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6121 Bollinger Canyon Road

San Ramon, CA 94583

Subject: Geotechnical Investigation Report
Proposed Pacific Gas & Electric Company
DFM 0630-01 (R-1385) Pipeline Replacement
Sacramento River Crossing
Meridian, California

Dear Mr. Li:

Kleinfelder is pleased to present the results of our geotechnical investigation for the proposed
Pacific Gas & Electric (PG&E) pipeline DFM 0630-01 (R-1385) replacement crossing the
Sacramento River in Meridian, California. It is our understanding that replacement of the gas
pipeline will be implemented utilizing horizontal directional drilling (HDD) techniques. The purpose
of this investigation was to evaluate the subsurface conditions near the project alignment,
characterize the subsurface materials, and provide geotechnical engineering recommendations
for the proposed trenchless installations.

The primary geotechnical design concern associated with project is the presence of varying young
alluvial soils encountered on either side of the alignment, creating the potential for design and
construction issues at the site. These issues include liquefaction and lateral spreading that could
cause stresses on the proposed pipe, the potential for hydraulic fracturing at various points along
the trenchless alignment, and loss of drilling fluids in deep clean sand and gravel layers
encountered on the western side of the Sacramento River. Although groundwater was
encountered below anticipated excavation depths at the time of our investigation, the groundwater
conditions can change prior to construction. If groundwater is encountered during excavation,
further assessment may be warranted. The hydraulic conductivity is relatively high at this site,
and any water encountered during excavation may represent a significant volume if pumped from
the open excavation. The designer(s) and contractor(s) should be aware of these subsurface
conditions as they will affect design and construction, as described herein. Specific
recommendations regarding the geotechnical engineering aspects of project design and
construction are presented in the following report.
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Kleinfelder appreciates the opportunity to provide services for this project. If you have questions
regarding this report, please contact the undersigned.

Respectfully submitted,

KLEINFELDER, INC.
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Victoria A. Tinoco, EIT Tylen'DeSouza, PE
Staff Engineer Project Manager
Reviewed by:
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Romeo R. Shiplee, PE Kenneth G. Sorensen, PE, GE
Principal Professional Senior Principal Professional
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1 INTRODUCTION

1.1 GENERAL

This report presents the results of a geotechnical investigation performed for the proposed Pacific
Gas & Electric pipeline DFM 0630-01 (R-1385) replacement crossing the Sacramento River in
Meridian, California. The purpose of this investigation was to evaluate the subsurface conditions
near the project alignment, characterize the subsurface materials, and provide supporting
geotechnical engineering and trenchless design consultation for the proposed trenchless
crossing. The approximate location of the pipeline section to be replaced is shown on Figure 1,
Site Vicinity Map.

Conclusions and recommendations presented in this report are based on the subsurface
conditions encountered in two exploratory borings (MW-1 and B-2) drilled for this investigation,
past borings drilled for a nearby transmission line (B-1 and B-2), and our review of published
geologic data referenced in this report. Recommendations presented herein should not be
extrapolated to other areas or used for other projects without our prior review. The approximate
locations of our exploratory borings are shown on Figure 2, Exploration Location Map.

1.2 PROJECT DESCRIPTION

Kleinfelder’'s understanding of the project is that PG&E is proposing to replace existing sections
of the twin, 3-inch-diameter DFM 0630-01 pipelines. The replacement pipeline will cross the
Sacramento River and its levees and will be approximately 4 inches in diameter. The trenchless
crossing will be on the order of 1,115 feet in installed length and extend at least 50 feet below the
river and levees, per requirements from the United States Army Corp of Engineers (USACE). At
this time, horizontal directional drilling (HDD) methods are being considered for installation.

1.3  SCOPE OF SERVICES

The purpose of this investigation was to explore and evaluate the subsurface conditions at the
site and develop geotechnical recommendations to assist in project design, specification
development, and construction. Our scope of work was outlined in our revised proposal dated
May 18, 2020 (File No. MPPGE000.001C) and included the following:
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o Review of available geotechnical and geologic data in the site area

o A description of the proposed project including a site vicinity map, site plan, and geology
map showing the subsurface exploration locations

e A description of the site surface and subsurface conditions encountered during the field
investigation, including logs of borings

o A description of the site geologic setting and potentially adverse geologic hazards

o A field exploration program consisting of drilling, sampling and logging two exploratory
borings and installation of one monitoring well on the site

o Laboratory testing to evaluate relevant geotechnical engineering parameters of the
subsurface soils including corrosion potential

e Engineering analysis of the data gathered including a dewatering assessment and a
preliminary hydraulic fracturing analysis

e Preparation of this report

1.4 PREVIOUS STUDIES

In preparation of this report, the following geotechnical report was reviewed and was considered
during the development of conclusions and recommendations for this study:

o “PG&E Mast Tower Replacement Project, Geotechnical Design Recommendations,
Colusa JCT #1 60kV, Colusa and Sutter Counties, California,” by Kleinfelder dated
February 18, 2020.
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2 FIELD INVESTIGATION AND LABORATORY TESTING

2.1 SITE DESCRIPTION

This section of the proposed pipeline replacement alignment is located in Meridian, California just
north of Highway 20 (see Figure 1). The portion of the alignment being evaluated runs in the east-
west direction, crossing the Sacramento River and its levees parallel to the highway, as shown
on Figure 2. The project site is bounded to the west by an unoccupied open field adjacent to the
landside levee toe. Agricultural fields exist farther west of the open field and exist to the north of
the project site. The project site is bounded to the east by orchards north of Alameda Street and
by a small residential housing tract south of Alameda Street that exists east of the landside levee
toe. The site is located about 500 to 600 feet north of Highway 20.

The trenchless crossing proposed exit point is located in an unoccupied open field with tall
grasses. The proposed entry point is located near the intersection of N. Meridian Road and
Alameda Street. At the proposed crossing alignment, the Sacramento riverbed is at an elevation
of approximately 33 feet above mean sea level, based on information provided by PG&E. The
site work areas are relatively flat with the exception of canals and embankments. Elevations of
the entry and exit points are both approximately 54 feet above mean sea level. The elevation of
the left and right bank levee crowns are approximately 72 and 64 feet above mean seal level,
respectively.

