in the seepage analyses is
presented on each of the geotechnical cross section models presented on Plates 4-2
through 4-8. These values were selected based upon:

Unified Soil Classification System (USCS) designations and published empirical
relationships between soil type and the hydraulic conductivity, such as those
presented by Terzaghi and Peck (1967)

Empirical relationships with laboratory gradation test results (sieve analysis),
percent fines, and Atterberg Limits testing

Kleinfelder has developed a set of typical hydraulic conductivity values for various soll
types that are used as initial input for seepage analyses. The tabulation of these values
and further discussion of the derivation and selection of the typical initial hydraulic
conductivity values used are provided in Appendix E1. Additional analysis and
refinement of the hydraulic conductivity values were performed in order to assess the
sensitivity of seepage model parameters and to account for site-specific subsurface
conditions and materials properties. The following summaries identify the differences
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between the tables and the thought behind some of the more influential values used in
seepage analysis.

Until recently, SCB slurry cutoff walls were preferred for mitigation of levee seepage
deficiencies in the Sacramento Valley. The specified maximum hydraulic conductivity
for SCB cutoff walls was commonly 10° centimeters per second (cm/sec), and this
value was used in seepage analysis. However, the use of SB cutoff walls is becoming
more common. A lower hydraulic conductivity could reasonably be achieved and 10’
cm/sec was used in specifications. However, during the transition either SB or SCB
materials were allowed for construction of cutoff walls. Consequently, the seepage
modeling was often performed with the higher (more conservative) value, which would
cover the use of either cutoff wall material. A value of 10° cm/sec was used for the
slurry cutoff walls analyzed for YRSL. Because levee material along the upper Yuba
River is typically silty sand or silt, there is usually at least a two order of magnitude
difference between the cutoff wall and the levee material permeabilities in the models.

The hydraulic conductivity of the underlying gravel deposits along the upper Yuba River
was influential in seepage analysis results. Initial exploratory soil borings drilled by
rotary-wash methods encountered drill bit chatter in gravel layers and representative
samples were difficult to obtain. A pump test performed for evaluation of the 1986
Levee Break located downstream of the study area measured hydraulic conductivities
as high as 500 feet per day (nearly 2x10™* cm/sec). Initial seepage analyses performed
for the PIR-level evaluation of YRSL assumed gravel layers were highly porous.
Subsequent explorations performed for this evaluation using sonic core drilling and
associated laboratory testing identified two distinct gravel layers. Pleistocene gravels
were typically dark gray, dark blue gray, or dark brown to red-brown, semi-consolidated
and occasionally cemented, and typically contained 4 to 8 percent fines with about one-
half of the fines clay-sized. Based on Kozeny-Carman (in Carrier 2003 and Chapuis et
al., 2003) estimates, these Pleistocene gravels were modeled with a hydraulic
conductivity of 10 cm/sec for this evaluation. Holocene gravels were typically lighter in
color and the majority of fines were silt-sized. Holocene gravels were modeled with a
hydraulic conductivity of 10? cm/sec based on Kozeny-Carmen estimates. An
anisotropy ratio of 4H:1V was used for the gravel deposits based on variation in grain-
size distributions and considering the depositional environment where layers were likely
to be made up of multiple interbedded lenses.
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USACE has agreed that materials not meeting levee embankment fill criteria can be
placed in the combination stability/seepage berms. Therefore, the combination
stability/seepage berms were modeled as relatively impermeable clay to evaluate
seepage uplift pressures and local gradients in the blanket layer. However, given the
results of investigations performed in the area proposed as a material borrow source for
this project, combination stability/seepage berms will likely be constructed from
materials that are somewhat more granular and permeable than those used for typical
“undrained” seepage berms. The combination stability/seepage berms were modeled
with a hydraulic conductivity of 1x10™ cm/sec for the seepage analyses, which is equal
to the lowest value used for blanket layer materials. In actuality, some portions of the
combination stability/seepage berm will likely be somewhat more pervious than the
underlying blanket layer and the uplift pressures developed at the base of the blanket
layer should be less than those modeled.

The coefficients of hydraulic conductivity selected for the seepage analyses represent
the anticipated properties of the various materials under saturated conditions. The
hydraulic conductivity of materials typically decreases as the degree of saturation
decreases. Hydraulic functions that relate unsaturated hydraulic conductivity to soil
moisture suction and percent saturation were used to model the impact of saturation on
hydraulic conductivity.

5.2.2 Modeling

Graphical representations of the model geometries (including existing conditions and
remedial alternatives), material properties, estimated steady-state phreatic surface, and
computed total head and vertical gradient contours are shown on the plates in
Appendices G, H, and J. Average vertical gradients calculated based on the computed
total head contours are also shown. If the near surface soils were moderately
permeable but were underlain by a low permeability layer, a localized vertical gradient
was calculated in lieu of an average gradient.

Steady-state seepage analyses were completed using the finite element program
SEEP/W™ (Versions 7.14, 7.15, and 7.16) developed by Geo-Slope International, Ltd.
(2007). Seepage analyses were conducted to check the performance of the existing
conditions for the 100- and 200-Year WSEs. Additional analyses were conducted to
check the performance of the proposed remedial measures when subjected to the
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design 200-Year WSE and the 200-Year + 3 feet WSE (DWR Draft ILDC HTOL WSE)
(The HTOL is defined as the 200-Year + 3 feet WSE, and this may not correspond to
the actual top of the existing or future improved levee). In some cases, parametric
analyses were performed to evaluate the sensitivity of the modeling results to the input
stratigraphy and/or hydraulic conductivity values and to evaluate the performance of the
proposed remedial alternatives at the 200-Year and HTOL WSEs accounting for
variations in model parameters and site conditions. Results of critical parametric
analyses are presented herein; trivial parametric modeling results (i.e., those that did
not result in differing pass/fail status with respect to exit gradient criteria) are not
reported.

Fixed-head boundary conditions set to the WSEs were applied along the boundary
nodes of the waterside levee slope, waterside ground surface, and the waterside
vertical edge of the model. While this may be a conservative approach, Kleinfelder
believes this approach should adequately reflect the effects of the absence of existing
blanket layer or potential future scour penetration through the soil deposits present
between the levee and the active Yuba River channel to the north. Nodes along the
bottom and the landside vertical edge of the model were modeled as a no-flow
boundary (zero total flux boundary condition).

The landside of the levee, combination stability/seepage berm slope (where present),
and the landside ground surface were modeled as potential seepage surfaces. These
nodes are assigned a zero unit flux boundary condition that is automatically adjusted by
the computer program to a constant head boundary based on the iterative results of
successive finite element runs. The calculated pressure head at each node is
compared to the elevation head for each iteration. If the pressure head is positive at the
node, the node becomes a constant head node with head equal to the ground surface
elevation, thus allowing water to seep from the surface.

5.2.3 Seepage Analysis Results - 100-Year WSE

The results of the seepage analyses for the existing conditions of the levee at the 100-
Year WSE are shown graphically in Appendix G and are tabulated in Table 5.7.
Seepage analyses for the 100-Year WSE were performed only to check existing
conditions. No parametric analyses were conducted for the 100-Year WSE analysis.
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Based on the results of the seepage analyses performed for the 100-year WSE, the
existing remedial features (where present) do not appear to be adequate for
remediation of through seepage and underseepage. Additional/new remedial measures
are recommended.

Table 5.7 - Summary of Seepage Analyses, Existing Conditions - 100-Year WSE

i+ (1)
Reach Model Existing Remedial Parametric GE;(Ijtient
Station Alternative Condition(s) 0)
Drained stability berm © 0.39 average
108 183+50 and SCB cutoff wall @ N/A 0.75 local
198+00 | Drained stability berm © N/A 0.14 local
< 0.10 local at levee
11 toe
201400 None N/A < 0.10 local at ditch
wall
0.53 local at bottom of
ditch
243+50 None N/A 0.39 average
12
254400 None N/A 0.68 local
288+00 None N/A 0.80 average
13 0.15 average/0.23
local at levee toe
301+00 None N/A 0.17 local at point 15
ft. from levee toe

Notes: 1. Exit gradient is located at toe of existing levee or stability berm, unless otherwise noted.
Average gradient calculated across blanket layer; local gradient calculated at reported
location.

2. Drainage features of existing stability berm not considered in seepage model.
3. Existing cutoff wall not considered in seepage model.

5.2.4 Seepage Analysis Results - 200-Year WSE

The results of the seepage analyses for the 200-Year WSE (design WSE) for the
existing conditions and proposed remedial alternatives are shown graphically in
Appendix H and are tabulated in Tables 5.8 and 5.9, respectively.
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Based on the results of the seepage analyses performed for the 200-Year WSE, the
existing remedial features (where present) do not appear to be adequate for
remediation of through seepage and underseepage. Additional/new remedial measures
are recommended.

Recommended remediations for through seepage and underseepage are as follows:

Reaches 10B and 11: Cutoff wall
Reach 12: Cutoff wall or landside seepage berm
Reach 13: Landside seepage berm

The potential partially penetrating condition where the cutoff wall proposed for Reach 11
may not be completely tied into an underlying fine-grained layer was analyzed as a
parametric condition of the model at Station 198+00. Analysis results indicate this
segment was found to meet seepage gradient criteria. The minimum required seepage
berm thickness was calculated for the proposed combination stability/seepage berm
mitigations as modeled in the seepage analyses and as shown in Appendix H. The
results of the calculations indicate the modeled berm thickness should be sufficient to
resist uplift and meet the minimum required uplift criteria (FOS > 1.6). The uplift
calculations for the 200-Year WSE are provided at the end of Appendix H.

Table 5.8 - Summary of Seepage Analyses, Existing Conditions - 200-Year WSE

. . . Exit @
Model Existing Remedial Parametric .
FERET Station Alternative Condition(s) Gra((ij)lent
Drained stability berm @ 0.52 average
108 183+50 and SCB cutoff wall @ N/A 0.95 local
198+00 Drained stability berm @ N/A 0.25 local
11 0.14 local at levee toe
< 0.10 local at ditch
201+00 None N/A wall
0.63 local at bottom of
ditch
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Table 5.8 - Summary of Seepage Analyses, Existing Conditions - 200-Year WSE

(cont’'d)
L . . Exit &
Reach Moqlel Existing Re_medlal Param_etnc Gradient
Station Alternative Condition(s) Q)
243+50 None N/A 0.79 average
12
254+00 None N/A 1.27 local
288+00 None N/A 1.27 average
13 0.20 average/0.53
local at levee toe
301+00 None N/A 0.26 local at point 15
ft. from levee toe

Notes: 1. Exit gradient is located at toe of existing levee or stability berm, unless otherwise noted.
Average gradient calculated across blanket layer; local gradient calculated at reported

location.

2. Drainage features of existing stability berm not considered in seepage model.
3. Existing cutoff wall not considered in seepage model.

Table 5.9 - Summary of Seepage Analyses, Remedial Alternatives - 200-Year WSE

it (@
Model Heelelee Prt_)posed Parametric Ex't.
Reach : Remedial o Gradient
Station . Condition(s) ;
Alternative (i)
Cutoff wall extending to N/A < 0.10 average
El +28 @® 0.12 local
Increased
Cutoff wall extending to gravel < 0.10 average and
El +28 @® hydraulic local
10B 183450 conductivity
Increased
gravel
Cutoff wall extending to cgr{glrjacltjil\l/(i:t < 0.10 average
El +28 @® y 0.16 local
and
discontinuous
cutoff layer
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Table 5.9 - Summary of Seepage Analyses, Remedial Alternatives - 200-Year WSE

(cont’d)
it (@
Reach | Model | MOUCECRRES | Paramerric | R
Station . Condition(s) X
Alternative )
Cutoff wall extending to
198+00 El 417 @ N/A < 0.10 local

< 0.10 local at levee

toe
Cutoff wall extending to

< 0.10 local at ditch
El. +26 N/A wall
< 0.10 local at bottom
of ditch

< 0.10 local at levee
toe
< 0.10 local at ditch
wall

0.15 local at bottom of
ditch

< 0.10 local at levee
toe

Cutoff wall extending to

Silty sand
El. +26

cutoff layer

Cutoff wall extending to < 0.10 local at ditch
No cutoff layer
El. +26 wall
0.39 local at bottom of
ditch
11

< 0.10 local at levee
201+00 toe

< 0.10 local at ditch
wall
< 0.10 local at toe of
ditch

< 0.10 local at levee
Continuous silt | toe

blanket layer

Cutoff wall extending to

Continuous silt
El. +26

blanket layer

Cutoff wall extending to < 0.10 local at ditch

El. +26 with silty sand wall
cutoff layer 0.14 local at bottom of
ditch

< 0.10 local at levee
Continuous silt | toe

blanket layer
with no cutoff

Hanging cutoff wall

< 0.10 local at ditch
extending to El. +26

wall

layer 0.33 local at bottom of
ditch
No ditch with
Cutoff wall extending to continuous < 0.10 average and
El. +26 landside silt

local at levee toe

blanket layer
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Table 5.9 - Summary of Seepage Analyses, Remedial Alternatives - 200-Year WSE (cont’d)

del Modeled Proposed : Exit ®
Reach M i€ Remedial Para_metnc Gradient
Station . Condition(s) X
Alternative )
No ditch with
continuous
Cutoff wall extending to landside silt 0.10 average
El. +26 blanket layer < 0.10 local
and silty sand
cutoff layer
11 201+00
No ditch with
continuous
Hanging cutoff wall landside silt 0.26 average
extending to El. +26 blanket layer < 0.10 local
and no cutoff
layer
Cutoff WEI|I i);tgndlng to N/A 0.30 average
12 243+50 80-ft. seepage berm: @
5 ft. thick at levee toe, N/A 0.74 averf:)gee at berm
3 ft. thick at berm toe
Cutoff WZ.:| i);ftgndlng to N/A <0.10 local
254+00 | 80-ft. seepage berm: @
5 ft. thick at levee toe, N/A Olélc?af ;/f Lae?ri/?glez
3 ft. thick at berm toe
80-ft. seepage berm:
288+00 5 ft. thick at levee toe, N/A 0.49 aver:)gee atberm
3 ft. thick at berm toe
13 80-ft. seepage berm: @
301+00 5 ft. thick at levee toe, N/A Olélctlf ;/f Lae?ri/?gleo
3 ft. thick at berm toe

Notes: 1. xit gradient is located at toe of existing levee or stability berm, unless otherwise noted.
Average gradient calculated across blanket layer; local gradient calculated at reported
location.

2. Drainage features of existing stability berm not considered in seepage model.
3. Existing cutoff wall not considered in seepage model.
4. Seepage berm horizontal hydraulic conductivity = 1x10”° cm/sec.

5.2.5 Seepage Analysis Results - 200-Year + 3 feet WSE (HTOL)

The results of seepage analyses performed to check the performance of the existing
conditions for the model cross section at Station 198+00 at the 200-Year + 3 feet WSE
are shown graphically in Appendix J and tabulated in Table 5.10. (The remaining model
cross sections were not analyzed for the 200-Year + 3 feet WSE, as they did not meet
criteria at either the 100- or 200-Year WSEs.) The results of the seepage analyses
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performed to check the performance of proposed remedial measures at the 200-Year +
3 feet WSE are shown graphically in Appendix J and are tabulated in Table 5.11.

Based on the results of the seepage analyses performed for the 200-Year + 3 feet
WSE, recommended remediations for through seepage and underseepage are as
follows:

Reaches 10B and 11: Cutoff wall
Reach 12: Either a cutoff wall or landside seepage berm
Reach 13: Landside seepage berm

The potential partially penetrating condition where the cutoff wall proposed for Reach 11
may not be completely tied into an underlying fine-grained layer was analyzed as a
parametric condition of the model at Station 198+00. Analysis results indicate this
segment was found to meet seepage gradient criteria. The minimum required seepage
berm thickness was calculated for the proposed seepage berm mitigations as modeled
in the seepage analyses and as shown in Appendix J. The results of the calculations
indicate that the modeled berm thickness is sufficient to resist uplift and meet the
minimum required uplift FOS criteria. The uplift calculations for the 200-Year + 3 feet
WSE are provided at the end of Appendix J.

The seepage analyses of the proposed seepage berm remedial alternative at Station
243+50 was modeled for two potential subsurface conditions. The first model analyzed
a thin clay blanket layer overlying shallow Holocene gravel (K, = 1x10? cm/sec). The
results of this analysis indicated the exit gradient at the toe of the modeled combination
stability/seepage berm does not meet exit gradient criteria for the 200-Year + 3 feet
WSE. A parametric analysis performed with the shallow gravel modeled as a
Pleistocene unit (K, = 1x10° cm/sec) indicated the exit gradient at the toe of the
combination stability/seepage berm does meet criteria. Construction of the currently
preferred mitigation alternative consisting of an SB cutoff wall through the reach
represented by this model would obviate the need for any further analysis of the
combination stability/seepage berm alternative. However, if future project designs
replace the SB cutoff wall design with a combination stability/seepage berm design, this
area should be further evaluated to assess if additional mitigation measures are
necessary to meet project criteria.
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The length of overlap between the combination stability/seepage berm and the
downstream cutoff wall was evaluated using the parametric analyses performed at
Station 288+00. The results of these analyses indicate an exit gradient of 0.70 at the
toe of the combination stability/seepage berm for a clay blanket layer condition. For this
model there is a head loss in the permeable gravel material beneath the clay layer
of approximately 2 feet for every 120 linear feet. This head loss relationship should also
be generally applicable upstream or downstream parallel with the cutoff wall and
combination stability/seepage berm. USACE criteria at the toe of the levee (<0.5) is
reached approximately 200 feet downstream from the intersection of the combination
stability/seepage berm and cutoff wall. To account for uncertainty in the model,
(variability in the blanket layer and pervious layer thicknesses and topographic variation)
an additional 100 feet should be added to the calculated 200 foot overlap. This results
in a total recommended overlap of the combination stability/seepage berm and cutoff
wall of 300 feet.

