Geotechnical Report
For

Star Bend Setback Levee
Levee Disirict No. 1
Sutter County, California

Prepared by:
BLACKBURN CONSULTING, INC.

October 20, 2006

For:

Wood Rodgers, Inc.
&
Levee District No.1
Sufter County




West Sacramento Office: blackburn Main Office: {530) 887-1494
2437 Front Sireet = Sacramento, CA 95691 . consulﬂng 11521 Blocker Drive, Suite 10 = Auburn, CA 95603
[916) 375-8706 ~ Fax (916} 375-8709 Modesto Office: {209) 522-6273

Geotechnical = Construction Services = Forensics

File No. 788.1
October 20, 2006

Mr. Jeff Twitchell

Wood Rodgers, Inc.

3301 C Street, Building 100-B
Sacramento, California 95816
Ph. (916) 341-7760

Fax (916) 341-7767

Subject: Geotechnical Report
Star Bend Setback Levee
Levee District No. 1
Sutter County, California

Dear Mr. Twitchell,

Blackburn Consulting, Inc. (BCI) is pleased to submit this Geotechnical Report for the
Star Bend Setback Levee project along the west bank of the Feather River in Sutter
County, California. BCI prepared this report in accordance with our February 1, 2006
Professional Services Contract. .

Thank you for selecting BCI to be on your design team. i%eéall if you have questions
or require additional information. A

Sincerely;

Reviewed by:

Robert B. Lokteff, P.E., (G.E. W. Eric Nichols, C.E.G.
Principal Geotechnical Engineer Senior Project Manager

NO.2229 E D
CERTIEED &
ENGINEERING
GEOLOGIST /-

Copies: 3 Addressee




Geotechnical Report
Star Bend Setback Levee
Levee District No. 1
Sutter County, California

BCI Project No. 788.1 October 20, 2006
TABLE OF CONTENTS

1  INTRODUCTION ...corisicericnrsnnnnnnnennenmsnssnssssnsssessesssssessassansasesessesssesessssssssesss 1
L1 PUFPOSC.ntiiciitiitiiniiciscsiissssnasasssasassssssssssssensrsissesessssnsssassssessssssssssssssssassesssssssssssenssen 1
1.2 ScOPE Of SEIVICES virrririirisiccinsisensiescsisisinnessisrssersesssesssssssssssssessssssssesssssssssssasessessssessens 1
1.3 Project DescriPUON ...cccvsinicssisssssessesssnisensssssesessesssensssssesesssessssssssessssnsasssssasses 2
1.4 Site DESCIIPLION .overiiriiierisiriisiisisiisiaicsisneessnessesennsssssssssssssssssssssessssssesssssssessasessaes 3
2 GEOLOGY ncceneeiesemsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss &
2.1 Regional GeoloZY .u.cuiviiniinniniiisinenissicsiiecssincssnssssssssssessssssessssssnsssassssassssessesssesses 4
2.2 L0CAl GEOIOZY «..vvrerreririiiiiensiisisinesissssnnnnsssessessssessrssessssessessessessessssssssnsensensssssssssnes 4
3 SEISMICITY .ooiiiiiirinreinniscensnninnnsesnesnesseseesssssssnsssesssssssssessessessessssssssessesssnses 4
4 SUBSURFACE EXPLORATION AND LABORATORY TESTING......... 5
4.1 Exploratory Borings, CPT Probes and Test Pits .....ccccevvveerererereeresernsnsnssesseensansesssnsses 5
4.2 Sutter County SOl SUIVEY ....ocvviviriiirrennennieeectenereeessessesessesssssssssssssessssssessssssssssens 7
4.3  Ground Water ......evnesrsensssesassenses isrrsareassnssntsuisansnesnisnsesarsananesassaas . 8
S  PROPOSED SETBACK LEVEE MATERIAL .....ouevvvveritrerrereeneereneeessens 8
5.1 Existing Levee IMAterial.......ccocivicerennrenereninincnsessessesssssencssessessossessesessssessessasssnsssssasase 8
5.2 Nearby BOXTOW. ATEa c..cuiveivereeiinisensinsnnisninennnsesessnssssensssnesessssasssessesssssssessesesessssesssassnss 9
6 SEEPAGE ANALYSIS AND RECOMMENDATIONS ....ccocvverirnsnrreeennes 10
6.1 Historical Seepage Issues and MitiZation ......cccceeeereeeerreresrenneressessessoseesesnsassessssssens 10
6.2  USACE Studies / REQUITEIMEIIES ....ccvreverrerrrererersssesnsesssacsessessssessosssssassesssssesssssssonsans 10
6.2.1 Computer Analysis of New Levee Without Underseepage Mitigation ................ 10
6.2.2 Computer Analysis RESUILS........covvririreeiceint e 12
6.3 Underseepage MitiZation.....uucecvreiiressnisiinesnsnsessessreessssssessssssssesssssessssesssesssessesssses 12
6.4  Underseepage Cutoff Recommendations and ADalysiS.......coeeevvrerereiereerenerenssesenees 12
6.5  Pressure Relief Well AHErNAative .o.ucicvrereerereeninerernnsnesesessescssssseesessssssssssssssssessaons 13
6.6 Seepage Berm AIerNative......ciiviiverceninnisnnnenenenesnnesesesnessssssssssosssssssesessseresssesss 14
7  SLOPE STABILITY ANALYSIS .uirirereernnnnesiensessnsssessssssssssssossesesssosees 14
8  SETTLEMENT ANALYSIS ..crnininictnnnininecncenessesssssssssessesssssasssessessssesssesens 15
8.1 Immediate Settlement.......coeveieeriisiiiesisienseresinssessenesnssesessssesserssesesssssssssessssssssneseases 15
8.2 Primary Consolidation Settlement ........uvcriceeeerrvernisesseresseesessessessissssessessosssessessesnes 15
8.3  Liquefaction and Seismic SEttIemMent ......cccceeevererreresresereresrsesueessesenssessssesessesesesssss 16
9 CONSTRUCTION RECOMMENDATIONS ...covvererirrerressnnensenisnsseesesseraee 17
9.1 Site Clearing, Original Ground Preparation and Inspection Trench.................... 17

9.2 Li@VEE Flll.uuccciiiecireeiineriiiiennineeenssreieseerosesssssesesssesssssssssnssssstesssssnsssssssessssnsessassssnsssssns 18




Geotechnical Report
Star Bend Setback Levee
Levee District No. 1
Sutter County, California
BCI Project No. 788.1

October 20, 2006

TABLE OF CONTENTS (CONT.)

9.3  Seepage Berm Fill u..cuiivnviiiniiininiinniiieniniiiseinsisimsisisssisssnsesssnae
9.4  Pipes Through LEeVee ...
9.4.1 SOLL COTTOSIVILY 1vvevrrereireeeeieterteseit et enre et it et b e see e sas et e e ebeesseesabeessseeneeesnee saneeane

- 10 RISK MANAGEMENT ..ccivniiniiriiinnninnnimnninsineisniesssisesssisssisssenses

11 LIMITATIONS...ccoiviiniemnninnnienincienisesssessnisnsssmesissmesssssssmssssesnessasess

Figure 1 — Vicinity Map

Figure 2 — Site Aerial Photograph

Figure 3 — Site Photographs

Figure 4 — Site Map

Figure 5 — Sutter County Soil Survey Soil Types

Figure 6 — Data From California Department of Water Resources
Figure 7 — Preliminary Cross Sections

Figure 8 — Preliminary Cross Sections

APPENDIX A — Subsurface Investigation
Exploratory Borings and Test Pits

Notes to Boring and Test Pit Logs

Boring Logs

Laboratory Test Results

Cone Penetration Testing Procedure

Cone Penetration Test Data & Interpretation
CPT Logs

APPENDIX B — Laboratory Tests

Laboratory Test Summary, Samples From Exploratory Borings
Laboratory Test Summary, Samples From Existing Levee Fill
Laboratory Test Summary, Bulk Samples From Test Pits
Laboratory Test Results

APPENDIX C — Underseepage Analyses

Hydraulic Conductivity Estimations for Computer Analysis
Gradient Contours Without Mitigation

Gradient Contours With 40° Cutoff Wall, Sta. 0+00 to Sta. 20+00
Gradient Contours With 62’ Cutoff Wall, Sta. 20+00 to Sta. 36+00
Relief Well Analysis, Sta. 0+00 to Sta. 20+00

Relief Well Analysis, Sta. 20+00 to Sta. 36+00

Gradient Contours With Seepage Berm, Sta. 0+00 to Sta. 20+00
Gradient Contours With Seepage Berm, Sta. 20+00 to Sta. 36+00




Geotechnical Report
Star Bend Setback Levee
Levee District No. 1
Sutter County, California
BCI Project No. 788.1

October 20, 2006

TABLE OF CONTENTS (CONT.)
APPENDIX D - Slope Stability Analysis
Slope Stability Analysis Summary and Output

APPENDIX E — Settlement Analysis
Settlement Analysis Calculations




Geotechnical Report

Star Bend Setback Levee

Levee District No. 1

Sutter County, California

BCI Project No. 788.1 October 20, 2006

1 INTRODUCTION

1.1 Purpose

BCI prepared this Geotechnical Report for design and construction of the Star Bend
Setback Levee along the west side of the Feather River in Sutter County, California. This
report contains a description of the subsurface conditions, geotechnical analysis, and
design/construction recommendations for the new setback levee.

This report is intended for Wood Rodgers, Inc. (WRI) and Levee District No. 1 (LD1) of
Sutter County to use during design and construction. This report shall not be used or relied
upon by others, or for different locations or improvements without the written consent of

BCL
1.2 Scope of Services
To prepare this report, BCI:

1. Consulted with WRI’s Jeff Twitchell and Jonathan Kors to determine the project scope
and design alternatives.

2. Consulted with LD1’s Bill Hampton to obtain information regarding historical
performance of the existing levee at Star Bend.

3. Consulted with Henri Mulder with the U.S. Army Corps of Engineers (USACE),
Sacramento District regarding design and construction requirements.

4. Reviewed the following documents:

e USACE engineering manuals (EMs) and Sections 120 and 123 of the California Code
of Regulations (CCR 120 and 123) pertaining to levee design/construction.

e Site Plan and Topo Map of the Star Bend area provided by WRI.

e Log of Explorations for Borings 2F97-1, 2F-97-4, 2F-97-11, 2F-97-17, 2F-97-18 and
2F-97-19 prepared by the USACE for the PL.84-99 Phase IlI, Relief Wells —LD1,
Feather River at Star Bend project in 1997. These borings were located just north of
the Star Bend Levee Setback project area.

Page No. 1




Geotechnical Report

Star Bend Setback Levee

Levee District No. 1

Sutter County, California .

BCI Project No. 788.1 October 20, 2006

e Sheets C-15 and C16 “Site 10, Plan and Profile, Sta. 4+00 to Sta. 13+00” and Sheet C-
32 “Miscellaneous Details” prepared by the USACE for the Sacramento River Flood
Control Phase II Levee Reconstruction and dated March 13, 1998. These plans show
drainage improvements at the landside toe and crest raising at Star Bend within the

current project area.

5. Performed a subsurface investigation at the site consisting of six exploratory borings
along the proposed setback Ievee alignment and existing levee, three cone penetrometer
tests (CPTs) along the proposed levee alignment, and twelve test pits in a potential
borrow site on the riverside of the existing levee near the south end of the project area.

6. Performed laboratory tests on soil samples obtained from the exploratory borings and
test pits. '

7. Performed seepage, settlement and slope stability analysis.
1.3 Project Description

LD1 of Sutter County plans to construct about 3,400 lineal feet of setback levee on the
west side of the Feather River at Star Bend about 8 miles south of Yuba City, California.
The new levee will be located at least 1,500 feet east of the main river channel. A Vicinity
Map is presented as Figure 1. An aerial photograph of the project area is presented as

Figure 2.
WRI told us the following:

e The setback levee is intended to serve as a flood damage reduction measure,
eliminating one of the weakest sections of the Feather River right bank levee currently
maintained by LD1 of Sutter County between Yuba City and the river’s confluence

with the Sutter Bypass.

e The setback levee will improve the hydraulic characteristics of the Feather River by
reducing flow velocities and the hydraulic gradient near Star Bend by as much as 0.7 to
0.8 feet during high water conditions.

e The setback levee will also function as an ecosystem restoration measure by restoring
over 30 acres of river riparian corridor habitat, and creating a contiguous corridor
habitat to the adjoining O’Conner Lakes and Abbott lake wildlife and recreation areas.

The setback levee will be designed and constructed in accordance with reqliirements set
forth in applicable USACE engineering manuals and CCR Standards. The levee will be
about 24 feet tall with a minimum crest width of 20 feet.
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In accordance with current USACE requirements, both the waterside and landside slopes
will be 3:1 (horizontal to vertical). The levee will be constructed to provide a minimum 3
feet of freeboard relative to the 1957 design flood levels.

Fill material for the setback levee is planned to primarily consist of soil from the existing
levee supplemented as necessary with soil from a nearby borrow site (located between the
existing levee and river, near the south end of the project limits) and potentially a borrow
site(s) that is yet to be determined, or by amendment with a clay admixture. Material from
‘the nearby borrow area was used to construct the new levee at Shanghai Bend located

about 5 miles north of Star Bend.

We understand that the first phase of construction will most likely consist of clearing,
original ground preparation, excavation of the inspection trench, construction of a slurry
cutoff wall and possible construction of relatively small portions of the new levee where it
ties into the existing levee. LD1 of Sutter County plans to construct the remainder of the
levee (Phase 2) the following year. However, it is possible that the entire project (Phase 1
and 2) could be constructed during one full construction season.

1.4 Site Description

Land use in the project area is primarily agricultural. The new levee alignment extends
through working orchards. Groundcover in-between trees consists of sparse to dense,
knee-high seasonal grasses. Irrigation lines and standpipes are located throughout the
proposed project area. - Photographs of existing conditions are presented on Figure 3.

A ditch extends near-parallel to the existing levee on the landside. The ditch is located
about 80 to 200 feet from the landside toe, is up to 6 feet deep and 50 feet wide and
overgrown with brush and trees. We understand that the ditch was constructed over 20

years ago to intercept underseepage from the existing levee.

With the exception of the ditch described above, the ground surface is relatively level with
an elevation of 43 ft. MSL (above mean sea level) + 1 ft.

Irrigation distribution facilities are located landside of the existing levee near the bend of
the levee, and a pressure relief well pump station is located on the landside of the existing

levee at the north end of the project area.

A limited number of agricultural houses are located within 1,000 feet of the proposed
landside toe of the setback levee alignment. The closest is about 400 feet from the toe.

The existing levee is about 24 feet tall with 2:1 (horizontal to vertical) side slopes. During
our field investigation we did not observe any obvious signs of slope instability or
detrimental erosion on the existing levee.
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Figures 2, 3 and 4 show the features described above.

2  GEOLOGY

2.1 Regional Geology

The site is located within the Great Valley geomorphic province of California. The Great
Valley (an elongated and essentially flat lying area) extends 400 miles north and south,
separating the Coast Ranges on the west from the Sierra Nevada on the east. Itisa
northwest trending structural trough that was formed by the westward tilting of the Sierra
Nevada block against the eastern flank of the Coast Ranges. Beginning about 200 million
years ago, sediments derived from the mountains to the east and west have continually -
filled the Great Valley. The depth of the sediments is estimated to be up to 10,000 feet.

2.2 Local Geology

At the project site, the California Geological Survey' maps the surface materials west of
the existing levee as Pleistocene age Modesto Formation consisting of undifferentiated
terrace deposits of poorly consolidated gravel, sand, silt and clay. The thickness of this
unit can vary 10-200 ft across the valley floor. East of the existing levee, surface materials
are mapped as Holocene age natural levee and channel alluvium consisting of
unconsolidated gravel, sand, silt and clay associated with floodplains and active stream
channels. These deposits can vary significantly in grain size and texture depending upon
location and depositional environment.

3 SEISMICITY

The project is located in an area of low seismic activity. No active faults are mapped
within the immediate site vicinity and the site is not located within an Alquist Priolo
“Earthquake Fault Zone” for fault rupture hazard. The nearest active (defined as producing
surface rupture within Holocene time) fault is the Prairie Creek-Spenceville-Deadman
Fault, located approximately 16 miles east of the site. Caltrans® (California Seismic
Hazard Map, 1996) indicates a maximum credible earthquake magnitude (Mw) of 6.5 for

this fault.

Low-level ground shaking from seismic activity in the region should be anticipated. Using
probabilistic procedures provided by CGS?, the peak horizontal ground acceleration (PGA)
with a 10% probability of being exceeded in 50 years is approximately 0.18g for this site.

! Geologic Map of the Chico Quadrangle, Map No. 74, 1992.

2 California Seismic Hazard Map, 1996.
* Seismic Shaking Hazards in California (http://www.consrv.ca.gov/cgs/rghm/pshamap/pshamain. htmi).
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4 SUBSURFACE EXPLORATION AND LABORATORY TESTING

BCI performed a subsurface exploration program to determine the soil and ground water
conditions underlying the site and to obtain samples for laboratory testing. The
exploration program consisted of the following:

e Two exploratory borings to 63 feet and three cone penetrometer tests (CPTs) to depths
of 75 feet along the new setback levee alignment. Spacing of the borings and CPT
probes along the alignment was about 600 to 800 feet. One of the CPT probes was
located relatively close (within 150 feet) of an exploratory boring in order to
confirm/correlate soil types.

e Four exploratory borings to depths of 26Y% to 76% feet on the existing levee crest.

e Twelve test pits to depths of 8 to 18 feet within a potential borrow site located between
the existing levee and river at the south end of the project limits.

BCI performed moisture content, dry density, grain size analysis, Atterberg limits,
maximum density and optimum moisture content, unconfined compression, triaxial
compression, and pH, minimum resistivity, sulfate content on representative soil samples
obtained from the borings. Laboratory test results are presented in Appendix B.

Approximate locations of the exploratory borings, CPTs and test pits are shown on Figure
4. Descriptions of drilling, sampling, CPT and excavating methods; along with boring,
CPT and test pit logs are presented in Appendix A. Logs showing detailed soil
descriptions, approximate soil type boundaries and laboratory test results are also included

in Appendix A.
4.1 Exploratory Borings, CPT Probes and Test Pits

Table I contains the generalized subsurface conditions along the new levee alignment
based on our exploratory borings, CPT probes and laboratory tests.
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Table I
Generalized Subsurface Soil Conditions Along Setback Levee Alignment

Depth - - ' Seil Type

Upper 5° | Silt and Silty Clay (soft to firm, moist)

5’ to 10° | Silt, Silty Clay and Lean Clay (firm to hard, moist to wet)

Variable layers of Fine to Medium Silty Sand and Sandy Silt (loose to medium

1071020 dense, wet) and Silt, Silty Clay and Lean Clay (very stiff to hard, moist to wet)
Sta. 4+00: Silty Clay and Lean Clay (hard, moist) :

20’ to 35° | Sta. 4+00 to Sta. 34+00: Fine to Coarse Sand and Silty Sand (loose to medium
dense, wet)

Sta. 4+00 to 20+00: Fat Clay and Elastic Silt (hard, moist), with minor zones of
Silty Sand (dense, wet)

35°-60°
Sta. 2000 to Sta. 34+00: Fine to Coarse Sand and Silty Sand (medium dense, wet),
with gravel below 40’

60’ to 70’ | Lean Clay and Fat Clay (hard, moist), with minor zones of Sand / Silty Sand (dense,
wet)

70’ to 75° | Fine to Coarse Sand, Silty Sand and Gravelly Sand (dense, wet)

Based on our exploratory borings, the existing levee was constructed of local soil, and
primarily consists of firm to hard silt, sandy silt, silty clay, lean clay and medium dense to

dense silty fine sand.

Table II contains the generalized subsurface conditions we encountered in the test pits
excavated in the potential borrow area located near the south end of the project area

between the existing levee and river.

Table II
Generalized Subsurface Soil Conditions in Nearby Borrow Area

. Depth ' Soil Type

Upper 6° | Sand / Sllty Sand (loose, moist, fine to medium grained sand)

6 1o 8’ Sandy Silt (soft to firm, moist, non-plastic to low plasticity fines, fine sand), with
zones of decaying organics

8’ to 127 | Silt/ Elastic Silt (firm, moist, medium plastlclty fines)

12° to 18” | Silt/ Silt with Sand (soft to stiff, moist to wet, low plasticity fines, fine sand)
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4.2 Sutter County Soil Survey

The United States Department of Agriculture (USDA)* maps the following near-surface
soils in the project vicinity (see Figure 5). '

Table 111
USDA Soil Mapped in the Project Area

I Soil Name I Map Symboll

The Soil Survey indicates a range of engineering properties for each of these soils, which
are presented in the following table.

Table IV
USDA SOIL ENGINEERING PROPERTIES
. Depth . X Unified Soil Percent Passing Sieve Liquid |Plasticity
Soil Name (inches) Soil Texture Classification 4 | 10 | 40 [ 200 Limit Index

- Source: USDA Natural Resources Conservation Service

* Web Soil Survey (http://websoilsurvey.nrcs.usda.gov/app/).
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The Sutter County Soil Survey indicates that:

e The Conejo loam (124) and Shanghai fine sandy loam (161) have “moderately high”
saturated hydraulic conductivity (9 micrometers per second).

e The Shanghai silt loam (166) has a “moderately high” saturated hydraulic conductivity.

e The Holillipah loamy sand (134) has a “high” saturated hydraulic conductivity (92
micrometers per second).

