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Sincerely,

EARTH MECHANICS, INC.

NO. GE 3123
EXP. 9-30-2021

Alahesh A. Thurairajah, GE 3123 Jody Castle, CEG 2592
Senior Engineer Senior Geologist
: ROFESS/O/V
& 0 BRoy, S,
c,;g, /Q%\\C’ f!//y 4&/,
=~ ¢ \
! e / 5 NO. GE 2806 ?n;; ;.‘ Hubert K. Law
g | g | EXP.6-30-2022 | g | C055784
Eric Brown, GE 2806 o, Ga & =/ Hubert Law, PE 2345
Principal Engineer 7’,~ A r, ECH ';\\_\Q-” & Principal
S 0F gL -

17800 Newhope Street, Suite B, Fountain Valley, CA 92708 e Tel: (714) 751-3826 o Fax: (714) 751-3928



TABLE OF CONTENTS

Section Page
1.0 PROJECT DESCRIPTION. ....ccceeevureersunecssneecnnns 1
2.0 SCOPE OF WORK......uctcreeicrsnicssrnsssssnsssssssssssssssasssssasssssases 1
3.0 SITE GEOLOGY AND SUBSURFACE CONDITIONS 3
3.1 ReIONAl GEOIOZY ....viieiiiiiiiieeiie ettt ettt ettt e et e e enaeeenaeeeaneeenneees 3
3.1.1 Peninsular Ranges Geomorphic Province, Rancho Cucamonga Section, Sta.12929+00 to
Sta. 121007800 ...ttt ettt ettt ettt et e et et e sse et e seeseense st ensenseentensenes 3
3.1.2 Transverse Ranges Geomorphic Province, Mountain and Cajon Pass Section, Sta.
12100400 t0 Sta. 112007400 ......ccueiiecieerieiieieeeeteste et ete st et e steeeebe e esaesreesaesesssensesseessesens 4
3.1.3 Mojave Desert Geomorphic Province, Apple Valley Section, Sta. 11200+00 to Sta.
TOO3TA00 ..ttt ettt ettt ettt ettt et e s et et e ae e st e st en e et e bt ent e teeneenseene et eeene 5
4.0 PRELIMINARY SEISMIC INFORMATION AND RECOMMENDATIONS.......... 5
4.1  Faulting and SEISIMICILY .....cccviiiiiieeiiie et eeciieeeee et eeeiee s teeesreeesnaeeesaseeeaseesssseesnneeesanes 5
4.2 SEISMIC DIESIZN . .ueiiiiiiiiieiieciie ettt ettt ettt ettt ebeeeaeebeeeateebeeesbeeseeenseenseeenseenseas 17
5.0 PRELIMINARY FOUNDATION RECOMMENDATIONS 17
6.0 REFERENCES........ccovciiiviirrverissnrcssnrcsssnncssssscssssesssnses 20

2 Earth Mechanics, Inc.
@ Geotechnical & Earthquake Engineering



ii

TABLES
Page
Table 1. FAUIt Data........ccooiiiiiiiiciie ettt et e e e ta e e e aveeenseeesaeeensaeeeanes 6
Table 2. Project SeiSmMiC DESIZN ... .cecuiiiiiiiiiiiiieiiecie ettt eiee ettt ere et e eaeessaeeaeesseeesseensaesesaens 17
FIGURES
Page
Figure 1. Project LOCAtION. ......coiuiiiiiiiiiie ettt et 2
Figure 2. Peninsular Ranges Geomorphic Province Geologic Map ........cccceceeeviienieeieeniienieeiene, 8
Figure 3. Transverse Ranges Geomorphic Province Geologic Map, 1 of 3 ......ccccoeviveviienneennne. 9
Figure 4. Transverse Ranges Geomorphic Province Geologic Map, 2 of 3 ......ccccccvvviiiiiinieenen. 10
Figure 5. Transverse Ranges Geomorphic Province Geologic Map, 3 of 3 ......ccceevviveviiiennnene 11
Figure 6. Mojave Desert Geomorphic Province Geologic Map .........ccceevveeviiiiiienieniienieeieenee, 12
Figure 7. Regional Fault Map .........c.coooiiiiiiiiiiiii ettt saae e 13
Figure 8. Sierra Madre Fault Alquist Priolo Map .......ccccoevieiiiiiiiniieieceee e 14
Figure 9. San Jacinto Fault Alquist Priolo Map.........ccccoeriiieiiiiiiiieceeeeecee e 15
Figure 10. San Andreas Fault Alquist Priolo Map.........ccoooieriiiiiiniiiiieieeeeee e 16
FIgUIE 11. ARS CUIVES ..ttt ettt et st e bt et eeees 19
APPENDIX

Appendix A. As-Built LOTB Sheets
Appendix B. Locations of Proposed Structures

Earth Mechanics,

e
_‘W"T‘ .
Geotechnical & Earthquake Eng

Inc.

