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Dear Mr Peterson

Kleinfelder is pleased to present the attached geotechnical report for inclusion in the

submittal to the Federal Emergency Management Agency FEMA for certification of the

Dads Point Levee located in Stockton California The scope of this investigation

included evaluating approximately 1600 feet of levee along the east bank of the San

Joaquin River at the confluence with Smith Canal in Stockton California The purpose

of our investigation was to explore subsurface conditions along the levee and perform

geotechnical evaluation of existing levee conditions in accordance with FEMAs

requirements in support of the Smith Canal Conditional Letter of Map Revision

CLOMR The enclosed report contains summary of our field explorations laboratory

testing results and engineering analyses and our conclusions and recommendations for

levee mitigation

Based on available geotechnical data and the results of our field exploration laboratory

testing and engineering analyses completed to date it is our professional opinion that

the subject levee currently meets FEMA geotechnical requirements for freeboard

seepage and slope stability

92459.G02/STO1ORO31R2 Page ii of vi January 21 2010

Copyright 2010 Kenfeder Revision dated March 112010

SJA-C EQ-25487



KLEINPELDER
Pop

We appreciate the opportunity to provide our services for this project if you have

questions regarding this report or if we may be of contact us

Respectfuy submitted
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Ron Heinzen G.E No 388

Vice President Project Management

Steven Wiesner C.E No 72378

Project Engineer

Ja es Wetenkamp P.G No 8696

Professional Geologist
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NTRODUCTON

ti GENERAL

This report presents the resuts of our geotechnica investigation associated with the

evauation of the existing evee aong the east bank of the San Joaquin River at the

confluence with Smith Cana in Stockton Cahfornia see Pate Currenfly the evee

is peninsua with water on both the andside and waterside at the same evation

because of the connection of the San Joaquin River to the west of Dads Point and

Smith Cana to the east of the evee However it is currenfly panned to construct

cbsure structure that woud have the potential to separate the San Joaquin River from

Smith Cana during high water event in the San Joaquin River which woud create the

potentia for head differentia on either side of the evee This report wifi be used to

assist the San Joaquin Area flood Contro Agency SJAFCA in documenting that this

section with length of approximaty 1600 feet or about 030 miles meets the design

criteria described in Tifle 44 Code of Federa Reguations 65A0 44 CFR Section

6510

Concusions and recommendations presented in this report are based on the

subsurface conditions encountered at the ocations of our exporations from our current

and previous investigations and the provisions and requirements outilned in the

LMTATONS section of this report Recommendations presented herein shoud not be

extrapoated to other areas or used for other projects without Keinfders prior review

.2 PROJECT TEAM

The evaluation of this evee section is being performed by team of consutants

working under contract with SJAFCA The consuftant team is primed by Peterson

Brustad inc and consists of the f000wing firms with their associated services provided

to the District

Peterson Brustad nc PB CivH Engineering

Keinfder Geoogic and Geotechnica Engineering

Kjeldsen Sinnock and Neudeck inc KSN Surveying

This report provides the resufts of the geotechnical components of the CFR 65.10

requirements for the Smith Cana CLOMR
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PURPOSE AND SCOPE OF SERVICES

The purpose of our invesUgation was to expore subsurface conditions and perform an

evauafion of the levee and subsurface geotechnica conditions in accordance with

FEMA requirements for seepage stabflity and setfiement as per 44 CFR Section 651O

Keinfders scope of services was originafly outhned in our contract and incuded the

f000wing

review of available subsurface information

Geotechnica reconnaissance of the site

geomorphic evauation

Engineering anayses incuding setfiement seepage static slope

stabihty seismic evauation and

Preparation of this report

This report primarily addresses the geotechnica evauation required for the Smith Cana

CLOMR process

The resuts of engineering analyses of the items not covered in this report wifl be

presented by others in separate documents
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BACKGROUND NFORMATON

31 GENERAL

This investigation was undertaken to assess the existing condition and variations in

subsurface profHe aong the Dads Point evee and to evauate the performance of the

evee during design flood event head differentia shoud be noted that the San

Joaquin River side of the evee is the waterside and the Smith Cana side is the

andside This characterization and anaysis is required component of FEMAs

CLOMR evee certification compiance process as governed by 44 CFR Section 65.10

of the Nationa flood insurance Program NFIP reguations

3.2 PREVOUS NVESTGATONS REPORTS AND CONSTRUCTON

DRAWNGS

As part of our evee evauation we reviewed other pertinent information that was

avaiabe regarding the project site This information was obtained in connection with

our DWR Contract No 4600008102 and incuded boring and CPT data aboratory data

and historica aeria photographs of the area from the 1930s onward

33 PROJECT DATUMS AND COORDNATE SYSTEM

Eevation references in this report are in feet and are based on the North American

Vertica Datum of 1988 NAVD88 Northing and easting coordinates are based on the

CaUfornia Coordinate System Zone ifi and the 1983 North American Datum NAD83

3.4 LEVEE TOPOGRAPHC DRAWNGS AND LEVEE MLE REFERENCE

Transverse evee cross sections were suppHed by KSN and use NAVD88 vertica

datum These cross sections aong with cross section map are presented on Pates

D-1 through D4 in Appendix

3.5 WATER SURFACE PROHLES

The 1-in-i 00 annua exceedance probabiity 1/100 AEP water surface eevation for the

subject evee was provided to us by KSN and is shown on the evee cross sections in
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Appendix We understand the 1/100 AEP is the appropriate design water surface

profHe for this project genera the 1/100 AEP water surface for the Dads Point

evee evauated is Elevation 9.9 feet However in order to be conservative for the

purpose of our evaluation we have used water evation of 10.0 feet

this report where we describe condition that either meets or does not meet the

1/100 AEP water surface condition we are referring to the minimum acceptabe

geotechnica requirements for evees as contained in the U.S Army Corps of Engineers

USACE Levee Design Manua EM 1110-2-1913 and Technica Letter Design

Guidance for Levee Underseepage ETL 1110-2-569 Our anayses considered

steady-state seepage and sope stability for end-of-construction rapid drawdown 100-

year flooding steady-state and pseudostatic cases as described in detafi in subsequent

sections In this report the term 1/100 AEP water eve is used interchangeably with

100-year water surface evation or 100-year WSE

Additionally in our anaysis an inside ow water evation was aso used The ow

water evation used in our anaysis was Eevation 2.0 feet The bw water eevation

was based on discussions with PB and KSN which indicated that an 8-foot head

differentia shoud be used for design which corresponds to water eevation of 2.0

feet This is the maximum head differentia that coud occur if the Smith Cana closure

device was cosed at ow tide 2.0 and 10.0 foot tide occurred in the San Joaquin

River
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HELD NVESTGATON

41 GENERAL

Our fled investigaflon for the evauaton of the subject evee consisted of the foflowng

actMfles

Review of Existing nformaton

Sfte Reconnaissance

Geomorphoogy Study

Fed Exporaton

Geotechnica Laboratory Tesfing

These acflvifles are described greater detafi bow

REVIEW OF EXSTNG NFORMATON

As described Section 3.2 we were abe to obtain hstorica aeria photographs of the

area since 1937 to assess site history over time Specfficafly we reviewed back and

white hstorica aeria photographs dated 1937 1940 1957 and 1963

4.2.1 Levee Construcflon History

Very htfle construction nformaton regarding the Dads Point evee avaVabe Based

on review of the hstorica aera photographs appears that the subject porfion of the

evee was constructed sometime prior to 1937

4.2.2 Levee Past Performance

To our knowedge no flooding seepage or instabflity at or near this evee section has

ever been reported This is not necessarHy unexpected since the water eve on either

side of the evee has aways been the same no head differentia
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4.3 STE RECONNASSANCE

We performed sfte reconnaissance of the Dads Point evee on September 24

October December 23 December 29 and December 30 2009 To assist in our

assessment of the existing conditions we noted the foflowing ements if present

during our reconnaissance

Surface geoogy

Evidence of evee setflement

Evidence of erosion

Evidence of excavation tiDing piping pacement of utility poles and other

surface features

Evidence of inadequate or poor evee maintenance

Evidence of breaching cracking ruts or depression

Evidence of seepage or sand boils at andshde evee toe

Accumuation of debris in the chann that may deflect floodwaters toward

the channe bank

Evidence of burrowing animas

Vegetation on the evee and creek bottom

We photographed and tabulated those areas of the levee where these items were

noted representative section of items photographed is presented on Pates 5A

through 5E

The surface of the evee crest is andscaped with awn various trees park benches

and concrete wakway that meanders aong the length of the evee According to

information provided by KSN the evee height ranges from approximatey 40 to 50 feet

on the waterside and about 10 to 18 feet on the andside
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stee pipe was observed coming out of the waterside sope of the evee between