4.3 Ground Water

We observed ground water in all six of our exploratory borings drilled in April and May
2006 along the new and existing levee alignments at depths of 8 to 11 feet below the

existing ground surface (35 to 32 feet above MSL).

Data collected by the California Department of Water resources over the last 60 years for
Well No. 13NO3E02HO001M located near the north end of the project area, indicates that
the ground water level at the well location typically fluctuates between 16 and 10 feet
below the surface (27 to 33 feet above MSL). The data indicates that levels reach as high
as 6 to 4 feet below the surface (37 to 39 feet above MSL) every three to ten years.

- Data for Well No. 13NO3E02H001M is presented in Figure 6.

S PROPOSED SETBACK LEVEE MATERIAL

There are two current applicable requirements for new levee material:

e CCR 120 states that “Impervious Material” must be used to construct new levees.
Impervious Material is defined in Section 120 as a soil with > 20% passing a No. 200
sieve (fines fraction), a liquid limit < 50, and plasticity index > 8.

e Section 6.5.5 of USACE, (SOP) EDG-03, Sacramento District states that levees should
be constructed of material with > 20% passing a No. 200 sieve (fines fraction), a liquid
limit <45, and plasticity index > 8 and <40.

5.1 Existing Levee Material
BCI’s laboratory tests on samples from exploratory borings B1, B2, B3, and B4 indicate

that the existing levee material meets the fines fraction and liquid limit requirements for
the above criteria. However, test results on soil from three of the four borings indicate that
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there are some zones of soil with a plasticity index ranging from 5 to non-plastic. BCI’s
tests on composite samples from the upper 20 feet of ex1st1ng levee fill resulted in
plasticity indexes ranging from 6 to 13.

Based on the above, selective grading and blending of the existing levee material and
potential amendment with borrow soil having a higher plasticity index (or amendment with
a clay admixture) will be necessary to produce fill meeting the plasticity index
requirements of CCR 120 and SOP EDG-03 for levee fill.

BCTI’s subsurface investigation of the existing levee material was limited to four borings.
If the existing levee material is to be used for new levee fill, we recommend additional
sampling and testing to better determine the extent of selective grading and blending, and
if import or admixture is necessary. For planning purposes, we recommend that an import
volume equal to at least 10% of the total new levee volume be assumed.

Based on our laboratory tests, we estimate a cut-to-fill volume decrease of less than 5% for
the existing levee material. This estimate is based on limited information. Actual volume
change may vary depending on factors such as differing soil conditions, stripping losses,
over-compaction and under-compaction. '

5.2 Nearby Borrow Area

The upper approximately 8 feet of soil from the nearby borrow area shown on Figure 4
consists of sand, silty sand and sandy silt with non-plastic to low plasticity fines. We
encountered zones of organics at depths of about 6 to 8 feet. Based on the above, the
material in the upper 8 feet does not meet the criteria of CCR 120 and SOP EDG-03 for

levee fill.

From about 8 to 12 feet (and in some cases down to 15 feet), the soil is predominantly silt
and elastic silt that meets the fines fraction and plasticity index requirements of CCR 120
and SOP EDG-03. However, the liquid limit of 6 of 10 samples tested in this zone ranged
from 46 to 57, which is greater than the 45 required by SOP EDG-03. Therefore, the silt
and elastic silt will need to be mixed with some of the overlying sand, silty sand and sandy
silt (or less plastic existing levee material) in order to produce material meeting the liquid
limit requirements. We estimate that at least 10%, and as much as 30% of the overlying
sand, silty sand, sandy silt or less plastic existing levee material will be required to produce
material meeting the CCR 120 and SOP EDG-03 criteria. The actual amount will need to

be determined during grading.

Our laboratory tests indicate that the silt and elastic silt from 8 to 15 feet has a moisture
content significantly higher (about 10% to 20% higher) than the optimum moisture content
based on ASTM D 698. Therefore significant aeration and/or mixing with drier material
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will be necessary to produce material with a moisture content within an acceptable range
for proper compaction. ’

We estimate a cut-to-fill volume decrease ranging from 10% to 20% for import from the
borrow area due to the relatively loose condition of the sand, silty sand and sandy silt
overburden, and high moisture content of the underlying silt and elastic silt.

6 SEEPAGE ANALYSIS AND RECOMMENDATIONS

6.1 Historical Seepage Issues and Mitigation

Based on our discussions with LD1’s Bill Hampton, significant underseepage has occurred
historically within the Star Bend area. Past mitigation consisted of the following:

e A seepage collection ditch was constructed over 20 years ago. Collected water was
pumped back over the levee into the river.

e A landside toe drain was constructed by LD1 in 1986 along the North-South reach
of the levee due to seepage extending out past the collection ditch. The drain
reduced, but did not eliminate the seepage. The USACE upgraded the North-South

toe drain in 1998.

e The USACE constructed pressure relief wells north of the Star Bend project area.
We understand the wells are spaced about 50 feet apart. Water is collected in a
concrete-lined v-ditch and pumped back over the levee into the river. We
understand that some seepage has continued to occur in the area of the relief wells.

6.2 USACE Studies / Requirements

Studies performed by the USACE indicate that there is a high potential for heavy
underseepage (capable of causing sand boils) if the calculated landside exit gradient
exceeds 0.5. Therefore, the USACE, Sacramento District defines the threshold design exit
gradient downstream of the landside slope as 0.5 (Standard Operating Procedure EDG-03

dated July 7, 2004).

6.2.1 Computer Analysis of New Levee Without Underseepage Mitigation

BCI performed seepage analysis for the new levee using Version 4.23, SEEP/W finite
element software. We used the soil profiles and hydraulic conductivity values shown
below in Tables V and V1. The profiles are based on the generalized subsurface soil
conditions shown in Table I in Section 4 of this report. A basis for the hydraulic
conductivity values is provided in Appendix C.
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Table V
Seepage Analysis Generalized Profile and Parameters
Sta. 0+00 to 20+00
Vertical Horizontal
: Hydraulic Hydraulic
Soil Profile Soil Type Conductivity Conductivity
’ “ft/hr ft/hr .
- (cm/sec) - (em/sec)
. . s 3.0e-4 1.2e-3
New Levee Fill Stiff to Hard Silt/Silty Clay (2.5¢-6) (1.0e-5)
. N 1.2e-1 4.7e-1
E "
0to 10 feet Soft to Firm Low Plasticity Silt (1.0e-3) (4.06-3)
. . 0.59 2.4
-3k ok .
10 to 35 feet Loose to Medium Dense Sand (5.0e-3) (2.0e-2)
C o 1.2e-4 4.7e-4
35 to 70 feet Hard Fat Clay/Elastic Silt (1.0-6) (4.06-6)
0.59 2.4
sfesesfesk .
70 to 75 feet Dense Sand (5.0e-3) (2.0¢-2)
Table VI
Seepage Analysis Generalized Profile and Parameters
Sta. 20+00 to 36+00
Vertical Horizontal
. Hydraulie -Hydraulic
Soil Profile Soil Type Conductivity Conductivity
ft/hr ft/hr
(cm/sec) {(cm/sec)
. . it 3.0e-4 1.2e-3
New Levee Fill Stiff to Hard Silt/Silty Clay (2.5¢-6) (1.0e-5)
. e s 1.2e-1 4.7e-1
* .
0to 10 feet Soft to Firm Low Plasticity Silt (1.06-3) (4.0e-3)
. 0.59 2.4
ok
10 to 60 feet Loose to Medium Dense Sand (5.0-3) (2.06-2)
e 1.2e-4 4.7e-4
60 to 70 feet Hard Fat Clay/Elastic Silt (1.0-6) (4.06-6)
0.59 2.4
etk
70 to 75 feet Dense Sand (5.0e-3) (2.0e-2)

*Lower 5 feet of this layer contains discontinuous lenses of firm to hard silt, silty clay and lean clay.
*#Upper 20 feet of this layer contains discontinuous lenses of Silt, Silty Clay and Lean Clay.

**% Contains minor, lenses of Sand and Silty Sand.
*#%% Contains lenses of Silty Sand and Gravelly Sand.
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The generalized soil profiles shown above are relatively conservative, however realistic
under some portions of the new levee. Based on our subsurface exploration through the
existing levee and the Sutter County Soil Survey, the generalized profiles in Tables V and’
VI not only underlie the existing levee, but the area upstream of the existing levee, and
likely for some distance downstream.

We used a flood-stage water depth of 21 feet based on the design flood elevation of
approximately 64 feet MSL and existing ground elevation of approximately 43 MSL. As
required by USACOE, we used steady-state seepage conditions in our analysis.

6.2.2 Computer Analysis Results

Using the data outlined above, our computer analysis indicates an exit gradient of 0.61 to
0.64 located 15 to 20 feet from the landside toe during flood stage. Figures 1 and 2 in
Appendix C show the gradient contours. Based on our computer analysis results, USACE
design criteria, and past history of seepage issues in the area, we recommend underseepage

mitigation for the new levee.
6.3. Underseepage Mitigation

Typical underseepage mitigation for levees consists of vertical cutoff walls, seepage berms
and pressure relief wells. Section 5-2 of USACE EM 110-2-1913 states that a cutoff is the
most positive means of eliminating seepage problems, and CCR 120 requires that a cutoff
be constructed where a pervious substratum underlies the proposed area for a new levee.

Based on the above, we recommend a cutoff wall to mitigate underseepage on this project.
We present our cutoff wall recommendations and analysis in the following section. We
also present alternatives for pressure relief wells and seepage berms. However, these
alternatives will not provide as high a level of seepage mitigation as a cutoff wall, and
would likely cost more to construct and maintain.

6.4 Underseepage Cutoff Recommendations and Analysis

Our subsurface exploration indicates that a relatively pervious, 25 to 60-foot-thick layer of
Sand / Silty Sand underlies the project area starting at a depth of about 10 feet below the
surface (see Tables V and VI). Based on CCR 120 criteria, a cutoff through the sand and
extending into the underlying less-pervious soil is required.

Based on our experience and current levee practice in the area, a minimum 4-foot-wide
soil-bentonite slurry wall is likely the best cutoff alternative due to the relatively deep
extent of the pervious stratum. Based on our generalized soil profiles, we estimate the
following minimum cutoff depths:
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Minimum Estimated Wall Depth

Station
Sta. 0+00 to 20+00 40 feet
Sta. 20+00 to 36+00 62 feet

We used SEEP/W to model the levee with a cutoff wall extending to the depths
recommended above. The analysis indicates that the cutoff reduces the gradient at the
landside toe to less than 0.10. Our results are shown on Figures 3 and 4 in Appendix C. A
preliminary cross-section of the new levee with a cutoff is shown on Figure 7.

A protective fill cap should be constructed on top of the cutoff wall as shown on Figure 7.
6.5 Pressure Relief Well Alternative

We used the method presented in USACE, EM 1110-2-1914 to estimate the spacing and
discharge for pressure relief wells extending to the bottom of the pervious layer. Our
analysis indicates the depth, spacing and discharge in Table VII to reduce the uplift
gradient to < 0.5 midway between the wells during the design flood elevation of 64 feet

above MSL.

Table VII
Pressure Relief Well Recommendations
L Well Depth | Well Diameter | 2Ximum | Single Well
Station (t.) (Inches) Well Spacing Discharge :
: : : ) (cfm) -
0-+00 to 20+00 35 8 70 7.1
20+00 to 34+00 60 8 70 14.2

Our analysis data and spreadsheets are presented in Appendix C. A preliminary cross-
section of the new levee with relief wells is shown on Figure 7. Based on current levee
design practice, we used 5 feet for the distance from the landside toe-of-slope to the relief
wells, and a v-ditch depth of 2 feet. We conservatively used 1 foot for the distance from
the river-side toe-of-slope slope to the seepage inlet location due to the relatively high

permeability of the semi-impervious top blanket of silt.

A concrete lined v-ditch or enclosed-pipe collection system and pumping facility should be
designed to receive and dispose of the collected water. Grain size distribution information
from our laboratory testing should be used to design the well filter pack and screen size.

Page No. 13




Geotechnical Report

Star Bend Setback Levee

Levee District No. 1

Sutter County, California

BCI Project No. 788.1 October 20, 2006

Relief wells are prone to clogging and require maintenance to remain operational, and
underseepage may migrate through undetected pervious soil strata and bypass the wells.
Therefore relief wells do not provide as high of a mitigation level as the cutoff described in

the previous section.

6.6 Seepage Berm Alternative

A landside seepage berm would mitigate heavy seepage and potential sand boils near the
landside toe of the new levee. However, seepage could still occur near the toe of the berm
during flood stage events, and therefore may not be appropriate given the relatively close
proximity to existing residences. A seepage berm would also require a significant increase
in the amount of borrow needed for the project.

USACE, SOP EDG-03 requires a minimum seepage berm width of four times the
maximum levee height, and a maximum exit gradient at the toe of the berm of 0.8.

We performed computer analysis for a 100 long landside seepage berm using SEEP/W
computer software. As shown in Figure 5 and 6 in Appendix C, the exit gradient at the toe
of the berm ranges from 0.48 to 0.58, which is less than the 0.8 required by the USACE.

7 SLOPE STABILITY ANALYSIS

We evaluated slope stability of the proposed setback levee for the following three design
conditions:

e (Case 1 — End of Construction
e (Case 2 — Sudden Drawdown
e (Case 3 — Steady State Seepage

For all design conditions, we used the WINSTABL v.3.0 program to analyze slope
stability of the proposed setback levee. For our analysis, we used the Simplified Janbu
Method of Slices to analyze randomly shaped failure surfaces.

Based on results of our slope stability analyses, we present the following table showing the
calculated factor of safety with respect to the required factor of safety for each design case.

Design Case Design Conditon Caleulated Required
Factor of Safety Factor of Safety*
1 End of Construction 1.31-1.37 1.3
2 Sudden Drawdown 1.30-1.36 1.0-1.2
3 Steady State Seepage 1.40-1.42 1.4

* As outlined in "Design and Construction of Levees", USACE EM 1110-2-1913, April 2000.
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Our calculations indicate that slope stability of the proposed setback levee meets the
required factor of safety for each design case as outlined in USACE Engineering Manual
EM 1110-2-1913. Based on our analysis and the long-term performance of the existing
levee with 2:1 side slopes, we expect that the proposed setback levee with 3:1 side slopes

will be appropriately stable.

We include a summary of our slope stability analysis and graphical output from the
stability trials for each design case in Appendix D.

8 SETTLEMENT ANALYSIS

We calculated levee embankment loads using an embankment height of 25 ft. to evaluate
immediate and long-terni consolidation settlement. We evaluated settlement based on

~ levee embankment cross-section geometry consisting of a 20 ft. wide embankment crest
with 3:1 (horizontal:vertical) side slopes. We used a unit weight of 130 pounds per cubic
foot for the new levee fill. We modeled a 100 ft long section of levee to evaluate
immediate settlement. For consolidation settlement, we conservatively used an equivalent

width of 100 ft in our analysis.
We include our settlement calculations in Appendix E.
8.1 Immediate Settlement

A minor amount of “immediate” ground settlement will occur during levee fill placement.
We calculated immediate settlement in the range of % to 2 inches beneath the highest
portion of the levee embankment. This relatively small amount of settlement should not
cause noticeable distress to the existing levee during construction.

We determined immediate ground settlement based on “elastic” theory using laboratory
test results and correlation with in-situ test data. For our analysis, we estimated the
stress-strain modulus (Es) for granular and cohesive soils based on published correlations
with SPT data and used the weighted average E; within the depth evaluated. We neglected
settlement below the depth at which a “hard” stratum was encountered (i.e., where Es in the

hard layer is about 10E; of the adjacent upper layer).
8.2 Primary Consolidation Settlement

Based on our analysis, we estimate primary consolidation settlement at this site to be on
the order of ¥ to 3 inches beneath the highest portion of the levee embankment. To
provide the design freeboard, the new levee should be overbuilt by at least 3 inches to
account for long-term settlement.
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Pre-consolidation pressures and over consolidation ratios are variable, both vertically
within individual test borings and horizontally. Therefore, we estimated the pre-
consolidation pressure and over consolidation ratio of various soil layers by applying the
Sw/P (undrained shear strength over effective overburden stress) relationship to field (SPT)
and laboratory test data. For our analysis we assumed an average normally consolidated

(Su/G’vo)ne ratio of 0.33 (Schmertmann, 1978).

We determined primary consolidation settlement based on results of laboratory tests and
correlation with in-situ test data. We estimated the modified compression index (Ce)
value of individual soil layers based on correlation to the natural moisture content of the
s0il [Cge = 0.006(w-12)]. In the over consolidated range, we adopted a modified
recompression index (C,) value equal to 20% of Cg for our analysis.

We used the modified compression index (Cg) to calculate settlement of normally
consolidated soil layers (i.e., OCR = 1) and the modified recompression index (C) for
over consolidated soils. For sandy layers and layers with an OCR greater than 5, we
neglected consolidation settlement.

8.3 Liquefaction and Seismic Settlement

Liquefaction is a secondary effect associated with seismic loading. It can occur when
- relatively loose, granular (typically less than 35% fines), saturated soils (generally within
about 50 feet of ground surface) are subjected to ground shaking.

Based on soil types we encountered in the borings completed for this study, very loose to
medium dense granular soils in the range of soil texture and consistency potentially
susceptible to liquefaction below the encountered groundwater levels are present at this

site.

We evaluated the potential for liquefaction at this site using soil classification test data and
“Standard Penetration Test Analysis” (Simplified Procedure) consistent with National
Center for Earthquake Engineering Research (NCEER) 1996 Workshop liquefaction
evaluation criteria. We evaluated the CPT data using an in-house spreadsheet program
consistent with NCEER liquefaction evaluation criteria. We used a horizontal acceleration
at ground surface of 0.18g for our analysis. We show liquefaction analysis results in

Appendix E.

We identify a potentially liquefiable layer in Boring 5 within the upper 20 ft of ground
surface between elev. 19+ and elev. 31+, For this 12 ft thick layer, we calculated factors of
safety against liquefaction between 0.6 and 1.0. We estimated liquefaction settlement of
the granular layers using simplified procedures outlined in “Geotechnical Earthquake
Engineering” (Steven L. Kramer, 1996) to be in the range of 4 to 6 inches.
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We consider the potential for seismically induced ground distress (e.g. liquefaction,
“densification, settlement, lateral spreading, etc.) to be slight at this predominantly flat,
low-seismicity site. Therefore, no special mitigation measures are recommended.

9 CONSTRUCTION RECOMMENDATIONS

Where referenced in this report, use ASTM D 698 test methods to determine relative
compaction and optimum moisture.

9.1

1)

2)

3)

4)

3)

6)

Site Clearing, Original Ground Preparation and Inspection Trench

Remove all structures, pipes, drains, wells, standpipes etc. from the area proposed
for the new levee alignment. Abandon wells in accordance with the appropriate
regulatory requirements.

Strip off the upper 1” of soil from the new levee area and remove all plants, shrubs,
brush, and trees. Removal should include the root system, which will be extensive
due to the orchards present within the alignment. Widen and remove loose soil
from all depressions made by vegetation removal as necessary to allow for
subsequent backfilling and compaction equipment.

Remove all brush, trees and loose soil from the existing seepage ditch where the
proposed levee will cross over the ditch, and a minimum 100 feet past the toe of the

setback levee.

Excavate a minimum 12-foot wide inspection trench centered on the hinge point of
the river-side slope (see Figure 7). The trench should extend to a minimum depth
of 6 feet below original grade. Remove all roots, pipes, drains, etc. exposed by the

inspection trench.

Scarify all areas within the levee footprint area (including the drainage ditch, areas
widenend for vegetation removal and inspection trench) to a depth of 8”. Moisture
condition the scarified soil to within 1% below to 2% over the optimum moisture
content and compact to a minimum 97% relative compaction.

Backfill all depressions including the seepage ditch and inspection trench with
native silt, sandy silt, silty clay, clay or import soil meeting the following criteria:

100 % passing the 3” sieve

90% to 100% passing the No. 4 sieve

At least 70% passing the No. 200 sieve

Liquid limit less than or equal to 50

Shall not contain organics, debris or other deleterious material
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Place fill in maximum 6” thick lifts, moisture condition to within 1% below to 2% over
optimum and compact to a minimum 97% relative compaction.

9.2 Levee Fill

Levee fill shall consist of the existing levee material, blended and amended as necessary
with import soil and/or clay amendment to meet the following criteria:

100 % passing the 3” sieve

90% to 100% passing the No. 4 sieve

At least 20% passing the No. 200 sieve

Liquid Limit < 50

Plasticity Index > 8 <40

Shall not contain organics, debris or other deleterious material

Place fill in maximum 6” thick lifts, moisture condition to within 1% below to 2% over
optimum and compact to a minimum 97% relative compaction.