€



1.0 PROJECT DESCRIPTION

The XpressWest Extension is a Federally authorized high speed passenger railroad that proposes
to connect Rancho Cucamonga and Apple Valley. The route will be a 50-mile track through the
Cajon Pass into Rancho Cucamonga and an expansion of the planned XpressWest service from
Apple Valley to Las Vegas. The proposed alignment will generally follow the existing Caltrans’
right of way through the Cajon Pass, along the Interstate 15 freeway and connect with the Rancho
Cucamonga Metrolink station. The fully electric high-speed trains would make the trip along the
I-15 corridor to Las Vegas at speeds in excess of 150 mph.

The main proposed improvements of the project include construction of over 50 miles of single
and double track that travels along the I-15 freeway and crosses existing bridges. The HSR track
alignment will travel parallel to and within I-15 freeway corridor and adjacent to the bent supports
of the existing bridges. Several existing structures will also be replaced as part of the overall
project. The project location is presented in Figure 1.

2.0 SCOPE OF WORK

This Preliminary Geotechnical Report (PGR) has been prepared to provide preliminary
geotechnical information for the XpressWest Extension alignment and to assist the structural
designers in the preliminary phase of the XpressWest Extension project. The preliminary
recommendations provided in this report are based on subsurface information contained on the as-
built Log-of-Test-Borings (LOTB) sheets included in Appendix A. A site-specific geotechnical
investigation will be performed for these bridges during the final design phase; therefore, the
following preliminary recommendations require verification when additional site-specific
information becomes available.

The geotechnical scope of work included: (1) reviewing available geotechnical/geologic
information including reports, published geologic maps, and seismic hazard reports, (2) reviewing
as-built plans of nearby existing bridges, (3) reviewing preliminary structure exhibits prepared by
the structural designers; and, (4) assessing the foundation types for the proposed bridge structures.
The geotechnical and geologic references reviewed for this project are listed in the references
section of this report.
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3.0 SITE GEOLOGY AND SUBSURFACE CONDITIONS
3.1 Regional Geology

The XpressWest Extension track alignment extends across three distinct geomorphic provinces
through highly varied, faulted, and complex geology. From the southern terminus in Rancho
Cucamonga, the alignment begins in the northern portion of the Peninsular Ranges Province. Near
the juncture of the Sierra Madre (Cucamonga segment) and San Jacinto (Lytle Creek segment)
faults, the alignment crosses into the mountainous terrain of the Transverse Ranges Province, and
traverses Cajon Canyon between the San Gabriel Mountains and San Bernardino Mountains.
Within the Transverse Ranges, the alignment crosses the San Jacinto, San Andreas, and Cleghorn
fault zones. Descending from Cajon Summit, the alignment then enters the Mojave Desert
Province about 12 miles southwest of Victorville. The discussion of geologic conditions along
alignment will be in three sections, subdivided generally by geomorphic province. Regional
geologic maps are presented in Figures 2-6.

3.1.1 Peninsular Ranges Geomorphic Province, Rancho Cucamonga Section,
Sta.12929+00 to Sta. 12100+00

From Rancho Cucamonga to Sierra Avenue, the alignment proceeds northwesterly across large
alluvial fans emanating from the San Gabriel Mountains to the north. Topography is generally
level, with a regional slope of about 2.5% down to the south. At the base of the mountains is the
east-west trending Cucamonga segment of the Sierra Madre thrust fault. Headwaters of local
creeks originate in the nearby San Gabriel Mountains and drainage is to the south. Most local
creeks have been channelized for flood control and urban development. Creeks crossed by the
alignment include the Day Canyon Channel and the East Etiwanda Creek. The Day Canyon
Channel is located at Sta 12523+00 and, to the west of the 1-15/1-210 interchange, near Sta.
12364+00, the alignment crosses East Etiwanda Creek. A large flood control catch basin is located
to the north of the alignment at the I-15/1-210 interchange for control of stormwater from winter
rains.