Cross Sections D1D2 and E1-E2 and extending into the San Joaquin River The

pipe coud ony be seen during ow tides because the high tide eevations were greater

than the evation of the top of the pipe where it dayUghts out of the evee ope

According to City of Stockton records this is an abandoned sanitary sewer pipe

Other conditions observed induded

Vegetation trees brush and grass and scattered riprap and concrete

debris are present on the andside and waterside evee sope throughout the

ength of the evee

Levee crown is about 60 to 70 feet wide aong the ength of the ahgnment with

the northern tip being about 30 feet wide

4.4 GEOMORPHOLOGY REVIEW

We reviewed and compared historic topographic maps with current topographic maps

aerial photographs and geobgic and soD maps in order to identify andscape features

that coud impact the stabDity of the existing evee system and that could be used to

assist us in ocating future exporation points described in the subsequent fied

exporation section of this report Such features incude meandering stream channes

natura and artificia levees borrow pits marsh areas and springs

For this project sected historica and current topographic maps and aeria

photographs covering the project area were reviewed to identify such features

Documents reviewed induded back and white historica aerial photographs dated 1937

1940 1952 1957 and 1963 and USGS topographic maps dated 1913 and 1987 of the

Stockton 7.5-minute and Stockton West 7.5-minute quadranges respectivy We aso

reviewed regional and oca geoogic maps see Pate The resuts of our review are

discussed in Section of this report
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45 RELD EXPLORATION

As part of our State of Cafornia Department of Water Resources DWR evee

evauation contract No 4600008102 we perlormed fied exporation program to

evauate subsurface conditions aong the subject evees Our fied exporation program

consisted of two CPTs and two borings

Foflowing our DWR protoco our fied program consisted of performing two exporation

points aong the 600 feet of evee Each CPT was ocated adjacent boring to

confirm and cahbrate the resufts obtained AU exporations were ocated in the midde of

the evee aUgnment

To suppement the information gathered as part of our DWR project three additiona

borings were drifled through the evee crown These borings were drifled at ocaflons

between the previous expbration ocations for the primary purpose of performing vane

shear testing

Prior to performing or driVing the CPT5 and borings permits were obtained from the San

Joaquin County Environmenta Heath Department SJCEHD Aso Underground

Service Aert USA was notified at east two working days prior to performing the

exporations

CPT and boring ocations were surveyed by KSN or Keinfeder Latitude and ongitude

coordinates of our boring and CPT ocations were converted to northing and easting

coordinates based on the Caifornia Coordinate System Zone ifi 1983 North American

Datum The eevations were based on the NAVD88 Vertica Datum The approximate

ground surface evation for the borings drifled as part of our DWR work is shown on

the boring togs incuded in Appendix Pan ocations of CPT5 and borings are shown

on Pate Detafls of the CPT5 and borings performed are discussed beow

45.1 Cone Penetration Tests CPTs

We expored the site by CPT at two ocations aong the subject evee alignment CPT5

WR0828010C and WR0828 O11C were pushed on January 21 2009 on the evee

crest to depths of about 49.4 and 79.3 feet respectivy The CPTs were performed by
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Nadatek and Direct Sensing Inc NDS of Richmond CaUfornia CPT ogs are

incuded Appendix and the ocaUons are shown on Plate

NDS used Vertek Dgita 1.75 CPTU cone with seismic capacity aong wfth 30-ton

push capacity truck-mounted patform The Vertek equipment meets the ASTM 5778

Standard Test Method for Performing Eectronc FricUon Cone and Pezocone

Penetration Tesfing of Soils The cones have 10 square centimeters cm2 Ups and 150

cm2 frcUon sleeves and ncude porous filter and pressure sensor The cone and

porous filter are saturated under vacuum with gycerin to promote rapid equffibraUon

with sftu pore pressures Cones are advanced at the ASTM standard rate of two

cm/second Basehne readings are performed both before and after each push to

determine temperature and oad ceO drift The cone measures bearing fricUon seeve

and dynamic pore pressure at two cm intervas and this data potted rea-Ume and

recorded on laptop computer adjacent to the push patform Hoes were grouted upon

compeflon of each push with cement grout in general accordance with SJCEHD and

DWR crtera

Soil behavior type SBT SPT N60 energy ratio undrained shear strength and unft

weights are calcuated and/or are nterpretaUons generated by the CPT-Pro software

based on agorfthms presented in Robertson et aL 1986 Robertson 1990 and Lunne

etaL 1997

4.5.2 Exporatory Borings

We further expored the sfte by driVing two soil borings WR0828001B and

WR0828010B aong the evee alignment The borings were drified on March 25 and

26 2009 on the evee crest to depth of 100 feet Borings WR0828001B and

WR0828_002B were drified by Neil Anderson Associates of Lodi Cahforna Neil

Anderson drilled borings WR0828 001 and WR0828 002B using truck-mounted

CME-75 drifi rig and both 10-inch diameter h000w-stem auger and rotary wash

equipment

Three additional boilngs B-i B-2 and B-3 were aso drifled on the evee ahgnment

through the crest The borings were drifled on December 22 2009 to depths ranging
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from 12 to 2114 feet Borings B-i B-2 and B-3 were drifled by Precision Driffing of

Stockton CaUfornia Precision drifled the borings using truck-mounted CME 850 drifl

rig with 8-inch diameter hoflow-stem auger equipment

An engineer wfth Keinfeder maintained og of the borings visuaHy identified and

cassified soDs encountered in genera accordance with ASTM Standard Practice

2488 see Pate A-i in Appendix and obtained representative sampes of the

subsurface materias

During the drilling operations soD sampes were obtained using one of the foflowing

sampUng methods

Standard Penetration SpUt Spoon Samper 2.0-inch O.D 1.4-inch l.D

Punch Core Sampler 2.5-inch O.D
Thin waVed Shelby Samper 2.5-inch OD
Bag Sampes 1-ga Von pastic bag

The Standard Penetration Test SPT samper was driven 18 inches unless otherwise

noted into undisturbed soD using 30-inch drop of 140 pound caHbrated trip-hammer

Blow counts were recorded at 6-inch intervas for each sampe attempt and are reported

as uncorrected bow counts on the ogs The punch-core samper consisted of

wireUne system with 5-foot tong core barr that was used to core through the soD

The samper was advanced ahead of the cuffing head when coring

Down-hoe fied vane shear tests were aso performed in borings B-I B-2 and B-3 in

accordance with ASTM 2573 The vane shear tests were performed using 2% and

3.625 inch vanes in order to determine the undrained shear strength of the subsurface

soDs

Upon competion the 100-foot borings were backfilled with cement grout in genera

accordance with SJCEHD and DWR criteria and the excess cuttings and driVing fluid

were retained in drums and disposed of off site Borings B-i B-2 and B-3 were

backfifled to approximaty to feet beow the ground surface with bentonite hoe pug
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and the hoes capped with soil cuttings in accordance with SJCEHD criteria The

remaining soil cuttings were spread onsite

Soil samples obtained from the borings were packaged and seaed in the fied to reduce

moisture toss and disturbance and brought to our Keinfeder Stockton office for

laboratory testing

Upon competion of aboratory testing See Section 4.6.1 soil cassifications were

evaluated in genera accordance with ASTM Standard Practice 2487 and are

presented on the Log of Borings key to the Log of Borings is presented on Plate A-2

in Appendix The Logs of Borings are presented on Plates A3 through A7 in

Appendix

4.6 GEOTECHNICAL AND CHEMICAL LABORATORY TESTING

46.1 Geotechnica Laboratory Testing

Representative sampes obtained from the exporation boring program were tested at

our Keinfeder Laboratory in Stockton Cahfornia The foflowing tests with their

respective ASTM designations were performed for the subject site

Moisture ASTM 2216

Organic Content ASTM 2974

Atterberg Limits ASTM 4318

Sieve ASTM 422

Materia Finer Than 0.75mm No 200 Sieve ASTM 1140

Specific Gravity ASTM 854

Unconfined Compression ASTM 2166

OneDimensiona Consohdation ASTM 2435

The resuts of the geotechnica aboratory tests are shown on the boring og in Appendix

