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SECTIONONE Introduction

11 GENERAL

The City of Petaluma (City), located in Sonoma County within District 04 of the State of
California Department of Transportation (Caltrans), proposes to reconstruct the Old Redwood
Highway Interchange at U.S.101 Post Mile (PM) 7.65; it is approximately 4 miles north of the
Petaluma River. The key component of the improvement is to replace the existing overcrossing
(OC) structure to meet current design standards and current and future traffic requirements. The
subject of this Foundation Report (FR) is the replacement of Old Redwood Highway OC (Bridge
No. 20-0291) at PM 7.65 located in City of Petaluma, California. Figure 1-1 presents the
location of the OC structure.

The proposed OC structure will accommodate six lanes of traffic and will include bicycle lanes
and pedestrian sidewalks on both sides. The U.S.101/01d Redwood Highway interchange ramps
will be reconfigured and widened accordingly. Other improvements include traffic operations
system improvements and enhanced signalization improvements at the adjacent intersections.
The project will accommodate the proposed Sonoma County Transportation Authority (SCTA)
U.S.101 Central HOV lanes Project, which widens U.S.101 within the limits of the Old
Redwood Highway Interchange Project.

The interchange will be reconstructed with a modified par-clo configuration. Existing ramps will
be realigned and widened to accommodate storage for queuing vehicles.

The proposed design option includes the following:

New OC where Old Redwood Highway crosses U.S.101.

Traffic signals will be installed at ramp termini.

Off-ramps will provide two left-turn lanes and two right turn lanes.

Ramp metering facilities including HOV bypass lanes and CHP enforcement areas will

be provided at on-ramps.

¢ (Old Redwood Highway will be widened to accommodate two 12-foot wide through
lanes, raised median, 6-foot wide shoulders, and 6-foot wide side walks in each direction
between Stony Point Road and North McDowell Boulevard. Additional widening will be
provided locally to accommodate turn lanes.

e A 6-foot wide landscape buffer will be provided between the sidewalk and travel lane
where right of way is available.

® A new right-turn lane from eastbound Old Redwood Highway to east bound southbound
North McDowell Boulevard will be added.

e Retaining walls will be constructed to maintain interchange improvement within existing
right of way, where feasible.

® Adjoining driveways will be reconstructed to match proposed grades.

One soundwall is planned along a portion of the off-ramp from southbound U.S. 101 to Old
Redwood Highway. It is continuation of the soundwall constructed as part of the U.S. 101
Central HOV Lanes Project (Segment B). Seven retaining walls are planned at the following
locations:
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SECTIONONE Introduction

Table 1-1: Retaining Wall Summary

Wall No. | ControlLine | "I | Renehol ) Belen
RW#1 “OSN” 86+84.95 90+12.22 325 10-12.5
RW#2 “OSN” 88+01.48 91+60.17 360 10-20
RW#3 “OSF” 61+453.71 64+39.15 360 10-17.5
RW#4 “ONN” 43+22.32 45494.60 270 10-12.5
RW#5 “ONN” 43+22.32 44496.84 175 10-12.5
RW#6 “ONF” 40+02.72 43+00.06 375 12.5-15
RW#7 “ORH” 17+58.46 19402.17 145 12.5-20

1.2 SCOPE OF INVESTIGATION

The geotechnical services performed for the Old Redwood Highway OC (Replace) were as
follows:

Review existing subsurface information and as-built plans

e Geotechnical field investigation including three exploratory borings (A-09-004, A-09-005
and R-09-001) and one cone penetration test (CPT-09-003)
Laboratory testing to estimate pertinent engineering properties

¢ Design recommendations and opinions were developed for the following topics:

Pile foundation design recommendations

*  Vertical capacity

*  Tip elevations

Resistance to lateral loads

Pile foundation and approach fill settlement

Abutment grading and approach fill construction

Earthquake information consistent with Caltrans Response Spectra Design Techniques
Assessment of the potential for earthquake induced liquefaction, settlement, and lateral
spreading

Corrosion testing and analysis

Address construction issues, including:

*  Barthwork for abutments and new bridge approaches

* Installation of pile foundations, as applicable

A review related to environmental and hazardous waste issues and the results of the associated
technical evaluations are presented in a separate report entitled, “Site Investigation Report.”
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SECTIONONE Introduction

1.3 CALTRANS REVIEW COMMENTS

URS received comments prepared by Caltrans for a previous version of the Old Redwood
Highway Overcrossing (Replace) Foundation Report (65% submittal) that was dated September
10, 2010. Our responses to those comments were incorporated into an updated Foundation
Report dated May 13, 2011. For the May 13, 2011 Foundation Report, Caltrans Geotechnical
Services issued a C1 approval (see review comment sheet in Appendix J). Since the submittal of
the May 13, 2011 Foundation Report, the design team continued to optimize the structural design
that necessitated minor modifications of the foundation system. This updated Foundation Report
incorporates these modifications. Copies of the review comments and our responses are
presented in Appendix J.
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SECTIONTWO Rvailable Information

21 PROJECT DESCRIPTION

The official name of the existing structure is Denman OC, but Old Redwood Highway OC will
be the name of the new structure. The proposed project will replace the existing Denman OC in
Petaluma to meet current design standards and current and future traffic requirements. The
proposed OC structure consists of a state-constructed structure that will accommodate six lanes
of traffic, bicycle lanes, and pedestrian sidewalks.

The replacement OC structure will be a two-span cast-in-place prestressed concrete box girder
on reinforced concrete columns. The planned substructure type is a seat-type abutment due to its
height and desirable seismic characteristics. It is approximately 262 feet long and 86 feet wide.
Planned finished grade of bridge profile will be about 25 feet above U.S.101; this will necessitate
about 5 feet of additional fill above the existing Denman OC approach embankment; sliver fills
ranging to about 22 feet thick are currently planned to widen the highway. The profile,
elevation, and typical section for planned improvements at the replacement overcrossing
structure are shown on Figures 2-1 and 2-2. The Foundation Plan is shown on Figure 2-3. A
sound wall and seven retaining walls are currently planned to maintain the interchange
improvement within existing right or way.

The bridge is to begin at ‘ORH’ Line Station 21+42.52 and end at ‘ORH’ Line Station 24+04.27
and have deck elevation ranging from 60.53 to 61.67 feet. Class 200 precast prestressed (PCPS)
piles are currently proposed to support new bridge foundation elements at both abutments and
center piers. Class 90 PCPS piles are currently proposed to support the abutment wingwalls
(WW). Pile caps are planned as follows:

Bottom of Pile

Location Cap Elevation
(fv)
Abutment 1 40.0
Bent 2 30.0
Abutment 3 39.5
Abutment 1 Lt WW 53.2
Abutment 1 Rt WW 51.9
Abutment 3 Lt WW 53.4
Abutment 3 Rt WW 54.3

Embankment slopes of 2:1 (horizontal:vertical) are currently planned along the highway
embankment except the northeastern embankment will have a flatter slope of 4:1.
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SECTIONTHREE Geology and Subsurface Conditions

3.1 GEOLOGIC SETTING

3.1.1 Regional Geology

The Old Redwood Highway OC project is located in the Coast Range physiographic province,
near the southern end of the Coast Range Thrust. The Coast Range province is characterized by
north to northwest trending elongated mountain ranges and intervening valleys. This
physiography reflects the influence of the San Andreas fault system, a domain of north-northwest
oriented right-lateral strike-slip faulting that accommodates the majority of the plate motion
between the Pacific and North American plates. In addition to the right-lateral strike-slip
deformation, a component of convergence oriented normal to the plate boundary is
accommodated by a series of folds and thrust faults, including the faults of the Coast Range-
Sierran Block Boundary zone, oriented sub-parallel to the faults of the San Andreas system.

Late Cenozoic (last 30 million years) deformation associated with the transpressional plate
boundary is reflected in the Coast Range geology, which typically consists of intensely folded
and faulted Upper Jurassic (150 million years old) and younger rocks of the Franciscan
Complex, a complex assemblage of metamorphosed oceanic crustal rocks and marine sediments.
In the Neogene, compressional basins of deposition, en echelon folds, northwest-trending strike-
slip faults, and lesser east-west-trending thrust faults that dip both east and west were formed.
The region is now characterized by elongate topographic regions comprising fault-bounded
slivers of different rock types. The majority of the reverse faults now appear to be either inactive
or significantly less active than the northwest-striking, strike-slip faults of the San Andreas
system, which offset them.

Information regarding the actual depth of the bedrock at the site is not available. Based on
published information on geology of the site, the bedrock consists of rocks of the Pliocene age (1
to 13 million years old) Sonoma Volcanics and older marine siltstones, sandstones, and
conglomerates of the Petaluma formation.

3.1.2 Site Geology

The geology at the Old Redwood Highway OC project site has been mapped by Fox et al. (1973)
and reproduced in this report as Figure 3-1. The Quaternary (recent to 2 million years old)
deposits in the project area include interfluvial marshlike basin sediments and alluvial fan
deposits. These overlie Tertiary units including marine deposits of the Petaluma formation and
Sonoma Volcanics.

The Pliocene age Sonoma Volcanics are characterized by ryolitic, basaltic and andesitic flows
overlying tuff and agglomerate, though only andesitic and basaltic lava flows outcrop in the
study area (Fox et al, 1973).

The Petaluma formation consists primarily of claystone and siltstone with thick lenses of
sandstone and pebble conglomerate. Layers of tuff or tuffaceous siltstone and lenses of
diatomite occur as interbeds. The diatomite is known to contain fresh-water and brackish-water
mollusks as well as rare mammalian remains. The siliceous shale deposits are originally derived
from the Franciscan assemblage as well as detritus from the Sonoma volcanics (Fox et al, 1973).
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SECTIONTHREE Geology and Subsurface Conditions

The sediments beneath the Old Redwood Highway OC are younger Quarternary alluvial fan
deposits grading headward to terrace deposits (Qyf). The unit consists of moderately sorted fine
sands and silts with gravel becoming more abundant toward fan heads (Fox et a [., 1973).

3.2 SITE AND SUBSURFACE CONDITIONS

3.2.1 Site Topography

Construction of the overcrossing, on-ramps, and off-ramps require the placement of fill
embankments at the project site. Current elevations along the proposed improvements in the
vicinity of Old Redwood Highway range from about 35 feet at the embankment toe to about 54
feet on the bridge deck.

3.2.2 Field Exploration

The subsurface investigation for design of the existing bridge was performed in June 1952. At
that time, subsurface information was obtained from one rotary wash boring (B-3) and three
penetration borings (B-1, B-2 and B-4). The approximate locations of these borings are shown
on the Site and Boring Location Plan, Figure 3-2.

To supplement available data, URS drilled two hollow-stem auger borings (A-09-004 and A-09-
005), one rotary wash boring (R-09-001), and advanced one CPT (CPT-09-003). Borings A-09-
004 and A-09-005 were drilled on the embankment to termination depths of 30 and 26Y2,
respectively; R-09-001 was drilled to a depth of 95 feet and CPT-09-003 was advanced to a
depth of approximately 96'2 feet. The field exploration was performed on October 26,
November 3 and 5, 2009. A detailed discussion of the field exploration program is presented in
Appendix A. The locations of the explorations are shown on Figure 3-2. The Log of Test
Borings (LOTBs) presented in Appendix B, provide descriptions of the soils encountered.

A representative of URS observed the drilling operations and soil sampling. Visual
classifications of the soils encountered were made from cuttings and soil samples. The soil
samples collected from the borings were sealed and labeled immediately to preserve their natural
moisture content. At completion of the exploration, samples were delivered to the laboratory for
further examination and testing. The CPT and borings were then backfilled with a mixture of
cement and bentonite in accordance with the requirements of the Sonoma County Health
Department.

The Unified Soil Classification System, as well as guidelines summarizing soil consistency and
relative density, are presented on the LOTB legend. The logging method is consistent with
guidelines presented in Caltrans Soil & Rock Logging, Classification, and Presentation Manual,
dated June 2007. The LOTBs also illustrate the notation used for the size of samplers and the
methods of advancing them.

3.2.3 Laboratory Testing

The water content, dry density, Plasticity Index (PI), grain size distribution, and unconfined
compressive strength were determined for selected samples to estimate the strength and
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SECTIONTHREE Geology and Subsurface Conditions

compressibility of the underlying soils. The results of these tests, together with the resistance to
penetration of the sampler are shown at the corresponding locations on the LOTBs. The results
of sieve analysis and PI tests are graphically shown in Appendix A. Table A-1 also provides a
summary of the laboratory test results.

3.24 Soil Conditions

Boring B-3 from 1952 investigation revealed stiff clay in the upper 9 feet underlain by a 5-foot
thick layer of very dense sand and gravel. Below the sand and gravel deposits, soft sandy clay
(about 5 feet thick) was found overlying stiff to very stiff, blue silt and silty clay that extended to
approximately 45 feet in depth. Very dense sand and gravel deposits extended to about 60 feet,
the terminal depth of the boring.

The embankment fills encountered in the explorations made for the current investigation can
generally be classified as stiff to very stiff lean clay to sandy lean clay with gravel and medium
dense clayey gravel. The fills are generally underlain by alluvial soils consisting of 9 feet of
medium stiff to very stiff dark gray fat clay underlain by medium stiff to very stiff lean clay with
sand interbeds to a depth of 49 feet. The sand interbeds are generally medium dense to dense
and typically range from 1 to 4 feet thick. Below these clay deposits dense to very dense sand,
silty and clayey sand were encountered to a depth of 96.5 feet, the maximum depth of
exploration. The native soils encountered in the CPT can generally be characterized as sandy silt
and clayey silt, sand and silty sand with similar thicknesses and elevations as those encountered
in Boring R-09-001. Based on A-09-004, A-09-005, R-09-001 and CPT-09-003, the generalized
soil profile is presented in Figure 3-3.

3.2.5 Groundwater

Groundwater was encountered at Elevation 24.5 feet, 25.1 feet and 25.5 feet (based on NGVD
1929 datum) in 1952 investigation Borings B-2, B-3 and B-4, respectively. Depth to
groundwater ranged from 7 to 8.5 feet below ground surface. However, there was no indication
of groundwater encountered or measured in B-1.