2.2 FIELD EXPLORATION

2.2.1 General

The subsurface conditions at the site were explored between October 7' through October 9, 2020
by drilling two (2) borings to depths of approximately 80 and 8174 feet below the ground surface.
The boring located on the west side of the Sacramento River was converted into a monitoring
well (MW-1). The well casing was set to a depth of approximately 50 feet below the ground
surface.

The borings were drilled using a truck-mounted drill rig equipped with solid flight and mud rotary
drilling techniques. These methods utilized a nominal 6-inch-diameter bit for solid flight drilling
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before switching over to a 4-inch-diameter bit for mud rotary drilling. The monitoring well was
developed by our subcontractor on October 23, 2020, and a series of slug in and slug out tests
were performed on October 27, 2020 to aid in a dewatering analysis. The approximate locations
of borings performed for this study and previous studies nearby are shown on Figure 2,
Exploration Location Map.

The borings were located in the field with a GPS unit, as well as visual sighting and/or pacing
from existing site features. Therefore, the locations of the borings shown on Figure 2 should be
considered approximate and may vary slightly from those indicated.

Kleinfelder professionals maintained logs of the borings, visually classified the soils encountered
according to the Unified Soil Classification System (American Society for Testing and Materials
International [ASTM] D2488 visual-manual procedure), and obtained samples of the subsurface
materials. The Graphics Key with the Unified Soil Classification System descriptive criteria is
presented on Figure A-1 in Appendix A. Following laboratory testing, the field visual classifications
were revised, as appropriate, based on ASTM D2487. A Soil Description Key is provided on
Figure A-2. Logs of Borings are presented on Figures A-3 and A-4.

2.2.2 Sampling Procedures

Samples were obtained from the borings at selected depths by driving a 2.5-inch inside diameter
(1.D.), split-barrel, California sampler containing stainless steel liners into the soil with a 140-pound
automatic hammer free-falling a distance of 30 inches. The California sampler is in general
conformance with ASTM D3550.

Samples were also obtained at selected depths by driving a 1.4-inch I.D. Standard Penetration
Test (SPT) sampler into undisturbed soil with a 140-pound automatic hammer free-falling a
distance of 30 inches. The SPT sampler is in general conformance with ASTM D1586.

Blow counts were recorded at 6-inch depth intervals for each driven sample attempt and are
reported on the logs. Blow counts shown on the boring logs have not been corrected for the effects
of overburden pressure, rod length, sampler size, or hammer efficiency. Sampler size correction
factors were applied to estimate the sample apparent density noted on the boring logs. The
consistency terminology used in soil descriptions for cohesive soils is based on field observations
(see Figure A-2). Samples obtained from the borings were packaged and sealed in the field to
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reduce moisture loss and disturbance and transported to our laboratory for further testing. After
the borings were completed, they were backfilled with cement grout.

2.3  TEST WELL INSTALLATION

As mentioned above, following drilling of the borings, a test well was installed and developed at
the MW-1 location. The well was constructed with 2-inch-diameter, schedule 40, PVC casing with
0.010-inch slotted screen. A sand pack was placed in the annulus of the well to an approximate
depth of 3- to 6-inches above the top of the well screen. A 2-foot-thick bentonite chip seal was
placed on top of the sand pack and hydrated, followed by a neat cement grout seal to the surface.
The well was completed with an 8-inch-diameter, flush-mount, vault set in concrete. The complete
well construction log is reported in Appendix A and key details are summarized below in Table
2.1.

TABLE 2.1
TEST WELL CONSTRUCTION SUMMARY

Screened Static Groundwater | Static Groundwater
Test Well | Total Depth Depth at time of Depth post-
Interval .
ID (ft bgs) (ft bgs) construction development
9 (ft bgs) (ft bgs)
MW-1 50 15-50 16 18.5

Total depth, screened interval and static groundwater depths below the ground surface (bgs) are

approximate values

The test well was developed by Confluence Environmental Inc., of Sacramento, California. The
well was purged of a minimum of ten well volumes with a portable submersible pump. Purge
water was monitored during development and development was stopped after all water quality
values stayed within 10% of the previous reading. Purge water was containerized in drums and
temporarily stored at the Meridian PG&E maintenance yard pending analytical results.

Several key test well construction factors can influence the effectiveness of hydraulic conductivity
values estimated from aquifer testing. These factors include the filter pack gradation, the screen
slot size, the drilling method and technique, and the quality of well development. The drilling,
installation and development of the test well was conducted in a manner to reduce borehole smear
and increase the effectiveness of the hydrologic connection between the test well and the in-situ
(natural) soil and groundwater conditions.
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24  AQUIFER/SLUG TESTING

Aquifer testing, in the form of slug tests, was performed on October 28, 2020, on the newly
installed test well (MW-1). A slug testis a relatively cost-effective and efficient manner to estimate
hydraulic conductivity within the immediate vicinity of the test well. The solid-slug test is
conducted when a solid object of known volume (a slug) is quickly lowered into (slug-in) or pulled
out (slug-out) of a water column within a well, causing the water level inside the well to rise or fall,
respectively. The water level is monitored and recorded over time until it returns to equilibrium or
the original observed level. The aquifer response and recovery data are used to estimate aquifer
properties and provide the hydraulic conductivity estimates.

For our slug testing, the solid slug was alternately lowered into the wells (falling head test) and
removed (rising head test) from the wells to create a condition of groundwater disequilibrium. The
groundwater level was monitored with a pressure transducer over time as water level returned to
equilibrium. A minimum of three slug-in and three slug-out tests were performed in each well.
Depth to water was measured at 18" feet below ground surface at the time of slug testing.

