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1.0 SCOPE OF WORK

This Foundation Report (FR) is presented to assist in the structure type selection for the
proposed replacement of the County Road 305 Bridge over Watson Creek (Caltrans Bridge
No. 11C-0091) in Glenn County, California.

This FR documents existing foundation conditions, provides preliminary structure-specific
seismic recommendations, and makes preliminary foundation recommendations. The site
geology and subsurface conditions discussed in this FR are based on review of available
published data and the findings from the field exploration.

We have performed the following tasks as the scope of work for this FR:

e Provide site geology and subsurface conditions based on review of published data and
the findings from the field exploration;

e Provide preliminary seismic recommendations, including addressing seismic hazards
such as liquefaction potential, surface fault rupture potential, seismically induced
settlement, and seismic slope instability, as applicable;

e Provide preliminary design recommendations for foundation, retaining walls,
earthwork, and construction considerations.

No scour evaluation is included in this FR. Scour evaluation will be done as part of the
hydraulics report prepared by others.

2.0 PROJECT DESCRIPTION AND SITE LOCATION

The existing bridge crosses Watson Creek and is located on County Road 305, approximately
400 feet east of the intersection of County Roads 305 and 306. The latitude and longitude at
the approximate center of the proposed new bridge are 39.6801° N and 122.5301° W,
respectively. The location of the project site is shown on Figure 1, Site Location Map.

The existing bridge is a four-span bridge comprised of reinforced concrete deck, girders, piers
and abutments. According to the Caltrans Bridge Inspection Report dated 8/7/2013, the
bridge has been built in 1920. The project entails replacement of the existing bridge with a
new bridge on a new alignment.
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3.0 FIELD INVESTIGATION AND TESTING PROGRAM

Willdan Geotechnical drilled and sampled four (4) soil borings. Borings A-16-001 and A-16-
004 were drilled along the approach roadways and advanced to the maximum depth of 21.5
feet below ground surface (bgs). Borings A-16-002 and A-16-003 were drilled at the
approximate locations of the abutments of the proposed new bridge to the maximum depth of
31.5 feet bgs. Underground Service Alert of Northern California and Nevada (USA North)
was notified for clearance of underground utilities in the vicinity of the borings. Approximate
borings locations are shown on Figure 2, Boring Location Plan.

Borings were advanced using a truck-mounted rig equipped with 7-inch diameter hollow-stem
augers. Disturbed and relatively undisturbed drive samples were collected at select depth
intervals from each soil boring. Bulk samples were collected from auger cuttings obtained
from within the near-surface soils. Relatively undisturbed samples were collected by driving a
three-inch outside diameter Modified California Sampler lined with brass rings and disturbed
samples were collected by driving a 13%-inch inside diameter Standard Penetration split-spoon
sampler. The samplers were driven into the underlying soil for intervals varying between 6
and 18 inches, with a 140-pound hammer falling 30 inches. The number of blows required to
drive the sampler was recorded for each 6-inch penetration interval. The blow count for the
final 12 inches, or for a lesser distance if the sampler could not be driven 12 inches, is shown
on the Log of Test Borings in Appendix A. The number of blows required to drive the
sampler the last 12 inches was used to estimate the in-situ relative density of granular soils,
and to a lesser degree of accuracy, the consistency of cohesive soils. All soil samples were
retained for laboratory testing. Upon completion of the borings, the boreholes were backfilled
with soil cuttings.

Classification of the soils encountered in the exploratory borings was made in general
accordance with the Unified Soil Classification System (USCS), using visual-manual
procedure (ASTM D2488) and/or based on laboratory testing (ASTM D2487). A Log of Test
Borings (LOTB) is included as Appendix A. The soil and rock descriptions in the LOTB are
per Appendix A of Caltrans “Soil and Rock Logging, Classification, and Presentation Manual,
2010 Edition”.

4.0 LABORATORY TESTING PROGRAM

Laboratory tests were performed on selected soil samples to evaluate their physical
characteristics and engineering properties. Laboratory testing included determination of in-
situ moisture and density, passing #200 sieve, sieve analysis, direct shear, expansion index, R-
value and corrosion potential for soil samples. Laboratory tests were conducted in general
accordance with American Society for Testing of Materials (ASTM) Standards or California
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Test Methods. The in-situ dry density and moisture content test results are shown on the
LOTB. The remaining laboratory test results are presented in Appendix B, Laboratory Test
Results.

