City of Pittsburg
Water Treatment Plant
Capital Improvements Project

Geotechnical Engineering
Investigation Report

June 13, 2013

Prepared for:

Brown o
Caldwell

LL]

Prepared by:

JACOBS ASSOCIATES

Engineers/Consultants

Jacobs Associates
484 North Wiget Lane
Walnut Creek, CA 94598



Jacobs Associates -ii- 5003.0/June 2013



JACOBS ASSOCIATES

Engineers/Consultants

June 13, 2013

Mr. Erik Zalkin

Brown and Caldwell

201 N. Civic Drive, Suite 115
Walnut Creek, CA 94596

Subject: Geotechnical Engineering Investigation Report

Re: Water Treatment Plant Capital Improvements Project
City of Pittsburg, California

Dear Mr. Zalkin:

We are pleased to submit the attached Geotechnical Engineering Investigation Report for the City of
Pittsburg’s Water Treatment Plant Capital Improvements Project in Pittsburg, California. This report
follows and incorporates Brown and Caldwell reviews of our earlier draft report dated May 18, 2013
and email comments dated June 3, 2013.

We appreciate the opportunity to serve Brown and Caldwell on this interesting and important project.
Please contact us if you have any questions regarding this report.

Sincerely,
JACOBS ASSOCIATES

>

o
Mark Pinske, EIT Robert Kahl, PE, GE
Staff Engineer Associate

Distribution: Brown and Caldwell (Adobe Acrobat PDF)
File No.: 5003.0

EXP. 5/5// 70/ 5] 2

Jacobs Associates -iii- 5003.0/June 2013



Table of Contents

1 1] (oo (U1 Ao o R SR SUTPR 1
1.1 [ (o1t A 1= ST ot o] 1o T RS 1

2 Geotechnical Field Investigation and Laboratory TeStING........ccuuuaiiiiiiiiiiaeiiiiiiee e 1
2.1 [ o] [=Tot A = TS] B =10 1 o LT RPPTTP 1

2.2 Project Test Borings and Reference BOINGS.......couiia it 2

2.3 [T oTo ] -1 (0] YA =T PR 5

2.4 [ [y (o] (Tl B =A< (o] o] 0= OSSR 5

2.5 7= o] [0 o |2 SRR 5

2.6 GIOUNAWALET ...ttt ettt et e e e e ettt e e e e e e e abbbe e e e e e e e e e bbb beeeeaaeesanbbnbeeaaaaeeaanns 6

2.7 Contaminated Soil and GrOUNAWALET .........c..ciiiiiiiiiieie et 6

2.8 Y =T 41 od | YR PT T TUUPPURPRTP 6

b2 S T A == T 11 o SRRSO 6

2.8.2  Ground ShakKing ....cccuueiiiiee i e e e e e s e e e e e 7

2.8.3 Liquefaction and Lateral SPreading ........c..uuevveeeiiiiiiieeeeeeeeiesiiiieee e e e e e ssseneeeeeae e e 7

3 1070] o[ (1] To] o IS ST UUT PRI 8
3.1 SErUCIUIES AN PIPING ....coi ittt ettt e e e e e s e e e e e e e s nbebeeeaaaeaaaans 8

3.2 General Geotechnical CONSIAEIALIONS ......ccc.iiiiiiiiiiiieiee e e e e 8

4 y=ToloT0 0T g gTT a0 FoT 1T oL SRS 8
4.1 Anticipated GroundWater LEVEL...........ccoiiiiiiiiiice e e e 9

4.2 Y 1 (S T o (=T o= T = 4o o PSR RRRR 9

4.3 TemMPOrary EXCAVALIONS ..........uuuiiiiiiiiiiiie ettt e et e e e e e et e e e e e e e e snbbeeeaaaeeeanns 9

4.3 1 EXCAVALADIILY ..eeeiiiiiiiieeeiee e 10

4.3.2 Excavation Sloping and SNOMNG .......c.cooiiiiiiiii e 10

4.4 Site Preparation fOr SITUCIUMES........oic et e e e e re e e e e e e 13

4.4.1 Site Preparation - At-Grade StrUCTUIES ........uuvivieeeiiiieiieer e e e e e e e e e srreeeeee s 14

4.4.2  Site Preparation - All StrUCIUIES.......coveeiiiiiiieiieee e e e snrnreee e 14

4.5 Foundation RECOMMENUALIONS .........uuiiiiiiiiiiiiie e a e 15

45.1 Allowable Soil Bearing Capacity for Structure Foundations ............ccccccoeviuvvneeen. 15

4.5.2 Modulus of Subgrade Reaction, Poisson’s Ratio, and Young’'s Modulus............ 15

4.5.3 Heave and SettlemMENnt .........cooiiiiiiiiiii e 16

4.5.4  Coefficient of SIHAING FriCtioN .........ooiiiieiiiiee e 16

45,5 Below-grade Structure Backfill Materials .........ccccccovvviiviiiiiee e 16

4.5.6 Lateral Earth Pressure on Below-Grade Structure Walls ..........cccveeeeeeiiiiiiinneen. 17

4.5.7 Lateral Earth Pressure on Retaining WallS...........coooiiiiiiiiiiiniiiieeee e, 17

Jacobs Associates -iv- 5003.0/June 2013



4.6 Pipeline Bedding and Backfill..............cooiiiiiiii e 17

4.6.1 Pipe Embedment Material..............eeiiiiiiiiiiiiiiee e 18

4.6.2 Excavation Backfill Material ............coouiiiiiiiii e 18

4.6.3 Controlled Low Strength Material (CLSM) .......covveeiiiiiiiiiiree e 18

S @70 2 ] o = T 1 o SR 18

4.6.5 Recompression SettlemMENt...........ueiiiiii i 19

4.6.6  BacKfill COMPIrESSION ....ueeiiiiiiiiiiiiii ettt e et e e e e reeeaeas 20

4.6.7 Vertical Loads 0N PIP@ .....oiiiiiiiiiiiieee e 20

S T = To [T N T = SO 20

4.6.9  FIEXIDIE PiPE..uuiiiii ittt 20

4.6.10 Composite Modulus of Soil ReaCtioN (E'¢) . vvrrrrreeeiiiiiiiiiieieeeieciiiiiree e e e s 21

4.7 Asphaltic CoNCrete ROAAWAYS ........uuiiiiiiiiiiiiiiiii et e e e e 22

4.8 SUIMACE DIAINAGE ...eeeeiieiiiiiiiie ettt e e e et e bt e e e e e s e s b b e e e e e e e e e sasbbbeeeaaaeeaann 23

4.9 (070 0153 i gU e Te] g IAVATo] = 11T ] o < TP PUPP T UPPUPPRTRT 23

g IO TS T 1 o T Tl I 1= o | RS 23

5 Additional Services and LIMITAtIONS ........coouuiiiiiiiiieiie e 24
5.1 AItIONAI SEIVICES. .. .eiiiiiiiiie et e st e e st et e e s sabe e e e s nnaeeeeaa 24

5.2 [0 1 e= 4o 1SR RRRTP 24

6 ] (=] (=] Lol PO PP EUT T RUTUUPPRUR 26

Jacobs Associates

-V- 5003.0/June 2013



List of Tables

Table 1. Partial Summary of Project BOring Data ...........ccuiiiiiiiiiiiiiiaeeiiieeee et 3
Table 2. Partial Summary of Reference Boring Data..........coooiuuiiiiiiiiiiiiiieie e 4
TADIE 3. CIASS 2 AB ..ttt ettt et e o4 oo e e et e e e e e e e h b e bt e et e e e e e e a b e be e e e e e e e e e nbbeaeaaae e e e nnnrees 9
Table 4. Potential Surface Settlement of Passively Shored EXCaVations™............cococvevveeeeceeeeeseeeseeeean 13
Table 5. Non-Expansive to Very Low EXpansion Material..............euvereeiiiiiiiiiiieee e icciiieee e e e sssinieeee e e 14
Table 6. Allowable Bearing Capacity for Mat FOUNAAtiONS ...........vviiiiieeiiiiiiiiiiee e cesreee e e nreee e e e 15
Table 7. Lateral Earth Pressures on Retaining WallS ... 17
Table 8. E". Calculation PAramEters ..........coiii ittt e e e e e et s e e e e e e e e et e e e e e s eeesanaanns 21
Table 9. Preliminary Asphalt Concrete Pavement SECHONS ...........uuiiiiiiiiiiiiiiiiee e 22

List of Figures

Figure 1. Project Area Map

Figure 2. Boring Location Map

Figure 3. Historic Topos and Aerial Photos

Figure 4. Surficial Geology and Bedrock Maps

Figure 5. Soil Map

Figure 6. Bay Area Fault Map

Figure 7. Seismic Shaking Map

Figure 8. Modified Mercalli Scale

Figure 9. Preliminary Shoring Pressure Diagrams

Figure 10. Minimum Shoring Pressure for Traffic and Equipment Surcharge
Figure 11. Lateral Earth Pressures

Figure 12. Trench Backfill Details

Figure 13. Vertical Soil Pressure Due to Live Loads

Figure 14 Marston’s Load Coefficients for Trench Conditions

Figure 15. Composite Modulus of Soil Reaction — E',

Jacobs Associates -Vi-

5003.0/June 2013



List of Appendices

Appendix A. Legends
Figure A-1. Boring Log Legend (2 pages)

Appendix A. Legend
Figure A-1. Boring Log Legend (2 pages)

Appendix B. Project Test Boring Logs
Figures B-1 through B-10. Logs of Boring B-1 through B-10.

Appendix C.

Figure C-1. Plasticity Index

Figure C-2. Grain Size (2 pages)
Figure C-3. Unconfined Compression
Figure C-4. Direct Shear

Appendix D. Reference Test Boring Logs

Figures D-1. Reference Boring Legends (2 pages)
Figures D-2 through D-15. Logs of Reference Test Borings RB-1 through RB-14.

Jacobs Associates -Vii- 5003.0/June 2013



Water Treatment Plant Capital Improvements Project Geotechnical Engineering Investigation Report

1 Introduction

1.1  Project Description

This geotechnical engineering investigation report is for the City of Pittsburg’s (City) WTP Capital
Improvements Project (Project) The Project includes the following new and future treatment plant
processes:

e Chlorine Contact and Mixing Tank (new)

e Sludge Thickener Tank (new)

e MCC Building (new)

o Settled Sludge Thickener Pump Station (new)

e Thickened Sludge Pump Station (new)

e Forcemain from Thickener to Upper Pond (new)
e Upper Pond Partition Wall (new)

e Dewatering Building (future)

e Package Plate Settlers and Sludge Pumps (future)
¢ Recycle Equalization Basins (future)

e Dewatering Tank (future)

References to the project elements provided herein are based site map provided by Brown and Caldwell
(2013). A project area map is provided on Figure 1. A map of project test boring and reference test boring
locations is provided on Figure 2.

With the exception of the new upper pond partition wall, this report includes boring logs and laboratory
testing for both new and future improvements and provides conclusions and recommendations for design,
construction, and useful long-term performance for the new structures shown on Figure 2.

The geotechnical engineering field investigation for the new Upper Pond Partition Wall will be conducted
after sludge within the Upper Pond is removed to allow drilling access into the Upper Pond. The
subsurface investigation findings, conclusions, and recommendations for the Upper Pond PartitionWall
will be issued as an addendum to the Project Geotechnical Report.

The findings, conclusions, and recommendations for design, construction, and usefull long-term

performance of the future improvements will be provided when more information is availabe (e.g.,
location, size, depth, etc.).

2  Geotechnical Field Investigation and Laboratory Testing

2.1 Project Test Borings
Ten project test borings (Borings B-1through and Boring B-10) were drilled and logged on March 13 and

March 14, 2013, using a truck-mounted Mobile B-24 drill rig equipped with a 5-inch-diameter continuous
flight solid-stem auger (see Figure 2 for project boring locations).
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Water Treatment Plant Capital Improvements Project Geotechnical Engineering Investigation Report

For project test borings, relatively undisturbed soil samples were obtained by driving a 2.5-inch ID, 3.0-
inch outside diameter (OD), Modified California Sampler (MCS) containing brass liners, into the bottom
of the boring at the depths indicated on the logs. Disturbed soil samples were obtained by driving a 1.4-
inch ID, 2.0-inch OD Standard Penetration Test (SPT) sampler into the bottom of the boring per
American Society for Testing and Materials (ASTM) D1586 standards. A 140-pound hammer falling 30
inches per blow was used to drive MCS and SPT samplers. The number of blows required to drive the
samplers the last 12 inches of an 18-inch drive is recorded on the boring logs as penetration resistance
(blows/ft). The penetration resistance values (blows/ft) recorded for SPT sampler drives on the boring
logs are actual (ASTM) D1586 N-values. The penetration resistance values recorded on boring logs for all
MCS sampler drives are field blow counts for the respective sampler used and are not SPT N-values.
Equivalent SPT N-values for the MCS sampler will be lower.

Soil samples retrieved from the project test borings were examined for classification, logged, and sealed
to preserve their natural moisture content. Classification systems used to log the project test borings are
provided in Appendix A. Descriptions of soils provided on the project test boring logs are based on
observations during drilling and sampling and on the results of laboratory tests.

2.2  Project Test Borings and Reference Borings

Logs of test borings performed at Project site, described in Section 2.1, are provided in Appendix B. In
addition to the project test borings, reference test borings were performed for former WTP projects. A
map showing the location of the project test borings and reference borings is shown in Figure 2. Selected
subsurface data from Borings B-1 through B-10 and Reference Borings RB-1 through RB-14 is presented
in Table 1 and Table 2, below.

Jacobs Associates -2- 5003.0/June 2013
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Table 1. Partial Summary of Project Boring Data

Project Drill APprox. Boring Groundwa_ter
. Ground Depth During
Test Date Location , | Depth -
Boring® | (m-c-y) Surface El. (f) Drilling (ft)
g y (t) [Elevation]
3-13-13 New Basin Sludge Pump ) 3
B-1 -13-1 East of Settling Tanks 145 5 NE
New Sludge Pump Pipeline
B-2 31313 NE Corner of Settling Tanks 144 ! NE
New Sludge Pump Pipeline
B-3 31313 SE Corner of Settling Tanks 149 ! NE
New Sludge Thickener Tank
B-4 | 31313 And Sludge Pump Station 156 25 NE
B-5 3-14-13 Dewatering Building (Future Site) 157 25 NE
B-6 3-14-13 South of Existing Pump Station 170 6 NE
B-7 3-14-13 Between Upper and Lower Ponds 160 20 NE
8 31313 Adjacent to New Forcemain between 9
B- 13- New Sludge Storage and Upper Pond 14 ! NE
B-9 3-13-13 | Packaged Plate Settlers (Future Site) 139 25 NE
New Chlorine Contact
B-10 | 3-14-13 and Mixing Tank 143 25 NE

! See mapped boring locations in Figure 2, and boring logs in Appendices B.
2 Elevations are approximate, and based on site map provided by Brown and Caldwell ( 2013)
% Groundwater not encountered during drilling.
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Table 2. Partial Summary of Reference Boring Data

Approx. Groundwater
Reference Drill Ground Total Depth
Boring’ Date Location? Surface Depth During
g (m-d-y) Elevation® (ft) Drilling (ft)
(ft) [Elevation]
RB-1 7-15-87 SE End of Settling Tanks 150.0 175 NE?
RB-2 7-15-87 SW End of Settling Tanks 150.0 18.5 NE
RB-3 7-15-87 North of Chemical Tank Farm 148.0 19.5 NE
RB-4 7-15-87 Near Future Flow Splitter 145.0 16.5 NE
RB-5 7-15-87 | NE of New Chlorine Contact Tank 140.0 16 NE
RB-6 7-15-87 | Near Existing Canal Pump Station 120.0 16.5 NE
RB-7 7-15-87 Near Future Sludge Pumps 140 16.5 NE
RB-8 12-3-97 East of Lower Lagoon 172 30 NE
RB-9 12-3-97 East of Upper Lagoon 172 30 NE
RB-10 12-3-97 North side of 5 MG Tank 180 29.5 NE
RB-11 12-3-97 North Side of 1 MG Tank 165 18 NE
RB-12 12-3-97 SE Side of 5 MG Tank 174 20 17 (154)
RB-13 9-22-05 NE Corner of Ex. Pump Station N/A® 125 NE
RB-14 9-22-05 North End of Ex. Pump Station N/A® 30 NE

! See mapped reference boring locations in Figure 2 and reference boring logs in Appendix D.

2 Elevations are based boring logs by ENGEO (1987) and ENGEO (1997).

% Groundwater level reported on boring logs by ENGEO (1987) and ENGEO (1997). NE = Not encountered.

4 Reference test borings RB-1 and RB-9 by ENGEO (1987) for the 1987 City of Pittsburg Water Treatment Expansion.

% Reference test Boring RB-10 through RB-12 by ENGEO (1997) for the 6 Million Gallon Water Storage Reservoir at the City
of Pittsburg’s Water Treatment Plant.

® Reference test borings RB-13 and RB-14 by Berlogar Geotechnical Consultants) for the Proposed Pump for West Leland Zone
A Reservoir.

