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1.0 Introduction

McMuillen Jacobs Associates (MJA) has prepared this foundation report for the Transportation Agency of
Monterey County’s (TAMC) planned State Route (SR) 218 Undercrossing Bridge (bridge) portion of the
Fort Ord Regional Trail & Greenway (FORTAG) Project in Del Rey Oaks, California (Figure 1).

This report summarizes findings of a geotechnical investigation and analyses for the project and provides
geotechnical design recommendations for the planned SR 218 undercrossing bridge at SR 218 Post Mile
Mon 0.921 (the project area). The recommendations presented herein are based on the Bridge General
Plan drawing dated 6/24/22 (General Plan), Foundation Plan drawing dated 1/23/23 from Cornerstone
Structural Engineering Group (Cornerstone), and our interpretation of the geotechnical findings for the
project area that are summarized herein Sections 3.0 and 5.0 herein. In addition to this report, we have
provided two separate and independent reports: a Final Geotechnical Design Report (GDR) for the project
and a Geotechnical Foundation Recommendations Report for Retaining Wall No. 1 (see MJA 2023a and
2023b, respectively).

McMillen Jacobs Associates 1 6231.0 / April 2023
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2.0 Project Description

The project consists of a planned SR 218 undercrossing bridge and a retaining wall connected to the
bridge that extends about 130 feet northeast from SR 218 (Figure 1). A partial summary of project
components is provided in Table 1. A separate discussion of the ground conditions at the planned SR 218
undercrossing was included in the Structure Selection Fact Sheet (MJA, 2021a). Initially, the trail was
planned to cross under SR 218 within a structure to be installed by trenchless or tunneling methods. The
geotechnical investigation that was initially completed for the project was scoped based on that initial
plan. Subsequent to the completion of project borings B-4 and B-5b, it was determined by the design team
that conflicts with existing utilities and elevation requirements for the planned undercrossing would
prevent the installation of an undercrossing structure by trenchless or tunneling methods, and that
therefore, an undercrossing bridge would be necessary (see Section 5.3.1).

The scope of the initial geotechnical investigation for the project included 40-foot-deep exploration
borings (B-4 and B-5b, as described in Sections 3.0 and 5.3) at the planned SR 218 crossing. Boring B-4
was drilled near what is now the southeast corner of the planned bridge and encountered elastic silt and
peat below a depth of 34.5 feet. This type of soil would not have had a significant impact on the originally
planned design for trenchless/tunnel installation of an SR 218 undercrossing structure; however, it does
have an impact on the current design of a deep foundation support for the planned bridge (i.e., driven
piles). Consequently, it was necessary to perform additional deeper subsurface explorations to define the
ground conditions in the project area below that of the peat layer encountered in boring B-4, for the
purpose of designing driven-pile support for the planned bridge.

Four CPTs were planned for the project, one at each planned abutment corner of the bridge, but only two
CPTs could be advanced, both on the south side of the bridge at the locations illustrated in Figure 1. The
two planned CPTs on the north side of the bridge encountered sand consistent with utility backfill in the
hand-auger holes excavated to clear the upper 5 to 6 feet prior to advancing the CPT. For safety, the CPT
contractor’s policy is to not advance CPTs in material that is consistent with trench backfill materials;
consequently, the two planned CPTs on the north side of the bridge were not completed. Project CPT data
is provided in Appendix D.

The current project plans call for the SR 218 undercrossing bridge to span approximately 42.5 feet along
SR 218 (i.e., northwest to southeast) and 57.5 feet across SR 218 (i.e., northeast to southwest; see Figure
1). Elevations and coordinates referred to in this report are based on the 1988 North American Vertical
Datum (NAVD 88) and the 1984 World Geodetic System (WGS 84), respectively.

Table 1. Summary of the Project Components Addressed in this Report

Walking Trail Maximum
SR 218 Stations Length ™ ight

Component ] o
Stations (feet) (feet)

Begin ‘ End

Minimum vertical
200+82 | 201+40 42.5 - clearance of 10.5 feet
for the walking trail

SR 218 104+85 to
Undercrossing Bridge 105+27

(M SR 218 and walking trail stationing based on project drawings by Cornerstone (2022).
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3.0 Geotechnical Investigation

The locations of completed exploration borings and CPTs for the project are shown in Figure 1. Boring
log legends and boring logs for the project are provided in Appendices A and B, respectively, and the
CPT results for the project are provided in Appendix D. Table 2 summarizes information from project
borings and CPTs. The detailed descriptions of the field explorations are provided in the GDR prepared
by MJA (2023a).

Table 2. Partial Summary of Borehole/CPT Data

Songl | NeatyPlamed | Nortinartastng || i | Pepth | conpleton
Elevation (ft) ®

B-4 Bridge 36.593614 | -121.836221 84.5 40 8/2021
B-5a* Bridge; Retaining Wall No. 1 | 36.594007 | -121.836316 95.5 2 8/2021
B-5b Bridge; Retaining Wall No. 1 | 36.593986 | -121.836339 95.5 40 8/2021
CPT-1A®) Bridge 36.593750 | -121.836247 91.5 24 2/2023
CPT-1B Bridge 36.593807 | -121.836247 91.5 63.4 2/2023
CPT-2 Bridge 36.593714 | -121.836211 88.5 66.5 2/2023

@ Locations mapped in Figure 1. Logs and results provided in Appendices B (borings) and D (CPT results). Borings B-1, B-2, and B-
3 were performed in areas away from the planned SR 218 Bridge and Retaining Wall No. 1. Their logs are provided in MJA
(2021b).

@ From Google Earth.

©® Based on a topographic survey by Whitson (2020).

@ Refusal on concrete. Abandoned and relocated to B-5B.