Detailed aboratory resuRs of the tests are presented in Appendix We note that

the DWR samping protocol while mosfly continuous rehes primarily on SPT and punch

core techniques which reduce the number of undisturbed samples availabe for strength

testing
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GEOLOGY AND GEOMORPHOLOGY

51 GEOLOGIC SETTING

The study area hes within the central portion of the Great Valley geomorphic province

The province is bordered to the north by the Cascade Range and Kamath Mountains

to the west by the structurally complex sedimentary and vocanic rock units of the Coast

Ranges to the east by the granitic and metamorphic basement rocks which form the

genfly oping western foothills of the Sierra Nevada Mountains and to the south by the

east-west trending Transverse Ranges About 645 km long and 80 km wide the Great

Valley is an asymmetrical syndhna trough formed by tflting of the Sierran block during

the ate Tertiary and Quaternary periods with the western side dropping to form the

valley and the eastern side uplifting to form the Sierra Nevada Mountains

The Great Valley is subdivided into the Sacramento Valley to the north and the San

Joaquin Valley to the south the Sacramento Valley is drained by the south-flowing

Sacramento River and the San Joaquin Valley is drained by the generally north-flowing

San Joaquin River The two rivers meet at the Sacramento-San Joaquin DeRa which

empties into San Francisco Bay uftimatey connecting with the Pacific Ocean via the

Goden Gate

Within the project area erosion of the adjacent Sierra Nevada Mountains and Coast

Ranges has in-filled the Great Valley with thick sequence of unconsohdated to semi

consohdated Quaternary Peistocene and Hoocene age alluvial basin and delta pain

sediments deposited by the Sacramento and San Joaquin rivers and their tributaries

The thickness of the valley sediments varies from thin veneer at the edges of the

valley to thousands of meters in the western portion The bedrock compex is hkey

composed of metamorphosed marine sediments simHar to those found in the foothills of

the western Sierra Nevada Mountains and the core of the Coast Ranges

The geoogy of this area has been mapped by several geologists induding Atwater

1982 Wagner et al 1991 and 1987 and Knudsen and Lettis 1997 few of these

maps are regiona maps containing generahzed compflations of mapping efforts by

other geoogists The genera geoogic conditions of this area are depicted on Plate

which is portion of the geologic map by Knudsen and Lettis 1997 According to the
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Knudsen and Lettis map the subject evee system Hes atop artificia fifi/dredge spofis

undivided afds This materia consists argey of soDs dredged from the San Joaquin

River However Dads Point appears to be remnant of portion of Rough and Ready

sand that was cut off in the eary 1900s when the Stockton Deep Water Channe was

excavated Prior to the dredge spoDs this ocation was Ukey underain by Late

Hoocene uvia floodpain deposfts undivided Qhfp which is described by Knudsen

and Lettis as deposits of abandoned oxbows channes and interdistributary basins

flood basins and basin rims dista uvia fans and ow natura evees

52 REGIONAL GROUNDWATER

The Caifornia Department of Water Resources 2003 identifies this area as the

Eastern San Joaquin Groundwater Subbasin which is one of severa groundwater

subbasins within the San Joaquin Vafley Groundwater Basin The Eastern San Joaquin

Subbasin is defined by the aeria extent of unconsoUdated to semiconsoUdated

sedimentary deposits that are bounded by the Mokeumne River on the north and

northwest the San Joaquin River on the west the Staniaus River on the south and

the consoUdated bedrock on the east This basin is underain by more than 1000 feet

of unconsofldated Quaternary age sediments Department of Water Resources 2003

Groundwater depths in the area surrounding the subject evee vary from feet to

around 17 feet based on historica groundwater data compfled by the Department of

Water Resources 2009 During our fid exporations groundwater was encountered

at depth of approximaty 17 feet beow ground surface

5.3 HSTORC GEOMORPHOLOGY

Dads Point is manmade peninsua on the San Joaquin River at the mouth of Smith

CanaL was created in the eary 1900s when the San Joaquin River was reaUgned

during the excavation of the Stockton Deep Water ChanneL Dads Point appears to be

remnant of portion of Rough and Ready sand that was cut off when the Stockton

Deep Water Channe was excavated The peninsua is now part of Louis Park Smith

Cana first appears on Corps of Engineers map dated 1898 appears to be man

made chann that Ukey coflected natura and irrigation drainage and diverted it to the

San Joaquin River
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Review and comparison of historic topographic maps with current topographic maps

aerial photographs and geologic and soil maps can be used to identify landscape

features that could impact the stabiflty of the existing levee system Such features

include meandering stream channels natural and artificial levees borrow pits marsh

areas and springs For this project selected historical and current topographic maps

and aerial photographs covering the project area were reviewed to identify such

features Documents reviewed included black and white historical aerial photographs

dated 1937 1940 1952 1957 and 1963 and USGS topographic maps dated 1913

and 1987 of the Stockton 7.5-minute and Stockton West 7.5-minute quadrangles

respectively The foflowing are the observations made during our review

Based on review of the historical aerial photographs and topographic maps

it appears that Dads Point was constructed between 1913 and 1937 The

channel does not appear on the 1913 USGS topographic map but is on the

1937 aerial photos

The subject levee was constructed on hydraulic dredge spoils within alluvial

flood plain deposits near the distal edge of the afluvial fan associated with

the Modesto Formation This area was relatively flat prior to construction

This portion of levee was originafly an inland portion of Rough and Ready

Island before the realignment of the San Joaquin River and excavation of

the Stockton Deep Water Channel

The documents reviewed did not indicate the presence of paleochannel or

marsh underlying the subject levee

Louis Park appears to have occupied the site since at least 1937
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SESMCTY

61 SESMC SETTNG

The site ocated region tradftionafly characterized by mnima sesmc actvfty and

few acflve faufts Therefore during the project design ife1 the project sfte wifi Uky

experience mnor earthquakes and possby major earthquake Moment magnftude

greater than TO from one or more of the adjacent active faufts The nearest mapped

fauft the ssmicafly inactive Stockton fauft The southwestward trending Stockton

fauft has been mapped to pass approxmatey 6% kUometers to the southeast of the

evee and shown as conceaed Peistocene fauft on the 1994 CaVforna State Fauft

map Jennings 1994 For major acUve fauFts the distance from the sfte and the

estimated maximum moment magnftude are summarized in Tabe 6-1

Tabe 61 Regona FaLilts and Sesmcty

Dstance Maximum

from Sfte Dfrecton Moment

Faut Name km from Sfte Magnftude

Great Vafley segment 30 South 61

Great VaUey segment 38 Northwest 65

Greenvifie GN 40 West 66

Greenvifie GN GS 40 West 69

Greenvifie GS 41 West 66

Mount Dabo 42 West 66

Foothifis Fauft System Bear Mountain Fauft 55 East 6.5

ConcordGreen Vafley CON 56 West 62

ConcordGreen Vafley CON GVN GVS 56 West 61

ConcordGreen Vafley CON GVS 56 West 66

Caaveras CC CN 58 Southwest 6.9

Caaveras CN 58 Southwest 6.8

Caaveras CN CC CS 58 Southwest 70

Great Vafley segment 61 South 6.6

Design life is assumed at 50 years
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Distance Maxmum
from Site Drecton Moment

Fault Name km from Site Magnitude

Great Valley segment 61 Northwest 6.6

Concord-Green Valley GVS 64 West 6.2

Concord-Green Valley GVN GVS 64 West 6.5

Foothills Faut System Melones Fautt Zone 64 East 6.5

Hayward-Rodgers Creek SH 69 West 6.7

Hayward-Rodgers Creek SH NH 69 West 6.9

Hayward-Rodgers Creek SH NH RC 69 West 7.2

Calaveras CC 70 Southwest 6.2

Calaveras CS CC 70 Southwest 6.4

Ortigallta 77 South 7.1

Hayward-Rodgers Creek NH 77 West 6.4

Hayward-Rodgers Creek NH RC 77 West
7.1

Concord-Green Valley GVN 77 West 6.2

West Napa 82 Northwest 6.5

Hunting Creek-Berryessa 92 Northwest 7.1

Monet Vista-Shannon 93 Southwest 6.7

Hayward-Rodgers Creek RC 96 West 7.0

Great Valley segment 98 Northwest 6.9

San Andreas SAP 100 West 71

San Andreas SAP SAN SAO 100 West 7.8

San Andreas SAS SAP 100 West 7.4

San Andreas SAS SAP SAN 100 West 7.7

San And reas SAS SAP SAN SAO 100 West 7.9

Great Valley segment 100 South 6.6

6.2 HSTORCAL SElSMlCTY

The project site and vicinity are ocated in an area characterized by low to moderate

seismicity number of earthquakes have occurred within the site vicinity during historic

time since 1800 Some of the significant regional earthquake events indude the 1866
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M6.0 West San Joaquin Vafley earthquake located approximately 51 km to the south

of the site the 1868 M7.0 Hayward earthquake located about 72 km to the west the

1881 M6.0 West San Joaquin Vafley earthquake located about 62 km to the south

and the 1980 M5.8 Livermore earthquake located approximately 40 km to the west

Other signfficant regional earthquakes include the 1858 M6.3 San Jose earthquake

the 1889 M6.3 Antioch earthquake and the 1911 M6.6 Calaveras fault earthquake

The database used in our historical earthquake search contains in excess of 5500

seismic events and covers the period from 1800 through January 2010 The

earthquake database is primarfly comprised of an earthquake catalog for the State of