Table 5.10 - Summary of Seepage Analyses, Existing Conditions - 200-Year + 3

Feet WSE
L . . Exit &
Reach Moqlel Existing Re_medlal Param_etnc Gradient
Station Alternative Condition(s) 0
11 198+00 Drained stability berm @ N/A 0.32 local

Notes: 1. Local exit gradient calculated at toe of existing stability berm.
2. Drainage features of existing stability berm not considered in seepage model.
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Table 5.11 - Summary of Seepage Analyses, Remedial Alternatives - 200-Year + 3

Feet WSE
Modeled Proposed Parametric Exit ®
Reach | Station Remedial " Gradient
. Condition(s) :
Alternative (i)
Cutoff wall extending to < 0.10 average
108 183+50 El. +28 @@ N/A 0.15 local
108+00 | Cutoff "éﬁ”fl)‘?te({)‘d'”g o N/A <0.10 local
< 0.10 local at levee
toe
Cutoff wall extending to < 0.10 local at ditch
N/A
El. +26 wall
< 0.10 local at bottom
of ditch
< 0.10 local at levee
toe
Cutoff wall extending to Silty sand cutoff < 0.10 local at ditch
El. +26 layer wall
0.17 local at bottom
of ditch
< 0.10 local at levee
11 toe
Cutoff wall extending to No cutoff laver < 0.10 local at ditch
201+00 El. +26 y wall
0.43 local at bottom
of ditch
< 0.10 local at levee
toe
Cutoff wall extending to Continuous silt < 0.10 local at ditch
El. +26 blanket layer wall
< 0.10 local at bottom
of ditch
< 0.10 local at levee
Continuous silt toe
Cutoff wall extending to blanket layer with < 0.10 local at ditch
El. +26 silty sand cutoff wall
layer 0.16 local at bottom
of ditch
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Table 5.11 - Summary of Seepage Analyses, Remedial Alternatives - 200-Year + 3

Feet WSE (cont’'d)

Modeled Proposed Parametric Exit ®
Reach | Station Remedial " Gradient
. Condition(s) :
Alternative (i)
< 0.10 local at levee
toe
Cutoff wall extending to Silty sand cutoff < 0.10 local at ditch
El. +26 layer wall
0.17 local at bottom
of ditch
< 0.10 local at levee
toe
Cutoff wall extending to < 0.10 local at ditch
No cutoff layer
El. +26 wall
0.43 local at bottom
of ditch
< 0.10 local at levee
toe
Cutoff wall extending to Continuous silt < 0.10 local at ditch
El. +26 blanket layer wall
< 0.10 local at bottom
of ditch
< 0.10 local at levee
Continuous silt toe
Cutoff wall extending to blanket layer with < 0.10 local at ditch
11 201+00 El. +26 silty sand cutoff wall
layer 0.16 local at bottom
of ditch
< 0.10 local at levee
. Continuous silt toe .
Cutoff wall extending to : < 0.10 local at ditch
blanket layer with
El. +26 no cutoff layer wall
0.37 local at bottom
of ditch
Cutoff wall extending to NO ditch with . < 0.10 average and
El 426 coqtlnuous landside local
silt blanket layer
No ditch with
Cutoff wall extending to coqtlnuous landside 0.13 average
El. +26 silt blanket layer <0.10 local
and silty sand cutoff
layer
No ditch with
Cutoff wall extending to | continuous landside 0.34 average
El. +26 silt blanket layer < 0.10 local
and no cutoff layer
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Table 5.11 - Summary of Seepage Analyses, Remedial Alternatives - 200-Year + 3
Feet WSE (cont’'d)

Modeled Proposed Parametric Exit ®
Reach | Station Remedial " Gradient
: Condition(s) :
Alternative (i)
Cutoff Wall Extending to N/A 0.43 average

El. +35

80-ft. seepage berm: ¥

243+50 5.5 ft. thick at levee toe, N/A
3 ft. thick at berm toe

80-ft. seepage berm: ¥

1.06 average at berm
toe

Reduced hydraulic |, 7, average at berm

12 5.5 ft. thick at levee toe, conductivity of toe
3 ft. thick at berm toe shallow gravel
Cutoff wall extending to
El +40 N/A < 0.10 local
+
254+00 80-ft. seepage berm: 0.29 averade/0.80
5 ft. thick at levee toe, N/A ' gerv.

3 ft. thick at berm toe local at berm toe

80-ft. seepage berm:

0.68 average at berm

288+00 5 ft. thick at levee toe, N/A toe
3 ft. thick at berm toe
13 80-ft. seepage berm:
301+00 5 ft. thick at levee toe, N/A 0.19 average/0.63

local at berm toe

3 ft. thick at berm toe
Notes: 1. Exit gradient is located at toe of existing levee or stability berm, unless otherwise noted.
Average gradient calculated across blanket layer; local gradient calculated at reported
location.
2. Drainage features of existing stability berm not considered in seepage model.
3. Existing cutoff wall not considered in seepage model.
4. Seepage berm horizontal hydraulic conductivity = 1x10”° cm/sec.

5.3 SLOPE STABILITY ANALYSIS

USACE EM 1110-2-1913 indicates four types of loading conditions for slope stability
analysis: Case | - End of Construction, Case Il - Sudden Drawdown, Case Il - Steady-
State Seepage at Full Flood Stage, and Case IV - Earthquake. Recommendations
presented in this report are based on the slope stability analyses performed for Cases
I, 1ll, and IV. Case | - End of Construction was not performed, as the existing levee is
recommended to be improved and neither a significant raise nor no new levee
embankment construction is currently proposed for this project. The results of the
analyses performed for Cases Il and Il are presented in this section. Results of the
analyses for Case |V are presented in Section 5.4.
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Slope stability analyses were performed to evaluate the global stability of the levee
embankment and foundation. Design parameters input into the slope stability models
included the levee geometry, phreatic surfaces and resultant steady-state seepage
forces generated from the seepage analysis, soil unit weight, and soil shear strength
properties for the levee embankment and native soils. Shallow failure surfaces and
surface sloughing on the landside levee slope that do not impact the levee crest are
judged to be only maintenance concerns. For purposes of this analysis, a depth of 6
feet was selected as the limiting depth of failure surfaces for maintenance-related
concerns. As such, surficial slides are not addressed in this report.

A summary and description of the process of selection of the material shear strength
properties used in the stability analyses are presented in Appendix E2.

Slope stability analyses were conducted using the limit equilibrium software program
SLOPE/W, also a component of the GeoStudio 2007 suite. The FOS against landside
slope failure was calculated using Spencer’'s method (“entry and exit” search routine)
and pore water pressures computed by SEEP/W. Spencer's method is a two-
dimensional, limit-equilibrium method that satisfies force equilibrium of slices and overall
moment equilibrium of the potential sliding mass. The inclination of side forces between
vertical slices is assumed to be the same for all slices and is calculated along with the
FOS.

This method utilizes the levee slope configuration, unit weight and shear strength
properties of the levee and foundation materials, and boundary and internal forces due
to water pressures. After a potential failure surface has been assumed, the soil mass
located above the failure surface is divided into a series of vertical slices. Forces acting
on each slice include the slice weight, the pore pressure, the effective normal force on
the base, the mobilized shear force (including both cohesion and friction), and the
horizontal side forces due to earth pressures.

The FOS is calculated by determining the ratio of the resisting forces (cohesion and
friction along the failure surface) to the driving forces about the center of the assumed
failure surface. The computer program performs automatic searches of different
potential failure surfaces that included tension cracks filled with water and computes the
lowest FOS corresponding to a critical failure surface for a particular condition.
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Pore water pressure distributions under steady-state seepage conditions modeled for
each design WSE (as estimated by the SEEP/W seepage analysis) were used in the
slope stability analyses of the landside of the levee. The landside stability analyses
were conducted to check performance of the proposed remedial measures when
subjected to the design 200-Year and 200-Year + 3 feet WSEs. Existing levee
conditions were analyzed for slope stability only for the few cases where the existing
configuration of the levee met through seepage and underseepage criteria at a design
WSE.

For analysis of rapid or sudden drawdown stability of the waterside slope of the levee,
the modeling was performed using the excess pore pressures induced within the levee
embankment and/or foundation soils by rapid drawdown of the water level on the
waterside of the levee from the 200-Year + 300 feet WSE to the elevation of the
waterside toe of the levee. The rapid drawdown analyses were performed only for the
improved levee configuration with the proposed remedial measures in place.

The results of the stability analyses performed for the cross sections at Stations
183+50, 198+00, 201+00, 243+50, 254+00, and 301+00 are presented in the sections
that follow. No stability analysis was performed for the geotechnical model cross
section at Station 288+00, as this model was created for analysis of seepage conditions
only.

5.3.1 Slope Stability Analysis Results - 200-Year WSE

The results of the slope stability analyses for the existing conditions of the models at
Stations 198+00 and 301+00 at the 200-Year WSE for steady-state conditions are
shown graphically in Appendix | and are summarized in Table 5.12. The results of the
slope stability analyses for the remediated condition at the 200-Year WSE for both
steady-state and rapid drawdown conditions are shown graphically in Appendix | and
are summarized in Table 5.13. The plates in Appendix | show the model geometry,
material properties, and the estimated phreatic surface. The plots show the FOS in
0.05 increments by variation of color with red being the lowest FOS and blue being the
highest FOS. The range of FOS is shown on each plate with bands of the same color
indicating zones of equal FOS.
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Based on the results of the stability analyses performed for the 200-Year WSE, the
provision of the recommended seepage mitigation measures should be sufficient to
meet criteria for landside stability under steady-state seepage conditions.

Table 5.12 - Summary of Steady-State Landside Slope Stability Analyses, Existing
Conditions — 200-Year WSE

Slope
: Existing Remedial Parametric Stability
EREr SR Alternative Condition(s) Analysis
FOs @
11 198+00 Stability berm N/A 1.84
12 301+00 None N/A 1.15
Note: 1. Criteria for 200-Year WSE is FOS > 1.4,
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Table 5.13 - Summary of Steady-State Landside Slope Stability Analyses,

Remedial Conditions — 200-Year WSE

HOEEIEE [PIEPEEet Parametric Stsellgﬁiet
Reach Station Remedial ... Y
. Condition(s) Analysis
Alternative FOS @
Cutoff wall extending to
10B 183450 El 128 N/A 1.98
Cutoff wall extending to
198+00 El +17 N/A 2.39
11
Cutoff wall extending to
201+00 El 126 N/A 1.69
Cutoff wall extending to
El +35 N/A 2.06
243+50 80-ft. seepage berm:
5 ft. thick at levee toe, N/A 2.42
3 ft. thick at berm toe
12
Cutoff wall extending to
El +40 N/A 1.50
254+00 80-ft. seepage berm:
5 ft. thick at levee toe, N/A 2.59
3 ft. thick at berm toe
80-ft. seepage berm:
13 301+00 5 ft. thick at levee toe, N/A 1.87
3 ft. thick at berm toe
Note: 1. Criteria for 200-Year WSE is FOS > 1.4.

5.3.2 Slope Stability Analysis Results - 200-Year + 3 feet WSE (HTOL)

The results of the slope stability analyses for the existing conditions of the model at
Station 198+00 at the 200-Year + 3 feet WSE for steady-state conditions are shown
graphically in Appendix K and are summarized in Table 5.14. The results of the slope
stability analyses for the remedial measures at the HTOL for both steady-state and
rapid drawdown conditions are shown graphically in Appendix K and are summarized in

Tables 5.15 and 5.16, respectively.
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The plates in Appendix K show the model geometry, material properties, and the
estimated phreatic surface. The plots show the FOS in 0.05 increments by variation of
color with red being the lowest FOS and blue being the highest FOS. The range of FOS
is shown on each plate with bands of the same color indicating zones of equal FOS.

Based on the results of the stability analyses performed for the 200-Year + 3 feet WSE,
the provision of the recommended seepage mitigation measures should be sufficient to
meet criteria for landside stability under steady-state seepage conditions (FOS 1.2).
The stability of the waterside slope of the levee under rapid drawdown conditions was
analyzed for drawdown from the 200-Year + 3 feet WSE to the waterside toe of the
levee and using the existing slope configuration. These conservative modeling
conditions were analyzed to represent the “worst case” for rapid drawdown stability.
The existing waterside slope appears to meet minimum criteria (FOS > 1.0) established
for this project for stability under rapid drawdown conditions.

Table 5.14 - Summary of Steady-State Landside Slope Stability Analyses, Existing
Conditions — 200-Year + 3 Feet WSE

Slope
: Existing Remedial Parametric Stability
EREr SR Alternative Condition(s) Analysis
FOS®
11 198+00 Stability berm N/A 1.58
Note: 1. Criteria for 200-Year + 3 feet WSE is FOS > 1.2,
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Table 5.15 - Summary of Steady-State Landside Slope Stability Analyses,
Remedial Conditions — 200-Year + 3 Feet WSE

Modeled Proposed . Slop_e
. . Parametric Stability
Reach Station Remedial L i
It tive Condition(s) Analysis
Alterna FOS®
10B 183+50 Cutoff ngll ixztg”d'”g 0 N/A 1.95
198400 Cutoff WE||| ixltsndlng to N/A 5 38
11
201400 Cutoff WEI|I T(ztgndlng to N/A 169
Cutoff WEI|I i);tgndlng to N/A 1.90
243+30 80-ft. seepage berm:
5 ft. thick at levee toe, N/A 2.02
3 ft. thick at berm toe
12
Cutoff WEI|I iﬁtgndlng to N/A 1.49
254+00 80-ft. seepage berm:
5 ft. thick at levee toe, N/A 1.63
3 ft. thick at berm toe
80-ft. seepage berm:
5 ft. thick at levee toe, N/A 1.58
13 301400 3 ft. thick at berm toe
80-ft. seepage berm: Seepage berm strength:
5 ft. thick at levee toe, ngro cohesion gth- 1.53
3 ft. thick at berm toe
Note: 1. Criteria for 200-Year + 3 feet WSE is FOS > 1.2.
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Table 5.16 - Summary of Sudden Drawdown Waterside Slope Stability Analyses,
Remedial Conditions — 200-Year + 3 Feet WSE with Drawdown to Waterside Levee
Toe Ground Surface

Slope
Reach | station | - Remedial Parametric | Stability
| . Condition(s) Analysis
Alternative FOS®
10B 183450 Cutoff wall ixztgndmg to El. N/A 104
198400 Cutoff wall extending to El. N/A 223
+17
11
201400 Cutoff wall extending to El. N/A 183
+26
Cutoff wall extending to El.
+35 N/A 1.60
243+50 80-ft. seepage berm:
5 ft. thick at levee toe, N/A 1.58
3 ft. thick at berm toe
12
Cutoff wall extending to EI.
+40 N/A 2.09
254+00 80-ft. seepage berm:
5 ft. thick at levee toe, N/A 2.10
3 ft. thick at berm toe
80-ft. seepage berm:
13 301+00 5 ft. thick at levee toe, N/A 1.25
3 ft. thick at berm toe

Note: 1. Criteria established for this project is FOS > 1.0.

5.4  SEISMIC EVALUATION

This section presents the results of a seismic evaluation of the improved YRSL in terms
of liquefaction potential and associated slope stability of the levee under an earthquake
with a return period consistent with the 200-Year flood event. There are no formal
published guidelines for seismic evaluation of levees. DWR has recently published a
draft document entitled “Proposed Interim Levee Design Criteria for Urban and
Urbanizing Area State-Federal Project Levees,” dated May 15, 2009 (DWR 2009),
which indicates that for urban and urbanizing areas, 200-Year ground motions should
be used for seismic assessments. However, there are no details about methodology
nor specific design criteria in terms of liquefaction or acceptable/unacceptable levee
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deformations under seismic conditions in this document. Kleinfelder also understands
USACE is developing a guidance document on this topic; however, no specific
information is available at this time. Therefore, Kleinfelder has developed its own
methodology and design criteria for seismic evaluations of YRSL which are presented in
the sections that follow.

The general methodology for the seismic evaluation and the results of the evaluation
are presented in Appendix L. The following sections discuss the results of seismic
slope stability analyses using either the post-earthquake static or pseudo-static
analysis, as appropriate. These analyses include Stations 136+50 to 303+59 (Reaches
10B through 13).

5.4.1 Post-Earthquake Static Slope Stability Analysis

Post-earthquake static slope stability analyses were performed to estimate FOSs
against flow failure. “Flow failure” is a liquefaction-related phenomenon which occurs
when the shear stress required for static equilibrium of a soil mass is greater than the
shear strength of the soil in its liquefied state. A section was considered susceptible to
flow failure if the FOS was less than 1.0. Once triggered, the flow liquefaction may
produce large deformations in slopes. Residual undrained shear strengths (S;) of the
potential liquefiable layers were estimated based on lower third value of Seed and
Harder (1990) and used in the analyses (discussed in Appendix L). Based on the
results of liguefaction analyses, some parts of YRSL are considered to be susceptible to
significant liquefaction. Therefore, the post-earthquake static slope stability analyses
were performed at two cross sections (Stations 183+50 and 243+50) using the slope
stability software SLOPE/W. Results of the analyses show potentially liquefiable soils in
YRSL have average (Ni)eocs (Standard Penetration Resistance corrected for
overburden, hammer energy, sampler, borehole diameter, rod length, and fines content)
values of about 14 and 4 (Appendix L) for Stations 183+50 and 243+50, resulting in S,
values of about 550 pounds per square foot (psf) and 50 psf, respectively. The post-
earthquake static slope stability analyses were performed on both landside and
waterside slopes of these sections. Both circular and edge failure surfaces were
searched and the most critical of these are presented on Plates L-2 through L-5 of
Appendix L. Material properties for each layer used in the analyses are also shown on
these plates. Results of the analyses in terms of FOS against flow failure for each
section are shown in Table 5.17. Some of the FOS values are apparently higher than
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the FOS values presented elsewhere in the report. This apparent discrepancy is likely
due to the difference in material properties selected for a particular analysis.