Free groundwater was encountered in Boring A-09-004 at approximately Elevation 25.5 feet.
No groundwater was encountered in Boring A-09-005 to a terminal depth of 26.5 feet. A pore
pressure dissipation record was compiled in CPT-09-003, to approximate the groundwater level.
This record, included in Appendix A, suggests a groundwater depth of approximately 9.3 feet
(Elevation 27.7 feet). Boring R-09-001 was drilled using rotary wash method starting at ground
surface, thereby precluding a groundwater level measurement. Groundwater was reportedly
encountered at Elevations 17 feet to 23.5 feet in borings drilled for the retaining walls.

Groundwater was measured as high as Elevation 32.7 feet in a monitoring well located in the 7-
Eleven parking lot at 5200 Old Redwood Highway. We believe it is reasonable to assume a
design groundwater level at Elevation 32 feet.
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SECTIONTHREE Geology and Subsurface Conditions

3.3 GEOLOGIC HAZARDS

3.3.1 Geologic Resources

Resources consulted for geologic hazard assessments included:

® Geologic maps of the California Geological Survey (CGS, formerly California Division
of Mines and Geology).

¢ Alquist-Priolo Earthquake Fault Zone maps.

e (California Geological Survey, Guidelines for Evaluation and Mitigating Seismic Hazards
in California, Special Bulletin 117, updated version May 28, 2002.

¢ Knudsen, K.L., Sowers, J.M., Witter, R.C., Wentworth, C.M. and Helley, E.J., 2000,
Preliminary maps of Quaternary deposits and liquefaction susceptibility, nine-county San
Francisco Bay region: A digital database, U.S. Geological Survey, Open-File Report 00-
444, 60 p.

¢ Preliminary Geologic Map of Eastern Sonoma County and Western Napa County, CA,
U.S. Geological Survey, Miscellaneous Field Studies Map, MF-483, 4 plates.

e Shantz, T., Merriam, M., 2009, Caltrans Deterministic PGA Map, California Department
of Transportation.

¢ Index to detailed maps of landslides in the San Francisco Bay region, California, U.S.
Geological Survey, Open-File Report 97-745-D, 20 p.

3.3.2 Fault-Related Ground Rupture

Surface fault rupture tends to recur along existing fault traces. The highest potential for surface
faulting is along existing fault traces that have had Holocene fault displacement. The California
Geological Survey (formerly Division of Mines and Geology) has produced maps showing
Alquist-Priolo Earthquake Fault Zones along faults with known Holocene activity that pose a
potential surface faulting hazard. There are no Alquist-Priolo zones mapped in the vicinity of the
project site. The closest active fault to the site is the Rodgers Creek fault, approximately 5 miles
to the east. The San Andreas fault is located approximately 14 miles to the west. The potential
for surface fault rupture at the site is considered remote.

3.3.3 Landslide and Slope Failure

Based on the relatively flat topography at the site, landsliding is not considered a hazard at the
Old Redwood Highway OC.

3.3.4 Scour

The closest waterway is located more than 2,000 feet away from the proposed structure.
Therefore, scour at this site is not a concern.
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3.3.5 Flooding

The Federal Emergency Management Agency (FEMA) Flood Insurance Study for the City of
Petaluma documents a history of flooding events in the project area. FEMA floodplain maps
indicate that there are three floodplain zones in the project limits associated with Willow Brook
Creek that cross the project limits and Petaluma River, which is adjacent to the project. The
floodplains are designated as Flood Hazard Areas in Zones AE, AO, and X. The flood plains
delineated on these maps represent the base floodplains. The base flood is a flood that has a 1
percent chance of being equaled or exceeded in any given year, and the area inundated by the
base flood is the base floodplain. The FEMA Flood Insurance Rate Map is included as Figure
3-4.

We understand the City of Petaluma is awaiting final FEMA approval of revisions to the
floodplain limits. According to the new study, floodplain delineation within the project limits is
now designated as Flood Hazard Area Zone AE. Based on the new study, the 24-hour 100-yr
storm event would not overtop U.S. 101. Other details are provided in the project hydraulic
report. The executive summary section of hydraulic report by WRECO, dated January 2010 is
presented in Appendix C.

3.3.6 Subsidence and Seismic Compaction

Subsidence typically occurs as a result of subsurface fluid extraction (e.g. groundwater,
petroleum) or compression of soft, geologically young sediments. Groundwater extraction for
high volume municipal and agricultural use has the potential to cause future ground subsidence
in the region. However, we are not aware of subsidence in the area.

Compaction settlement, or seismic densification, occurs when loose granular soils above the
groundwater table increase in density as a result of earthquake shaking. This soil densification
can result in differential settlement because of variations in soil composition, thickness, and
initial density. For design, we estimated the potential post-earthquake settlement at A-09-004
and A-09-005, using the computer program LIQUEFY PRO. In our analyses, we used a peak
ground acceleration (PGA) of 0.54g and design earthquake moment magnitude (Mw) of 7.1. At
Boring A-09-004, the soils above groundwater table are primarily lean clay and fat clay. At
Boring A-09-005, the soils above groundwater table are primarily lean clay, fat clay and clayey
gravel. Based on the results of the analysis, we expect seismic compaction settlement at the
abutments and bent will be negligible.

3.3.7 Liquefaction Potential

Soil liquefaction is a phenomenon in which saturated cohesionless soils are subject to a
temporary but essentially total loss of shear strength under the reversing, cyclic shear stresses
associated with earthquake shaking. In extreme cases, the soil particles can be suspended in
groundwater, resulting in the deposit becoming mobile and fluid-like. Three conditions are
generally required for liquefaction to occur: 1) a cohesionless soil of loose to medium dense
relative density; 2) a saturated condition; and 3) rapid, large strain cyclic loading normally
induced by earthquake ground shaking. Liquefaction can result in loss of foundation bearing
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capacity, differential settlements, and lateral spreading. Traditionally, a depth of 50 feet has
been used as the depth of analysis for the evaluation of liquefaction.

Based on a liquefaction susceptibility map generated from the Association of Bay Area
Governments (ABAG) geographic information systems (GIS) and reproduced in this report as
Figure 3-5 (primarily based on Knudsen, et al., 2000 data, and Witter & others, 2006), the project
alignment at Old Redwood Highway OC is mapped as an area of “moderate” liquefaction
susceptibility.

Potentially liquefiable sands were encountered in recent Boring R-09-001 at depths of
approximately 9, 16, and 45 feet; potentially liquefiable sands and silts were identified in CPT-
09-003 at depths of approximately 15, 19.5, 22, 35.5 and 47 feet. These deposits range in
thickness from 1 foot to 7 feet. Post-liquefaction ground surface settlement has been estimated
based on the conditions revealed in the boring and CPT. The results are summarized in the
following Table 3-1.

Table 3-1: Estimated Post Liquefaction Ground Surface Settlement (GSS) at Old Redwood

Highway OC Bridge
Boring / CPT Depth to Top Layer Estimated Ground Surface
Number of Layer (feet) Thickness (feet) Settlement (inch)
9 2 <
R-09-001 16 4 > 1
45 1.5 V4
15 2 <
19.5 1 V4
CPT-09-003 22 7 1V
35.5 2.5 %)
47 3 1

The total ground surface settlement (GSS) is estimated to be about 1% inches at R-09-001 and
3% inches at CPT-09-003. Since GSS exceeds Y2 inch, downdrag on the PCPS piles is a design
concern at these locations.

We estimated post-liquefaction settlement at CPT-09-003 using the computer program
LIQUEFY PRO for a peak ground acceleration (PGA) of 0.54g and design earthquake moment
magnitude, Mw, of 7.1. In addition, we analyzed post-liquefaction settlement of the medium
dense sand layers encountered in Boring R-09-001 for the same PGA and design earthquake,
correcting the measured driving resistance (blow counts) in the field for hammer type, sampler
size, overburden pressure, rod length, and fines content. Copies of these calculations are
included in Appendix D. Based on the depth and extent of these deposits, the likely consequence
of liquefaction will be settlement; lateral spreading or other types of slope instability are
unlikely.
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3.4 GEOLOGICAL PROFILES AND ENGINEERING PARAMETERS

The LOTBs presented in Appendix B include borings from previous investigations and current
field information and laboratory testing from our exploratory borings at the proposed foundation
support locations. Geotechnical engineering soil parameters were selected, based on laboratory
test results as well as engineering judgment and experience.

The undrained shear strength, internal friction angle (for granular soil), relative density, dry unit
weight and moisture content are the geotechnical soil parameters used in our foundation design
and analysis. Atterberg limits tests were performed for classification of soils. In general,
unconfined compression tests were performed on cohesive soil samples to estimate the undrained
shear strength. Some disturbance may occur while sampling cohesive soils; therefore
unconfined compressive strengths in localized areas can be lower than the insitu field conditions.
Consequently, engineering judgment and experience were applied in our interpretation of the
laboratory test results. The relative density of cohesionless soils was estimated from vertical
effective stress and Standard Penetration Resistance, N (blows per foot) based on correlations
developed by Gibbs and Holtz (DM7.1 — 87, 1986). Where non-standard sampler sizes were
used, such as the modified California sampler (2%2 inches outside diameter), a correction factor
was applied to the observed blows per foot to estimate the Standard Penetration Resistance.

A generalized soil profile is presented in Figure 3-3 illustrating the layering of the various soil
strata and summarizing the corresponding geotechnical parameters. It should be noted that this
profile was developed based on extrapolation of data from the borings drilled for this
investigation and previous explorations by others.
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41 CORROSION EVALUATION

An assessment of the potential for corrosion of various buried foundation and pipe structures was
performed by V&A Consulting Engineers (V&A). The results of their investigation are
presented in Appendix E, and summarized below.

42 SUMMARY

V&A was retained by URS Corporation to perform a corrosivity investigation within the project
limits with regards to overcrossing structure. The objective of this investigation was to measure
various soil parameters and evaluate the results with respect to possible levels of corrosion at the
proposed bridge site. Corrosivity was determined for materials of the project structure, if any, to
depths ranging from 0 to 100 feet below grade.

The investigation was conducted in accordance with California Department of Transportation’s
Division of Engineering Services, Materials Engineering and Testing Services Corrosion
Technology Branch “Corrosion Guidelines” (Guidelines) dated September 2003, and
CALTRANS Memo to Designers 3-1, July 2008 (Memo). The Guidelines consider soil to be
corrosive to structural elements (steel reinforced concrete) if one or more of the following
conditions exist for water or soil samples:

1) The chloride concentration is 500 ppm (mg/kg) or greater,
2) The sulfate concentration is 2,000 mg/kg or greater, or
3) The pH is 5.5 or less.

A wide variety of soluble salts are typically found in soils. Two soils having the same resistivity
may have significantly different corrosion characteristics, depending on the specific ions
available. The major constituents that accelerate corrosion are chlorides, sulfates and the acidity
(pH) of the soil. Chloride ions tend to break down otherwise protective surface deposits, and can
result in corrosion of reinforcing steel in concrete structures. Sulfates in soil can be highly
aggressive to Portland cement concrete by combining chemically with certain constituents of the
concrete, principally tricalcium aluminate. The reaction is accompanied by expansion and
eventual disruption of the concrete matrix. High concentrations of bicarbonates tend to decrease
soil resistivities. Although bicarbonates are not aggressive to concrete, lower resistivity
environments can promote corrosion activity.

Acidity, as indicated by the pH value, is another measure of corrosivity. The lower the pH (the
more acidic the environment), the higher will be the corrosivity with respect to buried metallic
and concrete structures. As pH increases above 7 (the neutral value), conditions become
increasingly more alkaline and passive to buried structures.

Evaluation of the in-situ soil environment was made in terms of potential damage to structures
due to corrosion. Soil resistivity measurements were conducted in the field during the initial
stages of the work. In addition, soil samples collected by URS during the geotechnical
investigation were forwarded to Cooper Testing Laboratory in Palo Alto, California for chemical
analysis. The soil samples were analyzed for minimum resistivity, pH, water soluble chloride
1on concentration, and water soluble sulfate ion concentration in accordance with the Guidelines.
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The soil sample was selected from the Borings R-09-001, A-09-005, and A-09-111 at the general
vicinity of Old Redwood Highway Overcrossing. The results are summarized in the following

table.
Table 4-1: Soil Corrosion Test Results Summary
Minimum Chloride Sulfate
Sample ID Resistivity pH Content Content
(ohm-cm) (mg/kg)* (mg/kg)*
R-09-001 2,312 7.3 69 <5
A-09-005 3,934 7.8 19 <5
A-09-011 508 8.0 59 98

As shown above, the minimum (saturated) resistivity of soil sample measured 2,312, 3,934 and
508 ohm-cm, respectively. The soil pH measured 7.3, 7.8 and 8.0, while the water-soluble
chloride concentrations measured 69, 19, and 59 mg/kg. The water-soluble sulfate concentrations
range from less than 5 to 98 mg/kg. The pH, chloride and sulfate ion concentrations indicate the
sampled soils are non-corrosive, as defined by the Corrosion Guidelines.

4.3 CONCLUSIONS

The minimum soil resistivity measured at Boring A-09-111 was 508 ohm-cm. According to both
the Guidelines and Memo, a site is considered corrosive if the soil has a minimum resistivity of
1,000 ohm-cm or less and either contains a chloride concentration of 500 ppm or greater, or a
sulfate concentration of 2,000 ppm or greater. All 3 soil samples chemical analysis gave pH
values greater than 5.5, soluble chloride concentrations less than 500 mg/kg and soluble sulfate
concentrations less than 2,000 mg/kg. According to the Guidelines, the soils tested at all 3
locations can be considered non-corrosive to concrete structures and piles. The OC structure site
1s not within 1,000 feet of salt or brackish water.

44 RECOMMENDATIONS

4.4.1 Buried Reinforced Concrete Structures and PCPS Piles

Buried concrete structures and PCPS piles should be constructed of durable concrete as
described in Section 8.22 of the Caltrans Bridge Design Specifications and ACI Standards
201.2R and 222R. These recommendations include, but are not limited to, the following:

e The water/cement ratio should not exceed 0.50.
A concrete cover of a minimum of 2 inches should be applied over all steel reinforcement.
e Sand and water used in concrete mixtures should contain a maximum of 100 ppm of water-
soluble chloride ions and water-soluble sulfate ions. They should have a pH in the range of
6.5 to 8.0. Potable water should be used in concrete mixtures.
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5.1 SEISMIC DESIGN METHODOLOGY AND RESOURCES

The seismic design methodology adopted for this project is based on the following current
Caltrans standards:

1. Caltrans ARS Online, 2009

2. Seismic Design Criteria (SDC), v 1.5, August 2009

3. Guidelines for Foundation Investigations and Reports, v 2.0, dated December 2009
4. 2007 Caltrans Deterministic PGA Map

5.2 PEAK BEDROCK ACCELERATION

The closest active fault to this section of U.S. 101 is a portion of the Rodgers Creek fault (RCF).
This fault is designated with a Maximum Moment Magnitude (MMax) moment magnitude of 7.1
in the Caltrans 2007 fault database. The location of this fault is obtained from the 2007 Caltrans
Deterministic PGA Map. The horizontal distance from the site to the Rodgers Creek fault is
about 5 miles, with a corresponding PGA [V =2,500 feet per second (fps)] contour of 0.4g based
on the 2007 California Deterministic PGA Map and 0.45g based on work by others (Sadigh, et
al, 1997).