Groundwater observations were made in the borings during drilling operations. Upon
completion of the borings, the boreholes were backfilled with soil cuttings and pavement was
patched with cold asphalt. Soil samples were delivered to Willdan’s laboratory for testing.
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5.0 SITE GEOLOGY AND SUBSURFACE CONDITIONS
51 REGIONAL GEOLOGY

The project site lies on the western sloping flank of Sierra Nevada Mountains, east of the
Great Valley geomorphic province in the east-central California. The Sierra Nevada
Mountains were initially formed by uplifts that occurred during the Jurassic and Cretaceous
periods of geologic time (greater than 65 million years ago). Renewed uplift began in the
Sierra Nevada during late Tertiary time, and is continuing today. Sediments derived from the
local mountainous areas are deposited in the San Joaquin Valley to the west. The Great Valley
is a large northwestward trending, asymmetric structural trough that has been filled with as
much as six vertical miles of sediment. The trough is situated between the Sierra Mountains
on the east and the Coast Range Mountains on the west (Kleinfelder, 2009). Most of the
localized drainage in the area is generally trending south toward downhill.

The subsurface soils consist of Quaternary Pleistocene and recent deposits such as siltstone,
claystone and shale that overlie near surface Crateceous granitic rock with varying
thicknesses of overlying, fine to coarse soils. The Createcous granite is a fine grained, light
colored granitic rock with Biotite and Muscovite. Locally sparse Piokilitic K-feldspar
phenocrysts as much as one centimeter in diameter can be observed (Krauskopf, 1985).
Tectonic process, granite intrusion, hydrothermal alteration, and seepage are the main factors
resulting in weakening of rocks and deeper penetration of mechanical and chemical
weathering within the subject project site. Borings placed on the site during our investigation
on January 1, 2016 encountered alluvium consisting of clayey gravel with sand, clayey sand
with gravel, poorly graded gravel with clay and sand, and well graded gravel with clay and
sand.

52 GROUNDWATER
The subject site is approximately 645 feet Above Mean Sea Level (AMSL). There is

currently no map or data published by the Department of Conservation or the United States
Geological Survey (USGS) to provide historical groundwater information at the site
vicinity. Groundwater was encountered at about 11 feet bgs in all of our exploratory
borings which corresponds to approximate elevation of 634 feet AMSL. The elevation of
the encountered groundwater is higher than the elevation of the channel bed at
approximately 630 feet AMSL and therefore, it is our opinion that the highest groundwater
level is expected to correspond to the encountered groundwater level at 634 feet AMSL.
Due to the type of the proposed development and expected depth of grading/excavation, it
is likely that groundwater would be encountered during the the course of construction for

the proposed development.
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5.3  SUBSURFACE INFORMATION

The subsurface soils encountered in the borings to a depth ranging from 10 to 15 feet bgs, are
consisted of layers of clayey gravel with sand, clayey sand with gravel, poorly graded gravel
with clay and sand, and well graded gravel with clay and sand, which were found in medium
dense to dense condition. Following these layers and to the maximum depth drilled a layer of
very dense clayey sand with gravel was encountered.  Table 1 provides a generalized

subsurface profile interpreted based on our current geotechnical investigation.

Table 1. Generalized Subsurface Profile

Layer No. Material Top o(l;eI;?)::K/IESIE\)/atlon
1 Clayey Sand/Gravel 645
2 Clayey Sand with Gravel 630

Table 2 summarizes the estimated soil strength properties for the generalized subsurface strata
profile shown in Table 1.

Table 2. Idealized Soils Properties

Laver No Unit Weight Cohesion Friction Angle |
’ . (pcf) (psf) (degree) SPT
2 135 1300 15 60

6.0 SCOUR EVALUATION

An evaluation of the scour potential is not included as part of this FR. Scour evaluation will
be done as part of the hydraulics report prepared by others.

7.0 CORROSION EVALUATION

The available test results for pH, minimum resistivity, soluble chloride content and soluble
sulfate content on samples for the bridge site vicinity shows pH value of 7.5, minimum
resistivity of 880 ohm-cm, soluble chloride content of 28 parts per million (ppm), and soluble
sulfate content of 35 ppm.