® CPT rig shifted when refusal was encountered on suspected concrete and was abandoned and relocated to CPT-1B.
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4.0 Laboratory Testing Program

Moisture content, unit weight, Atterberg limits, grain size, unconfined compression, soil corrosion, and
direct shear tests were performed on ground samples retrieved from project borings. The results of the
tests are summarized in the boring logs provided in Appendix B, and in laboratory test results provided in
Appendix C.
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5.0 Geotechnical Conditions
5.1 Geology

The project area is located within the Coast Ranges Geomorphic Province; a province is characterized by
northwest-trending mountain ranges and valleys that run subparallel to the trend of the region’s fault
zones. The region’s fault zones are summarized in Section 5.7.3. The Coast Ranges generally consist of
Mesozoic and Cenozoic sedimentary strata overlain by alluvium. Geology maps of the region have been
completed by several authors (e.g., Hartwell et. al., 2016; Dibblee and Minch, 2007; Clark et. al., 1997;
Dupre 1990; Dibblee et al., 1974), including those provided in Figures 2.1 and 2.2.

The planned SR 218 Undercrossing Bridge and the portion of planned Retaining Wall No. 1 that will be
connected to the bridge are mapped to be underlain at the ground surface by Holocene-age alluvial
deposits of unconsolidated gravel, sand, silt, and clay that were likely deposited by the nearby Laguna Del
Rey Creek. The remaining portion of the Retaining Wall No. 1 is mapped to be underlain at the ground
surface by Holocene-age alluvial fan deposits and highly weathered Miocene-age Monterey Formation.
The Monterey Formation includes calcareous to siliceous claystone, siltstone, and sandstone; porcelanite;
chert; diatomite; and bentonite.

Debris flows are a common form of slope failure in Monterey County; however, no evidence of landslides
or debris flow instability was observed in the project area during our geotechnical investigation, and there
are no known landslides or debris flow instabilities recorded for the project area in the U.S. Geological
Survey’s Landslide Inventory database.!

Peat was logged at a depth of 37 feet in boring B-4. Peat is a soil type that contains a high percentage of
organic matter. The peat encountered in boring B-4 is most likely from organic matter that accumulated in
historical meanders of Laguna Del Rey Creek.

5.2 Surface Conditions

Land use near the project area consists of roadways, commercial and residential properties, and
recreational and preservation areas. Surface conditions at the planned bridge and retaining wall consist of
a paved roadway and vegetation (see Figures 1, 3, and 4). The vegetation along the planned retaining wall
predominantly consists of trees and shrubs. Overhead power lines run parallel to the northeast shoulder of
SR 218.

Based on the topographic survey map by Whitson Engineers (2020) provided in Figure 4, SR 218
embankments at the location of the planned bridge are steeper on the northeast side and flatter on the
southwest side. As indicated in Figure 1, a retaining wall will be constructed along the slope located
northeast of the planned bridge. This slope has a gradient of less than 1.5H:1V, and heights between 5 and
12 feet.

1 https://usgs.maps.arcgis.com/apps/webappviewer/index.html?id=ae120962f459434b8c904b456¢82669d
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5.21 Near Surface Soil Mapping

Near surface soils in the project area are mapped and described in Figure 3. The planned bridge and
retaining wall are mapped to be in Rindge muck. As indicated in Figure 3, Rindge muck is classified by
the U.S. Soil Conservation Service as Peat. Areas mapped as Rindge muck have a seasonal high-water
table between 0 and 6 feet below ground surface. Risk of corrosion in Rindge muck is high in uncoated
steel and moderate in concrete. Data from CPT-1B and CPT-2 suggest the presence of this peat layer at a
depth between 35 and 50 feet (i.e., where the CPT cone and sleeve resistances are nearly zero).

53 Subsurface Conditions
5.3.1 Existing Subsurface Utilities

The approximate location of existing utilities mapped in the project area are shown in Figures 4 and 5.1,
and include the following:

= 4" X2 AT&T lines (to be relocated during the project)

= 2" AT&T line (to be relocated during the project)

= 8" W (water pipeline, to be relocated during the project)

= 16" W (water pipeline, to be relocated during the project)

= 4" G (gas pipeline, to be relocated during the project)

= 16" SD (storm drain pipeline, to be removed during the project)

= 12" SS (sanitary sewer pipeline, to remain during the project)
There may be other utilities in the area that are not shown in these figures. Except as noted in this report,
we have no firsthand information as to the size and shape of the excavations that were performed to install
utilities in the project area (e.g., with vertical and/or side-sloped sidewalls), nor for the material that was
used to backfill the excavations—including materials used as a foundation for and below the utility, for

embedment used immediately around the utility, and for backfill above the utility and below the pavement
surface.

Overhead utilities are also present at the site along the north shoulder side of SR 218.

5.3.2 Project Borings and CPTs

The location of borings and CPTs completed for the project are mapped in Figure 1, and schematic
subsurface profiles of the project are provided in Figures 5.1 through 5.3. Boring log legends and the logs
of the borings are provided in Appendix A and Appendix B, respectively, and CPT results are provided in
Appendix D. A partial summary of information from the project boring logs and CPTs is provided in
Table 3 and Table 4, respectively.
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Table 3. Partial Summary of Information from Project Borings

BGS Depth® (ft) Bedrock or
(4) (5)
Boring® to GW UGSCS SPT® (N) (?(uf Notes®
Total (Seep) | Interval (ft) rogpl (ksf)
/ Level Symbo
0-16 SMISC 5,7 - fill in upper &’
16-17.5 ML 4 - W =43, Ya = 74 pcf
17.5-23.5 SM/SC 9 -
B-4 84.5 40 | (10)/31.0 | 23.5-25.5 CL/CH - -
25.5-34.5 SP-SM 12,20 -
34.5-37 MH - - diatomite/bentonite (?)
37-40 MH & PT 4 - LL =112, PI =42
B-5a 95.5 5 NE 0-2 sp i ) refusal in fill on concrete &
metal
0-3 SM - - fill
- concrete in fill from 10.5 to
3-12 SP-SM/SP-SC 4 12 feet that was eventually
B-5b 95.5 40 26.0 bypassed
12-32 SMISC 3,4,4,5 - We = 78, Ya = 52 pcf
(tuffaceous)
32-40 MH & Bedrock 26, 27 0.4 Monterey Formation (?)

@ Drilled in August 2021. See Figure 1 for mapped boring locations. See logs and lab test results in Appendices B and C.
@ Ground surface elevation from Whitson (2020).