Table 5.17 - Factor of Safety for Post-Earthquake Static Slope Stability

, Factor of Safety
Reach Station : :
Landside Waterside
10B 183+50 2.39 2.06
12 243+50 2.10 1.72

5.4.2 Pseudo-Static Slope Stability Analysis

If the FOS from the post-earthquake static slope stability analysis was less than 1.0, no
further analysis was performed and the levee slope was considered susceptible to large
deformations under a seismic event. If the FOS for static slope stability was higher than
1.0, a pseudo-static slope stability analysis was performed to evaluate the yield
acceleration (ky) during an earthquake. Yield acceleration is defined as the horizontal
acceleration that provides a FOS of 1.0 in pseudo-static slope stability analysis. In the
Newmark (1965) approach for deformation analysis, displacement of a soil mass above
a slip surface is modeled as a rigid block of soil sliding on a plane surface. If the block
exceeds yield acceleration, ky, the block begins to slip along the plane and the
movement stops once the velocity of the block relative to the underlying mass goes
down to zero. A ky < 0.15 peak ground acceleration (PGA) may cause deformation on
the order of more than 3 feet during an earthquake using a simplified Newmark
approach as presented by Ambraseys and Menu (1988) and is consistent with Makdisi
and Seed (1978). Residual undrained shear strengths in potential liquefiable layers
were estimated as the lower one-third values in accordance with Seed and Harder
(1990) and used in the analyses. Both sections analyzed and listed in Table 5.17 have
post-earthquake static FOS greater than 1.0. For this reason, pseudo-static stability
analyses were performed on these sections. Results of pseudo-static stability analyses
are presented on Plates L-6 through L-9 in Appendix L. Analyses results in terms of
yield acceleration are presented in Table 5.18.
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Table 5.18 - Factor of Safety for Pseudo-Static Slope Stability

_ Yield Acceleration (k)
Reach Station : :
Landside Waterside
10B 183+50 0.120g 0.270g
12 243+50 0.055¢g 0.270g

Results of the pseudo-static slope stability analyses show ky values for the landside and
waterside slopes of both Stations 183+50 and 243+50 are greater then 0.15 PGA. For
significant deformation to occur, the calculated yield accelerations should be lower than
the threshold value of 0.15 PGA. Therefore, Kleinfelder believes these two sections
should not have the potential for large slope deformations to occur during this seismic
event.

5.4.3 Summary of Seismic Evaluation

Three likely scenarios considered to summarize the results of the seismic evaluation of
YRSL are as follows.

Case A - Potential Flow Liquefaction or Large Deformations: This case indicates the
FOS against liquefaction is less than 1.0. In addition, the FOS against post-earthquake
static slope stability is less than 1.0 and/or ky £ 0.15 PGA for a pseudo-static slope
stability analysis.

Case B - Liquefaction Induced Deformation: This case indicates the FOS against
liqguefaction is less than 1.0 and ky > 0.15 PGA. However, it does not meet the criteria
for Case A. This reflects there should not be flow liquefaction or large deformations, or
both, but potential for limited liquefaction induced deformation exists.

Case C - Limited Settlements: This case indicates it does not meet the criteria for Cases
A and B. However, deformation due to earthquake-induced settlement in dry soils or
soil strength softening is possible.
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Any section meeting the Case A criteria on either the landside or the waterside was
classified as Case A. Based on the results of liquefaction and stability analyses, the
entire YRSL was classified into Cases A, B, or C as described above. These stability
analyses were not performed at each location where FOS against liquefaction was less
than 1.0. Kleinfelder performed slope stability analyses on two cross sections of YRSL
(Stations 183+50 and 243+50), and the classifications were extrapolated to other
sections within the reaches based on the results of liquefaction analyses and
engineering judgment. A summary of the classifications of the levee reaches based on
seismic evaluation is shown in Table 5.19. These classifications are based on the
evaluation of the soils in the levee or immediately below the levee in the foundation.
Deeper soils have been found to be dense in nature, thus not likely susceptible to
liquefaction. Case A classification is not shown in the table as the analyses results did
not meet the criteria for this case.

Table 5.19 - Summary of Seismic Evaluation

. Case C:
Case B: o
. Length | Liquefaction- : L|m|teq
Reach | Station Segment (feet) Induced Liguefaction-
: Induced
Deformation .
Deformation
136+50 to 182+00 4550 X
136+50
10B to 182+00 to 184+50 250 X
189+50
184+50 to 189+50 500 X
189+50 to 193+50 750 X
189+50
11 to 193+50 to 204+00 300 X
212+50
204+00 to 212+50 850 X
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Table 5.19 - Summary of Seismic Evaluation (cont’d)

Case B: C?‘S? C:
. Length | Liquefaction- . lelte(_j
Reach | Station Segment Liquefaction-
(feet) Induced Induced
Deformation :
Deformation
212+50 to 215+50 300 X
11 and 212+50
12 to 215+50 to 217450 200 X
240+00
217+50 to 240+00 2250 X
240+00 to 241+50 150 X
240+00 | 241+50 to 243+50 200 X
12 to
286+50 | 243450 to 255+50 | 1200 X
255+50 to 286+50 3100 X
286+50
121%”0' to 286+50 to 289+50 300 X
289+50
289+50
13 to 289+50 to 303+59 1409 X
303+59

Note: ' Deformations most likely limited to upper portions of levee resulting in loss of freeboard
and potential damage to near surface cutoff walls.

5.5 SETTLEMENT ANALYSIS

Given that no substantial raise of the levee crown elevation was proposed as part of this
project, analysis of levee crown settlement was not performed. The existing levee
crown elevation is less than the 200-Year + 3 feet WSE by less than one foot at two of
the analyzed model cross sections. However, the minor amount of additional fill
required to raise the levee to the 200-Year + 3 feet WSE at these locations is not
considered significant enough to require detailed settlement analysis.

It is anticipated some minor settlement may occur in the existing blanket layer and
foundation soils due to the weight of the proposed new seepage berm fill. The seepage
berm will be placed on the existing levee landside face that will also experience some
settlement. This settlement could result in the formation of surface cracks near the
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existing levee crown. Given the recommended seepage berm section, the settlement in
the foundation soils is estimated to be on the order of ¥2 to 1% inch, or less. Additional
long-term settlement is not expected to exceed about Y2 inch. The construction
tolerance of the seepage berm is 0 to 2 inches (above grade). It is Kleinfelder’s opinion
the long-term settlement of the seepage berm should be insignificant with respect to
grading tolerances for project embankment. The grade of the top of the seepage berm
is designed primarily for surface drainage. Should areas of poor drainage develop,
these areas can be corrected as part of normal maintenance operations.

5.5.1 Methodology

Settlement analyses were performed utilizing the field and laboratory test data obtained
from the site investigations. A spreadsheet model was developed to first calculate the
increase in vertical stress as a result of seepage berm construction, and then calculate
the amount of immediate settlement using the Janbu method.

Consolidation settlements (long-term) for fine-grained soils were generally ignored, as
the relative contribution to the settlement from the typically thin layers of near-surface
plastic silt or clay was minimal. A description of the settlement analysis procedures is
provided in Appendix N along with sample calculations. Analysis was conducted on
stratigraphy shown on individual borings at the existing levee toe.

5.5.2 Analysis Results
The calculations of estimated settlement due to immediate (elastic) settlement of YRSL

levee and foundation soils beneath additional seepage berm loads are provided in
Appendix N.

104634/SAC10R334 Page 72 of 105 June 11, 2010
Copyright 2010 Kleinfelder



6 REMEDIAL DESIGN AND CONSTRUCTION RECOMMENDATIONS

6.1 FUTURE SITE CONDITIONS

The configuration of the YRSL preferred mitigation is summarized in the Project
Features Table (Table 6.1). The remedial recommendations include construction of
either a cutoff wall or a combination stability/seepage berm. The recommended limits
and dimensions of the cutoff wall and stability/seepage berm mitigations are shown in
plan and profile on Plates 1-3 through 1-5 and summarized in Table 6.1. This
information was determined from the results of the seepage and stability modeling
analyses presented in Section 5 along with consideration of the variations of subsurface
conditions anticipated along the length of the project. The stations given are the
recommended design limits for each remedial option; they include recommended
overlaps but do not include transitions. The site civil plans and project specifications
should address transition details. Typical sections of the recommended cutoff wall and
combined stability/seepage berm configurations are shown on Plates 5-1 and 5-2,
respectively. A plan view and typical section of the widened and thickened combination
stability/seepage berm proposed for the upstream end of the project adjacent to the
Yuba Gold Field are shown on Plate 6-1.

Construction recommendations contained in this report are dependent upon the existing
ground surface conditions remaining unchanged. Future agricultural or grading
activities or ground surface alterations near the remedial construction locations may
have adverse effects and may require additional remediation efforts. Should future
excavations, lowering of the ground, or the addition of material to the levee or seepage
berm occur, Kleinfelder should be contacted to evaluate the potential impacts to the
area. The current design recommendations have not taken into consideration future
changes to the existing topography and/or land uses.
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Table 6.1 - Project Features Table

Reach Limits Approximate Levee| Approximate Levee
Reach | Beginning | Ending Transition Waterside Slope Landside Slope Preferred Mitigation @
. . (Based on Model (Based on Model
Station Station . .
Cross Sections) Cross Sections)
New SB* cutoff wall on o . @
. - Existing: Existing: SB * cutoff wall,
108 136+50 143+50 wate2r3|de of existing up to 3.1H:1V up to 2.4H:1V estimated tip elevation of cutoff wall: +13
SCB* cutoff wall
Existing: Existing: SB @ cutoff wall,
108 143+50 189+50 | None up to 3.1H:1V up to 2.4H:1V estimated tip elevation of cutoff wall: +13
Existing: Existing: SB @ cutoff wall,
11 189+50 213+00 | None up to 3.1H:1V up to 2.5H:1V estimated tip elevation of cutoff wall: +8
Existing: Existing: SB @ cutoff wall,
11 213+00 221+00 | None up to 3.1H:1V up to 2.5H:1V estimated tip elevation of cutoff wall: +10
Existing: Existing: SB @ cutoff wall,
12 221+00 244+00 | None 1.7H:1V to 3.8H:1V 2.5H:1V estimated tip elevation of cutoff wall: +25
Existing: Existing: SB @ cutoff wall,
12 244+00 288+00 | None 1.7H:1V to 3.8H:1V 2.5H:1V estimated tip elevation of cutoff wall: +35
@ : - -
300-foot overlap of new SB o o SB . cutoff wall, estimated tip elevation of cutoff
12 285+00 288+00 | cutoff wall with seepage Existing: Existing: wall: +35
up to 2.6H:1V up to 2H:1V Combined Stability/Seepage berm: thickness of 5
berm :
feet at levee toe, width of 80 feet from levee toe
Existing: Existing: Combined Stability/Seepage berm: thickness of 5
13 288+00 300+50 | None up to 2.6H:1V up to 2H:1V feet at levee toe, width of 80 feet from levee toe
. S T Combined Stability/Seepage berm: thickness varies
13 300+50 303+59 Tran3|t|on at end_of berm | Existing: ) EX|st|ng.. from 5 feet to height of levee at levee toe, width
into Yuba Gold Fields up to 2.6H:1V up to 2H:1V :
varies from 80 to 150 feet from levee toe
Notes: 1. Seepage mitigation measures based on analysis using MBK 100-year and 200-Year design WSE data from analysis provided in July
2009. Actual cutoff wall tip elevation will depend on material encountered at depth. Actual depth of cutoff wall will depend on final levee
degrade and cutoff wall tip elevations. Thickness and width of seepage berms refer to measurements made at and from landside toe of
levee.
2. SB = Soil-bentonite, SCB = Soil-cement-bentonite
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6.2 SEEPAGE CUTOFF WALL DESIGN
6.2.1 Soil-Bentonite Cutoff Wall

Seepage cutoff walls are routinely constructed to depths of 80 feet (below levee
degrade/working platform elevation) using conventional long-stick excavators and the
slurry trench method of construction. Deeper cutoff walls can be constructed using
clamshell excavation, deep soil mixing, or other deep mixing or replacement methods.
Construction of SB cutoff walls by the slurry trench method has been selected by the
project design team.

SB cutoff walls should be designed to achieve a permeability of less than 5x10~
cm/sec. A minimum cutoff wall thickness of 36 inches should be utilized regardless of
the cutoff wall depth. Schematic drawings of typical SB cutoff wall configurations for
mitigation of levee seepage deficiencies are shown on Plate 5-1 and include
recommendations for construction of an initial clay cap, temporary wall settlement cap,
and final uniform levee embankment that should be used in project design. The
recommended construction features and sequencing are provided to reduce the
potential for negative impacts resulting from settlement of the SB cutoff wall. Based on
documentation from USACE, consolidation settlement of a SB cutoff wall may be on the
order of 1 foot of settlement per 20 feet of wall depth for a 3-foot-wide cutoff wall.
Approximately 80 percent of this settlement should take place within the first month after
construction (USACE 1998). Recent experience for SB cutoff walls constructed along
the Natomas Cross Canal and Sacramento River East levees just north of Sacramento
indicates the settlement period could be as short as two to three weeks, and measured
settlements during this period have typically ranged from less than 1 inch up to about 3
inches. Many factors will affect the settlement of the SB cutoff wall including cutoff wall
width, cutoff wall depth, soil stratigraphy, soil slurry type, and cutoff wall cap material.
The actual amount of settlement may vary greatly during construction. Monitoring of
settlement should be conducted as recommended in Section 6.10 of this report.

The alignment of the SB cutoff wall should be established along the approximate
centerline of the working platform (levee degrade surface) to the degree practical and
as needed to provide the necessary working platform width for construction equipment
on each side of the cutoff wall. Where it is desired or necessary to shift the alignment of
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the cutoff wall toward the waterside of the levee, the alignment should be established
such that the waterside edge of the wall is maintained between the design centerline of
the levee and the design waterside crown hinge point, while also maintaining the
minimum width of working platform material (typically at least 10 feet) required for safe
operation of construction equipment. Given the proposed addition of waterside fill for
slope flattening, Kleinfelder recommends the project designers carefully review the
proposed final levee cross sections and levee degrade/working platform geometry and
dimensions to verify that sufficient working space will be provided. It may be necessary
for the contractor to place and compact levee degrade materials along the waterside of
the existing levee in order to provide the required minimum working platform. For the
portion of the new SB cutoff wall that will overlap the existing SCB cutoff wall (between
Stations 136+50 and 143+50), the SB cutoff wall should be constructed immediately
against the waterside of the existing SCB cutoff wall. The excavation of the slurry
trench for the new SB cutoff wall is not expected to affect the stability of the existing
SCB wall, as the SCB materials should have at least the same, if not greater, strength
compared to the adjacent, unimproved soils.

Given recent construction experience with SB cutoff walls in the greater Sacramento
area, the gradation specifications provided in Table 6.2 are recommended for the soils
to be used in the backfill. Soil used in the SB cutoff wall backfill may be obtained from
the slurry trench excavation, degrade of the existing levee, the borrow site,
miscellaneous excavations, off-site sources, or combinations thereof. Given the
presence of oversized gravel and cobble materials within the limits of the proposed
cutoff wall it is likely that the excavated materials from the slurry trench will need to be
screened and processed to meet the recommended backfill specifications.

Table 6.2 — SB Cutoff Wall Soil Backfill Requirements

Test Procedures
Fill Requirement (ASTM?Y)
Gradation
Sieve Size Percent Passing
2-inch 100 D 422
No. 4 40 to 100 D 422
No. 40 2510 90 D 422
No. 200 20 to 60 D 422

Note: *American Society for Testing and Materials Standards (latest edition)
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The coarse-grained soil deposits (gravels and cobbles), dense soils, and relatively hard
zones of cemented soils (soil breaks with considerable finger pressure) may affect the
construction of the SB cutoff wall. Zones of dense or hard and cemented soils (i.e., high
resistance to soil samplers and/or CPT) and gravel and cobble materials were
encountered in many of the explorations advanced within the limits of the proposed
cutoff wall. The coarse and dense/cemented materials may prove difficult to excavate
and the contractor should be made aware of this potential condition. Alternatively,
zones of loose gravel or sand may tend to cave or slough into the cutoff wall excavation
trench, and the trench slurry may flow into open voids present between oversize gravel
and cobble particles. Photographs of material retrieved from the sonic core are
provided in Appendix C and show material that will be encountered during construction.
Cutoff walls constructed using the open slurry trench method have been successfully
installed within segments of the YRSL downstream of the current project. The
subsurface conditions and materials present at these downstream sites are generally
similar to those at the current project.

If a delay of more than 48 hours should occur between excavation of a section of the
slurry trench and completion of backfill operations, a portion of the placed SB backfill
should be excavated prior to the continuation of work. The excavation of the placed SB
backfill should consist of the removal of a minimum of 5 feet of backfill material
measured perpendicular to the slope of the backfill and for the full height of the trench.
Additionally, if construction sequencing or scheduling impacts require the SB cutoff wall
to be constructed with multiple headings and/or over multiple construction seasons
where new SB cutoff wall trench excavation will abut previously backfilled sections, the
following recommendations should be followed and included in the project
specifications:

If multiple headings are advanced simultaneously for construction of the SB
cutoff walls, re-excavation of a section of previously placed SB trench backfill
should be required at each point of intersection of the cutoff wall sections. The
re-excavation of the SB trench backfill and overlap of the excavation should
extend the full height of the SB cutoff wall and a minimum distance of 15 feet
measured along the cutoff wall alignment.

If sections of the SB cutoff wall are constructed separately over multiple
construction seasons, excavation of a section of the completed SB cutoff wall
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should be performed and the new SB backfill should overlap the old material for
the full height of the SB cutoff wall trench and a minimum distance of 20 feet
measured along the cutoff wall alignment. The location of the completed SB
cutoff wall should be accurately surveyed and recorded at the end of the
construction season so that it may be properly located and exhumed the
following season.

6.2.2 Depth and Length of Cutoff Walls

The following table summarizes the recommended cutoff wall limits, tip elevations,
approximate depths, and proposed cutoff wall type. The cutoff walls in Reaches 10B
and 12 should extend at least 5 feet into the fine-grained aquiclude-type soils present at
depth. The project specifications should include a provision requiring the contractor to
possess the capability to deepen the SB cutoff wall tip an additional 10 feet beyond the
proposed tip elevation based on localized subsurface and field conditions (excluding the
hanging cutoff wall in Reach 11).

Table 6.3 - Summary of Proposed Cutoff Walls

Maximum Approximate | Proposed
Reach Stations @ Cutoff Wall | Cutoff Wall Cutoff
Tip Elevation Depth? Wall Type
10B 136+50 to 189+50 +13 70 ft. SB
11 189+50 to 213+00 +8 75 ft. SB
11 213+00 to 221+00 +10 75 ft. SB
12 221+00 to 244+00 +25 65 ft. SB
12 244+00 to 288+00 +35 55 ft. SB

Notes: 1. Stations given are design limits and do not include transitions.
2. Depth of cutoff wall is measured from existing levee crest. Actual cutoff wall depth
will depend on final levee degrade elevation and final cutoff wall tip elevation based on
material encountered during excavation of cutoff wall trench.