This portion of the alignment crosses Quaternary (less than 2.6 million years old) and Holocene
(less than 11,000 years old) aged alluvial fan sediments consisting of unconsolidated to slightly
consolidated, dense, sand and silty sand with granitic gravel, cobbles, and boulders. Overall,
sediments generally become more coarse-grained with higher percentages of gravels, cobbles, and
boulders to the northwest as the alignment comes closer to the base of the San Gabriel Mountains.

Within the Peninsular Ranges geomorphic province, the alignment does not cross any faults. The
alignment does come within 1000 feet of the Sierra Madre fault from approximately Sta. 12131+00
to 12155450 and at Sta.12102+00, the eastern terminus of the fault. The alignment is located south
of the fault and oriented subparallel to the fault.

2 Earth Mechanics, Inc.
. Geotechnical & Earthquake Engineering




3.1.2 Transverse Ranges Geomorphic Province, Mountain and Cajon Pass Section, Sta.
12100+00 to Sta. 11200+00

The Transverse Ranges geomorphic province section is the most geologically complex portion of
the proposed alignment. From Sierra Avenue to Oak Hill Road, the alignment passes through the
mountainous Transverse Ranges geomorphic province, across the faulted boundary between the
Pacific and North American tectonic plates, and over Cajon Pass before descending into the
Mojave Desert. Elevations range between about 2000 feet at Lytle Creek to about 4200 feet at
Cajon Pass. Within this section, the alignment crosses the San Bernardino segments of the San
Jacinto and San Andreas fault zones. Together, the San Jacinto and San Andreas fault zones
accommodate up to 80% of the slip rate between the North American and Pacific plates.

Major drainages include the northwest trending Lytle and Cajon Creeks. The orientation of both
creeks is controlled by the San Jacinto and San Andreas faults. Lytle Creek is crossed by the
alignment approximately between Sta. 12073+00 to Sta.12053+00. Just south of the 1-15/1-215
interchange, Cajon Creek is crossed by the alignment approximately between Sta. 11915+00 to
Sta. 11909+00.

Due to extensive faulting, subsurface conditions are highly variable within this section and defy
broad generalization. Geologic units include Quaternary alluvium, Cenozoic sandstone and
conglomerates, Cenozoic and Cretaceous aged granitics, and Mesozoic aged metamorphic rocks.
Bedrock may be locally shallow.

The alignment crosses the San Jacinto, San Andreas, and Cleghorn faults within this section. The
San Jacinto fault zone is a right-lateral Holocene-active fault with multiple strands and is zoned in
accordance with the Alquist-Priolo Act. The fault is capable of producing a M7.7 earthquake. The
width of the fault zone extends approximately 2.7 miles and includes the Lytle Creek, San Jacinto,
and Glen Helen fault strands. The alignment crosses the fault at approximately Sta. 12109+80
(Lytle Creek fault strand), Sta. 11992+50 (San Jacinto fault strand), and Sta. 11943+80 (Glen
Helen fault strand). Bridges less than 1000 ft from fault crossings include Sierra Ave., Lytle Creek,
Glen Helen Parkway, and Glen Helen Road.

The San Andreas fault zone is a right-lateral Holocene-active fault and is zoned in accordance with
the Alquist-Priolo Act. The fault is capable of producing a M7.9 earthquake. The alignment crosses
a secondary strand of the fault (the Peters fault) at Kenwood Avenue at Sta. 11836+50 and the
main fault at Oakie Flats at Sta. 11705+50. Bridges less than 1000 ft from fault crossings include
Kenwood Avenue and Oakie Flats. Cleghorn Creek Bridge near Sta. 11652+00 is located within a
mapped Alquist Priolo (AP) fault zone, but a previous Caltrans fault rupture evaluation found that
the inferred fault strand is more than 15,000 years old and dismissed likelihood of surface rupture
at the bridge.

The Southern Cleghorn section of the Cleghorn fault is a left-lateral fault and is dated as late
Quaternary (less than 130,000 years old) in age by the USGS, while the Caltrans fault database
dates it as Holocene active. It is not an AP-zoned fault. While Meisling (1984), considered the
Southern Cleghorn section to have features indicative of Holocene surface rupture, Bryant (1987)
believed the Holocene-aged features to be due to landsliding, not tectonic forces. The fault is
capable of producing a M6.7 earthquake. The fault crosses the alignment at an oblique angle near
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Sta. 1158400 and is less than 1000 ft from alignment from about Sta.11506+00 to 11585+00.
Bridges less than 1000 ft from the fault crossing include Cleghorn Rd and Brush Creek.