® BGS = below ground surface. GW = groundwater. NE = not encountered. Groundwater seepage depth during drilling and
groundwater level depth measured in boring at time of backfilling, not necessarily the static groundwater level depth.

@ Unified Soil Classification System (USCS) and group symbol defined in Appendix A.
® N = greatest ASTM D1586 Standard Penetration Test Blow Count for interval. Qu = unconfined compressive strength.
® W, = moisture content. Y4 = dry density.

Table 4. Partial Summary of Information from Projects CPTs

Top BGS Depth @ (ft)‘ 3 3
. Soil Behavior Type
Elevation (SBT) @ yp Notes®
(ft) @ Total ‘ to GW ‘
. CPT rig shifted when refusal was encountered on
CPT-1A 90.0 2.38 NE sands, sand mixtures g
suspected concrete and had to be abandoned
Refusal on concrete at ~11 feet, punched through
. . concrete and advanced to refusal N60 value
sand mixtures, silt . e .
CPT-1B 91.5 63.4 17.6 . ranging from 1 to 70 bpf. Sensitive fine grained
mixtures, sands, clays . :
layers about 2 to 6 feet thick, prominent layer 35 to
50 feet bgs.
sand mixtures. sands N60 value ranging from 1 to 66 bpf. Sensitive fine
CPT-2 88.5 66.5 14.6 o ' "| grained layers about 2 to 6 feet thick, prominent
silt mixtures, clays layer 35 to 50 feet bgs.

@ performed in February 2023. See Figure 1 for mapped CPT locations. See CPT results in Appendix D.
@ Ground surface elevation from Whitson (2020).
©® BGS = Below ground surface. GW = Groundwater. NE = not encountered.
@ SBT scatter plots provided in Appendix D.
® N60 = SPT N value at 60% energy calculated from g/N ratios assigned to each SBT zone using Robertson and Wride (1998).

bpf = blow per foot.

McMillen Jacobs Associates
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5.4 Groundwater Level

The depth to groundwater measured and logged in project borings during and immediately after their
drilling (see logs of borings in Appendix B) is summarized in Table 5. The groundwater level estimated
from project CPTs is also summarized in Table 5, and is based on the shallowest pore pressure dissipation
tests results performed in and during the CPTs.

The project CPTs were performed in February 2023, and therefore the groundwater level estimated in the
project CPTs is during a rainy, winter-time season as compared to a dry summer-time season like that
when the project borings were completed in August 2021. The depth to the groundwater level at the
project site during project construction will vary relative to changes in seasons (i.e., rainfall), elevation,
topography, and the proximity of drainageways, water bodies, and dewatering activities (e.g., wells). The
depth to groundwater typically shallows during the rainy season as it collects in areas of low elevation
and basinal topography (e.g., Laguna Del Rey and the Frog Pond) and near drainageways (e.g., Laguna
Del Rey Creek). Areas of shallow perched groundwater (i.e., groundwater located above the elevation of
static groundwater levels) may exist in the project area, including that which could be trapped within
porous and permeable import materials (e.g., drain rock) that were used to backfill existing parallel or
crossing utility excavations.

Based on groundwater elevations encountered in the project borings and CPTs, groundwater table
elevation of +74 feet should be considered for design purposes.

Table 5. Measured Groundwater Level Depth or Piezometric Elevation in Project Borings and CPTs

Groundwater Level Depth or
Boring/ Ground Surface Piezometric Elevation ® Date Measured

CPT® Elevation (ft) @ Depth BGS (feet) Elevation (feet) (e
B-4 84.5 31.0 53.5 8/2021
B-5a 95.5 NE NE 8/2021
B-5b 95.5 26.0 69.5 8/2021

CPT-1A 90.0 2.4 NE 2/2023

CPT-1B 91.5 17.6 74.0 2/2023

CPT-2 88.5 14.6 74.0 2/2023

@ See map of boring and CPT locations in Figure 1, and logs of borings and CPT results in Appendix B and
Appendix D, respectively.

@ Ground surface elevations from Whitson (2020).

©® NE = not encountered. BGS = below ground surface.

5.5 Scour Data

The bridge does not span a watercourse, therefore there is no scour potential.

5.6 Corrosion Evaluation

As is indicated in Figure 3, native soils in the project area have low to high corrosivity potential. We had

tests for corrosivity performed on one soil sample obtained during the subsurface exploration for the
project. The results of the corrosivity tests are provided on Table 6 and in Appendix C. Based on the
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criteria provided in Caltrans corrosion guidelines (Caltrans, 2021), the results of that test indicate that the
sampled soil does not meet the definition of a corrosive environment.

Table 6. Soil Corrosion Test Summary

) Minimum Chloride Sulfate
Elevation L
Resistivity Content Content
(feet)
(Ohm-cm) (ppm) (Ppm)
B-4 74 1908 7.1 29 417
5.7 Seismic Information
5.71 Site Seismic Parameters

Based on the Vs30 map prepared by Branum et al. (2016), the average shear-wave velocity for the upper
30 meters (98 ft) of ground (Vszo) at the project site is approximately 1,150 ft/sec (Figure 6). However,
Vs30 value at the project site determined using the project CPT data and All Soils method provided in
PEER Guidelines (Wair et al., 2012) was approximately 720 ft/sec, which is significantly lower than the
mapped Vs30 value. Therefore, Vs30 of 720 ft/sec, which is consistent with a seismic Site Class D (see
Table 7) was used for the design purposes to be conservative.

Table 7. Seismic Site Classification

Seismic Site Average Shear Wave Velocity Generic Description®
Class® for the Upper 30 Meters of Ground (Vsao) @

A > 5,000 Hard rock

B > 3,000 to 5,000 Medium hard rock

BC > 2,100 to 3,000 Soft rock

C > 1,450 to 2,100 Very dense sand or hard clay
CD > 1,000 to 1,450 Dense sand or very stiff clay

D > 700 to 1,000 Medium dense sand or stiff clay
DE > 500 to 700 Loose sand or medium stiff clay
E > 500 ft/s Very loose sand or soft clay

O Modified from ASCE 7-22 Table 20.2.1.