Table 5-1: Seismic Source Parameters

Design
. . PGA for
Distance | Near Field
Fault Type Mpax (miles) Effects? V=2,500
feet/sec
2
Rodgers Creek | strike-slip 7.1 4.9 Y 0.4
San Andreas | strike-slip 7.9 13.9 N 0.4

The distances are based on Caltrans ARS Online (2009).
5.3 FAULT TYPE, NEAR-FIELD, AND SPECTRAL ACCELERATION INCREASES

The 2007 fault database that accompanies the 2007 Caltrans Deterministic PGA Map indicates
that the nearby active faults have strike-slip displacement. Therefore, in accordance with
Caltrans design procedures referenced above, no increase in design spectral accelerations is
required for fault type. However, since the project site is located less than 9.3 miles (15 km)
from the nearest active fault, the design spectral accelerations should be modified to account for
near-field effects as shown in Table 5-2:

Table 5-2 - Increase in Spectral Acceleration from near Field Effects

Period (sec) Increase in Spectral Acceleration (%)
<0.5 0
0.5-1.0 0 — 20 (determined by linear interpolation)
>1 20
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At the time of this study, no structure with fundamental period of vibration greater than 1.5
seconds are anticipated, and therefore no adjustments are required for long period effects.

5.4 SOIL PROFILE TYPE AND DEPTH TO ROCK-LIKE MATERIALS

Borings drilled by others and 2009 borings reveal that the soils at the site consist of fine and
coarse-grained alluvial soils that become denser and stiffer with depth. A seismic CPT (CPT-09-
114) was performed 500 feet to the northeast of the proposed OC structure with the intent of
measuring the shear wave velocity and was advanced to a depth of 100 feet. Shear wave velocity
was measured at 5 feet intervals starting at 10 feet bgs with values ranging from 650 to 1268 feet
per second (fps). Based on material types and shear wave velocity measurements, this project
site can be classified as a stiff soil site or Soil Profile Type D pursuant to the guidelines give in
Figure 12 in the SDC.

Based on the material types and shear wave velocity measurements, we estimated the average
shear wave velocity (V) to be about 282 meters per second (m/s) or 925 fps. This V, value was
input for the Caltrans ARS Online. It should be noted the V, =925 fps falls within the soil
profile Type D V range of 600 to 1,200 fps.

5.5 DESIGN ACCELERATON RESPONSE SPECTRA

The design response spectrum for the site is estimated with spectral acceleration values
generated using Caltrans ARS Online (2009). This method was developed by Caltrans Geo
Research Group in partnership with United States Geological Survey (USGS), Pacific
Earthquake Engineering Research (PEER) and California Department of Conservation. This
web-based tool calculates both deterministic and probabilistic acceleration response spectra for
any location in California based on criteria provided in Appendix B of Caltrans SDC.

The deterministic spectrum is determined as the average of median response spectra calculated
using the Campbell-Bozorgnia (2008) and Chiou-Youngs (2008) ground motion prediction
equations developed under the “Next Generation Attenuation” project coordinated through the
PEER-Lifelines program. These equations are applied to all faults considered to be active in the
last 750,000 years (late-Quaternary age) that are capable of producing a moment magnitude
earthquake of 6.0 or greater. The probabilistic spectrum is obtained from the USGS (2008)
National Hazard Map for 5% probability of exceedance in 50 years. Caltrans design spectrum is
based on the larger of the deterministic and probabilistic spectral values. Both the deterministic
and probabilistic spectra account for soil effects through incorporation of the parameter Vs30,
the average shear wave velocity in the upper 30 meters (100 feet) of the soil profile.

The input values we selected for Caltrans ARS Online included:

V30 of 925 fps (282 mps)

Maximum Moment Magnitude (MMax) 7.1 (Rodgers Creek fault)
No ARS increase for fault-type or long period structure

ARS increase for near-field effects
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The calculated spectra for both deterministic (for both faults) and probabilistic methods are
presented in Figure 5-1. Since the maximum spectral acceleration curve is the USGS 5% in 50
years hazard, this curve is presented in Figure 5-2 as a design curve. Spectral values (from
Figure 5-2) are provided below in Table 5-3.

Table 5-3 Recommended Spectral Acceleration Values
(V=282 mps, Lat. = 38.272082, Long. = 122.6700059)

Period Soil Profile Type D
(seconds) Sa (g) Sa* (g)
0.010 0.54 0.54
0.020 0.63 0.63
0.030 0.68 0.68
0.050 0.76 0.76
0.075 0.83 0.83
0.100 0.89 0.89
0.120 0.93 0.93
0.150 1.00 1.00
0.170 1.04 1.04
0.200 1.09 1.09
0.240 1.11 1.11
0.300 1.14 1.14
0.400 1.12 1.12
0.500 1.10 1.10
0.750 0.96 1.05
1.000 0.80 0.96
1.500 0.59 0.71
2.000 0.48 0.57
3.000 0.32 0.38
4.000 0.23 0.28

* Modified for near-fault effects as outlined in Section 5-2
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6.1 AS-BUILT FOUNDATION DATA

Originally constructed in 1956, the Denman Overcrossing is a 272-foot long, two-span,
reinforced concrete continuous deck slab structure as shown on the as-built drawings (Contract
No. 54-4TC-63F). The plans indicate that the two abutments and two bents are supported on
circular, reinforced concrete piles. As shown on the Standard Pile Details sheet, Cast-in-Place
Concrete Piles, Alternative “Z,” was used for the foundation piles. The concrete piles were
installed by first driving a steel shell extending from the bottom of the pile cap to the pile tip
elevation. Then, the steel shell was filled with concrete to form the pile. The steel shell tapered
from a diameter of 15%2 inches at the butt to a minimum diameter of 8 inches at the tip. The
table below presents a summary of the design capacities and as-built pile elevations.

Table 6-1: As-built Pile Capacity

Nominal Resistance o
Location Pile Type (tons) El(el)\::uii:‘rlll)(ft)
Compression Tension
Abutment 1 Concrete (cast-in-place) 32 0 -5to-15
Bent 2 Concrete (cast-in-place) 32 0 -2to-18
Abutment 3 Concrete (cast-in-place) 32 0 -6 to -21

The survey datum on the project profiles, Sheets 5 to 26 of the 1954 plan set, is listed as C.H.C.
(3.4 feet above MLLW datum).

Copies of pertinent as-built structure plans are presented in Appendix F.

MDWOOD INTERCHANGE PSE\440_MATERIALS\REPORTS\FOUNDATION REPORT\OLD REDWOOD HIGHWAY OVERCROSSING_FR_09-19-11.DOC 6-1



SECTIONSEVEN Discussion and Recommendations

The proposed bridge is underlain predominantly by medium to very stiff lean and fat clay and
medium dense to very dense sand, silty and clayey sand. The principal geotechnical issues at the
site are:

e Selection of the type and depth of foundation that will be compatible with the underlying
soils
Construction issues associated with the proximity of proposed new piles to existing piles

e Post-liquefaction settlement of potentially liquefiable soils encountered near the bridge and
Consolidation settlement of foundation soils due to new approach fills.

We understand that the project Structural Engineer has elected to use Class 200 Alternative “X”
PCPS piles (T=14") at both abutments and modified Class 200 Alternative “X” PCPS piles
(T=16") at center bent. Class 90 Alternative “X”” PCPS piles are planned to support the wing
walls at both abutments. All piles supporting the existing bridge are to be abandoned. Based on
the current foundation plan, some new piles will be located in close proximity to existing
abutment and bent piles. In order to avoid driving new piles into existing piles, we recommend
that the locations of the existing piles, any potentially cut-off or abandoned piles, be identified in
subsequent stages of design. In addition, we recommend (1) excavation to expose the tops of all
previously abandoned piles, and (2) drilling of an undersized hole prior to driving each new pile
to confirm the absence of the existing abandoned piles at depth.

Placement of the planned approach fills, which are expected to have a maximum height of 5 feet
above the existing embankment and sliver fills up to 22 feet in height are proposed for the
embankment widening; these fills will result in elastic and consolidation settlement of the native
clays. We estimate that this settlement will be on the order of 3% inches. It is our understanding
that the embankment area will be preloaded as discussed in Section 7.3. No potential downdrag
force is anticipated from the consolidation settlement as the piles will be driven after 90% of
consolidation settlement is completed.

Because pockets of potentially liquefiable soils were encountered in both explorations, consistent
with Caltrans requirements, we have included the estimated average downdrag force down to
approximately Elevation 10 feet associated with post-liquefaction settlement in the design pile
tip elevations presented in Section 7.1. The maximum downdrag force is estimated to be
approximately 106 tons at Abutments 1 and 3, and approximately 47 tons at Bent 2.

7.1 PILE DESIGN CAPACITY AND TIP ELEVATION

7.1.1 Axial Pile Capacity Analysis

Based on our review of the subsurface conditions encountered in the current borings and 1954
borings, in our opinion, the proposed replacement structure can be supported on Class 200 and
Class 90 PCPS piles as planned. Current Caltrans practice is to design abutments in accordance
with Working Stress Design (WSD) methodology and bents/piers in accordance with LRFD.
Table 7-1 presents a summary of the foundation design data provided by the Structural Engineer.
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Table 7-1: Foundation Design Data for Old Redwood Highway Overcrossing (Replace)

Finished Pile Cap Size | Permissible No. of
. Cut-off (ft) Settlement .
. Design . Grade . Piles
Location Pile Type . Elevation under
Method Elevation B L . per
(ft) (ft) Service Support
Load (in)

Abut 1 WSD | Class 200 46.2 40.25 9.75 106 1 36
Bent 2 LRFD | Class 200 38.5 30.25 17 107 1 88
Abut 3 WSD | Class 200 45.5 39.75 9.75 106 1 36

The design loading conditions and nominal resistance are developed in accordance with the
LRFD approach. Loads from LRFD service-1 Limit State are used as design loads for WSD of
abutments. Table 7-2 presents the design loads.

Table 7-2: Foundation Design Loads for Old Redwood Highway Overcrossing (Replace)

Service Limit State (kips) Streng?h Limit Stat? Extren.le Limit Stat.e
(Controlling Group, kips) (Controlling Group, kips)
Location Total Load Compression Tension Compression Tension
Per Max Per Per Max Per Max Per Max Per Max
Support PPiciZ Support | Support PPiciZ Support PPiciZ Support PPielZ Support PPiciZ
Abut 1 3828 193 3144 N/A N/A N/A N/A N/A N/A N/A N/A
Bent 2 8932 125 6989 12159 170 0 0 7221 180 0
Abut 3 3945 199 3252 N/A N/A N/A N/A N/A N/A N/A N/A

The specified tip elevations presented in the following Table 7-3 “Pile Data Table” are based on
skin friction and end-bearing resistance developed in the dense to very dense sand stratum below
Elevation -13 feet. The estimated pile embedment included additional penetration requirements
to resist potential downdrag loads that would act on the piles due to post-construction
liquefaction induced settlement.

Table 7-3: Pile Data Table for Old Redwood Highway Overcrossing (Replace)

| Location | Pile Type |

Nominal Resistance

| Design Tip | Specified | Nominal |
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(Kips) Elevation (ft) Tip Driving
Elevation | Resistance
Compression | Tension (ft) (kips)*
Class 200 -14.0 (a)
Abut 1 Alt “X” 390 0 200 (c) -14.0 610
Class 200 -16.0 (a)
Bent 2 Alt “X” 250 25 16.0 (b) -16.0 340
(Modified) 10.0 (¢)
Class 200 -14.0 (a)
Abut 3 Al “X” 400 0 200 (c) -14.0 620
Class 90
Ali;t\;,]“t Alt “X” 120 0 3174 (g) ((jl)) -14.0 350
(T=14") '
Class 90
A AR AlLX 120 0 00 -14.0 350
(T=147) e
Class 90
Ab\‘{f@“ Alt #X” 120 0 3174 'é) ((j)) 14.0 350
(T=14") )
Class 90
Ab\‘f\}%m Alt “X” 120 0 3174 'é) ((Ca)) -14.0 350
(T=14") ’

* Nominal driving resistance is the sum of nominal resistance and downdrag

Design tip elevation is controlled by the following demands: (a) Compression, (b) Tension, (c) Lateral

The results of our axial pile capacity analysis, which form the basis of our selection of the design
tip elevations, are presented in Appendix G.

No group reduction factor needs to be applied to the single pile compression load capacities
presented above provided a center to center spacing of at least three pile diameters is used.

7.1.2 Lateral Load Capacity

The driven pile foundations are capable of resisting lateral loads. Resistance to lateral loads can
be developed by bending of the pile and by pile-soil interaction. The magnitude of the lateral
load resistance that can develop depends upon several factors such as the pile size, the physical
properties of the surrounding soils, and the structural design of the pile. We used LPILE 5.0
(Reese et al., July 2004) and GROUP 7.0 (Reese et al., July 2006) to assist in estimating the
lateral load resistance of PCPS piles and the corresponding lateral pile group effects. Both
programs model the soil response in the form of load-deflection (p-y) curves.

LPILE output files for laterally loaded piles at the abutments, bents and wing walls are presented
in Appendix H and include deflection versus depth, bending moment versus depth, and shear

versus depth. Charts showing load versus deflection for free and fixed head conditions at top of
pile are included in Appendix H as Figures H-1 to H-3.
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California Amendment to AASHTO LRFD Bridge Design Specifications recommends that a P-
multplier (Pm) be applied to the lateral capacity of individual piles to account for pile group
efficiency. Table 7-4 presents the Caltrans recommended Pm for the corresponding rows of piles
within a group.