California prepared by the Caflfornia Geological Survey The catalog contains

earthquake records from January 1900 through December 31 1974 Updates

prepared by the CGS in 1979 and 1982 extend the coverage through 1982 In addition

to the CGS updates the data for earthquakes that occurred during the period between

1910 through January 2010 has been obtained from composfte catalog by the

Advanced National Seismic System ANSS The ANSS catalog is worldwide

earthquake catalog which is created by merging the master earthquake catalogs from

contributing ANSS member networks and then removing duplicate events or non

unique solutions from the same event The ANSS network includes the Northern and

Southern California Seismic Networks the Pacific Northwest Seismic Network the

University of Nevada Reno Seismic Network the University of Utah Seismographic

Stations and the United States National Earthquake Information Service The

earthquake database also consists of earthquake records between 1800 and 1900 from

Seeburger and Bolt 1976 and Toppozada et al 1978 1981 In addition we have

also used the data from DMG Map Sheet 49 Toppozada et al 2000

The parameters used to define the limits of the historical earthquake search include

geographical limits within 100 km of the site dates 1800 through January 2010 and

magnitudes summary of the results of the historical search is presented

below
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Tabe 6-2 Summary of Hstorica Earthquake Search

KLE/NPELDER
Bright Popk Right Sohtirrrn

Time Period 1800 to January 2010 210 years

Maximum Magnitude TO

Approximate distance to nearest historica earthquake 40 km

Number of events exceeding magnitude within search area 126

Moment magntude

6.3 FUTURE EARTHQUAKE PREDCflON

2007 the Working Group on California Earthquake Probabilities WGCEP 2007 at

the U.S Geoogic Survey USGS predicted 63 percent or arger probability of

magnitude 6.7 or greater earthquake occurring in the adjacent San Francisco Bay Area

in the next 30 years More specific estimates of the probabilities for different faufts in

the Bay Area are presented in Tabe 6-3

Tabe 6-3 30-Year ProbabUty of Magntude 67 or

Greater Earthquake by WGCEP 2007

Faut
Mean ProbabHty Mm Max Probabflity

Percent Percent

HaywardRodgers Creek 31 12-67

NSanAndreas 21 6-39

Caaveras 22

San Gregorio

Concord Green Vafley

Greenvifle 24
Mount Diabo Thrust
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SURFACE AND SUBSURFACE CONDlTONS

7.1 GENERAL

The surface and subsurface condftions described beow have been umped into one

reach for the entire length of the subject levee The singe reach was determined

primarily based on

LftUe variation noted in geomorphoogy

Geoogy consistent in the study area

Adequate evee geometry and topographic features

Geotechnica interpretation of subsurface conditions

The reach evauated was from the southern end of the Dads Point Levee where sheet

pie waD is panned to be instafled due to freeboard concerns to the northern end where

another sheet pie waD is panned to be instafled as part of the proposed cosure

structure The northern sheet pHe waD shoud extend through the evee from the closure

structure to where the evee has at east 60 feet of crown width The distance between

the two sheet pfle waDs is unknown at this time but is tess than the 1600 feet of tota

evee ength

7.2 REACH

Based on the perpendicuar cross sections provided by KSN the evee height in Reach

varies from approximaty 40 to 50 feet on the waterside San Joaquin River side and

about 10 to 18 feet on the andside Smith Cana side The evee crown eevation is at

approximate evation 10 to 17 feet Landside evee toe evations range between

approximate evations -2 and feet The BFE shown on the pates prepared by KSN

is 9.9 feet so the maximum head above the andside toe is approximaty 11.9 feet

However for our evation we used design water evation of 100 so the maximum

head above the andside toe in our anaysis is 12 feet The evee crest width is

approximately 60 to 70 feet with the northern tip being about 30 feet wide The andside

and waterside sbpes are typicaDy between 1horizonta1vertica and 21
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Based on the soDs encountered in Keinfeders subsurface exporation programs the

subsurface conditions aong the evee ahgnment in Reach generafly consisted of ean

to fat cay and sift to depths of about 11 to 20 feet beow the evee crown underain by

organic sift to sift to depths of about 20 to 25 feet and ean day to depth of about 35

feet The near-surface fine-grained soils were underain by sandy sift silty sand and

poory-graded sand with interbedded ean day ayers to the depths expored
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GEOTECHMCAL EVALUATION

8.1 GENERAL

Our geotechnica evauation consisted of assessing the f000wing as per 44 CFR

Section 65.10

Sethement

Through-Seepage

Underseepage

Static Sope Stabihty

Seismic Sope Stability incuding hquefaction potential

The acceptance criteria we based our anayses on and the resuts of our anayses are

described in the f000wing sections

8.2 ACCEPTANCE CRTERIA

The foflowing section summarizes acceptance criteria for geotechnica evauation based

on the f000wing references

USACE EM 1110-2-1913 Design and Construction of Levees1 dated April

30 2000

USACE ETL 1110-2-569 Design Guidance for Levee Underseepage dated

May 12005

USACE SOP SPK EDG-03 Geotechnica Levee Practice Revision dated

April 112008

Tifle 44 Code of Federa Reguations 65.10 Mapping of Areas Protected by

Levee Systems
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8.2.1 Levee Cross Section Geometry

Per SPK EDG-03 USACE Sacramento Districts reference the minimum cross section

for new evees shoud have 31 waterside ope and 31 andside sope Existing

evees with andside sopes as steep as 21 may be used in rehabifltation projects if past

andside sbpe performance has been acceptabe ncreasing the height of an exisfing

evee to meet the 100-year pus freeboard water surface woud be considered

rehabflitation project Easements are necessary for maintenance inspection and

floodfight access

Per USACE EM 1110-2-1913 minimum 21 ope is required for both andside and

waterside opes Both SPK EDG-03 criteria and USACE EM 1110-2-1913 are provided

in Tabe 8-1

Tabe 8-1 Minimum Levee Cross Section Geometry

Criteria per SPK EDG -03
Per EM 1110-2-1913Dimension

Existing Levee New Levee

Levee Crown Width 20 12 20 12 10
feet

Landside Levee
21 minimum 31 minimum 21 minimum

Sope

Waterside Levee
31 minimum 31 minimum 21 minimum

Sope
minimum 20-foot wide crown for main me evees major tributary evees and bypass evees

minimum 12-foot wide crown for minor tributary evees

8.2.2 Design Water Surface Hevation

For the purpose of our anayses water eevation equa to the 100-year WSE was

seected as the design water surface evation WSE for both the steady-state seepage

and ope stabihty anayses

The design WSE for geotechnica evauation was provided by KSN to Keinfder and is

shown on the cross sections presented in Appendix The design WSE is abed on

the cross sections as being 9.9 feet However as discussed in Section 3.5 the
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design WSE used in our evauation was 10.0 feet in order to provide shghfly more

conservative evaluation of the subject levee

82.3 Freeboard Crfteria

Per 44 CFR Section 65.10 the minimum freeboard requirements are presented as the

following

For riverine levees

minimum freeboard of feet above the base flood must be

provided

An additiona foot above the minimum is required wfthin 100 feet on

either side of structures riverward of the evee or wherever the flow is

constricted

An addiflonal 14 foot above the minimum at the upstream end of the

evee tapering to not less than the minimum at the downstream end

of the evee is also required

Under no circumstances will freeboard of less than feet be

accepted

For coastal levees

The freeboard must be established at foot above the height of the 1-

percent-annual-change wave or the maximum wave runup whichever

is greater associated with the -percent-annual-change stillwater

surge elevation at the site

Under no circumstances will freeboard of less than feet above the

1-percent-annual-change stillwater surge elevation be accepted

For this project ocated within riverine environment the criteria have been sected as