6.2.3 Utility Crossings

Prior to construction of the cutoff wall, existing public and private utilities and irrigation
features should be identified and relocated if they are within the cutoff wall alignment.
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6.2.4 Levee Degrade

The levee crown should be degraded to allow for construction access and reduce the
potential for hydrofracture. The levee should be degraded at least one-half of the levee
height.

6.2.5 Accommodation of Existing Stability Berms

Existing stability berms are located along the majority of the extent of proposed cutoff
walls. The stability berms include internal drainage layers. Where encountered in the
levee degrade, the drainage layer should be protected against contamination and
capped with geotextile filter fabric. The top of the drain should be lowered to at least 2
feet below the degrade elevation to protect the drain from damage during levee
reconstruction.

6.3 SEEPAGE BERM

6.3.1 General

The current remedial recommendations include construction of a combined undrained
stability/seepage berm along approximately 1,800 feet of the project levee between
Stations 285+00 and 303+59. A typical section of the proposed combination
stability/seepage berm is shown on Plate 5-2.

Stripping of subgrade soil within the seepage berm footprint should be performed to a
depth of at least 6 inches. This material (strippings) may be stockpiled during
construction and spread on the completed top of the seepage berm for planting of
grass. However, maintenance of this slope will likely be required due to anticipated
slumping and rolling of the topsoil material. This issue is discussed further in Section
6.12. Strippings should not be permitted in engineered fills, levee embankments,
seepage berms, or structure fills.
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6.3.2 Seepage Berm Fill Criteria

Seepage berms have been modeled as undrained. Seepage berm material should
meet the classification requirements of ASTM D 2487 for CH, CL, CL-ML, ML, MH, SC,
and SM, as well as requirements included in Table 6.4.

Table 6.4 - Seepage Berm Fill Requirements

Test Procedures
Fill Requirement (ASTMY)
Gradation
Sieve Size Percent Passing
2-inch 100 D 422
No. 4 75 D 422
No. 10 50 D 422
No. 40 10 D 422
No. 200 10 D 422
Plasticity
Liquid Limit Plasticity Index
No limit No limit D 4318
Organic Content
No visible organics

Note: *American Society for Testing and Materials Standards (latest edition)
6.4 TRANSITIONS

The detailing of transitions is considered a site civil design issue. Kleinfelder
recommends the minimum transition configurations as shown in Table 6.5.
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Table 6.5 — Summary of Recommended Transitions

Type of Transition

Recommended
Configuration

Beginning and termination of seepage berm ©

45¢& no steeper than 60é

Seepage berm to/from widened seepage berm:

(e.g., 80-foot-wide seepage berm to 300-foot- 45¢é

wide seepage berm)

Maximum entry trench slope for new vy @

SB cutoff wall 2H:LV

Maximum entry trench slope for new SB wall vy @)
: \ 4H:1V

overlapping a recently installed SB cutoff wall

Horizontal overlap of new cutoff wall on

isti @ 50 feet
existing cutoff wall
Working platform surface elevation changes 5H:1V

Notes: 1. Does not include required seepage berm/seepage cutoff wall overlap.
2. A flatter slope may be required to provide a stable slope.
3. Does not include entry trench.

6.5 EMBANKMENT FILL CRITERIA

Materials to be used for levee embankment reconstruction should meet classification
requirements of ASTM D 2487 as CL, CL-ML, ML, SC, or SM, and the specific

requirements included in Table 6.6.

Table 6.6 - Levee Embankment Fill Requirements

Test Procedures
Fill Requirement (ASTMY)
Gradation
Sieve Size Percent Passing
2-inch 100 D 422
No. 4 50 D 422
No. 200 30 D 422
Plasticity
Liquid Limit Plasticity Index
<50 8-40 D 4318
Organic Content
No visible organics

Note: *American Society for Testing and Materials Standards (latest edition)
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Material to be used for levee embankment fill should be tested and approved by the
project geotechnical engineer for use prior to being delivered or placed at the project
site. On site material that is tested and meets the project requirements for levee
embankment fill may be used. However, imported material may be necessary to
complete the project. Imported fill materials proposed for use as engineered fill should
be sampled and tested by the project geotechnical engineer to demonstrate the material
meets project specifications prior to being transported to the site.

6.6 STRUCTURE BACKFILL

Kleinfelder anticipates structure backfill may be required outside of the levee/berm
footprint for placement around drainage and similar subsurface structures.
Requirements for structure backfill, which may include flowable fill, are shown in Table
6.9.

Structure backfill may include flowable fill adjacent to structures and pipelines.
Flowable fill, or controlled low-strength material (CLSM), should meet the requirements
contained in the project specifications including: minimum unit weight of 90 to 110
pounds per cubic foot (pcf), maximum 28-day compressive strength of 100 pounds per
square inch (psi), and a minimum 28-day compressive strength of 30 psi (according to
ASTM C 39). If CLSM is used within the levee prism it should also have a maximum
hydraulic conductivity of 1X10® cm/sec.

Table 6.9 - Structure Backfill Criteria

Sieve Analysis
Material (percent passing) Liquid Plasticity
ST #4 #200 Limit Index
Sieve Sieve
Structure backfill 100 50 30 <30 Pl 15
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6.7 MATERIALS SOURCES

6.7.1 Existing Levee Embankment

As described in Section 4, the existing levee embankment materials have been
investigated by drilling of test borings through the levee and sampling existing materials.
The logs of the shallow borings and associated laboratory testing results are presented
in Appendices A3 and B2, respectively. Based on the results of the laboratory testing
tabulated in Appendix B2 and as shown on Plate 6-2, it appears the majority of the
existing levee embankment materials that will be excavated during degrade operations
will not meet the requirements for the reconstructed levee embankment. They do
appear likely to meet the requirements for use in the seepage berm. Kleinfelder
recommends the project specifications include requirements for the contractor to review
the information provided and to draw their own conclusions regarding suitability, use,
and volumes of materials obtained from the levee degrade.

6.7.2 Borrow Site

Kleinfelder has prepared borrow site companion reports as listed in Section 2.1. These
reports document the investigations of the proposed borrow area for this project and
include the logs of borings and test pits, groundwater observations, laboratory test
results, and specific geotechnical recommendations pertinent to the borrow site. Based
on the results of the borrow site investigation, it appears a significant amount of the
materials present at the borrow site should meet materials requirements for use as
levee embankment and seepage berm fill materials. The project specifications should
include requirements for the contractor to review the borrow site reports and to draw
their own conclusions regarding suitability, use, and volumes of materials obtained from
the borrow site. Material processing/blending should be anticipated.

6.8 LEVEE AND SEEPAGE BERM SITE PREPARATION

6.8.1 Stripping and Grubbing

Prior to general site grading, existing vegetation and organic-laden materials should be
stripped (minimum of 6 inches in seepage berm footprint) and stockpiled outside the
construction limits. The stripped material may be spread on the final post-construction
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surface of the top of the seepage berm and the side slopes of the finished levee.
However, maintenance of this slope will likely be required due to anticipated slumping
and rolling of this topsoil material. Deeper stripping or grubbing may be required where
concentrations of organic soils or tree roots are encountered. Topsoil or any other
organic-laden materials should not be incorporated into levee embankment, seepage
berm, or structure fill.

6.8.2 Existing Utilities, Wells, and Foundations

Existing utility lines, wells, gas lines, irrigation pipes, and associated structures are
located within the project boundaries. Where encountered, these items should be
removed and disposed of off site. Excavations resulting from removal activities should
be cleaned of loose or disturbed material, including all previously placed backfill. The
excavation should be shaped with side slopes of 3H:1V or flatter to permit access for
compaction equipment.

Existing wells should be abandoned in accordance with applicable regulatory
requirements. Existing monitoring wells may be left in place, if feasible, with
modifications made to allow for future readings. If they are to be removed, they should
be abandoned in conformance with applicable regulatory requirements.

Removal of buried pipes can be performed with trenching equipment and backfill of the
excavation with appropriate trench compaction equipment. Perforation of pipes for in
place abandonment should not be permitted.

6.9 COMPACTION AND TESTING REQUIREMENTS

6.9.1 Compaction Requirements

Following stripping and grubbing, and any required overexcavation of any
soft/unsuitable materials, Kleinfelder recommends areas to receive engineered fill be
scarified to a depth of 6 inches. All subgrade materials to receive fill, as well as all
engineered fill materials, should be uniformly moisture conditioned and compacted to
the values given in Table 6.10. Fill should be placed in lifts having a maximum loose
thickness of 6 inches.
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Table 6.10 - Compaction Criteria

. Minimum
Fill Location Mmsturez Relative
Content . 3)
Compaction
Subgrade to receive embankment fill -1to +3% 95
Levee embankment -1to +3% 97
Seepage berm -1to +3% 90
Trench backfill outside levee/berm limits -1to +3% 90
Structure backfill -1to +3% 95
Roadway fill outside levee/berm limits -1to +3% 971

Notes: 1. For fill material properties criteria, see Tables 6.3 through 6.7.
2. Range of moisture content from the optimum moisture content as determined by
ASTM D 698-07, Standard Proctor.
3. Percent of the maximum dry density as determined by ASTM D 698-07, Standard Proctor.
4. 100 percent compaction required for upper 12 inches of roadway subgrade.

If site grading is performed during or subsequent to wet weather, the moisture content
of near surface soils may be above the optimum moisture content. Additionally, it is
common to encounter wet, unstable soils from moisture trapped beneath existing
pavements or flatwork. High moisture conditions will hamper equipment
maneuverability and impede proper compaction. Where these conditions occur, discing
to aerate, chemical treatment, replacing with drier material, or other methods may be
required to achieve proper compaction and to assist earthwork operations.

6.9.2 Testing Frequency

During fill placement, the contractor’s Quality Control testing program should consist of
the following minimum testing frequencies:

Pre-Fill Placement. A minimum of five moisture-density relationship tests (ASTM
D698), with gradation (ASTM D 422), Atterberg Limits (ASTM D 4318), and
classification (ASTM D 2487) testing should be performed for each type of fill material.
The test results should be used to develop a “family of curves” for each type of fill
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material and should be utilized to estimate (interpolate) engineering properties during fill
placement following the results of one-point Proctor verification tests performed at field
moisture content.

Test results should be submitted to the Quality Assurance Manager for review and
approval prior to delivery of the fill material to the site.

During Fill Placement: A minimum of one moisture-density relationship test (ASTM D
698) with gradation (ASTM D 422), Atterberg Limits (ASTM D 4318), and classification
(ASTM D2487) testing should be performed for each 5,000 cubic yards of each type of
fill material placed, or a minimum of one per shift.

A minimum of one in-place density test (Nuclear Method, ASTM D 2922, or Sand Cone
Method, ASTM D 1556) should be performed per 600 cubic yards of fill placed, or a
minimum of one test per lift of material, whichever is more frequent and regardless of
volume placed. A one-point compaction test (at the field moisture content) should be
performed for each in-place density test, and the validity of the Proctor value should be
confirmed by comparison with the family of curves for the type of fill being placed.

If the nuclear method of density testing is used, a minimum of one sand cone test for
every 10 nuclear tests per shift per fill type should be performed.

In addition to the testing required for each moisture-density relationship, a minimum of
one additional gradation and one Atterberg Limits test should be performed for every
1,200 cubic yards of fill placed, or a minimum of one test each per shift per type of fill
placed.

The criteria given above are the recommended minimum (type and frequency) testing
requirements. Failing tests should not be applied toward satisfying these requirements;
passing re-tests may be included. Additional testing may be requested for any reason
by the owners representative, the agency, the designer’'s representative, or the Quality
Assurance Manager.
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6.10 TEMPORARY EXCAVATIONS

6.10.1 General

All excavations must comply with applicable local, State, and federal safety regulations
including the current OSHA Excavation and Trench Safety Standards. Construction
safety is the sole responsibility of the contractor, which is also solely responsible for the
means, methods, and sequencing of construction operations. Kleinfelder is providing
the information below solely as a service to our client. Under no circumstances should
the information provided in this report be interpreted to mean that Kleinfelder is
assuming responsibility for construction site safety; such responsibility is not being
implied and should not be inferred. All information given below should be confirmed or
modified by the contractor’'s “competent person” in charge of excavation safety based
on actual field conditions encountered during construction.

6.10.2 Excavations and Slopes

The contractor should be aware that slope height, slope angle, and excavation depths
(including utility trench excavations) should not exceed those allowed by local, State,
and federal safety regulations (e.g., OSHA Health and Safety Standards for
Excavations, 29 CFR Part 1926, or successor regulations). Such regulations are strictly
enforced, and, if not followed, the contractor or earthwork and utility subcontractors
could be liable for substantial penalties.

The near-surface soils encountered during Kleinfelder’s investigations consist mostly of
relatively soft to stiff silt and clay soils with layers of loose sands and silty sands. OSHA
would classify these soils as Types B and C soils. The sandy layers would be classified
as Type C soils and will likely control the allowable slope angle in many excavations.
Flatter slopes and/or trench shields may be required if seepage or shallow groundwater
is encountered along the slope face in the more granular materials.

6.10.3 Construction Considerations

Heavy construction equipment, building materials, excavated soil, and vehicular traffic
should not be allowed within a distance of one-third of the slope height from the top
edge of any excavation. Where the stability of adjoining walls or other structures is
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endangered by excavation operations, support systems such as shoring, bracing, or
underpinning may be required to provide structural stability and to protect personnel
working within the excavation. Shoring, bracing, or underpinning required for the project
(if any) should be designed by a professional engineer registered in the State of
California.

During wet weather, earthen berms or other methods should be used to prevent runoff
water from entering excavations. All runoff water or groundwater encountered within
the excavations should be collected and discharged away from the excavation in
accordance with “Best Management Practices” under the national Pollution Discharge
Elimination System per requirement to eliminate or reduce discharges that could
adversely impact water of the State.

The Yuba River water level can fluctuate during the construction season. Additionally,
irrigation in nearby and surrounding orchards and agricultural fields may affect
groundwater levels beneath the site. The contractor should monitor the river level and
irrigation near the site and be prepared to control seepage that could collect in the
excavations.

6.10.4 Pipeline Excavations and Trench Sections

Trench walls should be vertical from the bottom of the trench to the top of the pipe. The
width of the trench at and below the top of the pipe should be only as wide as necessary
for proper installation of the pipe and proper placement of pipe zone material
(particularly within the haunch areas).

In most cases, stable sloped trenches should not be left open more than 48 hours.
Trenches should be kept open only long enough to properly install the pipe and backfill.
All trenches should be backfiled as soon as possible. All excavations should be
appropriately shored or stabilized and should be constructed in strict accordance with
the requirements of Cal/OSHA as previously discussed (Sections 6.4.1 and 6.4.2).

If it becomes necessary to excavate beyond or below the limits of the planned
excavation lines to remove obstructions or unsuitable soils, the voids remaining should
be backfilled in accordance with the recommendations for pipe and trench zone backfill
in Section 6.5.
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6.10.5 Pipe Zone Backfill

Utilities should be installed in the “in-trench” condition. Pipe zone backfill for utilities
within the levee easement should consist of low permeability, flowable fill (or approved
equivalent) up to the spring line.

6.10.6 Trench Zone Backfill

Trench zone backfill beneath the levee and the stability berm should meet the
requirements for engineered fill and compaction in each of these areas as stated in
Tables 6.2 and 6.3.

Outside the limits of the levee and the stability berm, trench zone backfill should consist
of the materials excavated from the trench. If the trench is excavated into the upper
low-permeability blanket layer materials, the low-permeability blanket layer should be
restored to the thickness of the adjacent undisturbed area.

Kleinfelder should test and approve all proposed imported fill materials before they are
delivered to the site.

6.11 PERMANENT SLOPES

6.11.1 General

Kleinfelder recommends permanent cut and fill slopes up to a maximum height of 20
feet be constructed at an inclination no steeper than 2H:1V on the landside, and no
steeper than 3H:1V on the waterside of the levee. However, for reconstructed levee
slopes, the finished slope should not be steeper than the original inclination.

6.11.2 Key and Bench Requirements

Engineered fill placed on existing slopes steeper than 5H:1V should be keyed and

benched into the slope. In general, benches should extend into firm soil, and should
have a minimum width as required for equipment, should be a minimum of 2 feet deep
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(below existing site grade), and should extend the full length of the slope. A typical
bench detail is shown on Plate 6-2.

6.12 EROSION CONTROL

Newly constructed earthen slopes are most vulnerable to the formation of erosion rills
and shallow slumps during the first two years while the grass cover is established. The
project civil engineer should develop an erosion control plan to address both short-term
and long-term erosion concerns. To reduce the potential for surface erosion, all cut and
fill slopes should be vegetated as soon as practical. The erosion control methods could
include placing straw with a tackifier. In areas where relatively weak or erodible soils
are encountered on slope faces, it may be necessary to use jute netting, erosion control
matting, or straw waddles to help stabilize the slope surface until vegetation is
established. Erosion control measures must be maintained. Even with proper
maintenance, erosion rills and shallow soil slumps could occur. These are judged not to
be levee safety concerns, but will require maintenance including minor re-grading until
the grass cover is established.

6.13 SETTLEMENT MONITORING

Construction of SB cutoff walls typically requires installation of settlement plates to
monitor post-construction settlement prior to the final construction phase of the adjacent
levee. Settlement plates should be placed every 500 feet along the alignment of the SB
cutoff wall. The base of the settlement plate should be rigid but lightweight due to the
soft nature of the SB materials on which it will be placed.

In order to reduce the potential of sidewall effects, the base plate should be rectangular
in shape. The settlement plate should be placed on a level surface on top of the SB
cutoff wall. If necessary, a thin leveling course of sand should be placed beneath the
settlement plate. Typical settlement plate details are shown on Plate 6-3.

The settlement plates should be installed after the SB cutoff wall has set up sufficiently
to support the plate. The plate elevation should be measured after installation, then
daily for the first week, every other day for the second week, and twice per week until
the end of the specified settlement interval (three weeks). The plate should be removed
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prior to resuming adjacent levee fill operations. Settlement plates may be re-used in
subsequent cutoff wall sections.