Table 7-4: Pile P-Multiplier, P,, for Multiple Row Shading

Pile Center-to-Center Spacing Group Efficiency Factor (P-Multiplier, P,)
(in the direction of loading) Row 1 Row 2 Row 3 and higher
2 x Pile Width/Diameter (B) 0.60 0.35 0.25
3B 0.75 0.55 0.4
5B 1.0 0.85 0.7
7B 1.0 1.0 0.9

Table 7-4 is based on Caltrans Amendments of AASHTO LRFD, Section 10.7.2.4. Row 1 refers
to the leading row of piles in the direction of loading.

For Bent 2, the lateral capacity of the pile group was analyzed using GROUP 7.0 with the group
efficiency factors shown in Table 7-4. Plots showing the deflection versus depth, bending
moment versus depth, and shear versus depth for free head condition at top of pile group are
included in Appendix H as Figures H-4 to H-6.

If additional lateral capacity is needed beyond the lateral load capacity of the PCPS piles at
abutments, passive resistance against the abutment walls or pile cap can be utilized. For
abutments, Caltrans limits the soil resistance at the back wall to a 5.5 feet wall height and a
maximum uniform soil pressure of 5,000 pounds per square foot. For wall heights less than 5.5
feet, the average unit pressure should be reduced linearly in proportion to the height. The
uniform soil pressure of 5,000 psf is an ultimate value, and should be used with an appropriate
load resistance factor for the service limit-state consistent with the LRFD approach. For bent,
passive resistance against the embedded pile cap can be utilized. The mobilization of passive
resistance depends on the amount of pile cap deflection/rotation. The ultimate passive resistance
of the soil should be estimated using an equivalent fluid pressure as shown on Figure H-7
(Appendix H). Figure H-7 also presents plots of the percent of maximum fluid pressure versus
pile cap movement.

7.1.3 Axial Pile Load-Deflection

Axial pile load-deflection curves are used by the Structural Engineer to develop vertical
foundation stress-strain coefficients for use in the super structure analyses. The computer
program TZPILE 2.0 (Ensoft, Inc. 2005) was used to model the axial pile load behavior. Axial
load deflection curves were developed for 16-inch prestressed precast concrete piles. The results
of TZPILE analysis are presented in Appendix L.

7.2 PILE INSTALLATION

All piles should be installed under the direct observation of the Geotechnical Engineer and in
accordance with Section 49 of the Caltrans Standard Specifications, “Piling”. Specific additions
and modifications to these requirements are discussed below.
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SECTIONSEVEN Discussion and Recommendations

The Contractor should submit evidence of compatibility of the proposed pile hammer with the
pile type (14 inch and 16 inch, Class 90 and Class 200 PCPS, Alternative “X”) and soil
conditions at the site. The Contractor’s hammer submittal should include, as a minimum, a
dynamic analysis of the pile driving system that is based on wave equation analysis using
computer programs such as WEAP. Acceptance criteria for driven piles should follow Caltrans
Standard Specifications Section 49-1.08, Pile Driving Acceptance Criteria as well as Special
Provisions 49-228, Redriving. Driven piles reaching refusal within 10 feet of the specified tip
elevation and meeting the acceptance criteria may be cut-off above the tip elevation required by
the compression loads. This assumes that the design lateral load and tension load tip elevations
have been reached (see Pile Data Table). Preliminarily, we recommend that the refusal criteria
be two times the minimum required blowcount. However, refusal criteria will be defined later
based on the pile driving system proposed by the Contractor.

We anticipate that piles may encounter “hard driving” conditions within granular deposits found
at approximate Elevation -13 to -17.5 feet. When required, and as approved by the Geotechnical
Engineer, predrilling should be used to assist in the installation of piles to the required tip
elevations. Predrilled holes should be no larger than the least dimension of the new pile, in
conformance with the provisions of Section 49-1.05 of the Standard Specifications, Driving
Equipment. The use of water in the predrilling process or jetting should not be allowed, unless
approved in advance by the Geotechnical Engineer.

To prevent damage to new piles from contact with existing piles during installation, we
recommend that the locations of the existing piles, as well as the locations of any potentially cut-
off and abandoned piles be reviewed prior to design and installation of new piles.

7.3 APPROACH EMBANKMENT SETTLEMENT

Based on the profile sheets developed for the Old Redwood Highway OC, new fills ranging from
5 to 22 feet in height are planned. As discussed previously in “Section 3.2.4 Soil Conditions,”
native soils below fill consist of a maximum thickness of 9 feet of medium stiff to very stiff fat
clay underlain by medium stiff to very stiff lean clay and sandy lean clay with sand interbeds to a
depth of 18 feet. Beneath these cohesive deposits, the borings encountered primarily granular
soils. Groundwater depths ranged from about 7 feet to more than 25 feet bgs. Consequently, a
majority of the long term settlement at the site is attributed to consolidation of native fat clay in
the upper 10 feet, and to a lesser degree, consolidation of interbeds of deeper lean clay. We
estimated the settlement of the approach embankment due to placement of new fill to the grades
shown on the ‘ORH’ Line profile. Based on our analysis, we estimate that ultimate settlement on
the order of 3% inches could occur along the approach centerline at the abutments. The approach
embankment will be built in 2 stages in order to maintain traffic flow and minimize the need for
interchange closure during construction. The stage numbers presented in this report are
consistent with construction and traffic handling plans. Differential settlement is expected to be
on the order of less than Y2 inch at the conformance line between the 2 stages.

We estimate that approximately 90 percent of this settlement would occur within 9 months of fill
placement. Surcharging the fills may be required to reduce the settlement period so that post
construction settlement would not induce downdrag on abutment piles. For the surcharge
method, a temporary soil fill is placed on top of the design finished grade for a limited period of
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SECTIONSEVEN Discussion and Recommendations

time. Both Caltrans and URS have had good success in implementing the surcharge method to
accelerate settlement. Based on our experience, surcharge height is typically 10 feet, but may
occasionally be 5 or 15 feet. In our evaluation we estimated settlements for surcharge heights of
5 feet and 10 feet, and compared the settlements periods for the case of no surcharge. In Table
7-5 for soil fill we estimate settlement period for (1) no soil surcharge, (2) 5 feet or soil
surcharge and (3) 10 feet of soil surcharge along control line ORH. As discussed above the
bridge approach embankment will be constructed in 2 stages. Stage 1A requires surcharge
and/or settlement period and is shown in parentheses. Stage 2 doesn’t require any surcharge or
settlement period due to the smaller magnitude of estimated settlement.

Table 7-5: Estimated Ground Surface Settlement (Soil Embankment Fill)

Max. Ultimate Settlement Period (months) Post
Set.tlement 10 Construction
Control (inches) No Surcharge | 5 ft Surcharge Surch t Settlement
Line urcharge (inches)
9 3 2
[13 99 3 3
Ot o (stage 1A) (stagelA) (stage 1A) %k

We recommend surcharging be implemented at the stage shown in parentheses for the
corresponding settlement period. With a surcharge height of 10 ft, we estimate that 2 months
would be required to achieve 90 percent consolidation of the underlying clay soils.

7.3.1  Monitoring Settlement

To facilitate the Resident Engineer in determining whether to increase or decrease the duration of
settlement periods, we recommend the embankment construction at the interchange be monitored
in accordance with California Test 112, “Method for Installation and Use of Embankment
Settlement Devices.” As a minimum, two settlement monitoring devices should be installed at
each abutment along “ORH” Stations 20+75 and 24+50. One device should be installed near the
toe of existing embankment slope, and the second one about half way between existing and
proposed embankment toe. The approximate locations of these devices should be as follows:

Table 7-6: Proposed Locations of Embankment Settlement Devices

Control Station Offset
Line (feet)
20475 44 Rt

”ORH”
20475 64 Rt
24+50 48 Rt

”ORH”
24+50 96 Rt
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SECTIONSEVEN Discussion and Recommendations

7.4 SLOPE STABILITY

Consistent with Caltrans standards, the proposed slope inclination of new embankments at the
U.S.101/01d Redwood Highway separation is generally 2 to 1 (horizontal to vertical). The
embankment soils and supporting soils are sufficiently strong, in our opinion, to support these
typical slopes provided that the embankments are constructed in accordance with the
recommendations of this report and Caltrans Standard Specifications. Stability analyses for the
bridge approaches, were, therefore, not performed as part of this foundation report.

7.5 APPROACH FILL EARTHWORK

All earthwork should be completed in accordance with the applicable sections of the Caltrans
Standard Specifications and as described in the companion Geotechnical Design and Materials
Report for the Replacement of Old Redwood Highway Overcrossing Project, prepared by URS.

7.6 APPROACH FILLS AND ABUTMENT EXCAVATION

All earthwork should be completed in accordance with applicable section of the Caltrans
Standard Specifications and as described in URS’ companion Geotechnical Design and Materials
Report for Old Redwood Highway project. The requirements of structural backfill and pervious
backfill are setforth under Section 19-3.06 and 19-3.065, respectively, in the Standard
Specifications (Caltrans 2006).

The proposed mitigation basin and all other excavations will likely encounter fat clays. The fat
clays should not be used as engineered fill due to their expansive nature, i.e. potential to shrink
and swell with moisture changes. Therefore, we recommend that the fat clay be hauled offsite
and not be used in constructing the approach fill and abutment backfill.

Pile cap areas should be excavated as required to bring those areas to their finish subgrade
elevations. All loose soil should be removed from the exposed subgrade prior to pile cap
construction. Based on available groundwater information, we recommend the type of
excavation be classified as a “Structure Excavation (Bridge)” at both abutments and at Bent 2 as
“Structure Excavation Type D” in accordance with Section 11 of Bridge Design Aids, March
2005.
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SECTIONEIGHT Construction Considerations

8.1 TEMPORARY CONSTRUCTION EXCAVATIONS

We anticipate that excavations into the embankment fills or native soils for construction of the
abutments will result in temporary near vertical unsupported soil faces as high as about 20 feet.
Safety standards set by California Code of Regulations (CCR), Title 8, Chapter 4, Subchapter 4,
Article 6 “Excavations” limit the height of unshored vertical excavations to 5 feet if construction
personnel will be working in the excavations. The set of requirements published by CCR,
classifies soils in detail as Type A, B, or C. In general, Type A soils are stronger, Type B soils
are intermediate, and Type C soils are weaker. Based on the soil type, depth, duration the
excavation is open, and sequence of soils exposed in the excavation, CCR recommends
maximum allowable slopes. For example, for excavations 20 feet or less in depth through
homogeneous soils, they state that maximum allowable slopes (horizontal to vertical) should be
%tol,1to1,and 1%2to 1 for Type A, B, and C soils, respectively. For excavations greater than
20 feet in depth, they state that maximum allowable slopes should be designed by a Professional
Engineer. Based on the strengths of the soils encountered in our borings, the existing
embankment fills and native soils are considered to be CCR Type B.

For locations where excavation with sloping sides is not viable because of space limitations or in
areas where temporary slopes steeper than 1:1 are planned, shoring will be required. The
Contractor should retain an experienced Registered Civil Engineer to design the shoring system.

8.2 CONSTRUCTION DEWATERING

As discussed in Section 3.2.5 “Groundwater”, maximum historic groundwater level at the project
site was measured at Elevation 28 feet, which is 2 feet below the bottom of pile cap. However,
groundwater was measured at elevations as high as 32.7 feet in the monitoring well located in the
7-Eleven parking lot at 5200 Old Redwood Highway. Therefore, it is likely that groundwater will
be encountered in the pile cap excavations.

8.3 PILE CUTOFF

When driven piles develop the required compressive capacities before reaching the specified tip
elevation, the Contractor may be given the option, with the Geotechnical Engineer’s approval, to
stop driving and cut off the piles. Pile cut-off should be approved only if the piles also have
satisfied the tension and lateral demand requirements, and the structural capacity has not been
compromised. For maximum pile cut-off length, refer to the Standard Plans (Caltrans, 2006).

8.4 EFFECTS OF CONSTRUCTION WORK ON ADJACENT STRUCTURES

Efforts should be made to minimize effects of construction work on adjacent structures, such as
pile-driving vibrations, and settlement due to dewatering and excavations. A monitoring
program should be required for pile driving at, or adjacent to, existing structures that are
susceptible to damage or sensitive to noise and/or vibration.
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SECTIONNINE Limitations

The opinions, conclusions and recommendations presented in this Foundation Report are based
on information obtained from new and previous explorations made at widely separated locations,
site reconnaissance, review of available topographic information and historic data, and upon
experience and engineering judgment.

The recommendations presented in this report are based on the assumption that the soil and
geologic conditions do not deviate substantially from those encountered in the exploratory
borings and CPT. If any variations are encountered during construction, URS should be
contacted so that supplementary recommendations can be made.

If the planned construction is changed from that presently conceived, URS should be retained to
review the changes and make modifications to the original recommendations presented in this
report in order to meet the project needs.

The Geotechnical Engineer should review the final specifications and drawings to verify that
these documents are consistent with the intent of the geotechnical recommendations.
Geotechnical issues may arise during construction that are not apparent at this time. URS should
be retained during construction to review the soil conditions encountered and the construction
procedures. All earthwork and testing should be done under the direct observation of a
representative of our firm.

The elevations shown on the new LOTBs are based on interpolation from spot and contour
elevations shown on available topographic maps.

As-built drawings pertinent only to the geotechnical investigation are included.

Specific review and investigation for environmental issues and subsurface environmental
contamination were beyond the scope of our services.

The opinions and recommendations presented in this Foundation Report were developed with the
standard of care commonly used as state of the practice in the profession. No other warranties
are included, either express or implied, as to the professional advice provided in this report.
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APPENDIKA Field Exploration and Laboratory Testing

FIELD EXPLORATION PROGRAM

The geotechnical field investigation consisted of three geotechnical borings and one cone
penetration test (CPT), extending to depths ranging from 26.5 to 96.5 feet below the
existing ground surface. The explorations were performed on October 26, November 3
and 5, 2009, by Exploration Geoservices of San Jose, California (rotary wash boring),
Clear Heart Drilling of Santa Rosa, California (hollow stem auger borings), and Gregg
Drilling and Testing, Inc. of Martinez, California (CPT).

Boring and CPT locations were carefully selected to obtain supplemental subsurface
information to provide geotechnical design recommendations for the proposed structure
while avoiding underground utilities and subsurface obstructions. Layout of the
explorations was performed by representatives of URS, and exploration locations were
checked for conflict with underground utilities by contacting Underground Service Alert
(USA) Network. USA, in turn, alerted the various municipalities and utility companies
that a subsurface investigation was to be conducted near their utilities.