" Elevation not shown on logs.
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2.3 Laboratory Tests

Moisture content, unit weight, Atterberg limits (i.e., liquid limit and plasticity index), grain size analysis,
unconfined compression, and direct shear were performed on samples retrieved from the project test
borings to evaluate their physical characteristics and engineering properties. The results of these tests are
summarized on the logs of the borings in Appendix B, and as test result figures in Appendix C

2.4  Historic Developments

Historic developments and features at the Project site are illustrated on topographic maps and on aerial
photographs provided in Figure 3 and include the following:

e The WTP was constructed in the Pittsburg hills. The 1908 topographic map shows a northward
draining creek along the western portion of the WTP site (i.e., in the area of the present day
ponds).

e The 1908 topographic map shows a north trending ridge sloping to the north along the eastern
portion of the WTP site.

e Construction of the Contra Costa Canal prior to 1945.

e Site grading and construction of original WTP structures (e.g., original sedimentation basin) on
the north trending ridge circa 1953.

e Construction of the existing Lower Pond circa 1953.

e Construction of the residential roadways along the east side of WTP sometime between 1945 and
1953.

e Construction of 6 MG treated water reservoir, filters and booster pumps sometime between 1953
and 1974.

e Construction of Upper Pond (sludge storage lagoon), expansion of settlement basins circa 1988.

e The existing 6 MG water reservoir was demolished and replaced with new 1 MG and 5 MG water
reservoirs in late 1990’s.

e The pump station for reservoir was constructed sometime after 2005.

It is important to note that (1) past cut and fill grading for existing WTP structures; (2) open-cut
excavation for construction of existing and abandoned structures and utilities included vertical or sloped
sidewall excavations; and (3) structure bedding and backfill, utility bedding and trench backfill materials
for existing and abandoned utilities typically include non-cohesive granular materials, such as sands and
gravel.

2.5 Geology

The Project site is located near the toe of northwest trending Pittsburg hills. Surface geology and mapping
by Helley and Graymer (1997) and by Welch, L.E (1977) and the U.S. Natural Resources Conservation
Soil Conservation Service (2012) of the project area is presented on Figure 4.

With the exception of the Upper and Lower Ponds, which are underlain by alluvial deposits, the majority

of the Project site is underlain by the Pleistocene-aged Tulare Formation consisted of poorly consolidated,
non-marine, gray to maroon siltstone, sandstone, and conglomerate. The Tulare Formation encountered in
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the test borings consisted primarily of medium dense to dense clayey sands, clayey sands to poorly-
graded sands, silty sands, and clayey sands with gravel lean clay.

Welch, L.E and the U.S. Natural Resources Soil Conservation Service mapped the upper 4 feet of the
soils at the WTP site to be Altamont soil complex (Figure 5). The Altamont soil complex consists of lean
clay with Atterberg Limits with Liquid Limits ranging from 40 to 50 and Plasticity Indices ranging from
25 to 30 (i.e., moderate to high plasticity). Between 4 to 6 feet moderately cemented paralithic bedrock
(i.e., weakly consolidated and weakly-to moderately-cemented rock) was mapped.

The descriptions of the near surface soil and bedrock deposits in the project area by the U.S. Geological
Survey and the U.S. Soil Conservation Service are consistent with the soil and poorly consolidated Tulare
Formation (soil-like formation) we encountered in Project test borings (see Appendix B).

2.6  Groundwater

Free groundwater was not encountered during drilling of the project borings or measured within the
project bore holes at the end of drilling of the project borings. Boring B-7, which was drilled on the berm
between the upper and lower pond, did encountered very moist lean clay with sand between about 13 feet
and 20 feet (i.e., bottom of boring).

With the exception of Reference Boring RB-12, located at the southeast side of the 4 MG Tank, which
noted groundwater at 17 feet, no groundwater was noted on the reference borings which were drilled to
depths ranging from 16 to 30 feet.

2.7 Contaminated Soil and Groundwater

No unusual odors or obvious signs of contamination were noticed during drilling of the project test
borings. Evaluation of soil and groundwater contamination at the Project site is outside the scope of this
geotechnical investigation.

2.8  Seismicity
2.8.1 Faulting

No active faults cross the Project site. The location of the Project site relative to known seismogenic faults
in the San Francisco Bay area is illustrated in Figure 6. The nearest fault to the Project site is the
Greenville Fault located approximately 4.5 kilometers to the south.

The Project site is outside of the State of California’s Special Earthquake Fault Zone study areas.
Therefore, per the 1972 Alquist-Priolo Earthquake Fault Zoning Act, there is no State-required special
earth fault study required at the Project site (Hart and Bryant, 1997). The Act requires that, for a fault to
be considered active, its location must be sufficiently well-defined and show evidence for surface
displacement during Holocene time (i.e., the last approximately 11,000 years).
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2.8.2 Ground Shaking

The Project site will be subject to ground shaking from earthquakes on the Greenville Fault, Concord-
Green Valley Fault, Mt. Diablo Thrust Fault, Hayward Fault, Calveras Fault and other faults (Figure 6)
and distant seismogenic faults. Paleoseismic studies by the Working Group on California Earthquake
Probabilities (WGCEP 2007) indicate that there is a 62% probability that one or more large (>6.7
magnitude) earthquake will occur on a fault in the San Francisco Bay area in 30 years.

The peak ground acceleration at the Project site during an earthquake with a 10% probability of being
exceeded in 50 years (i.e., a seismic recurrence interval of one event in 475 years) is reported to be about
0.45g (where “g” is the acceleration of gravity; see Figure 7). Average peak accelerations in excess of
0.45g are correlative to ground shaking intensities of Modified Mercalli Intensity between VIII and IX
(Figure 8).

Damages attributed to Modified Mercalli Intensity of V111 include slight in specially designed structures,
considerable in ordinary substantial buildings with partial collapse, great in poorly built structures, panel
walls thrown out of frame structures, fall of chimneys, fall of factory stacks, fall of columns, fall of
monuments, fall of walls, heavy furniture overturned, sand and mud ejected in small amounts, changes in
well water and persons driving vehicles disturbed.

Damages attributed to Modified Mercalli Intensity IX include ground cracked conspicuously,
underground pipes broken, reservoirs threatened, buildings shifted off foundations, damage considerable
in specially designed structures, and well-designed frame structures thrown out-of-plumb.

2.8.3 Liquefaction and Lateral Spreading

Liquefaction develops when cyclically induced ground stresses generated by earthquake shaking result in
an increase in the pore water pressure within the soil to sufficient levels that the soil loses shear strength
and liquefies. Liquefied soils compact (settle) as pore pressures decrease to static levels and soil particles
reconfigure to denser packing. Studies of liquefaction in the area by the U.S. Geological Survey (Knudsen
and others, 2000, and Witter and others, 2006) did not identify any areas of historic liquefaction in the
project area (e.g., as a result of the 1906 San Francisco earthquake or the 1989 Loma Prieta earthquake).
Soils most susceptible to liquefaction are loose, saturated, clay-free, noncohesive silts and sands within 30
feet of the ground surface.

Based on the soil and groundwater conditions underlying the Project site (as described in project and
reference boring logs), the native soils underlying the Project site have a low susceptibility to liquefaction
in a major nearby earthquake. This is consistent with the liquefaction susceptibility maps of the area by
ABAG (2011).

Liquefaction-induced lateral spreading is the finite lateral displacement of gently sloping ground at the
result of pore pressure build-up or liquefaction in a shallow underlying deposit during an earthquake. The
Project site has a low susceptibility to liquefaction; therefore, the soils underlying the Project site have a
low susceptibility for liquefaction-induced lateral spreading.
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3 Conclusions

It is our professional engineering opinion that the planned Project is feasible from a geotechnical
engineering standpoint. The geotechnical data collected in the project area (presented in Section 2 and
Appendices B through D) do not pose any geotechnical-related fatal flaws to the project. Nonetheless, the
subsurface conditions require special attention and coordination by designers and contractors in order to
design and construct the project in a safe and economic manner and to ensure the project’s useful long-
term performance.

The following is a summary of geotechnical challenges for the planned Project:
3.1  Structures and Piping

e Sloping excavations and trenches for below-grade structures and piping.

e Shoring of vertical-wall excavations and trenches for below-grade structures and piping.

o Vertically and laterally variable soil and fill behavior in excavations. These include running of
existing structure and pipeline backfill materials and native sands.

o Proper compaction of structure foundation bedding and backfill to provide adequate foundation
support.

e Proper compaction of pipeline foundation bedding, embedment, and trench backfill materials to
provide adequate pipe support and to minimize trench settlement.

e Unidentified, buried, man-made obstructions.

e Potential debris in fill.

e Possible local perched groundwater.

e Soil corrosivity.

3.2 General Geotechnical Considerations

e Construction vibrations
e Seismic ground shaking

In Section 4, we provide considerations and recommendations to facilitate design, construction, and
useful long-term performance of the new structures and pipelines with respect to these and other
geotechnical-related impacts at the project site.

4 Recommendations

Geotechnical engineering recommendations provided herein are for design, construction, and useful long-
term performance of the Project. The recommendations are based on geotechnical findings provided in
Section 2 and geotechnical interpretations and conclusions. The contractor selected to construct the
project should be made solely responsible to choose the appropriate construction means, methods, and
monitoring so that during and as a result of project construction (1) no one is injured; (2) no nearby
existing structure, improvement, or utility is damaged; and (3) the project is constructed as designed and
provides for useful long-term performance.
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4.1  Anticipated Groundwater Level

A total of ten boring were drilled for the Project and fourteen reference borings were drilled for previous
projects (see Table 2 in Section 1.1.) at the Project site. The borings were drilled to depths ranging from
6 to 30 feet and only one boring (i.e., Reference Boring RB-12) encountered groundwater and the
groundwater level in RB-12 was at a depth 17 feet.

The planned Project structure bottom depths and pipeline invert depths are less than 14 feet. As such,
groundwater is not anticipated on an area wide basis. Groundwater may locally be encountered in project
excavations at shallower depths than was recorded in project borings and reference, particularly where
granular backfill for existing utilities is encountered and adjacent to upper and lower ponds. Perched
groundwater should locally be expected within coarse-grained granular backfill of existing utility trenches
and structures. Final design of temporary dewatering and shoring must be based on actual field conditions
at the time of construction.

4.2  Site Preparation

Existing vegetation (e.g., grasses, weeds, brush, trees), root systems, utilities, and structures within the
planned improvement areas should be removed from the site. Resultant holes created by removal of these
objects should be cleared of all loose material and dished to provide access for compaction equipment.
Overexcavated areas should be backfilled with crushed Caltrans Class 2 aggregate base (Class 2 AB) and
be compacted to 95% relative compaction per ASTM D1557. Class 2 AB should meet the material
properties and quality tests in Table 3, below

Table 3. Class 2 AB

Class 2 AB
Sieve Size Percent Passing
1" 100
3/4" 90-100
No. 4 35-60
No. 30 10-30
No. 200 2-9
Test California Method No. Requirement
Resistance (R-Value) 301 78 min.
Sand Equivalent 217 22 min.

4.3 Temporary Excavations

Based on our understanding of the project as outlined above, we anticipate that temporary construction
excavations will include:

o Excavations for below grade structures.
e Open-cut trenching for 8-inch Sludge Forcemain and other buried pipelines and conduits.

Jacobs Associates -9- 5003.0/June 2013



Water Treatment Plant Capital Improvements Project Geotechnical Engineering Investigation Report

Accounting for foundation bedding thickness, the excavation depths for the project structures will be 15
feet deep or less. It is our understanding the trench excavations for the new Sludge Forcemain will be 4
feet deep.

All excavations should be evaluated for stability prior to entry by personnel by the contractor’s designated
“competent person.” The contractor should comply with governing regulations pertaining to excavation
safety (e.g., the most current edition of the Cal/OSHA Construction Safety Orders, or other regulations
adopted by City of Pittsburg).

Project excavations will require shoring, sloping, and/or ground improvement. The contractor should be
solely responsible for such systems’ design, installation, performance, and removal (where applicable).
Because these systems are interdependent, it should be required that proposed dewatering, shoring, and
ground improvement submittals be coordinated and provided together by the contractor for owner review
prior to their implementation. The submittals should contain alternative, contingent systems that the
contractor will be prepared to implement should the initial construction excavations not achieve the
minimum performance requirements described herein.

4.3.1 Excavatability

Excavations into fill and native soils such as those encountered in the project test borings, reference test
borings, and mapped in the project area as described in Section 2 can be made with appropriately sized
conventional excavation equipment (standard excavators and/or backhoes). The project specifications
should require that contractors preparing bids thoroughly inspect all surface conditions and soils,
including fills, along and near the project. Contractors must independently evaluate the excavatability of
the subsurface soil to be encountered during project construction and make their own choice of
appropriate excavation equipment and methods. The project specifications should require that contractors
submit excavation plans (methods and equipment) for owner review prior to mobilization.

4.3.2 Excavation Sloping and Shoring

Sloped excavations and shored excavations are anticipated for the below-grade structures (e.g., sludge
pump station behind sedimentations basins, gravity thickener, thickener sludge pump station) and below-
grade pipelines (e.g., sludge forcemain). The project specifications should make the contractor solely
responsible for the selection, design, construction, removal, and effects of project shoring systems. All
excavations made into the subsurface should be evaluated for stability by the contractor’s competent
person prior to entry by personnel. A professional civil engineer licensed in the State of California should
design, sign, and stamp the contractor’s proposed sloping and shoring systems for owner review prior to
construction. The shoring submittals should contain alternative contingent systems, and the contractor
should be prepared to implement these alternative systems should the initial systems not achieve the
following minimum sloping and shoring performance requirements:

e Protect personnel that enter the excavation.

e Comply with all governing regulations pertaining to excavation safety (e.g., the most current
edition of Cal/OSHA Construction Safety Orders, Article 6).
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e Be compatible with the subsurface soil and groundwater conditions encountered in the project
area and resist lateral earth pressures.

e Protect existing utilities, pavements, and structures.

e Excavation, sloping, and installation of shoring must occur in a manner and sequence that does
not damage existing structures, pavements, and utilities including through settlement, heave, or
vibrations.

e Prevent running and raveling or lateral movement of excavation slopes and walls, and associated
loss of adjacent ground and adjacent ground surface settlement, including when subjected to
construction vibrations.

e Provide stable excavation slopes, walls, and bottom.

e Allow for removal or abandonment of shoring in a manner and sequence that (1) is in step with
the backfilling sequence (i.e., shoring should not be removed ahead of backfilling); (2) does not
cause disturbance (i.e., loosening) of subsurface material; and (3) does not damage the new
and/or existing structures, pavements, and utilities (this includes through settlement, heave, and
vibrations). The specifications should require that the contractor address removal/abandonment
concerns specific to the type of shoring proposed in its shoring submittal (e.g., static sheet pile
extraction). Any void space created by shoring removal should be completely filled with
controlled low strength material (CLSM) (Section 4.6.3) or approved equivalent.

o Resist lateral earth pressures including those from hydrostatic pressures (groundwater where not
dewatered), lateral loads from vehicular traffic, construction equipment and spoils.

Soil conditions can vary over short lateral and vertical distances in the project area; therefore, project
excavations should be continually monitored and documented by the contractor’s Cal/OSHA approved
“competent person,” and the contractor should be prepared to make changes and modifications to sloping
and shoring requirements in response to these changes and consistent with governing regulations (e.g., the
most current edition of Cal/OSHA Construction Safety Orders) pertaining to excavation safety.
Cal/OSHA soil classifications include the following:

Type A Soil: Excludes materials that are part of a sloped or layered system dipping into the excavation at
a slope > 4H:1V, but includes cohesive soil with an unconfined compressive strength of > 1.5 tsf that is:

o Not fissured;
e Not subject to vibration from heavy traffic, pile driving, or similar effects; and
e Not been previously disturbed.

Type B Soil: Excludes material that is part of a sloped or layered system dipping into the excavation at a
slope > 4H:1V, but includes the following:

Cobhesive soil with unconfined compressive strength between 0.5 and 1.5 tsf
Angular gravel and silt;

Previously disturbed soil, except that is otherwise classified as Type C;

Soil fissured or subject to vibration and not otherwise Type C soil; or

e Dry rock that is not stable.
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Type C Soil: Excludes material that is part of a sloped or layered system dipping into the excavation at a
slope > 4H:1V, but includes the following:

e Cohesive or disturbed soils with unconfined compressive strength < 0.5 tsf;
e Sand and nonangular gravel;

e Submerged soil or soil from which water is freely seeping; or

e Submerged rock that is not stable.

The existing trench and structure backfill, area wide fill, and native soil encountered in the project area
during this investigation typically most closely could be classified as Cal/OSHA Type B and C. The final
decisions as to the Cal/OSHA'’s soil type classification in project excavations are field decisions to be
made at the time of excavation by qualified and competent field personnel of the contractor.

Excavation side slopes are to be protected from erosion and surface water runoff. The maximum
temporary slope inclination (horizontal:vertical) that is allowed by Cal/OSHA without supporting design
by a professional engineer for Type C soil is 1.5H:1V. Cal/OSHA also requires that temporary excavation
slopes greater than 20 feet be designed by a professional engineer. Cal/OSHA defines the maximum
allowable slope as the steepest incline of an excavation face that is acceptable for the most favorable site
conditions (i.e., assuming no adjacent soil stockpile or heavy equipment) as protection against cave-ins.