3.1.3 Mojave Desert Geomorphic Province, Apple Valley Section, Sta. 11200+00 to Sta.
10037+00

From Oak Hill Road to the XpressWest Extension terminus in Apple Valley, the alignment is
within the Mojave Desert geomorphic province. The province is characterized by isolated
mountain ranges, separated by expanses of desert plains, and broad playas. Most of the area is
undeveloped, open desert terrain with extensive soil and rock exposures and sparse vegetation.
Victorville is the only urban area in this section of the alignment. Elevations range from a high of
about 4095 feet at Oak Hill Road to a low of about 2720 feet at the Mojave River.

The alignment crosses the California Aqueduct, which conveys water from Northern and Central
California to Southern California, near Sta. 10911+00. The major river drainage in this section is
the Mojave River. The Mojave River originates in the eastern slopes of the San Bernardino
Mountains and flows northeastward for approximately 100 miles, terminating at the dry Soda Lake
near Baker, in eastern California. Except for during extreme floods, most of the river’s flow is
underground with the surface channels remaining dry. The alignment crosses the river between
about Sta. 10410+00 and Sta. 10404+00

Most of the proposed alignment crosses alluviated areas underlain by Quaternary (less than 2.6
million years old) sediments. The Quaternary deposits include unconsolidated Holocene (less than
11,000 years old) sediments and generally more consolidated Pleistocene (11,000 to 2.6 million
years old) alluvial fan and playa deposits. Shallow granitic bedrock, mostly quartz monzonite and
granodiorite, may be present at Stoddard Wells Rd overcrossing and Bell Mountain Wash.

4.0 PRELIMINARY SEISMIC INFORMATION AND RECOMMENDATIONS
4.1 Faulting and Seismicity

The project area is located in seismically active southern California and is subject to shaking from
both local and distant earthquakes. The XpressWest Extension alignment spans across a region of
complex active faulting. The project alignment is crossed by or comes within 1000 feet of four
major faults: the Sierra Madre (Cucamonga section), the San Jacinto (San Bernardino Valley
section which includes the Lytle Creek, San Jacinto, and Glen Helen fault strands), the San
Andreas (San Bernardino section), and the Cleghorn (Southern Cleghorn section). In accordance
with Caltrans Memo To Designers 20-10 (Caltrans, 2013), the track alignment does have structures
which fall within an Alquist-Priolo Earthquakes Fault Zone or within 1,000 ft of an unzoned fault
that is Holocene or younger in age; therefore, further fault studies will be necessary.

Other major regional faults which do not cross the XpressWest Extension alignment include: the
Red Hill-Etiwanda Ave, Fontana Seismic Trend, Waterman Canyon, Tunnel Ridge, Arraste
Canyon Narrows, North Frontal Thrust, San Antonio, and Helendale-South Lockhart faults.

Fault details are summarized in Table 1 and regional faults are shown in Figure 7 with details of
Alquist-Priolo fault zones shown in Figures 8-10.
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Table 1. Fault Data

Max Fault
. . Surface . Fault AP Structure
Fault C"’Zsesr‘z::g;‘t‘:e“t’ S ti";fl ‘f:(s) Dist., km :a“g Sﬂ{’nﬁa:e’ Rupture A:fgS;z;l:e Dip |Length, 12“2} Mag | Fault | Outside AP
pprox. Sta. yp y Displacement? km g Zone? Zone?
(fv

Sierra Madre D C
(Cucamonga Does not cross Rgncan anyon 0.5 R 1.0-5.0 - N78E 45 135 H 6.6 Yes Yes
Section)

Crosses at:

~Sta. 12091+50 Sierra Ave 0.2 No
San Jacinto [ g "12109+80 Lytle Creek Br 0.3 RL 16.1 23 NS8W | 6590 | 244 | H | 7.7 | Yes Yes
(San Bernardino
Section) ~Sta. 11992+50 Glen Helen Pkwy 0.3 Yes

~Sta. 11943480 Glen Helen Rd 0.2 Yes

Crosses at:

0, crosses

~ -+ >
San Andreas Sta. 11836+50 Kenwood Ave structure
(San Bernardino . 0, crosses RL |12.8 mm/yr 33 N79W A% 1100 H 7.9 Yes No
Mitns Section) ~Sta. 11705+50 Oakie Flats structure