The Caltrans Corrosion Guidelines (Caltrans, 2012) classifies soil as corrosive if the soluble
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chloride content is 500 ppm or greater, if the soluble sulfate content is 2,000 ppm or greater,
or if the pH is 5.5 or less. Based on the above test results and the Caltrans criteria, the on-site
soils are not considered to be corrosive to bare metals and concrete.

8.0 SEISMIC CONSIDERATIONS
8.1 SEISMIC GROUND MOTION INFORMATION

According to current data from Caltrans, the controlling fault for a deterministic scenario is
the Great Valley 01 fault, located approximately 13.8 km east of the site. Table 3 summarizes
the fault parameters.

Table 3. Controlling Fault for Deterministic Seismic Scenario

Maximum
Name Type Dip PGA Moment
Magnitude
Great Valley 01 Fault Reverse 15° 0311¢g 6.7

There is currently no map or data published by the USGS to provide information with
respect to the special studies zones at the site vicinity, however the site lies in seismically
active zone and will be subject to strong ground shaking.

8.2 DESIGN RESPONSE SPECTRUM

Figure 3, Design Acceleration Response Spectrum, shows a plot of the acceleration response
spectrum (ARS) curve considering near-fault effects. The corrections for near-fault effects
were done as per recommendations contained in Appendix B of the Caltrans Seismic Design
Criteria.

The design spectral acceleration values are the envelope of the probabilistic and deterministic
spectra, and are controlled by probabilistic criteria. The deterministic spectrum is determined
using version 2.3.07 of the Caltrans ARS Online tool, and the probabilistic spectrum using the
probabilistic seismic hazard assessment program developed by the United States Geological
Survey (USGS) 2008 Interactive Deaggregation website. We estimated a deaggregated
moment magnitude of 7.07 for a return period of 975 years (5% probability of exceedance in
50 years). The shear wave velocity at a depth of 30 meters used for the deaggregation
analyses is 560 m/s, estimated based on the NEHRP classification (FEMA, 1994 & 1997) and
the data collected during current subsurface investigations by Willdan within the project site.
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8.3 LIQUEFACTION

Liquefaction is the loss of strength that can occur in saturated coarse-grained soils during
earthquake seismic shaking. The susceptibility of a granular soil to liquefaction is a function
of the gradation, relative density, and fines content of the soil. Susceptibility to liquefaction
generally decreases with increasing mean grain size, relative density, fines content and clay-
size fraction of the fines, and the age of the deposit.

The subsurface soils at the bridge site are classified as clayey sand and gravel. Although
bedrock was not encountered in the borings drilled at the site for the current investigation, but
the SPT N-values (above 100) indicate that the recommended foundation bearing soils located
below the elevation of 630 feet AMSL are in very dense condition. As such, it is our
professional opinion that the bridge site is not susceptible to liquefaction under the design
seismic scenario.

84  SURFACE FAULT RUPTURE POTENTIAL

No known faults project through the site. As such, it is our professional opinion that surface
fault rupture is not likely to occur at the project site during the design seismic scenario.
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9.0 SLOPE STABILITY

The embankment slopes at a slope ratio of 2:1 (H:V) or flatter are expected to be stable under
both static and design seismic loads.

10.0 FOUNDATION RECOMMENDATIONS

It is our opinion that the proposed new bridge may be supported on conventional spread/strip
footings or cast-in-drilled-hole (CIDH) concrete piles. The following sections of this report
contain our geotechnical recommendations for design and construction of two different types
of foundation system. For the purposes of this report we have assumed that the column loads
and continuous load will be less than 90 kilo pounds (kips) and 10 kips per foot, respectively.

10.1 ALTERNATIVE A: SPREAD/STRIP FOOTINGS

Bearing Capacity: The footings shall have a minimum width of 24 inches and be embedded
in competent bearing soils at least 6 feet below the bottom of creek at approximate elevation
of 624 feet. The bottom of footing excavation shall be scarified to a minimum depth of 8
inches and compacted to at least 90% relative compaction of the maximum density as
determined by the ASTM D1557 test procedure. The footings may be designed using a
maximum allowable bearing value of 2,500 pounds per square foot (psf). A one-third
increase in the bearing value may be used when considering wind or seismic loads.