00-year WSE pus feet of freeboard
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8.2.4 Underseepage Criteria

Levees constructed on ow permeability foundation soil silt and clay underain by

higher permeability sayer sand and gravel are susceptibe to piping and failure due to

underseepage during periods of high river stage Under these conditions seepage

travs horizontafly under the evee through the pervious ayer with reativy UtUe

piezometric head loss At the andside evee toe seepage is driven verticafly upward

through the ow permeability foundation ayer blanket due to the high tota head at the

bottom of the blanket Failure of the banket can occur by either uphft where the banket

materias are neary impervious and do not have enough weight to resist the pressure

on the bottom of the banket or by piping through banket consisting of low to non

pastic erodibe soils This condition can exist with as lithe as one order of magnitude

difference between the permeabiities of the blanket layer and the underlying more

pervious ayer

The risk of uncontrofled underseepage that coud ead to failure of levee increases as

the vertica seepage gradient through the landside confining banket ayer increases

is customary to cacuate the exit gradient average vertica gradient through the

confining banket ayer as the head toss through the banket divided by the banket ayer

thickness Cacuations can be performed in accordance with blanket theory as

presented in the USACE Levee Design Manua EM111O-2-1913 or using tota head

contours from finite eement FE anaysis programs2

Based on extensive evauations of past levee performance the USACE has devoped

criteria for acceptabe exit gradients general evees performed weD when exit

gradients average vertical gradients through confining banket are ess than the

prescribed criteria summary of USACE exit gradient criteria used in this geotechnica

evaluation is presented in the foflowing tabe

Additional underseepage references include CESPKED-G SOP EDG-03 Geotechnical Levee Practice

June 28 2004 and ETL 11 1O2-569 Design Guidance for Levee Underseepage May 2005
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Table 82 Aflowable Exit Gradients

Allowable Exit
Location

Gradients

Landside toe of levee 0.5

Bottom of empty ditch at landside toe 0.5

Bottom of empty ditch 150 feet landward of toe 0.8

Ditch between landside toe and 150 feet landward of toe Interpolate

Reference USACE EM 1110-2-1913 Section 8-16 Ditches Landside of Levee

AHowabe exit gradients are appicabe for 100-year WSE in this report Assumes

minimum saturated soH unit weight 112 pcf

82.5 Through-Seepage Criteria

Seepage through levee embankment can occur during periods of high river stage

Depending upon the duration of high water and the permeabiftty of embankment soD

seepage may exft at the face of the levee by passing directly through pervious layers in

the levee Under these condftions the stabflfty of the landside levee slope may be

reduced

In general any time seepage model indicates seepage on the face of the levee

steady state slope stability analysis should be performed to determine the influence of

through-seepage on slope stability The acceptance criteria for through-seepage are

either no seepage on the face of the levee or factor of safety FOS of at least 1.4

against slope failure under steady state seepage conditions for levees built of clay

However it is unacceptable if the phreatic surface exits through the landslide slope of

the levee if it contains erodible materials like silts and sandy silts For sand levees

51 landside slope is considered flat enough to prevent damage from seepage on the

landside slope

8.2.6 Factor of Safety Criteria for Slope Stability Evaluation

The USACE Engineering Manual EM 1110-2-1913 identifies four types of loading

conditions to be evaluated for slope stability analyses
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Case End of Construction This case addresses slope stability at the end of

construction of new levee or the mitigation for an existing levee requiring 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 This loading

condition assumes the construction will be completed in one stage

Case II Rapid Drawdown This case represents the condition where the water level

100-year WSE used in this study saturates majority of the waterside portion of the

embankment and then falls faster than the soil can drain The FOS must be greater

than .0 short duration flood stage to .2 long duration flood stage For locations

where levee fill is comprised of sand and silty sand we believe pore pressures will

dissipate and rapid drawdown analysis is not required per EM 1110-2-1902

Case Ill Steady-State Seepage from Full Rood Stage This condition occurs when the

water level remains at or near flood stage 100-year WSE used in this study thus fully

saturating the levee embankment soils and steady-state seepage phreatic surface

develops The FOS for this case must be greater than 1.4

Case IV Earthquake This case represents preUminary screening analysis not

addressed in detail in EM 1110-2-1913 Similar to the current DWR interim levee

design criteria for urban and urbanizing levees we have based our study on 200-year

return period earthquake event/motion typical winter water level was used in our

analyses to conservatively assess if the levee embankment might be susceptible to

large deformations during the design seismic event The typical winter water level was

assumed to be 2.0 NAVD 88 which has been used in the past in the site area and

was also estimated during our site visits The minimum required FOS for these loading

conditions are summarized in Table 8-3
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Tabe 8-3 Minimum Required Sope Stability Factor of Safety

KLEINFELDER
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Case Mrnmum Factor of Safety

Case End of Construction 1.3

Case Rapid Drawdown 1.0 to 1.2

Case ifi Steady-State Seepage 1.4

Case Earthquake Check for Uquefaction deformation

FOS chtera from USACE EM 111 O21 913

8.3 FREEBOARD AND SETTLEMENT ANALYSS

8.3.1 Genera

According to freeboard criteria as detailed in Section 8.2.2 the evee in this study

requires feet of freeboard above the 100-year WSE Based on the cross section

information provided by KSN the existing Dads Point evee aong the San Joaquin

River and Smith Cana meets this requirement with the exception of the eastern area

near Cross Section A1-A2 is our understanding that sheet pile waD is currenfly

planned to be instafled in the ow area with top eevation at least equa to the design

freeboard elevation in order to meet the required freeboard criteria The cross sections

in Appendix present the existing topography of evee and 100-year WSE for visua

comparison

Given that the existing evee either meets the freeboard requirement or wifl have

sheet pile waD instafled and no new fifl wifl be paced settlement due to oading from

evee raise was not considered in this evauation Weight of new evee fifl woud

increase the stress on the underying soils causing setfiement The magnitude of

settlement at the evee crown is common setfiement analysis scenario for levee

raises if required in the future setUement shoud be evauated based on the

components identified by cassica geo-mechanics astic and consohdation

setfiements Hastic setfiement commony caVed immediate settlement typicafly

appUes to compression of cohesioness soils sands and graves experiencing

neghgibe pore pressure change with stress change Consolidation setfiement typicafly
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apphes to cohesive sofis sifts and clays that compress in response to the dissipation of

pore pressures over reativey ong period of time

8.3.2 Analysis Resufts

As previousy mentioned the existing evee either meets the freeboard requirement or

wifi have sheet pHe waN instafled within the Reach area No new fiN is panned

Accordingly we did not perform setfiement anaysis because there are no panned

evee modifications at this time that woud cause any consohdation or astic setfiement

of the subsurface soHs The remaining anayses seepage ope stabiNty and seismic

evauation were aN conducted based on the existing evee crown evation

84 SEEPAGE ANALYSES

8.4.1 Study Cases

generahzed cross section representative of the subsurface conditions and evee

section geometry aong Reach of Dads Point was deveoped and evauated

Reach Cross section at Section C1C2 for seepage and stabflity

anayses

The cross section at Section C1C2 was seected because of the six cross sections

prepared by KSN Section C1C2 had the taNest andside slope and the toe at the

owest eevation The cross section aso has sopes on both the andside and waterside

which are comparabe to the rest of the reach

8.4.2 Seepage Anaysis Detais

Levee profHes have been used to deveop cross sections with generahzed subsurface

sofi ayering and materia properties representative of each reach The generaNzed

cross section may not represent specific borings at the cross section ocation but

represent critica features such as bathymetry thin banket ayer evation of andside

toe and ground surface 100 feet or more andward or thick layers of cean sand within

the specific reach
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summary of the permeabHity and anisotropy vaues used in the seepage anayses are

presented in Tabe 84 Further discussion of the seection of these permeabflfty vaues

is discussed in Appendix

The coefficients of permeabiflty given in Tabe 84 represent the anticipated properties

of the various materias under saturated conditions These vaues are seected based

upon

Unified SoD Cassification System and pubhshed empirica reationship

between soD type and the hydrauUc conductivity such as those presented by

Terzaghi and Peck 1967 and

Laboratory gradation anaysis resuts sieve analysis and Atterberg Limits

testing

Anisotropy vaues sected for our seepage analyses are shown in Tabe 84

Tabe 84 Summary of Seepage Parameters

Material No Horizonta
Anisotropy

SeepIW Soil Layer Permeability Kb Ratio

Mod cm/sec ft/day Ky/Kb

Fat Cay CH 1x105 0028 14

Silt ML 1x10 028 14

OrganicSiltiFatClay OH/CH 1x105 0028 14

Lean Cay CL 1x105 0028 14

Sandy Silt ML 1x104 028 14

Sandy Lean Cay CL 1x105 0O28 14

Silty Sand SM 4x104 t12 14

The permeability of materias typicafly decreases as the degree of saturation decreases