~Sta. 11688+00 (Strand |Cleghorn Creek 0.9

is>11k yr.) Bridge '
Cleghorn Cleghorn Rd 0.2
(Cleghorn _Sta. 1158+00 LL | 2033 25 NS2W | 85 | 25 |LQH| 67 | No Yes
Southern Brush Creek Br 0.2
Section)
Helendale-South |834+50 (Crosses next
Lockhart segment of alignment.) Quarry Rd Br 7.4 RL 0.2-1.0 13 N39W | North 35 H 7.4 Yes Yes
Red Hill Does not cross SR-210 28 | LL N/A ; N6OE | N50 | 15 | H | 62 |[YSNE v
Etiwanda Ave portion
g‘;z‘;?l“a SelsmiC Iy es not cross SR-210 5.1 LL N/A - N39E | N80 | 9 H | 65 | No Yes
Waterman Does not cross Cajon 4.1 R N/A - NOSE | N45 | 29 | LQ | 67 | No N/A
Canyon 'Wash/Cajon Blvd ’ ’




Max Fault
. . Surface . Fault AP Structure
Fault Cro:sesrzz::ggtr:ent, S tll'\ileci:-lel's(:(s) Dist., km ?aultl Sl:;)ml}alt‘e, Rupture A:fs:;lll:e Dip |Length, ial:g Mag | Fault | Outside AP
Pprox. Sta. P y Displacement? km g Zone? Zone?
(fo)
Tunnel Ridge  |[Does not cross Cajon 17.3 LL N/A - N45E \Y% 18 | LQ | 64 | No N/A
'Wash/Cajon Blvd ' ’

North Erontal I, s not cross La Mesa Nisqualli} 5 R | 0210 i NS7TW [$3035| 67 | H | 72 | Yes N/A
Thrust Rd

Arraste Canyon |, oot cross Bear Valley Rd 213 R N/A - NSOE \% 11 | LQ| 62 | No N/A
Narrows

San Antonio Does not cross SR-138 16.5 RL N/A - N25E v 25 LQ 6.5 No N/A

Notes:

(1) RL=Right-lateral, LL=Left-lateral, R=Reverse
(2) Based on relationship between surface fault displacement and moment magnitude for strike-slip faulting (Wells and Coppersmith, 1994)
(3) H=Holocene, LQ=Late Quaternary
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4.2 Seismic Design

The preliminary Acceleration Response Spectrum (ARS) curves were developed for three levels
of Seismic Hazard Evaluation criteria as defined in Table 2. The ARS curves were developed
using the USGS Unified Hazard Tool with the Dynamic: Conterminous U.S. 2014 (v4.2.0)
edition.

Table 2. Project Seismic Design

Return
Seismic Hazard Evaluation Level Period Performance Level
(years)
Lower Level Earthquake (LLE) 50 Rail Serviceability
Functional Evaluation Earthquake .
(FEE) 225 Operational
Safety Evaluation Earthquake .
(SEE) 975 Life Safety

The preliminary ARS curves are presented in Figure 11 and were developed according to Caltrans
ARS Online V3.0 (2019). The preliminary ARS curve, the design magnitude, and the preliminary
PGA will be updated during the final design phase following the field investigation, based on a
Vs30 measured with the P-S wave suspension logging or SPT correlations obtained from site-
specific soil borings.

5.0 PRELIMINARY FOUNDATION RECOMMENDATIONS

HNTB has currently proposed 52 structures for XpressWest Extension alignment. The proposed
structures include:

e 2 Trench (T): HSR will enter into trench when it goes under existing overcrossings.

e 12 Trench with Retaining Wall (T/RW): HSR accommodated by widening the I-15 with
Ground Anchor Wall in front of the existing bridge abutments.

e 3 Trench with Replacement Bridge (T/R): Replace the existing bridge to allow HSR under.
e 1 Siderunning Trench (T/SR): HSR goes under the existing railroad.
e 31 Underpass (UP): HSR goes over creek/river, local street, or railroad.
e 3 Viaduct (V): Viaduct lengths generally range between about 2900 and 9000 feet.
For the Underpass and Viaduct structures, based on the available subsurface information, the near-

surface site soils are not anticipated to have sufficient bearing resistance to support the proposed
structure on spread footings and therefore deep foundations are recommended. The preliminary

2 Earth Mechanics, Inc.
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recommendation is footing on piles for all abutments and bents. Of the deep foundation
alternatives, site conditions may be conducive to driven or drilled piles.

Pile driving conditions for each of these structures will be highly variable due to the different
geologic conditions at each bridge site. Difficult pile driving conditions, including shallow
bedrock, cementation, or the presence of significant oversized materials (thick gravel layers,
cobbles, or boulders), may exist at some locations.

Locations of proposed structures are shown in Appendix B.
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