Bench fill into the existing levee a minimum of one foot for every foot of fill placed, or as
necessary to remove loose material and provide proper compaction along the zone of

transition.

See Section 5 for conclusions and recommendations regarding the use of existing levee
material and soil form the nearby borrow source and cut-to-fill volume change estimates.

9.3 Seepage Berm Fill

If a landside seepage berm is constructed, fill material should consist of fine sand, silty
sand or sandy silt that meets the following criteria:

e 100 % passing the 3” sieve

e  90% to 100% passing the No. 4 sieve

e No more than 70% passing the No. 200 Sieve

e Liquid limit less than or equal to 50

e Plasticity Index less than or equal to 5

e Shall not contain organics, debris or other deleterious

Place seepage berm fill in maximum 6 thick lifts, moisture condition to within 1% below
to 3% over optimum and compact to a minimum 90% relative compaction.
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9.4 Pipes Through Levee

Pipelines placed through the new levee should be constructed in accordance with Title 23
of the California Code of Regulation. Backfill may consist of on-site, native soil or import
meeting the criteria in Section 9.2. Backfill shall be placed and compacted in accordance

with Section 9.2

9.4.1 Soil Corrosivity

BCI performed corrosion tests on two composite soil samples obtained from the existing
levee fill, which should be similar to the soil used to construct the new levee and backfill

pipeline trenches. We present the results in Table VIII.

Table VIII
Corrosion Test Results
: - : Minimum .
Sample PH Resistivity | ,C(hl."ll;;;‘e S(ulflz:lt)e :
- = ' (ohm-em) | PP PP o
Bulk 3 / Boring B3
0 to 20 feet 7.07 3,480 8.2 12.2
Bulk 4 / Boring B4
0 to 20 feet 7.09 2,570 14.3 15.0

Based on the above, the existing levee material does not pose a significant corrosion
. potential to buried concrete or metal pipes. A Corrosion Engineer should be consulted to
determine if corrosion protection is necessary.

10 RISK MANAGEMENT

Our experience and that of our profession clearly indicates that the risks of costly design,
construction, and maintenance problems can be significantly lowered by retaining the
geotechnical engineer of record to provide additional services during design and

construction. For this project, BCI should be retained to:

e Review and provide comments on the civil plans and specifications prior to

construction.

e Monitor construction to check and document our report assumptions. At a minimum,
BCI should monitor grading, trench backfill, and aggregate base compaction.
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e Update this report if design changes occur, 2 years or more lapses between this report
“and construction, and/or site conditions have changed.

If we are not retained to pyerform the above applicable services, we are not responsible for
any other party’s interpretation of our report, and subsequent addendums, letters, and

discussions.
11 LIMITATIONS

BCI performed services in accordance with generally accepted geotechnical engineering
principles and practices currently used in this area. Where referenced, we used ASTM or
Caltrans standards as a general (not strict) guideline only. We do not warranty our

services.

BCI based this report on the current site conditions. We assumed the soil and ground
water conditions encountered in our borings, CPT probes and test pits are representative of
the subsurface conditions across the site. Actual conditions between explorations could be

different.

Our scope did not include evaluation of on-site hazardous material or biological pollutants.
" Please contact BCI if you would like an evaluation of one or more of these potentially

damaging issues.

Logs of our exploratory borings and test pits are presented in the Appendix A. The lines

designating the interface between soil types are approximate. The transition between soil
types may be abrupt or gradual. Our recommendations are based on the final logs, which
represent our interpretation of the field logs and general knowledge of the site and

geological conditions.

Modern design and construction are complex, with many regulatory sources/restrictions,
involved parties, construction alternatives, etc. It is common to experience changes and
delays. The owner should set aside a reasonable contingency fund based on complexities

and cost estimates to cover changes and delays.

Page No. 20




Geotechnical Report

Star Bend Setback Levee

Levee District No. 1

Sutter County, California

BCI Project No. 788.1 October 20. 2006

Exploratory Borings and Test Pits

BClI retained Taber Consultants to drill and sample Borings 1 through 4 and Gularte &
Associates to drill and sample Borings 5 and 6. Drilling was performed using truck-
mounted drill rigs. Borings were advanced using 4” diameter solid flight augers until
ground water was encountered. The remainder of each boring was advanced using the
mud-rotary method. Soil samples were obtained by driving 2” diameter Standard
Penetration and 3” O.D. Modified California Samplers equipped with brass liners into the
ground with the force of a 140-pound hammer falling approximately 30 inches. We
sealed the samples and delivered them to our laboratory for testing. We also obtained
soil samples for laboratory testing and reference. BCI’s Geologist James Robbins logged
the borings and directed the sampling.

Test pits were excavated with a John Deere backhoe using a 2’-wide bucket. Bulk
samples were obtained from the borings, sealed in plastic bags and delivered to BCI's
laboratory for evaluation and testing. The test pits were backfilled with the excavation
spoils, which were tamped into placed with the backhoe bucket. BCI’s Geologist James
Robbins logged the test pits. .

Notes to Boring and Test Pit Logs

The lines designating the interface between soil types are approximate. The transition
between soil types may be abrupt or gradual. Our recommendations are based on the
final logs, which represent our interpretation of the field logs and general knowledge of
the site and geological conditions, The blow counts shown on the logs are not corrected
for sampler size or overburden.




BORING NO. 1-06

BORING NO. 1-06

REGISTERED CIVIL ENGINEER

PLANS APPROVAL DATE

S April 5, 2006 DEPTH feet (Continued from Previous Column)
EL.66.0ft=0 N 1D GR SA FI LL Pl MC DD PP 30.0 ft N ID GR SA FI LL PI MC DD RP Blackburn Consulting, Inc.
o Sp POORLY GRADED SAND, SP: (Dense); dry; gray ’ i - - %433 Front St"f‘ﬂ CA 95691
0.51ft 60% medium to coarse sand; 40% gravel 31211 ‘SILT IML;' _tVer)éysiIr“; m0|sd(; yellowish brown; 95% est Sacramento,
" ow plasticity, s TiIne san .
20Q-500 gsi
LEAN CLAY, CL: Very stiff; moist; brown; fine f File No. 788.1
sand; some angular to subrounded gravel s50# ¢ 2.8 Wood Rodgers Inc
A . A 3
T 21 Bi-12 NP |38 B G NO. 1-06 3301 C Street, Building 100-B
O?fIN p Col Sacramento, CA 95816
[ Continued from Previous Column
ML DEPTH feet ( )
50.0 it N ID GR SA FI LL P| MC DD PP
41 B1-13
CL
/3&81—] 8438|1516 [119p4.5 23 BI-13 21 -0
30|94 |
ot+- 4. . 4lAt-r-< - — — — — —
19 B1-2 15 pi-14 a1l g
POORLY GRADED SAND, SP: Medium dense; wet; At 64.0—feet dense
| | | olive; fine to medium sand
SP
ot 4 ~m———41——p-4 " -"—-—— — — —
POORLY GRADED SAND, SP: (Medium dense); 49 B1-1
moist; olive brown; 95% fine to medium sond; 5%
SP non—platic fines B
30 B1-3 13|98
"ot+-—4t+\r-—-11|1T- -] " —— — — —
SANDY SILT, ML: Stiff; ist; dark ish g
fine sond; slight Org;nicrronglosr arke grayish brown At 68.0—feet some subongular to subrounded gravel
12 gi-4 4.5
ML | |
B/a381-22
Ealha?
ot~ m—|44 ] "-—-"——— —
SILT. ML:  Stif; moist; dark gray, medium - 79 pi-
plasticity fines;thin lenses of lean clay
- 21 B1-5 4.5 15 BI-15 23|98 |
93| 7 BT~ (1=l == e e et s e R R S ==
SP I SILT. ML: (Very stiff); moist; dark gray;, low
n ri—a 22103[3.5 plasticity
|| ML
46 BI-H4 4.0
76.5 ft
7 B.O.H.
19 FI—7 9644113 3:5 32 Bi-16 NOTES:
- N P W " - AL " - S
A CONSISTENGY CLASSIEICATION 1. .Fleld.clossmcchon of soils w?s in accordance with ASTM D 2488-00 "Description and Identification of
i = Forsois Soils (Visual—Manual Procedure)”.
—_— 2. Standard Penetration tests were performed in occordance with ASTM D 1586—99 using a hammer
10 BI-8 2.5 23 p-11 N G TGRS Beneats et operated with an automated drop system. Drill rods were 1 5/8—inch diameter "A"—rods; sampler was driven
ML Levee Flil B N with brass liners.
BOftA == T 17T T 1T " Foundotion Soil 1 3. "2.5 inch sampler”: ID=2.5 inch, OD=2.9 inch. Driven in same manner as SPT ("1.4 inch”) sampler.
. SPT —— _seT . 4. The length of each sampled interval is shown graphically on -the boring log. Whole number blow counts
(E;o:r\s/;lll:,t) rene (élm:\s/;’l‘;:) Eobinsive ("N") represent the "stondard penetration resistance” interval in accordance with ASTM D1586—93. Where
i less than 1 foot of penetration is achieved, the blow count shown is for that fraction of the "standard
0-4 Very Loose <2 Very Soft penetration resistance’ interval actually penetrated.
] 51__‘:?0 ';(i:\fm = g:; str': 5. Groundwater surface (GWS) elevations in the borings indicated on the Log of Test Boring Sheets refiect
31-50 | Dense T oe-1s | st the fiuid level in the borings on the specified date.
19 BI-8 24118 25(97 >50 | Very Dense 16-30 | Very Stiff 6. Groundwater surfac: elevations are subject to seasonal fluctuations and may occur at higher or lower
A 93| 7 >31 Hord elevations depending on the conditions at any particular time.
- 7. Boring elevations were estimated based on topography provided by Wood Rodgers, Inc.
8. Boring was drilled using 4—inch solid stem cuger to 23 feet depth then 4—inch rotary wash to full depth
15 BI-10) 35|82 At 27.0—feet lean clay of boring.
9. Boring was grout buckfilled at completion with o mixture of Portland Cement and water.
28.0 ft—4 e e e i ol e e s RS e e R T el s S R R e 10. Boring was drilled by Breece Franks of Taber Consultants using a CME 75 drill rig. Boring was logged by
SILT, ML: Very stiff; moist; yellowish brown; 95% James Robbins of Blackburn Consulting. Boring was drilled on April 5, 2006.
ML low plasticity, 5% fines; 5% fine sand LEGEND: 11. Consistency of soils is shown in () where estimated.
GR G l, weigh si h " si d retained the No. 4 si . " ..
B i : ravel, percent by weight passing the 3" sieve and retain on the No sieve % California Modified Sampler and blow count.
- SA 2 weigh i the No. 4 si d rewai No. i 3
(Continued Next Column) (Continued Next Column) Sand, percent by weight passing the No sieve and rewgined on the No. 200 sieve
Fl Fines, percent by weight passing the No. 200 sieve.
- - Stondaord Penetrometer Sampler and blow count.
LL Liquid Limit.
P Plasticity Index (Liquid Limit minus Plastic Limit).
MC Laboratory determined moisture content in percent of drv weight. 200-500 Dsig 3—inch Shelby Tube and psi to push into soil.
VERTICAL SCALE " 2, SM Combined field visual identification and/or laboratory classification.
- N Number of blows to drive sampler lost 12—inches of 18-inch interval. Y4 Water Level.
p o
NP Nonplastic. B.0.H. Bottom of Hole.
D Sample identification.
2 B BRIDGE NO.
DRAWN BY | M. D. Robertson J. B. Robbins PREPARED FOR STAR BEND LEVEE SETBACK
PROJECT ENGINEER

DESIGN OVERSIGHT

CHECKED BY R. B. Lokteff
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pate __April 2006

Levee District No. 1
of Sutter County
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BORING NO. 2-06 BORING NO. 3-06 REGISTERED CIVIL ENGINEER
DEPTH fest April 6, 2006 April 6, 2006
ee DE f
EL.66.0%ft=0 N _ID GR SA FI LL PI MC DD PP cLesooe ot N D GRSA FI L PI NG DD PP .
05 sSSP ECCR.Y ERATEL S0, 5% (Dense); dry to T el SR POORLY GRADED SAND, SP: (Dense); dry to PLANS APPROVAL DATE
mgn‘it', gray, 60% medium to coarse sand; 407% . mgtitl; gray, 60% medium to coarse sand; 407 Blackbl;_rn C‘znssutmng't'”‘:‘
; . z 2437 Fron ree
SILTY SAND. SM: Dense; moist; brown; fine sand; SILTY SAND, SM: Medium dense; moist; olive
non—plastic fines brown to dark brown; fine sand; non—plastic fines West Sacramento, CA 95691
' File No. 788.1
Wood Rodgers, Inc.
3301 C Street, Building 100-8B
Sacramento, CA 95816
SM
59 B2-1 11 117p4s 32 B3-1 10 [104p4.5
SM
43 B2-2 78|22 15 B3-2 80|20
43 82-3 14 [110p4.5 24 833 19 |106|3.5
12.0 ft—- — 26 B2-4 |63 25]| S~ — o e e e e e T4 834
SANDY SILT, ML/CL—=ML: Very stiff, moist; dark
| brown to gray, low plasticity fines; fine sand ||
1“Hpott4+— -+ = - CONSISTENCY CLASSIFICATION
LEAN CLAY, CL: Stiff to firm; moist; dark brown; EORSOILS
| low to medium plasticity fines; fine sand
ML E Accorcing to the Stondord Penetration Test
34 B2-5 16(101|3.3 13 B3-5 20(100(2.3
sPT SPT
"N"-Value Gronuler “N"-Value| Cohesive
(Blows/1t.) (Biows/It.)
19 B2-6 30|70|28( 5 9 B3-6 91913214 0-2 Very Loose <2 Very Soft
5-10 | Loose 2-4  |[Soft
— At 18.0—feet color changes to olive brown with iron oxide staining. — 11-30 | Medium Dense| 5-8 |Firm
31-50 | Dense 9-15 [Stiff
>50 Very Dense 16-30 | Very Stiff
>3 Hard
CL
25 B2-7 21)100)1.5 13 B3-7, 22)101)2.0
At 21.0—feet color changes to dark grayish brown
Y\ NOTES:
1. Field classification of soils was in accordance with ASTM D 2488-00 "Description and Identification of
26 p2-8 7 B3-8 Soils (Visual—Manual Frocedure)”.
Levee FIll 2. Standard Penetration tests were performed in accordance with ASTM D 1586—99 using @ hammer
2B~ ~— == - = 1=—1 T T ~Foundation Soil — operated with an automated drop system. Drill rods were 1 5/8—inch diameter "A"—rods; sampler was driven
with brass liners.
0 T S I O O I oaofid — |1 L] | teverm 3. "2.5 inch sompler”: ID=2.5 inch, 0D=2.9 inch. Driven in same manner as SPT ("1.4 inch”) sampler.
’ i = . i Foundation Soil 4, The length of each saompled interval is shown graphically on the boring log. Whole number blow counts
Hﬁedﬁ?i Ir:sotlif:ﬁ d;;tjrg;nﬁ?e t;'g::z; 95% ("N") represent the "standard penetration resistance” interval in accordance with ASTM D1586—99. Where
= P 2 s — less than 1 foot of penetration is achieved, the blow count shown is for that fraction of the "standard
ML ML penetration resistance” interval actually penetrated.
6 B2-9 .5 5 B39 1.5 5. Groundwater surface (GWS) elevations in the borings indicated on the Log of Test Boring Sheets reflect
the fluid level in the borings on the specified date.
26.51t BOH 26.5ft EoH 6. Groundwater surface elevations are subject to seasonal fluctuations and may occur at higher or lower
T R elevations depending cn the conditions at any particular time.
7. Boring elevations were estimated based on topography provided by Wood Rodgers, Inc.
8. Borings were drilled using 4—inch solid stem auger to full depth of boring.
9. Borings were grout baockfilled at completion with o mixture of Portland Cement and water.
10. Boring was drilled by Breece Franks of Taber Consultants using a CME 75 drill rig. Boring wos logged by
Jomes Robbins of Blockburn Consulting. Borings was drilled on April 6, 2006.
LEGEND : 11. Consistency of soils is shown in ( ) where estimated.
GR G | veigh i h " si d ned . 4 sieve.
ravel, percent by weight passing the 3" sieve and retained on the No sieve % Boiifernia Modified Sampler ond Blow: icount.
SA Sand, percent by weight passing the No. 4 sieve and retained on the No. 200 sieve.
Fl Fines, percent by weight passing the No. 200 sieve.
g s o | Standard Penetrometer Sampler and blow count.
LL Liquid Limit.
Pl Plasticity Index (Liquid Limit minus Plastic Limit).
MC Laboratory determined moisture content in percent of dry weight. 200-500 nsil 3—inch Shelby Tube and psi to push into soil.
SM Combined field visual identification and/or loboratory classification.
_ W 3 N Number of blows to drive sampler last 12—inches of 18—inch interval. g Water Level.
VERTICAL SCALE: 1 =2 ) . i
NP Nonplastic. B.0.H. Bottom of Hole.
ID Sample identification.

DRAWN BY M. D. Robertson J. B. Robbins

. PREPARED FOR STAR BEND LEVEE SETBACK
N OVE : Levee DlStTlCt No. 1 PROJECT ENGINEER FOST MILE
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|
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REGISTERED CIVIL ENGINEER
BORING NO. 4-06 BORING NO. 4-06
DEPTH feet April 7, 2008 HEETH et (Continued from Previous Column) BLANS AFPROVAL DATE
EL 66.0 fi = N ID GR SA Fl LL Pl MC DD PP N ID GR SA FI LL PI MC DD PP Blackburn Consulting, Inc.
BON=D e : POORLY GRADED SAND. SP: (Dense); dry to s0.0m : 2437 Front Street :
0.51t moist; gray; 60% medium to coarse sand; 407 17 Bi-9| West Sacramento, CA 95691
s At 31.0—feet low to medium plasticity fines, moderately File No. 788.1
SANDY SILT. ML: (Stiff); moist; brown; fine sand || - cemented and color changes to olive brown
ML ML Wood Rodgers, Inc.
. 3301 C Street, Building 100-B
. e BOS:NGPNO_' 4 (CJ)GI Sacramento, CA 95816
ontinued from Previous Column
DEPTH feet ( )
50.0 ft N ID GR SA FI LL PI MC DD PP
Pk IORESE [ N (SIS S P PR S S S R O R e P SRR R S v F 4 e R S B W (R W (SN ) S P T o R P L SEE_PREVIOUS:
SILTY SAND. SM: Medium dense; moist; brown to M'i = Ven:y ,St"f; moist; brown; Sp 31 p4-18
yellowish brown; fine to medium sand; non-plastic medium plosticity fines; fine sond
fines; thin (1"—2") lenses of sandy silt
21 pé-1 4.5 41 Bi-10 50| 21 620f —= — ., B Tl saT4eTs Tl T T T T e e e
i 14 g 74378 SILT. ML: Stiff to very stiff; moist; olive brown;
medium plasticity
SM |14 842 24 BH-11 8 (92 29193
] [ ML
MH
23 Bi-10)
51 B4-J) 10 [112]4.0 34-12
120D pi
eo0ft +———~ —HH-—-\1—«w—8pb-4--1—-——"1—----"--"—-———
20t — 4Vec—"|"+"=—/] " — — — — — — SILTY SAND, SM: (Medium dense); wet; brown
17 B4 53|47 NP 05 18 pi-13 40160 SANDY SILT,_ ML: (Firm); moist; olive brown; low
plasticity fines; fine sand
— ML —
4#40t — = -l -] - — — — —
SILTY SAND. SM: Medium dense; moist; olive
brown; medium to coarse sond; low plasticity fines
| — |
15 84-5 |
SM I .
17r4-|‘. 7129 1000 psi
| 74.0 ft— -t T -——-—--—--—— =
SILT, ML: (Very stiff) to stiff; moist; greenish
g0t —+——4 —-r-—|—"7 "] """ "—-— — — — — gray to dark greenish gray; low to medium
SANDY SILT. ML: (Very stiff); moist; olive brown; plasticity+L48
ML low plasticity fines; fine sand
22(103(3.5
37|82
20.0 ft—— —l1rr'r-lT——————————— = 500t — ] -T--]-- - ————— — — 76.5ft
SANDY SILT, ML: Stiff to very stiff; moist; brown; SAND, SP: Medium dense; wet; brown; fine to ) .O.H.
9 B4-6 31|69 NP non—plastic fines; fine sand 55 84-15 coarse sand NOTES:
1. Field classification of soils was in accordance with ASTM D 2488-00 "Description and Identification of
CONSISTENCY CLASSIFICATION . . "
— T Soils (Visual—Manual Procedure)”.
—_— 2. Standard Penetration tests were performed in accordance with ASTM D 1586—99 using a hammer
21 g1 sl e 25100 oA SO S S operated with an automated drop system. Drill rods were 1 5/8—inch diameter "A"—rods; sompler was driven
t : with brass liners.
7 3. "2.5 inch sampler”: ID=2.5 inch, 0D=2.9 inch. Driven in same manner as SPT ("1.4 inch”) sampler.
. seT ol . s;T . 4. The length of each sampled interval is shown graphically on the boring log. Whole number blow counts
280ft- — |—| L L L] | leveeFdm Blomgtty] T |(Blomagty| e ("N") represent the "standord penetration resistance” interval in occordonce with ASTM D1586—99. Where
: Foundation Soil less than 1 foot of psnetration is achieved, the blow count shown is for that fraction of the “standard
sP 0-4 Very Loose <2 Very Soft penetration resistancs” interval actudlly penetrated.
ML — 151__'?0 h’i‘::m = g:; gﬁ; 5. CGroundwater surface (GWS) elevations in the borings indicated on the Log of Test Boring Sheets reflect
7 31-50 | Dense a-15 | stiff the fluid level in the borings on the specified date.
11 g7 30|92 19 8417 >50 | Very Dense 16-30 | Very Stiff 6. Groundwater surface elevations are subject to seasonal fluctuations and may occur ot higher or lower
A >3 Hord elevations depending on the conditions at any particular time.
=1 7. Boring elevations were estimated based on topography provided by Wood Rodgers, Inc.
8. Boring was drilled using 4—inch solid stem auger to 34 feet depth then 4—inch rotary wash to full depth
10 B4-8 27| 4 of boring.
9. Boring was grout tackfilled at completion with a mixture of Portland Cement and water.
1 At 28.0—feet wet 10. Boring was drilled by Breece Franks of Taber Consultants using o CME 75 drill rig. Boring was logged by
b s bTiest we LEGEND - Jomes Robbins of Blackburn Consulting. Boring was drilled on April 5, 2006.
— W e _ 11. Consistency of soils is shown in ( ) where estimated.
R | e weight i h " si j i . 4 sieve.
G Gravel, percent by weight passing the 3" sieve and retcined on the No sieve Eﬂ Colifornia Modified Somipler and Blow count,
30.0 ft 60.0 ft v SA Sand, percent by weight passing the No. 4 sieve and retgined on the No. 200 sieve.
(Continued Next Column) (Continued Next Column) Fi Fines, percent by weight passing the No. 200 sieve.
S i H Standard Penetrometer Sampler and blow count.
LL Liquid Limit.
P Plasticity Index (Liquid Limit minus Plastic Limit).
MC Laboratory determined moisture content in percent of cry weight. 200-500 psiE 3—inch Shelby Tube and psi to push into soil.
SM Combined field visual identification and/or laboratory classification.
VERTICAL SCALE: 1" =2 N Number of blows to drive sampler last 12—inches of 18-inch interval. V4 Water Level.
NP Nonplastic. B.0.H. Bottom of Hole.
D Sample identification.
- Robbins PREPARED FOR | EHDGE NG |
DRAWN BY M. D. Robertson __J. B “OED’”D { STAR BEND LEVEE SETBACK
DESIGN OVERSIGHT FIELD INVESTIGATOR . " PROJECT ENGINEER {
Levee District No. 1 FOSTIILE | LOG OF TEST BORINGS No. 3
CHECKED BY R. B. Lokteff pate __April 2006 i
SIGN OFF DATE of Sutter County , 0.
it | A irc [ [ - - c ASION DAT! RELIMINAR AGE SHEET F
10/20/06 788.1 Star Bend Levee Setback Logs.dwg lfiggsu(s:géx_ah;“g«lcm) : 11 L I2 13 DISFEGARD. PANTS SEARING ][ ‘ REv_vax D mls (PRELIMINARY STAGE i ' I SHEET ; E