Hydrauic functions that reate unsaturated permeability to soil moisture suction and

percent saturation were used to mod the impact of saturation on permeability
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Steady-state seepage anayses were competed using SEEPiW finite ement program

SEEPIW version 7.12 This software was devoped by GEO-SLOPE nternational

Ltd 2007 Average vertica gradients through the banket ayers exit gradient at the

andside toe were estimated for 00-year flood event used in this evauation

8.4.3 Seepage Mode Boundary Conditions

Fixed-head boundary conditions set to the 100-year WSE were appiled to the verflca

waterside edge the boundary nodes of the waterside river bottom and waterside sbpe

of the evee This assumes potentia banket ayers beneath the river may be

penetrated by scour Nodes abng the bottom of the mod were moded as no flow

boundary zero tota flux boundary condition fixed-head boundary condition set to

the norma water surface elevation was used aong the vertica andside edge the

boundary nodes on the andside river bottom and landside slope of the levee To

reduce the impact of the assumed boundary conditions on the seepage anaysis resufts

the modes were extended approximaty 2000 feet andward from the centerhne of the

evee and about 700 feet from the centerhne on the waterside to represent the center of

the adjacent San Joaquin River The ements on the top of the model extending from

the landside evee hinge point to the norma water eevation on the andside sope are

modeed as potentia seepage surface These nodes are assigned zero tota flux

boundary condition that is automaticafly adjusted by the computer program to

constant head boundary based on the iterative resuFts of successive finite ement runs

The cacuated pressure head at each node is compared to the eevation head for each

iteration if the pressure head is positive at the node the node becomes constant

head node with head equa to the ground surface eevation thus aflowing water to seep

from the surface

8.4.4 Seepage Anaysis Resufts

The resuFts of the seepage anaysis for the 100-year WSE are shown graphicafly in

Appendix These pates show the mod geometry materia properties estimated

steady-state phreatic surface and computed tota head and vertical gradient contours

Exit gradients cacuated based on the computed tota head contours are aso shown ft
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near surface sons were moderately permeable but were underlain by low permeabflity

layer FOS against uphft would have been calculated in lieu of an exit gradient

Table 8-5 summarizes the results of the seepage analyses for the selected cross

section Based on the results of our seepage analyses the proposed levee meets the

criteria for underseepage Le 05 Because the levee flU is composed of clay and

head differential on the levee wifl only last the duration of high water events through

seepage is not considered concern

Table 8-5 Summary of Seepage Analysis

Reach Secton Ext Grathent

0.21

8.5 STATIC SLOPE STABILITY ANALYSIS

851 Slope Stability Analysis Details

The USACE Manual EM 1110-2-1913 indicates four types of loading conditions for

slope stability analysis Case End of Construction Case II Rapid Drawdown Case

Ill Steady-State Seepage at Full Flood Stage and Case IV Earthquake This section

discusses Cases II through Ill Case was not considered as part of this evaluation

because no levee modifications are currently planned other than sheet pile wall

Stability analyses for Case IV loading conditions will be presented and discussed later

in Section 8.6 Seismic Evaluation

Slope stability analyses were performed to evaluate the global stability of the levee

embankments Design parameters input into the slope stability models included the

existing levee geometry seepage analysis phreatic surfaces the approximate soil unit

weight and shear strength properties for the native and levee fill soils As discussed

further in Appendix drained and undrained strength parameters were developed

using correlations from SPT N160 blow counts CPT results field vane shear test

results and laboratory testing results
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For the purpose of evee safety shallow failure surfaces within the andside evee slope

that do not impact the evee crest are judged to be evee maintenance concerns and do

not affect evee safety For the purposes of this anaysis depth of feet was sected

as the Umiting depth for maintenance concerns Shallow failures ess than feet in

height are not addressed in this geotechnica evauation

Materia properties of the evee and underying soil were assessed based on the results

of our fied and aboratory testing program summary of material properties used in

the stability anayses is presented in Tabe F1 of Appendix

Slope stability anayses were conducted using the hmit equilibrium software program

SLOPE/W version 7.12 component of the GeoStudio 2007 suite The FOS against

andside sope failure was cacuated using Spencers method entry and exit search

routine and pore water pressures computed by SEEPIW Spencers method is two

dimensiona Umit-equilibrium method that satisfies force equilibrium of sHces and overall

moment equilibrium of the potentia sliding mass The inchnation of side forces between

vertica sUces is assumed to be the same for all sUces and is cacuated aong with the

FOS

This method uses the evee sope configuration unit weight and shear strength

properties of the evee and foundation materias and boundary and internal forces due

to water pressures After potential failure surface has been assumed the soil mass

ocated above the failure surface is divided into series of vertica slices Forces acting

on each sUce include the sUce weight the pore pressure the effective norma force on

the base the mobiUzed shear force including both cohesion and friction and the

horizonta side forces due to earth pressures

The FOS is cacuated by determining the ratio of the resisting forces cohesion and

friction aong the failure surface to the driving forces about the center of the assumed

failure surface The computer program was used to perform automatic searches of

different potentia failure surfaces that incuded tension cracks filled with water and to

compute the owest FOS corresponding to critical failure surface for particuar

condition
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Pore water pressure distribution under steady-state seepage conditions as computed by

the SEEP/W seepage anaysis was used in the steady-state seepage ope stabikty

anaysis For rapid drawdown sope stabihty anaysis two water tabes were required

high and ow water tabes The high water tabe was assumed to be the 100-year flood

event 100-year WSE and the ow water tabe was assumed to be the norma water

eveL

8.5.2 Stabflity Anaysis Resufts

The resuts of our anayses for the stabflity cases Cases through ifi are provided

graphicafly in Appendix and summarized in Tabe 8-6 These pates aso show the

mod geometry materia properties and the estimated phreatic surface The pbts

show FOS map in which red indicates the owest most critica FOS and bue

indicates the highest FOS The range of computed FOS is shown on each pate

band of the same coor indicates zone of equa FOS

Tabe 8-6 Summary of Sope Stability Anaysis

Factor of Safety

Waterside Landside
Reach Section Anaysis Condition Rapid Steady-State

Drawdown Seepage

Case Case

Existing condition 1.40 1.33

Assuming Sope Fails and
29

Scarp_s_flattened

Assuming Sope flattened
48

To_21_After_nitia_Failure

As previouy mentioned there are no pans to modify the evee which woud require an

End-of-Construction anaysis Case Accordingy Case anaysis was not incuded

as part of this evauation As shown in Tabe 8-6 the evee meets the minimum FOS

requirement for the Rapid Drawdown case Case

The evee does not meet the requirement of the Steady-State Seepage case Case ifi

with the existing conditions Since the evee is 60 to 70 feet wide and the most Ukey
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slip surface wifi only take out about 10 to 20 feet of the levee crown leaving 40 to 60

feet of crown an additional steady-state stabihty analysis was performed assuming the

most likely failure slope were to slough off This model assumed not only that the most

likely slip surface fails but also that the material which will slough off will buttress the

bottom of the slope and the steep scarp is flattened to 21 slope as part of the levee

maintenance This model still did not meet the minimum FOS criteria so another

steady-state stability analysis was performed which assumed that the whole slope from

the landside water surface elevation to the crown was flattened to 21 slope and the

sloughed off material still buttressed the bottom of the slope As shown in the table

above this analysis meets the minimum FOS criteria

It should be mentioned that the failure of the landside slope is unlikely as shown by

calculated FOS of .3 and that even if the slope were to fail there would be no loss in

flood protection because the design levee template would still be maintained within the

remaining levee section Accordingly we are not suggesting any modifications to the

existing slope It is our opinion that levee maintenance should be performed to dress

up the slope if localized failures occur

8.6 SEISMIC EVALUATION

8.6.1 General

This section presents the results of our seismic evaluation of the Dads Point levee

including liquefaction potential and potential deformation of the levee under an

earthquake event with 200-year return period 22.1% probability of exceedance in

50 years It should be noted that there are no formal published guidelines for seismic

evaluation of levees DWR has recently published draft document entitled Proposed

Interim Levee Design Criteria for Urban and Urbanizing Area State-federal Project