Contractors and their excavation/shoring designers are to acknowledge Cal/OSHA requirements and
develop their own assessment of safe temporary slope inclinations is a field decision to be made at the
time of excavation by the contractor’s “competent person”.

Preliminary design of braced shoring may be based on the preliminary shoring pressure diagram provided
in Figure 9, which represents typical soil conditions, mapped and encountered in project test borings.
Final earth pressures and pressure diagrams for the contractor’s design and implementation of individual
project shoring systems will be dependent on (1) the actual soil and groundwater conditions encountered
during construction; (2) the contractor’s shoring type, design, and installation method; (3) the contractor’s
dewatering system, if needed; and (4) surcharge pressures, including those from stockpiling, construction
equipment, and vehicular traffic. Surcharge pressures, where present, need to be added to the lateral earth
pressures recommended in Figure 9. Minimum shoring pressures from typical traffic and construction
equipment surcharge loads are presented in Figure 10. Shoring pressures from construction activities or
equipment that produces larger or different surcharge loading patterns than those shown in Figure 10
should be determined by the shoring designer using appropriate geotechnical engineering computational
methods.

Granular noncohesive materials (e.g., sandy native soils and/or sandy and gravelly artificial fill and/or
sandy and gravelly import fill used as utility trench bedding and backfill) tend to flow or fast ravel when
saturated and run or ravel when dry (i.e., have little to no stand-up time in unshored vertical excavations).
See Appendix A, Figure A-1 for descriptions of soil behavior. In such instances and where the minimum
performance requirements for shoring listed above cannot be met, full-face, continuous excavation wall
support will be required.
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Intermittent speed shores or trench-box shoring will not be appropriate in running or raveling ground
conditions as they will not meet the minimum recommended performance requirements. Furthermore,
running, and raveling ground will have insufficient strength and stand-up time to safely hold full-depth
vertical excavations long enough for complete trench box or solid sheet-backed, speed-shore installations
(particularly when subject to construction vibrations). Solid sheeting is required by Cal/OSHA in Type C
soil. Unsupported vertical excavations in running or raveling ground will most likely experience
excavation wall loss and related undermining of adjacent utilities, and structures. Trench boxes should
only be used for trenches where groundwater is below the base of the planned excavation, and only if
excavation occurs from within the box as it is lowered incrementally into place and in step with the
deepening excavation (i.e., so as to provide continuous full-face excavation side-wall support).

Shoring systems that do not provide positive support of excavation walls (i.e., passive shoring, such as
trench boxes, that allows inward movement of the trench wall) could cause surface settlement and related
damage to nearby utilities and structures. A summary of the potential surface settlement of passively
shored excavations is provided in Table 4. Unrestricted flowing, running, or raveling ground conditions
will result in surface settlements greater than those indicated in Table 4.

Table 4. Potential Surface Settlement of Passively Shored Excavations®

Soil Type Surface Setftlement Late?ral Zone of Dis'furbance
(% of Excavation Depth) | (Multiples of Excavation Depth)
Sand 0.5%H H
Soft to Medium Stiff Clay 1-2%H 3-4H
Stiff Clay <1%H 2H

'From Suprenant and Basham (1993).

Special shoring will be necessary where excavations will be in close proximity to critical structures or
utilities in order to minimize potential excavation-related damage. Special shoring and/or grout
stabilization designs should be submitted by the contractor for owner review where excavations are within
an imaginary plane projected downward at an inclination of 1.5H:1V from the nearest foundation edge.
Areas requiring special shoring and/or ground improvement designs should also receive preconstruction
condition surveys specific to the critical structure or utility.

4.4  Site Preparation for Structures
The following new structures planned for construction:

e Chlorine Contact and Mixing Tank

e Sludge Thickener Tank

e MCC Building

e Settled Sludge Pump Station

e Thickened Sludge Pump Station

e Forcemain from Thickener to Upper Pond
e Upper Pond Partition Wall
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Findings, conclusions and recommendations for the Upper Pond Retaining Wall will be provided as an
addendum to this report after the pond sludge is removed and the subsurface exploration is completed.

4.4.1 Site Preparation - At-Grade Structures

The Chorine Contact Tank, Thickened Sludge Pump Station, MCC Building foundations are at-grade
structures (i.e., structures whose foundation bottoms are located approximately 1 foot below existing
grade). These at-grade structures are underlain by dry to moist, stiff to hard, moderately expansive clays
having plasticity indices of ranging from 22 to 30. Structure foundations underlain by the existing
moderately expansive soils could be susceptible to differential foundation settlement due to seasonal
shrink-swell ground movements which can result in out-of-level structures and potential foundation and
wall cracks.

To mitigate seasonal differential foundation movement due to seasonal shrink and swell of the underlying
expansive clays, it is recommended that the upper three feet of soil below the foundation bottom
extending 2 feet beyond the perimeter of the foundation be over-excavated. The bottom of over
excavation should be scarified to a depth of 8 inches and compacted to a minimum 90% relative
compaction at moisture content over 3% of optimum moisture content per ASTM D1557. The over
excavation should be backfilled with non- to very low expansion potential material to a depth of 12-
inches below the foundation bottom. The non- to very low expansion potential material should meet the
gradation and quality recommendation in Table 5, below.

Table 5. Non-Expansive to Very Low Expansion Material

Sieve Size Percent by Weight Passing Sieve
3in. 100
3/4in. 60-100
No. 4 40 to 100
No. 200 10-40

California Method No.

Test Requirement

Plasticity Index NP-12
Liquid Limit Less than 30
Expansion Index (UBC 18-2) Less than 20

4.4.2 Site Preparation - All Structures

A 12-inch thick layer of Caltrans Class 2 AB should be placed below the structure bottoms. Prior to
placing Class 2 AB, the subgrade should be scarified to a minimum depth of 8 inches and compacted to a
minimum of 90% relative compaction. The Class 2 AB should be crushed rock and should meet the
gradation and quality properties provided in Table 3.
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4.5 Foundation Recommendations

The planned structures should be designed using the following criteria.

45.1 Allowable Soil Bearing Capacity for Structure Foundations

The mat foundations for the new structures should be a minimum of 8 inches thick steel reinforced
concrete. Actual thickness should be determined by the project Structural Engineering based on design
criteria (i.e., subgrade reaction, Poissons’s ratio, Young’s Modulus provided in Section 4.5.2 below).
Allowable bearing capacities for structures founded on mat foundations are presented in Table 6, below.

Table 6. Allowable Bearing Capacity for Mat Foundations

Structure Allowable Bearing Capacity
Chorine Contact and Mixing Tank 2,000 psf
Sludge Thickener Tank 2,500 psf
MCC Building 1,500 psf
Settled Sludge Thickener Pump Station 2,500 psf
Thickened Sludge Pump Station 2,000 psf

At-grade structures founded on a perimeter spread footing foundation system can be designed with an
allowable bearing capacity of 2,500 psf. Spread footing foundations should a minimum of 24 inches
wide with a minimum embedment depth of 18 inches below the lowest adjacent undisturbed subgrade.
Any footing located adjacent to the other footings or utility trenches should have their bearing surface
situated below an imaginary 1.5 horizontal to 1.0 vertical plane projected upward from the bottom edge
of the adjacent footing or utility. Footings located above this imaginary plane will require further
evaluation of surcharge effect. All spread footing foundations should be designed with top and bottom
steel reinforcement to provide structural continuity and to permit spanning over irregularities.

The allowable soil-bearing pressures can be increased by one-third for transient loading such as wind
and seismic forces.

4.5.2 Modulus of Subgrade Reaction, Poisson’s Ratio, and Young's Modulus

Mat foundations may be designed for an average modulus of subgrade reaction (k;) of 100 tons per
cubic foot for a unit square foot. The structural engineer should modify the modulus of subgrade
reaction for the mat size.

The mat foundations should also be designed for the following soil parameters:

e Poisson’s ratio of 0.3,
e Young’s Modulus of 250 tons per square foot
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4.5.3 Heave and Settlement

Some movement of the subgrade soil is anticipated to occur during excavation (unloading) and during
construction, and when loads area applied (e.g., filling of tanks).

Heave (rebound) of foundation subgrade will occur during excavation of below grade structures due to a
reduction of the load on the subsoil below the excavation. We estimate a rebound at the center of the
below-grade structures of less than % inch. The majority of the heave will occur immediately upon
excavation.

Assuming the foundation soils consist of medium dense to dense sand and compacted non-expansive to
low expansive material and Class 2 AB, the mat contact pressures are equal to the recommended
allowable bearing capacity, and there is no significant disturbance to the excavation subgrade during
excavation, we estimate that the maximum settlement at the center of the below-grade structural mat
foundations will be on the order of % inch or less and the maximum settlement at the center of the at-
grade structures will be on the order of 1 inch or less for the Chorine Contact and Mixing Tank and on the
order of % inch or less for the smaller at-grade structures (e.g., MCC Building, Thickened Sludge Pump
Station)

4.5.4 Coefficient of Sliding Friction

An allowable coefficient of sliding friction of 0.35 times dead load may be used for mat foundations
founded on a minimum of 12 inches of Class 2 AB material.

A coefficient of sliding of 0.30 times the dead load may be used at the base of spread footing
foundations founded on non- to very low expansion potential material.

In addition, for portions of the foundation that extend below the adjacent pavement, an allowable
passive pressure of 300 pounds per cubic foot can also be used to resist lateral forces.

4.5.5 Below-grade Structure Backfill Materials

Where there is sufficient space between the structure wall and the excavation side wall in which to
mechanically compact the backfill (i.e., where small remote control and walk behind compaction
equipment can be used), we recommend that the excavation be backfilled with Class 2 AB (see Table
3).

The Class 2 AB backfill should be compacted in lifts no greater than 8 inches in loose thickness to a
minimum of 95% relative compaction at a moisture content at or near optimum (ASTM D1557).

Under no circumstances should jetting of backfill be required. Subsurface structure walls should be
braced as necessary during backfill compaction to prevent displacement and damage while backfill is
placed. The contractor should also choose compaction equipment that will not exert damaging forces on
the structure walls.

Where there is not adequate space to properly compact aggregate backfill (e.g., space between structure
walls and shoring is less than 2 feet wide or there is piping through the structure walls), or at
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convenience of the contactor, controlled low-strength material (CLSM) may be used as backfill. CLSM
is a hand-excavatable, free-flowing and self-compacting material that should consist of cement,
pozzolan, fine and course aggregates, and water that has been mixed in accordance with ASTM C94.
The CLSM should have a minimum 28-day compressive strength of not less than 50 psi and a
maximum 28-day compressive strength of no more than 150 psi. The CLSM should also have a
minimum 12-hour compressive strength of no less than 20 psi. Placement of the backfill, pavement
section, or concrete on top of the CLSM should not be allowed until the CLSM passes the ball drop test
described in ASTM D6024.

45.6 Lateral Earth Pressure on Below-Grade Structure Walls

Static at-rest lateral earth pressures, as well as potential seismic lateral loads will be imposed on all
subsurface structures, including the walls of the Settled Sludge Pump Station, Sludge Gravity Tank, and
portions of the Thickened Sludge Pump Station. The recommended lateral earth pressures for the design
of the below grade structure walls are presented on Figure 11. A coefficient of sliding friction of 0.35 can
be used at the base of the mat foundations. Lateral loads produced by transient loading (e.g., vehicular
traffic) need not be considered in the design unless the lateral load produced by transient loads exceeds
the dynamic earth pressure.

4.5.7 Lateral Earth Pressure on Retaining Walls

Retaining walls whose tops are not free to deflect should be designed for at-rest conditions (refer to
Section 4.5.6 above). The following design criteria apply to retaining walls whose tops are fee to reflect,
that are a maximum of 10 feet in height with horizontal backfill, and have a drainage system consisting of
drain rock with perforated drain pipes or weep holes to prevent hydrostatic pressures that might be caused
by groundwater or water trapped behind the retaining wall.

Retaining walls designed are meet the criteria above can be designed for the active and passive earth
pressures in Table 7, below.

Table 7. Lateral Earth Pressures on Retaining Walls

Earth Pressure Non-Expansive to Undisturbed

Conditions Very Low Expansion Material On-Site Clay
Active 35 50 pcf
Passive 400 275 pcf

Jacobs Associates should be consulted for reduced passive earth pressures for design of footings with
sloping ground in front of the footing. In addition to passive pressure, a coefficient of sliding friction for
neat concrete against non-expansive to very low expansion material of 0.30 times total dead load may be
used to resist lateral forces. Lateral loads produced by transient loading (e.g., vehicular traffic) need not
be considered in the design unless the lateral load produced by transient loads exceeds the dynamic earth
pressure (see Figure 11 for recommended dynamic earth pressure).

4.6 Pipeline Bedding and Backfill
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The project specifications should require that excavation backfilling and pipe bedding be done in
accordance with the requirements of this section, where not exceeded by the City or other governing
agency, company, and/or pipe manufacturer requirements. Figure 12 illustrates typical trench excavation
backfill details and definitions for this project. References to compaction and optimum moisture content
are relative to ASTM D1557 standards.

4.6.1 Pipe Embedment Material

If approved by the pipe manufacturer, and so long as placement does not damage the pipe, then the pipe
bedding material can consist of crushed Class 2AB uniformly graded within the gradation requirements
given in Table 3. Pipe embedment material should be used around the pipe extending a minimum distance
of 6 inches below the pipe to 12 inches above the pipe.

4.6.2 Excavation Backfill Material

Trench excavations located in paved areas, improved areas and/or areas of future improvements should be
backfilled to the finished subgrade with pipeline embedment material.

Trenches in undeveloped, unpaved areas and areas where no future improvements are planned may be
backfilled with on-site soil excavated from the trench. The on-site soil used for backfill should be free of
contamination, vegetation and other deleterious materials and contain no material greater than 3 inches in
size, including earth clods. Moisture conditioning of on-site soils (drying wet and saturated soils and
wetting dry soils) may be required to achieve proper backfill compaction.

4.6.3 Controlled Low Strength Material (CLSM)

Where existing utilities cross the trench excavations and trench backfill cannot be properly compacted
below the existing utility, CLSM (see Section 4.5.5) should be used to backfill below the existing utilities.

CLSM should be placed in appropriate lifts or with methods to prevent flotation and/or movement of the
pipe. The contractor should install approved anchor blocks or deadman concrete collars as needed to
secure the pipe in place.

CLSM should not contain physiochemical properties that damage the pipe.

Placement of backfill, pavement section or concrete on top of CLSM should not be allowed until the
CLSM passes the ball drop test of ASTM D6024.

4.6.4 Compaction

Relative compaction and optimum moisture content referred to herein is to be determined by ASTM
D1557 unless stated otherwise.

All water which accumulates in the bottom of the excavations must be removed so that the work can be
done in dry conditions. Pipe bedding material (i.e., pipe zone material below the pipeline invert) should
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be compacted to a minimum of 90% relative compaction at a moisture content at or above optimum. The
pipe bedding material must be compacted to a smooth, uniform, horizontal plane.

After pipe placement, the pipe embedment material should be uniformly placed in maximum 8-inch thick
loose lifts on each side of the pipe and hand-shovel sliced around the pipe haunches to support the sides
of the pipe and prevent pipe displacement. Each loose lift on the sides of the pipe should be mechanically
compacted to a minimum of 90% relative compaction. No jetting of pipe bedding material should be
allowed. After the pipe embedment material has been placed to a level 12 inches above the top of the
pipe, the surface should be mechanically compacted to achieve a minimum of 90% relative compaction
(i.e., mechanical compaction equipment should not be placed directly over the top of the pipe until at least
12 inches of pipe bedding material has been placed over the top of the pipe).

In unpaved areas, native excavation soils used as excavation backfill should be placed in maximum loose
lifts of 8 inches and compacted by mechanical compaction to a minimum of 90% relative compaction and
moisture content at or above optimum moisture content. In paved areas, Class 2AB used as excavation
backfill should be compacted to a minimum of 90% relative compaction to within 24 inches of the
pavement subgrade and 95% relative compaction within the upper 24 inches of backfill. No jetting of
excavation backfill (either native soil or Class 2AB) should be allowed.

4.6.5 Recompression Settlement

The total amount of pipeline settlement will depend mostly on the condition of the trench and excavation
bottoms (i.e., determined by the contractor’s performance in achieving the minimum recommendations
for trench and excavation bottom stability, as stated herein). Therefore, it is imperative that stable trench
and excavation bottoms are maintained at all times and that loose, disturbed or otherwise softened soils
are not allowed in the trench or excavation bottoms. Backfill loading upon such soils can produce random
settlements (much greater than 1 inch) that can be abrupt.

Excavation for proposed pipelines will be backfilled to their original grade, and the compacted backfill
will exert no significant additional loads onto the underlying undisturbed soil deposits. Therefore only
elastic deformation (i.e., recompression) of the native materials induced by backfill placement is
anticipated. Elastic deformation will occur quickly upon load application. The maximum recompression
of undisturbed trench excavation bottoms (less than 5 feet wide) should be less than % inch and should
occur upon backfilling. The maximum differential recompression between differing undisturbed soil types
along the project area should be less than ¥4 inch.