BORING NO. 5-06

BORING NO. 5-06

REGISTERED CIVIL ENGINEER

PLANS APPROVAL DATE

May 18, 2006 (Continued from Previous Column)
DEPTHfeS! |5 R sA FI LL PI MC DD PP DEPTHTeSt  \ p Gr s FI LL Pl MC DD PP Blackburn Consulting, Inc.
EL.43.0£ft=0 30.0ft A, 2437 Front Street
LEAN CLAY, CL: Soft; moist; dark brown; medium \ SANDY FAT CLAY/ELASTIC SILT. CH/MH: Stiff—very stiff West Sacramento, CA 95691
plasticity 39 B5-11 ond hord; moist; greenish gray; fine sand
/A File No. 788.1
Wood Rodgers, Inc.
31| [35]65]59|28| 2310945 3 3301 C Street, Building 100-B
BORING NO. 5 (C)IBI Sacramento, CA 95816
| ] Continued from Previous Column
DEPTHISL  » 1p pr s F LL(PI c oD P :
60.0 ft M A"
SEE PREVIQUS:
26 513 4.
CL
\ N/ CH
ijﬁ" a0 30 E5-13 19 85| |14 |es|58|32| 39|83
63.0 ft
At 7.0—feet firm to hard and sandy (fine sand) B.O.H.
2 B5-2 30| 11(20(i00 17 B5-14 >4.5
goft ¥ — .
ot «/ -1 -t "—-—- " — — — —
SAND, SP: Very loose to loose; wet; brown to C/H
| gray, fine to medium sand MH
335*3 17197 51 185-15 34|66(55|28|25(102p>4.5
2 B5-4 92| 8 23 851
1 B At 16.0—feet medium to coarse sand 35‘“7 40(83p45 ’
4 85-6 47 [85-18
SP
L NOTES:
< 1. Field classification of soils was in accordance with ASTM D 2488-00 "Description ond Identification of
15 B5-7 97| 3 19 [105] 52 8519 "
A ———-—————CONSISTEI:E;ZLC:‘fleICATION Soils (Visual-Manual Frocedure)”.
—— 2. Stondard Penetration tests were performed in accordance with ASTM D 1586—99 using a hammer
s20f 4 4 Lo |44+ _ e ST i z;i)tehrogfg wi'ti: fsn automated drop system. Drill rods were 1 5/8—inch diameter "A"—rods; sampler was driven
8 B5-8 ’ 21 B5-1) 55|45 29(95 : ; s rigiets .dam ss Hners.
F”' wﬁ.msﬁc&gmrﬂng:nse, moist; dark gray; 3. "2.5 inch sampler™ ID=2.5 inch, 0D=2.9 inch. Driven in same manner as SPT ("1.4 inch”) sampler.
- == ! P % .51 - ST 4. The length of each sampled interval is shown graphically on the boring log. Whole number blow counts
(;o:\s’%.e) renaer (;u:\s’;'y‘(e) Coheslve ("N") represent the "standard penetration resistance” interval in accordance with ASTM D1586—99. Wnere
less than 1 foot of penetration is achieved, the blow count shown is for that fraction of the "stondard
0-4 Very Loose <2‘ Very Soft penetration resistance” interval actually penetrated.
3:10. , Jibuo=e 24 |san 5. Groundwater surfacz (GWS) elevations in the borings indicated on the Log of Test Boring Sheets reflect
SM 11-30 | Medium Dense| 5-8 [Firm - . A e :
- 31-50 | Dense 9-15 | stiff the fluid level in the zorings on the specified date.
7 >50 Very Dense 16-30 | Very Stiff 6. Groundwater surfacz elevations are subject to seasonal fluctuations and may occur at higher or lower
7 85-9 19 85-21 >3 Hard elevations depending cn the conditions at any particular time.
A 7. Boring elevations wzre estimated based on topography provided by Wood Rodgers, Inc.
8. Boring waos drilled using 8—inch hollow stem auger to 8 feet depth then 4—inch rotary wash to full depth
of baring.
10 B5-10 22 5-2) 1.3 9. Boring was grout backfilled at completion with a mixture of Portland Cement and water.
10. Boring was drilled by Breece Franks of Taber Consultants using a CME 75 drill rig. Boring was logged by
|| 580f - ] VO N OO L N O | Jomes Robbins of Blackburn Consulting. Boring was drilled on May 18, 2006.
’ SANDY FAT GLAY. CH: Very stiff; moist; dark LEGEND: 11. Consistency of soils is shown in () where estimated.
CH gray, fine sand
GR Gravel, percent by weight passing the 3" sieve and retained on the No. 4 sieve. % California Modified Sampler and blow count.
SA Sand, percent by weight passing the No. 4 sieve ond retained on the No. 200 sieve.
3001t X v 60.01 i Fi Fines, percent by weight passing the No. 200 sieve.
(Continued Next Column) (Continued Next Column) o Standard Penetrometer Sampler ond blow count.
LL Liquid Limit.
Pl Plasticity Index (Liquid Limit minus Plastic Limit). )
MC Laboratory determined moisture content in percent of dry weight. 200-500 psi 3—inch Shelby Tube and psi to push into soil.
SM Combined field visual identification ond/or laboratory classification.
VERTICAL SCALE o ) N Number of blows to drive sampler last 12—inches of 18—inch interval. Y Woter Level.
| 1 =
- NP Nonplastic. B.0O.H. Bottom of Hole.
D Sample identification.
. = BRIDGE NO.
ORAWN BY | M. D. Robertson | & B. Robbins PREPARED FOR STAR BEND LEVEE SETBACK
DESIGN OVERSIGHT - | FIEL! N\VESTIGATOF P L Fr=—s =3
7 & PROJECT ENGINEER
Levee District No. 1 E ——
CHECKED BY| R. B. Lokteff pate __April_2006 .
SCNOFF DATE 2y Lokteff DATE . of Sutter County LOG OF TEST BORINGS NO. 4
ORIGINAL SCALE IN INCHES ! | ! J | | REVISION DATES (PRELIMINARY STAGE ONLY) | sheeT | oF
| |
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REGISTERED CIVIL ENGINEER

BORING NO. 6-06 BORING NO. 6-06
. . PLANS APPROVAL DATE
DEPTH feet May 22, 2006 DEPTH feet (Continued from Previous Column) LANS
N ID GR SA FI LL PI MC DD PP N ID GRSA F MC DD PP Blackburn Consulting, Inc.
EL. 43.0£ft=0 3001 L L A A 2437 Front Street
SILTY CLAY, CL-ML: (Soft to firm); moist; dark SEE PREVIOUS: West Sacramento, CA 95691
brown; low plasticity 35 E6-10 File No. 788.1
- Wood Rodgers, Inc.
3301 C Street, Building 100-B
14 g5-11 - .
i l BORING NO. 6:06 Sacramento, CA 95816
| (Continued from Previous Column)
DEPTH feet
60.0 ft N ID GR SA FI LL PI MC DD PP
40t 4- / —tH——-+1—+ -4+ - - —- — — — — — — At 34.0—feet color changes to olive brown SEE_PREVIOUS:
SILT. ML: Stiff;, moist to wet; olive brown; 18 B5-19 52|48(35(12]43
non—plastic fines
ML
30 B6-1 30(93>4.5 2781 5 |82(13 19102 ) 29 570 .3
ML At 36.0—feet with subrounded gravel :
63.0 ft
B.O.H.
13 86-2 NP |28
9ot 4 A4+ — — — — — —
SILTY SAND, SM: Loose; wet; brown; fine sand;
low plasticity fines
9 B6-J 48 B5-13
At 41.0—fest color changes to black and white
SM
10 g6-4 14 p5-14 84116
4“ot——— ~-— |- -] " — — — SM At 44.0—feet with subrounded gravel
SILT, ML: Very stiff, moist; olive brown with iron
oxide staining; fine sand
54 B6-5 42(77]3.5 59 Fé—li 15108
ML
18 86-§ 14186
vot—-— - -f¥ - - — — — —
SILTY SAND. SM: Medium dense; wet; gray, fine
to coarse sand; non-—plastic fines )
\ ES At 50.0—feet | b
- .U—1Tee oose T H 17 H H " H LS ! i H H % H
25 B6-17, 26199 16 86-16) 7 | 74|19 CONSISTENGY CIASSIEIGATION T 'FIE|d classification of soils was in accordance with ASTM D 2488-00 "Description and Identification of
A = ool Soils (Visual-Manual Frocedure)”.
EDRSOILS, 2. Standard Penetration tests were performed in accordance with ASTM D 1586—99 using @ hammer
17 o oz l16 s b According ta the Stondard Penelration Test :/;i)tirot:fjss\ﬂilti:e?: autemated drop system. Drill rods were 1 5/8—inch diometer "A"—rods; sampler was driven
3. "2.5 inch sampler”: ID=2.5 inch, OD=2.9 inch. Driven in same manner as SPT (1.4 inch”) sampler.
— — . ST o _ spT 4. The length of each sampled interval is shown graphically on the boring log. Whole number blow counts
SM (;02\5’;',13 HERie (é‘,u;:;‘,'f)' iEhesie ("N") represent the "standard penetration resistance” interval in accordance with ASTM D1586—99. Where
less than 1 foot of penetration is achieved, the blow count shown is for that fraction of the "standard
0-4 Very Loose <2 Very Soft penetration resistance” interval actually penetrated.
151_1‘30 ,Lf‘;S.E 274 [Solt 5. Groundwater surfac: (GWS) elevations in the borings indicated on the Log of Test Boring Sheets reflect
- Medium Dense| 5-8 |Firm 5 F . 1 ies
31-50 | Dense . 9-15 | stitf the fluid level in the borings on the specified date.
\7 _ >50 Very Dense 16-30 | Very Stiff 6. Groundwater surface elevations are subject to seasonal fluctuations and may occur at higher or lower
32 B5-9 79| 21 22105 97 B5-18 28106 At 55.0-feet (dense) >31 |Herd elevations depending cn the conditions at any particular time.
/ 7. Boring elevations wezre estimated based on topography provided by Wood Rodgers, Inc.
—: 8. Boring was drilled using 8—inch hollow stem auger to 9 feet depth then 4—inch rotary wash to full depth
of boring.
9. Boring was grout backfilled at completion with a mixture of Portland Cement and water.
10. Boring was drilled by Breece Franks of Taber Consultants using a CME 75 drill rig. Boring was logged by
80 —d——F J—d—fdal Lod o b el e e s e o s e s e Jomes Robbins of Blackburn Consulting. Boring was drilled on May 22, 2006.
SILT, ML: Very stiff, moist; gray LEGEND: 11. Consistency of soils is shown in ( ) where estimated.
ML GR ! ei ing the 3" si d ‘ned No. 4 sieve.
Gravel, percent by weight passing the 3" sieve and reta'ned on the No sieve m Galifornia Modified ‘Sarmpler arid blow' BGUAL,
J SA Sand, percent by weight passing the No. 4 sieve and retained on the No. 200 sieve.
3001 . . 60.0# i ¥ Fl Fines, percent by weight passing the No. 200 sieve.
(Continued Next Column) (Continued Next Column) o H Standard Penetrometer Sampler and blow count.
LL Liquid Limit.
PI Plasticity Index (Liquid Limit minus Plastic Limit).
MC Laboratory determined moisture content in percent of dry weight. 200-500 ';tsiE 3—inch Shelby Tube and psi to push into soil.
SM Combined field visual identification and/or laboratory classificotion.
F L s N Number of blows to drive sampler last 12—inches of 18—inch interval. A4 Woter Level.
VERTICAL SCALE: 1" = 2 NP Nonplostic. B.O.H. Bottom of Hole.
D Sample identification.
. BRIDGE NO.
DRAWN BY M. D. Robertson = Lohliqiénigggms PREPARED FOR ) STAR BEND LEVEE SETBACK
DESIGN OVERSIGHT ELD INVESTIGATOR i - PROJECT ENGINEER
Levee District No. 1 £ . —
{ECK Y R. B. teff e April 2006 .
S e CHECKED B B. Lokteff DaTe _ARIE <220 of Sutter County LOG OF TEST BORINGS NO. 5
6 7 e ve & i\ ORI SCALE IN INCHES ! | ! ] ! | SREGARD PRI EARING | REVISION DATES (PRELIMINARY STAGE ONLY) | swEEr | oF
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REGISTERED CIVIL ENGINEER
TEST PIT NO. 1-06 TEST PIT NO. 2-06 TEST PIT NO. 3-06
) July 7, 2@06 July 7, 2006 July 7, 2006 PLANS APPROVAL DATE
DEPTH feet Borrow Site 2 DEPTH feet Borrow Site 2 DEPTH feet Borrow Site 2 Blackb P
N ID GR SA FI LL PI MC DD N v V ackbury Consulling, Inc.
0.0+ ft=0 | PP EL.40.0+ft=0 ID GR SA FI LL PI MC DD PP EL 40.0+t=0 N ID GR SA FI LL PI MC DD PP 2437 Front Street
SAND, SP:  (Loose); dry to moist; olive SAND, SP: (Loose); dry to moist; brown SAND. SP: (Loose); dry to moist; brown West Sacramento, CA 95691
brown; fine to medium sand to olive brown; fine to medium sand to olive brown; fine to medium sand File No. 788.1
Wood Rodgers, Inc.
3301 C Street, Building 100—-B
Sacramento, CA 95816
SP
SP
: SpP
¢soft4-——~ ~-—l449 -1 ¥ - - - - - — — — —
SANDY SILT, ML: (Soft to firm); moist;
ML brown to strong brown; decaying organics,
roots, twigs
8.0 ft—— - T 1] - "—-—— — 8.0 ft—— - - - - - ————— soft—-——~ -9 -] — — — —
LBWA SILTY SAND, SM: (Loose); moist; brown and LEGQC il ELASTIC SILT. MH: (Firm to stiff); moist to wet; SANDY SILT, ML: (Soft to firm); moist;
black; decaying organcs, roots, twigs; 55% fine to 55) 21142 olive brown with iron oxide staining; medium brown to streng brown; decaying organics,
medium sand; 45% non—plastic to low plasticity plasticity fines; decaying organics roots, twigs
silt
MH ML
SM .
BagD) e
o+ —\ P~ —+ 4+ -] - - — — — 2o~ —\ -4+ 41—+ =
SILT with SAND, ML: (Soft to stiff); moist to wet; Bogk] 55(04 |42 ELASTIC SILT, MH: (Soft); moist; olive brown with
brown; fine sand; decaying organics MH iron oxide stcins; medium plasticity fines
wot+-——~—r—r—-|4 /14— — — — — — 14.0 ft— = = = s i i
ML Baghl 41] 9 | 41 SANDY SILT, ML: (Firm to stiff); wet; brown; 85% ML [ SILT. ML: (Soft to firm); moist; brown to dark
15.0 ft \v4 - low to medium plasticity fines; 15% fine sand B0cF] brown; low to medium plasticity fines
~ 7 TB.OH. *
ML
16.0 ft
B.O.H.
TEST PIT NO. 4-06
July 7, 2006
DEPTH feet Borrow Site 2
G 4
0.0+ ft=0 N ID GR SA FI LL PI MC DD PP 18.0 ft BOR.
SAND, SP: (Loose); dry to maist; brown
to olive brown; fine to medium sand
SP :
NOTES:
1. Field classification of soils was in accordance with ASTM D 2488-00 "Description and Identification
of Soils (Visual—Manual Procedure)”.
2. The length of each sampled interval is shown graphically on the boring log.
3. Groundwater surface (GWS) elevations in the test pits indicated on the Log of Test Pits Sheets
reflect the fluid level in the pits on the specified date.
6. Groundwater su-face elevations are subject to seasonal fluctuations and may occur at higher or
ot — +—4 J—J& 3 b b1 b e e e e o lower elevations depending on the conditions ot any particular time.
. i . 7. Test pit elevations were estimated based on topography provided by Wood Rodgers, Inc.
|| !%Ytg”gﬁ' br(oswor:f ;;eﬁrsr;\ga_moxs\, 8. Test pit were excavated using a John Deere backhoe with a 24—inch wide bucket to full depth.
ML decaying orgcnigcs roots twigs ) 9. Test pit was backfilled at completion with o native material and tamped in place.
' ' 10. Test pits were logged by James Robbins of Blackburn Consulting. Test pits were excavated on
8.0 it Bag( 47(16 | 41 | . July 7, 2006.
T INrrri1rr1r i — - —— — — = 11. Consistency of soils is shown in () where estimated.
SILT. ML: (Soft to firm); moist; olive
brown with iron oxide staining; medium
plasticity fines
LEGEND:
R I wei i he 3" si d retained the No. 4 sieve.
At 11.0-feet brown to dark brown, minor G Gravel, percent by weight jpassing the 3" sieve: and retained an the Na steve M California Modified Sampler.
ML decaying organics SA Sand, percent by weight passing the No. 4 sieve ond retained on the No. 200 sieve.
Fl Fines, percent by weight passing the No. 200 sieve.
Bulk S le.
Ll Lliquid Limit. N Uik somp
Pl Plasticity Index (Liquid Limit minus Plastic Limit). v Water Level.
MC Laboratory determined moisture content in percent of dry weight. -
] . . . I . B.O.H. Bottom of Hole.
SM Combined field visual identification and/or laboratory- classification.
BagH 4113 - » ) N Number of blows to drive sampler last 12—inches of 18--inch interval.
VERTICAL SCALE: 1 =2 .
NP Nonplastic.
D Sample identification.
16.0 ft
B.O.H.
- PREPARED FOR e
DRAWN BY M. D. Robertson : DJ~ \E» Robbins STAR BEND LEVEE SETBACK
FIELD INVESTIGATOR

DESIGN OVERSIGHT : Levee District No. 1 FROECT ENGNEER POST MILE :

CHECKED BY| R. B. Lokteff pate __April_2006 of Sutter COLll’ltY LOG OF TEST PITS NO- 1
T ] 1 I T | DISREGARD: HEARING | REVISION DATES (PREUMINARY STAGE ONLY) | sweer | of
1 2 3 EARLER REVISION DATES ————— = | ] I I [ [ I | | | i