6.14 INSTRUMENTATION

As previously discussed, instrumentation is recommended to monitor settlement of the
completed SB cutoff wall and to monitor the performance of the completed project. The
type of instrumentation, location, and reading frequency are summarized in Table 6.11.
Actual locations of piezometers should be based on subsurface conditions encountered
during construction. Instrumentation should be installed and monitored by TRLIA. The
schedule of instrumentation may be revised based on observation of performance of
initial SB cutoff wall and seepage berm construction. Typical settlement plate details
are shown on Plate 6-3 and typical piezometer details are shown on Plates 6-4a and 6-
4b.
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Table 6.11 - Summary of Geotechnical Instrumentation

Instrumentation Purpose Stations Frequency/Depth Requirements
Level surveys conducted daily for
the first week, every other day for
the 2" week, and twice per week
Monitor pos- thereafter for the duration of the
Settlement he 136+50 specified settlement period.
N construction : ,
monitoring plates settlement of to Every 500 lineal feet Baseline and subsequent surveys
(SB cutoff wall) 215+50 should be done with EMS device
cutoff wall . )
referencing established
benchmarks. Surveys with
construction laser levels should not
be allowed.
136+00
183+50
. 198+00 , L N
Monitor 501400 Two piezometers per Vibrating wire piezometers and/or
: effectiveness of selected station open tube piezometer to monitor
Piezometers ; 243+50 . .
remedial 254400 (levee crown and landside levee toe, or underseepage pressures during
measures 585400 seepage berm toe) high water events.
288+00
301+00
Note: EMS = Electronic Monitoring System
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6.15 GRAVEL ACCESS ROAD SURFACING

Kleinfelder has analyzed the potential for rutting of the existing and new access roads
from both light truck and car wheel loads, as well as periodic maintenance truck traffic,
using the method proposed by Giroud and Han (2004). For car and light truck traffic, 6
inches of aggregate base course on properly moisture-conditioned and compacted
subgrade (upper 12 inches compacted to at least 100 percent relative compaction, per
ASTM D 698) should be sufficient to provide all-weather roads for light levee patrol
vehicles.

For heavy-wheel loads, the design is controlled by heavy truck traffic (18 kip wheel
loads). Assuming 250 wheel passes (four truck trips; two in and two out per year for 20
years), 10 inches of gravel underlain by a biaxial Geogrid (such as Tensar BX 1200)
with an aperture value of 6, has a calculated wheel rutting of approximately 2 inches.
This level of rutting is typically deemed acceptable for unpaved roads.

6.16 RECONSTRUCTED PAVEMENT SECTION AT DANTONI ROAD

6.16.1 General

Kleinfelder understands new flexible asphalt concrete (AC) pavement will be placed to
restore the Dantoni Road crossing of the YRSL. Given that (portions of) the pavement
section will be constructed below the design WSE, the finished AC pavement will be
required to be placed directly atop the subgrade with no aggregate base (AB) material.
While no resistance value (R-value) test data is available for the anticipated pavement
subgrade materials, given the materials specifications recommended in this report for
levee embankment fill, Kleinfelder expects the R-value of the pavement subgrade soils
should be less than 20. A relatively thick section of AC pavement would be required to
handle the anticipated traffic loading given the poor subgrade support conditions. Given
the geometric design constraints of the road crossing, Kleinfelder understands the final
pavement section thickness cannot exceed seven inches. Therefore, pavement section
alternatives were analyzed considering improvement of the subgrade either with
provision of a stabilization geotextile fabric or lime/cement treatment and stabilization.
Current California Department of Transportation (Caltrans, 2009) design guidelines
allow for the use of a design R-value of 20 for poor subgrade soils improved by
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provision of a subgrade enhancement geotextile (SEG). A design subgrade R-value of
50 was assumed for lime/cement stabilized subgrade.

6.16.2 Asphalt Concrete Pavement Sections

Recommended AC pavement sections presented in Table 6.12 were determined in
accordance with current Caltrans (2008, 2009) design procedures based on design
subgrade R-values of 20 and 50 for subgrade improved by SEG and lime treatment,
respectively, and Traffic Index (TI) values ranging from 5 to 7.5. A minimum required TI
of 5 was assumed for the reconstructed section of the Dantoni Road crossing given the
anticipated traffic and vehicle loads. The analysis of alternative pavement sections
indicates that for the maximum AC section of seven inches, the maximum allowable TI
values are 5.5 and 7.5 for subgrade improved by SEG and lime treatment, respectively.
It is likely that the actual TI value and vehicle loading conditions for this section of
Dantoni Road will be greater than those analyzed. The assumed TI values should be
reviewed and confirmed by the Yuba County Department of Public Works, TRLIA, and
the project civil engineer to evaluate their suitability for this project. Changes in the
traffic indices or vehicle loading conditions will affect the corresponding pavement
section and may require further analysis. Upon request, additional recommendations
regarding pavement design for areas subjected to heavy truck or equipment traffic loads
may be provided at a later date. Pavement sections constructed over lime treated
subgrade should include a pavement interlayer to decrease the potential for
development of reflection cracking in the finished AC surface resulting from shrinkage
cracking in the lime treated subgrade reflecting and propagating through the AC
pavement section.

104634/SAC10R334 Page 94 of 105 June 11, 2010
Copyright 2010 Kleinfelder



Table 6.12 Recommended Asphalt Concrete Pavement Sections A

Assumed Asphalt
Pavement Traffic Concrete
Description Indices (feet) (inches)
Dantoni Road: 5 0.55 6.5
Subgrade with Geotextile,
R =20 5.5 0.60 7.0
Dantoni Road: > 0.35 4.0
: > 6 0.45 5.5
Lime Stabilized Subgrade,
R =50 7 0.55 6.5
7.5 0.60 7.0

Pavement sections provided above are contingent on the implementation of the
following recommendations during construction:

All pavement subgrades should be prepared as recommended in Section 6.9 of
this report.

Subgrade soils should be in a stable, non-pumping condition at the time
aggregate base materials are placed and compacted.

Adequate drainage (both surface and subsurface) should be provided such that
the subgrade soils are not allowed to become wet.

Asphalt paving materials and placement methods should meet current Caltrans
specifications for AC.

Any concrete curbs or gutters should extend into the subgrade and below the
bottom of adjacent AC pavement materials.

6.16.3 Geotextile-Stabilized Pavement Subgrades

A SEG may be installed to stabilize unstable pavement subgrades and to decrease
pavement section thicknesses based on the resultant increase in subgrade strength.

1

Caltrans design procedures for asphalt concrete pavements provide sections in units of feet, rounded to
the nearest 0.05 feet. We have also provided sections in units of inches, rounded to the nearest one-half
inch. Sections provided above include a Gravel Equivalent Safety Factor of 0.2 (as recommended by
Caltrans).
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Kleinfelder recommends the SEG meet the requirements for Class B1 (Woven) SEG as
specified in the Caltrans Guide for Designing Subgrade Enhancement Geotextiles
(2009). The SEG should be installed atop the compacted pavement subgrade and in
accordance with the recommendations and requirements provided in the Caltrans Guide
(2009).

6.16.4 Lime Treated Pavement Subgrades

Lime treatment of pavement subgrades may be performed to stabilize unstable
pavement subgrades and to decrease pavement section thicknesses. Lime treatment
may also provide a site that can be traveled upon during the winter and spring months.
For estimating purposes, Kleinfelder recommends a lime application rate of 4 percent
for high-calcium quicklime by dry weight of compacted soil (approximately 4.5 pounds of
lime per cubic foot of treated soil). If lime treated pavement sections are used,
laboratory testing should be performed to determine the actual lime application rate.

Lime treatment should be performed by a specialty contractor experienced in this work
and should be performed in accordance with Caltrans Standard Specifications. Lime
should be spread evenly over the treated areas with equipment specifically designed for
this use. Kleinfelder recommends treated materials be thoroughly mixed, uniformly
moisture conditioned to slightly above the optimum moisture content, and compacted in
accordance with project requirements. Treatment with lime will require the initial
application and mixing followed by a 24-hour curing period before remixing and
moisture conditioning prior to final compaction. Lime-treated subgrades should be
allowed to properly cure (per Caltrans Specifications) before construction or
construction traffic is allowed on them.

Kleinfelder recommends lime treatment be performed following backfilling of all utility
trenches located within subgrade areas to be treated. If utility trenches are excavated
through treated subgrade materials, Kleinfelder recommends the top 12 inches of trench
backfill should consist of lean concrete slurry or Controlled Density Fill (CDF) having a
28-day compressive strength of at least 400 psi.
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Lime-treated areas will have a high pH level (pH over 10). As runoff from treated soils
will also have an elevated pH level, the use of lime should be addressed in the project
Storm Water Pollution Prevention Plan (SWPPP).

Lime treated subgrades will likely experience shrinkage cracking over time and may
extend by reflection through the overlying AC pavement section. The recommended AC
pavement interlayer should help to reduce, but will not eliminate, the potential for
development of such reflection cracking in the finished AC pavement section. While not
indicative of pavement or subgrade failure, shrinkage cracks can lead to premature
pavement failure. Therefore, Kleinfelder recommends the pavement be observed on at
least an annual basis, and any developed cracks should be sealed when observed.

6.16.5 Unstable Subgrade

In the event unstable (pumping) subgrades are encountered within planned pavement
areas, Kleinfelder recommends a heavy, rubber-tired vehicle (typically a loaded water
truck) be used to test the load/deflection characteristics of the finished subgrade
materials. Kleinfelder recommends this vehicle have a minimum rear axle load (at the
time of testing) of 16,000 pounds with tires inflated to at least 65 pounds per square
inch pressure. If the tested surface shows a visible deflection extending more than 6
inches from the wheel track at the time of loading, or a visible crack remains after
loading, corrective measures should be implemented. Such measures could include
disking to aerate, chemical treatment, replacement with drier material, or other methods.
Kleinfelder should be retained to assist in determining which method (or methods)
would be applicable for this condition.

6.16.6 Variations in Subgrade Materials

Pavement sections provided above are based on Kleinfelder's assumptions regarding
the traffic loading and subgrade conditions that will be present following levee
reconstruction and the final site grading and geometric design constraints reported to
Kleinfelder by HDR. In the event the actual pavement subgrade materials are
significantly different than those anticipated for this study, we recommend
representative subgrade samples should be obtained and R-value tests should be
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performed. Should the results of these tests indicate a significant difference, the design
pavement sections provided above may need to be revised.

6.16.7 Drainage Considerations

Pavement drainage is critical to the proper functioning of the pavement section and
obtaining the full design life from the pavement. All grades should be designed to
achieve rapid runoff and removal of surface water from pavements and adjacent
landscaping.

The use of permeable pavements where pavements will overlie relatively poorly
draining subsurface soils (i.e., clay or cemented soils) is discouraged. Over time water
infiltrating through the permeable pavement will collect on the poorly draining subgrade,
which may result in the softening of the subgrade, which can lead to premature
pavement failure.
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7  LIMITATIONS

Recommendations contained in this report are based on our field observations,
subsurface explorations completed by Kleinfelder and others, laboratory tests, and our
present knowledge of the existing levee conditions. It is possible that soil conditions
could vary between or beyond the points explored.

This report evaluated geotechnical levee performance with respect to seepage and
stability for the purpose of levee accreditation under the Federal Emergency
Management Agency (FEMA) National Flood Insurance Program (NFIP). FEMA has
established minimum design criteria for accrediting levees for the purpose of
administration of the NFIP. Accreditation does not necessarily mean a levee provides
adequate damage/risk reduction for a particular community. Additional studies and
modifications of a levee system may be required to provide a higher level of risk
reduction/protection.

We have prepared this report in substantial accordance with the generally accepted
geotechnical engineering practice as it exists in the site area at the time of our study.
No other warranty, express or implied, is made.

This report may be used only by the Client and their representatives, and only for the
purposes stated, within a reasonable time from its issuance. Land use, site conditions
(both on site and off site), or other factors may change over time, and additional work
may be required with the passage of time. Any party other than the Client who wishes
to use this report shall notify Kleinfelder of such intended use. Based on the intended
use of the report, Kleinfelder may require that additional work be performed and that an
updated report be issued. Non-compliance with any of these requirements by the Client
or anyone else will release Kleinfelder from any liability resulting from the use of this
report by any unauthorized party.

Construction safety is the sole responsibility of the contractor, who is also solely
responsible for the means, methods, and sequencing of construction operations. We
are providing the information below solely as a service to our Client. Under no
circumstances should the information provided herein be interpreted to mean that
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Kleinfelder is assuming responsibility for construction site safety; such responsibility is
not being implied and should not be inferred. All information given below should be
confirmed or modified by the contractor’s ‘competent person’ in charge of excavation
safety based on the actual field conditions encountered during construction.
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Al - 2008 through 2009 Field Exploration
A2 - 2010 CPT Field Exploration
A3 - 2010 Crown Boring Exploration
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APPENDIX Al
KLEINFELDER FIELD INVESTIGATIONS

FIELD INVESTIGATION

General

During the period from October 2008 to October 2009, Kleinfelder completed 79 borings
between Stations 136+50 and 303+59. Borings were drilled by subcontractors to
Kleinfelder using a CME 75 truck-mounted drill rig, a CME 85 truck-mounted drill rig, a
CME 750X all-terrain drill rig, F-350 mounted drill rig, or a truck-mounted rotosonic rig.
Drilling methods utilized either 8-inch-diameter hollow-stem augers, 4-inch-diameter
rotary-wash bit, a combination of both hollow-stem auger and rotary-wash, 4-inch-
diameter solid-flight auger, or 6-inch-diameter sonic-core barrel. Twenty-five
explorations were conducted through the levee crown to depths of approximately 35 to
130 feet. Sixteen explorations were conducted near the landside levee toe to depths of
approximately 41.5 to 150 feet. Thirty-two explorations were conducted in the landside
field area between 60 and 400 feet from the landside levee toe to depths of
approximately 25 to 61.5 feet. Two explorations were conducted near the waterside
levee toe to depths of approximately 17 to 44.5 feet. Four explorations were conducted
in the waterside field area between 100 and 150 feet from the waterside levee toe to
depths of approximately 41.5 to 49.5 feet.

Early in the investigation (Borings KB-08-04 through -36) hollow-stem augers were used
for borings drilled through the levee crown. At these locations, the hollow-stem augers
were left in place as temporary casing and protection against hydraulic fracturing of the
levee. Rotary-wash drilling methods were used below the augers to complete the
borings. For toe borings and other borings near the levee, either hollow-stem or rotary-
wash techniques were used.

Hollow-stem auger was used primarily in the later portion of the investigation (Borings
KB-09-01 through 26) due to borehole collapse and caving encountered in the earlier
portion of the investigation using mainly rotary-wash techniques. The hollow-stem
auger acted as a casing to prevent the sand and fines in the gravel from being washed
away and the gravel raveling into the borehole. Rotary-wash was used only in cases
where refusal was met using hollow-stem auger.
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Sonic-core drill methods were utilized in Reaches 10B through 12 to provide additional
characterization of the gravel and cobble layers. The sonic borings were advanced
using a truck-mounted roto-sonic drill rig equipped with 20-foot-long, 4.5- or 6-inch,
inside-diameter core barrels with 6- or 7-inch diameter outer casings with carbide button
bits. An inner core barrel and outer casing were advanced simultaneously using
rotation and a counterbalanced vibrator. The vibratory frequency was adjusted to
establish compression wave resonance in the core barrel, maximizing energy transfer to
the core tip. The core barrel was retrieved at nominal 7- to 10-foot intervals providing
continuous soil sampling. The continuous core permitted observation and detailed
logging of the entire soil stratigraphy. Photographs were taken of the roto-sonic cores
and are presented in Appendix C.

Boring Locations

Borings were located using a Trimble Geo XH Differentially Corrected Global
Positioning System Receiver with sub-foot horizontal positioning accuracy. Latitude and
longitude coordinates of exploration locations were converted to Northing and Easting
according to the California State Plane Zone 2 coordinate system, NAD83 datum.
Ground surface elevations at exploration locations were extrapolated from topography
provided by HDR. All elevations reported in this appendix refer to Datum NGVDZ29.
Northing and Easting coordinates and approximate ground surface elevations of the
explorations are shown on the boring logs included in this appendix and in Table A.1
below.