Levees dated May 15 2009 which indicates that for urban and urbanizing areas 200-

year ground motions are required for seismic assessments However DWRs

document contains no details about methodology or specific design criteria in terms of

liquefaction and/or acceptable/unacceptable levee deformations under seismic

conditions We also understand that USACE is developing guidance document on

this topic however no specific information is available at the time of this report
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summary of the methodoogy used for our seismic evauation is presented in detafi in

Appendix and is briefly described beow

8.6.2 Genera Methodoogy for Seismic Evauation

An outhne of the proposed genera methodology for preUminary seismic evauation of

the evees is presented on Rate G-1 in Appendix The proposed methodoogy can

be described as foflows

Site-specific probabUistic seismic hazard PSHA and deaggregation

anayses are performed to estimate PGA and associated magnitude of an

earthquake having return period of 200 years per the recenfly pubished

draft DWR document

Design groundwater evel for quefaction analyses is taken as the norma

water surface eveL

Liquefaction anayses are performed using the estimated PGA and

magnftude

if the FOS against Uquefaction is ess than tO for soD ayer post-

earthquake static ope stabihty anaysis is performed using undrained

residua shear strength for the potentiafly Hquefiabe ayer on

representative cross section if the post-earthquake static sope stabiUty

anaysis yieds FOS greater than then pseudo-static ope stabiUty

anaysis is performed to estimate the yied acceeration kg post-

earthquake static FOS of ess than or pseudo-static ess than or

equa to 05 times the PGA Le 05PGA indicates significant

deformations

Based on the resufts of the hquefaction and post-earthquake static and/or

pseudo-static slope stabDity anayses cross section is cassified into one

of the two Ukey scenarios significant deformation due to hquefaction
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induced flow Uquefacflon or large deformations due to 05PGA or

mited deformation

8.6.3 Liquefaction Potential

We performed Uquefaction analyses using PGA of 0.21 and magnitude of 665

Detafis regarding this analysis are presented in Appendix Table 8-7 summarizes the

resufts of our Uquefaction analyses using the CPT data obtained at two locations along

the levee

Table 8-7 Results of Liquefaction Analyses

CPT No Depths of PotentaUy Liquefiabe Thickness ft
USCS

Layers Beow Levee Crown ft Cassificaton

WR0828
21.1 to 24.2 29.3 to 32.5 44.6 to 3.1 3.2 0.1 ML SM

44.7 47 to 47.9 0.7 SM SP

27.4 to 28.5 29.8 to 30.0 30.6 to
ML SM

WR0828 O11C 30931 7to358372to397
61.Oto6l.8

8.6.4 Post-Earthquake Slope Stabihty Analysis

post earthquake static slope stability analysis was performed to estimate factors of

safety against flow faHure Row failure is liquefaction-related phenomenon which

occurs when the shear stress required for static equihbrium of soil mass is greater

than the shear strength of the soD in its liquefied state Sections are considered

susceptible to flow failure if FOS was less than 1.0 Once triggered the flow

liquefaction may produce large deformations in slopes Residual undrained shear

strengths Sr of the potentiafly liquefiable layers were estimated based on the lower

third value of Seed and Harder 1990 and used in the analyses as presented in Table

8-8 Therefore the post-earthquake static slope stability analysis was performed on

one section within Reach using the slope stability software SLOPE/W The post-

earthquake static slope stability analysis was performed on both landside and waterside

slopes of each section Results of the analysis in terms of FOS against flow failure for

each section are presented in Table 8-8
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Tabe 8-8 Factors of Safety for Post-Earthquake Stafic Sope Stabflity

N16o. for Residual Factors of Safety

Reach Section PotentiaUy Undrained

Uquefiabe Shear Strength Landside Waterside

Layers psf

9-11 200 1.27 1.36

Residual undrained shear strength is estimated based on lower third value of Seed and Harder 1990

Resufts of the post-earthquake static sope stabiHty anayses are presented on Pates

G-4 and G-5 Materia properties for each ayer used in the anayses are aso presented

on these pates

8.6.5 Pseudo-Static Sope StabiUty Anaysis

pseudo-static sope stabiUty anaysis was performed to evauate the seismic

performance of the evee sopes This evauation was performed by caIcuating the

yied acceration k3 during the design seismic event The pseudo-static sope

stabihty anaysis was performed on the andside and riverside sopes of the section at

Secflon C1-C2 using the ope stabihty software SLOPE/W version 7.12 Resuts

of pseudo-static sope stabihty analyses are presented on Pates G-6 through G-7 of

Appendix Resuts of our analyses in terms of FOS are presented in Tabe 8-9

Tabe 8-9 Resuts of Pseudo-Stafic Sope Stabflity

Pseudo-Statc Factor of Safety

Coefficient Landside Riverside

0.5PGAO.11 1.43 1.16

Resufts of the pseudo-static ope stabihty anayses show that for the riverside sope

at Section C1-C2 is greater than 0.11 for the andside ope It shoud be noted that

is greater than 0.5PGA and the PGA associated with an earthquake having return

period of 200 years Accordingy the evee should have limited deformation Case

Yield acceleration is defined as the horizontal acceleration that results in factor of safety of 1.0 in

pseudo-static slope stability analysis
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EMBANKMENT PROTECTION

As described previously the slopes of this portion of the Dads Point levee are covered

with vegetation and scattered rprap and concrete debris and are performing

satisfactorHy Flood flow velocftes are unknown for this project However would be

reasonable to assume that flood flow velocfties against the levee would be low to

moderate in the range of feet per second or less For reference informaflon

provided in the USACE Design Manual EM 1110-2-1601 Hydraulic Design of Flood

Control Channels ndcates that mean channel velocfties excess of feet per

second would be sufficient to nifiate scour or erosion of exposed fine sand channel

material Where flow velocity range from about to feet per second vegetation may

be adequate to protect the slopes The same manual indicates that exposed clay

embankments should be able restant to nflal erosion and scour for flow velocffies up

to feet per second The boring and CPT information suggests that porfions of the

upper levee fill materials consist of clays Addtonally no erosion was observed during

our site inspection and the waterside slope as shown on Plates 5A to 5E is generally

covered wfth extensive vegetation If it determined that the flood flow velocfles

should be greater than feet per second then the embankment should be protected

with stone rprap

SUMMARY OF ANALYSES

For our evaluation of the Dads Point levee we have performed settlement steady-state

seepage stafic and seismic slope stabihty including assessment of the liquefaction

potential of the site based on the exisfing levee section geometries Table 8-10

summarizes the results of our analyses based on this new levee elevation It should be

noted that the FOS shown Table 8-10 for Case Ill assumes that the landsde slope is

flattened to at least 21 slope if failure were to occur
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Factor Safety

1OOr

Reach Section
Satflement Grnt Endofontrucfon PseudotaVc

Case

Lands Waters Waters de Landsde Lan de Waters de

N/A 0.21 N/A N/A 1.40 1.48 1.27 1.16

Settement anayss was not performed because no evee modffications are panned

EndofConstrucbon anayss was not performed because no evee modfficaUons are panned

Factor of safety was estimated based on sesmc coefflcent of 0.11 05PGA
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MTlGAflON DESIGN AND GRADING RECOMMENDATIONS