SIGN OFF DATE
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TEST PIT NO. 5-06

TEST PIT NO. 6-06

REGISTERED CIVIL ENGINEER

TEST PIT NO. 7-0€

PLANS APPROVAL DATE

July 7, 2006 July 7, 2006 July 7, 2006
DEPTH feet s S DEPTH feat B o Gite:2 DEPTH feet Blarmgw ] Blackburn Consulting, Inc.
00:ft=0 ID GR SA FI LL PI MC DD PP EL 40.0+ft=0 N ID GR SA FI LL PI MC DD PP EL 40.0+ft=0 N ID GR SA FI LL PI MC DD PP 2437 Front Street
SAND, SP: (Loose); dry; olive brown to SAND, SP: (Looss); dry to moist; olive SILTY SAND. SM: (Loose); dry to moist; West Sacramento, CA 95691
sp brown; fine to medium sand brown; fine to medium sand olive brown to brown; fine sand; low File No. 788.1
plasticity fines; weckly cemented s E
Wood Rodgers, Inc.
= T e e e e e e sM 3301 C Street, Building 100-B
SM SILTY SAND. SM: (Loose); dry; brown to olive Sacramento, CA 95816
20f brown; fine sand; low plasticity fines SpP '
- SAND. SP: Loose; dry to moist; olive brown to
brown; fine to medium sand
40t 54- 4 M l4¥- "] --——— — —
SP SANDY SILT. ML: (Firm); moist; brown; low
plasticity fines; fine sand
softm « mMm4—| /-7t —" — — — — — — :
SILTY SAND, SM: (Loose); moist; brown; fine
sand; low plasticity fines
eoft4——~ ~-—-1—44 -r1] - — — — — — — ML
SANDY SILT, ML: (Firm to stiff); moist; dark
SM reddish brown; low plasticity fines; minor organics,
twigs, roots
ML
soft -~ ~—4- M- -—"-—-—— — 8.0 ft—— — !t T Tr-r-]--F——— — =
SAND, SP: (Loose); moist to wet; brown; fine to ELASTIC SILT, MH: (Firm to stiff); moist; olive
medium sand brown with iron oxide stains; medium plasticity
9.0 ft— 1T T - —-— — — — Bag 57(23 fines
SP ELASTIC SILT, MH: (Firm to stiff); moist; olive
brown with iron oxide stains; medium plasticity
fines MH [—]
MH Bag 53]20|37
not+— +r—r4-t+-r+rt+pq4—F ———— e "wot4— ~ ~-—|- -/t ¥ — — —
SANDY SILT, ML: (Soft to firm); moist to wet; SILT, ML: (Firm to stiff); moist; dark brown to
dark brown; medium plasticity fines; fine sand; dark reddish brown; low plasticity fines
minor decaying organics 12.0 ft—— =1~ = F— === e e e e
SILT. ML: (Firm); moist; dark brown to dark gray;
low plasticity fines
ML |— ||
ML
Bag 46 (14 (42 Bagl 38| 11]28
ML
15.0 ft 15.0 ft
B.O.H. B.O.H.
TEST PIT NO. 8-06
July 7, 2008
Borrow Site 1
DEPTH feet
N GR SA FI LL PI MC DD PP 18.0 ft
0.0£ft=0 1o B.O.H.
SAND. SP: (Loose); dry; olive brown; fine
sp to medium sand
200t -~ -9+ -+ |9 - - ——-— ——
SANDY SILT, ML: (Firm); moist; olive
ML brown; low plasticity fines; fine sand;
weakly cemented NOTES:
1. Field classification of soils was in accordance with ASTM D 2488-00 "Description and Identification
s0t4~——~ ~-~- 1 rr-49- - —-— — — — | . I
) X . of Soils (Visual—Manual Procedure)”.
ELASTIC.E[LT MH; .d(St'{f).;.m?'St; ;."VE 2. The length of sach sampled interval is shown graphically on the boring log.
;—S:t?ci:’; '}in':;n oxide staining; medilm 3. Groundwater surface (GWS) elevations in the test pits indicated on the Log of Test Pits Sheets
B reflect the fluid level in the pits on the specified date.
6. Groundwater surface elevations are subject to seasonal fluctuations and may occur at higher or
MH lower elevations dzpending on the conditions at any particular time.
7. Test pit elevations were estimated based on topography provided by Wood Rodgers, Inc.
8. Test pit were excavated using a John Deere backhoe with a 24—inch wide bucket to full depth.
9. Test pit was bockfilled at completion with a native material and taemped in place.
10. Test pits were logged by James Robbins of Blackburn Consulting. Test pits were excavated on
July 7, 2006.
8ot [ rTTTrTr||T——""""" """ —— — = 11. Consistency of soils is shown in ( ) where estimated.
SILT with SAND, ML: (Firm to stiff); moist
ML to wet; brown; low plasticity fines; dark
gray fine sand
10.0 ft 4+ —] ] 4 - ——— . LEGEND:
-~ ELASTIC SILT. MH: (Stiff); moist; olive brown with
iron oxide staining; medium plasticity fines . . - d reteined 3
1207 | I leifal] 2l obs Bodbesl o o e e e e GR Gravel, percent by weight passing the 3" sieve and retcined on the No. 4 sieve. California Modified Sampler.
SILT with SAND, ML: (Firm to stiff); moist SA Sand, percent by weight passing the No. 4 sieve and retained on the No. 200 sieve. A
to wet; brown; low plasticity fines; dark FI Fines, percent by weight passing the No. 200 sieve.
gray fine sand . Bulk Sample.
LL Liquid Limit.
i Pi Plasticity Index (Liquid Limit minus Plastic Limit). v Woter Level
MC Laboratory determined moisture content in percent of ary weight. -
5 = 5 3 = ) = B.O.H. Bottom of Hole.
SM Combined field visual identification and/or laboratory clessification.
" s N Number of blows to drive sampler last 12—inches of 18-inch interval.
VERTICAL SCALE: = 2 .
NP Nonplastic.
ID Sample identification.
16.0 ft
B.O.H.
i RE BRIDGE NO.
DESIGN OVERSIGHT pIICHGS M. D Robertson FIELDJi"\E-S‘Is‘CTEsmS PREPARED FOR STAR BEND LEVEE SETBACK
E G NVESTIGA : ] =CT el
Levee District No. 1 PROJECT ENGINEER ———
CHECK BY R. B. kteff April 2006 .
SET O oA ECKED B. Lokteff DATE D of Sutter COLIIltY LOG OF TEST PITS NO. 2
! | ! | ! | | REVISION DATES (PRELIMINARY STAGE ONLY) | shesT oF
I

10/20/086
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REGISTERED CIVIL ENGINEER
TEST PIT NO. 9-06 TEST PIT NO. 10-06 TEST PIT NO. 11-06
July 7, 2006 July 7, 2006 July 7, 2006 PLANS APPROVAL DATE
Borrow Site 1 Borrow Site 1 Borrow Site 1
DEPTH feet DEPTH feet DEPTH feet orrow site Blackburn Consulting, |
N SA Pl M g, Inc.
400+ =0 ID GR FI LL PI MC DD PP EL. 40,0+ ft=0 N ID GR SA FI LL PI MC DD PP EL 40.0£f=0 N ID GR SA FI LL PI MC DD PP 2437 Front Strest
SAND, SP: (Loose); dry, alive brown; fine SAND, SP: (Loose); dry; olive brown; fine SANDY SILT, ML: (Stiff); moist to wet; West Sacramento, CA 95691
to medium sond; roots and rootlets sp to medium sand; roots and rootiets dark brown; low plasticity fines; fine File No. 788.1
SP sand; weckly cemented - '
Wood Rodgers, Inc.
2w0t+~—~ -~ +rr-4F---—--—-——— — — - S tin 3301 C Street, Building 100-8
SANDY SILT, ML: (Stiff); moist; yellowish brown to K 1 Sacramento, CA 95816
N olive brown; low plasticity fines; fine sand; weakly
3011___ il e i e e e e i cemented [~ |
SM SILTY SAND. SM: (Loose to medium dense);
401 moist; yellowish brown; weakly cemented ML ML
) SANDY SILT, ML: (Stiff); moist; olive brown with
iron oxide staining; low plasticity fines; weakly B 29| 4 |27
cemented ogh
ML
eot4——— -4 +-r-4 - — — — — — _— __ __ _
ELASTIC SILT, MH: (Stiff); moist; olive brown with
iron oxide stains; medium plasticity fines
“s5t—— -4 1T - — — — — — MH
ELASTIC SILT, MH: (Stiff); moist; olive brown with 8.0 ft
iron oxide stains; medium plasticity fines . : B.O.H.
MH
wit—-—~ - 4A—+V+1+r-1449V V- —
SILT with SAND. ML: (Stiff); moist; dark brown;
100 ft— | N S S O A ey | low plasticity fines; minor decaying organics; fine
A son
SILT with SAND, ML: (Stiff); moist; dark brown;
low plasticity fines; minor decaying organics; fine
sand .
ML
ML
Bag! 33| 6
15.0 ft
B.O.H.
16.0 ft
B.O.H.
TEST PIT NO. 12-06
July 7, 2006 F
Borrow Site 1
DEPTH feet
N
40.0+ ft=0 ID GR SA FI LL PI MC DD PP
SANDY SILT, ML: (Stiff); moist to wet; dark
brown; weakly cemented
IS win-o
ML NOTES:
1. Field classification of soils was in accordance with ASTM D 2488-00 "Description and Identification
ZTAH of Soils (Visual—Manual Procedure)”.
2. The length of each sampled interval is shown graphically on the boring log.
3. Groundwater surface (GWS) elevations in the test pits indicated on the Log of Test Pits Sheets
reflect the fluid level in the pits on the specified date.
6. Groundwater surface elevations are subject to seasonal fluctuations and may occur ot higher or
lower elevations cepending on the conditions at any particular time.
7. Test pit elevations were estimated based on topography provided by Wood Rodgers, Inc.
70 : 8. Test pit were excavated using a John Deere backhoe with a 24—inch wide bucket to full depth.
. B.O.H. 9. Test pit was bockfilled at completion with o native material and tamped in place.
10. Test pits were logged by Jaomes Robbins of Blackburn Consulting. Test pits were excavated on
July 7, 2006.
11. Consistency of soils is shown in ( ) where estimated.
LEGEND:
wei i i " si j . 4 sieve.
GR Gravel, percent by weight passing the 3" sieve and retaned on the No siev N California Modified Sampler.
SA Sand, percent by weight passing the No. 4 sieve and retained on the No. 200 sieve.
Fl Fines, percent by weight passing the No. 200 sieve.
Bulk S le.
(L Liquid Limit. N A =ampE
Pl Plasticity Index (Liquid Limit minus Plastic Limit). v Water Level.
MC Laboratory determined moisture content in percent of dry weight. N
. . . . L e B.0O.H. Bottom of Hole.
SM Combined field visual identification and/or laboratory classification.
» s N Number of blows to drive sampler last 12—inches of 18~inch interval.
VERTICAL SCALE: 1" =2 )
NP Nonplastic.
D Sample identification.
. BRIDGE NO.
DRAWN BY M. D. Robertson J. B. Robbins PREPARED FOR STAR BEND LEVEE SETBACK
DESIGN OVERSIGHT FIELD INVESTIGATOR . = PROECT ENGINEER
Levee District No. 1 - FOST WL LOG OF TEST PITS No. 3
CHECKED BY R. B. Lokteff pate __April 2006 .
SIGN OFF DATE of Sutter County 0.
- - " < ORIGINAL SCALE IN INCHES ! | ! | I | SREGARD FR 2nG | REVISION DATES (PREUMINARY STAGE ONLY) | swzET | of
10/20/06 788.1 Star Bend Levee Setback Logs.dwg FOQMREDUCE s ) o ! 5 : g;;uﬁ RDEVXSrC e T | T I T ] ‘ ‘ 1




PEEP

Cone Penetration Testing Procedure
(CPT)

Gregg In Situ, Inc. carries out all Cone Penetration Tests (CPT) using an integrated
electronic cone system, Figure CPT. The soundings were conducted using a 20 ton
capacity cone with a tip area of 15 cm? and a friction sleeve area of 225 cm?. The cone
is designed with an equal end area friction slesve and a tip end area ratio of 0.85.

The cone iakes measurements of cone
bearing (q.), sleeve friction (f) and
penetration pore water pressure (i) at 5-
cm intervale during penetration to provide
a nearly continuous hydrogeologic log.
CPT data reduction and interpretation is
performed in real time facilitating on-site
decision making. The above mentioned
parameters are stored on disk for further
analysis and reference. All CPT
soundings are performed in accordance
with revised (2002) ASTM standards (D
5778-95).

The cone also contains a porous filter
element located directly behind the cone
tip (u2), Figure CPT. It consists of porous
plasiic and is 5.0mm thick. The filter
element is used to obtain penetration pore
pressure as the cone is advanced as well
as Pore Pressure Dissipation Tests
(PPDT's) during appropriate pauses in
penetration. [t should be noted that prior
to penetration, the element is fully
saturated with silicon oil under vacuum
pressure to ensure accurate and fast
dissipation.

]I i ' H-u
! |' A
izl | e 50il seal
i o | i “— Electric cable far signal ransmission
..
i | 7T Water seal
| |
i |
. [ —— Frictlan load cell
|‘|' : :
! i | | 1| A= Friction sleeve
i [
{1 e i "—Inclinnmeter s &l
j| X ]
|
| il
J T" —— Tip load ezl
| ‘
! "’ L-
| o
| e ea—— Waler szal
- —! . Bl+—s0il seal
’ [ \/F_l“ -~ Pare pressure transducar
\ '/_\_ / Filter

NN
b

S /

Cone Tip

Flgure CPT

When the soundings are complete, the test holes are grouted using a Gregg In Situ
support rig. The grouting procadures generally consist of pushing a hollow CPT rod
with & "knock out” plug to the termination depth of the test hole. Grout is then pumped

under pressure as the tremie pipe is pulled from the hole.
contamination to the site is therefore minimized.

Disruption or further



ﬁFE@@ | - .
Cone Penetration Test Data & Interpretation

Soil behavior type and stratigraphic interpretation is based on relationships between cone
bearing (¢.), sleeve friction (f;), and pore water pressure (u,). The friction ratio (R) is a
calculated parameter defined by 100//¢. and is used to infer soil behavior type. Generally:
Cohesive soils (clays)

o High friction ratio (R;) due to small cone bearing (¢.)

e Generate large excess pore water pressures (uz)
Cohesionless soils (sands)

e Low friction ratio (%) due to large cone bearing (¢.)

o Generate very little excess pore water pressures (uz)

A complete set of baseline readings are taken prior to and at the completion of each
sounding to determine temperature shifts and any zero load offsets. Corrections for
temperature shifts and zero load offsets can be extremely important, especially when the
recorded loads are relatively small. In sandy soils, however, these corrections are generally

negligible.

The cone penetration test data collected from your site is presented in graphical form in
Appendix CPT. The data includes CPT logs of measured soil parameters, computer
calculations of interpreted soil behavior types (SBT), and additional geotechnical parameters.
A summary of locations and depths is available in Table 1. Note that all penetration depths
referenced in the data are with respect to the existing ground surface.

Soil interpretation for this project was conducted using recent correlations developed by
Robertson, 1990, Figure SBT. Note that it is not always possible to clearly identify a soil type
based solely on ¢,, f;, and u,. In these situations, experience, judgment, and an assessment
of the pore pressure dissipation data should be used to infer the soil behavior type.

1000 7
110 12 T ZONE |Qt/n SBT
] T ) i 2 SensItive,_-fir;e-ér_ained ]
g 4 90 2 1 Organic materials ]
E . g 3 | 3 Clay
= E 7 4 1.5 Silty clay to clay
£ 5 2 Clayey silt to silty clay
g 6 7 5] 2.5 Sandy silt to clayey silt
3 b 4 7 3 Silty sand to sandy silt
8 104 o | 8 4 Sand to silty sand
] a 1 9 5 Sand : |
] - ] 10 | 6 Gravely sand to sand
= i ’ 11 : _1, Veary stiff fina grained™*
| 2 | 12 5 Sand to clayey sand*
1 ¥ ] *over consolidated or cementad

o 1 2 3 4 & 6 7T B
Friction Ratlo (%), R
Figure 58T
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Particle Size Distribution Report
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i GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT f % CLAY
84.2
SIEVE PERCENT SPEC.* PASS? Material Descripﬁon
SIZE FINER PERCENT | (X=NO) Very dark brown silty clay
#200 84.2
Atterberg Limits
PL= 23 LL= 38 Pl= 15
Coefficients
Dg5= Dgo= D50=
D3p= Dy5= D10=
Classification
USCS= CL AASHTO=
Remarks
* (no specification provided)
Sample No.: BI-1b Source of Sample: Date: 8-17-06
Location: Elev./Depth: 5.5-6.0'
Blackburn Consulting | o™
Project: Star Bend Levee Setback
W' Sacramento’ CA Project No: 788.1 Figure




LIQUID AND PLASTIC LIMITS TEST REPORT
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LIQUID LIMIT
SOIL DATA
NATURAL
. SAMPLE DEPTH WATER PLASTIC LIQUID | PLASTICITY
SYMBOL | SOURCE NO. (it.) CONTENT LIMIT LIMIT INDEX uscs
(%) (%) (%) (%)
L B1-1b 5.5-6.0" 23 38 15 CL
LIQUID AND PLASTIC LIMITS TEST REPORT || Client;
Blackburn Consulting Project: Star Bend Levee Setback
W. Sacramento, CA Project No.: 788.1 Figure




Particle Size Distribution Report
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GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT ’ % CLAY
96.4
SIEVE PERCENT SPEC* PASS? Material Description
SIZE FINER PERCENT | (X=NO) Black silt
#200 96.4
Atterberg Limits
PL= 31 LL= 44 Pl= 13
Coefficients
Dg5= Dgo= Dsg=
D3p= D15= D1o=
Cy= Ce=
Classification
USCS= ML AASHTO=
Remarks
* (no specification provided)
Sample No.: B1-7b Source of Sample: Date: 8-17-06
Location: ' Elev./Depth: 20.5-21.0"
Blackburn Consulting | o™
Project: Star Bend Levee Setback
W. Sacramento’ CA Project No: 788.1 Figure




LIQUID AND PLASTIC LIMITS TEST REPORT
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LIQUID LIMIT
SOIL DATA
NATURAL
v SAMPLE DEPTH WATER PLASTIC LiQuUID | PLASTICITY
SYMBOL | SOURCE NO. (ft.) CONTENT LIMIT LIMIT INDEX uses
(%) (%) (%) (%)
J B1-7b 20.5-21.0' : 31 44 13 ML

LIQUID AND PLASTIC LIMITS TEST REPORT || Client:

Blackburn Consulting

Project: Star Bend Levee Setback

W. Sacramento, CA Project No.: 788.1 Figure




LIQUID AND PLASTI'C LIMITS TEST REPORT
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LIQUID LIMIT
SOIL DATA
NATURAL
SAMPLE DEPTH WATER PLASTIC LIQUID | PLASTICITY
SYMBOL | SOURCE NO. (it.) CONTENT LIMIT LIMIT INDEX uscs
(%) (%) (%) (%)
e BI1-10 27.0-27.5' 20 28 8 CL
LIQUID AND PLASTIC LIMITS TEST REPORT || Client:
Blackburn Consulting Project: Star Bend Levee Setback
W. Sacramento, CA Project No.: 788.1 Figure




PERCENT FINER

Particle Size Distribution Report
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GRAIN SIZE - mm

0.001

% COBBLES % GRAVEL % SAND % SILT l

% CLAY

0.0 0.0 90.8 9.2

SIEVE PERCENT ' SPEC.* PASS? Material Description
SIZE FINER PERCENT | (X=NO) Dark yellowish brown poorly graded sand with silt

#4 100.0
#8 100.0
ne | %
O . - .
#50 53.4 PLo AtLtfiberg Limits -
#100 18.0
#200 > Coefficients

Cy= 3.65 Co= 131

Classification
USCS= SP-SM AASHTO=

Remarks

Dgs= 0.498 Dgg= 0.334 D5p= 0.284
Dzg= 0.200 D15= 0.134 D1p= 0.0915

* (no specification provided)

Sample No.: BI-14 Source of Sample:
Location:

Date:’
Elev./Depth:

8-22-06
37.0-38.0"

. Client:
BIaCkburn ConSUItlng Project: Star Bend Levee Setback

W. Sacramento’ CA Project No: 788.1 Figure




PERCENT FINER

Particle Size Distribution Report

100 : ' T T A Nl ! ARE
i N& | |
% i f f : \
0 (TR R ey
70 i f ; ;
g I | |
50 : i : : \ f
40 - \ i
30 (N IRREEE e
20 i
10 s I .f
0 : i | 111
500 100 10 1 0.1 0.01 0.001
GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT I % CLAY
93.4 6.6
SIEVE PERCENT SPEC.* PASS? Material Description
SIZE FINER PERGENT | (X=NO) Dark olive gray poorly graded sand with silt
#4 99.9
#8 99.9
ilé 89.4
30 3.3 Atterberg Limits
#50 52.9 PL= LL= g Pl=
#100 13.5
#200 6.5 Coefficients
Dgs= 0.515 Dgp= 0.336 Dgp= 0.287
D3p= 0.210 D15= 0.156 D1p= 0.106
Cy= 3.16 Ce= 1.24
Classification
USCS= SP-SM AASHTO=
Remarks
* (no specification provided)
Date: 8-22-06