2.5 LABORATORY TESTING

Laboratory tests were performed on selected samples recovered from the borings to evaluate
physical and engineering properties. The geotechnical laboratory testing included the following
tests:

e Unit Weight (ASTM D2937)

¢ Moisture Content (ASTM D2216)

e Percent Finer Than No.200 Sieve (ASTM D1140)

e Sieve Analysis (ASTM D6913)

e Atterberg Limits (ASTM D4318)

e Direct Shear (ASTM D3080)

¢ Unconsolidated-Undrained Triaxial Compression (ASTM D2850)

The results of most of the laboratory tests are summarized on the boring logs in Appendix A. All
laboratory test data are included in Appendix B.
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3 SITE CONDITIONS

3.1 REGIONAL GEOLOGY

The project site lies within the northeastern portion of the Great Valley geomorphic province. The
province is bordered to the north by the Cascade Range and Klamath Mountains, to the west by
the structurally complex sedimentary and volcanic rock units of the Coast Ranges, to the east by
the granitic and metamorphic basement rocks which form the gently sloping western foothills of
the Sierra Nevada mountains, and to the south by the east-west trending Transverse Ranges.
About 400 miles long and 50 miles wide, the Great Valley is an asymmetrical, synclinal trough
formed by tilting of the Sierran block during the late Tertiary and Quaternary periods with the
western side dropping to form the valley and the eastern side uplifting to form the Sierra Nevada
Mountains. Erosion of the adjacent Sierra Nevada mountains and Coast Ranges has in-filled the
Great Valley with a thick sequence of unconsolidated to semi-consolidated Quaternary
(Pleistocene and Holocene) age alluvial sediments. The thickness of the valley sediments varies
from a thin veneer at the edges of the valley to thousands of feet in the western portion.

3.2 PROJECT GEOLOGY

The geology of the site area has been mapped by several geologists including Helley and
Harwood (1985) and Burnett and Jennings (1962). According to Helley and Harwood the
exploration locations are mapped as being within Quaternary Alluvium (Qa), Burnett and Jennings
have mapped the explorations as Quaternary Stream Channel Deposits (Qsc) as shown in Figure
3. The alluvium is described as generally consisting of sand, gravels, and silts deposited by
present-day stream and river systems that drain the Coast Ranges, Klamath Mountains, and
Sierra Nevada and the stream channel deposits are of open active stream channels and adjacent
natural levees that are light tan and gray.

Detailed descriptions of the subsurface conditions encountered in our field explorations are
presented on the Boring Logs in Appendix A.
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3.3 SEISMICITY AND FAULTING

An active fault is defined as one that has moved within Holocene time (about the last 11,000
years). However, for the purposes of the Alquist-Priolo Earthquake Fault Zoning Act, an active
fault is defined as a fault that has exhibited surface displacement within Holocene time (Bryant
and Hart, 2007). A potentially active fault is defined by the State as a fault with a history of
movement within Pleistocene time (between about 11,000 and 1.6 million years ago). Active faults
without surface expression (buried faults) and other potentially active seismic sources that are
capable of generating earthquakes are not currently zoned by the Act.

Based on the information provided in California Geological Survey (2018), the site is not located
within a State-designated Alquist-Priolo Earthquake Fault Zone where site-specific studies
addressing the potential for surface fault rupture are required. No mapped active faults are known
to traverse the project site.

3.4 SUBSURFACE CONDITIONS

3.4.1 Current Investigation

The following descriptions provide a general summary of the subsurface conditions encountered
during the field exploration program, as well as detailed descriptions of the conditions at the
crossing location. For more detailed descriptions of the actual conditions encountered at specific
boring locations, refer to the boring logs presented in Appendix A.

Based on information gathered from the current field explorations, the geologic site conditions are
generally consistent with mapped surficial geology referenced in the Site Geology section of this
report. Subsurface conditions encountered in MW-1 (western side of the crossing at
approximately Sta. 10+05) consist of very stiff lean clay to a depth of approximately 9 feet below
the ground surface underlain by loose fine to medium-grained silty sand to a depth of
approximately 23 feet below the ground surface. The silty sand is underlain by alternating layers
of medium dense to very dense, fine to coarse-grained poorly-graded sand and well-graded
gravel layers with varying thicknesses to a termination depth of approximately 80 feet below the
ground surface. The gravels encountered had a maximum dimension of up to about 2 inches. The
final sample at 80 feet below the ground surface was not obtained due to very poor circulation of
the drilling fluid escaping through the gravelly formation.
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Boring B-2 (eastern side of the crossing at approximately Sta. 0+65) generally encountered
alternating layers of very soft to hard lean clay with varying amounts of sand and sandy silt to a
depth of approximately 18 feet below the ground surface underlain by very soft to soft clayey silt
to a depth of approximately 34 feet below the ground surface. An approximately 5-foot-thick layer
of very soft to soft lean clay was encountered below the clayey silt. An approximately 17-foot-
thick layer of elastic silt was encountered at a depth of approximately 39 feet below the ground
surface. Medium dense to very dense sands with interbedded layers of hard lean clays were
encountered to the termination depth of approximately 814 feet below the ground surface.

It should be noted that drilling fluid losses were encountered on the west side of the Sacramento
River between the depths of 33 feet and 80 feet below the ground surface in MW-1 due to the
presence of the clean sand and gravel materials mentioned above. Fluid loss was considered
manageable and circulation was present until an approximate depth of 60 feet, at which point
significant fluid losses and poor circulation continued through the boring termination depth of 80
feet. Further discussion on the impact of such conditions with regard to HDD design and
construction is provided in Section 5.

3.4.2 Previous Investigation

Nearby borings were performed by Kleinfelder as part of a 2019 geotechnical investigation for the
replacement of electrical transmission line towers. This data is presented in Appendix C. The two
borings from the 2019 study were advanced to depths of approximately 5174 feet below the ground
surface utilizing both hollow stem and mud rotary techniques. Borings B-1 and B-2 indicate
interbedded alluvial soils similar to those encountered in the borings drilled for this study. Depths
of sand and gravel units vary but are still in general agreement with the mapped geology. Refer
to the boring logs in Appendix D for more detailed information.