Lateral Resistance: Lateral soil resistance will be provided by a combination of frictional
resistance between the bottom of the footings and the underlying soils, and by passive soil
resistance acting against side of the footing. For frictional resistance between concrete and
soil, a frictional coefficient of 0.35 may be used. For passive resistance, an allowable
pressure developed by a fluid with density of 150 pound per cubic foot (pcf), to a maximum
pressure of 3500 psf, may be used for a level ground surface condition in front of the footing.
To consider the scour effect, the soil within the ground surface and 6 feet below the bottom of
creek at approximate elevation of 624 feet should be neglected in passive resistance
calculation. When combining both frictional and passive resistance, the passive resistance
should be reduced by one-third.

Settlement: Our preliminary computations indicate that the total settlement of the footings
due to the anticipated loads, for footings designed as recommended here, will be less than 2
inch, and the differential settlements are expected to be less than 4 inch over a 50-foot span.

10.2 ALTERNATIVE B: CDIH PILES

Axial Capacity: Allowable downward and uplift capacities for piles with different diameters
were evaluated using SHAFT 2012 program and are presented in Appendix C. The presented
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graphs are provided for 24, 30 and 36 inches diameter piles. Similar graphs for different
diameters other than above will be provided upon request. The capacities are based on
frictional resistance of the piles. For frictional pile design using the attached graphs, the
weight of the shaft can be assumed to be taken by end-bearing resistance of the pile and it is
not necessary to add the weight of the shaft to the structural loads. Uplift capacity of the pile
may be assumed as half of the downward capacity of the pile. It is recommended that the
piles have a minimum diameter of 24 inches and minimum embedment length of 10 feet. The
actual length of the drilled piles shall be calculated by the structural engineer for the project,
considering recommendations provided herein. The provided capacities are based on the
strength of the soils, not the pile section, which should be designed and checked by the project
structural engineer.

Lateral Capacity: Lateral loads can be resisted by passive pressure developed against the
vertical shafts. The lateral capacity of the pile depends on the permissible deflection and the
degree of fixity at the top of the pile. For this project, lateral resistance of a free-head and a
fixed-head single pile were evaluated using LPILE 2015 program.

A lateral deflection of % inch has been applied to the top of the pile, and the lateral capacity
graphs of lateral deflection, shear force and bending moment vs. depth, for a 25-foot long and
36-inch diameter pile with 90 kips axial load are presented within Appendix C. The provided
capacities are based on the strength of the soils, not the pile section, which should be designed
and checked by the project structural engineer.

Settlements: Our preliminary computations indicate that the total settlement at the top of the
piles due to the anticipated loads, for piles designed as recommended here, will be less than %2
inch.

11.0 ABUTMENT, WING AND RETAINING WALLS
111 ABUTMENT WALLS

The lateral earth pressure behind the abutment walls, which are restrained at the top, may be
estimated using the recommendations of Section 5.5.5.11 of the Caltrans Bridge Design
Specifications (2004). The walls may be designed using the pressure that is developed by an
equivalent fluid with density of 65 pounds per cubic foot (pcf) and 45 pcf for at-rest and
active pressure, respectively.

The abutment walls shall also be designed in accordance to the recommendations of Section
7.8 of the Caltrans Seismic Design Criteria (Caltrans SDC 1.7, 2013). The walls may be
designed for a passive resistance force calculated using Equation 7.8.1-3 from the SDC to

resist movement at the abutment walls.
“ ~ 12
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112  WING WALLS AND RETAINING WALLS

Lateral earth pressures for the design of wing walls and retaining walls may be assumed to be
equal to the pressure developed by an equivalent fluid with density presented in Table 4.

Table 4. Summary of Lateral Earth Pressures

Lateral Earth Pressure Condition/Factor Equivalent Fluid [?e_nsny/ Frictional
Coefficient
Active Pressure 45 pct
At-Rest Pressure 65 pcf
Passive Pressure 400 pcf
Frictional Coefficient 0.35
(between bottom of concrete footing and soil) '

In addition to the above active earth pressure, the walls more than 12 feet high, should be
designed to support a seismic active pressure. The seismic active lateral earth pressure may
be assumed to be an inverted triangular pressure distribution equal to 30H psf at the top of the
retaining wall, and decreasing linearly to zero at the bottom of retaining wall, where H is the
height of retaining wall in feet.