Sample No.:
lLocation:

B1-17

Source of Sample:

Elev./Depth: 47.5-48.0'

Blackburn Consulting
W. Sacramento, CA

Client:

Project No: 788.1

Project: Star Bend Levee Setback

Figure




Particle Size Distribution Report

Blackburn Consulting
W. Sacramento, CA

Project: Star Bend Levee Setback

Project No: 788.1 Figure
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' GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT I % CLAY
92.8 7.2
SIEVE PERCENT SPEC* PASS? Material Description
SIZE FINER PERCENT | (X=NO) Dark olive gray poorly graded sand with silt
#4 99.8
#8 99.7
§16 898
30 7. A Limit
450 700 oL tLtfiberq imits -
#100 18.8
#200 7.0 Coefficients
Dgs= 0.402 Dgp= 0.261 Dgp= 0.230
D3p= 0.179 Dq5= 0.120 Dqp= 0.0895
Cy= 2.92 Cg= 137
Classification
USCS= SP-SM AASHTO=
Remarks
* (no specification provided)
Sample No.: BI1-20 Source of Sample: Date: 8-22-06
Location: Elev./Depth: 57.5-58.0'
Client:




PERCENT FINER

Particle Size Distribution Report
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GRAIN SIZE - mm
o % GRAVEL % SAND % FINES
% COBBLES CRS. FINE CRS. MEDIUM FINE SILT CLAY
0.7 7.3 14.8 37.9 37.2
SIEVE PERCENT SPEC* PASS? Material Descripﬁon
SIZE FINER PERCENT | (X=NO) Olive brown lean clay with sand
3/8 in. 98.9
#4 97.9
##g 97.;1
1 96. Atterberg Limits
#30 94.6 - - -
#5() 850 PL= 23 LL= 36 Pl= 13
ﬁ%gg gg% Coefficients
’ Dgs= 0.300 Dgp= 0.0160 Dsp= 0.0095
D3p= 0.0032 Dq5= D1p=
Classification
USCS= CL AASHTO=
Remarks
* (no specification provided)
Sample No.: Bulk1 Source of Sample: Date: 6-29-06
Elev./Depth: 1.0-20.0 ft

Location:

. . Client: Wood Rodgers
BIaCkburn ConSUItlng Project: StarBendSetbackLev;e

W. Sacramento’ CA Project No: 788.1 Figure




LIQUID AND PLLASTIC LIMITS TEST REPORT
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LIQUID LIMIT
SOIL DATA
_ NATURAL
SAMPLE DEPTH WATER PLASTIC LIQUID | PLASTICITY
SYMBOL | SOURCE NO. (it.) CONTENT LIMIT LIMIT INDEX uscs
(%) (%) (%) (%)
e Bulk 1 1.0-20.0 ft 23 36 13 CL
LIQUID AND PLASTIC LIMITS TEST REPORT || Client: Wood Rodgers
Blackburn Consulting Project: Star Bend Setback Levee
W. Sacramento, CA Project No.: 788.1 Figure




PERCENT FINER

Particle Size Distribution Report
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GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT | % CLAY
22.1

PERCENT
FINER

SIEVE
SIZE

PASS?
(X=NO)

SPEC.”
PERCENT

#200 22.1

Material Description

Brown silty sand

PL=

Dgs=
Dap=

USCS= SM

Atterberg Limits
LL=

Coefficients

Pl=

D50=
D15= D1o=
CC=

Classification
AASHTO=

Remarks

* (no specification provided)

Sample No.: B2-2

Location:

Source of Sample:

Date:
Elev./Depth:

8-23-06
7.0-8.0'

Blackburn Co

W. Sacramento, CA

Client:
Project:

nsulting

Project No:

788.1

Star Bend Levee Setback

Figure




Particle Size Distribution Report
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GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT ] % CLAY .
62.5
SIEVE PERCENT SPEC.* PASS? Material Description
SIZE FINER PERCENT | (X=NO) Dark brown sandy clayey silt
#200 62.5
Atterberg Limits
PL= 20 LL= 25 Pl= 5
Coefficients
Dg5= Dgg= D50=
D3p= D15= D10=
Classification
USCS= CL-ML AASHTO=
Remarks
¥ (no specification provided)
Sample No.: B2-4 Source of Sample: Date: 8-23-06
Location: Elev./Depth: 12.0-13.0'
Blackburn Consulting | oo™
Project: Star Bend Levee Setback
W. Sacramento’ CA Project No: 788.1 Figure




LIQUID AND PLASTIC LIMITS TEST REPORT

110
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Dashed line indicates the approximate /
upper limit boundary for natural soils
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LIQUID LIMIT
SOIL DATA
NATURAL
SAMPLE DEPTH WATER PLASTIC LIQUID | PLASTICITY
SYMBOL | SOURCE NO. (ft.) CONTENT LIMIT LIMIT INDEX uscs
(%) (%) (%) (%)
U B2-4 12.0-13.0' 20 25 5 CL-ML

LIQUID AND PLASTIC LIMITS TEST REPORT

Blackburn Consulting
W. Sacramento, CA

Client:

Project:

Project No.:

788.1

Star Bend Levee Setback

Figure




Particle Size Distribution Report
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GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT ] % CLAY
70.2
SIEVE PERCENT SPEC.* PASS? Material Descripﬁon
SIZE FINER PERCENT | (X=NO) Dark brown sandy silt
#200 70.2
Atterberg Limits
PL= 23 LL= 28 Pl= 5
Coefficients
Dg5= Dgo= Dgp=
D30= D15= D40=
Cy= Ce=
Classification
USCS= ML AASHTO=
Remarks
¥ (no specification provided)
Sample No.: B2-6 Source of Sample: Date: 8-23-06
Location: Elev./Depth: 17.0-18.0"
Blackburn Consulting | '™
Project: Star Bend Levee Setback
W. Sacramento’ CA Project No: 788.1 Figure




LIQUID AND PLASTIC LIMITS TEST REPORT
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Dashed line indicates the approximate /
upper limit boundary for natural soils
/
/
50—
/
/
Ve
/
/
40—
/
< /
a) /
z /
t /
3) 30—
= /
2 /
T ) /
ol : /
/ oY
/ o
/ y
10— :
/ /
— 7V
A LB R | i or oL MH or OH
|
l
10 30 50 70 90 110
LIQUID LIMIT
SOIL DATA
NATURAL
SAMPLE DEPTH WATER PLASTIC LIQUID | PLASTICITY
SYMBOL | SOURCE NO. (ft.) CONTENT LIMIT LIMIT INDEX uses
(%) (%) (%) (%)
® B2-6 17.0-18.0' 23 28 5 ML
LIQUID AND PLASTIC LIMITS TEST REPORT | Client:
Blackburn Consulting Project: Star Bend Levee Setback
W. Sacramento, CA Project No.: 788.1 Figure




PERCENT FINER

Particle Size Distribution Report
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GRAIN SIZE - mm

% COBBLES % GRAVEL

% SAND % SILT |

% CLAY

38.7 59.6

SIEVE PERCENT SPEC.” PASS?
SIZE FINER PERCENT (X=NO)

Material Description

Olive brown sandy lean clay

1/2 1. 99.5
3/8 in. 99.1
4 98.3

#8 97.9
#16 97.6
#30 96.5
#50 88.9
#100 75.1
#200 59.6

Atterberg Limits
PL= 18 LL= 25 Pl= 7

Coefficients
Dgs= 0.241 Dgp= 0.0763 Dsp=
D3p= D15= D1p=
Cu: CC:

Classification
USCS= CL AASHTO=

Remarks

* (no specification provided)

Sample No.: Bulk2 Source of Sample:

Location:

Date:
Elev./Depth:

6-30-06
1.0-20.0 ft

Blackburn Consulting
W. Sacramento, CA

Client: Wood Rodgers
Project: Star Bend Setback Levee

Project No: 788.1 Figure




LIQUID AND PLASTIC LIMITS TEST REPORT
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LIQUID LIMIT
SOIL DATA
NATURAL
SAMPLE DEPTH WATER PLASTIC LIQUID | PLASTICITY
SYMBOL | SOURCE NO. (ft.) CONTENT LIMIT LIMIT INDEX uses
(%) (%) (%) (%)
® Bulk 2 1.0-20.0 ft 18 25 7 CL
LIQUID AND PLASTIC LIMITS TEST REPORT || Client: Wood Rodgers
Blackburn Consulting Project: Star Bend Setback Levee
W. Sacramento, CA Project No.: 788.1 Figure




PERCENT FINER

Particle Size Distribution Report
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GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT l % CLAY
20.3
SIEVE PERCENT SPEC.” PASS? Material Descripﬁon
SIZE FINER PERCENT | (X=NO) Olive brown silty sand
#200 20.3 ’
Atterberg Limits
PL= LL= Pl=
Coefficients
Dgs= Dgp= D50=
D30= D15= D10=
Classification
USCS= SM AASHTO=
Remarks
¥ (no specification provided)
Sample No.: B3-2 Source of Sample: Date: 8-23-06
Elev./Depth: 7.0-8.0'

Location:

Blackburn Consulting
W. Sacramento, CA

Client:

Project: Star Bend Levee Setback

Project No: 788.1

Figure




Particle Size Distribution Report
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GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT I % CLAY
91.3
SIEVE PERCENT SPEC.” PASS? Material Description
SIZE FINER PERCENT | (X=NO) Dark brown lean clay with silt
#200 91.3
Atterberg Limits
PL= 18 LL= 32 Pl= 14
Coefficients
Dg5= Deo= D50=
D30= D15= D1o=
Cu: CC:
USCS= CL AASHTO=
Remarks
* (no specification provided)
Sample No.: B3-6 Source of Sample: Date: 8-17-06
Location: Elev./Depth: 17.0-17.5'
Blackburn Consulting |S"™
Project: Star Bend Levee Setback
W. Sacramento’ CA Project No: 788.1 Figure




LIQUID AND PLASTIC LIMITS TEST REPORT
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LIQUID LIMIT
SOIL DATA
NATURAL
SAMPLE DEPTH WATER PLASTIC LIQUID | PLASTICITY
SYMBOL | SOURCE NO. (ft.) CONTENT LIMIT LIMIT INDEX uscs
(%) (%) (%) (%)
® B3-6 17.0-17.5' 18 32 14 CL
LIQUID AND PLASTIC LIMITS TEST REPORT || Client:
Blackburn Consulting Project: Star Bend Levee Setback
W. Sacramento’ CA Project No.: 788.1 Figure




PERCENT FINER

Particle Size Distribution Report
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GRAIN SIZE - mm

% COBBLES % GRAVEL % SAND % SILT J

% CLAY

39.5 60.5

SIEVE PERCENT SPEC.” PASS? Material Description
SIZE FINER PERCENT | (X=NO) Olive brown sandy silty clay

#4 99.9
#8 99.7

#16 99.5
#30 98.5 Atterberg Limits

#30 87.8 PL= 17 LL= 23 Pl= 6

#100 72.4
#200 60.4 Coefficients

Dgs= 0.262 Dgo= Dsg=
D3p= D15= D1o=

USCS= CL-ML AASHTO=

Remarks

* (no specification provided)

Sample No.: Bulk 3 Source of Sample:
Location:

Date:
Elev./Depth:

6-30-06
1.0-20.0 ft

. Client: Wood Rodgers
B l aCkb urn Co nsu Itl n g Project: Star Bend Setback Levee

W. Sacramento, CA Project No: 788.1 ' Figure




LIQUID AND PLASTIC LIMITS TEST REPORT
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upper limit boundary for natural soils
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’ LIQUID LIMIT
SOIL DATA
NATURAL
SAMPLE DEPTH WATER PLASTIC LIQUID | PLASTICITY
SYMBOL | SOURCE NO. (ft.) CONTENT LIMIT LIMIT INDEX uscs
(%) (%) (%) (%)
® Bulk 3 1.0-20.0 ft 17 23 6 CL-ML
LIQUID AND PLASTIC LIMITS TEST REPORT || Client: Wood Rodgers
Blackburn Consulting Projeet: Star Bend Setback Levee
W. Sacramento, CA Project No.: 788.1 Figure




PERCENT FINER

Particle Size Distribution Report
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GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT I % CLAY
46.7
SIEVE PERCENT SPEC* PASS? Material Descripﬁon
SIZE FINER PERCENT | (X=NO) Dark yellowish brown silty sand
#200 46.7
Atterberg Limits
PL= LL= Pi=
Coefficients
Dgs= Dgo= D50=
D3p= D15= D1p=
Cu: CC:
Classification
USCS= SM AASHTO=
Remarks
* (no specification provided)
Sample No.: B4-4 Source of Sample: Date: 8-23-06
Elev./Depth: 12.0-13.0'

Location:

Blackburn Consulting
W. Sacramento, CA

Client: ‘
Project: Star Bend Levee Setback

Project No: 788.1 Figure




Particle Size Distribution Report
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: ' GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT ' % CLAY
‘ 69.2
SIEVE PERCENT SPEC.* PASS? Material Description
SIZE FINER PERCENT | (X=NO) Dark yellowish brown sandy silt
#200 69.2
Atterberg Limits
PL= L= Pi=
Coefficients
Dgs5= Dgo= D5p=
D30= D15= D1o=
CU: CC:
USCS= ML AASHTO=
Remarks
* (no specification provided)
Sample No.: B4-6 Source of Sample: Date: 8-23-06
Location: Elev./Depth: 20.5-21.5'

. Client:
BIaCkburn ConSUItlng Project: Star Bend Levee Setback

W. Sacramento’ CA Project No: 788.1 Figure




LIQUID AND PLASTIC LIMITS TEST REPORT
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Dashed line indicates the approximate /
upper limit boundary for natural soils
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LIQUID LIMIT
SOIL DATA
NATURAL
SAMPLE DEPTH WATER PLASTIC LIQUID | PLASTICITY
SYMBOL | SOURCE NO. (t.) CONTENT LIMIT LIMIT INDEX uses
(%) (%) (%) (%)
e B4-8 26.0-27.5' 23 27 4 ML
LIQUID AND PLASTIC LIMITS TEST REPORT || Client:
Blackburn Consulting Project: Star Bend Levee Setback
W. Sacramento, CA Project No.: 788.1 Figure




Particle Size Distribution Report
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GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND [ % SILT | % cLAY
SIEVE PERCENT SPEC* PASS? Material Description
SIZE FINER PERCENT | (X=NO) Light yellowish brown elastic Silt (M)
Atterberg Limits
PL= 29 LL= 50 Pl= 21
Coefficients
Dgs= Dgp= 0.0089 Dgp= 0.0063
D3p= 0.0030 D15= D1g=
Classification
USCS= AASHTO=
Remarks
* (no specification provided)
Sample No.: B4-10B Source of Sample: B4 Date: 7-7-06
Location: Elev./Depth: 35.5-36.0

Blackburn Consulting

Auburn, California

Client: Wood Rodgers
Project:

Project No: 788.1

Star Bend Setback Levee




LIQUID AND PLASTIC LIMITS TEST REPORT
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LIQUID LIMIT
MATERIAL DESCRIPTION LL PL Pl %<#40 %<#200 Uscs
e Light yellowish brown elastic Silt (MH) 50 29 21 MH
Project No. 788.1 Client: Wood Rodgers Remarks:
Project: Star Bend Setback Levee ©7-7-06
® Source: B4 Sample No.: B4-10B Elev./Depth: 35.5-36.0

Blackburn Consulting
Auburn, California




PERCENT FINER

Particle Size Distribution Report
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GRAIN SIZE - mm

% COBBLES % GRAVEL

% SAND

% SILT |

% CLAY

8.1

91.9

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT {(X=NO)

#4 99.9
#8 99.7
#16 99.3
#30 98.8
#50 97.6
#100 95.5
#200 91.8

Material Description

Light olive brown silty clay

Atterberg Limits

PL= LL=

Goefficients

Dgs= Dgp=
D3p= Dq5=
Cy= Ce=

PI=

D5p=
D10=

Classification
USCS= CL-ML AASHTO=

Remarks

* (no specification provided)

Sample No.: B4-10c
Location:

Source of Sample:

Date:
Elev./Depth:

7-5-06
36.0-36.5 ft

Blackburn Consulting
W. Sacramento, CA

Client:

Wood Rodgers

Project: Star Bend Setback Levee

Project No:

788.1

Figure




Particle Size Distribution Report
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GRAIN SIZE - mm
% COBBLES % GRAVEL %Y SAND % SILT ’ % CLAY
38.7 60.3
SIEVE PERCENT SPEC.” PASS? Material Description
SIZE FINER PERCENT | (X=NO) Light olive brown silty very fine sand
#4 99.0
#8 98.0
§16 92.1
30 96.5 imi
450 952 Pl AtLtLe£berq Limits bl=
#100 83.1
#200 60.3 Coefficients
Dgs= 0.162 Dgo= Dsg=
D3p= Dq5= D10=
CU= CC:
Classification
USCS= AASHTO=
Remarks
¥ (no specification provided)
Sample No.: B4-13 Source of Sample: Date: 8-22-06
Location: Elev./Depth: 42.5-43.0'

Blackburn Consulting
W. Sacramento, CA

Client:
Project:

Project No:

788.1 -

Star Bend Levee Setback

Figure




PERCENT FINER

Particle Size Distribution Report
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GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT 1 % CLAY
70.8 28.5
SIEVE PERCENT SPEC.* PASS? Material Description
SIZE FINER PERCENT | (X=NO) Olive brown very fine sand
#4 99.3
#8 97.6
§16 96.5
30 9.9 Atterberg Limit
#50 85.3 PL= Lf= = = Pl=
#100 45.7
#200 28.5 Coefficients
Dgs= 0.298 Dgp= 0.193 Dgp= 0.163
D3p= 0.0837 D15= D1g=
Cy= Cc=
Classification
USCS= AASHTO=
Remarks
¥ (no specification provided)
Sample No.: B4-14 Source of Sample: Date: 8-22-06
Elev./Depth: 46.5-47.0'

Location:

Blackburn Consulting
W. Sacramento, CA

Client:
Project: Star Bend Levee Setback

Project No: 788.1 Figure




Particle Size Distribution Report
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GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT | % CLAY
90.8 9.2
SIEVE PERCENT SPEC* PASS? Materia' Description
SIZE FINER PERCENT | (X=NO) Dark yellowish brown/Olive brown very fine sand
#4 99.9
#8 99.2
e |
O' - =
430 4’ oL AtLtfiberg Limits b=
#100 13.3
#200 9.1 Coefficients
Dgg= 0.988 Dgp= 0.5%94 Dgg= 0.500
D3p= 0.344 Dq5= 0.188 D4p= 0.0873
Cy= 6.80 Co= 228
Classification
USCS= AASHTO=
' Remarks
¥ (no specification provided)
Sample No.: B4-16 Source of Sample: Date: 8-22-06
Location: Elev./Depth: 52.0-53.0'
Blackburn Consulting |-
Project: Star Bend Levee Setback
W. Sacramento’ CA Project No: 788.1 Figure




PERCENT FINER

Particle Size Distribution Report
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GRAIN SIZE - mm

% COBBLES

% GRAVEL

% SAND % SILT |

% CLAY

0.0

0.0

3.8 96.2

SIEVE
SIZE

PERCENT
FINER

SPEC."
PERGCENT

PASS?
(X=NO)

Material Description

Yellowish brown clayey silt

#4
#8
#16
#30
#50
#100
#200

100.0
99.9
99.7
99.1
98.1
97.2
96.2

Atterberg Limits
PL= LL= Pi=

Coefficients
Dg5= Dgo= Dsp=
D30= D15= D1o=
Cy = Co=

Classification
USCs= AASHTO=

Remarks

¥ (no specification provided)

Sample No.: B4-19
Location:

Source of Sample:

Date:
Elev./Depth:

8-22-06
62.0-63.0'

Blackburn Consulting
W. Sacramento, CA

Client:
Project: Star Bend Levee Setback

Project No: 788.1 Figure




LIQUID AND PLASTIC LIMITS TEST REPORT
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LIQUID LIMIT
SOIL DATA
NATURAL
SAMPLE DEPTH WATER PLASTIC LIQUID | PLASTICITY
SYMBOL | SOURCE NO. (ft.) CONTENT LIMIT LIMIT INDEX uscs
(%) (%) (%) (%)
] B4-19 62.0-63.0' 29 46 17 ML
LIQUID AND PLASTIC LIMITS TEST REPORT || Client:
Project: Star Bend Levee Setback

Blackburn Consulting
W. Sacramento, CA

Project No.:

788.1

Figure




Particle Size Distribution Report
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GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT | % CLAY
43.2 56.2
SIEVE PERCENT SPEC.* PASS? Material Descripﬁon
SIZE FINER PERCENT | (X=NO) Olive brown sandy silty clay
#4 99.4
#8 98.8
ﬁlg 93.4
3 97.2 Atterberg Limits
#50 89.3 - — -
#100 736 PL= 19 LL= 26 Pl= 7
#200 56.2 Coefficients
Dgs= 0.242 Dgp= 0.0872 Dspo=
D30~ D15= D10=
Cu: CC:
Classification
USCS= CL-ML AASHTO=
Remarks
¥ (no specification provided)
Sample No.: Bulk4 Source of Sample: Date: 7-5-06
Location: Elev./Depth: 1.0-20.0 ft
. Client: Wood Rodgers
BIaCkbu rn Consu Itl ng Project: Star Bend Setback Levee
W' Sacramento’ CA Project No: 788.1 Figure




LIQUID AND PLASTIC LIMITS TEST REPORT
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LIQUID LIMIT
SOIL DATA
NATURAL
SAMPLE DEPTH WATER PLASTIC LIQUID | PLASTICITY
SYMBEOL | SOURCE NO. (ft.) CONTENT LIMIT LIMIT INDEX uscs
(%) (%) (%) (%)
e Bulk 4 1.0-20.0 ft 19 26 7 CL-ML
LIQUID AND PLASTIC LIMITS TEST REPORT || Client: Wood Rodgers
Blackburn Consulting Project: Star Bend Setback Levee
W. Sacramento, CA Project No.: 788.1 Figure




Particle Size Distribution Report

- - % § 83 § =% §
100 ' : | : ' ' . NN
90 :
80
N
B
70
x \
L 60
=
2 N
= 2
=z 50
m N
O
: \
o40
30 \
) N
10
0 ; Ll ! A1
500 100 10 1 0.1 0.001
GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT % CLAY
52.5 24.1
SIEVE PERCENT SPEC.” PASS? Material Description
SIZE FINER PERCENT | (X=NO) Brown lean Clay with sand (CL)
#200 76.6
Atterberg Limits
PL= 19 LL= 30 = 11
Coefficients
Dg5= Dgp= 0.0414 Dsp= 0.0260
D3p= 0.0072 D45= 0.0017 D1p=
Cy= Ce=
Classification
USCS= CL AASHTO=
Remarks
200 Wash only
* (no specification provided)
Sample No.: B5-1b Source of Sample: BS5 Date: 7-1-06
Location: - Elev./Depth: 5.5-6

Blackburn Consulting

Auburn, California

Client: Wood Rodgers

Project:

Project No:

788.1

Star Bend Setback Levee




LIQUID AND PLASTIC LIMITS TEST REPORT
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LIQUID LIMIT
MATERIAL DESCRIPTION LL PL Pl % <#40 %<#200 USCS
L Brown lean Clay with sand (CL) 30 19 11 76.6 CL
Project No. 788.1 Client: Wood Rodgers Remarks:
®7-7-06

Project: Star Bend Setback Levee

@ Source: B5

Sample No.: B5-1b Elev./Depth: 5.5-6

Blackburn Consulting

Auburn, California




PERCENT FINER

Particle Size Distribution Report
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GRAIN SIZE - mm
% COBBLES . % GRAVEL % SAND % SILT | % CLAY
91.9 7.4
SIEVE PERCENT SPEC.” PASS? Material Description
SIZE FINER PERCENT | (X=NO) Olive brown poorly graded sand with clay (or silty clay)
#4 99.3
#8 97.5
#16 92.9
ﬁgg Z?’g Atterberg Limits
#100 12.9 PL= L= PI=
#200 7.4 Coefficients
Dgs= 0.799 Dgo= 0.476 Dgg= 0.409
Dap= 0.291 Dqy5= 0.174 D1p= 0.112
Cy= 4.26 Ce= 1.59
Classification
USCS= SP-SC AASHTO=
Remarks
* (no specification provided)
Sample No.: BS54 Source of Sample: Date: 7-5-06
Elev./Depth: 12.0-13.0ft

Location:

Blackburn Consulting
W. Sacramento, CA

Client: Wood Rodgers

Project: Star Bend Setback Levee

Project No: 788.1

Figure




Particle Size Distribution Report
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GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT I % CLAY
96.8 2.9
SIEVE PERCENT SPEC.” PASS? Material Description
SIZE FINER PERCENT | (X=NO) Olive brown poorly graded sand
#4 99.7
#8 99.5
i | B
30 . At imi
430 01 bl Ltf:berq Limits bl
#100 4.6
#200 2.9 Coefficients
Dgs= 1.49 Dgp= 0.950 Dsp= 0.823
D3p= 0.601 Dq5= 0.398 D1p= 0.298
Cy= 3.19 Co= 1.28
Classification
USCS= Sp AASHTO=
Remarks
* (no specification provided)
Sample No.: B5-7¢ Source of Sample: Date: 7-6-06
Location: Elev./Depth: 21.0-21.5 ft
x Client: Wood Rodgers
BIaCkburn Consu Itl ng Project: Star Bend Setback Levee
W. Sacramento’ CA Project No: 788.1 Figure




Particle Size Distribution Report
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GRAIN SIZE - mm
o % GRAVEL % SAND % FINES
% COBBLES CRS. FINE CRS. MEDIUM FINE SILT l CLAY
14 7.4 24.9 65.0
SIEVE PERCENT SPEC* PASS? Material Descripﬁon
SIZE FINER PERCENT | (X=NO) Dark greenish gray sandy elastic silt
#4 98.7
#8 97.6
ﬁ16 96.0
30 93.0 Atterberg Limits
#50 85.2 - — -
#100 734 PL= 31 LL= 59 Pl= 28
#200 65.0 Coefficients
Dgs= 0.296 Dgo= D5p=
D30= D15= D1p=
Classification
USCS= MH AASHTO=
Remarks
* (no specification provided)
Sample No.: B5-12 Source of Sample: Date: 7-6-06
Location: Elev./Depth: 32.0-33.0ft.
. Client: Wood RoC,. s
BIaCkburn ConSUItI ng Project: Star Bend Setback Levee
W. Sacramento’ CA Project No: 788.1 Figure




LIQUID AND PLASTIC LIMITS TEST REPORT
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LIQUID LIMIT
SOIL DATA
NATURAL
SAMPLE DEPTH WATER PLASTIC LIQUID | PLASTICITY
SYMBOL | SOURCE NO. (ft.) CONTENT LIMIT LIMIT INDEX uses
(%) (%) (%) (%)
° B5-12 | 32.0-33.0ft. 31 59 28 MH
LIQUID AND PLASTIC LIMITS TEST REPORT || Client: Wood Rodgers
Blackburn Consulting Project: Star Bend Setback Levee
W. Sacramento, CA Project No.: 788.1 Figure




Particle Size Distribution Report
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GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT [ % CLAY
334 66.2
SIEVE PERCENT SPEC.” PASS? Material Description
SIZE FINER PERCENT | (X=NO) Dark greenish gray sandy silty clay
#4 99.6
#8 99.3
| g
3 . N .t
530 %00 oL AtLtI_e:berq Limits bl
#100 76.3
#200 66.2 Coefficients
Dgs= 0.231 Dgo= D5o=
D3o= D15= D10=
CU= CC=
USCS= CL-ML AASHTO=
Remarks
* (no specification provided)
Sample No.: B5-15b Source of Sample: Date: 7-6-06
Location: Elev./Depth: 40.5-41.0 ft
. Client: Wood Rodgers
BIaCkburn ConSUItlng Project: Star Bend Setback Levee
W' Sacramento’ CA Project No: 788.1 Figure




PERCENT FINER

Particle Size Distribution Report
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GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND | % SILT | % CLAY
SIEVE PERCENT SPEC.* PASS? Material Description
SIZE FINER PERCENT | (X=NO) Dark greenish gray fat Clay (CH)
Atterberg Limits
PL= 25 LL= 53 Pi= 28
Coefficients
Dgs= Dgg= 0.0060 Dgp= 0.0033
D30= Dq5= D1p=
Classification
USCS= AASHTO=
Remarks
" (no specification provided)
Date: 7-7-06

Sample No.: B5-15¢
Location:

Source of Sample: B5

Elev./Depth: 41-41.5

Client: Wood Rodgers

BIaCkburn CO"SUItlng Project: Star Bend Setback Levee
Auburn, California

Project No: 788.1




Particle Size Distribution Report

W. Sacramento, CA

Project No: 788.1 Figure
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GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT | % CLAY
54.7 45.3
SIEVE PERCENT SPEC.* PASS? Material Description
SIZE FINER PERCENT | (X=NO) Greenish black silty sand
#4 99.9
#8 99.7
#16 92%
#30 98. imi
450 277 oL AtLtf;'berq Limits -
#100 65.7
#200 45.2 Coefficients
Dgs= 0.271 Dgo= 0.125 Dgg= 0.0890
D30= D15= D10=
Classification
USCS= SM AASHTO=
Remarks
¥ (no specification provided)
Sample No.: B5-20 Source of Sample: Date: 7-5-06
Location: Elev./Depth: 52.0-53.0 ft
v . Client: Wood Rodgers
B IaCkbu rn Consu Itl ng Project: Star Bend Seiback Levee




Particle Size Distribution Report
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GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT ’ % CLAY
86.2
SIEVE PERCENT SPEC.” PASS? Material Description
SIZE FINER PERCENT {X=NO) Light greenish gray fat clay
#8 99.2
#16 97.4
§3O 94.8
50 91.3 Atterberg Limits
#100 88.3 _ - _
4500 862 PL= 26 LL= 58 Pl= 32
Coefficients :
Dg5= Dgo= D5p=
D3p= D45= Dqo=
Cy= Ce=
Classification
UsSCS= cH AASHTO=
Remarks
* (no specification provided)
Sample No.: B5-23b Source of Sample: Date: 7-10-06
Location: Elev./Depth: 60.5-61.0
x Client: Wood Rodgers
BlaCkburn Consu Itl ng Project: Star Bend Setback Levee
W' Sacramento’ CA Project No: 788.1 Figure




LIQUID AND PLASTIC LIMITS TEST REPORT
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LIQUID LIMIT
SOIL DATA
NATURAL
SAMPLE DEPTH WATER PLASTIC LIQUID | PLASTICITY
SYMBOL | SOURCE NO. (ft.) CONTENT LIMIT LIMIT INDEX Uscs
(%) (%) (%) (%)
® B5-23b 60.5-61.0 26 58 32 CH
LIQUID AND PLASTIC LIMITS TEST REPORT || Client: Wood Rodgers
Blackburn Consulting Project: Star Bend Setback Levee
W. Sacramento! CA Project No.: 788.1 Figure




PERCENT FINER

Particle Size Distribution Report
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GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT l % CLAY
85.9
SIEVE PERCENT SPEC.* PASS? Material Description
SIZE FINER PERCENT | (X=NO) Light olive brown lean clay
#8 99.6
#16 97.6
ﬁBO 94.4
50 90.7 imi
4100 280 bl AtLtfiberq Limits o=
#200 85.9
Coefficients
Dgs5= Dgo= D50=
D30= D45= D1o=
Cu: CC:
Classification
USCS= CL AASHTO=
Remarks
* (no specification provided)
Sample No.: B6-6 Source of Sample: Date: 7-6-06
Elev./Depth: 17.0-18.0 ft

Location:

Blackburn Consulting
W. Sacramento, CA

Client: Wood Rodgers
Project: Star Bend Setback Levee

Project No: 788.1 Figure




PERCENT FINER

Particle Size Distribution Report
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GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT | % CLAY
0.0 0.0 84.1 15.9
SIEVE PERCENT SPEC.* PASS? Material Descripﬁon
SIZE FINER PERCENT | (X=NO) Olive silty sand
#4 100.0
#8 100.0
ﬁ%g 99.9
98.4 imi
430 16 bl A’lc-tf;berq Limits -
#100 35.9
#200 15.9 Coefficients o
Dgs= 0.409 Dgo= 0.240 Dsp= 0.200
D3p= 0.129 D15= D1g=
Cu: CC:
Classification
USCS= AASHTO=
Remarks
¥ (no specification provided)
Sample No.: B6-8 Source of Sample: Date: 8-22-06
Elev./Depth: 22.0-23.0’

Location:

Blackburn Consulting
W. Sacramento, CA

Client:
Project:

Project No:

Star Bend Levee Setback

788.1

Figure




PERCENT FINER

Particle Size Distribution Report
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GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT l % CLAY
20.9
SIEVE PERCENT SPEGC.” PASS? Material Description
SIZE FINER PERGENT ; (X=NO) Olive brown silty, clayey sand
#8 99.9
#16 99.9
ﬁBO 99.1
50 73.8 imi
4100 336 o= AtLtlt_aiberq Limits -
#200 20.9
Coefficients
Dgs= 0.384 Dgo= 0.238 Dsp= 0.203
D3p= 0.136 Dq5= D1o=
Classification
USCS= SC-SM AASHTO=
Remarks
* (no specification provided)
Sample No.: B6-9b Source of Sample: Date: 7-6-06

Location:

Elev./Depth: 25.5-26.0 ft

Client: Wood Rodgers

BIaCkburn CO"SUItIng Project: Star Bend Setback Levee
W. Sacramento, CA

Project No: 788.1 Figure




PERCENT FINER

Particle Size Distribution Report
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GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT | % CLAY
81.9 : 13.3
SIEVE PERCENT SPEC." PASS? Material Description
SIZE FINER PERCENT | (X=NO) Olive brown silty, clayey sand
3/8 in. 99.3
#4 95.2
##8 90.461
16 81. Atterberg Limits
#30 57.2 PL= (L= . Pl=
#50 30.6
ﬁ%gg %g% Coefficients
) Dgs= 1.39 Dgp= 0.641 Dsg= 0.506
Dgp= 0.294 D45= 0.100 D1po=
Classification
USCS= SC-SM AASHTO=
Remarks
* (no specification provided)
Sample No.: B6-12b Source of Sample: Date: 7-6-06

Location:

Elev./Depth: 35.5-36.0 ft

Client: Wood Rodgers

BIaCkburn ConSUItlng Project: Star Bend Setback Levee

W. Sacramento, CA

Project No: 788.1

Figure




PERCENT FINER

Particle Size Distribution Report
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. GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT l % CLAY
0.0 0.0 84.1 15.9
SIEVE PERCENT SPEC.” PASS? Material Description
SIZE FINER PERCENT | (X=NO) Greenish black silty, clayey sand
#8 100.0
#16 99.8
§3O 97.9
50 70.5 ! Atterberg Limits
#100 33.2 PL= Lfi erg ~imt Pl=
#200 15.9
Coefficients
Dgs= 0.417 Dgp= 0.248 Dsp= 0.208
D3p= 0.138 Dq5= D1g=
Cy= Ce=
Classification
USCS= SC-SM AASHTO=
Remarks
¥ (no specification provided)
Sample No.: B6-14 Source of Sample: Date: 7-6-06
Elev./Depth: 42.0-43.0 ft

Location:

' . Client: Wood Rodgers
BIﬂCkb urn CO nsu Itl ng Project: Star Bend Setback Levee

W. Sacramento’ CA Project No: 788.1 Figure




PERCENT FINER

Particle Size Distribution Report
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GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND . % SILT ‘ % CLAY
74.0 18.8
SIEVE PERCENT SPEC.* PASS? Material Description
SIZE FINER PERCENT | (X=NO) Greenish black silty, clayey sand
3/8 in. 99.2
#4 92.8
#8 88.0
#16 82.9 b Limit
#30 62.7 bL= A"Lt,_ei SRS
#50 38.0
§7{88 %gg Coefficients
’ Dgs= 1.37 Dgp= 0.559 Dsp= 0.431
D3p= 0.201 D15= D1o=
Cu: CC=
Classification
USCS= SC-SM AASHTO=
Remarks

* (no specification provided)

Sample No.: B6-16b Source of Sample: Date: 7-6-06
Location: Elev./Depth: 50.5-51.0 {t

. Client: Wood Rodgers
BlaCkb urn Co nsu ltl ng Project: Star Bend Setback Levee

W. Sacramento’ CA Project No: 788.1 Figure




LIQUID AND PLASTIC LIMITS TEST REPORT
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LIQUID LIMIT
SOIL DATA
NATURAL
SAMPLE DEPTH WATER PLASTIC LIQUID | PLASTICITY
SYMBOL | SOURCE NO. (ft.) CONTENT LIMIT LIMIT INDEX uses
(%) (%) (%) (%)
® TP1/BagB | 14.0-15.0' 32 41 9 ML
LIQUID AND PLASTIC LIMITS TEST REPORT || Client:
Project: Star Bend Levee Setback

Blackburn Consulting
W. Sacramento, CA

788.1

Project No.:

Figure




LIQUID AND PLASTIC LIMITS TEST REPORT
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LIQUID LIMIT
SOIL DATA
NATURAL
SAMPLE DEPTH WATER PLASTIC LIQUID | PLASTICITY
SYMBOL | SOURCE NO. (ft.) CONTENT LIMIT LIMIT INDEX uscs
(%) (%) (%) (%)
L TP2/Bag C |  8.0-9.0" 34 55 21 MH

LIQUID AND PLASTIC LIMITS TEST REPORT

Blackburn Consulting
W. Sacramento, CA

Client:

Project:

Project No.:

Star Bend Levee Setback

788.1

Figure




LIQUID AND PLASTIC LIMITS TEST REPORT
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SOIL DATA
NATURAL
SAMPLE DEPTH WATER PLASTIC LIQUID | PLASTICITY
SYMBOL | SOURCE NO. (it.) CONTENT LIMIT LIMIT INDEX uses
(%) (%) (%) (%)
e TP3/Bag E | 12.0-14.0' 31 55 24 MH
LIQUID AND PLASTIC LIMITS TEST REPORT || Client:
Blackburn Consulting Project: Star Bend Levge Setback
W. Sacramento, CA Project No.: 788.1 Figure




LIQUID AND PLASTIC LIMITS TEST REPORT
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LIQUID LIMIT
SOIL DATA
NATURAL
SAMPLE DEPTH WATER PLASTIC LIQUID | PLASTICITY
SYMBOL | SOURCE NO. (ft.) CONTENT LIMIT LIMIT INDEX uscs
(%) (%) (%) (%)
J TP4/BagH | 14.0-16.0" 28 41 13 ML
LIQUID AND PLASTIC LIMITS TEST REPORT || Client:
Project: Star Bend Levee Setback

Blackburn Consulting
W. Sacramento, CA

Project No.:

788.1

Figure




LIQUID AND PLASTIC LIMITS TEST REPORT
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LIQUID LIMIT
SOIL DATA
NATURAL .
SAMPLE DEPTH WATER PLASTIC LIQUID PLASTICITY
SYMBOL SOURCE NO., (ft.) CONTENT LIMIT LIMIT INDEX Uscs
(%) (%) (%) (%)
® TP4/Bag G 7.0-9.0' 31 47 16 ML

LIQUID AND PLASTIC LIMITS TEST REPORT | Client:
Blackburn Consulting Project: Star Bend Levee Setback

W. Sacramento, CA Project No.: 788.1 Figure




LIQUID AND PLASTIC LIMITS TEST REPORT
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LIQUID LIMIT
SOIL DATA
NATURAL
SAMPLE DEPTH WATER PLASTIC LIQUID | PLASTICITY
SYMBOL | SOURCE NO. (ft.) CONTENT LIMIT LIMIT INDEX uscs
(%) (%) (%) (%)
® TP5/Bagl | 13.0-15.0' 32 46 14 ML
LIQUID AND PLASTIC LIMITS TEST REPORT || Client:
Blackburn Consulting Project: Star Bend Levee Setback
W. Sacramento, CA Project No.: 788.1 Figure




PLASTICITY INDEX

LIQUID AND PLASTIC LIMITS TEST REPORT
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SOIL DATA
NATURAL
SAMPLE DEPTH WATER PLASTIC LIQUID | PLASTICITY
SYMBOL | SOURCE NO. (ft.) CONTENT LIMIT LIMIT INDEX uscs
(%) (%) (%) (%)
e TP6/BagJ | 9.0-12.0' 33 53 20 MH

LIQUID AND PLASTIC LIMITS TEST REPORT

Blackburn Consulting
W. Sacramento, CA

Project No.:

Client:
Project:

788.1

Star Bend Levee Setback

Figure




LIQUID AND PLASTIC LIMITS TEST REPORT
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LIQUID LIMIT
SOIL DATA
NATURAL
SAMPLE DEPTH WATER PLASTIC LIQUID | PLASTICITY
SYMBOL | SOURCE NO. (ft.) CONTENT LIMIT LIMIT INDEX uscs
(%) (*) (%) (%)
® TP7/BagL | 13.0-15.0° 27 38 11 ML
.IQUID AND PLASTIC LIMITS TEST REPORT || Client:
Blackburn Consulting Project: Star Bend Levee Setback
W. Sacramentov CA Project No.: 788.1 Figure




LIQUID AND PLASTIC LIMITS TEST REPORT
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SOIL DATA
NATURAL
SAMPLE DEPTH WATER PLASTIC LIQUID | PLASTICITY
SYMBOL | SOURCE NO. (ft.) CONTENT LIMIT LIMIT INDEX uses
(%) (%) (%) (%)
e TP-7/Bag K 34 57 23 MH