Several stationing systems have been used and reported along the YRSL during
previous investigations and studies of the levee. The levee project alignment, project
limits, and stationing system used for this study and referenced in this report are based
on those established by HDR for this project. The limits of the project have been
chosen to exclude the existing 40-foot-deep cutoff wall located west of Station 136+50.
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Table A.1 - Summary of Current Exploration Locations

: . Approximate . . Exploration | Depth Date Surface
Exploration | Location Station Easting | Northing Type (Feet) Drilled Elevation
Landside
KB-09-01 e 150+30 2177151 | 6693114 Auger 54 | 8/25/2009 +70
KB-09-02 Walztieeﬁde 149+70 2177419 | 6692796 Auger 415 | 8/25/2009 +72
KB-09-03 Lal':’i‘iféde 167+00 2178168 | 6694372 Auger 415 | 8/26/2009 +70
KB-09-04 Lal':’i‘iféde 176+00 2178301 | 6695185 Auger 415 | 8/20/2009 +70
KB-09-05 Lagi‘iféde 184+80 2178444 | 6696059 Auger 61.5 | 9/16/2009 +70
KB-09-07 | Bndside | 194100 | 2179117 | ee9es37 | | Auger 150 | 9/18/2009 | +81
Field Rotary-Wash
KB-09-09 WaFtieerlfj'de 197+70 | 2179481 | 6696975 |  Auger 46 | 8/21/2009 | +78
Auger/
KB-09-10 Crown 199+00 2179507 | 6697144 126.5 | 7/5/2009 +84
Rotary-Wash
KB-09-11 Lagi‘iféde 204+40 2179733 | 6697727 Auger 485 | 9/23/2009 +74
KB-09-12 Lagi‘iféde 215+80 2180609 | 6698477 Auger 445 | 8/22/2009 +76
KB-09-13 Lal':’i‘iféde 225+00 2181296 | 6699061 Auger 435 | 8/20/2009 +76
KB-09-14 Lal':’i‘iféde 235+00 2182050 | 6699718 Auger 415 | 8/19/2009 +76
KB-09-15 Lal':’i‘iféde 241+00 2182512 | 6700105 Auger 415 | 8/18/2009 +78
KB-09-16A Wa;eor:'de 240+70 2182694 | 6699831 Auger 445 | 8/17/2009 +82
KB-09-17 Lal':’i‘iféde 254+50 2183517 | 6700978 Auger 44 | 8/17/2009 +80
KB-09-18 Walztieeﬁde 254+10 2183789 | 6700636 Auger 495 | 7/8/2009 +84
KB-09-18A Wa;ec:j'de 254+10 2183713 | 6700713 Auger 17 | 7/15/2009 +84
KB-09-19 Lagi‘iféde 268+00 2184434 | 6701962 Auger 465 | 7/8/2009 +78
KB-09-20 Lagi‘iféde 278+00 2185011 | 6702716 Auger 25 | 9/24/2009 +78
KB-09-21 Lagi‘iféde 287+00 2185551 | 6703427 Auger 46 | 7/13/2009 +78
KB-09-22 Lagi‘iféde 302+00 2186227 | 6704691 Auger 455 | 7/13/2009 +82
KB-09-23 WaFtieerlfj'de 300+50 2186632 | 6704305 Auger 46 | 7/10/2009 +88
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Table A.1 - Summary of Current Exploration Locations (cont’d)

Exploration | Location Apgigzior?]ate Easting | Northing Exp_lri)/::)a(etion I(DFeep(:tf; D?i?lt:d Elevation
KB-09-25 Crown 302+50 2186617 | 6704562 Rot'gfﬁs\;/ash 141 | 6/30/2009 +96
KB-09-26 Crown 294+00 2186158 | 6703855 Auger 69 7/14/2009 +94
KS-09-01 Crown 158+00 2177805 | 6693556 Sonic 70 10/5/2009 +82
KS-09-02 Crown 190+00 2178891 | 6696494 Sonic 130 | 10/6/2009 +84
KS-09-03 Crown 197+70 2179402 | 6697062 Sonic 130 | 10/6/2009 +84
KS-09-04 Crown 207+00 2180116 | 6697660 Sonic 130 10/7/2009 +84
KS-09-05 Crown 256+00 2183817 | 6700869 Sonic 91.5 | 10/5/2009 +88
KSB-09-01 Lal':’i‘if(;de 206+00 2180002 | 6697643 Auger 155 | 9/29/2009 +74
KSB -09-02 Lal':’i‘if(;de 212+00 2180426 | 6698082 Auger 16.5 | 10/14/2009 | +76
KSB -09-03 Lal':’i‘if(;de 218+00 2180915 | 6698423 Auger 16.5 | 10/14/2009 | +76
KSB -09-04 Lal':’i‘if(;de 224+00 2181340 | 6698864 Auger 14 | 10/13/2009 | +76
KSB -09-05 Lal':’i‘if(;de 226+00 2181522 | 6698941 Auger 16.5 | 10/14/2009 | +76
KSB -09-06 Lagi‘iféde 228+00 2181672 | 6699070 Auger 165 | 10/15/2009 | +78
KSB -09-07 Lagi‘iféde 230+00 2181825 | 6699202 Auger 165 | 10/14/2009 | +78
KSB -09-08 Lagi‘iféde 236+00 2182234 | 6699636 Auger 165 | 10/13/2009 | +78
KSB -09-09 Lagi‘iféde 242+00 2182736 | 6699981 Auger 165 | 10/12/2009 | +78
KSB -09-10 Lagi‘iféde 248+00 2183148 | 6700420 Auger 165 | 10/12/2009 | +80
KSB -09-11 Lagi‘iféde 260+00 2184017 | 6701232 Auger 165 | 10/12/2009 | +80
KSB -09-12 Lal':’i‘if(;de 266+00 2184466 | 6701633 Auger 155 | 9/29/2009 +80
KSB -09-13 Lal':’i‘if(;de 272+00 2184798 | 6702136 Auger 10.5 | 10/12/2009 | +80
KSB -09-14 Lal':’i‘if(;de 284+00 2185509 | 6703103 Auger 16.5 | 10/12/2009 | +78
KSB -09-15 Lal':’i‘if(;de 290+00 2185887 | 6703553 Auger 105 | 9/29/2009 +78
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Table A.1 - Summary of Current Exploration Locations (cont’d)

. . Approximate . . Exploration | Depth Date .
Exploration | Location Station Easting | Northing Type (Feet) Drilled Elevation
Landside
KSB -09-16 C e 296+00 2186168 | 6704099 Auger 16.5 | 10/12/2009 +80
KSB -09-17 Lagi‘iféde 301+90 2186541 | 6704554 Auger 14 | 9/29/2009 +80
KB-08-04 "a%z'de 145+50 2177004 | 6692598 | Rotary-Wash | 41.5 | 1/19/2009 +70
Auger/
KB-08-05 Crown 150+00 2177308 | 6692923 715 | 1/8/2009 +83
Rotary-Wash
Landside
KB-08-06 oo 150+00 2177265 | 6692958 | Rotary-Wash | 56.5 | 10/30/2008 +70
KB-08-07 "a%z'de 164+30 2178165 | 6694083 | Rotary-Wash | 46.5 | 1/19/2009 +71
KB-08-08 Crown 175+50 2178596 | 6695075 | Rotary-Wash | 81.5 | 12/8/2008 +85
Auger/
KB-08-09 Crown 184+80 2178747 | 6695998 81.5 | 12/15/2008 +85
Rotary-Wash
Landside
KB-08-10 oo 184+80 2178674 | 6696002 | Rotary-Wash | 70.5 | 12/19/2008 +71
Auger/
KB-08-11 Crown 195+00 2179199 | 6696882 71.5 | 12/17/2008 +85
Rotary-Wash
KB-08-12 Crown 197+80 2179400 | 6697089 Auger/ 81.5 | 12/16/2008 +85
Rotary-Wash
Landside
KB-08-13 oo 198+00 2179377 | 6697139 | Rotary-Wash | 86 | 12/4/2009 +73
KB-08-14 Landside 203+50 2179806 | 6697479 Auger/ 86.5 | 12/10/2008 +72
Toe Rotary-Wash
KB-08-15 Crown 213+00 2180568 | 6698054 Auger/ 40 | 12/8/2008 +86
Rotary-Wash
KB-08-16 Landside 213+00 2180547 | 6698079 Auger/ 66.5 | 12/9/2008 +75
Toe Rotary-Wash
KB-08-17 Crown 217+20 2180887 | 6698328 Auger/ 91 1/6/2009 +86
Rotary-Wash
KB-08-18 Crown 221+50 2181230 | 6698603 Sonic 715 | 12/15/2008 +87
Auger/
KB-08-19 Crown 225+00 2181487 | 6698835 85 | 12/18/2008 +88
Rotary-Wash
Landside
KB-08-20 oo 225+00 2181447 | 6698875 | Rotary-Wash | 61.5 | 12/10/2008 +75
Auger/
KB-08-21 Crown 235+00 2182239 | 6699487 91.5 | 12/19/2008 +89
Rotary-Wash
KB-08-22 Landside 235+00 2182195 | 6699529 Auger/ 60.5 | 12/11/2008 +76
Toe Rotary-Wash
KB-08-23 Crown 244+10 2182934 | 6700084 Auger/ 85 | 12/29/2008 +89
Rotary-Wash
104634/SAC10R334 Page A-6 June 11, 2010

Copyright 2010 Kleinfelder




Table A.1 - Summary of Current Exploration Locations (cont’d)

. . Approximate . . Exploration | Depth Date .

Exploration | Location Station Easting | Northing Type (Feet) Drilled Elevation
Landside
KB-08-24 Too 244+10 2182897 | 6700127 | Rotary-Wash | 61.5 | 12/12/2008 | +77
Auger/
KB-08-25 Crown 254+40 2183701 | 6700754 715 | 1/5/2009 +90
Rotary-Wash
KB-08-26 Laq%se'de 254+40 2183659 | 6700802 Auger 61 | 12/12/2008 | +78
Auger/
KB-08-27 Crown 267+40 2184601 | 6701701 105 | 12/22/2008 | +91
Rotary-Wash
KB-08-28 Laq%se'de 267+40 2184549 | 6701751 Auger 465 | 1/20/2009 +78
KB-08-29 Crown 278+00 2185243 | 6702535 Auger 78 | 12/19/2008 | +92
KB-08-30 La’;‘f)se'de 278+00 2185202 | 6702577 Auger 465 | 1/20/2009 +79
KB-08-31 Crown 288+10 2185838 | 6703362 Auger 80 | 12/18/2008 | +93
KB-08-32 La’;‘f)se'de 288+10 2185784 | 6703397 Auger 465 | 1/7/2009 +80
KB-08-33 Crown 296+90 2186316 | 6704093 Auger 35 | 12/18/2008 | +95
KB-08-34 Crown 299+60 2186463 | 6704326 Auger 80 | 12/16/2008 | +96
KB-08-35 La’;‘f)se'de 299+60 2186421 | 6704358 | Rotary-Wash | 65 | 12/12/2008 +81
KB-08-36 Laq%se'de 302+40 2186642 | 6704729 | Rotary-Wash | 86.5 | 12/11/2008 | +81
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Sampling and Classification

A Kleinfelder engineer or geologist logged the borings by visually identifying and
classifying soils encountered in general accordance with ASTM D 2488 and the Unified
Soil Classification System (Plate Al-1) and obtained disturbed and relatively
undisturbed samples of the subsurface materials. Upon completion of laboratory
testing, soil classifications were evaluated in general accordance with ASTM D 2487
and are presented on the Logs of Borings in Appendix Al. A key to the Logs of Borings
is shown on Plate A1-2, and Logs of Borings are shown on Plates Al1-3 through A1-81.

Soil samples were obtained from the hollow-stem auger/rotary-wash borings using
either a California sampler (3-inch outer diameter and 2%:-inch inner diameter) or a
Standard Penetration Test split spoon sampler (2-inch outer diameter). The sampler
was driven 18 inches (unless otherwise noted) into undisturbed soil using an automatic
hammer having the equivalent energy of a 30-inch drop of a 140-pound calibrated
automatic hammer, or a shelby tube was pushed by the drill rig and downward
pressures were recorded. Generally, soil samples were collected at 2%-foot intervals
above a depth of 60 feet and at 5-foot intervals below 60 feet. Blow counts were
recorded at 6-inch intervals for each sample attempt and are reported on the logs in
terms of uncorrected blows per 6 inches of penetration. Soil samples obtained from the
borings were packaged and sealed in the field to reduce moisture loss and disturbance,
and returned to Kleinfelder’'s Sacramento laboratory for testing.

Soil samples obtained from the rotosonic borings were packaged in the field in long
bags tied at both ends and were returned to the Sacramento office for logging and
testing.

Backfilling and Cuttings Disposal

After completion of drilling, the borings were backfilled with cement grout in accordance
with Yuba County Environmental Health criteria. Excess cuttings were spread onsite.

104634/SAC10R334 Page A-8 June 11, 2010
Copyright 2010 Kleinfelder



LIST OF ATTACHMENTS

The following plates are attached and complete this appendix.

Plate Al-1

Plate Al-2

Plate A1-3

Plate A1-4

Plate A1-5

Plate A1-6

Plate A1-7

Plate A1-8

Plate A1-9

Plate A1-10
Plate A1-11
Plate A1-12
Plate A1-13
Plate A1-14
Plate A1-15
Plate A1-16
Plate A1-17
Plate A1-18
Plate A1-19
Plate A1-20
Plate A1-21
Plate A1-22
Plate A1-23
Plate Al-24
Plate A1-25
Plate A1-26
Plate A1-27
Plate A1-28
Plate A1-29
Plate A1-30
Plate A1-31
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Unified Soil Classification System

Log Key

KB-09-01
KB-09-02
KB-09-03
KB-09-04
KB-09-05
KB-09-07
KB-09-09
KB-09-10
KB-09-11
KB-09-12
KB-09-13
KB-09-14
KB-09-15

KB-09-16A

KB-09-17
KB-09-18

KB-09-18A

KB-09-19
KB-09-20
KB-09-21
KB-09-22
KB-09-23
KB-09-25
KB-09-26
KS-09-01
KS-09-02
KS-09-03
KS-09-04
KS-09-05

Page A-9

June 11, 2010



Plate A1-32
Plate A1-33
Plate A1-34
Plate A1-35
Plate A1-36
Plate A1-37
Plate A1-38
Plate A1-39
Plate A1-40
Plate A1-41
Plate A1-42
Plate A1-43
Plate Al-44
Plate A1-45
Plate A1-46
Plate A1-47
Plate A1-48
Plate A1-49
Plate A1-50
Plate A1-51
Plate A1-52
Plate A1-53
Plate A1-54
Plate A1-55
Plate A1-56
Plate A1-57
Plate A1-58
Plate A1-59
Plate A1-60
Plate A1-61
Plate A1-62
Plate A1-63
Plate A1-64
Plate A1-65
Plate A1-66
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KSB-09-01
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APPENDIX A2
KLEINFELDER FIELD INVESTIGATIONS

FIELD INVESTIGATION

General

During the period from April 26 through May 4, 2010, Kleinfelder completed 17 CPT
probes between Stations 154+00 and 291+50. Probes were conducted by a
subcontractor to Kleinfelder using a 30-ton CPT rig. All probes were conducted through
the levee crown to depths of approximately 26 to 94.5 feet.

Probe Locations

Probes were located using a Trimble Geo XH Differentially Corrected Global Positioning
System Receiver with sub-foot horizontal positioning accuracy. Latitude and longitude
coordinates of exploration locations were converted to Northing and Easting according
to the California State Plane Zone 2 coordinate system, NAD83 datum. Ground surface
elevations at exploration locations were extrapolated from topography provided by HDR.
All elevations in this report refer to Datum NGVD29. Northing and Easting coordinates,
and approximate ground surface elevations of the explorations are shown on the CPT
logs included in this appendix and in Table A.2 below.

Several stationing systems have been used and reported along the YRSL during
previous investigations and studies of the levee. The levee project alignment, project
limits, and stationing system used for this study and referenced in this report are based
on those established by HDR (2009).
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Table A.2 - Summary of Current Probe Locations

Exploration | Location Ap g;g;(iion;ate Easting | Northing I?feegi? Probe Date ESIS\:;??Oen
C-10-01 Crown 154+30 6693269 | 2177582 36.5 4/19/2010 +82
C-10-02 Crown 159+50 6693672 | 2177902 33 5/3/2010 +82
C-10-05 Crown 169+20 6694475 | 2178440 | 325 5/3/2010 +83
C-10-06 Crown 172+00 6694739 | 2178528 | 94.5 4/19/2010 +84
C-10-07 Crown 178+10 6695339 | 2178628 | 325 5/3/2010 +84
C-10-08 Crown 180+40 6695569 | 2178666 | 89.5 5/3/2010 +84
C-10-09 Crown 193+00 6696736 | 2179068 90 4/19/2010 +85
C-10-10 Crown 196+30 6696968 | 2179301 | 36.5 5/4/2010 +85
C-10-11 Crown 201+30 6697290 | 2179680 | 89.5 5/4/2010 +85
C-10-12 Crown 209+00 6697790 | 2180269 90 5/4/2010 +84
C-10-13 Crown 211+00 6697921 | 2180422 27.5 4/19/2010 +84
C-10-14 Crown 215+80 6698231 | 2180789 29 5/4/2010 +85
C-10-17 Crown 229+00 6699091 | 2181787 | 425 5/4/2010 +87
C-10-19 Crown 233+00 6699351 | 2182090 41 4/26/2010 +88
C-10-24 Crown 249+90 6700452 | 2183371 32 4/26/2010 +90
C-10-30 Crown 271+00 6701975 | 2184827 26 4/26/2010 +91
C-10-36 Crown 291+40 6703639 | 2186016 29.5 4/26/2010 +94

Backfilling

After completion of a probe, the hole was backfilled with cement grout in accordance
with Yuba County Environmental Health criteria.

104634/SAC10R334
Copyright 2010 Kleinfelder

Page A-13

June 11, 2010



LIST OF ATTACHMENTS

The following plates are attached and complete this appendix.

Plate A2-1
Plate A2-2
Plate A2-3
Plate A2-4
Plate A2-5
Plate A2-6
Plate A2-7
Plate A2-8
Plate A2-9
Plate A2-10
Plate A2-11
Plate A2-12
Plate A2-13
Plate A2-14
Plate A2-15
Plate A2-16
Plate A2-17
Plate A2-18
Plate A2-19

Unified Soil Classification System

Log Key
C-10-01
C-10-02
C-10-05
C-10-06
C-10-07
C-10-08
C-10-09
C-10-10
C-10-11
C-10-12
C-10-13
C-10-14
C-10-17
C-10-19
C-10-24
C-10-30
C-10-36
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APPENDIX A3
KLEINFELDER FIELD INVESTIGATIONS

FIELD INVESTIGATION

General

During the period from April 22 through 28, 2010. Kleinfelder completed 47 borings
between Stations 136+00 and 276+00. Borings were drilled by subcontractors to
Kleinfelder using either a Mobile B-24 truck-mounted drill rig or an F-350 truck-mounted
drill rig. Drilling methods utilized 4-inch-diameter, solid-flight auger. All explorations
were conducted through the levee crown to depths of approximately 9.5 to 11.5 feet
below ground surface (bgs).

Boring Locations

Borings were located using a Trimble Geo XH Differentially Corrected Global
Positioning System Receiver with sub-foot horizontal positioning accuracy. Latitude and
longitude coordinates of exploration locations were converted to Northing and Easting
according to the California State Plane Zone 2 coordinate system, NAD83 datum.
Ground surface elevations at exploration locations were extrapolated from topography
provided by HDR. All elevations in this report refer to Datum NGVD29. Northing and
Easting coordinates and approximate ground surface elevations of the explorations are
shown on the boring logs included in this appendix and in Table A.3 below.