Special attention is required where excavation widths are larger than common trenches (i.e., more than a
few feet wider than the pipeline), since in such cases the loading on the pipe would be based more on
embankment conditions. Pipe loading under embankment conditions is considerably greater than under
trench conditions. Specific evaluation of pipe loading in excavations should be made based on the specific
geometry of the excavation and the pipeline placement.
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4.6.6 Backfill Compression

Backfill placed within excavations will compress (settle) by self-weight, even when well compacted. We
estimate that settlement of granular trench backfill materials compacted as recommended in this report,
will be less than 0.2 to 0.4 percent of their thickness. Where excavations are located beneath paved
surfaces, the finished pavement will reflect this backfill settlement. Settlement will be greater than these
estimates where native soils are used as excavation backfill. For native soils backfill, settlement by self-
weight will be on the order of 1.0 to 2.0 percent of their thickness.

4.6.7 Vertical Loads on Pipe

Vertical loads applied to project pipelines will consist of dead loads imposed by trench backfill and
intermittent live loads imposed by vehicle traffic. Design criteria for live loads on the pipeline from
vehicular traffic (H-20 loading) are provided in Figure 13.

4.6.8 Rigid Pipe

The following Marston formula (Moser, 2008) may be used to estimate the vertical soil loads on rigid
pipes placed in backfilled trenches. The vertical load is dependent on the width of the trench (B) in feet:

w = C yB?

where:
W = Vertical soil load on rigid pipe due to trench backfill (Ib/ft),
Y = Unit weight of compacted backfill

- 125 pcf for compacted native soil
- 150 pcf for Class 2 aggregate base or CLSM backfill,

C = Marston’s coefficients for trench (t) conditions, presented graphically in
Figure 14 for different trench depth (H) to width (B) ratios (i.e., H/B).

4.6.9 Flexible Pipe

Dead loads due to backfill soil overburden on a flexible pipeline assuming trench conditions can be
estimated using the following Prism Method-based formula (Moser, 2008):

wW

DyH
where:
= Vertical soil load on a flexible pipe (pounds/foot),
Pipe outside diameter (feet),
= Unit weight of compacted backfill

- 125 pcf for compacted native soil

- 150 pcf for Class 2 aggregate base or CLSM backfill,
H = Height of trench backfill above the pipeline (feet).

~<Ué
|

Special attention is required where excavation widths are larger than common trenches (i.e., more than a
few feet wider than the pipeline) since in such cases the loading on the pipe would be based more on
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embankment conditions. Pipe loading under embankment conditions is considerably greater than under
trench conditions. Specific evaluation of pipe loading in excavations should be made based on the specific
geometry of the excavation and the pipeline placement.

4.6.10 Composite Modulus of Soil Reaction (E';)

Vertical loads on a flexible pipe cause the pipe to decrease in vertical diameter and increase in horizontal
diameter. The horizontal movement develops a passive resistance, which helps to support the pipe. The
composite modulus of soil reaction (E'.) is useful for estimating the passive soil resistance that will
develop in a trench for flexible pipes. E'. is a function of the soil modulus of the pipe zone material (E',,),
the soil modulus of the trench wall material (E'yy), trench width, depth of cover, and pipeline diameter
(see Figure 15). E',, and E'y, are in turn a function of the strength of each material.

For this project, we have recommended that all pipeline embedment zones be backfilled using compacted
Class 2AB or CLSM. As aresult, E',, for Class 2AB and CLSM will be roughly constant at
approximately 1,500 psi. It is imperative that properly compacted pipe zone material not be disturbed or
loosened by shoring removal in order to maintain these minimum E’y, values. E'y,, however, will vary
depending if the yard piping is within new engineered fill or native soils.

Based on project test borings, a typical E’y, value for native soils would range from 500 psi to 1,000 psi
within the upper 10 feet to 1,000 psi and above once deeper. A typical E', value for engineered fill is
1,000 psi. Table 8 presents values for E’y, for different soil types. Using these values, and the trench
width to pipeline diameter ratio, the soil support combining factor S, can be determined from Figure 15
and then used to calculate E’; based on the formula [E'.=S.E’,,] from Jeyapalan (2001).

Table 8. E"; Calculation Parameters

E’,, (psi) for CLSM or

Compacted CL2AB? E'ow (psi) E'wE'y Ratio
Medium stiff or loose soil (4<N<8)" 250 psi 0.17
Stiff or loose to medium dense soil .
1,500 psi (8<N<15) 500 psi 0.33
Very Stiff or medium dense soil .
(15<N<30) 1,000 psi 0.67
Hard or dense soil (N>30) 2,000 psi 1.33

#Pipeline embedment material specified and compacted as recommended in this report.
PN = ASTM D1586 Standard Penetration Blow Count.

The composite modulus of soil reaction (E'.) can be calculated for the various outside diameters of the
pipe (D) and the various minimum design trench widths (B) using the following equation developed by
Jeyapalan (2001):

E'. = S.E'y,
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The soil support combining factor S¢, which is a function of E',,, E'w, and B/D, is given in the table
presented in Figure 15. For example, for an E',, of 1,500 psi for embedment material and an E'y, of 250
psi for trench wall soil, E',,/ E'w, = 0.17. For a pipe with an outside diameter (D) of 12 inches and a
24-inch wide trench (B), the B/D is 2. Using the table in Figure 15, S; = 0.41. Therefore, E'c = S.E'p, =
0.41 x 1,500 psi =615 psi.

4.7  Asphaltic Concrete Roadways

Preliminary pavement recommendations for new asphalt concrete paving are provided in Table 9 for
Traffic Indices ranging from 4.0 to 6.0 using the Caltrans Flexible Pavement Design Method and
assuming an R-value of 5. A traffic index of 4.0 represents light vehicles, and a traffic index of 6.0
represents truck traffic. The District and project designer should evaluate which level of use best
represents the project and select an appropriate Traffic Index for final design.

The traffic indices presented herein should be considered preliminary since we do not presently have
information with respect to anticipated vehicle loading and repetitions. For example, the pavement section
may need to support heavy equipment during the proposed construction. Additional recommendations for
higher or lower Traffic Indices can be provided upon request. Final pavement structural sections should
be designed at the completion of rough grading when (1) representative samples of the pavement
subgrade can be taken and R-value tested in the laboratory, and (2) final Traffic Indices are selected by
the City and/or Brown and Caldwell.

Table 9. Preliminary Asphalt Concrete Pavement Sections

Traffic Index Asphalt Concrete (ft) Aggregate Base (ft)
4.0 0.20 0.65
5.0 0.20 0.95
6.0 0.25 1.15

New pavement construction should also meet the following criteria:

e The upper 12 inches of soil subgrade should be compacted to a minimum of 95% relative
compaction and be at or near optimum moisture content.

e Class 2AB material should be compacted in lifts no greater than 8 inches in loose thickness
and compacted to 95% relative compaction.

o Pavements should be sloped and drainage gradients maintained to carry all surface water to
storm drain inlets or other existing site drainage facilities.

e Ponding should not be allowed anywhere on site.

e An adequate drainage control system should be provided to prevent surface water or
groundwater seepage from saturating the subgrade soils.

e The asphalt concrete materials should conform to the specifications stated in Section 39 of
the State of California Standard Specifications, latest edition or equal.

Pavement sections should be prepared assuming that periodic maintenance will be required, including
sealing of cracks and other measures.
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4.8 Surface Drainage

Surface drainage provisions should be incorporated into the design for the structures. The drainage
provisions should be carefully designed to redirect all surface water off-site and away from slopes,
foundations, and base-rock pathways beneath pavements. Site drainage should be redirected into a closed
underground collector pipe network that connects to appropriate storm drain facilities. Water should not
be allowed to pond and seep into the soils anywhere on the site, and it should not be directed to flow
uncontrolled over adjacent slopes.

4.9 Construction Vibrations

The project will be constructed in native soils and existing fills and backfills that will transmit
construction vibrations to existing nearby surface and subsurface structures (including utilities and
pipelines). Therefore, the type and operation of equipment to be used during project construction should
be selected by the contractor to limit construction vibrations (a function of frequency and peak particle
velocity) to levels that will not damage (1) existing surface structures and improvements; and (2) existing
subsurface structures including utilities, pipelines, and nearby residences.

A commonly accepted damage threshold criterion for high frequency peak particle velocity vibrations at
existing surface structures and improvements is on the order of 1.0 to 2.0 inches per second (USBM
RI-8507). High frequency peak particle velocities above these values can cause cosmetic damage to
structures (e.g., cracking of plaster and drywall). Typical attenuation curves for vibratory sheet pile
driving indicate peak particle velocities are generally less than 1 inch per second at distances greater than
20 feet. Pile driving into obstructions or through coarse granular materials (e.g., granular fill or trench
backfill) may generate higher than typical peak particle velocity vibrations with greater attenuation
distances.

Construction vibrations should be monitored and documented by qualified technicians with approved
vibration measuring equipment (seismographs) located at structures nearest the site of actual ongoing
construction. Vibration levels greater than 1 inch per second at nearby surface structures will require
modification of the contractor’s construction procedures to reduce vibration levels. Photographic
precondition surveys of the structures located adjacent to the project area should be performed to establish
baseline conditions prior to project construction and to aid in assessing construction damage claims, if
any.

4.10 Seismic Design

The Project is not crossed by any active fault and is located approximately 4.5 kilometers northeast of the
mapped northwest limit of the Greenville Fault. Since the project is not crossed by an active fault, there
is very little likelihood of fault rupture.

Regional liquefaction maps indicate that fill soils at the project site have a very low susceptibility

(ABAG, 2011). Our site-specific subsurface investigation encountered stiff to hard clays and medium
dense to very dense sands above in the upper 8 feet. In addition, groundwater was encountered in none of
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the project borings and only one of the reference borings logs (i.e., RB-12) encountered at a depth of 17
feet. As a result, we estimate the risk of liquefaction in the fills and native soils is low.

The primary seismic hazard for the project site will be ground shaking. On the basis of historical
evidence, it is reasonable to assume that during its lifetime, the project site will be subject to at least one
moderate to severe earthquake that will cause strong ground shaking. The effects of ground shaking on
the proposed structures and pipelines may be mitigated by design and construction detailing in accordance
with the foundation and seismic provisions of the 2010 California Building Code (CBC) as a Site Class C.

5 Additional Services and Limitations
5.1 Additional Services

All earthwork for the project should be observed and tested by a qualified geotechnical engineer licensed
in the State of California. Jacobs Associates should be given the opportunity to provide the following
additional services through the completion of project construction:

e Review of plans and specifications prior to bid;

e Review of geotechnical-related contractor submittals (e.g., shoring, excavation sloping, backfill
materials, foundation construction, etc.);

o Review of contractor requests for information relating to geotechnical issues; and

e Periodic construction observations of exposed subsurface conditions for conformance to
conditions anticipated herein on which our recommendations were based.

These recommended reviews and observations are to evaluate design interpretations, verify submittal
assumptions, and observe actual project construction implementation with respect to the geotechnical
findings and recommendations provided in this report.

5.2 Limitations

This report has been prepared for the exclusive use of Brown and Caldwell and its consultants and
contractors in connection with the design and construction of the City’s Water Treatment Plant Capital
Improvements Project, which is located in Pittsburg, California. The data presented in this report are
based on the subsurface conditions encountered by Jacobs Associates at the time that the geotechnical
investigation for the Project was conducted. The report also contains information and data collected from
other relevant studies, as well as our professional experience and judgment. Subsurface conditions may
vary between exploration locations and with time; as a result, conditions that differ from those
summarized in the report, and that are unanticipated, can and do occur. Jacobs Associates is not
responsible for the interpretation of the data contained in this report by anyone; as such interpretations are
dependent on each person’s subjectivity.

The geotechnical investigations and this report were completed within the limitations of Jacobs
Associates” approved scope of work, schedule, and budget. The services rendered by Jacobs Associates
have been performed in a manner consistent with the level of care and skill ordinarily exercised by
members of the profession currently practicing under similar conditions in the same area. If differing
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conditions are exposed during construction or the design is modified, we should be retained to reevaluate
the subsurface conditions and provide written confirmation or modifications, as necessary, to this report.
Jacobs Associates is not responsible for the use of this report in connection with anything other than the
project at the location described above. We recommend any construction budget and schedule contain a
contingency to allow for any reevaluation of the contents of this report if warranted.
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VELOCITY
(CENTIMETERS
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INTENSITY VALUE
AND DESCRIPTION

AVERAGE PEAK
ACCELERATION ("g" is
gravity - 9.80 meters
per second squared)

1-2
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812

20-30

45-55
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I. Not felt except by a very few under especially favorable
circumstances.
IIl. Felt only by a few persons at rest, especially on upper floors
of buildings. Delicately suspended objects may swing.

Felt quite noticeable indoors, especially on upper floors of
buildings, but many people do not recognize it as an earthquake.
Standing vehicles may rock slightly. Vibration like passing of a
truck. Duration estimated.

IV. During the day felt indoors by many, outdoors by few. At night
some awakened. Rattling of dishes, windows, and doors; walls
make creaking sounds. Hanging objects swing. Sensation like
a heavy truck passing. Standing vehicles rocked noticeably.

V. Felt by nearly everyone, many awakened. Some dishes, windows
and so on broken; cracked plaster in a few places; unstable objects
overturned. Disturbances of trees, poles and other tall objects
sometimes noticeable. Pendulum clocks may stop. Buildings
trembled throughout.

VI. Felt by all, many frightened and run outdoors. Some moderately
heavy furniture moved; a few instances of fallen plaster and damaged
chimneys. Trees, bushes, shaken slightly to moderately. Damage
slight in poorly constructed buildings. Broken dishes, glassware and
some windows. Moved furnishings and overturned furniture.

VII. Everybody runs outdoors. Damage negligible in buildings of good
design and construction; slight to moderate in well-built ordinary
structures; considerable in poorly built or badly designed structures;
chimneys cracked to considerable extent. Noticed by persons driving
vehicles. Waves on ponds, lakes, running water. Broke numerous
windows, heavy furniture overturned. Dislodged bricks and stones.

Damage slight in specially designed structures; considerable in
ordinary substantial buildings with partial collapse; great in poorly
built structures. Panel walls thrown out of frame structures. Fall of
chimneys, factory stacks, columns, monuments, walls. Heavy
furniture overturned. Sand and mud ejected in small amounts.
Changes in well water. Persons driving vehicles disturbed.

IX. Damage considerable in specially designed structures; well-designed
frame structures thrown out-of-plumb; great in substantial buildings,
with partial collapse. Buildings shifted off foundations. Ground cracked
conspicuously. Underground pipes broken. Reservoirs threatened.

VIl

X. Some well-built wooden structures destroyed; most masonry and
frame structures destroyed with foundations; ground badly cracked.
Railroad rails bent. Landslides considerable from river banks and
steep slopes. Shifted sand and mud. Water splashed, slopped
over banks. Reservoirs greatly damaged. Open cracks in cement
pavements and asphalt road surfaces.

Xl.

Few, if any, (masonry) structures remain standing. Bridges
destroyed. Broad fissures in ground. Underground pipelines
completely out of service. Earth slumps and land slips in soft
ground. Rails bent greatly. Dams, dikes, embankments severly
damaged. Destroyed large well-built bridges.

Xll. Damage total. Practically all works of construction damaged
greatly or destroyed. Landslides, falls of rock, slumping of river
banks extensive. Fault slips in firm rock, with notable horizontal
vertical off-set displacements. Water channels, surface and
underground disturbed and modified greatly. Waves seen on
ground surfaces.

REFERENCE ; Compiled from "Earthquakes & Volcanoes," Volume 21, Number 1, 1989, and "Earthquakes A
Primer," Bruce A. Bolt, W.H. Freeman and Company, San Francisco, Copyright 1993.
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bedrock as indicated.

These preliminary pressure diagrams are for excavations less than 15 feet in unsaturated soils and

These preliminary pressure diagrams do not take into account hydrostatic pressures nor the effects of

adverse bedrock bedding/fractures, nor stockpiling of trench spoils, excavation equipment, etc. The effects
of these conditions must be added to these pressure diagrams where applicable. For example, in the case
of adverse bedrock bedding/fractures, the greater of the rock wedge pressure or final design shoring
pressure and shoring pressure diagrams should be used for shoring design.

Excavation base stability should be analyzed after base width has been selected.

@ Final design shoring pressure diagrams will need to be developed by the contractor based on his selection
of shoring system and the actual soil, bedrock and groundwater conditions encountered during

construction.
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(e.g., structure loads). Diagram shape will vary depending on surcharge load.
Temporary lateral surcharge pressure (e.g., stockpiles, equipment, traffic)
should be included when they exceed the dynamic pressure (i.e., Pe).