11.3 WALLS FOUNDATIONS

The walls may be supported on shallow or deep foundations designed in accordance with the
recommendations provided in Section 10.0 of this report.

114 SUBDRAIN INSTALLATION

Subdrain systems shall be installed to prevent hydrostatic pressure build-up acting as an
additional lateral load. The Geotechnical Consultant may recommend additional subdrains
and/or changes in subdrain extent, location, grade, or material depending on conditions
encountered during grading. Retaining wall backfill and typical subdrain details for
conditions of native soil, imported sand, or crushed rock are provided in Appendix D.

12.0 PAVEMENT DESIGN

Laboratory testing of a bulk sample from the shallow subsurface soil of the approach roadway
of the subject bridge indicates a minimum R-value of 8. A flexible section consisting of
asphalt concrete (AC) over aggregate base (AB), or a full-depth AC section may be used. The
pavement sections listed in Table 5 have been developed in accordance with the procedure
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presented in the Caltrans Highway Design Manual for a range of traffic index (TT) values.

Table 5. Flexible Pavement Design

AC/AB Full Depth AC
TI L )
(in/in) (in)
6 3.5/12.0 9.0
8 5.0/17.0 12.0
10 6.5/21.5 15.5

The pavement section shall be supported on the subgrade prepared per recommendations of
Section 13.0 of this report. The base material shall consist of AB-Class 2 as specified in the
Caltrans Standard Specifications (2010), and compacted to a minimum of 95% of maximum
dry density.

13.0 EARTHWORK RECOMMENDATIONS

All earthwork and grading should be performed in accordance with the recommendations of
this report and requirements of Section 19 of the Caltrans Standard Specifications (2010).
Within the approach roads, any existing fills or soils disturbed during construction and
associated site clearing operations should be removed down to a minimum of 24 inches and
replaced with engineered fill.

The exposed subgrade to receive fill or pavement section should be scarified to a minimum of
8 inches and compacted to minimum of 90% relative compaction. The fill materials under the
roadways and behind the retaining walls shall be placed in loose lifts not exceeding 8 inches
in thickness, moisture-conditioned and compacted to minimum 90% of relative compaction.
The onsite soil free of debris and deleterious material, or import granular material may be
used as backfill material.

140 CONSTRUCTION CONSIDERATIONS

141 TEMPORARY EXCAVATION

Temporary excavations shall be properly sloped or shored. Based on the earth materials
encountered in our borings, excavation of 5 feet or less in depth may be performed with

W .



Foundation Report

Replacement of County Road 305 Bridge over Watson Creek, Glenn County, California
Willdan Geotechnical Project No. 102330-4000

November 30, 2016

vertical sidewalls. Deeper excavation up to a depth of 15 feet can be accomplished in
accordance with the Occupational Safety and Health Administration (OSHA) requirements
for Type B soils. The contractor is responsible for maintaining the stability of the cuts and
personnel safety in the field during construction. All excavations shall be performed in
accordance with applicable requirements established by the State, County, or local
government. The regulatory requirement may supersede the recommendations presented in
this section. A representative of the geotechnical engineer of record should be present during
all excavations.

142 CIDH PIERS INSTALLATION

Although during the course of field investigation, no caving was noticed in the borings,
caving should be anticipated when the layers are sandy, gravelly or less cohesive, and when
drilling below the groundwater table. Precautions should be taken during the drilling
operation to minimize caving of the drilled holes. To minimize caving potential, it is
recommended to keep pile diameter as small as possible. Other means and methods such as
using casing or drilling mud may be employed by contractor when necessary. Experienced
contractors shall be retained to install drilled pile foundations. It is necessary to perform
continuous observation during pile construction by a project geotechnical engineer’s
representative.

Piles closer than three pile diameter on center to each other shall be drilled and filled with
concrete alternately and concrete shall be permitted to set at least 8 hours before drilling an
adjacent pile. The drilled hole shall be inspected and filled with concrete as soon as possible.
The holes should not be left open overnight. The concrete shall be poured using tremie
method.