After underground utility clearance, URS obtained permits from the County of Sonoma,
Permit and Resource Management Department, Well and Permit Section, and coordinated
with appropriate personnel to accommodate the required inspection during and following
exploration at each location.

Borings (R-09-001, A-09-004 and A-09-005)

The rotary wash and auger borings were drilled to provide the necessary information to
evaluate the subsurface stratigraphy and to allow acquisition of soil samples for
laboratory testing. The borings were drilled and sampled at the location indicated on the
Site and Boring Location Plan, Figure 3-2. Borings A-09-004 and A-09-005 were
advanced to a depth of 30 and 26.5 feet, respectively, and R-09-001 was advanced to a
depth of 96.5 feet below existing ground surface using a truck-mounted drill rig under the
supervision of a URS engineer who maintained a record of all field activities, classified
the soils encountered using the Unified Soil Classification System (USCS), and prepared
a log of the boring.

The drilling operation proceeded carefully, with particular attention to potential
interference with utilities or other buried structures. During drilling, both disturbed and
undisturbed samples were obtained for identification and laboratory testing. Soil samples
were generally obtained at 5 feet intervals and at changes in strata. Samples were
obtained using the Modified California (MC) sampler and Standard Split Spoon sampler
(SPT). A brief description of each of these samplers follows:

¢ Modified California Sampler (MC): The Modified California Sampler was used
to obtain relatively undisturbed samples of cohesive materials. This sampler
consists of a tube-lined barrel sampler with a nominal 2 inches inside diameter
and 22 inches outside diameter. A 140 Ib hammer falling through a distance of
30 inches was used to drive the MC sampler. The blow count recorded on the
boring logs adjacent to the sample depth is the number of blows required to drive
the sampler for the final 12 inches of a maximum 18 inches drive.
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APPENDIKA Field Exploration and Laboratory Testing

e Standard Split Spoon Sampler (SPT): The Standard Spit Spoon Sampler was
used to obtain disturbed samples of sand and gravel layers. The sampler consists
of a split barrel with a nominal 1%2 inches inside diameter and a 2 inches outside
diameter. The standard penetration resistance of the soil is determined by the
number of blows required to drive the sampler 18 inches into the soil with a 140
Ib hammer falling through a distance of 30 inches. The blow count recorded on
the boring logs adjacent to the sample depth is the number of blows required to
drive the sampler for the final 12 inches of a maximum 18 inches drive.

One of the objectives of the field investigation was to obtain high-quality undisturbed
samples for laboratory testing. An effort was made to minimize sample disturbance
during sample handling and transportation. After careful withdrawal from the ground,
the sample was placed upright and the ends of the sample were cleaned of disturbed soil.
If possible, pocket penetrometer tests were performed on the bottom end of cohesive soil
samples. Both ends of the samples were covered with plastic caps, and carefully
transported to URS’ laboratory.

Disposal of Cuttings

All drill cuttings and fluids generated during drilling of rotary wash boring were collected
in drums for disposal in accordance with applicable local, state, and federal regulations.

Cone Penetration Test (CPT-09-003)

We also performed one CPT at the location shown on the Site and Boring Location Plan,
Figure 3-2. The CPT was advanced to a depth of 96 feet below existing ground surface
under the supervision of a URS representative.

The Cone Penetration Test (CPT) consists of pushing a cone-tipped probe into the soil
while simultaneously recording the cone tip resistance and side friction resistance to
penetration. The CPT was conducted in general accordance with ASTM specifications
(ASTM D3441-79) using an electric cone penetrometer. The CPT equipment consists of
a cone assembly mounted at the end of a series of hollow rods. A set of hydraulic rams is
used to push the cone and rods into the soil while a continuous record of come and
friction resistance versus depth is obtained in both analog and digital form at the ground
surface.

The cone penetrometer assembly consists of a conical tip and a cylindrical friction sleeve.
The conical tip has a 60-degree apex angle and a projected cross-sectional area of 15 cm®.
The cylindrical friction sleeve has a surface area of 225 cm”. Both the conical tip and the
cylindrical friction sleeve have outer diameters of 4.37 centimeters. The interior of the
cone penetrometer is instrumented with strain gauges that allow simultaneous
measurement of cone tip and friction sleeve resistance during penetration. Continuous
electric signals from the strain gauges are transmitted by a cable in the sounding rods to
analog and digital data recorders in the CPT truck.

-2
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APPENDIKA Field Exploration and Laboratory Testing

Data obtained during a CPT consists of continuous stratigraphic information with close
vertical resolution. Stratigraphic interpretation is based on relationships between cone tip
resistance and friction resistance. The calculated friction ratio (CPT friction sleeve
resistance divided by cone tip resistance) is used as an indicator of soil type. Granular
soils typically have low friction ratios and high cone resistance, while cohesive or organic
soils have high friction ratios and low cone resistance. These stratigraphic material
categories form the basis for all subsequent calculations that utilize the CPT data. Soil
interpretation presented on the CPT logs from this investigation was based on recent
correlations developed by Robertson, 1990, presented on Figure A-1.

LABORATORY TESTING PROGRAM

A laboratory testing program was carried out to determine the index and engineering
properties of the major subsurface strata encountered at the site. The laboratory testing
program included conventional tests to confirm the existing information on the
engineering characteristics of the major strata and to refine some of the engineering
parameters. These tests were performed at the URS’ laboratory.

Index Tests

Index tests were performed on both cohesive and cohesionless soil samples to aid in soil
classification and in correlation with other engineering parameters. Index tests included
Atterberg Limits, moisture content, dry density, and grain size distribution
determinations. Atterberg Limits tests were performed in accordance with

ASTM D 4318. The moisture content tests were performed in accordance with

ASTM D 2216. Dry density was determined in accordance with ASTM D 2937.
Gradation analyses were performed in accordance with ASTM D 422. The locations of
these tests are indicated on the Logs of Test Borings adjacent to the appropriate sample
depths. The results are summarized in Table B-1.

A plasticity chart graphically presenting the results of the Atterberg Limits tests is
presented on Figure A-2.

Unconfined Compression Tests

Unconfined compression tests were performed on select cohesive soil samples to assist in
determining shear strength parameters. These tests were performed in accordance with
ASTM D 2166. The results of these tests are indicated on the Logs of Test Boring Sheet
adjacent to the appropriate sample depths. The results are summarized in Table A-1.

A-3
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TABLE A-1
SUMMARY OF LABORATORY TEST RESULTS

Sieve Analysis Results (Percent Passing) Atterberg Limits In-Place Conditions
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Cone Penetration Test Data & Interpretation

EGG
I

The Cone Penetration Test (CPT) data collected from your site are presented in graphical
form in the attached report. The plots include interpreted Soil Behavior Type (SBT) based on
the charts described by Rober tson (1990). Typical plots display SBT based on the non-
normalized charts of Robertson et al (1986). For CPT sounding s extending greater than 5 0
feet, we recommend the use of the normalized  charts of Robertson (1990) which ¢ an be
displayed as SBTn, upon request. The report al so includes spreadsheet output of computer
calculations of basic interpretation in terms of SBT and SBTnand  various geot echnical
parameters using current publis hed correlations bas ed on the comprehensive revie w by
Lunne, Robertson and Powell (1997), as well as recent updates by Professor Robertson. The
interpretations are presented only as a gui de for geotechnical use and should be carefully
reviewed. Gregg Drilling & Testing Inc. do not warranty the correctness or the applicability of
any of the geotechnical parameters interpre  ted by the software and do not assume any
liability for any use of the results in any des ign or review. The user should be fully awar e of
the techniques and limitations of any method used in the software.

Some interpretation methods require input of the groundwat er level to calculate vertical
effective stress. An estimate of the in-sit u groundwater level has been made based on field
observations and/or CPT results, but should be verified by the user.

A summary of locations and depths is available in Table 1. Note that all penetration depths
referenced in the data are with respect to the existing ground surface.

Note that it is not always possible to cl early identify a soil ty pe based solely on q;, fs, and u,.
In these situations, experi  ence, judgment, and an assess  ment of the pore pressure
dissipation data should be used to infer the correct soil behavior type.

(After Robertson, et al., 1986)

1000 g |
110 12 ZONE SBT
" ] 1 Sensitive, fine grained
g8 9 2 Organic materials
g o 3 Clay
= 3 4 Silty clay to clay
g 5 Clayey silt to silty clay
§ 6 Sandy silt to clayey silt
ﬂ:’ 7 Silty sand to sandy silt
8 104 8 Sand to silty sand
9 Sand
10 Gravely sand to sand
11 Very stiff fine grained*
12 - Sand to clayey sand*

*over consolidated or cemented

3 5
Friction Ratio (%), Rf

Figure SBT

FIGURE A-1
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E L
% Pore Pressure Dissipation Tests (PPDT)
N

Pore Pressure Dissipation Tests (PPDT’s) conducted at various intervals measured
hydrostatic water pressures and determined the approximate depth of the ground water
table. A PPDT is conducted when the cone is halted at specific intervals determined by
the field representative. The variation of the penetration pore pressure (u) with time is
measured behind the tip of the cone and recorded by a computer system.
Pore pressure dissipation data can be interpreted to provide estimates of:

e Equilibrium piezometric pressure

e Phreatic Surface

e In situ horizontal coefficient of consolidation (c)

In order to correctly interpret
the equilibrium piezometric
pressure and/or the phreatic
surface, the pore pressure
must be monitored until such
time as there is no variation in
pore pressure with time,
Figure PPDT. This time is
commonly referred to as tjoo,
the point at which 100% of the
excess pore pressure has
dissipated.

A complete reference on pore
pressure dissipation tests is
presented by Robertson et al.
1992.

A summary of the pore
pressure dissipation tests is
summarized in Table 1.

In situ horizontal coefficient of permeability (k)

Ue - equilibrium pore pressure

time

Dissipation of P

Hwater
is: f
I u
¥~ Pore Pressure (u) Ve

ore Pressure (u) in Dense Sand,
Dilative Silt and Heavily OC Clay
measured here

Dcone - Depth of Cone
Dwater - Depth to Water Table 0
Hwater - Head of Water

Ue - equilibrium pore pressure

time

Water Table Calculation

Dwater = Dcone - Hwater

where Hyater = Ue (depth units)

Useful Conversion Factors:  1psi=0.704m = 2.31 feet (water)
1tsf = 0.958 bar = 13.9 psi
1m = 3.28 feet

Figure PPDT




Pore Pressure (psi)

GREGG DRILLING & TESTING

Pore Pressure Dissipation Test

Sounding: Cpt-09-003
Depth: 50.361

Site: OLD REDWOOD HWY

Engineer: C.RAMBO
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APPENDIXB Log of Test Borings
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REFERENCE:

CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

POST MILES . |SHEET] TOTAL
DIST| COUNTY ROUTE TOTAL PROJECT | No |SHEETS
04 son 101 7.4/8.1

REGISTERED CIVIL ENGINEER

DATE

CEMENTATION CONSISTENCY OF COHESIVE SOILS SANS APPROVAL DATE
Description Criteria o Unconf ined Pocket THE STATE OF CALIFORNIA OR ITS OFFICERS
Description Compressive Penetrometer Vea Sulg;\g‘jnqe( ts) Field Approximation e ety o ot TeNESS OF 2 e TRONIE
Weok Crumbles or breaks with handling or Strength (t+sf) | Measurement (tsf) COPIES OF THIS PLAN SHEET.
ea little finger pressure. . . ALAMEDA COUNTY TRANSPORTATION | URS CORPORATION
Very Soft < 0.25 < 0.25 < 0.12 Easily penetrated several inches ugpargmésmsm AUTgIORITY3(()éCTIA) ;oo W 2383 Fernando St
. . : ° : i 1 roadway, Suite uite
Moderate E'{#é“ebtjesrgg&?:go"s with considerable by fist Oakiond, CA' 94512 San Jose, CA 95113
Soft 0.25 to 0.50 0.25 to 0.50 0.12 0 0.25  E9S1Y penefrated severol inches
Strong Will not crumble or break with finger y Thum
pressure. Penetrated several inches by
Medium Stiff 0.50 to 1.0 0.50 to 1.0 0.25 to 0.50 thumb with moderate effort
. Readily indented by thumb but
Stiff 1 to2 1 fo2 0.50 to 1.0 penetrated only with great effort
Very Stiff 2 to 4 2 to 4 1.0 to 2.0 Readily indented by thumbnail
Indented by thumbnail with
Hard > 4.0 > 4.0 > 2.0 ditticorty
BOREHOLE IDENTIFICATION
Hole . L.
Symbol Type Description
A Auger Boring PLASTICITY OF FINE-GRAINED SOILS
. . ription i i
R Rotary drilled boring Descriptio Criferia
P Rotary percussion boring (air) Nonplastic A 1/8-inch thread cannot be rolled at any water content.
R Rotary drilled diamond core Low The thread can barely be rolled and the lump cannot be formed when drier than the
. . plastic limit.
HD Hand driven (1-inch soil tube)
2 HA Hand Auger The thread is easy to roll and not much time is required to reach the plastic limit.
[ D Dynamic Cone Penetration Boring Medium The thread cannot be rerolled after reaching the plastic limit. The lump crumbles
hen drier than the plastic limit.
A CPT | Cone Penetration Test (ASTM D 5778-95) when drier fhan the plastic limi
[:] 0 Other [+ takes considerable time rolling and kneading to reach the plastic Iimit. The thread
High can be rerolled several times after reaching the plastic limit. The lump can be formed
Note: Size in inches. without crumbling when drier than the plastic limit.
=
<T
6 § kS 5 2
= .= = c N
g 5 3 5| Hole 1.D. N
o L
S| Hole I.D. S| Hole 1.D. S Hole 1.D Top Hole EI. 3| A -
Top Hole El. @ Top Hole El. T Top Hole El. Py S
Casing driven =] Description of material . < % NC Pressure measured "
Size of Sampler o) IpTI I ?&0\{/5 pzeg I]bzh ; 30 |75 ] %L?_l%%ewofer No count recorded _/; WS Elev along sleeve frim;ion > g =
inch A - sing 28 an! ~ ] Pushed ——" |4 Date measured element (34.88 in ressure measure i
(inches) "/ Field & Lab Tests hammer with a 12" %\/\mﬁ’ . . g ¢ area) divided by on tip element
SPT N-Value ©v%  OWS., Elev. drop or as noted) /.| Date measured Driving rate in 10 (2.33 in2 areq) o
u _ P g o d 12" 37 pressure measured S
(per ASTM 1586-99), ~<--— Date measured “ Description of (59‘:.0” S pse: 17 on tip element. g
P = push sample, . _‘LMa*reriol change Pulled Pipe materials MLBlSI1n596 Operc%n;:?/on 3 2
Ll - . . 58 2
or as noted Q\/-LEsﬁmo‘red material change 60 I () Somol hammer and @ 2.2" & N
Soil/Rock boundary 508 — 7 +°'Tpne cone, or as noted) 43 . ) ; ) N ) -~
- Refusal =h— (5) are 131 180/ 6 4 2 0 10 20 30 g
Bgring Date Boring Date 5 260 Friction Ratio (%) Tip Bearing (MPa) o
Terminated at Elev . Boring Date Boring Date "
Hammer Energy Ratio (ER;) = 7% Terminated at Elev %
ROTARY BORING HAND BORING DYNAMIC CONE PENETRATION BORING CONE PENETRATION TEST (CPT) SOUNDING B
E
B
‘F\
GEOTECHNICAL SERVICES STI0CE RO- c
ENGINEERING SERVICES STATE OF DIVISIONs(_)rI;UEcr_{r(lijlr:lEEE:éI;?GﬁERVICES 200291 ]OLD REDWOOD HWY OC (REPLACE)|:
FUNCTIONAL SUPERVISOR orawn By: A, CHEUNG FIELD INVESTIGATION BY: C A L I F O R N I A POST WILES o
nawg: S. HUANG cHECKED Bv: M. THUMMALURU C. RAMBO DEPARTMENT OF TRANSPORTATION DESIGN BRANCH 7.65 LOG OF TEST BORINGS (1 OF 5) |
T T T REVISION DATES eer o |2
0GS CIVIL LOG OF TEST BORINGS SHEET oK REDUCED BLans "NHES o || |2 |3 Eg 821 851 RARLIER REVISION OATES'C l l l l l l v
FILE => ...\20-0159-z-11b01.dgn