5.7.2 Ground Motion Parameters

Design ground motion parameters for the project are provided in Table 8 and in Appendix E. These
parameters were determined based on Caltrans’ Design Acceleration Response Spectrum Module (version
3.0.2; Caltrans, 2020a).
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Table 8. Caltrans-Based Ground Motion Parameters

Design Ground Motion Parameters®

Sl PRI (Return Period = 975 years)

Project ; .
Component Location Mean Mean Site-to-

= -~ Shear-Wave  Horizontal Earthquake Fault Source
Latitude Longitude Velocllty Peak lGI’OL.Jnd Moment Bisieres
(degrees) (degrees) Vsso(m/sec) Acceleration Magnitude

STA 201+75 36.5937 -121.8362 360 0.49¢g 6.75 26.4
@ Based on Caltrans web tool ARS Online (Version 3.0.2): https://arsonline.dot.ca.gov/.

5.7.3 Fault Rupture

Major plate boundary faults and lesser-known smaller faults near the project area are shown in the U.S.
Geological Survey’s Fact Sheet 2016-3020 provided in Figure 7. The nearest Alquist-Priolo Earthquake
Fault Zone to the project area is for the San Andreas Fault, located approximately 25 miles to the north
and east (see Figure 7 and CGS 2018). Figure 7 shows that the Reliz Fault (Fault No. 27 in Figure 7) is
located several miles to the northwest of the project area, and that the Monterey Bay-Tularcitos Fault
(Fault No. 29 in Figure 7) is located 1% miles southwest of the project area. Neither the Reliz Fault nor
the Monterey Bay-Tularcitos Fault are associated with an Alquist-Priolo Earthquake Fault Zone (CGS
2018).

As is shown in Figure 2.1, the Chupines Fault and the Seaside Fault have been mapped as concealed
faults (i.e., fault traces that have been covered by younger unfaulted material, and therefore not presently
visible at the ground surface) that have been inferred by some mappers (e.g., Hartwell et. al., 2016) to
occur between the Reliz Fault and the Monterey Bay-Tularcitos Fault, and near the project area. The
inferred location of the Seaside Fault is mapped in Figure 2.1 to be more than 1,000 feet northeast of the
project area. The inferred location of the Chupines Fault is mapped in Figure 2.1 to be less than 1,000 feet
from the project area. However, the location of the Chupines Fault, if it indeed exists near the project
area, is concealed by manmade fills and alluvium.

Clark et al. (2000) argues for possible Holocene activity of the western offshore extension of the
Chupines Fault in Monterey Bay based on (1) assertions that the Chupines Fault cuts Holocene deposits
and the sea floor in the bay (McCulloch and Greene, 1989), and (2) the location of historic offshore
earthquake epicenters in proximity of the general fault trend (e.g., see Figure 8). However, the U.S.
Geological Survey identifies the Chupines Fault only as Quaternary; one with displacement within the
last 1.6 million years (Bryant 2001). The California Geological Survey and the State of California does
not classify the Chupines Fault as Holocene-active, and the Chupines Fault is not associated with an
Alquist-Priolo Earthquake Fault Zone (see Bryant 1985, and CGS 2018).

574 Liquefaction

Liquefaction develops when cyclically induced ground stresses increase pore water pressure within soil to
sufficient levels that the soil loses shear strength and liquefies. Construction vibrations and ground
shaking can cause liquefaction. Liquefied soils densify (settle) as pore pressures decrease to static levels
and soil particles reconfigure into a denser packing. The extent or degree of liquefaction depends on (1)
the distribution of cohesionless sediments (gravels, sands, and very low-plasticity silts) within the deposit,
(2) a sufficiently high-water table for the sediments to be saturated, and (3) age of the deposits since the
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sediments become more resistant with age (Idriss and Boulanger, 2008). The most susceptible soils of the
project area are fills, and recent alluvial and marine deposits.

A liquefaction potential map of the project area from Dupre (1990) is provided in Figure 9. The area of
high susceptibility liquefaction appears to coincide with the area mapped as Rindge muck soil, as
described in Section 5.2.1 and in Figure 3. The Dupre (1990) map shows that the bridge is located in an
area mapped as having high liquefaction susceptibility. No liquefaction-related ground effects from
historical earthquakes have been mapped specifically in the project area; however, ground settlement
from liquefaction during earthquakes in the region has been mapped to have occurred about 1.5 miles
northwest in Laguna Del Rey (Youd and Hoose, 1978; Tinsley et al., 1990).

The borings drilled in the vicinity of the project area only provide subsurface information to 40 feet below
ground surface. In order to perform a detailed analysis to evaluate liquefaction potential in the project
area, CPTs were pushed to refusal (see final depths in Table 2). A numerical analysis (model) of
liquefaction triggering was performed with data from the CPT using CLiqg v.3.0 (GEOLOGISMIKI,
2007). Input for the model included soil parameters, soil layer thicknesses, earthquake magnitude, peak
ground acceleration, and assumed groundwater depth below the surface from recent CPTs as summarized
in Table 9.

Table 9. Summary of Liquefaction Input Parameters

Peak Ground
Acceleration,
PGA

sumed Groundwater Depth| Earthquake
during Earthquake® (ft) Magnitude (M)

Exploration® o=

CPT-1 175

6.81 0.5g
CPT-2 14.5

@ See Table 2 for summary of CPT.
@ Using a high winter time groundwater level, which is conservative relative to summer time
levels reflected in the borings.

Based on liquefaction evaluation guidelines provided in Caltrans Geotechnical Manual (Caltrans, 2020c),
the liquefaction analysis procedure from Youd and Idriss (2001) was used. The data obtained during the
CPTs were correlated with lab testing results from project borings for fines content and relative density
(SPT “N” blow counts) measurements. The CPT-based analysis results are provided in Appendix F and
summarized in Table 10. The factor of safety against liquefaction is plotted in Figures 5.1 and 5.2. The
results of CPT-based analysis of both CPT-1 and CPT-2 determined that potentially 5 inches of settlement
could occur during a magnitude 6.81 earthquake.