15.0 LIMITATIONS

This report is based on the available information for the project and obtained from the current
subsurface investigations. The materials data available from the current investigation are
believed to be representative of the subject project site, and the conclusions and
recommendations contained in this report are presented on that basis. However, soil materials
can vary in characteristics between points of exploration, both laterally and vertically, and
those variations could affect the conclusions and recommendations contained herein. Any
changes noted during construction should be brought to the attention of the Geotechnical
Engineer so that any changes to these recommendations can be made as appropriate.

This Foundation Report (FR) has been prepared consistent with the level of care being
provided by other professionals providing similar services at the same locale and time period.

W .



Foundation Report

Replacement of County Road 305 Bridge over Watson Creek, Glenn County, California
Willdan Geotechnical Project No. 102330-4000

November 30, 2016

The contents of this report are professional opinions and as such, are not to be considered a
guarantee or warranty.

The information contained herein has not been prepared for use by parties or projects other
than those named or described herein. This report may not contain sufficient information for
other parties or other purposes.
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Foundation Report

Replacement of County Road 305 Bridge over Watson Creek, Glenn County, California
Willdan Geotechnical Project No. 102330-4000
November 30, 2016

APPENDIX C: PILE CAPACITY GRAPHS
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Lateral Pile Deflection (inches)
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Bending Moment (in-kips)
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Shear Force (kips)
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Foundation Report

Replacement of County Road 305 Bridge over Watson Creek, Glenn County, California
Willdan Geotechnical Project No. 102330-4000
November 30, 2016

APPENDIX D: TYPICAL REATAINING WALL BACKFILL DETAILS



NATIVE SOIL BACKFILL

/
/

o
/ Y /> Sloped or level ground surface
4

Waterproofing compound

T Install subdrain system
+*
h/ Minimum 12-inch-wide column of 3/4" - 1 1/2"

’3/ / open graded gravel wrapped in filter fabric.
>l
-

00600 0%.0° 0.
006020850000
So
= 5

Filter fabric (should consist of
/ Mirafi 140N or equivalent)

____——— 4inch perforated pipe. Perforated pipe should
consist of 4" diameter ABS SDR-35 or PVC
Schedule 40 or approved equivalent with the
perforations laid down. Pipe should be laid on
at least 2 inches of open-graded gravel.

* Vertical height (h) and slope angle
of backcut per soils report. Based
on geologic conditions, configuration
of backcut may require revisions
(i.e. reduced vertical height,

revised slope angle, etc.)




IMPORTED GRAVEL OR CRUSHED ROCK BACKFILL

P
o

™
P /> Sloped or level ground surface

On-site native soil cap
(12" thick)

Non-expansive imported
gravel or crushed rock

Install filter fabric (Mirafi 140N
or equal) to prevent migration
of fines into backfill.

Waterproofing compound

4 inch perforated pipe. Perforated pipe should
consist of 4" diameter ABS SDR-35 or PVC
Schedule 40 or approved equivalent with the
perforations laid down. If pea gravel used,
pipe should be encased in 1 cubic foot per
foot min. of 3/4" - 1 1/2" open-graded gravel
wrapped in filter fabric (Mirafi 140N or equal)
Pipe should be laid on at least 2 inches of
gravel.

2' min*

* At base of wall, the non-expansive
backfill materials should extend to a
min. distance of 2' or to a horizontal
distance equal to the heel width of
the footing, whichever is greater.




IMPORTED SAND BACKFILL

P o
/
e

/ Sloped or level ground surface

On-site native soil cap
(12" thick)

Non-expansive imported
sand, SE>30.

Waterproofing compound

Install subdrain system

1 cubic foot per foot min. of 3/4" - 1 1/2"
open graded gravel wrapped in filter
fabric.

Filter fabric (should consist of
Mirafi 140N or equivalent).

4 inch perforated pipe. Perforated pipe should
consist of 4" diameter ABS SDR-35 or PVC
Schedule 40 or approved equivalent with the
perforations laid down. Pipe should be laid on
at least 2 inches of open-graded gravel.

2' min*

* At base of wall, the non-expansive
backfill materials should extend to a
min. distance of 2' or to a horizontal
distance equal to the heel width of
the footing, whichever is greater.