Note: Earth pressures and coefficient of friction are ultimate values and
an appropriate factor of safety should be used in calculations.
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LEGEND:
T o = Compacted Granular Backfill (Class 2 Aggregate Base)
= Excavated Fill Soll
W=Cy¥B?
where: W = Vertical soil load on rigid pipe due to trench backfill (pounds/foot)
¥ = Unit weight of trench backfill or overlying soil (pounds/cubic foot)
H = Depth of backfill (feet)
B = Trench width (feet)
NOTE: Marston's load coefficients are used to calculate vertical soil loads on rigid pipes installed by open-cut trenching.
Refer to report text for soil loads on flexible pipes and pipes under embankment conditions (Moser, 2008).
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0.15 0.30 0.80 0.90

0.30 0.45 0.70 0.85 0.92 1.00
0.50 0.60 0.80 0.90 0.95 1.00
0.70 0.80 0.90 0.95 1.00 1.00
0.85 0.90 0.95 0.98 1.00 1.00
1.00 1.00 1.00 1.00 1.00 1.00
1.30 1.15 1.10 1.05 1.00 1.00
1.50 1.30 1.15 1.10 1.05 1.00
1.75 1.45 1.30 1.20 1.08 1.00
2.00 1.60 1.40 1.25 1.10 1.00

Modified from Jeyapalan (2001)
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Grab sample

KEY TO BORING LOGS

1.4" 1.D./2" O.D. Standard Penetration Test
(ASTM D1586) sampler (SPT)

2.5"1.D./3" O.D. Modified California sampler
(MCS) with brass liners

RELATIVE DENSITY CONSISTENCY
UNCONFINED
SANDS AND GRAVELS | SPT,N | SILTSAND CLAYS | SPT,N | Srmencriy of
VERY LOOSE 0-4 VERY SOFT 0-2 0-0.25
LOOSE 4-10 SOFT 2-4 0.25-0.50
MEDIUM DENSE 10-30 MEDIUM STIFF 4-8 0.50-1.00
DENSE 30-50 STIFF 8-15 1.00-2.00
VERY DENSE 50+ VERY STIFF 15-30 2.00-4.00
HARD 30+ >4.00

Reference: Terzaghi, K. and Peck, R., SOIL MECHANICS IN ENGINEERING PRACTICE, 2nd ed.,

John Wiley and Sons, New York, 1967. Page 341 Table 45.1 and page 347 Table 45.2.

MOISTURE CONDITION CONSTITUENT DESCRIPTIONS
DESCRIPTION CRITERIA DESCRIPTION CRITERIA
DRY Absence of moisture, dusty, dry to the touch TRACE less than 5%
FEW 5% to 10%
MOIST Damp but no visible water LITTLE 15% to 25%
sible f I i is bel bi SOME 30% to 45%
WET Visible free water, usually soil is below water table MOSTLY 50% to 100%
Reference: ASTM D2488, Table 3 - Criteria for Describing Moisture Condition Reference: ASTM D2488, Note 15

NOTES:

1. Lines separating strata in the logs represent approximate boundaries only and are dashed where strata change depth

is less certain and queried where strata change depth is not known. Actual strata change may be gradual. No warranty
is provided as to the continuity of strata between borings. Logs represent the subsurface section observed at the boring
location on the date of drilling only.
. Penetration resistance (blows/ft.) are the last 12" of an 18" drive or the middle 12" of a 24" drive using a 140-pound hammer
falling 30 inches per blow (Mobile B-24 rig) unless noted otherwise. The penetration resistance values noted on the logs
are actual blows per foot of penetration for the respective sampler type (i.e., MCS sampler penetration resistance has not
been reduced to an equivalent SPT "N" value).
. Where noted on the boring logs, slough is defined as material from the bore hole walls which collapses or flows into and
partially fills the bore hole on removal of the solid stem augers. The presence of slough within the bore hole can render
drive sampling impossible (samplers fill entirely with slough) and invalidate the blow count.
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UNIFIED SOIL CLASSIFICATION SYSTEM

GROUP

CRITERIA FOR ASSIGNING GROUP SYMBOLS AND GROUP NAMES  * SYMBOL GROUP NAME °
G s Clean Gravels Cu>4andl<Cc<3 F GwW Well-graded gravel *
RAVEL N
COARSE-GRAINED < 5% fines C E
SOILS More thfan ?_0% oft e C_u <4 and/_or 1>Cc>3 GP P-oorly gradcic(j3 gravel F
More than 50% 3?13'(1506 ‘{2?;\?2 retaine Gravels_with Fines Fines classify as ML or MH GM Silty gravel =%
retained on >12%fines C Fines classify as CL or CH GC Clayey gravel FGH
No. 200 sieve
s S Clean Sands Cu>6and1<Cc<3 E SwW Well-graded sand 1
AND < 5% fines D
509% or more of coarse Cu<6andorl>Cc>3 E SP Poorly graded sand !
fraction passes No. 4 Sands with Fines Fines classify as ML or MH SM Silty sand G.H.I
sieve .
> 12%fines D Fines classify as CL or CH SC Clayey sand &H!
) Pl > 7 plots on or above "A"line 3 CL Lean clay KLM
Inorganic
gg‘lE_SGRAINED SILTS AND CLAYS Pl < 4 plots below "A" line ML Silt KLM
50% or more Liquid limit < 50 Organic Liquid limit-oven dried  _ oL Organic Clay <LMN
passes the 9 Liquid limit-not dried : Organic Silt KLMO
No. 200 sieve
| ) PI plots on or above "A" line CH Fat clay KLM
norganic
SILTS AND CLAYS g Pl plots below "A" line MH  Elastic silt KLM
Liquid limit > 50
) Liquid limit-oven dried Organic Clay KLMP
Organic Liquid limit-not dried  ~ 072 OH  ganic sit <tMQ
HIGHLY ORGANIC SOILS Primarily organic matter, dark color and organic odor PT Peat
NOTES:
A Based on the material passing the 3-in. (75mm) sieve.
B If field sample contained cobbles or boulders, or both, add "with cobbles or boulders, or both" to group name.
C Gravels with 5% to 129% fines require dual symbols:
GW-GM well-graded gravel with silt
GW-GC well-graded gravel with clay
GP-GM poorly graded gravel with silt
GP-GC poorly graded gravel with clay
D Sands with 5% to 12% fines require dual symbols:
SW-SM well-graded sand with silt
SW-SC well-graded sand with clay
SP-SM poorly graded sand with silt
SP-SC poorly graded sand with clay
E D D 3p)2
Cu= —60 Cc= 7( 30)
D10 D10% Deo
F  If soil contains >_15% sand, add "with sand" to group name.
G If fines classify as CL-ML, use dual symbol GC-GM, or SC-SM.
H If fines are organic, add "with organic fines" to group name.
| If soil contains >_15% gravel, add "with gravel" to group name.
J If Atterberg limits plot in hatched area, soil is a CL-ML (silty clay).
K If soil contains 15% to 29% plus No. 200, add "with sand" or "with gravel", whichever is predominant.
L  If soil contains >_30% plus No0.200, predominantly sand, add "sandy" to group name.
M  If soil contains >_30% plus No0.200, predominantly gravel, add "gravelly" to group name.
N Pl =4 and plots on or above "A" line.
O Pl <4 or plots below "A" line.
P  PI plots on or above "A" line.
Q PI plots below "A" line.
Brown and Caldwell Figure
JACOBS ASSOCIATES City of Pittsburg
Engineers/Consultants Water Treatment Plant Capital Improvements Project A.1
Pittsburg, California
File No. 5003.0 June 2013 Boring Log Legend @of2)
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GRAIN DIRECT
LOG OF BORING B-1% y SIZE SHEAR I
- &5 | LOCATION: Sludge Pump East Side of Sed. Basin (see Figure 2). a & w
s| |gg| < ez gl |z g
z ES| = wl g |ZS|E s glZz@z S
m é <Z( a @ o Z 5 S T S 3z W 6 c <
|z Ehl 5 GROUND SURFACE:  Approx. El. 144" el B8lal|Elssl_® § ZeE> % T 5
AHHEEIE Sz |3|2|s5|52 5 85H 5 |52
= S Al E[ZY T
fgt @ blc:)-wse?t (% DESCRIPTION 2 % Ibs?ftﬁ i O% % u% ﬁps/ft(.? psf. -
i SANDY LEAN CLAY (CL) - FILL
- dark olive brown/grayish brown
{1 44 - fine to coarse sand 141113 12.3
- few fine gravel
7 2 23 - very stiff
- dry
5_
- [~
T35 10[103
CLAYEY SAND (SC)
12 27 - light yellowish brown 0 |53|47
- fine sand
107 - weakly cemented
| - medium dense
- dry
b CLAYEY SAND (SC) to POORLY-GRADED SAND WITH SILT (SP-SM)
- pale yellow
15 26 - trace coarse angular gravel/rock (~1.5")
15- - medium dense
- dry
i Tg) 5
16 27 POORLY-GRADED SAND WITH SILT (SP-SM) 'Sn % 4 4189 7
201 - pale brown £3
- trace to few gravel/ cemented nodules s %
| - medium dense to dense 29
- dry R
i S~
n%’ S
] [LEAN cLAY (cL)  J \| 3
7 33 . )
o5 - yellowish brown - very stiff to hard
\ -tracesand - moist SLOUGH DEPTHS ON SAMPLING
) BOTTOM OF BORING AT 25 FEET Sample No. | Slough Depth*
i 1-6 172
i 1-7 21
*- slough depth measured from
| intended sample depth
v @ Drilled 03/13/13 using a Mobile B-24, 5" diameter solid stem augers, and a 30" drop by 140 Ib. cathead sampling hammer.
'-,'_J (2 See report text and figures in Appendices A and C for definitions, lab test results, and additional soil descriptions.
O| @ Free groundwater level not encountered during or after drilling. Static equilibrium groundwater depth is unknown.
Z (@) Surface elevation approximated from plans provided by Brown and Caldwell (4/22/13).
Brown and Caldwell Figure
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GRAIN DIRECT
LOG OF BORING B-2? y SIZE SHEAR I
- @ LOCATION: Near NE Corner of Sed Basins (see Figure 2). . a & oY 3’]
; L = | £ 3 = i)
% Ig % <§( w ) 2 E B ? 2 8 T X
m é Z| 0 @ o Z 5 S T S sl 6 c <
|z Ehl 5 GROUND SURFACE:  Approx. El. 144" el B8lal|Elssl_® § ZeE> % T 5
AHHEEIE Sz |3|2|s5|52 5 85H 5 |52
o = o] 3 Ao E[CZY £
feet @ b%ws% (% DESCRIPTION @ % |lbs./ft.3 i o% % u% ﬁps/ft(.? psf. -
LEAN/FAT CLAY WITH SAND (CL/CH) - FILL
- dark yellowish brown to dark brown
1 -fine to_coarse sand 13 50|31
- trace fine gravel
- very stiff
- dry
2 27 / LEAN/FAT CLAY (CL/CH) - FILL \ 13105
- dark grayish brown - very stiff
- few sand - dry/moist
3 19 - pieces of concrete @ 7' 14
BOTTOM OF BORING AT 7 FEET
v @ Drilled 03/13/13 using a Mobile B-24, 5" diameter solid stem augers, and a 30" drop by 140 Ib. cathead sampling hammer.
'-,'_J (2 See report text and figures in Appendices A and C for definitions, lab test results, and additional soil descriptions.
O| @ Free groundwater level not encountered during or after drilling. Static equilibrium groundwater depth is unknown.
Z (@) Surface elevation approximated from plans provided by Brown and Caldwell (4/22/13).
Brown and Caldwell Figure
JACOBS ASSOCIATES City of Pittsburg
. Water Treatment Plant Capital Improvements Project B.2
Engineers/Consultants

Pittsburg, California

File No. 5003.0 June 2013 Log of Boring B-2




GRAIN DIRECT
LOG OF BORING B-37 y SIZE SHEAR I
- i | LOCATION: Near SE corner of Sed Basins (see Figure 2). g @ w
s| |8yl E £l 2 ¢ ez 3
5| |g2| TNIHEEE i FPR
- |4 E =| 2 | GROUND SURFACE:  Approx. EI. 149' @ 2l 8 lalBlefl 8l 28 ¢ |Es
S| g|2a| 2 %>Dg§$888N8EEsBE
g (</() ﬁ&& % DESCRIPTION@ = % % o 538%5?%858§E
feet blows/ft.| (3) % |lbs./ft.3 % % % |kips/ft.2| p.s.f.
{1 CLAYEY SANI? (SC) - POSSIPLE FILL 20 1155|44
- dark yellowish brown to olive brown
] - sandier with depth
- dense to medium dense
] - dry to moist
5- 2 52 17| 99
13 13 15
BOTTOM OF BORING AT 7 FEET
10+
157
201
251
v @ Drilled 03/13/13 using a Mobile B-24, 5" diameter solid stem augers, and a 30" drop by 140 Ib. cathead sampling hammer.
'-,'_J (2 See report text and figures in Appendices A and C for definitions, lab test results, and additional soil descriptions.
O| @ Free groundwater level not encountered during or after drilling. Static equilibrium groundwater depth is unknown.
Z (@) Surface elevation approximated from plans provided by Brown and Caldwell (4/22/13).
Brown and Caldwell Figure
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GRAIN DIRECT
LOG OF BORING B4 y SIZE SHEAR I
_ z ., @ LOCATION: Planned Sludge Thickener Tank (see Figure 2). = | e S 7 ol 3]
g| |28 < wlg|s|& s 228z Z
m é <Z( a @ o Z 5 S T S 3z W 6 c <
|z Ehl 5 GROUND SURFACE:  Approx. El. 156' eld8]|lal|lElsel ¢ § ZeE> % T 5
AH R Sl &|3|2|e55: L2 5 &2
= 3 Ao E|CY T
fgt @ b%ws% (% DESCRIPTION 2 % Ibs?ftﬁ i o% %:t u% ﬁps/ft(.lg p.sf. -
FAT CLAY WITH SAND (CH)
y - very dark gray
- fine to coarse sand (sandier with depth)
- stiff/very stiff
24 - dry/moist 17(109]| 5231 14.0
17
57 SANDY LEAN CLAY (CL)
- brownish yellow
- very stiff to hard
- dry
67 141106
33 0 |42|58
10+
] CLAYEY SAND (SC)
| - brownish yellow
- fine sand
] - weakly cemented
5 23 - medium dense 14
15 -dry
. - gravelly at 17 %2 (per driller)
{off|2s .
201
17 25
25
BOTTOM OF BORING AT 25 FEET
v @ Drilled 03/13/13 using a Mobile B-24, 5" diameter solid stem augers, and a 30" drop by 140 Ib. cathead sampling hammer.
'-,'_J (2 See report text and figures in Appendices A and C for definitions, lab test results, and additional soil descriptions.
O| @ Free groundwater level not encountered during or after drilling. Static equilibrium groundwater depth is unknown.
Z (@) Surface elevation approximated from plans provided by Brown and Caldwell (4/22/13).
Brown and Caldwell Figure
JACOBS ASSOCIATES City of Pittsburg
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DEPTH

T
o

SAMPLE NO.
PENETRATION

TYPE

> RESISTANCE

=2
Qo

&
2

(@GROUNDWATER

LOG OF BORING B-5°

LOCATION: 70 feet south of SW corner of Sed Basins
(see Figure 2).

GROUND SURFACE:  Approx. El. 157 @

DESCRIPTION @

X MOISTURE

RY DENSITY

a
Ibs./ft.3

LIQUID LIMIT

PLASTICITY INDEX

DIRECT
SHEAR

. Gravel

X

(>#4 sieve)

-Sand

X

(#4 to #200 sieve)

o Fines

UNCONFINED
2 COMPRESSIVE

°* (<#200 sieve)
7 STRENGTH

=
-

Internal

& Cohesion

©
bl

Friction Angle

LEAN CLAY WITH SAND (CL)
- dark brown
- fine to coarse sand (sandier with depth)
- very stiff
- dry/moist

16

108

48

30

201

SANDY LEAN CLAY (CL)
- dark reddish brown
- very stiff/medium dense
- dry to moist
- trace caliche

SILTY SAND (SM)
- yellowish brown
- weakly cemented
- medium dense
- dry to moist

- trace to few caliche

|/ CLAYEY SAND WITH GRAVEL (SC)
- pale yellowish brown

- fine sand

- fine rounded and angular gravel
- weakly cemented

- dense

- dry

15

12

21

10

31

64

69

FINES
27% Silt
8% Clay

BOTTOM OF BORING AT 21 FEET

NOTE:

and eventually hit refusal at 21"
Most likely large gravels/cobbles.

Drilling became very rough around 20',

@ Drilled 03/13/13 using a Mobile B-24, 5" diameter solid stem augers, and a 30" drop by 140 Ib. cathead sampling hammer.
(2 See report text and figures in Appendices A and C for definitions, lab test results, and additional soil descriptions.
(@ Free groundwater level not encountered during or after drilling. Static equilibrium groundwater depth is unknown.

NOTES

(@) Surface elevation approximated from plans provided by Brown and Caldwell (4/22/13).