3.5 GROUNDWATER CONDITIONS

According to regional well record data published by the California Department of Water Resources
(DWR), current groundwater levels at the site area are between 10 and 20 feet below ground
surface. Groundwater was encountered in both explorations at approximately 16 feet below the
ground surface in MW-1 and at a depth of approximately 16’4 feet below the ground surface in
Boring B-2 during the current investigation. Groundwater was encountered in Boring B-2, as part
of the 2019 study, at a depth of approximately 20 feet below the ground surface. It should be
noted that the two explorations located on the west side of the river have a 3-foot elevation
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difference with MW-1 performed for this study sitting at the higher elevation. Groundwater was
not measured in Boring B-1, as part of the 2019, study due to the drilling methods used. It is
possible that groundwater conditions at the site could change due to variations in rainfall,
groundwater withdrawal or recharge, current water levels within the Sacramento River,
construction activities, well pumping, or other factors not apparent at the time the explorations
were performed.
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4 CONSTRUCTION DEWATERING EVALUATION AND CONSIDERATIONS

This section presents the findings of Kleinfelder's analysis of aquifer testing results. Hydraulic
conductivity is the measure of the rate at which water can pass through a permeable medium. It
serves as the primary parameter governing flow through a dewatering system. Clays and silts
generally have a lower hydraulic conductivity than sands and gravels.

4.1 AQUIFER TESTING ANALYSIS

Hydraulic conductivity was estimated from evaluating slug test data using the software program
AQTESOLYV, created by HydroSOLVE of Reston, Virginia. Slug test data was evaluated using
the Bouwer-Rice (1976) straight line method to estimate hydraulic conductivity. Slug-in data was
corrected to account for the well being screened across the water table.

The expanded slug test evaluations can be reviewed in Appendix C. The resulting hydraulic
conductivity estimates are summarized below in Table 4.1.

TABLE 4.1
HYDRAULIC CONDUCTIVITY ESTIMATES FROM SLUG TESTING

Test SLUG IN- | SLUGIN- | SLUG IN- | SLUG OUT- SLUG SLUG GEOMETRIC
Well ID 1 2 3 1 OuT-2 OuT-3 MEAN

MW-1 1.75E-02 1.80E-02 1.47E-02 1.53E-02 1.47E-02 1.50E-02 1.58E-02

Hydraulic conductivity estimates in feet/minute

The slug test is designed to give approximate hydraulic conductivity values over the screened
section of a test well. Estimated hydraulic conductivity values from slug test data from test well
B-1 ranged from 1.47 x 10 feet/minute (ft/min) to 1.80 x 102 ft/min with a geometric mean of 1.58
x 102 ft/min.
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4.1.1 Grain Size Distribution Analysis

Kleinfelder performed grain size analysis on select samples collected from the saturated screened
zone. Hydraulic conductivity can be estimated from an analysis of grain size distribution. The grain
size distribution results were analyzed using the program HydrogeoSieveXL (Devlin, 2016). The
program computes estimated hydraulic conductivity using 15 published methods. The expanded
grain size analysis evaluations can be reviewed in Appendix C. The resulting conductivity
estimates (only reported for the methods which met the qualification criteria) are summarized in
Table 4.2.

TABLE 4.2
HYDRAULIC CONDUCTIVITY ESTIMATES FROM GRAIN SIZE ANALYSIS
o Percent | Hydraulic Conductivity Range (ft/min)
Test Well Sample Sample Description Fines*
ID Depth (ft) (USCS) (Passing
g2l . Geometric
Low High Mean
Poorly Graded Gravel
" 35-36.5 with Sand (GP) 3 2.35E-02 | 4.81E-01 1.04E-01
Poorly Graded Gravel
45-46.5 with Sand (GP) 2 3.80E-01 | 1.20E+01 1.58E+00

*Fines are defined as silt and clay particles passing the #200 (0.074 millimeters) sieve

Estimated hydraulic conductivity values from grain size analysis from test well MW-1 at 35 feet
ranged from 2.35 x 1072 feet/minute (ft/min) to 4.81 x 10" ft/min with a geometric mean of 1.04 x
10" ft/min, and at 45 feet ranged from 3.80 x 10" ft/min to 1.20 x 10" ft/min with a geometric
mean of 1.58 x 10 ft/min.

4.1.2 Results

The two methods used to analyze mean hydraulic conductivity (aquifer testing and grain size
analysis) resulted in values of 1.58 x 1072 ft/min from aquifer testing and 1.04 x 10" ft/min (at 35
feet) and 1.58 x 10 ft/min (at 45 feet) from grain size analysis.

These hydraulic conductivity values are similar to the range of published typical hydraulic
conductivity values for well sorted sands and gravels of 1.97 x 102 ft/min to 1.97 x 10 ft/min
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(Fetter, 2001) and for well-graded and uniform gravels of 9.84 x 102 ft/min to 1.97 x 10 ft/min
(Powers et al, 2007).

4.2 DEWATERING EVALUATION

Presented in the following sections is our assessment of groundwater conditions and estimated
dewatering parameters. This evaluation is based upon our understanding of soil conditions,
groundwater observations, and data analysis from aquifer testing as described above. The
evaluation is made from a limited set of data. Kleinfelder used anticipated excavation dimensions
and construction drawings provided by PG&E for our conceptual model as described below.

4.2.1 Conceptual Dewatering Model

For our conceptual dewatering model(s), the following values were used:

o Excavation depth: 10 feet (assumed)

o Arequired drawdown of the water table to 12 feet below ground surface (2 feet below the
bottom of excavation)

o Water table depth of 18%% feet below the ground surface (bgs)

The anticipated depth to groundwater at this site exceeds the projected dewatered excavation
depth. Dewatering for construction is not expected to be required at this location under the stated
conditions above.