Table 10. Summary of CPT-based analysis results

Approximated

Layer Thickness Estimated Seismic-induced

Liquefaction Elevation

(feet) Settlement (inches)
(feet)
741072 2
CPT-1B 5.13
67.5 to 65.5 2
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Approximated : . .
Layer Thickness Estimated Seismic-induced

Liguefaction Elevation

(feet) Settlement (inches)
(feet)
60 to 51 9
39.51t0 28.5 11
7410 70.5 35
60.5t0 51.5 9
CPT-2 4.95
35.5t032.5 3
28.5t0 25.5 3

5.7.5 Liquefaction-Induced Lateral Spreading

Lateral spreading is caused by the accumulation of incremental displacements towards a geologic free
face (e.g., slope downgradient of the bridge) that develops within liquefied soil under cyclic loading.
Depending on the number and amplitude of stress pulses, lateral spreading can produce displacements
that range from a few inches to tens of feet. As indicated in Section 5.7.4, no liquefaction-related ground
effects from historical earthquakes have been mapped in the project area. The groundwater elevation at
the project site during the modeled earthquake used for the liquefaction analysis is assumed to be the
groundwater elevation encountered in the recent CPTs at approximately El. +74 feet, which is below the
bottom of the free face elevation (EI.+80 feet) at the bridge location. However, multiple liquefiable soil
layers a few feet thick were encountered within a depth of 1.2H from the bottom of the slope (where H is
the height of the slope), and therefore multiple failure surfaces were considered within this depth range,
per Figure 2 in Caltrans Memo to Designers (MTD) 20-15 (2017).

The side slopes across the bridge are approximately 15 feet high. As explained above, failure surfaces
within liquifiable layers were considered down to El. 60 (1.2H below the bottom of the slope). According
to Caltrans Memo to Designers (MTD) 20-15 (2017), pseudo-static slope stability analysis was performed
using liquefied conditions parameters for liquefiable layers provided in Table 11. Residual shear strength
(Sr) values used in the analysis for liquefiable layers were calculated from the results of the CPT
investigation following Equation 82 from Boulanger and Idriss (2014). S, values were also calculated
following Equation 1 in Caltrans MTD 20-15 for the SPT-based investigation but were slightly higher
than the CPT-based approach. As such, the CPT-based S values were used out of conservatism. The
search limits for the critical failure surface were limited to extend laterally no more a distance of 4H from
the top of the slope, and vertically to no more than 1.2H depth from the bottom of the slope, per Figure 2
in Caltrans MTD 20-15. The methodology followed the procedure outlined in the example problem in the
Caltrans Geotechnical Design Manual (Caltrans, 2020b) and using the software program Slide 2
(Rocscience, 2022).
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Table 11. Soil Parameters for Pseudo-Static Slope Stability Analysis

U Shear Strength Parameters
Elevation . .
(feet) el e Weight, ¥ Friction Angle, ® Cohesion or Undrained
(pcf) (degrees) Shear Strength, Sy or Sr (psf)
93.0-74.0 Sand 100 30 c=0
Sr=171
74.0-70.5 Sand (Liquefied Layer) 105 D=0 Sr=145
r =59
70.5-67.5 Clay 97 ®y=0 Su =650
r =251
67.5-65.5 Sand (Liquefied Layer) 115 dy=0 r =217
r =103
65.5-60.5 Clay 105 =0 Su =500
r =377
60.5-51.5 Sand (Liquefied Layer) 115 Oy=0 r =336
r =196
51.5-39.5 Clay 95 D=0 Su =400
r =693
39.5-28.5 Sand (Liquefied Layer) 115 Oy=0 r =635
Sr=444
Below 28.5 Sand 125 35 c=0

The first step was running a pseudo-static slope stability analysis with no horizontal seismic coefficient
(kn) applied. Results showed the Factor of Safety of greater than 1.0, meaning that down to a depth of
1.2H below the slope is not susceptible to liquefaction-induced flow failure. The next step is identifying
whether any liquefaction-induced slope failure is likely under seismic loading. This consisted of running a
pseudo-static slope stability analysis with a k, of 0.5g, the design peak horizontal ground motion per
guidelines provided in Caltrans Geotechnical Manual for Liquefaction-Induced Lateral Spreading
(Caltrans, 2021e). Results showed the Factor of Safety is greater than 1.0 for liquefiable layer at EI 66.5,
meaning that the abutment is not susceptible to lateral spreading hazard due to the liquefaction at El 66.5
layer. However, the Factor of Safety for liquefiable layer at EI 72.25 was slightly less than 1.0, meaning
that there is a potential for slope failure under seismic loading from EI 72.25 failure plane. Therefore,
stability analysis was performed on another scenario where the slope in front of the abutment and the bike
trail were backfilled using Class 2AB. Result showed that the Factor of Safety for this scenario is greater
than 1.0, meaning the potential for slope failure under seismic loading can be mitigated by using Class
2AB as a backfill material for the slope in front of the abutment and the bike trail. Therefore, the backfill
in front of the abutment should follow the recommendations provided in Section 6.3.2. The results for the
stability analyses from Slide 2 program are summarized in Table 12 and presented in Appendix G.
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Table 12. Summary of Liquefaction-induced Lateral Spreading Assessment Result

Scenario

Failure

Type

Liquefiable
Layer
Elevation (ft)

Resistance, Riot

Factor of

SEEY

Required
Factor of
Safety

Liquefied Condition with Block
. 72.25 1.082 1.0

kn=0 Failure

Liquefied Condition with Block
) 66.5 1.229 1.0

kn=0 Failure

Liquefied Condition with Block
) 72.25 0.975 1.0

kn = 0.5g Failure

Liquefied Condition with

Block
kn = 0.5g ) 72.25 1.203 1.0

. Failure

Class 2AB Backfill

Liquefied Condition with Block
) 66.5 1.376 1.0

kn = 0.59 Failure

McMillen Jacobs Associates
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6.0 Geotechnical Recommendations

Recommendations provided herein are intended for design and construction of the bridge in a safe and
economic manner, and to ensure the completed project’s useful long-term function. Contractors
constructing the project are responsible for:

=  Reviewing the project GDR and this foundation report
= Supplementing findings of the project GDR with their own investigations
= Interpreting findings from the project GDR and their own investigations

= Selecting and implementing appropriate construction means, methods, and monitoring

Contractors should be required to successfully construct the project design in a safe manner and such that
no existing structure, improvement, or utility becomes damaged during or because of the work required to
construct the project.