9.1 GENERAL

As summarized in Section based on the resufts of our engineering anayses ft is our

opinion that the Dads Point Levee meets the acceptance crfteria of EM 110-2-1913 for

stability and seepage shoud aso be noted that aD construction recommendations

contained herein are dependent upon existing ground surface conditions remaining

unchanged Shoud there be future modifications to the evee excavations or owering

of the ground Keinfeder shoud be contacted to evauate the potentia impacts to the

area The foflowing design recommendations have not taken into consideration future

changes to the existing topography and/or and uses as no modifications are currenUy

panned It shoud be noted that the foflowing design recommendations are for genera

use ony and not for fina design

92 FLL CRTERA

9.2.1 Levee FiD Criteria

If the evee is modified in the future we recommend that materias used for evee

embankment fifl meet the requirements in Tabe 9-1

Tabe 9-1 Levee Embankment FIU Requirements

Steve Size ASTM
Fifi Reqwrements

percent passrng Test Procedure

Levee Embankment FUl

Liquid Limit Pasticity Index 200 inch D422/D4318

55 8P40 30 100

Organic Content

Less than percent D2974

American Society for Testing and Materias Standards atest edition

92459.G02/STO1ORO3IR2 Page 40 of 52 January 21 2010

copyright 2010 Kehifeder Revson dated March 11 2010

SJA-CEQ-25531



9.3 STE PREPARATION

9.3.1 Stripping and Grubbing

Prior to general site grading existing vegetation organic topsofi and any debris should

be stripped and disposed of outside the construction Umits Stripping depths should be

on the order of to inches over majority of the site or as approved onsite by the

geotechnical engineer The stripped material can be spread on the surface of the levee

landside slope after completion of construction Deeper stripping or grubbing may be

required where concentrations of organic soDs or tree roots are encountered during site

grading Topsofi or any other organic laden materials should not be incorporated into

any levee embankment

9.3.2 Existing Utihties Wells and/or Foundations

Except for the steel pipe observed coming out of the waterside slope of the levee

between Cross Sections D1D2 and E1E2 and extending into the San Joaquin

River our investigation did not encounter any active or abandoned existing utflity lines

weDs and/or foundations However if any of these are encountered during grading

they should be removed and disposed of off site as per the Project CivU Engineer

Existing wells should be abandoned in accordance with appllcable regulatory

requirements AD 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 21 or flatter to permit access for compaction

equipment

Per the City of Stockton the steel pipe is sewer pipe that extends from Atherton Island

to the Dads Point levee and outfalls into the San Joaquin River During construction

operations of the Smith Canal closure structure the pipe should be examined and

plugged to prevent water from the river seeping into Smith Canal during periods of head

differentials between the two waterways
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9.3.3 Subgrade Preparation and Compaction

Foflowing stripping and grubbing and/or over excavation of any soft/unsuitabe

materias we recommend aD areas to receive engineered flU be scarified to depth of

inches uniformy moisture conditioned to range between one percent and three

percent above optimum moisture content and compacted to at east 90% of the

maximum dry density as determined by ASTM Test Method 1557 Modified Proctor

AU engineered fiU paced and compacted as part of any future evee embankment

modification shoud meet the foUowing compaction criteria

Embankment FiU minimum 90% of the maximum dry density and between

one percent and three percent above optimum moisture content as

determined byASTM Test Method D1557 Modified Proctor

site grading is performed during or subsequent to wet weather the near surface sois

may be significanfly above the optimum moisture content This condition wifl hamper

equipment maneuverabHity and impede adequate compaction Where these conditions

occur disking to aerate chemica treatment repacement with drier materia

stabiUzation with geotextfle fabric or grid or other methods may be required to

facflitate proper compaction and assist earthwork operations

934 Construction Considerations

We do not anticipate excavation to be required for this project Hence

recommendations for temporary excavation incuding shoring bracing underpinning or

construction considerations reated as such are not provided in this report

9.4 PERMANENT SLOPES

94.1 Genera

if any evee improvements are panned we recommend that sopes be constructed of

engineered fiU at gradient no steeper than 21 and 31 on the andside and waterside
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slopes respectively We note that current USACE criteria for landside slopes is 31

However considering that our conservative model of flattened landside 21 meets the

minimum FOS criteria it is our opinion that the original guidelines of EM 111O21913

can apply The slopes should be constructed by overfilling and trimming back or by

track walking with sheeps foot compactor to provide firm well compacted slope

face

9.4.2 Key and Bench Requirements

It is unlikely that fills will be allowed on either slope due to environmental concerns If

fills are allowed relatively thin sliver fills may be used to modify the existing levee

slopes Accordingly new embankment fill placed on the existing levee slopes will not

require key into the existing levee slope or foundation On other SJAFCA levees

sliver fills were allowed on the landside slope provided the exposed slope was first

rolled with wheel compactor to create dents in the exposed surface

9.4.3 Erosion Control

To reduce the potential for surface erosion all exposed cut and fill slopes should be

vegetated with deeprooted perennial grasses or similar plantings as soon as practical

In areas where relatively weak or erodible soils are encountered on slope faces it may

be necessary to use some type of erosion control matting such as jute netting straw

mulch and/or waddles to help stabilize the slope surfaces until vegetation is well

established The project Civil Engineer should develop an erosion control plan to

address both short-term and long-term erosion concerns

Erosion control measures discussed above are for protection of the graded surfaces

only and are not necessarily sufficient for flow and/or wind/wave action that may occur
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10 LIMITATIONS

The concusions and recommendations of this report are for evauation and design

purposes for the Dads Point Levee evauation project as described in the text of this

report The concusions and recommendations in this report are invalid if

The assumed structura or grading details change

The report is used for adjacent or other property

Any other change is impemented which materially afters the project from

that proposed at the time this report was prepared

The scope of services was limited to the three borings and review of existing borings

and CPTs performed through the subject evee ft shoud be recognized that definition

and evauation of subsurface conditions are difficuft Judgments eading to condusions

and recommendations are generally made with incomplete knowedge of the subsurface

conditions present due to the hmitations of data from field studies The concusions of

this assessment are based on the subsurface exporations performed along the subject

levee and sbpe stability anaysis seepage modeling aboratory testing and visual site

observations of the Dads Point Levee

Keinfder offers various eves of investigative and engineering services to suit the

varying needs of different ckents Afthough risk can never be eUminated moredetailed

and extensive studies yied more information which may heap understand and manage

the evel of risk Since detailed study and anaysis invove greater expense our chents

participate in determining eves of service which provide information for their purposes

at acceptabe eves of risk The chent and key members of the design team should

discuss the issues covered in this report with Keinfeder so that the issues are

understood and apphed in manner consistent with the owners budget tolerance of

risk and expectations for future performance and maintenance
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Recommendations and concusions contained in this report are based on our field

observaflons and subsurface exporations hmited aboratory tests and our present

knowedge of this evee segment It is possible that sofl or groundwater condiflons

could vary between or beyond the points explored If soil or groundwater condftions are

encountered during construction that differ from those described herein the chent is

responsible for ensuring that Kleinfelder is notified immediately so that we may

reevaluate the conclusions of this report

Should there be any new construction planned for this levee segment as the

geotechnical engineering firm that performed the geotechnical evaluation for this

project Kleinfelder should be retained to confirm that the recommendations of this

report are properly incorporated in the design and construction This may avoid

misinterpretation of the information by other parties and wifi aVow us to review and

modify our recommendations if variations in the soH conditions are encountered As

minimum Kleinfelder should be retained to provide the foflowing continuing services for

any new site grading work

Review the project plans and specifications including any revisions or

modifications

Observe and evaluate the site earthwork operations to confirm subgrade

sofis are suitable for placement of engineered fifl

Confirm engineered fiU is placed and compacted per the project

specifications

Kleinfelder cannot be responsible for interpretation by others of this report or the

conditions encountered in the field

The scope of services for this subsurface exploration and geotechnical report did not

include environmental assessments or evaluations regarding the presence or absence

of wetlands or hazardous substances in the soil surface water or groundwater at this

site
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Shoud any new construction be panned this report and any future addenda or reports

regarding this site may be made avaHabe to bidders to suppy them with ony

the data contained in the report regarding subsurface conditions and

aboratory test resLilts at the point and time noted Bidders may not rey on

interpretations opinion recommendations or condusions contained in the

report Because of the limited nature of any subsurface study the contractor may

encounter condftions during construction which differ from those presented in this

report In such event the contractor shoud prompfly notify the owner so that

Kleinfelders geotechnical engineer can be contacted to confirm those conditions We

recommend the contractor describe the nature and extent of the differing condftions in

writing and that the construction contract incude provisions for deahng with differing

conditions Contingency funds shoud be reserved for potentia probems during

earthwork operations Furthermore the contractor shoud be prepared to hande

contamination conditions encountered at this site which may affect the excavation

remova or disposa of soil dewatering of excavations and heafth and safety of

workers

This report was prepared in accordance with the generafly accepted standard of

practice that existed in San Joaquin County at the time the report was written No

warranty expressed or impUed is made

is the CLiENTS responsibihty to see that aD parties to the project incuding the

designer contractor subcontractor etc are made aware of this report in its entirety

This report may be used ony by the chent and ony for the purposes stated within

reasonabe time from its issuance but in no event ater than three years from the date

of the report Land use site conditions both on- and off-site or other factors may

change over time and additional work may be required Based on the intended use of

the report KeinfeIder may require that additiona work be performed and that an

updated report be issued Non-comphance with any of these requirements by the chent

or anyone ese uness specificafly agreed to in advance by Keinfeder in writing wifi

rease Keinfder from any habflity resufting from the use of this report by any

unauthorized party
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