4.2.2 General Dewatering Conclusions

Hydraulic conductivity is the primary soil parameter governing the rate of flow of groundwater
through a dewatering system. Analysis of the data gathered from our investigation indicate that
hydraulic conductivity values at the site are 1.58 x 10~ ft/min from aquifer testing and 1.04 x 10~
ft/min (at 35 feet) and 1.58 x 10 ft/min (at 45 feet) from grain size analysis. These values fall
within the general range of published values for similar soil type (coarse-grained sand and gravel

type soils).

Groundwater is present within the project at approximately 18.5 feet below ground surface. The
excavation is anticipated to be about 10-feet bgs and groundwater should be at least 2-feet
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beneath the bottom of the excavation for dry working conditions. Since groundwater is deeper
than 2-feet beneath the anticipated excavation depth of 10 feet, dewatering at the site is not
anticipated to be required.

4.2.3 Dewatering Recommendations

If groundwater is encountered during excavation, further assessment may be warranted. The
hydraulic conductivity is relatively high and any water encountered during excavation may
represent a significant volume if pumped from the open excavation.

If there is an anticipated risk of rising groundwater levels on a seasonal basis, we recommend the
groundwater level be monitored periodically. We recommend installing a data logger in the test
well and data be retrieved on at least a quarterly basis. Kleinfelder can assist with this task if
requested. If after reviewing the seasonal data it becomes apparent a groundwater control
system is required, Kleinfelder should be consulted to reassess the findings.

Groundwater control systems should be selected after careful assessment of safety, cost,
efficiency, time and work-space concerns.
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5 DISCUSSIONS, CONCLUSIONS AND DESIGN CONSIDERATIONS

5.1 GENERAL CONCLUSIONS

As mentioned above, the primary trenchless design concern associated with project is the
presence of varying young alluvial soils encountered on either side of the alignment, creating the
potential for construction issues at the site. These issues include liquefaction and lateral
spreading that could cause stresses on the proposed pipe, the potential for hydraulic fracturing at
various points along the trenchless alignment, and loss of drilling fluids in deep clean sand and
gravel layers encountered on the western side of the Sacramento River. Conclusions and

recommendations for trenchless design and construction are provided below.

It is recommended that the proposed HDD installation be designed and constructed in general
accordance with the fourth edition of the “Horizontal Directional Drilling Good Practices
Guidelines” by the HDD Consortium (2017).

5.2 LIQUEFACTION AND LATERAL SPREADING POTENTIAL

Liquefaction describes a condition in which saturated soil loses shear strength and deforms as a
result of increased pore water pressure induced by strong ground shaking during an earthquake.
Dissipation of the excess pore water pressures will produce volume changes within the liquefied
soil layer, which causes settlement. Factors known to influence liquefaction include soil type,
structure, grain size, relative density, confining pressure, depth to groundwater and the intensity
and duration of ground shaking. Soils most susceptible to liquefaction are saturated, loose sandy
soils, and low plasticity clays and silts. If liquefaction occurs, structures above the liquefiable
layers may undergo settlement.

For layers that meet the compositional criteria, liquefaction triggering (factor of safety) analyses
were performed using methodologies proposed by Youd et al. (2001), Seed et al (2003), and
Idriss & Boulanger (2008). The analyses utilized sample blow count data from the rotary-wash
borings drilled for this study. In order to perform liquefaction analysis, estimates of earthquake
magnitude and peak ground acceleration (PGAw) are needed. Using the U.S. Geological Survey
(USGS) interactive deaggregation website, the modal earthquake magnitude My, = 7.03 was
estimated and used in the analysis. The peak ground acceleration (PGAw) value for our analyses
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was calculated based on Equation 11.8-1 in Section 11.8.3 of ASCE 7-16 for the Risk-Targeted
Maximum Considered Earthquake (MCER). The PGAwm value was calculated using the US Seismic
Design Maps application assuming a Site Class D for analysis at MW-1 located on the west side
of the river and a Site Class E for analysis at B-2 located on the east side of the river. The
calculated PGAwm values are 0.385g and 0.476g, for MW-1 and B-2 respectively, for the MCEr at
each location.

Interpretation of the liquefaction analyses of the borings suggests post-liquefaction settlements
due to the MCE at each boring site could vary on either side of the Sacramento River. Post-
liquefaction settlement could be on the order of 3 to 5 inches on the west side of the river, with
the majority of this settlement coming from sand layers at depths ranging from about 16 to 27 feet
(Elevations ranging from 37 feet to 25 feet above mean seal level). On the east side of the river,
post-liquefaction settlement was found to be negligible.

Lateral spreading is a potential hazard commonly associated with liquefaction where extensional
ground cracking and settlement occur as a response to lateral migration of subsurface liquefiable
material. This typically occurs on sloping ground and adjacent to free faces such as river or canal
banks. Preliminary displacement analyses suggest lateral spreading displacement could occur
along the west face of the Sacramento River along the pipeline alignment, ranging from about 1
to 3 inches.

A pipeline engineer should perform analyses to ensure that the pipe can withstand additional
stresses as a result of the estimated, seismically-induced vertical settlement and lateral
displacement, as noted above.

5.3 HDD CONSIDERATIONS

5.3.1 General

Kleinfelder created a conceptual bore profile (shown on Figures 4a & 4b) with an approximate
cover depth of 50 feet (Elevation -29 feet) below the Sacramento River and its levees, per the
USACE depth requirements mentioned above. This preliminary profile utilizes topographic and
bathymetric survey data provided by PG&E. Based on review of the pipeline alignment,
subsurface conditions, and our preliminary inadvertent returns analysis, the HDD bore path has
several constructability issues that should be addressed prior to construction. Discussion of these
issues can be found in the sections below.
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5.3.2 Loss of Drilling Fluid Returns

Loss of drilling fluid returns typically occurs when the drill bit encounters large interstitial pore
spaces in coarse soil materials (i.e. gravels and cobbles). Loss of returns is recognized by a
decrease of drilling fluid returns, or a drop in drilling fluid pressure.

If interstitial pore spaces are small or discontinuous, they may fill with solids contained in the
drilling fluid returns as drilling progresses beyond them. Once the pore spaces are filled, fluid will
return up the bore hole again and fluid pressure will increase until another gravel layer is
encountered. If open-graded gravel layers are continuous to the surface, drilling fluid may
inadvertently return to the surface.