The SR 218 undercrossing bridge will be supported on 16-inch-diameter (1/2-inch wall thickness), open-
ended, steel pipe piles (i.e., Caltrans Class 200 “Alt W” piles) to mitigate the liquefaction-induced
settlement. Driven pile foundations designed herein are based on the subsurface conditions provided in
Section 5.0, especially the CPTs performed in February 2023. CPTs (i.e., CPT-1 and CPT-2) were pushed
to elevation 28 feet and 22 feet, respectively, where they hit refusal. Therefore, the minimum design
values from the last 5 feet of CPT data were extrapolated down for design of the pile sections below

El. 22 feet.

6.1 Driven Pile Foundations

The single-span bridge will be supported by two bridge abutments, and each abutment will be supported
on 32 piles. The minimum center-to-center pile spacing is 6.5 feet (i.e., about 4.9B), which exceeds our
minimum 3B center-to-center pile spacing recommendations. Per Caltrans MTD 3-1 (Caltrans, 2014), pile
design was completed using LRFD methods in accordance with the California Amendments to the
American Association of State Highway and Transportation Officials (AASHTO) LRFD Bridge Design
Specifications (BDS) with California Amendments (Caltrans LRFD BDS) (Caltrans, 2019). Foundation
design information provided by the structural designer (SD) is summarized in Table 13 and Table 14.
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Table 13. Foundation Design Data Sheet

Finished Permissible

Pile Cap Size

Cut-off Number of
Support No. Pile Type ElGrad_e Elevation (sl Se“'e”.‘e”‘ under Piles per
evation (feet) Service Load Support
(feet) (inches)
Abutment 1 16" Driven Steel Pipe - 80.5 8.33 62.33 2.0 32
Piles (Caltrans Class
Abutment 2 200 "Alt W") - 80.5 8.33 | 62.33 2.0 32

Support

Table 14. Foundation Factored Design Loads

Service-l Limit State (kips)

Strength/Construction Limit State
(Controlling Group, kips)

Extreme Event Limit State
(Controlling Group, kips)

No. Total Load Compression Tension Compression Tension
Permanent
Per Max Per Loads Per Max Per Max Per Max Per Max
Support Pile Support | Per Pile | Support Per Pile Support | Per Pile Support Per Pile
Abut 1 1,440 80 1,250 1,940 110 - 25 1,250 120 0 45
Abut 2 1,440 80 1,250 1,940 110 - 25 1,250 120 0 45
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6.1.1 Axial Pile Resistance

Axial pile resistance was calculated using CPT-based procedures (Eslami and Fellenius Method and
Nottingham and Schmertmann Method) presented in the FHWA Design and Construction of Driven Piles
Manual (FHWA, 2016). The CPT data were obtained during our recent investigation completed near the
proposed SR 218 undercrossing bridge. The axial pile analysis results from Eslami and Fellenius Method,
which give more conservative values, for both Strength Limit State and Extreme Event Limit State are
presented in Appendix H. Axial pile capacity of the piles for Strength Limit State design is mainly
derived from frictional interaction between the pile surface and the surrounding soil (i.e., skin friction).
The end bearing at the pile tip was ignored for Strength Limit State design since the pile tip is within
highly weathered Monterey Formation.

Due to potentially liquefiable soils and anticipated liquefaction-induced settlement discussed in Section
5.7.4, our analyses considered the effect of downdrag in addition to the structural demand for the Extreme
Event Limit State design. Downdrag is the phenomenon in which the pile foundation is subjected to
negative/downward skin friction as a result of downward movement/settlement of the ground surrounding
the pile. Post-liquefaction residual shear strengths using methods by Boulanger and Idriss (2014) were
used for the liguefiable soils, and the full shear strengths were used for the nonliquefiable soil layers to
calculate the downdrag loading in accordance with Caltrans liquefaction-induced downdrag manual
(Caltrans, 2020d). Downdrag load considered in the Extreme Event Limit State design is summarized in
Table 15. Axial pile capacity of the piles for Extreme Event Limit State design is primarily derived from
frictional interaction between the pile surface and the surrounding soil (i.e., skin friction). Approximately
one-third of the nominal axial pile resistance is derived from end bearing at the pile tip. Our analysis
conservatively assumed that a soil plug will not develop during driving, thereby limiting the end bearing
area to the area of the steel instead.

The design recommendations for the SR 218 undercrossing bridge pile foundations are presented in Table
16.

Table 15. Extreme Event Limit State Design with Downdrag

Downdrag Estimated Required Compression
Support No. Pile Type Zone Bottom Downdrag Load Resistance with
Elevation (ft) (kips/pile) Downdrag (kips/pile) ®
Abut 1 16” Driven 36 110 150
Steel Pipe
Abut 2 Piles 36 110 150
@ Combination of the maximum possible liquefaction-induced downdrag load and the ever-present permanent
load.
A
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Table 16. Foundation Design Recommendations

Service-l Limit State )
Load per Support Total Required Nominal Resistance (kips) » Required
(kips) " . . Specified Nominal
Permissible Design Tip : L
Tip Driving
Elevation Resistance @

Support  Pile | Cut-Off

Support Elevation @

N, Type | El. (it) Settlement Strength Limit Extreme Event (ft) .

i (f) (kips)
Comp. | Tension Comp. Tension

($qs=0.7) (9as=0.7) (as=1)  (¢as=1)

Total Perm

26.5 (a-)®
30.5 (b-1)
Abut 1 ., | 8050 | 1440 1250 2.0 160 40 120 50 22.5 (a-ll) 225 210
16
Driven 48.5(b-11)
TBD (d)
Steel
o 265 (a-l)
\pe 30.5 (b-I)
Abut2 | P18 | gos0 | 1440 1250 2.0 160 40 120 50 22.5 (a-1l) 22.5 210
48.5(b-11)
TBD (d)

@ Design tip elevations are controlled by the following: (a-I) Compression (Strength Limit); (b-1) Tension (Strength Limit); (a-1l) Compression (Extreme Event); (b-Il) Tension
(Extreme Event); and (d) Lateral Load (design tip elevation for lateral load was determined to be 29 feet for both abutment by SD).