Several stationing systems have been used and reported along the YRSL during
previous investigations and studies of the levee. The levee project alignment, project
limits, and stationing system used for this study and referenced in this report are based
on those established by HDR (2009).
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Table A.3 - Summary of Current Exploration Locations

Exploration | Location Apg;(;i(iiorr:]ate Easting | Northing %i%i? D?i?lt:d Eslg\:zroen
KSB-10-01 Crown 136+00 2176594 | 6691730 11.5 4/23/2010 +82
KSB-10-02 Crown 140+00 2176770 | 6692088 9.5 4/23/2010 +82
KSB-10-03 Crown 142+00 2176864 | 6692266 11.5 4/23/2010 +82
KSB-10-04 Crown 144+00 2176962 | 6692440 11.5 4/23/2010 +82
KSB-10-05 Crown 148+00 2177197 | 6692769 11.5 4/23/2010 +82
KSB-10-06 Crown 152+00 2177435 | 6693085 11.5 4/23/2010 +82
KSB-10-07 Crown 154+00 2177556 | 6693243 11.5 4/26/2010 +82
KSB-10-08 Crown 156+00 2177678 | 6693402 11.5 4/26/2010 +82
KSB-10-09 Crown 160+00 2177933 | 6693711 11.5 4/26/2010 +82
KSB-10-10 Crown 162+00 2178061 | 6693865 11.5 4/26/2010 +82
KSB-10-11 Crown 166+00 2178301 | 6694181 11.5 4/26/2010 +82
KSB-10-12 Crown 168+00 2178393 | 6694359 11.5 4/26/2010 +82
KSB-10-13 Crown 170+00 2178465 | 6694546 11.5 4/26/2010 +82
KSB-10-14 Crown 172+00 2178527 | 6694735 11.5 4/26/2010 +84
KSB-10-15 Crown 174+00 2178564 | 6694933 11.5 4/26/2010 +84
KSB-10-16 Crown 178+00 2178626 | 6695328 11.5 4/22/2010 +84
KSB-10-17 Crown 180+00 2178657 | 6695525 11.5 4/28/2010 +84
KSB-10-18 Crown 184+00 2178723 | 6695920 11.5 4/28/2010 +84
KSB-10-19 Crown 186+00 2178762 | 6696116 11.5 4/28/2010 +84
KSB-10-20 Crown 188+00 2178812 | 6696309 11.5 4/28/2010 +84
KSB-10-21 Crown 208+00 2180192 | 6697724 11.5 4/28/2010 +84
KSB-10-22 Crown 210+00 2180344 | 6697855 11.5 4/28/2010 +84
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Table A.3 - Summary of Current Exploration Locations (cont’d)

Copyright 2010 Kleinfelder

Exploration | Location Apgrt'ggion:]ate Easting | Northing I?feeztt;] D?i?lt:d Esltlaj\:;atlicoen
KSB-10-23 Crown 212+00 2180496 | 6697984 115 4/23/2010 +84
KSB-10-24 Crown 214+00 2180647 | 6698117 115 4/23/2010 +86
KSB-10-25 Crown 216+00 2180798 | 6698244 115 4/23/2010 +86
KSB-10-26 Crown 220+00 2181103 | 6698505 115 4/23/2010 +86
KSB-10-27 Crown 224+00 2181407 | 6698763 115 4/23/2010 +86
KSB-10-28 Crown 226+00 2181559 | 6698894 115 4/23/2010 +86
KSB-10-29 Crown 228+00 2181712 | 6699025 115 4/23/2010 +86
KSB-10-30 Crown 230+00 2181861 | 6699155 115 4/23/2010 +86
KSB-10-31 Crown 232+00 2182014 | 6699287 115 4/23/2010 +86
KSB-10-32 Crown 234+00 2182166 | 6699415 115 4/23/2010 +88
KSB-10-33 Crown 236+00 2182319 | 6699545 115 4/22/2010 +88
KSB-10-34 Crown 238+00 2182471 | 6699675 115 4/22/2010 +88
KSB-10-35 Crown 240+00 2182623 | 6699805 115 4/22/2010 +88
KSB-10-36 Crown 242+00 2182775 | 6699934 115 4/22/2010 +88
KSB-10-37 Crown 246+00 2183079 | 6700197 115 4/22/2010 +88
KSB-10-38 Crown 250+00 2183381 | 6700457 115 4/22/2010 +90
KSB-10-39 Crown 252+00 2183529 | 6700594 115 4/22/2010 +90
KSB-10-40 Crown 258+00 2183962 | 6701007 115 4/22/2010 +90
KSB-10-41 Crown 260+00 2184104 | 6701147 115 4/22/2010 +90
KSB-10-42 Crown 262+00 2184242 | 6701292 115 4/22/2010 +90
KSB-10-43 Crown 264+00 2184375 | 6701441 115 4/22/2010 +90
KSB-10-44 Crown 266+00 2184507 | 6701592 115 4/22/2010 +90
104634/SAC10R334 Page A-17 June 11, 2010




Table A.3 - Summary of Current Exploration Locations (cont’d)

: . Approximate . . Depth Date Surface
Exploration | Location Station Easting | Northing (feet) Drilled Elevation
KSB-10-45 Crown 270+00 2184765 | 6701896 11.5 4/22/2010 +90
KSB-10-46 Crown 274+00 2185011 | 6702213 11.5 4/22/2010 +90
KSB-10-47 Crown 276+00 2185133 | 6702371 11.5 4/22/2010 +90

Sampling and Classification

A Kleinfelder engineer or geologist logged the borings by visually identifying and
classifying soils encountered in general accordance with ASTM D 2488 and the Unified
Soil Classification System (Plate A3-1) and obtained disturbed and relatively
undisturbed samples of the subsurface materials. Upon completion of laboratory
testing, soil classifications were evaluated in general accordance with ASTM D 2487
and are presented on the Logs of Borings in Appendix A3. A key to the Logs of Borings
is shown on Plate A3-2. Logs of Borings are shown on Plates A3-3 through A3-49.

Soil samples were obtained from the auger borings using California sampler (3-inch
outer diameter and 2%-inch inner diameter) driven 18 inches (unless otherwise noted)
into undisturbed soil using an automatic or cat-head hammer having the equivalent
energy of a 30-inch drop of a 140-pound calibrated automatic hammer. Generally, soil
samples were collected at 2-foot intervals. Blow counts were recorded at 6-inch
intervals for each sample attempt and are reported on the logs in terms of uncorrected
blows per 6 inches of penetration. Soil samples obtained from the borings were
packaged and sealed in the field to reduce moisture loss and disturbance, and returned
to Kleinfelder's Sacramento laboratory for testing.

Backfilling and Cuttings Disposal

After completion of drilling, the borings were backfilled with cement grout. Excess
cuttings were spread onsite.
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LIST OF ATTACHMENTS

The following plates are attached and complete this appendix.

Plate A3-1 Unified Soil Classification System

Plate A3-2

Plate A3-3

Plate A3-4

Plate A3-5

Plate A3-6

Plate A3-7

Plate A3-8

Plate A3-9

Plate A3-10
Plate A3-11
Plate A3-12
Plate A3-13
Plate A3-14
Plate A3-15
Plate A3-16
Plate A3-17
Plate A3-18
Plate A3-19
Plate A3-20
Plate A3-21
Plate A3-22
Plate A3-23
Plate A3-24
Plate A3-25
Plate A3-26
Plate A3-27
Plate A3-28
Plate A3-29
Plate A3-30
Plate A3-31
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Plate A3-32
Plate A3-33
Plate A3-34
Plate A3-35
Plate A3-36
Plate A3-37
Plate A3-38
Plate A3-39
Plate A3-40
Plate A3-41
Plate A3-42
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Plate A3-45
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APPENDIX B
LABORATORY TESTING FOR KLEINFELDER FIELD INVESTIGATIONS

B1 - 2008 through 2009 Laboratory Testing
B2 - 2010 Crown Boring Laboratory Testing
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APPENDIX B1
2008 THROUGH 2009 LABORATORY TESTING FOR
KLEINFELDER FIELD INVESTIGATIONS

LABORATORY TESTING

Laboratory tests were performed on selected samples to aid in soil classification and to
evaluate physical properties of the soils which may affect the geotechnical aspects of
project design and construction. A description of the laboratory testing program is
presented below. Results of Kleinfelder’s in-house laboratory tests are presented here
and also on the Logs of Borings in Appendix A. Kleinfelder transported some of the soil
samples to an outside laboratory for specialized laboratory testing.

Moisture Content and Dry Unit Weight

Moisture content tests were performed to evaluate the soil moisture conditions
throughout the studied profile. The tests were performed in general accordance with
ASTM D 2216. Dry unit weight tests were performed in general accordance with ASTM
Test Method D 2937. The results of these tests are presented on the Logs of Borings
and are summarized on the Summary of Laboratory Tests (Plate B1-1).

Atterberg Limits

Atterberg limits tests were performed to aid in soil classification and to evaluate
plasticity characteristics of the materials encountered. Additionally, test results were
correlated to published data to evaluate the shrink/swell potential of near-surface site
soils. The tests were performed in general accordance with ASTM D 4318. The results
of the tests performed by Kleinfelder are presented on the Logs of Borings, are
summarized on the Summary of Laboratory Tests, and are shown on Plate B1-2.

Sieve Analyses

Sieve analyses were performed to evaluate the gradation of the materials encountered
and to aid in soil classification. Hydrometer tests were conducted along with
mechanical sieve tests. Tests were performed in general accordance with ASTM C
136, C 117, and D 422. Results of these tests are summarized on the Logs of Borings,
the Summary of Laboratory Tests, and are shown on Plate B1-3, B1-4, and B1-5.
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Triaxial Compression

Consolidated-undrained (CU) triaxial compression tests were performed by Vector
Engineering of Grass Valley, California. Results from these tests were used to evaluate
the undrained shear strength of the levee embankment and foundation soils. These
tests were performed in general accordance with ASTM D 4767. Results of the Vector

Engineering tests are presented on Plates B1-6 and B1-7.

LIST OF ATTACHMENTS

The following are attached and complete this appendix.

Plate B1-1
Plate B1-2
Plate B1-3
Plate B1-4
Plate B1-5
Plate B1-6
Plate B1-7
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Plasticity Chart

Grain Size Analysis
Grain Size Analysis
Grain Size Analysis
Triaxial Shear Test
Triaxial Shear Test
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APPENDIX B2
LEVEE REUSE INVESTIGATION LABORATORY TESTING FOR
KLEINFELDER FIELD INVESTIGATIONS

LABORATORY TESTING

Laboratory tests were performed on selected samples to aid in soil classification and to
evaluate physical properties of the soils which may affect the geotechnical aspects of
project design and construction. A description of the laboratory testing program is
presented below. Results of Kleinfelder’'s in-house laboratory tests are presented
herein and also on the Logs of Borings in Appendix A. Kleinfelder transported some of
the soil samples to an outside laboratory for specialized laboratory testing.

Moisture Content and Dry Unit Weight

Moisture content tests were performed to evaluate the soil moisture conditions
throughout the studied profile. The tests were performed in general accordance with
ASTM D 2216. Dry unit weight tests were performed in general accordance with ASTM
Test Method D 2937. The results of these tests are presented on the Logs of Borings
and are summarized on the Summary of Laboratory Tests, Plate B2-1.

Atterberg Limits

Atterberg limits tests were performed to aid in soil classification and to evaluate
plasticity characteristics of the materials encountered. Additionally, test results were
correlated to published data to evaluate the shrink/swell potential of near-surface site
soils. The tests were performed in general accordance with ASTM D 4318. The results
of the tests performed by Kleinfelder are presented on the Logs of Borings, are
summarized on the Summary of Laboratory Tests, and are shown on Plate B2-2.

Sieve Analyses

Sieve analyses were performed to evaluate the gradation of the materials encountered
and to aid in soil classification. Tests were performed in general accordance with ASTM
C 136 and C 117. Results of these tests are summarized on the Logs of Borings, the
Summary of Laboratory Tests, and are shown on Plate B2-3.

104634/SAC10R334 Page B-4 June 11, 2010
Copyright 2010 Kleinfelder



LIST OF ATTACHMENTS

The following are attached and complete this appendix.

Plate B2-1 Summary of Laboratory Tests
Plate B2-2 Plasticity Chart

Plate B2-3 Grain Size Analysis
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APPENDIX C
SONIC-CORE PHOTOGRAPHS
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APPENDIX C
SONIC-CORE PHOTOGRAPHS
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APPENDIX D
HEM GRAPHICAL PLOTS
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APPENDIX E
ANALYSIS PARAMETERS SELECTION

This appendix includes calculations and discussions of parameter selection for seepage
analysis (Appendix E1) and slope stability analysis (Appendix E2).
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APPENDIX F
WATER SURFACE PROFILES

This appendix includes the revised design water surface profiles provided by MBK
Engineers via email on July 23, 2009.
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APPENDIX G
SEEPAGE ANALYSIS FOR 100-YEAR WSE

LIST OF ATTACHMENTS

The following plates are attached as part of this appendix and include graphical
presentations of the seepage analyses with contours of total head at 1-foot intervals and
vertical gradients at 0.10 intervals:

Plate G-1  Station 183+50 Existing Conditions, 100-Year WSE — Total Head

Contours

Plate G-2  Station 183+50 Existing Conditions, 100-Year WSE — Vertical Gradient
Contours

Plate G-3  Station 198+00 Existing Conditions, 100-Year WSE — Total Head
Contours

Plate G-4  Station 198+00 Existing Conditions, 100-Year WSE — Vertical Gradient
Contours

Plate G-5  Station 201+00 Existing Conditions, 100-Year WSE — Total Head
Contours

Plate G-6  Station 201+00 Existing Conditions, 100-Year WSE — Vertical Gradient
Contours

Plate G-7  Station 243+50 Existing Conditions, 100-Year WSE — Total Head
Contours

Plate G-8  Station 243+50 Existing Conditions, 100-Year WSE — Vertical Gradient
Contours

Plate G-9  Station 254+00 Existing Conditions, 100-Year WSE — Total Head
Contours

Plate G-10 Station 254+00 Existing Conditions, 100-Year WSE — Vertical Gradient
Contours

Plate G-11 Station 288+00 Existing Conditions, 100-Year WSE — Total Head
Contours

Plate G-12 Station 288+00 Existing Conditions, 100-Year WSE — Vertical Gradient
Contours

Plate G-13 Station 301+00 Existing Conditions, 100-Year WSE — Total Head
Contours
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Plate G-14 Station 301+00 Existing Conditions, 100-Year WSE — Vertical Gradient
Contours

104634/SAC10R334 Page G-2 June 11, 2010
Copyright 2010 Kleinfelder



APPENDIX H
SEEPAGE ANALYSIS FOR 200-YEAR WSE

LIST OF ATTACHMENTS

The following plates are attached as part of this appendix and include graphical
presentations of the seepage analyses with contours of total head at 1-foot intervals and
vertical gradients at 0.10 intervals:

Plate H-1 Station 183+50 Existing Conditions, 200-Year WSE - Total Head
Contours

Plate H-2 Station 183+50 Existing Conditions, 200-Year WSE — Vertical Gradient
Contours

Plate H-3 Station 183+50 Cutoff Wall Tip Elevation: 27.5 ft., 200-Year WSE — Total
Head Contours

Plate H-4 Station 183+50 Cutoff Wall Tip Elevation: 27.5 ft., 200-Year WSE —
Vertical Gradient Contours

Plate H-5 Station 183+50 Cutoff Wall Tip Elevation: 27.5 ft., Parametric Analysis of
Increased Gravel Hydraulic Conductivity, 200-Year WSE - Total Head
Contours

Plate H-6 Station 183+50 Cutoff Wall Tip Elevation: 27.5 ft., Parametric Analysis of
Increased Gravel Hydraulic Conductivity, 200-Year WSE - Vertical
Gradient Contours

Plate H-7 Station 183+50 Cutoff Wall Tip Elevation: 27.5 ft., Parametric Analysis of
Increased Gravel Hydraulic Conductivity and Discontinuous Cutoff Layer,
200-Year WSE — Total Head Contours

Plate H-8 Station 183+50 Cutoff Wall Tip Elevation: 27.5 ft., Parametric Analysis of
Increased Gravel Hydraulic Conductivity and Discontinuous Cutoff Layer,
200-Year WSE — Vertical Gradient Contours

Plate H-9 Station 198+00 Existing Conditions, 200-Year WSE - Total Head
Contours

Plate H-10 Station 198+00 Existing Conditions, 200-Year WSE — Vertical Gradient
Contours

Plate H-11  Station 198+00 Cutoff Wall Tip Elevation: 17 ft, 200-Year WSE — Total
Head Contours
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Plate H-12

Plate H-13

Plate H-14

Plate H-15

Plate H-16

Plate H-17

Plate H-18

Plate H-19

Plate H-20

Plate H-21

Plate H-22

Plate H-23

Plate H-24

Plate H-25

104634/SAC10R334

Station 198+00 Cutoff Wall Tip Elevation: 17 ft., 200-Year WSE — Vertical
Gradient Contours

Station 201+00 Existing Conditions, 200-Year WSE - Total
Contours

Station 201+00 Existing Conditions, 200-Year WSE — Vertical Gradient
Contours

Station 201+00 Cutoff Wall Tip Elevation: 26 ft., Ditch Present, 200-Year
WSE - Total Head Contours

Station 201+00 Cutoff Wall Tip Elevation: 26 ft., Ditch Present, 200-Year
WSE - Vertical Gradient Contours

Station 201+00 Cutoff Wall Tip Elevation: 26 ft., Ditch Present, Parametric
Analysis of Silty Sand Cutoff Layer, 200-Year WSE — Total Head Contours
Station 201+00 Cutoff Wall Tip Elevation: 26 ft., Ditch Present, Parametric
Analysis of Silty Sand Cutoff Layer, 200-Year WSE — Vertical Gradient
Contours

Station 201+00 Cutoff Wall Tip Elevation: 26 ft., Ditch Present, Parametric
Analysis of No Cutoff Layer, 200-Year WSE — Total Head Contours
Station 201+00 Cutoff Wall Tip Elevation: 26 ft., Ditch Present, Parametric
Analysis of No Cutoff Layer, 200-Year WSE — Vertical Gradient Contours
Station 201+00 Cutoff Wall Tip Elevation: 26 ft., Ditch Present, Parametric
Analysis with Continuous Silt Blanket, 200-Year WSE - Total Head
Contours

Station 201+00 Cutoff Wall Tip Elevation: 26 ft., Ditch Present, Parametric
Analysis with Continuous Silt Blanket, 200-Year WSE — Vertical Gradient
Contours

Station 201+00 Cutoff Wall Tip Elevation: 26 ft., Ditch Present, Parametric
Analysis with Continuous Silt Blanket and Silty Sand Cutoff Layer, 200-
Year WSE — Total Head Contours