DIST) COUNTY | ROUTE TOTAL PROGECT | 'No |SHEETS
REFERENCE: CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007) ol s o v
_— on . .
GROUP SYMBOLS AND NAMES FIELD AND LABORATORY
Graphic/Symbol Group Names Graphic/Symbol Group Names TESTING REGISTERED CIVIL ENGINEER DATE
oy | Well-graded GRAVEL Lo L it SAND (c) consolidation (ASTM D 2435)
Well-graded GRAVEL with SAND Lean CLAY with GRAVEL PLANS APPROVAL DATE
cL SANDY lean CLAY . @ Collapse Potential (ASTM D 5333) %[Agﬁg gf,,ff‘%;%’;&;ﬁ;ﬁ?‘%g
gp | Loor!y oraded BRAVEL GRAVELLY lean CLAY |k e ALy e eretess & cuecrione
i H LAN SH! .
Poorly graded GRAVEL with SAND H
Sy e compoction Curve (€T 16 R T BT RBIS | 15 o o
- H Y AY an Fernando
) Well-graded GRAVEL with SILT SILTY CL . 1333 Broadway, Suite 300 Suite 200
GW-GM . SILTY CLAY with SAND . . Oakiand, CA 94612 San Jose, CA 95113
Well-graded GRAVEL with SILT and SAND SILTY CLAY with GRAVEL (CgTrJOgg'*gTJegzmgcm . : :
Well graded GRAVEL with CLAY cLom mgi 2151 Etﬁ: with GRAVEL ) .
OW-GC | 420\ Soraded GRAVEL with CLAY ond SAND GRAVELLY SILTY CLAY (€O S e ey
" H H
(or SILTY CLAY and SAND) GRAVELLY SILTY CLAY with SAND Trioxial (ASTM D 4767)
Poorly aroded GRAVEL with SILT SILT . . APPARENT DENSITY OF COHESIONLESS SOILS
. Yy g . AT in SAND (0S) Direct Shear (ASTM D 3080)
Poorly graded GRAVEL with SILT and SAND o gklhTDYwiS‘r]rCTGRAVEL Description SPT N (Blows / 12 inches)
Poorly groded, )GRAVE'- with CLAY SANDY SILT with GRAVEL @ Expansion Index (ASTM D 4829) Very loose 0-4
GP=GC | poorly graded GRAVEL fY and GRAVELLY SILT
BRRD Yo 2reey CBAYF Lo AR GRAVELLY SILT with SAND @ Moisture Content (ASTM D 2216) Loose 5 - 10
SILTY GRAVEL ORGANIC lean CLAY . R
oM ORGANIC lean CLAY with SAND ) . Medium Dense -3
SILTY GRAVEL with SAND ORGANIC lean CLAY with GRAVEL @ Organic Content-7% (ASTM D 2974) Dense 31 - 50
oL SANDY ORGANIC lean CLAY
o CLAYEY CRAVEL 22':3;LfscgglciN'l%OTeghAéLX'Y*h GRAVEL @ Permeability (CTM 220) Very Dense > 50
CLAYEY GRAVEL with SAND GRAVELLY ORGANIC lean CLAY with SAND
& SILTY, CLAYEY GRAVEL ORGANIC SILT . Particle Size Analysis (ASTM D 422)
1| Ge-ou ’ ORGANIC SILT with SAND & MOISTURE
N TY, CLAYEY GRAV ith SAN h
11, SILTY, CLAYEY GRAVEL wifh SAND oL giﬁé?lcoR%;[ALNT]CW';]IETGRAVEL Plasticity Index (AASHTO T 90) Description Criteria
R Well-graded SAND SANDY ORGANIC SILT with GRAVEL Liquid Limit (AASHTO T 89) i
P SW . GRAVELLY ORGANIC SILT Dry Absence of moisture, dusty, dry to the
S Well-graded SAND with GRAVEL GRAVELLY ORGANIC SILT with SAND Point Load Index (ASTM D 5731) touch
o Poorly graded SAND Fat CLAY i isi
- SP v 9 Fat CLAY with SAND Pressure Meter Moist Damp but no visible water
Poorly graded SAND with GRAVEL Fat CLAY with GRAVEL
= CH SANDY fat CLAY Visible free water, usually soil is
AR Sw-s Well-graded SAND with SILT SANDY fat CLAY with GRAVEL Pocket Penetrometer Wet below water table
-t _ RAVELLY fat CLAY
ST Well-groded SAND with SILT and GRAVEL gRAVEttY fg‘f C::AY with SAND
v Hell-groded SAND with CLAY Elastic SILT @ R-value (CTM 301)
U S AR RS Rty ono oRaveL Eloams SILT wian chaveL D 5o ot 1610 217 PERCENT OR PROPORTION OF SOILS
2 MH SANDY elastic SILT Description Criteria
L . . . =
S Poorly graded SAND with SILT SANDY elastic SILT with GRAVEL L ' Porticles ore present but estimated fo -
. GRAVELLY elastic SILT Specific Gravity (AASHTO T 100) Trace be less than 5% I
Poorly groded SAND with SILT and GRAVEL GRAVELLY elastic SILT with SAND o N
i Few 5 to 10% S
Pgrgrl '?rcheEYSAND with CLAY / ORGANIC fat CLAY . @ Shrinkage Limit (ASTM D 427) 2
SP-SC b I ded h CLAY d ORGANIC fat CLAY with SAND Littl 15 to 25% n
BRRVEL 952987 ANBL AV 150G 8RaVET) ORGANIC fat CLAY with GRAVEL e o of o
OH SANDY ORGANIC fat CLAY @ Swell Potential (ASTM D 454 ; z
G | SILTY sanD SANDY ORGANIC fat CLAY with GRAVEL well Potential ( D 4548) Some 30 fo 45% g
. GRAVELLY ORGANIC fat CLAY Most! 50 to 100% "
SILTY SAND with GRAVEL GRAVELLY ORGANIC fat CLAY with SAND @ Pocket Torvane Y =
CLAYEY SAND ORGANIC elastic SILT . ) . -
sc ORGANIC elastic SILT with SAND Unconfined Compression-Soil
CLAYEY SAND with GRAVEL ORGANIC elastic SILT with GRAVEL @ (ASTM D 2166) PARTICLE SIZE °
OH SANDY ORGANIC elastic SILT Unconfined Com ion-Rock ot : N
SILTY, CLAYEY SAND SANDY ORGANIC elastic SILT with GRAVEL (ASTM D 29387 T ooonTRoc Description _Size o
S5V SILTY, CLAYEY SAND with GRAVEL CRAVELLY ORCANIC elostic SILT Boulder > 12 R
LA ) GRAVELLY ORGANIC elastic SILT with SAND @ Unconsol idated Undrained Cobble 3" to 12" R
o T ORGANIC SOIL Triaxial (ASTM D 2850) Coarse 3/4" to 3" =
e S ffj ORGANIC SOIL with SAND Gravel : " 3
s o ORGANIC SOIL with GRAVEL @ Unit Weight (ASTM D 4767) Fine to. 4 To 34 .
MRIRY f//J OL/OH | SANDY ORGANIC SOIL Coarse No. 10 to No. 4 g
(OCq COBBLES ffd SANDY ORGANIC SOIL with GRAVEL Sond Medium No. 40 o No. 10 2
OC COBBLES and BOULDERS %/4 GRAVELLY ORGANIC SOIL @ vane Shear (AASHTO T 223) - . . S
e BOULDERS D GRAVELLY ORGANIC SOIL with SAND Fine No. 200 to No. 40 :
3
C
+
ENGINEERING SERVICES GEOTECHNICAL SERVICES STATE OF STOCE N0 =
| DO O RUCTURE BESIaN ' o-° | 20-0201 |OLD REDWOOD HWY OC (REPLACE)|[:
FUNCTIONAL SUPERVISOR prawn BY: A. CHEUNG FIELD INVESTIGATION BY: C A L I F o R N I A o
~——=-1 LOG OF TEST BORINGS (2 OF 5) |
namE: S. HUANG CHECKED BY: M. THUMMALURU C. RAMBO DEPARTMENT OF TRANSPORTATION DESIGN BRANCH 7.65 w
<T
T T T REVISION DATES S T
OGS CIVIL LOG OF TEST BORINGS SHEET ORI VILGTPLE N INCHES o || |2 |3 Eg 8‘2\1851 EARCICR Reviston GaTeeC o l l l l l l l m
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POST MILES SHEET| TOTAL
TOTAL PROJECT No |SHEETS

7.4/8.1

DIST| COUNTY ROUTE
04 Son 101

REGISTERED CIVIL ENGINEER DATE

R-09-001
41" PLANS APPROVAL DATE
8 THE STATE OF CALIFORNIA OR IS GFFICERS
A-09-005 O AGENTS SHALL WOT BE RESPONSIBLE FOR
THE ACCURACY OR COMPLETENESS OF ELECTRONIC
COPIES OF THIS PLAN SHEET.
"ORH" LINE ALAMEDA COUNTY TRANSPORTATION | URS CORPORATION
+ } t 4 IMPROVEMENT AUTHORITY {ACTIA) | 100 W San Fernando St
! 8 : 8 Sonrona A S5 e 300 2o Soae. cA 95113
A—09—OO4 akland, an Jose,
oy
Rt 26.12' Rt Sta 21+04.74 1" = 50’ BENCH MARK:
60 ORH LINE 60
o [ i NOTE: 1. This LOTB sheet was prepared in accordonce T
with the Caltrans Soil & Rock Logging,
Classification, and Presentation Manual {June 2007)
50 AYEY GRAV C); brown [F . . . 50
i ean With GRA 3 brown; moist [FILL]. 2. Groundwater was encountered in boring R-09-001,
""""""""""""""""""""""""""""" but elevation wos not meosured. R
Coarse gray GRAVEL.
At EL. 43.0 ft, becomes brown mottled
A0 il with groy?sh brown; few GRAVEL. ] gm0 immimis se mie eer rar min s memmm mm e mim 2 5 o e e e e s e e e e e e e e e e S AT Sl Sie e 5 _40]
T At EL. 39.0 ft, becomes reddish brown mottled EL. 36.0°
A gray. (I01Z0 Fat CLAY {CH); medium stiff; black to dark gray; moist; UC=0.41 tsf.
30 ean Wi Al ; stiffi argy and black. 30
& [ A 6 a i SHFf] black; froce GRAVEL. T ALEL 310 ft, grades fo (Fot CLAY with SAND {GHE-very-Stffi- - - - - - oo oo —
© i Teon CLAY [CLT; very SFifT; gray; moist; UC=1.32 tsf. dark gray; ;rgiﬁncooﬁecg:ﬁgf ”CP:',-25 tsf. —
o Winfl 228l PoorTy graded SAND with SILT [SP-SHI; medium dense; Ot b kaealiod
20 Terminated af El. 24,00 97OYISh Drowni wet. LAY [CL; lignt grayish brown: MolsT. 20
e 1-05-00 e s ovs soe aTe Hne N s ohe sre e e e s ey o, e e LY moftled with browny moist, = = .. e oo m i iii i i it i e i e —_—
ol - N roy; wet
o Hommer Efficiency Ratio (ERi) = % ; ﬁﬁﬁm
+ [ IRRC] oist,
o110 //f ean CLAY (CLJ; sfiff; brown; moisft, 10
q>) [ e e e eia mia HI RS R R TR SRR SR R SRS R AT ST T e R eSS e S S S0 S SR G S N e e FFHT::T}H- TY Wl medium dense; dork Qray: moisf, 0000 Tttt ss s ssssssssscssssssssses st
o LInLA, Yedn EL%Y IELI; medium stiff; brown fo gray; moist. )
TTTZGE A AM uc; SANDY Tean CLAY (CLJ; very stiff; gray; moist; UC=1.21 tsf, 4
0 7 Fat CLAY (CH)} varg sTifts gray mottied with brown with black ol =
L e 30 356 1SR A ST N e T T ) S SR A e T W e i e W SR BNS BEE B 5SS SN e e e K e ST SR O R RS speckling; moist; UC=1,28 155, e e e e e e e et Y| c
mgﬁ)@@ peckling; molst] 5
mé@@@ § M EL. -4.0 1, becomes dark blulsh groy; UC=0.88 tof. =
-10 -10| 3
T T T [ZZ12.0 MU CLAYEY SAND [SC/CL]; medium den rayish Drown; MOiST. = = = = = == = = =« ==& semumeososonnnnnan — 19
X jum_dense; artmr: moist. Ll
e n i st ray; moist.
IZEEI:Q. 0or Ty %rque Wi (T [SP-SHT; dense; orange L
-20 '/ n 15F4 mm Rﬁ]ﬁgla -20 =
e et G G BN ST U SUC S5 AY LN SR A RS CaUE e e S e A R S BN S B B 3 5TE 5U% EmS et S S) ESNASRNE . ean S MOIST, e i e i asecasesasesam e &V
e I i ey Tight brown; moist, [2
vy ft, becomes very dense, ]
llumisb i [ght Erown; mOisST, 5
_ ; densej light brown; moist. _ =
T30 e mEITEE e ~301 ks
o
W
7 SICTY, CCAYEY SAND (SC-SWJ; dense; Tight brown; moist. 5
~40 - -40| [
T R A — ¢
-50 -50 2
p— e asas s s sassas s e s s e sr s s i sa st T rrraasas st A as st s st et assnam s sssiansssssssasass= S eS 7, et —_— &
Gravel lense, S
[B5/101 2.0~ AYEY SAND {SCI; very dense; [ight brown; moist. IS
-40 7 -40 b
e I T e R Rl [ELIRICIZE At EL. -59.0 ft, becomes dense. st — o
Terminated ot El. -60.5 5
. 10-27-09 . |2
N Hommer Efficiency Ratio (ERi) = % Lo
ﬂ ______________________________________________________________________________ Groundwater level not MEASUFed  _ L L o o e S.onSoonemoeloson o o o m el oo ol oo ___5_0_ 5
I i b —+— l { 3
20+50 21+00 21+50 "ORH" LINE 22+00 22450 23400 zEI?F:I!.OE :
Hor. 1" = 50’ g
]
T —— 3
ENGINEERING SE GEOTECHNICAL SERVICES STA - BRIGE 0. E
8 SERVieED S IO O v unE sesion V%% [30-0201 |OLD REDWOOD HWY OC (REPLACE)
FUNCTIONAL SUPERVISOR prawn BY:  A. CHEUNG RIELD_INVESTIOATION BY2 C ALIF 0 RNIA FOST WILES t
wauE: S. HUANG cHECKED 8v+ M. THUMMALURU C. RAMBO DEPARTMENT OF TRANSPORTATION|  DESIGN BRANCH 7.65 LOG OF TEST BORINGS (3 OF 5) |
ORIGINAL Si ) | ! | ! | cu o4 DISREGARD PRINTS BEARING e T i3l 2
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R-09-001