As mentioned above, drilling fluid losses were encountered on the western side of the Sacramento
River between the depths of 33 and 80 feet below the ground surface in MW-1 due to the presence
of clean sand and gravel materials, with significant fluid loss and poor circulation beginning at a
depth of about 60 feet below the ground surface, or at an Elevation of approximately -7 feet above
mean sea level. The drilling contractor should prepare for drilling fluid losses during construction
activities for as long as the bore path remains within these layers of poorly-graded sands and
well-graded gravels.

5.3.3 Drilling and Steering

The density and consistency of soils encountered within the exploratory borings near the HDD
alignment vary greatly. The soil units encountered within the proposed bore path near MW-1
appear to consist primarily of very stiff surficial clays, underlain by medium dense to very dense
clean sands with interbedded layers of well graded gravels with maximum dimensions up to 2
inches. The soil units encountered within the proposed bore path near Boring B-2 appear to
consist primarily of very soft silts underlain by medium dense to very dense sands with
interbedded layers of hard lean clays. These variations in density/consistency may pose difficult
steering conditions along the bore path at transition points. Furthermore, steering in soft clay/silt
materials may be difficult as the soil may not provide the necessary steering reaction. These soft
layers were generally encountered at Elevations ranging from about 367 feet to -4 feet above
mean sea level on the eastern side of the Sacramento River. Pilot hole bits with relatively large,
flat surfaces can help provide better steering reaction in such conditions.
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5.3.4 Borehole Instability

The elastic silt soils encountered on the east side of the Sacramento River at Elevations ranging
from about 13 feet to -4 feet above mean sea level may be prone to squeezing in the borehole
and it may be necessary for the driller to trip in and out several times to keep the bore hole open
at the proper size. Furthermore, layers of well-graded gravels were encountered at Elevations
ranging from about 10 feet to 5 feet and -15 feet to over -23 feet above mean sea level on the
west side of the Sacramento River that may be prone to instability in the HDD borehole. Gravels
dislodged from the borehole walls could be an issue during drilling and removal of cuttings. Proper
drilling fluid makeup or use of conductor casings can reduce the potential for borehole caving and
stuck pipe during pullback.

5.3.5 Inadvertent Returns of Drilling Fluid

5.3.51 General

Hydraulic fracturing occurs when borehole pressure causes plastic deformation of the soil
surrounding the borehole, initiating and propagating fractures in the soil mass. The resistance to
plastic deformation and fracturing is a function of soil strength, overburden pressure, and pore
water pressure. Hydraulic fracturing can result in drilling fluid inadvertently returning to the ground
surface or running horizontally away from the borehole. Allowable borehole pressure was
evaluated using the Delft Geotechnics equation, as published in “Recommended Guidelines for
Installation of Pipelines Beneath Levees Using Horizontal Directional Drilling, Appendix B, CPAR-
GL-98-1,” published by the Pipeline Research Council International (PRCI) and the U.S. Army
Corps of Engineers, dated April 1998. The estimated allowable borehole pressure was compared
to predicted borehole pressure in our analyses.

Hydraulic fracturing analyses were performed along the proposed alignment from both an easterly
and westerly direction, as shown on Figures 4a & 4b. A pilot-hole diameter of 5 inches, a drill rod
diameter of 3% inches, and a mud pump output of up to 55 gallons per minute was used for
analysis. Target up-hole fluid velocities in the analyses average at about 105 feet per minute in
our analysis. The drilling fluid density was estimated to be about 10 to 11 pounds per gallon.
Changes in the drilling fluid properties and drilling equipment affect the analysis results. Once
layout of the alignment is complete and the contractor’'s equipment has been selected, finalized
inadvertent returns and pipe stress analyses to confirm the adequacy of the selected bore path
should be performed.
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Borehole instability issues and/or the contractor not maintaining a clean borehole can result in
poor drilling returns and partial or complete plugging of the borehole. This will result in higher
fluid pressures within the bore and can lead to hydraulic fracturing and inadvertent fluid returns to
the ground surface.

The conceptual HDD profile design assembled by Kleinfelder, based on available topographic
and bathymetric surveys and existing subsurface conditions, appears technically feasible based
on our preliminary inadvertent returns analysis with a cover depth of 50 feet (Elevation -29 feet)
under the Sacramento River. However, as mentioned previously, there is an elevated risk of fluid
loss and poor circulation on the western side of the Sacramento River, below an Elevation of
approximately -7 feet above mean sea level, that should be considered. Depending on contractor
means and methods, if maintaining circulation at deeper depths does not appear feasible, an
alternative bore alignment should be considered.

Hydraulic fracturing has the potential to occur near the bore entry point, should the drilling
commence from the east side of the river. This is due to the likelihood of encountering soft clay/silt
soils. Furthermore, hydrofracture is expected to occur approximately 200 feet from the bore exit
point, regardless of alignment orientation. This is a common risk of HDD and countermeasures
should be in place to mitigate these conditions, such as surface casings on the entry side and
reducing pressure near the exit or using an exit pit to provide a path of least resistance.

Proper drilling fluid pressure should be maintained throughout the entire length of the bore and
should be reduced as much as practical near entry and exit points where elevated hydrofracture
risk has been noted. A pressure sensing sub several feet behind the drill bit can also be used to
monitor drilling fluid pressures in the bore hole and compare them to the maximum predicted
allowable pressures. This can be used to help avoid inadvertent fluid releases in critical
applications. The pressure sub provides real-time monitoring of fluid pressures within the borehole
and is useful in detecting a spike in drilling pressure that may result from a borehole that is not
well cleaned and/or becomes blocked with the drilling solids. Furthermore, the pressure data
allows the driller to understand when modifications to the drilling method may be needed to avoid
a fluid release. We recommend that Kleinfelder be retained to monitor HDD operations and
provide consultation based on the conditions encountered during drilling.
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54 DRILLING FLUID PROGRAM

54.1 General

The drilling contractor should develop a Drilling Fluid Program (DFP) as part of the HDD Bore
Plan. A properly designed drilling fluid program can substantially reduce losses due to frac-out,
stuck product pipe, or loss of tooling. The drilling fluid program should take into account
anticipated soil conditions, fluid selection, drill bit and reamer selection, and volume calculations.