@ Nominal driving resistance estimated based on the pile tip elevation determined in Extreme Event Compression Loading Case (a-ll).

@ Pile tip resistance was not considered for (a-1) Compression strength limit design since the pile tip is within highly weathered Monterey Formation.
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6.1.1 Foundation Settlement

The total long-term service settlement of the abutments supported by on sixteen driven piles specified in
Table 13, founded at specified tip elevation of 22.5 feet, and subjected to the total design load of about
80 Kips per pile is calculated to be less than the specified permissible settlement under service load

(2 inches) provided in Table 13. Differential settlement between the two abutments may be taken as

0.5 inch. The estimated total foundation settlement will likely occur immediately upon loading after the
completion of the foundation installation since the piles are embedded in sand with thin layers of clay.

6.1.2 Lateral Pile Analysis Parameters

The lateral pile capacity analysis will be performed by the SD using the software program LPILE by
Ensoft. Table 17, Table 18, and Table 19 present our recommended LPILE parameters for static loading
conditions, as well as for two seismic loading cases: (1) Using post-liquefaction residual shear strengths
(Boulanger and Idriss, 2014) for the liquefiable soils, and (2) using p-multipliers to account for post-
liquefaction strength loss in the liquefiable soils (Caltrans, 2012).

Table 17. Recommended LPILE Parameters — Static Conditions

Depth Effective Friction Undrained
below Elevation LPILE Soil Unit Angle, Shear K value
Pile Head (feet) Type/Model Weight P (°) Strength, (pci)
(feet) (pcf) Su (psf)
Sand (Reese et
0-6 80.0-74.0 100 30 - 25 -
al., 1974)
Sand (Reese et
6-7.5 74.0-72.5 43 30 - 20 -
al., 1974)
Soft Clay
7.5-19.5 72.5-60.5 38 - 650 - 0.02
(Matlock, 1970)
Sand (Reese et
19.5-31.5 | 60.5-48.5 55 30 - 60 -
al., 1974)
Soft Clay
31.5-445 | 48.5-355 38 - 400 - 0.02

(Matlock, 1970)

Sand (Reese et
> 445 Below 35.5 63 35 - 60 -
al., 1974)
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Table 18.

Recommended LPILE Parameters — Seismic Conditions With Residual Strengths

Effective o Undrained .
Depth . ) Friction RESIE
_ Elevation ) Unit Shear K value
below Pile LPILE Soil Type/Model . Angle, . Strength,
(feet) Weight Strength, (pci)
Head (feet) P (°) Sr (psf)
(pcf) Su (psf
0-6 80.0-74.0 Sand (Reese et al., 1974) 100 30 - 25 - -
Soft Clay (Matlock, 1970)
6-9.5 74.0-70.5 . ) 43 - - - 0.02 100
Liguefiable Layer
9.5-12.5 70.5-67.5 Soft Clay (Matlock, 1970) 35 - 650 - 0.02 -
Soft Clay (Matlock, 1970)
12.5-14.5 67.5-65.5 . ) 53 - - - 0.02 200
Liguefiable Layer
14.5-19.5 65.5-60.5 Soft Clay (Matlock, 1970) 43 - 500 - 0.02 -
Soft Clay (Matlock, 1970)
19.5-28.5 60.5-51.5 . ) 53 - - - 0.02 250
Liguefiable Layer
28.5-40.5 51.5-39.5 Soft Clay (Matlock, 1970) 33 - 400 - 0.02 -
Soft Clay (Matlock, 1970)
40.5-51.5 39.5-28.5 . ) 53 30 - 60 0.02 400
Liguefiable Layer
>515 Below 28.5 | Sand (Reese et al., 1974) 63 35 - 60 - -
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Table 19. Recommended LPILE Parameters — Seismic Conditions With P-Multipliers

Effective o Undrained
Depth ) . Friction
_ Elevation _ Unit Shear K value e
below Pile LPILE Soil Type/Model i Angle, . p-multiplier
(feet) Weight Strength, (pci)
Head (feet) P (°)
(pcf) Su (psf
0-6 80.0-74.0 Sand (Reese et al., 1974) 100 30 - 25 - -
Soft Clay (Matlock, 1970)
6-9.5 74.0-70.5 i . 43 30 - 20 - 0.042
Liquefiable Layer
9.5-12.5 70.5-67.5 Soft Clay (Matlock, 1970) 35 - 650 - 0.02 -
Soft Clay (Matlock, 1970)
12.5-14.5 67.5-65.5 i ) 53 30 - 60 - 0.109
Liquefiable Layer
14.5-19.5 65.5-60.5 Soft Clay (Matlock, 1970) 43 - 500 - 0.02 -
Soft Clay (Matlock, 1970)
19.5-28.5 60.5-51.5 ] . 53 30 - 60 - 0.099
Liquefiable Layer
28.5-40.5 51.5-39.5 Soft Clay (Matlock, 1970) 33 - 400 - 0.02 -
Soft Clay (Matlock, 1970)
40.5-51.5 39.5-28.5 ] . 53 30 - 60 - 0.125
Liguefiable Layer
>515 Below 28.5 | Sand (Reese et al., 1974) 63 35 - 60 - -
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6.2 Lateral Earth Pressures for Abutments and Wingwalls

Walls that are not free to deflect should be designed for at-rest condition while the walls that are free to
rotate may be assumed to be flexible for the active condition. The following design criteria apply to the
walls that are a maximum of 15 feet in height with horizontal backfill and have a drainage system
consisting of drain rock with perforated drainpipes or weep holes to prevent hydrostatic pressures that
might be caused by water trapped behind the wall. The contractor can select appropriate geocomposite
material as an alternative drainage system, and it should be placed per the manufacturer’s guidelines. The
walls meeting the criteria described above can be designed for the active and passive earth pressures
provided in Table 20. Where the ground descends immediately below the toe of the structure, apply
passive pressure on the downgradient side of the structure starting at 12 inches below the ground surface
at the toe.