JACOBS ASSOCIATES

Engineers/Consultants

File No. 5003.0 June 2013
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GRAIN DIRECT
LOG OF BORING B-6~ y SIZE SHEAR I
- @ LOCATION: 15's/o Existing Pump Station . a ? oY 3’]
g g§ %t (see Figure 2). w| g S = g @5@,{ c :C(
3 o T o || —
- |4 E =| 2 | GROUND SURFACE:  Approx. EI. 170'® el 8(a|2|8.9 . 2RE2 ¢ [t
AH R Sl &|3|2|e55: L2 5 &2
= o A E|lTY T
fgt @ b%m% (% DESCRIPTION 2 % Ibs?ftﬁ . o% %k u% ﬁps/ft(.lg p.sf. -
LEAN/FAT CLAY (CL/CH) - POSSIBLE FILL
- very dark grayish brown
1 - few fine to coarse sand 19
- dry/moist
SANDY LEAN CLAY (CL)
36 - dark grayish brown/pale brown - hard
- fine to coarse sand, trace gravel -dry
3 10/6" 12
BOTTOM OF BORING AT 6 FEET
NOTE:
Encountered obstruction at 6' during
SPT sampling. Most likely was unmarked
concrete pipe. Sampling was terminated.
v @ Drilled 03/14/13 using a Mobile B-24, 5" diameter solid stem augers, and a 30" drop by 140 Ib. cathead sampling hammer.
'-,'_J (2 See report text and figures in Appendices A and C for definitions, lab test results, and additional soil descriptions.
O| @ Free groundwater level not encountered during or after drilling. Static equilibrium groundwater depth is unknown.
Z (@) Surface elevation approximated from plans provided by Brown and Caldwell (4/22/13).
Brown and Caldwell Figure
JACOBS ASSOCIATES City of Pittsburg
Engineers/Consultants Water Treatment Plant Capital Improvements Project B.6
g Pittsburg, California
File No. 5003.0 June 2013 Log of Boring B-6




@ GRAIN DIRECT
LOG OF BORING B-7 y SIZE SHEAR I
- @ LOCATION: Between upper and lower ponds (see Figure 2). . a & oY 3’]
; L = | £ 3 = i)
gl [2¢| 2 wl 5152 gl olBg= x
| |£%| 2 @ c| 23|15 < 8 :EEH s|_<
|z Ehl 5 GROUND SURFACE:  Approx. El. 160' el B8lal|Elssl_® § ZeE> % T 5
AH R Sl &|3|2|e55: L2 5 &2
= | A ECY =g
fgt @ blc:)-wse?t (% DESCRIPTION 2 % Ibs?ftﬁ i o% % u% ﬁps/ft(.lg psf. -
1 SANDY LEAN CLAY (CL) - FILL
- dark gray and dark yellowish brown
- trace gravel, sandier with depth
9 ~ medium stiff 21(100|47|25| 2 | 36| 62]3.96
10
5 - gravel at 5'to 6' (per driller)
1" LEI;\jN :LAIIY\A(I'Ir'IHbSAND (CL)-FILL 21| 96 220! 19
- cark yeflowish brown 20(105| 36| 16 192
- fine to medium sand
- medium stiff
10 7 - moist
10 - dark gray mottling 22106 119
154 - very moist
| LEAN CLAY WITH SAND (CL)
. - very dark gray
- fine to coarse sand, trace gravel
16 6 - medium_ stiff 27
20 - very moist
BOTTOM OF BORING AT 20 FEET
251
v @ Drilled 03/14/13 using a Mobile B-24, 5" diameter solid stem augers, and a 30" drop by 140 Ib. cathead sampling hammer.
'-,'_J (2 See report text and figures in Appendices A and C for definitions, lab test results, and additional soil descriptions.
O| @ Free groundwater level not encountered during or after drilling. Static equilibrium groundwater depth is unknown.
Z (@) Surface elevation approximated from plans provided by Brown and Caldwell (4/22/13).
Brown and Caldwell Figure
JACOBS ASSOCIATES City of Pittsburg

Engineers/Consultants
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GRAIN DIRECT
LOG OF BORING B-8? y SIZE SHEAR I
- @ LOCATION: 40' n/o Planned Sludge Forcemain, Sta. 2+10 . a & oY 331]
. . = = 3 = 2
g g§ %t (see Figure 2). w| g i § @585 c | &
3 o T o || —
= |4| |EE| 2| GROUNDSURFACE: Approx. El. 149'® 2l 8 lalBlefl 8l 28 ¢ |Es
AH R Sl &|3|2|e55: L2 5 &2
= A ¥V
al? et (% DESCRIPTION @ % Ibs?ftﬁ o B e N ﬁps/ft(.lg psf.| -
1 LEAN/FAT CLAY (CL/CH) 20
- very dark grayish brown
- few sand
- stiff/very stiff
- dry/moist
2 21 - few caliche 20105
3 15
BOTTOM OF BORING AT 7 FEET
v @ Drilled 03/13/13 using a Mobile B-24, 5" diameter solid stem augers, and a 30" drop by 140 Ib. cathead sampling hammer.
'-,'_J (2 See report text and figures in Appendices A and C for definitions, lab test results, and additional soil descriptions.
O| @ Free groundwater level not encountered during or after drilling. Static equilibrium groundwater depth is unknown.
Z (@) Surface elevation approximated from plans provided by Brown and Caldwell (4/22/13).
Brown and Caldwell Figure
JACOBS ASSOCIATES City of Pittsburg
Engineers/Consultants Water Treatment Plant Capital Improvements Project B.8
g Pittsburg, California
File No. 5003.0 June 2013 Log of Boring B-8




GRAIN DIRECT
LOG OF BORING B-9% y SIZE SHEAR I
- &5 | LOCATION: 20' n/e corner of Lower Pond a & oW J
s| |8yl = Figure 2 g2 HI o} g
g £2| £ (see Figure 2). wl g[Sk g |28 _ | E
3 o T o || —
- |4 E =| 2 | GROUND SURFACE: Approx. El. 139" ® 2l 8 lalBlefl 8l 28 ¢ |Es
AHHEEIE Sz |3|2|s5|52 5 85H 5 |52
= 3 Al E[ZY ST
fgt @ b%ws% (% DESCRIPTION 2 % Ibs?ftﬁ i O% % u% ﬁps/ft(.? p.sf. -
LEAN/FAT CLAY WITH SAND (CL/CH) - FILL
- dark brown/brown/pale brown
11 - fine to coarse sand, few gravel 141 o7
- medium stiff
6 - dry/moist
5_
FAT CLAY (CH)
18 - very dark grayish brown 241100
- trace to few fine sand (sandier with depth) 2311021 561 34 4.07
- trace rounded gravel
12 - stiff
107 - moist
CLAYEY SAND (SC)
15 26 - yellowish brown 1151148
- weakly cemented
151 - medium dense
] -dry
UL 2
20
___| / CLAYEY SAND (SC) | ! 0 4 9 |_]
- yellowish/grayish brown
] - fine to coarse sand
- few fine gravel
. - dense
7 38 - dry/moist 9
21:
= BOTTOM OF BORING AT 25 FEET
v @ Drilled 03/13/13 using a Mobile B-24, 5" diameter solid stem augers, and a 30" drop by 140 Ib. cathead sampling hammer.
'-,'_J (2 See report text and figures in Appendices A and C for definitions, lab test results, and additional soil descriptions.
O| @ Free groundwater level not encountered during or after drilling. Static equilibrium groundwater depth is unknown.
Z (@) Surface elevation approximated from plans provided by Brown and Caldwell (4/22/13).
Brown and Caldwell Figure
JACOBS ASSOCIATES City of Pittsburg

Engineers/Consultants

File No. 5003.0

June 2013

Water Treatment Plant Capital Improvements Project
Pittsburg, California

Log of Boring B-9

B-9




GRAIN DIRECT
LOG OF BORING B-10” y SIZE SHEAR |
- &5 | LOCATION: 12'w/o curb and 20' n/o curb in grassy area a & w J
s| |8yl Figure 2 e le|2 3l ez 2
g =2 £ (see Figure 2). wla|S|e]| 2 gl=3z | Z
- |4 E =| 2 | GROUND SURFACE:  Approx. EI. 143® 2l 8 lalBlefl 8l 28 ¢ |Es
AH R Sl &|3|2|e55: L2 5 &2
= o A E|lTY T
fgt @ b%ws% (% DESCRIPTION 2 % Ibs?ftﬁ . o% %t u% ﬁps/ft(.? psif. -
SANDY LEAN CLAY (CL) - FILL
y - dark brown/brown
- fine to coarse sand
) - trace organics (plant roots)
11 41 - hard 131110| 42|22 10.2
- moist/dry
12 29 SANDY LEAN CLAY/SILT (CL/ML) to SILTY SAND (SMV)
5 - light brown and white
- mostly fine sand
J - very stiff/medium dense
- weakly cemented
. - dry
NOTE:
1 Gravels/cobbles encountered during
1 drilling from 4' to 7'. Very difficult to drill
104 3 ! 34 -hard/dense | through, instead broke through with || 16
SPT sample barrel.
14 ! 30 19 34110
151 SILTY/CLAYEY SAND (SM/SC)
- yellowish brown
1 - fine sand
- hard to very stiff
] _dry
15 ! 22 20
20
___| / SILTY SAND (SM) \7 - 1r  r |_|
- light brown/grayish brown
] - fine to medium sand
- dense
. - weakly cemented
6 31 ~dry 9
25
BOTTOM OF BORING AT 25 FEET
v @ Drilled 03/14/13 using a Mobile B-24, 5" diameter solid stem augers, and a 30" drop by 140 Ib. cathead sampling hammer.
'-,'_J (2 See report text and figures in Appendices A and C for definitions, lab test results, and additional soil descriptions.
O| @ Free groundwater level not encountered during or after drilling. Static equilibrium groundwater depth is unknown.
Z (@) Surface elevation approximated from plans provided by Brown and Caldwell (4/22/13).
Brown and Caldwell Figure
JACOBS ASSOCIATES City of Pittsburg
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160

Plasticity Index - PI

150 —
140 — /
130
For classification of fine-grained
soils and fine-grained fraction of
120 - coarse-grained soils.
Equation of "A"-line: /
110 - Horizontal at PI=4 to LL=25.5, /
then P1=0.73(LL-20)
100 - Equation of "U"-line:
Vertical at LL=16 to PI=7,
90 — then PI1=0.9(LL-8)
80 —
2
70 5
60 - %Q CH or OH
\5»\
50 — -
40 —
30 |- @ MH or OQH
A1
20 —
[ |
10 — ‘ /
0

0 10 16 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
Liquid Limit - LL

TEST LIQUID PLASTICITY GROUP
SYMBOL LIMIT- LL INDEX - PI SYMBOL*
50 31 CH

o B2-1 1-3

® B4-1 33, 52 31 CH

® B51 2153 48 30 CL

[=] B7-1 33, 47 25 CL

| B7-3 88Y» 36 16 CL

¢ B9-3 728 56 34 CH

X B-10-1 33 42 22 CL

* B-10-4 131215 34 10 ML * %f;;ﬂ%agggrgfm
Brown and Caldwell Figure
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BOULDERS | COBBLES GRAVEL SAND FINES
COARSE | FINE |coarsE] MEDIUM |  FINE SILT | CLAY
U.S. SIEVE SIZE IN INCHES U.S. STANDARD SIEVE No. HYDROMETER
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Grain Size, mm
BORING GROUP DESCRIPTION
BOL SAMPLE NO. SYMBOL (based on grain size)
O 8Y2>10 clayey sand
O B-1-6 18220 SP-SM poorly graded sand with silt
A B-3-1 1-3 SC clayey sand
O B4-4 810 CL sandy lean clay
NOTE: The largest particle (grain) size that could have been sampled from our borings by our sample barrels is a function of the inside
diameter of the sample barrels used (see Figure A-1). Therefore, there may be larger particles (e.g., coarse gravel, cobbles or
boulders) in the soils sampled than reflected on the boring logs and grain size distribution curves provided in this report.
Brown and Caldwell Figure
JACOBS ASSOCIATES City of Pittsburg
Engineers/Consultants Water Treatment Plant Capital Improvements Project 0.2
8 300 Olympic Drive, Pittsburg, California
Grain Size (Lof2)
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BOULDERS | COBBLES GRAVEL SAND FINES
COARSE | FINE |coarsE] MEDIUM |  FINE SILT | CLAY
U.S. SIEVE SIZE IN INCHES U.S. STANDARD SIEVE No. HYDROMETER
12 3 34 38 4 10 20 40 60 140 200
0 & §§g 100
10 \;\ 90
20 Q‘ 80
30 K 70
5 5
(@] ko)
< 40 \ 60 =
2 )
8 (o))
c 50 50 £
£ x hi 2
o)
ko) ©
I (a
£ 60 40 ¢
c
: \ 3
o \ $
o 70 30
80 \ 20
90 9\\&! 10
o
100 T T 1T T ‘ T T T T T ‘ T T T T ‘ TT T 1T T ‘ TTT 1T T ‘ TT T T 0
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Grain Size, mm
BORING GROUP DESCRIPTION
BOL SAMPLE NO. SYMBOL (based on grain size)
A 325 sandy lean clay
O B53 8210 SC clayey sand
O B-7-1 3-3% CL sandy lean clay
O B95 13%>-15 SC clayey sand
NOTE: The largest particle (grain) size that could have been sampled from our borings by our sample barrels is a function of the inside
diameter of the sample barrels used (see Figure A-1). Therefore, there may be larger particles (e.g., coarse gravel, cobbles or
boulders) in the soils sampled than reflected on the boring logs and grain size distribution curves provided in this report.
Brown and Caldwell Figure
JACOBS ASSOCIATES City of Pittsburg
Engineers/Consultants Water Treatment Plant Capital Improvements Project 0.2
8 Pittsburg, California
File No. 5003.0 June 2013 Grain Size (2012




UNCONFINED COMPRESSION TEST

14000
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Axial Strain, %

‘ ——B-1-1 —#—B-41 —A—B7-1 ——B73 —%—B7-5 ——B-9-3 =4=B-10-1

BORING SAMPLE NO. B1-1 B4-1 B-7-1 B-7-3 B-7-5 B-9-3 B-10-1

MAXIMUM UNCONFINED STRESS, psf [y 14,018 3,958 1,920 1,187 4,065 10,171

sncswmsio |

| ML UNCONFINED STRES, ot |

20 4.9 3.0 4.9 12.8 6.3 29

m 3-3Y2 3-3Y2 3-3Y2 88Y 14Y2>15 88Y> 33
14 17 21 20 22 23 13

113 109 100 105 106 102 110
T 84 81 89 99 95 66

Maximum Unconfined Stress cut-off = 15% strain
Average Strain Rate = 0.07 in/min.

Brown and Caldwell Figure
JACOBS ASSOCIATES City of PittsburgWater
Engineers/Consultants Treatment Plant Capital Improvements Project 0.3

Pittsburg, California

File No. 5003.0 June 2013 Unconfined Compression




Shear Stress, psf
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Normal Load, psf

BORING APPARENT FRICTION MOISTURE CONTENT (%)
SAMPLE COHESION ANGLE
NO. (p.s.f) BEFORE AFTER
(degrees) | TEsT TEST
[=] — B7-3 7Y28 220 19 96/21 99/25
Brown and Caldwell Figure
JACOBS ASSOCIATES City of Pittsburg
Engineers/Consultants Water Treatment Plant Capital Improvements Project 0.4
g Pittsburg, California
File No. 5003.0 June 2013 Direct Shear
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MAJOR TYRES

KEY TO BORING LOGS

DESCRIPTION

LUell grodod nrnunlltlittli Br Fme Flrea

GHRAVELS CLEAN GRAMELS WITH
L ITTLE DR MO FIMES
MORE THaN HALF

CEIEVE

Pogarly graded gravels or gravel=sand slyturcs

CORREE PRAGCT ION m—
I3 LARGER THARH
WO 4 SIEUE SIZE

GRAVELS WITH OVER
12 ¥ FIKES

gilty gravels, grausl and sllt mixtiras

Eluuuulnruuuls, aravel and cllu;mlxturﬁ4

Clagey sandy gravel, gravel-samd<clay mistures

EERE CLERM SRM0S WITH

et — e

| Mell graded sands, litkle or no rines

LITTLE OR HO FL1HES
MORE THAM HALF

COARSE FRACTIOM
IS SHMALLER THaM SaAMDOS WITH OUER
M2 4 SIEVE srzj i@ ¥ FIMES

COARSE-GRAIMNED SOTLS

LARGER THAM #2098

Silky nanuf sand=gilll mixtures

Clayey :an&, gand-zlay miziures

SILTS mBHD CLAYS
LIGUID LIMIT 50X OR LEES

silk

N\ [

Clay

Clayey =il%, =ilt-clay mixtures

gilty elay; slayg-=llh hiﬁturtﬂ

SILTS AbD CLAYS
LEQUIO LIMIT GREATER THAM Bak

FINE-GRAINED SOILS

Grauslly =lay; elay=gravel miztures

Sandy milty eleay, cley-silt-sand mlxturoes

Gravelly sllt, =J.J.t.—|;:|*;u1.r=£ mlxtiures

AQRE THaH HALF O0F HMAT 'L | HORE THAM HALF OF MHaT'L

'SHALLER THAM #2888 SIEUE

HIGHLY DRGAMIC SOILS

FEERTRRTRNR

Paat ard obher highly orgenaic ssils

H5.B:T. = Spllk Spoon sangler

Bulk = Bag mample !