5.4.2 Borehole Slurry Density

The density of the slurry in the borehole directly affects the buoyancy force and therefore the
normal force between the pipe and the wall of the borehole. The density of drilling returns is a
function of ground conditions, penetration rate, mud flow rate, drilling fluid composition, and
efficiency of the mud cleaning system. In general, drilling return density varies between 9 and 11
pounds per gallon. In coarse gravel and cobbles, drilling fluid densities may approach 13 pounds
per gallon.

For this project we anticipate drilling fluid return density will be on the order of 10 to 11 pounds
per gallon where good returns are achieved and drilling is performed in accordance with the HDD
Good Practices Guidelines (2017).

5.4.3 Soil Conditions for Drilling Fluid Design

For the purpose of drilling fluid design, earth materials are divided into two categories: Inert,
including sand and gravel; and reactive, including clay. Information regarding subsurface
conditions likely to be encountered at the site is provided in the Subsurface Conditions section of
this report as well as in the boring logs for explorations performed for this study in Appendix A,
laboratory testing contained in Appendix B, and logs of borings from previous explorations
provided in Appendix C.

5.4.4 Drilling Fluid Selection

Drilling fluid program base fluid should be designed for site-specific soil conditions. The base
fluid may consist of either a bentonite or polymer and water, with additives to achieve specific
fluid properties.
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The drilling contractor should submit a base fluid design with a list of additives, loss of circulation
materials, and grouting materials that may be used on the project and SDS sheets for approval
at least two weeks prior to mobilization. Assistance with drilling fluid selection can be obtained
from reputable drilling fluid suppliers.

5.4.5 Dirill Bit and Reamer Selection

Drill bits and reamers should be selected based on anticipated subsurface conditions and past
experience. The drilling contractor should be prepared with a variety of bits and reamers that
have worked well in similar soil conditions.

5.4.6 Soil and Fluid Volume
The volume of soil to be removed can be estimated as follows:

(Hole Diameter in Inches)? = Volume in Gallons per Foot
25

Sufficient fluid should be pumped during drilling and reaming operations to maintain flow. Drilling
rates and drilling fluid flow rates may be adjusted in the field to match varying site conditions.
However, an estimate of drilling fluid demand is useful when sizing drilling equipment, mud
pumps, and solids removal systems, and can be particularly helpful in determining realistic drilling
rates. Drilling fluid demand can be estimated based on the bore hole volume and the following
ratios:

Fluid Volume: Soil Volume Ratio
Sand, Gravel, Cobble, Rock 1:1
Above, mixed with Clay 2:1
Clay or reactive Shale 3-5:1

Drilling rates can be estimated based on the drilling fluid demand and the pump output at the
design base fluid viscosity.
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5.5 SOLIDS SEPARATION PLANT

Fine-grained silts and clays are generally the most difficult to remove from drilling fluids. Silts and
clays are present on this site and use of desilters/centrifuges may be needed to remove the fine
soils from the drilling fluids.

5.6 FLUIDIC DRAG COEFFICIENT

A fluidic drag coefficient of 0.050 psi (345 Pa) was recommended in the original Pipeline Research
Council International (PRCI) design guidelines and is still routinely used by pipeline designers.
Recently it has been suggested the coefficient could be decreased to 0.025 psi (172 Pa) for a
stable borehole with good solids removal (Puckett, 2003). The higher value (0.050 psi) is
recommended for routine calculations. The lower value (0.025 psi) may be appropriate for long
bores in stable formations where significant cost saving could be realized by using a lower grade
of steel or thinner pipe wall.

5.7 BOREHOLE FRICTION FACTOR AND ABRASION

A large portion of the pullback load is generated from friction between the pipe and the wall of the
borehole. The pipe rubs against the borehole as it goes around sharp curves and is pushed
against the top of the borehole by buoyancy and capstan forces. The friction factor is an
expression of the ratio of the normal force between the pipe and the borehole wall and the axial
force needed to drag the pipe along the wall. The PRCI Guidelines recommend friction factors of
0.2 to 0.3 for steel pipe. ASTM Standard F1962-99 recommends a friction factor of 0.3. An
abrasion resistant coating is recommended for steel natural gas pipelines. Recommended friction
factors for abrasion resistant polymer concrete coating were not found in the above literature.
However, the coating material is similar in texture to smooth, formed concrete. NAVFAC DM
7.02, Chapter 3, Table 1 reports friction factors for formed concrete against various soil types, as
presented in Table 5.1 below. The friction factors reported below do not account for the presence
of a drilling fluid filter cake.
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TABLE 5.1
ULTIMATE FRICTION FACTORS

. Friction Factor | Friction angle

Interface Material (tand) 5 (deg.)
Clean gravel, sandy gravel, coarse sand 0.551t0 0.60 29 to 31
C_Iean fine to medium sand, silty medium to coarse sand, 0.45 10 0.55 24 to 29
silty or clayey gravel

Clean fine sand, silty or clayey fine to medium sand 0.35t0 0.45 19t0 24
Fine sandy silt, non-plastic silt 0.30t0 0.35 17 t0 19
Very stiff and hard residual or pre-consolidated clay 0.40 to 0.50 22 to0 26
Medium stiff and stiff clay and silty clay 0.30t0 0.35 17 to 19

5.8 DRILL PAD SUPPORT

Surface conditions in the vicinity of the western exploration (MW-1) area consists of unoccupied
land with clayey surficial soils. If it is determined that the bore entry will be placed west of the
Sacramento River, the contractor should conduct a pre-bid site visit to determine the suitability of
site conditions for their equipment. It is common in this area for surficial clays to become soft
when wet. A gravel course may be needed in areas containing fine-grained surficial soils,
especially during wet weather and near the mud pit.