Table 20. Lateral Earth Pressures
Ultimate Static Lateral Earth Pressures® Expressed as

Equivalent Fluid Density (psf/ft in a triangular distribution)

At-rest Pressure 60
Active Pressure 36
Passive Pressure® 550

(@) safety factors should be applied. Assumes structures are less than 15 feet deep. See Section 6.2 for additional
applicable pressures. Pressures were calculated per AASHTO (2017).

@ For passive pressures, a safety factor of at least 2.0 should be applied to avoid the lateral movement of the
structure, which would be necessary to reach full ultimate passive soil strength mobilization. The passive pressures
should not exceed 2,000 psf.

The following modifications to design lateral earth pressures should be made to both at-rest and active
pressures provided in Table 20 where applicable:

= Dynamic pressures (Pe) from seismic shaking: A dynamic earth pressure of P, = 35 x H,
expressed as pounds per square foot, should be applied as a triangular distribution over a depth of
H (where H = depth of wall embedment below grade in feet). The resultant should be applied at a
distance of 0.3H from the bottom of the structure.

= Lateral surcharge from equipment and vehicles (Figure 10), where it exceeds the dynamic earth
pressure.

In addition to passive earth pressures, the sliding friction at the base of concrete structures can be used to
resist lateral loads. The coefficient of friction for the base of concrete foundations on the native soil is
0.25.

6.3 Bridge Construction Considerations

6.3.1 Pile Installation

The 16-inch diameter steel pipe pile will be able to endure some level of hard driving, although the
expectation is that will not be the case based on the ground conditions down to pile tip elevation . If
“refusal” is encountered above the specified tip elevation, center-relief drilling can be used to achieve
deeper penetrations.
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Difficult pile installation is not expected based on our current investigation data. Subsurface conditions on
northeast side of the bridge used for pile design were projected from the data obtained from our
investigations, and there is a potential for encountering Monterey Formation at a shallower depth on the
north side of the bridge. According to Monterey Formation interpreted to have been encountered in our
project boring B-5b, it is classified as very stiff soil or soft rock hardness, which is not anticipated to
result in difficult driving conditions. However, project boring B-5b was terminated at Elev. +55.5 feet,
and because ground conditions from the CPTs and boring B-4 on the south side of the bridge were
extrapolated north across the bridge footprint, the contractor should perform confirming investigations on
the northeast side of the bridge to confirm the in-situ ground conditions.

6.3.2 Backfill

In order to mitigate the potential for liquefaction-induced lateral spreading at the bridge location, the
slope in front of the abutments and two feet below the trail should be backfilled using Class 2 Aggregate
Base (see Section 6.3.3 for Class 2AB requirements). The base of all areas to receive backfill material
should be scarified to a minimum depth of 8 inches, moisture conditioned to a soil moisture content at or
near optimum, and recompacted to a minimum relative compaction of 90% as determined by ASTM
D1557. If surface shrinkage cracks are present, the depth of scarifying and moisture conditioning should
extend to the maximum depth of cracking.

Backfill material should be placed in lifts no greater than 8 inches in loose thickness and be compacted to
a minimum relative compaction of 90% of maximum dry density at a moisture content at or near optimum
as determined by ASTM D1557. The upper 12 inches of ground surface under the trail below the bridge,
backfill material should be compacted to a minimum of 95% relative compaction at a moisture content at
or near optimum.

6.3.3 Caltrans Class 2 Aggregate Base (Class 2AB)

Caltrans Class 2AB uniformly graded to the requirements in Table 21 can also be used as engineered fill
(Caltrans, 2019).

Table 21. Class 2AB

Sieve Size \ Percent Passing
lin. 100
3/4in. 90-100
No. 4 35-60
No. 30 10-30
No. 200 2-9
Requirement \ Limit
Plasticity Index <12
Liquid Limit <30
California Method No. Requirement
Resistance (R-Value) 301 78 min.
Sand Equivalent 217 22 min.
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7.0 Limitations

This report has been prepared for the exclusive use of GHD, and TAMC for the planned SR 218
Undercrossing Bridge of the Canyon Del Rey/SR218 Segment of Fort Ord Regional Trail & Greenway
(FORTAG) project in Del Rey Oaks California, as described herein. Project details referred to herein are
from information provided in the FORTAG Undercrossing at SR 218 drawings prepared by Cornerstone
Structural Engineering Group (2022) and 95% submittal drawings prepared by GHD (2022). We
understand that there will be a planned Retaining Wall No. 2 for the project; however, performing a
geotechnical investigation and providing related design recommendations for Retaining Wall No. 2 are
not part of our scope of work.

Subsurface conditions at and between locations of subsurface exploration for the project (borings and
CPTs) may vary over time from those encountered and logged in the explorations as provided herein (see
Appendices B and D). If the ground conditions that are exposed during construction differ from those
indicated in logs of project explorations as provided herein, then McMillen Jacobs Associates is to be
retained to evaluate the exposed ground conditions and to provide written confirmation or modifications
to the recommendations provided in this report. Studies of the absence, existence, and effects of artificial
contamination (e.g., from leaking underground storage tanks) and natural environmental conditions (e.qg.,
from naturally occurring asbestos) on project construction, if any, are outside of our expertise and are not
part of our scope of services. Any reference in this report to related data is solely provided as a value-
added service. Additionally, the corrosion recommendation provided herein is from limited data, and
therefore, a soil corrosion engineer should be retained to evaluate soil corrosivity relative to design of the
project.

The geotechnical recommendations provided in this report have been formulated in a manner consistent
with the level of care and skill ordinarily exercised by members of the geotechnical profession currently
practicing in the area under similar project constraints for this type of project.
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