POST MILES . |SHEET] TOTAL
DIST| COUNTY ROUTE TOTAL PROJECT | No |SHEETS
04 son 101 7.4/8.1

REGISTERED CIVIL ENGINEER  DATE

%H CPT-09-003 PLANS APPROVAL DATE
A-09-005 THE STATE OF CALIFORNIA OR ITS OFFICERS
OR ACENTS SHALL NOT BE RESPONSIBLE FOR
THE ACCURACY OR COMPLETENESS OF ELECTRONIC
COPIES OF THIS PLAN SHEET.
"ORH" LINE ALAMEDA COUNTY TRANSPORTATION | URS CORPORATION
' ' ' ' ' ' . IMPROVEMENT AUTHORITY (ACTIA) | 100 W San Fernando St
c 1333 Broadway, Suite 300 Suite 200
20 2 4 25 6 7 8 Oakiand, CA 94612 San Jose, CA 95113
"o ' 32.9° Lt Sta 24+39.03
! 50 ORH LINE
60 = 60
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, s S
< .
; & o CLAYEY GRAVEL (GC) i b it T
2= ; medium dense; brown; with concrete
50 H- ?gf chuncks and large roots fo 3.5 feet [FILL]. 50
”””””””””””””””””””””””””””””””” T [2012.0k e —
o 0
—° Lean CLAY [CL]; very stiff; brown fo black; moist; some
= CPT-09-003 [2912.0] CRAVELE Uc=1.20 1of (1LY ’ ’
40 = 40
’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’ E L 35700 [3012.0 T At EL. 40.5 ff, with increase in gravel confent. T
1912.0F% Lean CLAY with GRAVEL [CLJ; sfiff; bluish gray; moist [FILL].
30 Faf CLAY [CHJ; stiff; black; molst. 30
e e O 2 2 2 SANDY Tean CLAY (CLJ: very fiff: gray. ]
) ;O»w. - Poorly gmded SAND with GRAVEL [SPJ; very dense; grayish
8 Dry at Time of Drilling brown; frace GRAVEL.
Terminated at El. 27.5
S B (= 05000 _20]
% Hammer Efficiéncy Rafio (ERIJ =%
-
o |10 10
D I N N ]
o
L
0 0
-10 -10
=
-20 -20 -
e Y i
g
-30 -30 0
e A— =
()
—
—
BENCH MARK: =
-40 -40 L
e — 2
NOTE: 1. This LOTB sheet was prepared in accordance B
with the Caltrans Soil & Rock Logging,
Classification, and Presentation Manual (June 2007) o
50 S N 2. Groundugter wos encountered in boring R-09-001,  _~ 20O | <
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Executive Summary

The Sonoma County Transportation Authority (SCTA), in cooperation with the
California Department of Transportation (Caltrans), has proposed the upgrade of the Old
Redwood Highway Interchange along US 101 to relieve congestion on the freeway and
the local transportation system. Improvements proposed for the Project would
accommodate four lanes of traffic with a 12 ft median, class Il bicycle lanes, and
pedestrian sidewalks.

This Location Hydraulic Study evaluates and discusses the potential floodplain impacts
that could result from the construction of the Project. It also proposes measures to
mitigate these impacts.

The Federal Emergency Management Agency (FEMA) Flood Insurance Study for the
City of Petaluma documents a history of flooding events in the Project study area.

FEMA floodplain maps indicate that there are three floodplain zones in the Project limits
associated with Willow Brook Creek that cross the Project limits and Petaluma River,
which is adjacent to the Project. The floodplains are designated as Flood Hazard Areas in
Zones AE, AO, and X. The floodplains delineated on these maps represent the base
floodplains. The base flood is a flood that has a 1 percent chance of being equaled or
exceeded in any given year, and the area inundated by the base flood is the base
floodplain.

The City of Petaluma is currently undergoing a re-study of its floodplain. West
Consultants, Inc (WCI) is performing the re-study, and as this report is being submitted,
FEMA is in the final stages of approving WCI’s study. WCI provided WRECO with
their current results, which include updated base flood elevations (BFEs). The floodplain
delineation within the Project limits is now designated as Flood Hazard Area Zone AE.
WRECO received concurrence from Caltrans to use the BFEs from WCI’s re-study,
pending FEMA approval. On average, WCI’s study indicates the BFEs are 2 ft below the
existing Flood Insurance Rate Maps within the Project area. Based on WCI’s re-study,
the 24-hour 100-yr storm event would not overtop Redwood Highway (US 101).

Improvements proposed for the Project include removing the existing overcrossing and
replacing it with a wider overcrossing, reconfiguring interchange ramps, adding
additional turn lanes, and improving vehicle storage and traffic operations systems at the
ramp. All of these improvements would encroach onto the base floodplain Zone AE, and
loss of floodplain storage is expected. However, measures would be implemented to the
maximum extent practical within the limited right-of-way to recover floodplain storage.

Calculations performed by URS indicated the Project will require 3.84 acre-ft (6,200 cy)
of fill within the floodplain. The Project proposes to excavate 5.76 acre-ft (9,300 cy)
storage volume basins and ditch to mitigate the amount of fill being added in the same
floodplain zone.
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The Project Team will propose drainage design improvements to accommodate increased
peak storm water runoff from the roadway. Appropriate Best Management Practices are
proposed to minimize storm water impacts.

As mentioned previously, the goal of the Project is to improve traffic operations and to
relieve traffic congestion. The Project has considered practicable alternatives to
minimize floodplain impacts while trying to accomplish this purpose.
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LIQUEFACTION ANALYSIS 0 ‘ ‘
Project Replacement of Old Redwood Highway Hammer type : Type Ce Code Ce g 2 4
Project No. 28645097 Donut 0.75 1 3 E g
Boring No. R-09-001 Safety 1 2 3 4 4
Auto 1.33 3 2 10
Borehole Diameter: (inch) (mm) Ce Cg % 12
PGA = 0.53 25-45 65-115 1 1 1 £ 14
My = 71 6 150 1.05 2 g 16
GWT during EQ 3.0 ft 8 200 1.15 3 ;g
Sampler: Symbol  Corr. Factor Rod Length: (feet) (m) Cr 0.0 05 10 15 50 o5
SPT S 1 Default 999 Factor of Safety
Mod.Cal M 0.8 Sampling Method:  Type Cs ———
California C 0.7 Stand 1
Mag. Weighting Factor(CSRwCSRy.7) 0.85 No liners 1.2
Note: F.S. greater than 2 is set to be equal to 2
At Bottom of Layer At Center of Layer Blow Count Corrections Magnitude Scaling Factor Overburden
i i Above GWT?
Layer Number | SO1TYPE [ M Depth Depth . —a 0 fa EQ | Nraw | sampler | NPT | ""*° | Nae, | Gy | Ce | Cs | Cn | Cs | (NDous |CRRYgu - °°"|‘::"°“ FS. | Liquefy? | F.8=10
(USCS) pcf ft m ft m psf psf psf % FC<5%| EQ during EQ|  Critical Lower Upper Middle NCEER NCEER
1 CH 110 5.5 1.68 2.75 0.84 303 0 303 0.996 0.343 1.15 1.20 1.17 1.000 Y 2.00 N 1
2 CL 115 9.0 2.74 7.3 2.21 806 265 541 0.985 0.506 1.15 1.20 1.17 1.000 N 2.00 N 1
3 SP-SM 115 11.0 3.35 10.0 3.05 1,123 437 686 0.979 0.552 14 S 14 10 15.2 1.46 1.33 [ 1.00 ] 0.75 ] 1.00 22 0.241 1.15 1.20 1.17 1.000 N 0.51 Liquef 1
4 CL 115 16.0 4.88 13.5 4.11 1,525 655 870 0.972 0.587 1.15 1.20 1.17 1.000 N 2.00 N 1
5 SP-SM 125 20.0 6.10 18.0 5.49 2,063 936 1,127 0.962 0.607 20 M 16 10 17.2 1.21 1.33 [ 1.00 | 0.85 | 1.00 24 0.262 1.15 1.20 1.17 1.000 N 0.51 Liquef 1
6 CL 115 255 7.77 22.8 6.93 2,629 1,232 1,396 0.949 0.616 1.15 1.20 1.17 1.000 N 2.00 N 1
7 SM 125 26.5 8.08 26.0 7.92 3,008 1,435 1,672 0.938 0.618 24 M 19.2 15 22.6 1.06 1.33 [ 1.00 | 0.95 | 1.00 30 0.459 1.15 1.20 1.17 1.000 N 2.00 N 1
8 CL 115 45.0 13.72 35.8 10.90 4,134 2,044 2,090 0.885 0.603 1.15 1.20 1.17 1.000 N 2.00 N 1
9 SC 120 46.5 14.17 45.8 13.94 5,288 2,668 2,620 0.796 0.553 22 M 17.6 15 20.9 0.85 1.33 [ 1.00 | 1.00 | 1.00 24 0.262 1.15 1.20 1.17 0.967 N 0.54 Liquef 1
10 CL 115 49.0 14.94 47.8 14.55 5,521 2,792 2,729 0.776 0.541 1.15 1.20 1.17 0.961 N 2.00 N 1
11 SM 125 53.5 16.31 51.3 15.62 5,946 3,011 2,935 0.740 0.516 45 S 45 15 49.7 0.81 1.33 [ 1.00 ] 1.00 | 1.00 53 0.459 1.15 1.20 1.17 0.949 N 2.00 N 1
Layer Number Depth to Bot.| Thickness G, u o' fa  [(N1)gocs|Liquefy ?|  Teye  |CSRuers CSRy Volumetric Strain** Settl.
Layer ft psf psf psf NCEER psf Teye/G'o | Teyo/O'o % in
1 5.5 5.5 303 0 303 0.996 0.0 N 103.7 0.343 0.29
2 9.0 3.5 806 265 541 0.985 0.0 N 273.6 0.506 0.43
3 11.0 2.0 1,123 437 686 0.979 22.0 Liquef 378.6 0.552 0.47 1.6 0.38
4 16.0 5.0 1,525 655 870 0.972 0.0 N 510.5 0.587 0.50
5 20.0 4.0 2,063 936 1,127 0.962 23.6 Liquef 683.4 0.607 0.52 1.3 0.62
6 25.5 5.5 2,629 1,232 1,396 0.949 0.0 N 859.6 0.616 0.52
7 26.5 1.0 3,008 1,435 1,572 0.938 30.3 N 972.0 0.618 0.53
8 45.0 18.5 4,134 2,044 2,090 0.885 0.0 N 1260.7 0.603 0.51
9 46.5 1.5 5,288 2,668 2,620 0.796 23.7 Liquef 1450.1 0.553 0.47 1.30 0.23
10 49.0 25 5,521 2,792 2,729 0.776 0.0 N 1475.5 0.541 0.46
[ Total Settlement (inch) = [ 1.24
* Note: The equation used to obtain CRR; 5 is not valid for corrected (N)go higher than 30. According to NCEER 1997, the soil layer with corrected (N4)go higher than 30 blows per foot is unlikely to be susceptible to liquefaction.
** Note: These values were obtained from a chart for estimation of volumetric strain in saturated sands based on a cyclic stress ratio and standard penetration resistance (Tokimatsu and Seed, 1987).
See figure 9.53 from "Geotechnical Earthquake Engineering” by S. Kramer.
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LiquefyPro  CivilTech Software USA  www.civiltech.com

LIQUEFACTION ANALYSIS

Replacement of Old Redwood Highway Overcrossing
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V ﬂ US 101 City of Petaluma Old Redwood Highway Overcrossing Project

A Bridge No. 20-0159 Foundation Investigation Report

EXECUTIVE SUMMARY

The City of Petaluma located in Sonoma County, CA, is proposing to modify the overcrossing at the
Old Redwood Highway at US 101 Interchange. In addition to the Interchange, this project will be
constructing new retaining walls, a soundwall and extending the existing box culverts within the
project limits from Post Mile 7.4 at Station 377+00 to Post Mile 8.1 at Station 439+00 on US 101 north
of Petaluma River.