If the bore entry will be placed east of the Sacramento River, soil stabilization isn’t likely to be
required to provide a stable platform for the HDD drill rig and surrounding area, since it appears
the rig will be setup on a paved surface. A gravel course may be required as a storm water
pollution prevention measure to reduce track-out on adjacent roadways by construction
equipment.

5.9 UTILITIES AND WELL CLEARANCE

The location of existing utilities and water wells were beyond the scope of this report. There should
be an attempt to locate any underground utilities and/or wells near the alignment prior to
construction and these utilities and/or wells should be protected by the Contractor so as not to be
impacted by the trenchless crossings. The bore profiles should be designed to allow sufficient
clearance from all underground utilities and/or wells to avoid entering into the well casing, utility
trench or pipe zone materials or causing excessive settlement of the utilities above the bore. If
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existing utilities are within about 25 feet of the bore entry and exit pits, conductor casings should
be used to help contain HDD drilling fluids and keep them out of adjacent utility areas. Further, in
general, we recommend wells be located at least 100 feet from the HDD bore path for this type
of installation.

5.10 CONTRACTOR SELECTION

The success of the project will be substantially dependent on the experience and performance of
the specialty contractor retained to perform the work. We recommend the use of a specialty
contractor with a minimum of 3 years construction experience in the field of horizontal directional
drilling in similar drilling conditions on projects of similar scope (i.e. diameter, length, and depth).
The HDD contractor should be familiar with the use of drilling mud and additives, washover and
conductor casings and should provide examples of projects they have successfully completed
installing similar utilities in similar conditions.
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6 ADDITIONAL SERVICES

6.1 PLANS AND SPECIFICATIONS

It is recommended that Kleinfelder conduct a general review of final plans and specifications to
evaluate that our recommendations have been properly interpreted and implemented during
design. In the event Kleinfelder is not retained to perform this recommended review, no
responsibility will be assumed for misinterpretation of the given recommendations.

6.2 PROJECT BID DOCUMENTS

It has been Kleinfelder's experience that contractors bidding on the project often make contact
with us to discuss the geotechnical aspects of the project. Informal contacts between Kleinfelder
and an individual contractor could result in misleading or incomplete information being provided
to the contractor. Therefore, it is recommended that a pre-bid meeting be held to answer any
questions about the report prior to submittal of bids. If this is not possible, questions or
clarifications regarding this report should be directed to the project owner or his/her designated
representative. After consultation with Kleinfelder, the project owner (or his/her representative)
should provide clarifications or additional information to all contractors bidding the job.

6.3 EXCECUTION PLAN AND PERMIT ASSISTANCE

In order to facilitate best management practices and obtaining the required permits for the
trenchless crossings, a project execution plan should be developed prior to construction. The
plan should include layout of equipment, MSDS sheets for all proposed drilling fluids and
additives, development of a drilling fluid containment and contingency plan in case of inadvertent
fluid returns, and discussion of any other site-specific constraints relative to the project.

6.4 CONSTRUCTION OBSERVATION AND TESTING

It is recommended that all trenchless construction be monitored by a representative from
Kleinfelder. The purpose of these services is to observe the soil and drill mud conditions
encountered during construction, evaluate the applicability of the recommendations presented in
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this report to the soil conditions encountered, and recommend appropriate changes to the owner
in design or construction procedures if conditions differ from those described herein.
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7 LIMITATIONS

This work was performed in a manner consistent with that level of care and skill ordinarily
exercised by other members of Kleinfelder's profession practicing in the same locality, under
similar conditions and at the date the services are provided. Our conclusions, opinions, and
recommendations are based on a limited number of observations and data. It is possible that
conditions could vary between or beyond the data evaluated. Kleinfelder makes no other
representation, guarantee, or warranty, express or implied, regarding the services,
communication (oral or written), report, opinion, or instrument of service provided.

This report may be used only by the Client and the registered design professional in responsible
charge and only for the purposes stated for this specific engagement within a reasonable time
from its issuance, but in no event later than two (2) years from the date of the report. The work
performed was based on project information provided by the Client. If the Client does not retain
Kleinfelder to review any plans and specifications, including any revisions or modifications to the
plans and specifications, Kleinfelder assumes no responsibility for the suitability of our
recommendations. In addition, if there are any changes in the field to the plans and specifications,
the Client must obtain written approval from Kleinfelder’'s engineer that such changes do not affect
our recommendations. Failure to do so will vitiate Kleinfelder's recommendations.

Kleinfelder offers various levels of investigative and engineering services to suit the varying needs
of different clients. Although risk can never be eliminated, more detailed and extensive studies
yield more information, which may help understand and manage the level of risk. Since detailed
study and analysis involves greater expense, our clients participate in determining levels of
service, which provide information for their purposes at acceptable levels of risk. The client and
key members of the design team should discuss the issues covered in this report with Kleinfelder,
so that the issues are understood and applied in a manner consistent with the owner’s budget,
tolerance of risk and expectations for future performance and maintenance.

Recommendations contained in this report are based on our field observations and subsurface
explorations, limited laboratory tests, and our present knowledge of the proposed construction. It
is possible that soil and/or groundwater conditions could vary between or beyond the points
explored. If soil or groundwater conditions are encountered during construction that differ from
those described herein, Kleinfelder should be notified immediately so that we may re-evaluate the
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recommendations of this report as appropriate. If the scope of the proposed construction changes
from that described in this report, the conclusions and recommendations contained in this report
are not considered valid unless the changes are reviewed, and the conclusions of this report are
modified or approved in writing, by Kleinfelder.

As the geotechnical engineering firm that performed the geotechnical evaluation for this project,
Kleinfelder should be retained to confirm that the recommendations of this report are properly
incorporated in the design of this project, and properly implemented during construction. This
may avoid misinterpretation of the information by other parties and will allow us to review and
modify our recommendations if variations in the soil conditions are encountered.
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