Shalby tubs

BH = = PO

Foinimk oo

Hodifiwd Golifernka (3" 0,0.) sampler

i "lﬁ.
T =3
i -2 Sandolcna - .
=] EEDIMEMTARY E=0ROACHK h
1= 1 - |
E ! OTHER BEDRDCH TYPES | | Siltetona i
DESCRIBED OM LOGS lrl Clayetone
RELATIVE DENSITY CORSISTENCY
SanMns AND GROVELS BLOWSAFO0OT SILTS akD ClLa¥s STREHGETH=® BLOWSAFOOT,
[5,F,T.0 [5.P.T.0
VERY LOOSH [iTF) UERY SOFT Amis4 a=2
LOOSE amin SOFT Lidm]l g 2=d
HEDIUM DENSE 1la=30 MEDIUH STIFF Ls2=-1 d-8
DEMSE J0-50 STIFF A= g4-15
VERY DENSE OuUER E@ VERY STIFF a2=d4 15-38
He R OUER 4 CUER A
SAHPLER SBYHBOLS LINE TWPES

g5lid - Lagsr Ereak

e P lad = ﬁpprnxiﬁatn Lager Break

rime==: Daghod = Gradatiofal Laysr Brealk

Leat = Semple attempted; no rocouvary

If PiT.) Mumbor of blews sf 140 lb. Asmese falling 32"
g deiva o 2=i%ch 0.0 (L=378 ingh L.D.) Sampler.

ENGED * Unzarnrine zespresalvs atresgih in tnnﬂintl- fhey
aunkoeriak on Jnu nuans debernined By Potke
Egnatroms

Reference: Key to Boring Logs (RB-1 through RB-11) - Geotechnical Exploration for City of Pittsburg
Water Treatment Plant Expansion (ENGEO, June 1987)
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Engineers/Consultants
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Water Treatment Plant Capital Improvements Project
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File No. 5003.0 June 2013
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MAJOR DIVISIONS i TYPICAL NAMES
e _ : aw WELL GRADED GRAVELS, GRAVEL - SAND MIXTURES
GRAVELS |GEaanives — : — -
COARSE MR PR AL NO FINES GP  POORLY GRADED GRAYE.S, GRAVEL - SAND MIXTURES
GRAINED | SRATEEERACTION GM SILTY GRAVELS, PODORLY GRADED BRAVEL - BAND - 8ILT
S0ILS NO.ASIEVE SIZE | (SRAVEL WitH : METURES
et OVEH 12% FINES CLAYEY GRAVELS, POORLY GRADED GRAVEL - SAND < GLAY
GC MIXTURES
MORE THAN ) iy : WELL GRADED SANDS, GRAVELLY SANDS
| JIE,, | saDs | haae | SW
HPOOSIEVE | pioRs THAN HALE | OF MO FINES - SP POGALY GRADED SANDS, GRAVELLY SANDS
NG.4 SIEVE BIZE SANDS WITH SM SILTY SANDS, POORLY GRADED SAND- SILT MINTLURES
. OVER 12% FINES = :
e CLAYEY SANDS, POORLY GRADED SAND - GLAY MIXTURES
ML INORGANIC SILTS AND VERY FINE SANDS, ROCK FLOUR, SILTY OF
) | CLAYEY FINE SANDS, OR GLAYEY SILTS WITH SLIGHT PLAShEETY
F;NE SILTS AND CLAYS oL Eﬁ’.ﬁ‘wf oL 31&1 Lgywﬁmsoéum PLASTICITY,
| G;t UIIED HELD LMITLESS THAN % ORGANID CLAYS AND eﬁa::nc:ur;‘:;rgﬂgi L;i:rw =
' oL PLASTIGITY .
. INORGANIS SILTS, MICAGECUS OR DIATOMACECQUS FINE
“E‘ﬁAEFT;*SﬂN SILTS AND CLAYS MH SANDY OR SILTY SOILS, ELASTIC SILTS
" BMALLER THAN ? al |- - o ) —
; : INDREANIC GLAYS OF HiBH PLASTICITY, FAT CLAVS
#200 SIEVE LIGUID LIMIT GREATER THAN 50 CH — AT .
OH ORGANIC GLAYS OF MEDIUM TO HIGH PLASTICITY, DRGANIC SILTS
HIGHLY ORGANIC S0ILS Pt PEAT AND OTHER HIGHLY ORGANIC SILTS

UNIFIED SOIL CLASSIFICATION SYSTEM

Note: Solis described as dry, moist, _‘
and wet are estimated to be dry of ;
optimum, near optimurn, and wet of
optimurm molsture confent,

respectively, Saturated soils are
estimated to be within areas df free
groundwater.

|

| =

Dry
Blows |Moisture |  Unit Depth | USCS
Jper tt. | Content | weight in Classffi-
{%) (pet) Fest cation
Bulk Sample

26" L.D. Split Barrel Sample
2.8".D. Shelby Tube Sample

Mo sample recovered

| Standard Peneiration Test interval

Well defined stratum change

Gradual stratum change

interpreted stratum change

Apparent ground water level at date noted. Seasonal weather

conditions, site topography, stc., may cause changes in water
level indicated on iogs.

KEY TO BORING LOG SYMBOLS

Reference: Key to Boring Logs (RB-12 and RB-13) - Berloger Geotechnical Consultants, September 2005
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July 15, 1987 H |

Reference: Boring No. 1 - Geotechnical Exploration for City of Pittsburg Water Treatment Plant
Expansion (ENGEO, June 1987)

| 8 DaTE OF SORIMNG: IiH FLACE
:H x |23 - - —] SP.T. “;;ﬂ
H g E = | sURFACE ELEVATION: Approw. 150.8 fost BLOVS/FT | come. DRY |HOIsT.
E 2 l: g s - ETREMETH| UNMIT |COMTENT
. T (TEE) | UETIEHT
E L_,"' g9 *MOOIFIED
[ B < DESCATIATION FOR RETELD
] = ,jg 3" D.0. PEHET. X DY
= -1 SAMPLEA |AFPROX. | cPoFy | wEToHT
- ngg?
] Dark grayish brown, sandy CLAY
1-1 with gravel and disseminated, 1l* | 4.54% | B5.0 | 12.0
stiff, drvy.
-5
Light yellowish brown, clayey
fine-grained SAND with .
disseminated carbonates. dense, 39% 110.3 | 11.2
molst. 1 |
|
=20
-ﬁ Light vellowish brown, gravelly S7* 116.6 Tl
x| fine-grained SAND with
. disseminated carbonates; very
;| dense, molst.
16 | gravels, subround te round, up |
to 4", i
| |
‘ 21* 104.2 2.0
Bottom of boring ak
approximataly 17.5 feet. !
|
_xu_ II
| 1
-2t
|
il : -
| BOGING HO.1 4 FrcuAt
| o Mlabaia e E —— M.
ENGEU l ﬂLLtnhr:l g Yaksr T Illlﬂ.l'l- Flank DATE! July 1967
INCORPORATED | Fittaborgy Galifomla 308 1o0:§ HT-Bisd=H3 5

JACOBS ASSOCIATES

Engineers/Consultants

Brown and Caldwell
City of Pittsburg

Pittsburg, California

File No. 5003.0 June 2013

Water Treatment Plant Capital Improvements Project

Log of Reference Boring RB-1
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ll - | g m | DATE OF BOAIHG: il LE; LOmY 3] | [=[F] IN PLACE
- & - 2P T | uncom. n
5 E B £| SURFACE ELEVATION: Agprowx. LES.0 Fest BLOUSFT | come, o=y [*ﬂ:5’-
£ - o3 — P i . Is'rntr-;:ﬂ UMIT [COMTENT]
= g | | (TEF) | UETOHT |
El & g5 MODIFLED | .
1N ' DESCATATION FoR | | |
2 & 2* 0.0. | PEMET. X oar
| - | YR B WFPRCX . o = ol WNETOHET
G | Dark brown, gravelly sandy J !
| CLAY. | | |
! Pala yaellow, clayey |
2=1 fine-grained SAND with Ta4w 102.7 | 15.1
disseninated carbonates, very
-5 . densa, moist. I
.?:'fx{ |
o |
o |
2-2 ;Zf,y’ Light yellowish brown, sandy 43% | 4.5+% |113.9 | 14.4
L i % CLAY, very stiff, moist.
—ui -
ol
| 7
e
7
77 Light yallowish brown CLAY,
I 2-3 7 | hard, molst. 47% 109.2 | 14.8
7
Lis 7
| | ]
[ _ <o |
F] Light yellowish brown, clayey
| /j SAND, dense, moist. '
| -4 K 32+ |110.0 | 13.3
e , Bottom of boring at {
= [ approximately 18.5 faat. |
.
| , |
I] |
| |
| |
| |
=20 L I_ — ..—.-—r_
BOATHG MO 2 | Fzoume
ENGE Pittsburg Water Trastmant Plant T | Mo
5 Plbtsk gallrarnl
IHCORPORATED Seirg, Qalifernla AT YT | 8

Reference: Boring No. 2 - Geotechnical Exploration for City of Pittsburg Water Treatment Plant

Expansion (ENGEO, June 1987)

JACOBS ASSOCIATES

City of Pittsburg

Engineers/Consultants

File No. 5003.0

June 2013

Brown and Caldwell

Water Treatment Plant Capital Improvements Project
Pittsburg, California

Log of Reference Boring RB-2

Figure




I % DATE OF BORTIMG: July 18, 1887 M F ) IN PLACE
": E ﬁ 8.P. T. :: (M=
1y s EE SURFACE ELEVATION! Approx. 148.9 fest BLOWSAFT | COM=, DRY |HOIST.
i 2 |go— [STRENGTH| UNIT [CONTENY
= N T (TSAY | WEIGHT
z 3 g < *HODIFIED |
L & = DESCRIFTION FOR *FIELD
A T -E. a* 0.0: | PENET. ® oAy
] E SAMPLER | ;e (PCF) LEIGHT
|- = - T
—a
|
Dark grayish brown, gravelly
silty CLAY with disseminated
carbonates, wvery stiff, 'moist. 1% | 4.54+%|114.3 | 13.8
-5
‘{ Light yellowish brown, silty
i 111 £ine-grained SAND with 53% 105.5 | 14.1
||| carbonate veins, very densa,
1.1 moist.
- M e e i e e o g e
Light yellowish brown, clayey |
SAND/sandy CLAY, very 454 104.5 | 1i.8
15 stilff/dense, moist.
Light vallowish brown, clayay
SAND,; trace of carbonates
dense, molist.
. IB# 101.1 | 17.3
Bottom of boring ak
approximately 19.58 faet.
|_
=25 |
i
! |
!
Ja I
BORIHG MO § a FIGURE
" [ "
EN G ED Pliteburyg Uater Tr-:nl‘_rqnn':. Flant DATE! July 4087 F'.IE',
SHEAEPERATED Pltbsburg, Galifarnls Sou Ne. 1 HTeBdd =Hi — i

Reference: Boring No. 3 - Geotechnical Exploration for City of Pittsburg Water Treatment Plant
Expansion (ENGEO, June 1987)

JACOBS ASSOCIATES

Engineers/Consultants

File No. 5003.0

Brown and Caldwell

City of Pittsburg
Water Treatment Plant Capital Improvements Project
Pittsburg, California

June 2013 Log of Reference Boring RB-3

Figure
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) DATHE OF BORIMNG:I Suly 1S, 1987 M and IH PLACE
- g |%Y $.P. T, | unoon, [T 1
& - EE SURFACE ELEUATION: Approx. 145.8 Fest BLowssrT | come, oRY | HOIST.
L 3 |E% sTREMGTH| uNIT conTEN]
ke o {TSF) | WETGHT |
x 3 & & *HODIFIED {
z - o) DESCRIPTICH FoS AFTELD
2 % ‘t a* 0.0. | PEMET. ¥ ORY
lr| 3 = SAME_ER ARRRDX . (PCF) _HEIﬂh'!'
= |
|
B 2" Ac " :
Zl .
i=-1 § &" AB n 19w | 113.4 | 16.1
/ Olive, gravelly CLAY with
% abundant carbonates, meist,
- hard.
e %
/ olive yvellow, clayey SAND with
4-2 ~",..- disseminated carbonates, moist, Tan 101.7 | 20.3
%’ vary dense.
"l Hard drilling from 4.75 feet.
%
b
14| /
$=3 59% 112.5 | B.8
With some gravel, maximum .
7 gravel size 1".
§=4 - go= 1106.6 | 15.8
Bottom of boring at
approdimately 16.5 faet.
-z oo
|
.ﬁ.
| | |
:I
-aa-|
DORING MO 1 d FI1CoURE
' MO
ENGEO Fletsburg Water Truztm-nl’. Plant OATE! duly 1987
IHCORPORATED PlEteburg; Califarmla TR 8

Reference: Boring No. 4 - Geotechnical Exploration for City of Pittsburg Water Treatment Plant
Expansion (ENGEO, June 1987)

Brown and Caldwell

JACOBS ASSOCIATES

Engineers/Consultants

File No. 5003.0 June 2013

City of Pittsburg
Water Treatment Plant Capital Improvements Project
Pittsburg, California

Log of Reference Boring RB-4

Figure
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g o | DATE oF BoRING: 3uly 15, 1587 H gu IN PLACE
o ﬁ | 8.P.T. UHEOM.,
u B & SURFACE ELEUATION: Approx. 14d.8 fest BLOWSFT | comm, DRY |HOIST.
E § = ———— S |ﬂTHEHﬂ.TH LUNIT COMTEMT]
ol T L (TSFE) | WEIGHT
3 - § d *HOOIFIED
5 L u DESCRIFTION FoR *EIELD
£ E L~ 3% D.0. | PEMET. ¥ DRY
o o 2« SAMPLER | APPROX. | (PCF) | UETGHT
=) i
| i
| i
-' i 1
7 P o 5
Dark brown, silty CLAY, dry, l
.ﬁég hard. ;
: |
ﬁéf Pale olive, clayey SAND with |
.;ﬁﬁ carbonates, very dense, moist.
| -1 16% 94.2 | 12.2
e | |
Light olive brown, gravelly ‘ | :
alayay SAND some disseminated
?ﬁ? carbonates, moist, very dense.
e B T 0% 110.4% 18.7
-1
5*7| Light olive brown, gravelly [
| 5*;] SAND, clean, moist, dense. |
| s5-31 K~ 43% | 103.8 | 8.2
=15 'F*.'. | {
el | |
| . !
| Bottom of boring at
approximately 16 feet.
=L
-as ;
1 |
.{ I
{ |
=34
BORIHG MO« : ] FIGURE
W
ENG EO Fltteburg u.ll.l" Tr.n:[m:rnt Plank cATE! July L987 9
THAGREARATED Flttubbryg; Callrarnla T YT

Reference: Boring No. 5 - Geotechnical Exploration for City of Pittsburg Water Treatment Plant

Expansion (ENGEO, June 1987)

Brown and Caldwell

JACOBS ASSOCIATES

City of Pittsburg

Engineers/Consultants

Water Treatment Plant Capital Improvements Project
Pittsburg, California

File No. 5003.0

June 2013

Log of Reference Boring RB-5

Figure
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. 2 y DATE OF BORING! July 16, isaT j H gu IN PLACE
o W o S.PTe | uneon,
w E ,a % | SURFACE ELEVATIOHN: ﬂq:lpr:l:le. 1E8.8 fest BLOLIS FT come, DRY HOIST.
~ ¥ B — ISTREWGTH| UNIT [coOMTENT]
= ’ Ty (TSF) | WEIGHT
= i gd EHMODIFIED
L o - ¥ OESCRIPTION FoR *EIELD
g g - & 7* 0.0. | PENET. ¥ DRy
o 3_'- SAMPLER |aPPRON. | (PCF) | WETGHT
= , PR .
-2
Light olive brown, graveally !
| clayesy SILT some disseminated
| carbonates, hard, dry. 66% 119.6 |- 10.9
I
-S| e ey
5 ‘|| Light olive brown, gravelly
| J| silkty SAND, moist, dense.
i %& .
| ﬁ?ﬁ Light olive brown, clayay
| &=2 gravelly SILT, moist, hard. 44 i'11|:|.1-= 17.4
9 777 Hard drilling from 10 feet.
| | i
EL Light olive brown, gravelly
sllty SAND some disseminated
&=3 ; carbonates, moist, very dense. | B4k 112.9 | 14.1
B
| Bottom of boring at
approximately 18.5 feet.
2
=5
|
a0
BORIHG MO, | i EIaus
EHGED Pliteaburg Uster Tresatmant Plank DATE! July 18T =1
el it Y PENEIRLINGy QUi J0B WO 1 KT=Bd0d=H1 10

Reference: Boring No. 6 - Geotechnical Exploration for City of Pittsburg Water Treatment Plant
Expansion (ENGEO, June 1987)

Brown and Caldwell

JACOBS ASSOCIATES City of Pittsburg

Water Treatment Plant Capital Improvements Project
Pittsburg, California

Engineers/Consultants

File No. 5003.0 June 2013 Log of Reference Boring RB-6

Figure
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- | cate oF Bomzwa: July 15, L987 M Y IN FLACE
=l E |%&t 5. 5T, | uwmcon.
i = & L | SURFACE SLEVATION: Approx. 149.0 feot BLOUSFT | conp. DRY | HOIST.
L 2 g STREHMETH| UNIT |COMTENT
n - (TSF) | MEIGHT
E 4 é = AMODIFIEG |
? % ol | OESCRIATION FoR *FIELD i
g E a =" 0.0. | PEMET. ¥ BRY
i - | SAMPLER | APPROX. | (PCF) | WEIOHT
- i
B Brown, gravelly clayey SILT, | |
| #« dry, hard.
,/,/Z;/ CONCRETE and GRAVEL to 4"
| diameter (FILL).
|
|
- i |
vary dark gray, sandy CLAY with 22% 112.9 | 18.7
| disseminated carbonates, hard,
| maolist.
' 1
Light olive brown, gravally
ot clayey SAND with abundant
A carbonates, very dense, moist.
e ET# 114.2 | 14.0
|| Light olive brown, gravelly
-] silty SAND with disseminated
||| carbonates, moist, very danse,
{ or weatharad sandstona. |
- 1s
Bl/6"x | 109.1 H 12.2
Bottom of boring at
| approximately 16.5 faat.
I
-
|
| |
Ci
|
uu, r ]
I| BORIHE HO. 1 7 EIGURE
ENGEO Pletsburg Wataer TI‘IIt-l'H'I"'tI- Flank DATE! Suly 1987 MO
IHECRPORATED Pliteburg, callfornia T, 1 1