V&A was retained by the project designer URS Corporation to perform a soil corrosivity survey within
the project limits with regards to the Overcrossing foundation. V&A performed in-situ soil resistivity
testing at 12 locations (two of them specifically for the bridge) and interpreted the field data collected.
In addition V&A interpreted the corrosivity test results from the analytical lab analysis performed by
Cooper Testing Laboratory in Palo Alto, CA, on selected boring samples. The report includes the field
data collected, the test methods used to perform the in-situ soil resistivity, field data analysis,
laboratory analysis and test results, conclusions and recommendations.

In order to determine the soil corrosivity levels from the test results, CALTRANS Memo to Designers
3-1, July 2008 (the Memo), is used. Based on the results obtained and according to the Memo, the
soil samples tested are considered to be non-corrosive to reinforced concrete structures and steel
piles. This conclusion is made based on the values of minimum soil resistivity, pH, sulfates and
chlorides.

The result of the minimum soil resistivity of one boring sample indicates that soil resistivity is well
below 1,000 ohm-cm. According to the Memo, a site is considered corrosive when the soil has a
minimum resistivity of less than 1,000 ohm-cm and either contains a chloride concentration of 500
ppm or greater, or a sulfate concentration of 2,000 ppm or greater. Therefore, this soil is considered
non-corrosive, regardless of the very low soil resistivity test result.

Based on the findings and the Memo, this report makes recommendations for the following:

o,

«» Buried Reinforced Concrete Structures and Cast in Place Piles

< Prestressed Concrete Piles, and

< Steel Piles

VA09-0772 Page 1 of 11
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V ﬂ US 101 City of Petaluma Old Redwood Highway Overcrossing Project

A Bridge No. 20-0159 Foundation Investigation Report

INTRODUCTION

V&A was retained by URS Corporation to perform a corrosion survey on US 101, in Petaluma, CA,
from Post Mile 7.4 at Station 377+00 to Post Mile 8.1 at Station 439+00. The objective of this
investigation was to measure various soil parameters and evaluate the results with respect to
possible levels of corrosion at the site. The soil was tested at depths ranging from 0 to 30.5 meters
below existing grade. This report provides recommendations for corrosion control of structural
foundation materials under consideration for the proposed Old Redwood Highway Overcrossing
Bridge No. 20-0159 Project (Figure 1) on US 101 in Petaluma, CA. The materials being considered
as part of this investigation include buried reinforced concrete, prestressed concrete piles and steel
piles.

The investigation was conducted in accordance with California Department of Transportation’s
Division of Engineering Services, Materials Engineering and Testing Services Corrosion Technology
Branch, Memo to Designers 3-1, July 2008. The Memo considers representative soil or water
samples to be corrosive to reinforced concrete and steel if one or more of the following conditions
exist:

R/

% The chloride concentration is 500 ppm or greater

R/

% The sulfate concentration is 2,000 ppm or greater

R/

s The pHis 5.5 or less

Evaluation of the soil environment was made in terms of potential corrosion damage to concrete and
metal structures.

Soil resistivity measurements were conducted in the field during the initial stages of the work. In
addition, soil samples taken during the geotechnical investigation were provided to V&A for laboratory
testing. The soil sample was analyzed for minimum (saturated) resistivity, as well as for pH, chloride
and sulfate ion concentrations. All of these affect the corrosion rate of buried structures.

The minimum (saturated) resistivity of the soil samples selected from borings ranged from 434 to
3,934 ohm-cm. The soil pH ranged from 7.3 to 8.6. Water-soluble chloride concentration ranged from
less than 2 to 333 mg/kg and water-soluble sulfate concentration ranged from less than 5 to 262
mg/kg. A minimum soil resistivity of less than 1,000 ohm-cm was measured at Boring Location A-09-
111 (Appendix A).

TEST METHODS

When predicting potential corrosion problems associated with a particular type of structure prior to
installation, it is necessary to investigate the soil conditions the structure will encounter. Since
corrosion is an electrochemical process accompanied by current flow, the electrochemical
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characteristics of a soil are of primary importance. Test methods utilized during this investigation
reflect the most practical methods of evaluating corrosivity.

Resistivity is a measure of the ability of a soil to conduct an electric current. The higher the resistivity
the more difficult it is for the soil to conduct current. Resistivity is primarily dependent on the soluble
chemical and moisture content of the soil. Soils with high dissolved ion contents generally have low
resistivity. As moisture is added to soil, its resistivity will decrease as more ions are taken into
solution. The soil resistivity decreases until the maximum solubility of the dissolved ions is reached.
Increasing the moisture content beyond this point increases the soil resistivity by diluting the solution.
Since corrosion rate depends on current flow through the soil, corrosivity normally increases as soil
resistivity decreases.

Soils can contain a wide variety of soluble salts. Therefore, soils with similar resistivities can have
significantly different corrosion characteristics, depending on the ions present. In most soils, the
principal agents of corrosion are the chloride and sulfate ions, as well as pH. Chloride ions break
down the protective surface films on metals and can corrode reinforcing steel in concrete structures.
Sulfates attack the Portland cement in concrete. This is an expansive reaction that disrupts the
concrete matrix and softens the surface. A high bicarbonate ion concentration lowers soil resistivity
and facilitates other forms of corrosion; however, bicarbonate is not corrosive to metals. Soil pH is
another measure of corrosivity. Acid (low pH) soils are corrosive to buried metallic and concrete
structures. Neutral (pH 7) and alkaline (pH greater than 7) soils are passive to metal surfaces;
therefore, corrosion rates become negligible.

Field Soil Resistivity

Field (in-situ) soil resistivity was measured at Locations No. 1 and 2 (Figure 2) along the US 101 City
of Petaluma Old Redwood Highway Interchange Project at the proposed bridge and retaining wall
locations. Locations 1 and 2 were specifically tested for soil resisitivity for the bridge foundation
report. Tables 1 and 2 provide field resistivity data for Locations 1 and 2. Refer to Materials report and
Retaining Wall Foundation report for the complete field resistivity data (12 Locations).

VA09-0772 Page 3 of 11
US 101 Old Redwood Highway Overcrossing - Bridge No. 20-0159 - Draft Foundation Report



"d US 101 City of Petaluma Old Redwood Highway Overcrossing Project
V&A Bridge No. 20-0159 Foundation Investigation Report

Old Redwood
Highway
Overcrossing

Figure 1. Project Site Map* for Old Redwood Highway Overcrossing Foundation Investigation

*www.google.com
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Figure 2. In-Situ Soil Resistivity Test and Boring Locations*

*Locations are approximate, map courtesy of www.google.com
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In-situ soil resistivity measurements were conducted by the Wenner Electrode Method, using an
AEMC Soil Resistance Meter, Model 4500. The Wenner Electrode Method uses four equally spaced
metal pins, driven into the ground in a straight line, as electrodes (see Figure 3).

Soil Resistance

/_ Meter

Pil o, _» P2
cile ®|co

i
24

- »
1 Lt

Equally Spaced Electrodes in
Straight Line

Figure 3. Wenner Four Electrode Method for Soil Resistivity Measurement

An alternating current from the soil resistance meter causes a current to flow through the soil between
the outside electrodes, C1 and C2. Due to the resistance of the soil, the current creates a voltage
gradient, which is proportional to the average resistance of the soil mass to a depth equal to the
distance between electrodes. The voltage drop is then measured across electrodes P1 and P2.
Resistivity of the soil is then computed from the instrument reading according to the following formula:

p=2-7-A-R

Where:

Jo) = soil resistivity (ohm-cm)

A = distance between electrodes (cm)

R = soil resistance, instrument reading (ohms)
V4 = 3.14 (approx.)

Soil resistance is measured with electrodes spaced 0.8, 1.5, 2.3, 3.1, 4.6, 7.6, 15.2, 23.0 and 30.5
meters (2.5, 5, 7.5, 10, 15, 25, 50, 75 and 100 feet) apart. Resistivity values obtained represent the
average resistivity of the soil to a depth equal to the electrode spacing. An additional method of
calculating the soil resistivity using the data from the Wenner Method is the Barnes-Layer resistivity
calculation. The Barnes Layer calculation is used to determine the resistivity of the soil for each soil
layer. While the Wenner Method at 3.1 meters will consider all 3.1 meters of soil below the surface,
the Barnes-Layer method will only consider the resistivity of only the layer of soil between 2.3 meters
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and 3.1 meters below the surface. This method assumes the soil layers are of a uniform thickness
and parallel to the surface, which may not always be true.

The Barnes-Layer method uses the following parameters to calculate layer resistivities:

pb—a = KRb—a and 1 —i _i
R. Ra R
Where:
Poa = Soil resistivity of layer depth b-a (ohm-cm)
a = Soil depth to top of layer (cm)
b = Soil depth to bottom of layer (cm)
Ra = Soil resistance read at depth a (ohms)
Ry = Soil resistance read at depth b (ohms)
Ry.a = Resistance of soil layer from ato b (cm)
K = Layer constant (cm)

2 1i(b-a)

Laboratory Soil Analysis

To supplement the field resistivity test data, soil samples were obtained from Soil Borings R-09-001,
A-09-005, A-09-111 for laboratory soil resistivity analysis (see Table 3 and Appendix 1). The
aforementioned Soil Borings, Samples R-09-001, A-09-005 and A-09-111 were specifically done for
the bridge foundation report. A soil box was used in accordance with California Test Method 643.
This apparatus is shown in Figure 4.

Potential Measured At
Metal Pins

Soil Box “ Current Applied Through
i Metal Plates

Soil Resistance
Meter

Figure 4. Soil Resistivity Measurement Using the Soil Box Method
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This apparatus consists of a small plastic box with metal end plates for passing current through a
tightly packed soil sample. Current is passed through the sample, causing a voltage drop across the
sample. The soil resistivity is measured with a soil resistance meter, similar to the AEMC Model 4500.

Soil resistivity is first measured in the "as received" state. Distilled water is then added to the soil
sample in 10-mL increments. The resistivity is measured after each addition of distilled water. As the
soil sample becomes more saturated, the soil resistivity decreases until the minimum soil resistivity is
reached.

Soil boring samples from this study were forwarded to Cooper Testing Labs, Inc., in Palo Alto, CA, for

minimum resistivity measurement, pH analysis and analysis of water soluble chloride and sulfate ion
concentrations. The analytical procedures followed California Test Methods 417, 422 and 643.

TEST RESULTS

Table 1 and Table 2 list the field soil resistivity measurements and the calculated Barnes-Layer
resistivities. Table 3 lists the minimum resistivities and chemical analyses for the soil boring samples.

Table 1.
Field Soil Resistivity Data, Site 1

Test S Layer
Location* (n?eetp(::]s) I?(?I'S] :ﬁt'(:'r:%' (rrl;gileerrs) Resistivity
No. (ohm-cm)
0.8 883 0-0.8
15 568 08-15 418
2.3 463 15-23 337
3.1 557 23-3.1 1,477
1 North of US 101 4.6 853 3.1-4.6 13,793
7.6 1,494 46-7.6 11,831
15.2 2,107 7.6-15.2 3,572
23.0 2,672 15.2-23.0 5,762
30.5 3,217 23.0-30.5 8,312
*See Figure 2
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Table 2.
Field Soil Resistivity Data, Site 2

Test o L r
oy e elery messtwiy
\[o} (ClaluEein)]
0.8 748 0-0.8
1.5 548 0.8-15 432
2.3 412 1.5-23 276
31 458 23-31 684
2 South of US 101 4.6 623 31-46 2,257
7.6 1,235 46-7.6 2,615
15.2 2,030 7.6 -15.2 5,693
23.0 2,844 15.2 -23.0 14,355
30.5 3,658 23.0-30.5 25,866
Table 3.

Laboratory Soil Resistivity and Chemical Data

Minimum Soil

Chemical Data

Item No. Boring No.* (rlr?StpetPs) Resistivity Sulfate Chloride
(ohm-cm) (mg/kg)  (mg/kg)

1 A-09-005 7.6-8.2 3,934 7.8 <5 19

2 A-09-111 24-3.1 508 8.0 98 59

3 R-09-001 24.4 —25.0 2,312 7.3 <5 69

According to the Memo, the analyzed soil samples at boring locations A-09-005, A-09-111 and R-09-
001 are considered non-corrosive to reinforced concrete and steel structures in regards to the
minimum soil resistivity, pH, chlorides and sulfate.

*See Figure 2
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CONCLUSIONS

% The minimum soil resistivity measured at Boring Location A-09-111, indicates resistivity of
508 ohm-cm. According to the Memo, the minimum resistivity tested at this location indicates
that the soil is non-corrosive. Although the Memo only considers a soil to be corrosive if a
minimum soil resistivity of less than 1,000 ohm-cm is accompanied with either a chloride
concentration of 500 ppm or greater or sulfate concentration of 2,000 ppm, V&A believes that
a soil with only a minimum resistivity of 508 ohm-cm is considered very corrosive to steel
structures and requires corrosion mitigation.

« The minimum soil resistivity measured at Boring Locations R-09-001 and A-09-005, indicates
resistivies greater than 1,0000hm-cm, pH values greater than 5.5, soluble chloride
concentration less than 500 ppm and sulfate concentration less than 2,000 ppm indicating
non-corrosive soil.

¢+ This structure is not within 300 meters (1,000 feet) of salt or brackish water.

RECOMMENDATIONS

The recommendations for each structural foundation material alternative are based on the test data
and a review of the project requirements.

Buried Reinforced Concrete Structures and Cast-in-Place Piles

Buried concrete structures should be constructed of durable concrete as described in ACI Standards
201.2R and 222R. These recommendations include, but are not limited to, the following for
installations in non-corrosive soil:

% The water/cement ratio should not exceed 0.50.
« A minimum concrete cover of 2 inches should be applied over all steel reinforcement.

% Sand and water used in concrete mixtures should contain a maximum of 100 ppm of water-
soluble chloride ions and water-soluble sulfate ions. They should also have a pH in the range
of 6.5 to 8.0. Potable water should be used in concrete mixtures.

Prestressed Concrete Piles

Prestressed concrete piles should be constructed of durable concrete as described in ACI Standards
201.2R and 222R. These recommendations include, but are not limited to, the following:

5

%

The water/cement ratio should not exceed 0.50.

5

%

A minimum concrete cover of 2 inches should be applied over all steel reinforcement.

Sand and water used in concrete mixtures should contain a maximum of 100 ppm of water-
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