LIQUID AND PLASTIC LIMITS TEST REPORT

Blackburn Consulting
W. Sacramento, CA

Client:
Project:

Project No.:

788.1

Star Bend Levee Setback

Figure




LIQUID AND PLASTIC LIMITS TEST REPORT
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LIQUID LIMIT
SOIL DATA
NATURAL
SAMPLE DEPTH WATER PLASTIC LIQUID PLASTICITY
SYMBOL SOURCE NO. (ft.) CONTENT LIMIT LIMIT INDEX uses
(o) (%) (%) (%)
® TP11/Bag N 3.0-7.0' 25 29 4 ML

LIQUID AND PLASTIC LIMITS TEST REPORT Client_:
Blackburn Consulting Project: Star Bend Levee Setback

W. Sacramento, CA Project No.: 788.1 Figure




Project No.:

COMPACTION TEST REPORT

Date: 6-26-06

788.1

Project: Star Bend Setback Levee

Location:
Elev./Depth: 1.0-20.0 ft Sample No. Bulk1
Remarks:
MATERIAL DESCRIPTION
Description: Olive brown lean clay with sand
Classifications - USCS: CL AASHTO:
Nat. Moist. = Sp.G. =
Liquid Limit= 36 Plasticity Index = 13
%>No4d= 21% % < No.200 = 75.1%
TEST RESULTS
Maximum dry density = 105.1 pef
Optimum moisture = 19.1 %
140 NN Test specification:
N \\\ \ ASTM D 698-00a Method A Standard
NA NN
130 0 { \\
NCNN
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NN
N N
120 TR\ 100% SATURATION CURVES
NL \‘\ FOR SPEC. GRAV. EQUAL TO:
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Water content, %
Figure

Blackburn Consulting




Dry density, pcf

COMPACTION TEST REPORT

Project No.: 788.1 | Date: 6-26-06
Project: Star Bend Setback Levee

Location:
Elev./Depth: 1.0-20.0 ft Sample No. Bulk2
Remarks:

MATERIAL DESCRIPTION

Description: Olive brown sandy lean clay

Classifications - USCS: CL AASHTO:
Nat. Moist. = ' Sp.G. =

Liquid Limit= 25 Plasticity Index= 7
%>Nod= 17% % <N0.200= 59.6 %

TEST RESULTS

Maximum dry density = 118 pcf

Optimum moisture = 14 %

140 \\ NN Test specification:
AN ASTM D 698-00a Method A Standard
NN
N AN
130 AN
AR NIAN
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NARN
ANIANAN
120 N \\ 100% SATURATION CURVES
P AN FOR SPEC. GRAV. EQUAL TO:
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Water content, %
Figure

Blackburn Consulting




Dry density, pcf
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COMPACTION TEST REPORT

Project No.: 788.1 Date: 08-01-06
Project: Star Bend Levee Setback

Location:
Elev./Depth: Sample No. TP-7/BagK
Remarks:
MATERIAL DESCRIPTION
Description: Light olive brown elastic silt
Classifications - USCS: MH AASHTO:
Nat. Moist. = Sp.G. =
Liquid Limit= 57 Plasticity Index = 23
% > No.4 = 0.0% _ % < No0.200 = 99.8%

TEST RESULTS

Maximum dry density = 83.3 pef

Optimum moisture =21.4 %

\\ N Test specification:
NEAVAN ASTM D 698-00a Method A Standard
NCNIN
ANAGN
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Project No.: 788.1

Project: Star Bend Levee Setback

Location:
Elev./Depth:
Remarks:

COMPACTION TEST REPORT

Sample No. TP7/BagL,TP10/Bag M

MATERIAL DESCRIPTION

Description: Dark brown silt with sand

Classifications -
Nat. Moist. =
Liquid Limit = 33
%> No.d4= 0.0%

USCS: ML AASHTO:

Sp.G.=
Plasticity Index= 6
% < No.200 = 85.0%

Date: 08-02-06

TEST RESULTS

Maximum dry density = 98.8 pef
Optimum moisture = 20.1 %
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, Project
Star Bend Setback Levee
Project Number
788.1
Sample Number
B1-13b
Material Description
Dark yellowish brown silty sand, moist
Tested By
KAC

ASTM D 2166-00

Stress (load-Ib)

Stress vs Strain
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0.01 0.13 0.26 0.38
Axial Strain (in/in)

1.00

Total Density (pcf) 120.8
Dry Density (pcf) 93.9
% Moisture 28.6

Unconfined Compressive Strength (tsf) 1.63




Project
- Star Bend Setback Levee
Project Number
788.1
Sample Number
B5-11b
Material Description
Greenish gray clayey silt, moist
Tested By
KAC

ASTM D 2166-00

250

(loag:b)
(@]
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(@»]
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0 T T T T T T T
0.01 0.13 AxfaP8train (infin) 0-37 0.49
Total Density (pcf) 125.4
Dry Density (pcf) 101.2

% Moisture 23.8

Unconfined Compressive Strength (tsf) 2.92




Project
Star Bend Setback Levee
Project Number
788.1
Sample Number
B5-17b
Material Description
Dark bluish gray clayey silt, moist
Tested By
KAC

ASTM D 2166-00

Stress vs_Strain
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Total Density (pcf) 109.4
Dry Density (pcf) 76.1
% Moisture 43.8

Unconfined Compressive Strength (tsf) 0.99




Project
Star Bend Setback Levee
Project Number
788.1
Sample Number
B4-7b
Material Description
Dark yellowish brown sandy silt, moist
Tested By
KAC

ASTM D 2166-00

Stress (load-Ib)

Stress vs Strain
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0.01 0.15 0.28 1.00
Axial Strain (in/in)

1.00

Total Density (pcf) 109.8
Dry Density (pcf) 85.9
% Moisture 27.8

Unconfined Compressive Strength (tsf) 0.34




Project
Star Bend Setback Levee
Project Number
788.1
Sample Number
B4-10c
Material Description
Light olive brown slightly sandy silt, moist
Tested By
KAC

ASTM D 2166-00
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Axial Strain (in/in)

1.00

Total Density (pcf) 119.9
Dry Density (pcf) 92.7
% Moisture 29.3

Unconfined Compressive Strength (tsf) 3.23




Project
Star Bend Setback Levee
Project Number
788.1
Sample Number
B4-15b
Material Description
Olive brown silty sand w/ cementation, moist
Tested By
KAC

ASTM D 2166-00
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Total Density (pcf) 127.0
Dry Density (pcf) 104.1
% Moisture 22.0

Unconfined Compressive Strength (tsf) 0.21




Unconsolidated-Undrained Triaxial Test

ASTM D-2850
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Total Normal Stress, ksf

Shear Stress, ksf
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e - Sample Data’
. —+— Sample 1 R R
Stress-Strain Curves | ——Sample 2 Moisture %| 37.6 22.9 32.9 448
—#— Sample 3 Dry. Den,pcf 83.9 104.9 90.1 77.4
—«— Sample 4 1,045 0.636 0.906 1.259
9.00 98.9 99.2 99.8 99.5
Helght in | 499 4.95 5.05 5.05
8.00 Dlameter in] 2.40 2.40 2.42 2.43
Cell psi. - 20.0 5.0 10.0 10.0
Stram% | 15.00 15.00 15.00 15.00
7.00 gf' 2.652 1.513 8.190 5.552
é Rateﬁlmm 1.00 1.01 0.99 0.99
6.00 : in/min 0.050 0.050 0.050 0.050
B é{ o« Job No.. 1396-005
g 500 Client: . |Blackburn Consultants
£ 3 roject: [788.1
s g B1-9B | B5-1C | B6-1B | B6-5B
2 4.00 # . :
3 g/ Depth ft | 255 NA 55 155
3.00 o

-+ Visual Soil Description

ot Sample #

200 1 Dark Gray CLAY

2 Brn Clayey SAND/Sandy CLAY (silty)

3 Brown SILT with Sand, slightly plastic
1.00 1 4 Grayish Brown Silty CLAY

Remarks: Samples back pressure saturated prior to
0.00 & test.
0.0 5.0 10.0 15.0 20.0

Strain, %




Triaxial ICU, AsTM D4767m

Total Stress
Effective Stress
Total Best Fit
Effective Best Fit

Shear Stress, ksf

0
0 1 2 3 4
Normal Stress, ksf
. Sample: 1 2 3 4
s Stress-Strain Response NG, % g 13 1o
Dry Den, pcf. 93.8 94.2 94.1
- e Sat. % 735 72.9 72,5
Ve Void Ratio 0.795 0.789 0.790
% / Diameterin | 2.38 2.38 2.38
& 1500 £ Height, in 5.00 5.00 5.00
% Final
5 M mC, % 27.4 25.8 25.4
E 1o L Dry Den, pcf.| 96.8 99.4 99.9
e paticmate ™ [ S0l 1 Sat. % 1000 1000  100.0
s00 == Sample 2 Void Ratio 0.740 0695  0.686
[F==Sample 3 Diameter, in |  2.35 2.32 233
Height, in 4.96 4,95 4,91
’ ) 5 10 15 20 | {Cell, psi 53.5 68.5 73.5
Strain, % BP, psi 48.7 58.7 59.3
Effective Stresses At:
Job No.: 396-004 Date: 7/10/2006 |[Strain, % 5.0 5.0 5.0
Client: Blackburn Consulting BY:DC |Deviator ksf | 0.707 1.129 1.667
Project: 788.1 Excess PP 0.537 1.039 1.469
Sample 1) Bulk-1@ 1-20' Dark Brown CLAY w/Sand Sigma 1 0.863 1.504 2.248
Sample 2) Sigma 3 0.156 0.375 0.579
Sample 3) P, ksf 0.509 0.939 1.412
Sample 4) Q, ksf 0.353 0.564 0.834
REMARKS: Values picked at 5% strain. Remolded |stress Ratio | 5.529 4.010 3.882
to 80% of 105 pef @ 21%, (opt. +2%) Ratein/min | 0001 0001  0.001
Total C 0.1 ksf
Total Phi 15.4 Degrees
Eff, C 0.1  ksf
Eff. Phi 33.3 Degrees




Triaxial ICU, AsTM D4a767m

TES TG L ADRATON

Total Stress
= Effective Stress

Total Best Fit
- - -Effective Best Fit

Shear Stress, ksf

0
0 1 2 3 4
Normal Stress, ksf
Sample: 1 2 3 4
Stress-Strain Response
2000 MC, % 16.3 16.3 16.0
Dry Den, pcf. 105.2 105.3 105.5
e ] Sat. % 733 7341 724
o / VoidRatio | 0602 0601 0597
g o PRI & Mf ; Diameterin | 2.38 2.38 2.38
& 1200 Vi M Height, in 5.00 5.00 5.00
% om0 - Final
5 MC, % 20.8 20.2 19.7
@ 800
'g Dry Den, pcf. 107.9 109.0 110.0
8 e Sample 1 —{ | |sat. % 100.0 100.0 100.0
400 e===Sample2]| | |l|yoid Ratio 0.561 0545  0.531
o [T—Sample 3 Diameter,in | 235 234 234
Height, in 4,98 4,97 4.95
% 5 10 15 20 | |Cell, psi 63.5 59.0 73.5
Strain, % BP, psi 58.5 48.5 58.7
Effective Stresses At:
Job No.:  396-004 Date: 7/10/2006 |Strain, % 3.7 6.0 11.0
Client: Blackburn Consulting BY:DC  |Deviator ksf 1.109 1.297 1.632
Project: 788.1 Excess PP 0.342 1.013 1.517
Sample 1) Bulk-2 @ 1-20' Brown Sandy CLAY Sigma 1 1.482 1,797 2.253
Sample 2) Sigma 3 0.372 0.499 0.620
Sample 3) P, ksf 0.927 1.148 1.438
Sample 4) Q, ksf 0.555 0.649 0.816
REMARKS: Values picked at the peak stress ratio. (stress Ratio | 3.977 3.508 3.632
Remolded to 90% of 117.8 pcf @ 15.8%, (opt. +2%) Rate in/min 0.001 0.001 0.001
' Total 0.4 ksf
Total Phi 8.5 Degrees
Eff.C 01  ksf
Eff. Phi 311 Degrees




Triaxial Consolidated Undrained
(ASTM D4767)

2.0 7
Total Stress
= = = Fffactive Stress
Total Best Fit
----- Effective Best Fit
on . ’
g .
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2.0 3.0 4.0
Normal Stress, ksf
. ) Sample: 1 2 3
- Stress-Strain Response MC, % 14 217 213
Dry Dens, pcf 78.7 78.5 78.8
Sat. % 50.8 51.2 50.5
2500
Void Ratio 1.140 1.145 1.139
= Diameter in 2.38 2.38 2.38
o 2000
& Height, in 5.00 5.00 5.00
151
£ Final
) 1500 4
= Ve MC, % 456 43.4 41.1
g W 0
S Dry Dens, pcf 75.5 77.6 79.9
@ 1000 +
a ——Sample 1 Sat. % 100.0 1000  100.0
w0 =— Sample 2 Void Ratio 1.231 1.172 1.109
Sample 3 Diameter, in 2.41 2.39 2.36
| | | Height, in 5.05 5.00 4.98
[¢] T
0 8 10 12 14 16 18 Cell, psi 63.5 68.5 73.5
Strain, % BP, psi 58.4 59.0 59.0
Effective Stresses At:
Job No.: Date: 8/24/2006 Strain, % 5.0 5.0 5.0
Client: Blackburn Consulting BY:MD/DC Deviator ksf 0.972 1.344 1.983
Project: 788.1 Excess PP 0.288 0.547 1.066
Sample 1) BagkK Reddish Yellow SILT Sigma 1 1.418 2.165 3.006
§Sample 2) BagK Reddish Yellow SILT Sigma 3 0.446 0.821 1.022
Sample 3) BagK Reddish Yellow SILT P, ksf 0.932 1.493 2.014
Sample 4) ' Q, ksf 0.486 0.672 0.992
REMARKS: Strengths picked at 5% strain. Remolded to 95% of Stress Ratio 3.177 2.637 2.940
0, . -
83.3 pcf @ 21.4% (opt.) Rate in/min | 0.001 0.001 0.001
Total C ' 0.1 ksf
Total Phi 15.7 Degrees
Eff. C 0.0  ksf
Eff. Phi 28.5 Degrees




Triaxial Consolidated Undrained

(ASTM D4787)

Total Stress

= = = Effactive Stress
Total Best Fit
Effective Best Fit

2.0
Yo
/2] .
4 L -
@ .
Q
5 .-
[72] - /
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-
;:; 1.0 > o ~
--’v-:f' L
1"’ ’
2.0 3.0 4.0
Normal Stress, ksf
Sample: 1 2 3
- Stress-Strain Response MC, % 20.2 203 20.1
Dry Dens, pcf 93.7 93.6 93.7
B Sat. % 68.4 68.4 68.1
2500 2 H
,,gw‘w Void Ratio 0798 0800 0799
B 000 el Diameter in 2.38 2.38 2.38
@ Height, in 5.00 5.00 5.00
3
g ) Final
o 1500 :
k5 MC, % 30.6 30.6 29.7
g Dry Dens, pcf 92.3 92.2 935
O 1000 4
e ——Sample 1 Sat. % 100.0 100.0  100.0
] =— Sample 2 |_| V-oid Ratio- 0.826 0.827 0.802
Sample 3 Diameter, in 2.39 2.40 2.39
| | | Height, in 5.00 4.97 4.96
0 ¥
0 2 4 6 8 10 i2 14 16 18 Cell, psi 83.5 68.5 73.5
Strain, % BP, psi " 582 58.2 58.0
Effective Stresses At:
Job No.: 396-006 Date: 8/24/2006 Strain, % 5.0 5.0 5.0
Client: Blackburn Consulting BY:MD/DC Deviator ksf 1.126 1.633 2.237
Project: 788.1 Excess PP 0.230 0.734 1,080
Sample 1) Composite Bags L 8 Brown SILT Sigma 1 1.659 2.382 3.389
Sample 2) Composite Bags L & Brown SILT Sigma 3 0.533 0.749 1,152
Sample 3) Composite Bags L. & Brown SILT P, ksf 1.096 1.565 2.270
Sample 4) Q, ksf 0.563 0.817 1,118
REMARKS: Strengths picked at 5% strain. Remolded to 95% of Stress Ratio 3.113 3.181 2941
98.8 pcf @ 20.1 (opt.) Rate in/min | 0.001 0.001 0.001
Total C 0.2 ksf
[Total Phi 16.0 Degrees
Eff. C 0.1 ksf
Eff. Phi 28.5 Degrees




Sunland Analytical
11353 Pyrites Way, Suite 4
Rancho Cordova, CA 95670
(916) 852-8557

Date Reported 06/28/2006
Date Submitted 06/23/2006

To: Eric Nichols
Blackburn Consulting
2437 Front Street
West Sacramento, CA 95691

From: Gene Oliphant, Ph.D. \ Randy Horney 4§&>
General Manager \ Lab Manager |

The reported analysis was requested for the following location:
Location : STAR BEND SETBACK LE Site ID : BAG 3.
Your purchase order number is 788.1.

Thank you for your business.

* For future reference to this analysis please use SUN # 47995-95481.

EVALUATION FOR SOIL CORROSION

Soil pH 7.07

Minimum Resisgtivity 3.48 ohm-cm (x1000)

Chloride 8.2 ppm 00.00082 %

Sulfate 12.2 ppm 00.00122 %
METHODS

pH and Min.Resistivity CA DOT Test #643
Sulfate CA DOT Test #417, Chloride CA DOT Test #422




Sunland Analytical

11353 Pyrites Way, Suite 4
Rancho Cordova, CA 95670
(916) 852-8557

Date Reported 06/28/2006
Date Submitted 06/23/2006

To: Eric Nichols
Blackburn Comnsulting
2437 Front Street
West Sacramento, CA 95691

From: Gene Oliphant, Ph.D. \ Randy Horney V>
General Manager \ Lab Manager \

The reported analysis was requested for the following location:
Location : STAR BEND SETBACK LE Site ID : BAG 4.
Your purchase order number is 788.1.

Thank yvou for your business.

* For future reference to this analysis please use SUN # 47995-95482.

EVALUATION FOR SOIL CORROSION

Soil pH 7.09

Minimum Resistivity 2.57 ohm-cm (x1000)

Chloride 14.3 ppm 00.00143 %

Sulfate 15.0 ppm 00.00150 %
METHODS

pH and Min.Resistivity CA DOT Test #643
gulfate CA DOT Test #417, Chloride CA DOT Test #422




J i H )
¥ “ - "
: 1) .
i ' 2 }- i
i i . "
i i :
q i ie
i N Q! i
2 4 w! :
] | =y ;
& 8 ST
(c . <t o«
3 : o .

Y ROAD
_J.P.’? e e S

s o'fm

i, iR
A b
- ¥ (_")‘f.‘(.‘(.-!hor '
- Lakes /87 i
\___0'cONNOR_RAVENUE _, 'ﬁ N
395 ’ . R : l =
B . 3 ) . a2 / \ i
r TS 1 0 1 TBNTas
| Lvol  AVENUE ' |
T T T o ;
Wells | !
S G SunRIENRE. ) i
. i . Y. PoFray A i,
Source: MAPTECH rl;‘m;,gmrk Navigader Pro, v. 6.03, USGS raphic \ q[lite_‘,___,_m,.,_; P S
quadranglefOlivehurst, 1952 (vevised;1973). i AN 1 PR \| }
e - L B = | SR | R R
N ; ,'} 124,000
' i ; /i g e

11521 Blocker Drive, Suite 110

> | Aubum, CA 95603 VICINITY MAP Joh: 788.1

| (530) $87-1494

E\Sr\a‘.'(\)\)'gfﬂl-klll)lfxi_c}z]\sulungcom Star Bend SetbaCk Levee
Sutter County, CA Figure 1

HBlackburn

consulting




9.8nbig eluoyijeg “Aunoy leng SRR OUi14|NSUOD
T 99/ Yoeq)eg puag Jelg e ore IR
$92.INn0SdY 19)ep\ JO Juswledaq eluloyijes wol ejeq e
1"88. 3lid o i ,
e H.LMTET
0707 G007 0002 GEGT 0GGT LBGT 06T GLET OLAT GO6T 95T GGAT (GET GShET (6T i | M
_.::_:___::__:___:____:_:___:_:____t_____:_______:___:__._3.. i _ ! —
0G - SEN0S3Y JAe) 40 JUBugueda] 1Eaunag 1
;- i
g .
- S -0
i SO
m : "o o
8 - "3
T0E- -
T - .
s £
= E
O . -0 @
CH * o
w 02- ; .7 15
v - ., TR, - =l Y Y
B (! Rt - oneg0] ___u.,\,vn_l
W o . | 'l -0 = b |
£ - | -8
S 5
¢ SN
P - &
P oot 0 o S8 e e e S ) e B e O i i - o
M_.w £ = UOTIRARTT ‘5°D - oW
o §
vovnthoonchernc bocochoecdboocc b beeoc bocon e b beene e Leeeni(
(AIUN0] J3YING) haTTef, OjuskeI0Es
WTOOHZOICONET “SToAd7 Jo1EMPUNOJY




	10_SBSL_Geotech Report
	Appendix A
	Appendix B
	Figures