Reference: Boring No. 7 - Geotechnical Exploration for City of Pittsburg Water Treatment Plant
Expansion (ENGEO, June 1987)

Brown and Caldwell Figure

JACOBS ASSOCIATES

City of Pittsburg

Water Treatment Plant Capital Improvements Project
Pittsburg, California

D-8

Engineers/Consultants

Log of Reference Boring RB-7
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. o ?(\E\L DATE OF .EURING:_ CJuly is, 1987 N qu IN PLACE
o I T I . ————————————— S:P.T. | incon, [ .
b & 13 % | SURFACE ELEVATION: Approx. 145.9 feet BLOWS/FT | COMP. DRY | MDIST.
y 3 B G — . |STREMGTH| UNIT [CONTENT
N i g ) S| ersFY. | WETIGHT o
E e _.39'_ S ) XMODIFIED| . ' . o
Bl E w DESCRIPTION . For . | *FIELD G
a & gz o 3" 0.0, | PENET. © | % DRY
1 : 9 =1 SAMPLER | APFROX. | (PCF) | WEIGHT
~9 e . : .
L ..Dar'{ graylsh brown, gravelly G
xsilt.y CLAY, dry, hard e »
‘;‘q .;’
P
I - K -
- a1k | - l124.9 | 8.0
||
i o olive brown, gravellv clayey
) RS / SAND, mclst ‘very dense. i
do /_Gravel to :L inch. - - : _ o -
8-2 % S - 51% | . [120.7 | 24.4
e ||| Light olive brown, silty
| - gravelly SAND ‘moist, very
1 "-'_--‘.'\..'densee ) /
- 8-3 k.Il| Gravel to 3 1nches. 55/1"
L § |Refusal at 16 feet. e
£
o Bottom of boring at g
- .| approximately 16 feet.
o ST _ R .
baol b EPSRIIRE N . ;
URTIRIPORYUREI EPE 1‘ : 1 i BURING Ho.._ 8 FIOURE
S : Pl&tsbu G.T l: t N . BN
ENGEQ|  reestors tater tramtnant ptant [ 2= ho. |
fheoreoRATED | P“t=burm Galifarala |1 e MT-Bd8deHL 12 |

Reference: Boring No. 12 - Geotechnical Exploration for City of Pittsburg 6 MG Water Storage

Reservoir Project (ENGEO, June 1987)

JACOBS ASSOCIATES City of Pittsburg

Engineers/Consultants
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a DATE OF BORING: Decombwr 3, 1997 N qu N FLACE
5T, UNCON
E E g 2 SURFACE ELEVATION: Approx. 172.0 feet (52,4 meters) BLOWSIFT | comp. DY MOIST.
B g E é STRENGTH | uMIT | comTent
= & (TEF) WERIGHT
E|E o *MODIFIED)
b E L DESCRIFTION FOR *FIELD
a § = 3 oD PENET, % DRY
SAMPLER | APPROXN. {PCH WEIGHT
_Q - N 3 -
dark yeilowish b i1 dy CLAY with t
Tm&mﬁh. myﬂ wm o Sl i e
Duack grayish brown silcy CLAY with fine mmi-lnd lupe wbmundwd! -
fime gravel, some dark reddish brown, rare asphalt chunks, slightly
ki 1-1 gﬂ_lu" Ga 10L.7 12.6
_s o
2 A
4 1 Yellowish brown silty SAND, rave fine gravel.
s 2 P Grayich brown iy CLA
1-2 é%‘%‘ m’m g s "“"ﬁu ! ua,;'.f:’,ﬂ';.:ﬁ'&?ﬂ?r’.““ gravel, trace 16 116.2 8.3
7
Lo 3 /‘4?’
v
e
7
L {9{1
,'-//' Yellowish brown clayey fine SAND, rare fine subrounded gravel,
’ some carbonate, sl ¥ Mok, very denss.
e 1-3 385" 1115 16.0
- 15
.5 i Tttt -
yellowish brown sandy silty CLAY, same carbonates, rare fine
| e mica, moist, very hard,
14 ,5'( 61* 107.3 14.2
e 7%
I Light yellowish brown, clayey fise highly weathersd SANDSTONE,
s ebonate, ot very Jonie, N EMY
FT
15 i 4= 106.7 18.7
25
~B
Light yellawish brown fine highly weathered SANDSTONE,
L abundant carbonste, moist, m ekl -
; -6 Ig- 101.2 20.1
s [° | TN 70
Bottom of boring st spproximately 30 feet.
Gmu; Waler nol encouniered.
ENGEO PITTSBURG 6 MG BORING NO.: Bl FIgHRE
WATER STORAGE RESERVOIR PROJECT DATE: Janusry 1998
INCORPORA 5
TED PITTSBURG, CALIFORNIA PROJECT NO.. 2494-M2 |

Reference: Boring No. 1 - Geotechnical Exploration for City of Pittsburg 6 MG Water Storage
Reservoir Project (ENGEO, December 1997)

JACOBS ASSOCIATES

Engineers/Consultants

File No. 5003.0 June 2013

Brown and Caldwell
City of Pittsburg

Water Treatment Plant Capital Improvements Project

Pittsburg, California
Log of Reference Boring RB-9
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o DATE OF BORING: December 3, 1997 N e M PLACE
5 o —— ] SRT. | uncaM. ——
E_ SURFACE ELEVATION: Approx. 180.0 fieet (4.9 mabors) BLOWS/FT | CoMP, DRY MIDIST.
= -E_ - i I | STRENGTH | UNIT | CONTENT
=123 4 |58 (TS8) | WEIGHT
§ = § *MODIFED
5| 3 B DESCRIPTION FOR | FELD
al I |§-|-. ¥ 0.0 PEMET. % DRY
SAMFLER | APPROX. rch WEMGHT
e F . . I
Sparse native dark yellowish by silty sandy CLAY,
wace pravel, most. (Fll)
Dhwrle grayish beown sandy CLAY, trace rootlets, trace [ine gravel,
ol y moist.
=1 I S e s— -
“| Yellowish bro ity fine SAND, trace subroupded <l,
e earbonarn, Mghtty ke, vy Wil o 20 1008 160
-3
k2
Yellownih browm sty fime SAND, trace fne subrounded :
pravel, some carboaste &li oo, very dease. £
J1~6" 112.1 15.7
1o Elevatlon spproaimssely 170 feet.
4 Yellowish brown SAND, with silt, rare Nine subrounded gravel,
N ol [ghtly moist, very dense.
23 r ; 1= 101.3 6.9
F 15 S
B e
r-’.
| )
: | -",," ish brewn SANTY, some silt, rare fine swbrounded gravel,
| e T moist, dense.
>
'.t" |
) |
24 fb o 1 j 57|
L2 [ "-;"" i
boe
L &
. n.,]
s
|“
.
7 L 14 ':". Grayish brown 1o olive brown fine gravelly SAND, some silty,
2.5 lj.: slightly maoist, very dense. 71
b
25 '_::'
r-“ |
- e |
‘]
l':, Yallowish brews with alive brown fine gravelly SAND, some silt
:‘u" 4 moi asd iroa oxide, very demse.
Ey o '
MY i &6 |
L 10 | hﬂu‘h‘h'tmﬂjhd |
ENGEO PITTSBURG 6 MG | BORINGNO.: B2 | FR§™
WATER STORAGE RESERVOIR PROJECT DATE: jansary 1798 L 6
MNCORPORATED PITTSBURG, CALIFORNIA PROJECT NO.: 2494M3 |71

Reference: Boring No. 2 - Geotechnical Exploration for City of Pittsburg 6 MG Water Storage

Reservoir Project (ENGEO, December 1997)

JACOBS ASSOCIATES

City of Pittsburg

Engineers/Consultants
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File No. 5003.0
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Brown and Caldwell
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ENGEO

INCORPORATED

i PITTSBURG 6 MG
WATER STORAGE RESERVOIR PROJECT
| PITTSBURG, CALIFORNIA

a DATE OF BORING: December 3, 1997 N ™ M PLACE
|5 = |34 S.PT. UNCON.
= |5 E z g SURFACE ELEVATHON: Approx. 165.0 feet (30.3 metars) PBLOWSET | comp, oRY MECHST.
# |5 s |22 — | STRENGTH | UNIT | COMTENT
- - = -:.[ ? (T5F) WEIGHT
4 E o § 2 *MODFIED,
R 3 L DESCRIPTION | R SFIELD
a| 3 |EE | 1mop. | PEMET. ® ORY
3 | SAMPLER | APPROX. | B WEIGHT
=0 . .
Sparse native owver grayish brown sily CLAY, some fine gravel
ahd cobbles, moist, T .,
|
1
1
4 J
L1 Ht.
- ‘E Yellowish brown q'l'l', fine Sm rare (ine subroended ‘rlvd.
3.1 q-"f- l; slightly moist, medium dense. 0 96.3 8.9
-3 R
1
F =2} Grayish brown with yellowish brown silty elayey fine SAND, same
R engular to sabangular gravel and cobbles, slightly maist, vurdm
2 R 5= 45+ 120.1 4.1
- 1o [2 e
d . Yellowish brown silty clqﬂ'.y fine SAND, rare fine subrounded |
- gravel, slightly moist, dense
33 32= 4.5+= 104.8 114
18 [ EAY
Lg 34 | - Yellowdish brown with olive brown SAND with fine subrounded Igea
Ut pravel, moist, very .
I 35 M 67
Bottom of boring &t spproximately 18 fest.
Grouwnd wm“rlgt :l:';lpub:nd d
g [® ’ |
| |
- l| b
! ! i
B
f [ i
=29 I :' |
.'
i
L { i
_Jn ll 1
| |
| [
| BORING NO.: B3 FIGHRE

| DATE: lamuary 1998

PROVECT NO.: 494 M

Tn 7

Reference: Boring No. 3 - Geotechnical Exploration for City of Pittsburg 6 MG Water Storage
Reservoir Project (ENGEO, December 1997)
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DATE OF BORING: December 3, 1997 N @ IN PLACE
= |8 & g 2 SURFACE ELEVATION: A P o RY
E (5 = : Approx. 174.0 feet (53.0 meters) BLOWS/ET |  COMP. D MOIST.
E (8 E E é STRENGTH | UNIT | CONTENI
= |2 ; <a asp WEIGHT
ElEl £ |83 *MODIFIED
A % |SE DESCRIPTION FOR “FIELD
al ¥ I8~ 3"0.n. | PENET. % DRY
= SAMPLER | APPROX. @FCcH WEIGHT
° Y777 Spasse nati Ilowish brown and grayish brown il
| Eoirihetmte il b
77 T
Sl
.
[k i
w1 WA 24+
s | Ifff Dark ‘;dlowish brown with dark grayish brown silty fine sandy
ﬁgf CLAY, some carbonates and iron oxide, race fine subraunded gravel,
| 42 ¢¢¢ moist, very siff. 28
%%
| e
43 ‘,’/’// "Dark brown and dark grayish brown silty CLAY, some finc sand, | 19 4.25*
oot &4 lﬁ’fﬁ O e e 3%/5" 18.C
?”'/ (Cobbis) .
i % Yejlnwish brown sandy silty CLAY, l_bundnnt i-rbonnr.es, some iron
Lo 4-5 oxide, rare fine subrounded gravel, slightly moist, hard. 70 4.5+ 115.0 14.1
i M+ // Yellowish brown silty CLAY with fine sand, abundant carbonates,
L L 7 slighﬂgzmoiu, hard.
+6 j o A= 90| 45+% 1140|167
15 [ /»’:
1 ,//
Ls / /
Ak
f/j = Ground water level.
3 I | /.{; ...................................................................
L 4-7 k:'o No recovery - (Cobble) 70/6"
sapfe, 66/5"
o (5] 49 pe%d 66/33"
Refusal at approximately 20 feet.
| (onto schist like material)
.
25
]
-y
30
B BORING NO.: B4 FIGURE
g ENGEO PITTSBURG 6 MG s NO.
E4 WATER STORAGE RESERVOIR PROJECT DATE: January 1993 8
ELEJCORPORATED PITTSBURG, CALIFORNIA PROJECT NO.: 2494.M2 Ius:;'-

Reference: Boring No. 4 - Geotechnical Exploration for City of Pittsburg 6 MG Water Storage
Reservoir Project (ENGEO, December 1997)

Brown and Caldwell Figure
JACOBS ASSOCIATES City of Pittsburg
Engineers/Consultants Water Treatment Plant Capital Improvements Project D.:I 3
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File No. 5003.0 June 2013 Log of Reference Boring RB-12




JOB NUMBER: 2385 105 DATE DRILLED: 9-22-05
: Propesed Pump Station For West
JOB NAME: ' e 2_Reservol SURFACE ELEYATION: ____ feet |
DRILL RIG: Solid Flight Auger DATUM; ____Mean Sea Lovel
A MPLER TYPE: _ DRIYE WEIGHT - LB HEIGHT OF FALL ~ IR
MR 25inch 1.D. Split Barrel : 140 30
Pstangerg penetation Tes 140 %0
J w8l 1= L
o - g;r—- EFEw = ]
L} 2 th 1 T ! %—' S
So|EE|DE 8| B |B%E DESCRIPTION
aalacslxE waw | 702 '
sy I . — .
CL |MIXED SILTY CLAY, mottled gray-brown light gray-brown and dark
_ gray-brown, moist, very stiff, trace fine<grained sand, trace fine gravel
23 |149| 88 (filly
| L [SILTY CLAY, dark gray-brown, moist, very siff, some fine-io
imedium-grained sand, trace fine gravel
5 -
a1 |23 | 112 I
— at 8 feset, cluster of well rounded fine-to coarse gravel
N ‘-,'H - - —
_ N -|SILTETONE, light gray-brown, highly weathered, friable
S2/6" 1191 89 j
10 -
_' at 11-1/2 feet, very hard sandstons, gray, slightly weathered
50/8"F - - g
S —
= Boring terminated at 12-1/2 feet
No groundwater encountered
15 4
20

Reference: Boring P-1 (Berloger Geotechnical Consultants, September 2005)
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JOB HUMBER: 2385.105 " DATE DRILLED: 9-22-05

Proposed Pump Station For Wast
JOB NAME: Leland Zone 2 Reservoir

SURFACE ELEVATION: ___ _fest |

S&MPLER TYPE:

DRILL RIG: Solid Flight Augsr DATUM: ___Nean Sea Level

DRIYE WEIGHT - LB HEIGHT OF FALL - IN

] 25 inch L.D. Split Barrel 140 30
o i .E'Eﬁf - = = =
3 1 A e T PR
=g = = o == E%— )
2o ﬁg i - Eg"&' DESCRIPTION
e FE RN e
| . - || ct [BANDY CLAY, gray-brown, moist, hard, fine-to medium-grained sand,
trace fine-gravel ({ill
50 |100] o8 I gravel (i)
- below 4 fest, light orange-brown sandstone fragments mixed in
. M cL |SILTY GLAY, dark gray-brown, molst, hard, some fine-grained sand,
o trace fine gravel
50/6"[ 4.4 | 106 . cL | SANDY CLAY ( CLAYSTONE/SILTSTONE highly weathered
bedrock), light gray-brown, moist, hard, fine-grained sand, trace well
10 == rounded fine gravel, some silt '
_ ™ below 13 fest, fine-to coarse-grained sand, caliche veins
50/8'j15.5] 102 |
15 o=
- at 17 feet, layer of well rounded fine-to coarse gravel
n
80/6"| 18.7 { 108 R
20 =

Reference: Boring P-2, 1 of 2 (Berloger Geotechnical Consultants, September 2005)
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JOB-RUMBER: 2385.105 SHEET: 2 OF: 2
Proposed Pump Stafion For West
JOB NAME: Letsnd Zone 2 Reseruoit DEPTH: __20feet Tp __30feet
NDTES:
. ?;ﬂ' ':.-":': = T
P e e AR e | — it 2
- bie | 225 — 0 - %— . .
_%n: '@g = = b~ %5-‘?& DESCRIPTION
SEigz|gE~|BE|5Cs
selzgla” low)] "o
' CL |SANDY CLAY { CLAYSTONE/SILTSTONE highly
- weathered bedrock), light gray-brown, moist, hard,
fing-grained sand, trace wall rounded fine gravel. some silt
so/8"| 17.8f 102 I
25 it
ML [CLAYEY SILT ( SILTSTONE highly weathered

50/8" 187 105

40

bedrock), ight gray-brown, meist, hard, trace
fing-grained sand and sandstone fragmenits

Boring termin&ted at 30 feet
No groundwater encountered

Reference: Boring P-2, 2 of 2 (Berloger Geotechnical Consultants, September 2005)
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