Station 201+00 Cutoff Wall Tip Elevation: 26 ft., Ditch Present, Parametric
Analysis with Continuous Silt Blanket and Silty Sand Cutoff Layer, 200-
Year WSE — Vertical Gradient Contours

Station 201+00 Cutoff Wall Tip Elevation: 26 ft., Ditch Present, Parametric
Analysis with Continuous Silt Blanket and No Cutoff Layer, 200-Year WSE
— Total Head Contours

Head
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Plate H-26  Station 201+00 Cutoff Wall Tip Elevation: 26 ft., Ditch Present, Parametric
Analysis with Continuous Silt Blanket and No Cutoff Layer, 200-Year WSE
— Vertical Gradient Contours

Plate H-27  Station 201+00 Cutoff Wall Tip Elevation: 26 ft., No Ditch, Parametric
Analysis with Continuous Landside Silt Blanket, 200-Year WSE — Total
Head Contours

Plate H-28 Station 201+00 Cutoff Wall Tip Elevation: 26 ft., No Ditch, Parametric
Analysis with Continuous Landside Silt Blanket, 200-Year WSE — Vertical
Gradient Contours

Plate H-29  Station 201+00 Cutoff Wall Tip Elevation: 26 ft., No Ditch, Parametric
Analysis with Continuous Landside Silt Blanket and Silty Sand Cutoff
Layer, 200-Year WSE — Total Head Contours

Plate H-30 Station 201+00 Cutoff Wall Tip Elevation: 26 ft., No Ditch, Parametric
Analysis with Continuous Landside Silt Blanket and Silty Sand Cutoff
Layer, 200-Year WSE — Vertical Gradient Contours

Plate H-31 Station 201+00 Cutoff Wall Tip Elevation: 26 ft., No Ditch, Parametric
Analysis with Continuous Landside Silt Blanket and No Cutoff Layer, 200-
Year WSE — Total Head Contours

Plate H-32 Station 201+00 Cutoff Wall Tip Elevation: 26 ft., No Ditch, Parametric
Analysis with Continuous Landside Silt Blanket and No Cutoff Layer, 200-
Year WSE — Vertical Gradient Contours

Plate H-33  Station 243+50 Existing Conditions, 200-Year WSE - Total Head
Contours

Plate H-34  Station 243+50 Existing Conditions, 200-Year WSE — Vertical Gradient
Contours

Plate H-35 Station 243+50 Cutoff Wall Tip Elevation: 35 ft., 200-Year WSE — Total
Head Contours

Plate H-36  Station 243+50 Cutoff Wall Tip Elevation: 35 ft., 200-Year WSE — Vertical
Gradient Contours

Plate H-37 Station 243+50 Seepage Berm Width 80 ft., Thickness 5 ft., 200-Year
WSE - Total Head Contours

Plate H-38 Station 243+50 Seepage Berm Width 80 ft., Thickness 5 ft., 200-Year
WSE - Vertical Gradient Contours

Plate H-39 Station 254+00 Existing Conditions, 200-Year WSE - Total Head

Contours
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Plate H-40

Plate H-41

Plate H-42

Plate H-43

Plate H-44

Plate H-45

Plate H-46

Plate H-47

Plate H-48

Plate H-49

Plate H-50

Plate H-51

Plate H-52

Station 254+00 Existing Conditions, 200-Year WSE — Vertical Gradient
Contours

Station 254+00 Cutoff Wall Tip Elevation: 40 ft., 200-Year WSE — Total
Head Contours

Station 254+00 Cutoff Wall Tip Elevation: 40 ft., 200-Year WSE — Vertical
Gradient Contours

Station 254+00 Seepage Berm Width 80 ft., Thickness 5 ft., 200-Year
WSE - Total Head Contours

Station 254+00 Seepage Berm Width 80 ft., Thickness 5 ft., 200-Year
WSE - Vertical Gradient Contours

Station 288+00 Existing Conditions, 200-Year WSE - Total
Contours

Station 288+00 Existing Conditions, 200-Year WSE — Vertical Gradient
Contours

Station 288+00 Seepage Berm Width 80 ft., Thickness 5 ft., 200-Year
WSE - Total Head Contours

Station 288+00 Seepage Berm Width 80 ft., Thickness 5 ft., 200-Year
WSE - Vertical Gradient Contours

Station 301+00 Existing Conditions, 200-Year WSE - Total
Contours

Station 301+00 Existing Conditions, 200-Year WSE — Vertical Gradient
Contours

Station 301+00 Seepage Berm Width 80 ft., Thickness 5 ft., 200-Year
WSE - Total Head Contours

Station 301+00 Seepage Berm Width 80 ft., Thickness 5 ft., 200-Year
WSE - Vertical Gradient Contours

Head

Head

Required Seepage Berm Thickness Calculation Worksheets
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APPENDIX |
SLOPE STABILITY ANALYSIS FOR 200-YEAR WSE

LIST OF ATTACHMENTS

The following plates are attached as part of this appendix and include graphical
presentations of the slope stability analyses safety maps of failure surfaces, and the
critical surface with its FOS reported to a precision of 0.01.

Plate I-1(A)

Plate I-2(A)

Plate I-3(A)

Plate I-4(A)

Plate I-5(A)

Plate I-6(A)

Plate I-7(A)

Plate I-8(A)

Plate I-9(A)

Station 183+50, Cutoff Wall Tip Elevation: 27.5 ft., 200-Year WSE -
Steady State Piezometric Line

Station 198+00, Existing Conditions, 200-Year WSE - Steady State
Piezometric Line

Station 198+00, Cutoff Wall Tip Elevation: 17 ft., 200-Year WSE — Steady
State Piezometric Line

Station 201+00, Cutoff Wall Tip Elevation: 26 ft., 200-Year WSE — Steady
State Piezometric Line

Station 243+50, Cutoff Wall Tip Elevation: 35 ft., 200-Year WSE — Steady
State Piezometric Line

Station 243+50, Seepage Berm Width 80 ft., Thickness 5 ft., 200-Year
WSE - Steady State Piezometric Line

Station 254+00, Cutoff Wall Tip Elevation: 40 ft., 200-Year WSE — Steady
State Piezometric Line

Station 254+00, Seepage Berm Width 80 ft., Thickness 5 ft., 200-Year
WSE - Steady State Piezometric Line

Station 301+00, Existing Conditions, 200-Year WSE - Steady State
Piezometric Line

Plate I-10(A) Station 301+00, Seepage Berm Width 80 ft., Thickness 5 ft., 200-Year

WSE - Steady State Piezometric Line
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APPENDIX J
SEEPAGE ANALYSIS FOR 200-YEAR + 3 FEET WSE

LIST OF ATTACHMENTS

The following plates are attached as part of this appendix and include graphical
presentations of the seepage analyses with contours of total head at 1-foot intervals and
vertical gradients at 0.10 intervals:

Plate J-1 Station 183+50 Cutoff Wall Tip Elevation: 27.5 ft., 200-Year + 3 feet WSE
— Total Head Contours

Plate J-2 Station 183+50 Cutoff Wall Tip Elevation: 27.5 ft., 200-Year + 3 feet WSE
— Vertical Gradient Contours

Plate J-3 Station 198+00 Existing Conditions, 200-Year + 3 feet WSE — Total Head
Contours

Plate J-4 Station 198+00 Existing Conditions, 200-Year + 3 feet WSE — Vertical
Gradient Contours

Plate J-5 Station 198+00 Cutoff Wall Tip Elevation: 17 ft., 200-Year + 3 feet WSE —
Total Head Contours

Plate J-6 Station 198+00 Cutoff Wall Tip Elevation: 17 ft., 200-Year + 3 feet WSE —
Vertical Gradient Contours

Plate J-7 Station 201+00 Cutoff Wall Tip Elevation: 26 ft., Ditch Present, 200-Year +
3 feet WSE — Total Head Contours

Plate J-8 Station 201+00 Cutoff Wall Tip Elevation: 26 ft., Ditch Present, 200-Year +
3 feet WSE — Vertical Gradient Contours

Plate J-9 Station 201+00 Cutoff Wall Tip Elevation: 26 ft., Ditch Present, Parametric
Analysis of Silty Sand Cutoff Layer, 200-Year + 3 feet WSE — Total Head
Contours

Plate J-10  Station 201+00 Cutoff Wall Tip Elevation: 26 ft., Ditch Present, Parametric
Analysis of Silty Sand Cutoff Layer, 200-Year + 3 feet WSE - Vertical
Gradient Contours

Plate J-11  Station 201+00 Cutoff Wall Tip Elevation: 26 ft., Ditch Present, Parametric
Analysis with No Cutoff Layer, 200-Year + 3 feet WSE — Total Head
Contours
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Plate J-12

Plate J-13

Plate J-14

Plate J-15

Plate J-16

Plate J-17

Plate J-18

Plate J-19

Plate J-20

Plate J-21

Plate J-22

104634/SAC10R334

Station 201+00 Cutoff Wall Tip Elevation: 26 ft., Ditch Present, Parametric
Analysis with No Cutoff Layer, 200-Year + 3 feet WSE — Vertical Gradient
Contours

Station 201+00 Cutoff Wall Tip Elevation: 26 ft., Ditch Present, Parametric
Analysis with Continuous Silt Blanket, 200-Year + 3 feet WSE — Total
Head Contours

Station 201+00 Cutoff Wall Tip Elevation: 26 ft., Ditch Present, Parametric
Analysis with Continuous Silt Blanket, 200-Year + 3 feet WSE — Vertical
Gradient Contours

Station 201+00 Cutoff Wall Tip Elevation: 26 ft., Ditch Present, Parametric
Analysis with Continuous Silt Blanket and Silty Sand Cutoff Layer, 200-
Year + 3 feet WSE — Total Head Contours

Station 201+00 Cutoff Wall Tip Elevation: 26 ft., Ditch Present, Parametric
Analysis with Continuous Silt Blanket and Silty Sand Cutoff Layer, 200-
Year + 3 feet WSE — Vertical Gradient Contours

Station 201+00 Cutoff Wall Tip Elevation: 26 ft., Ditch Present, Parametric
Analysis with Continuous Silt Blanket and No Cutoff Layer, 200-Year + 3
feet WSE — Total Head Contours

Station 201+00 Cutoff Wall Tip Elevation: 26 ft., Ditch Present, Parametric
Analysis with Continuous Silt Blanket and No Cutoff Layer, 200-Year + 3
feet WSE — Vertical Gradient Contours

Station 201+00 Cutoff Wall Tip Elevation: 26 ft., No Ditch, Parametric
Analysis of Continuous Landside Silt Blanket, 200-Year + 3 feet WSE —
Total Head Contours

Station 201+00 Cutoff Wall Tip Elevation: 26 ft., No Ditch, Parametric
Analysis of Continuous Landside Silt Blanket, 200-Year + 3 feet WSE —
Vertical Gradient Contours

Station 201+00 Cutoff Wall Tip Elevation: 26 ft., No Ditch, Parametric
Analysis of Continuous Landside Silt Blanket and Silty Sand Cutoff Layer,
200-Year + 3 feet WSE — Total Head Contours

Station 201+00 Cutoff Wall Tip Elevation: 26 ft., No Ditch, Parametric
Analysis of Continuous Landside Silt Blanket and Silty Sand Cutoff Layer,
200-Year + 3 feet WSE — Vertical Gradient Contours
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Plate J-23  Station 201+00 Cutoff Wall Tip Elevation: 26 ft., No Ditch, Parametric
Analysis of Continuous Landside Silt Blanket and No Cutoff Layer, 200-
Year + 3 feet WSE — Total Head Contours

Plate J-24  Station 201+00 Cutoff Wall Tip Elevation: 26 ft., No Ditch, Parametric
Analysis of Continuous Landside Silt Blanket and No Cutoff Layer, 200-
Year + 3 feet WSE — Vertical Gradient Contours

Plate J-25  Station 243+50 Cutoff Wall Tip Elevation: 35 ft., 200-Year + 3 feet WSE —
Total Head Contours

Plate J-26  Station 243+50 Cutoff Wall Tip Elevation: 35 ft., 200-Year + 3 feet WSE —
Vertical Gradient Contours

Plate J-27  Station 243+50 Seepage Berm Width 80 ft., Thickness 5 ft., 200-Year + 3
feet WSE — Total Head Contours

Plate J-28  Station 243+50 Seepage Berm Width 80 ft., Thickness 5 ft., 200-Year + 3
feet WSE — Vertical Gradient Contours

Plate J-29  Station 243+50 Seepage Berm Width 80 ft., Thickness 5 ft., Parametric
Analysis of Reduced Hydraulic Conductivity for Shallow Gravel, 200-Year
+ 3 feet WSE — Total Head Contours

Plate J-30  Station 243+50 Seepage Berm Width 80 ft., Thickness 5 ft., Parametric
Analysis of Reduced Hydraulic Conductivity for Shallow Gravel, 200-Year
+ 3 feet WSE — Vertical Gradient Contours

Plate J-31  Station 254+00 Cutoff Wall Tip Elevation: 40 ft., 200-Year + 3 feet WSE —
Total Head Contours

Plate J-32  Station 254+00 Cutoff Wall Tip Elevation: 40 ft., 200-Year + 3 feet WSE —
Vertical Gradient Contours

Plate J-33  Station 254+00 Seepage Berm Width 80 ft., Thickness 5 ft., 200-Year + 3
feet WSE — Total Head Contours

Plate J-34  Station 254+00 Seepage Berm Width 80 ft., Thickness 5 ft., 200-Year + 3
feet WSE — Vertical Gradient Contours

Plate J-35  Station 288+00 Seepage Berm Width 80 ft., Thickness 5 ft., 200-Year + 3
feet WSE — Total Head Contours

Plate J-36  Station 288+00 Seepage Berm Width 80 ft., Thickness 5 ft., 200-Year + 3
feet WSE — Vertical Gradient Contours

Plate J-37  Station 301+00 Seepage Berm Width 80 ft., Thickness 5 ft., 200-Year + 3
feet WSE — Total Head Contours
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Plate J-38  Station 301+00 Seepage Berm Width 80 ft., Thickness 5 ft., 200-Year + 3
feet WSE — Vertical Gradient Contours

Required Seepage Berm Thickness Calculation Worksheets
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APPENDIX K
SLOPE STABILITY ANALYSIS FOR 200-YEAR + 3 FEET WSE

LIST OF ATTACHMENTS

The following plates are attached as part of this appendix and include graphical
presentations of the slope stability analyses safety maps of failure surfaces, and the
critical surface with its FOS reported to a precision of 0.01.

Plate K-1(A) Station 183+50, Cutoff Wall Tip Elevation: 27.5 ft., 200-Year + 3 feet
WSE - Steady State Piezometric Line

Plate K-2(A) Station 183+50, Cutoff Wall Tip Elevation: 27.5 ft., 200-Year + 3 feet
WSE — Sudden Drawdown Piezometric Line

Plate K-3(A) Station 198+00, Existing Conditions, 200-Year + 3 feet WSE — Steady
State Piezometric Line

Plate K-4(A) Station 198+00, Cutoff Wall Tip Elevation: 17 ft., 200-Year + 3 feet WSE
— Steady State Piezometric Line

Plate K-5(A) Station 198+00, Cutoff Wall Tip Elevation: 17 ft., 200-Year + 3 feet WSE
— Sudden Drawdown Piezometric Line

Plate K-6(A) Station 201+00, Cutoff Wall Tip Elevation: 26 ft., 200-Year + 3 feet WSE
— Steady State Piezometric Line

Plate K-7(A) Station 201+00, Cutoff Wall Tip Elevation: 26 ft., 200-Year + 3 feet WSE
— Sudden Drawdown Piezometric Line

Plate K-8(A) Station 243+50, Cutoff Wall Tip Elevation: 35 ft., 200-Year + 3 feet WSE
— Steady State Piezometric Line

Plate K-9(A) Station 243+50, Cutoff Wall Tip Elevation: 35 ft., 200-Year + 3 feet WSE
— Sudden Drawdown Piezometric Line

Plate K-10(A) Station 243+50, Seepage Berm Width 80 ft., Thickness 5 ft., 200-Year +
3 feet WSE — Steady State Piezometric Line

Plate K-11(A) Station 243+50, Seepage Berm Width 80 ft., Thickness 5 ft., 200-Year +
3 feet WSE — Sudden Drawdown Piezometric Line

Plate K-12 Station 254+00, Cutoff Wall Tip Elevation: 40 ft., 200-Year + 3 feet WSE
— Steady State Piezometric Line

Plate K-13 Station 254+00, Cutoff Wall Tip Elevation: 40 ft., 200-Year + 3 feet WSE
— Sudden Drawdown Piezometric Line
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Plate K-14 Station 254+00, Seepage Berm Width 80 ft., Thickness 5 ft., 200-Year +
3 feet WSE — Steady State Piezometric Line

Plate K-15 Station 254+00, Seepage Berm Width 80 ft., Thickness 5 ft., 200-Year +
3 feet WSE — Sudden Drawdown Piezometric Line

Plate K-16 Station 301+00, Seepage Berm Width 80 ft., Thickness 5 ft., 200-Year +
3 feet WSE — Steady State Piezometric Line

Plate K-17 Station 301+00, Seepage Berm Width 80 ft., Thickness 5 ft., Parametric
Analysis of Seepage Berm Strength, 200-Year + 3 feet WSE — Steady
State Piezometric Line

Plate K-18 Station 301+00, Seepage Berm Width 80 ft., Thickness 5 ft., 200-Year +
3 feet WSE — Sudden Drawdown Piezometric Line
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APPENDIX L
SEISMIC STABILITY ANALYSIS RESULTS

This appendix includes a discussion of the general methodology for preliminary seismic
evaluation including liquefaction, post-earthquake static stability and pseudo-static
stability analysis results.
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APPENDIX M
USACE CONTRACT 2B RECONSTRUCTION DRAWINGS

This appendix includes reproductions of the USACE Contract 2B as-built drawings from
the reconstruction of the YRSL in 1997.
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APPENDIX N
SETTLEMENT CALCULATIONS

This appendix includes reproductions of the spreadsheets used for calculation of
estimated settlements induced by the construction of proposed seepage berms adjacent
to the existing levee.
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APPENDIX O
BOSC COMMENTS AND RESPONSES

This appendix includes reproductions of the comments from the BOSC and Kleinfelder
responses.
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